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Section 01070 
 

ABBREVIATIONS OF TERMS AND ORGANIZATIONS 
 

1.  LIST OF ABBREVIATIONS. Abbreviations for standards and organizations 
used in the Contract Documents are defined as follows: 
 

AA Aluminum Association 
AABC Associated Air Balance Council 
AAMA Architectural Aluminum Manufacturers Association 
AASHTO American Association of State Highway and Transportation          

Officials 
ABMA American Boiler Manufacturers Association 
ACI American Concrete Institute 
ACPA American Concrete Pipe Association 
AEIC Association of Edison Illuminating Companies 
AFBMA Antifriction Bearing Manufacturers Association 
AFPA American Forest & Paper Association 
AGA American Gas Association 
AGMA American Gear Manufacturers Association 
AHA American Hardboard Association 
AISC American Institute of Steel Construction 
AISI American Iron and Steel Institute 
AITC American Institute of Timber Construction 
AMCA Air Moving and Conditioning Association 
ANSI American National Standards Institute 
APA American Plywood Association 
API American Petroleum Institute 
AREMA American Railway Engineers and Maintenance-of-Way 

Association 
ARI American Refrigeration Institute 
ASAHC American Society of Architectural Hardware Consultants 
ASCE American Society of Civil Engineers 
ASHRAE American Society of Heating, Refrigerating, and Air-

Conditioning Engineers 
ASME American Society of Mechanical Engineers 
ASSE American Society of Sanitary Engineers 
ASTM American Society for Testing and Materials 
AVATI See RTI 
AWG American Wire Gage 
AWI Architectural Woodwork Institute 
AWPA American Wood-Preservers' Association 
AWPB American Wood Preservers Bureau 
AWS American Welding Society 
AWWA American Water Works Association 
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BHMA Builders Hardware Manufacturers Association 
BIA Brick Institute of America (formerly SCPI) 
 
CDA Copper Development Association 
CISPI Cast Iron Soil Pipe Institute 
CMAA Crane Manufacturers Association of America 
CRA California Redwood Association 
CRSI Concrete Reinforcing Steel Institute 
CS Commercial Standard (U.S. Department of Commerce) 
 
DHI Door and Hardware Institute 
DIPRA Ductile Iron Pipe Research Association 
 
EEI Edison Electric Institute 
EJCDC Engineers' Joint Contract Documents Committee 
EPA Environmental Protection Agency 
 
FCC Federal Communications Commission 
FCI Fluid Controls Institute 
Fed Spec Federal Specification 
FGMA Flat Glass Marketing Association 
FHWA Federal Highway Administration 
FIA Factory Insurance Association 
FM Factory Mutual 
FSA Fluid Sealing Association 
FTI Facing Tile Institute 
 
HEI Heat Exchange Institute 
HMI Hoist Manufacturers Institute 
HPMA Hardwood Plywood Manufacturers Association 
HTI Hand Tools Institute 
 
I-B-R Institute of Boiler and Radiator Manufacturers 
IEEE Institute of Electrical and Electronics Engineers 
IBC International Building Code 
IES Illuminating Engineering Society 
IFI Industrial Fasteners Institute 
IPCEA Insulated Power Cable Engineers Association 
IRI Industrial Risk Insurers 
ISA Instrumentation, Systems, and Automation Society 
 
LEED Leadership in Energy and Environmental Design 
 



Milwaukee Water Works, R-163 01070 Print Date 2/24/2010 
Riverside Backup Power Generation -3- Project Rev. Date 1/29/2010 
B&V Project 162156  Std. Rev. 1.2 5/8/2009 

MHI Materials Handling Institute 
MIL Military Specification 
MMA Monorail Manufacturers Association 
MSS Manufacturers Standardization Society of Valve and 
 Fitting Industry 
 
NAAMM National Association of Architectural Metals Manufacturers 
NACE NACE International 
NBHA  National Builders Hardware Association  
NBBPVI  National Board of Boiler and Pressure Vessel Inspectors 
NBS See NIST 
NCSPA National Corrugated Steel Pipe Association 
NEBB National Environmental Balancing Bureau 
NEC National Electrical Code 
NECA National Electrical Contractors Association 
NEMA National Electrical Manufacturers Association 
NEMI National Elevator Manufacturing Industry 
NFPA National Fire Protection Association 
NIST National Institute of Standards and Technology (formerly   

NBS) 
NLA National Lime Association 
NPC National Plumbing Code 
NPT National Pipe Thread 
NRMCA National Ready Mixed Concrete Association 
NSC National Safety Council 
NSF NSF International (formerly National Sanitation 

Foundation) 
NTMA National Terrazzo and Mosaic Association 
NWMA National Woodwork Manufacturers Association 
 
OSHA Occupational Safety and Health Administration 
 
PCA Portland Cement Association 
PCI Prestressed Concrete Institute 
PS Product Standard 
 
RIS Redwood Inspection Service 
RTI Resilient Tile Institute (formerly AVATI) 
 
SAE Society of Automotive Engineers 
SCPRF Structural Clay Products Research Foundation 
SDI Steel Door Institute 
SFPA Southern Forest Products Association 
SI Systéme International des Unités (International System of   

Units) 
SIGMA Sealed Insulating Glass Manufacturers Association 
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SJI Steel Joist Institute 
SMA Screen Manufacturers Association 
SMACNA Sheet Metal and Air Conditioning Contractors National 

Association 
SPFA Steel Plate Fabricators Association 
SPI Society of the Plastics Industry 
SPTA Southern Pressure Treaters Association 
SSI Scaffolding and Shoring Institute 
SSPC SSPC: The Society for Protective Coatings 
 
TABB Testing, Adjusting, and Balancing Bureau 
 
UL Underwriters' Laboratories 
USBR U.S. Bureau of Reclamation 
USGBC U.S. Green Building Council 
 
WEF Water Environment Federation 

 

End of Section 
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Section 01300 
 

SUBMITTALS 
 

1.  SHOP DRAWINGS AND ENGINEERING DATA.

1.01.  General. Shop Drawings and engineering data (submittals) covering all 
equipment and all fabricated components and building materials which will 
become a permanent part of the Work under this Contract shall be submitted to 
City for review, as specified in Section 01010 Summary of Work and herein.  
Submittals shall verify compliance with the Contract Documents, and shall 
include drawings and descriptive information in sufficient detail to show the kind, 
size, arrangement, and the operation of component materials and devices; the 
external connections, anchorages, and supports required; the performance 
characteristics; and dimensions needed for installation and correlation with other 
materials and equipment.   
 
Each submittal shall cover items from only one section of the specification unless 
the item consists of components from several sources.  Contractor shall submit a 
complete initial submittal including all components.  When an item consists of 
components from several sources, Contractor's initial submittal shall be complete 
including all components. 
 
Each submittal shall indicate the intended use of the item in the Work.  When 
catalog pages are submitted, applicable items shall be clearly identified and 
inapplicable data crossed out.  The current revision, issue number, and date shall 
be indicated on all drawings and other descriptive data. 
 
Contractor shall be solely responsible for the completeness of each submittal.  All 
deviations from the Contract Documents shall be identified as deviations on each 
submittal.  Such submittals shall, as pertinent to the deviation, indicate essential 
details of all changes proposed by Contractor (including modifications to other 
facilities that may be a result of the deviation) and all required piping and wiring 
diagrams. 
 
1.02.  City’s Review of Submittals. City’s review of submittals covers only 
general conformity to the Drawings and Specifications, external connections, and 
dimensions that affect the layout; it does not indicate thorough review of all 
dimensions, quantities, and details of the material, equipment, device, or item 
covered.  City’s review shall not relieve Contractor of sole responsibility for 
errors, omissions, or deviations in the drawings and data, nor of Contractor's sole 
responsibility for compliance with the Contract Documents. 
 
1.03.  Resubmittal of Drawings and Data. Contractor shall accept full 
responsibility for the completeness of each resubmittal.  Contractor shall verify 
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that all corrected data and additional information previously requested by City are 
provided on the resubmittal. 
 
When corrected copies are resubmitted, Contractor shall direct specific attention 
to all revisions in writing and shall list separately any revisions made other than 
those called for by City on previous submittals.  Requirements specified for initial 
submittals shall also apply to resubmittals.   
 
If more than one resubmittal is required because of failure of Contractor to 
provide all previously requested corrected data or additional information, 
Contractor shall reimburse City for the charges of City for review of the additional 
resubmittals.  This does not include initial submittal data such as shop tests and 
field tests that are submitted after initial submittal. 
 
2.  OPERATION AND MAINTENANCE DATA AND MANUALS. Adequate 
operation and maintenance information shall be supplied for all equipment 
requiring maintenance or other attention in accordance with Section 01700 
Contract Closeout, this section, and as specified in the individual equipment 
sections. 
 
Hard copies of each manual shall be submitted to City in accordance with 
Contract Closeout section.  With the final hard copy submittal, as described in 
Contract Closeout section, Contractor shall submit one electronic copy.  The 
electronic copy will be reviewed for content and organization and assigned a 
review status by the City.  When corrections are required, a corrected version of 
the electronic copy shall be resubmitted.   Procedures for submission of the 
electronic copy will be provided after award of the Contract.  When review of the 
electronic copy by the City is complete, three copies of each electronic O&M 
manual shall be delivered on CD-ROM to the City.    Each CD shall contain only 
one copy of one manual. 
 
All material shall be marked with project identification, and inapplicable 
information shall be marked out or deleted. 
 
2.01.  Hard Copy Operation and Maintenance Manuals. Hard copies shall be 
provided in accordance with Contract Closeout section. 
 
2.02.  Electronic Operation and Maintenance Manuals. Electronic manuals shall 
include the content required for the Hard Copy Operation and Maintenance 
Manuals.  Electronic manuals shall be in Adobe Acrobat’s Portable Document 
Format (PDF), and shall be prepared at a resolution between 300 and 600 dots 
per inch (dpi), depending on document type.  Optical Character Recognition 
(OCR) capture shall be performed on these documents.  OCR settings shall be 
performed with the “original image with hidden text” option in Adobe Acrobat 
Exchange. 
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File size shall be limited to 10 MB. When multiple files are required the least 
number of files possible shall be created. File names shall be in the format 
OMXXXXX-YYYZ-V.pdf, where XXXXX is the five digit number corresponding to 
the specification section, YYY is a three digit O&M manual number, e.g. 001, Z is 
the letter signifying a resubmittal, A, B, C, etc, and V is a number used only when 
more than one 10 MB file is required for an O&M manual. 
 
Documents prepared in PDF format shall be processed as follows:  
 

1. Pages shall be searchable (processed for optical character recognition) 
and indexed when multiple files are required. 

2. Pages shall be rotated for viewing in proper orientation.  
3. A bookmark shall be provided in the navigation frame for each entry in 

the Table of Contents.  
4. Embedded thumbnails shall be generated for each completed PDF file.  
5. The opening view for PDF files shall be as follows: 
 Initial View:  Bookmarks and Page  
 Page Number:  Title Page (usually Page 1) 
 Magnification:  Set to Fit in Window 
 Page:  Single Page  
6. Where the bookmark structure is longer than one page the bookmarks 

shall be collapsed to show the chapter headings only.  
7. When multiple files are required the first file of the series (the parent file) 

shall list every major topic in the Table of Contents.  The parent file shall 
also include minor headings bookmarked based on the Table of 
Contents.  Major headings, whose content is contained in subsequent 
files (children) shall be linked to be called from the parent to the specific 
location in the child file.  The child file shall contain bookmark entries for 
both major and minor headings contained in the child file.  The first 
bookmark of any child file shall link back to the parent file and shall read 
as follows "Return to the Equipment Name Table of Contents", e.g. 
Return to the Polymer Feed System Table of Contents.  

8. Drawings shall be bookmarked individually.  
9. Files shall be delivered without security settings to permit editing, 

insertion and deletion of material to update the manual provided by the 
manufacturer.   

 
3.  SUPPLEMENTAL OPERATION AND MAINTENANCE MANUAL. In addition 
to the other operation and maintenance manual requirements of Contract 
Closeout section, this section, and as specified in individual equipment sections, 
a supplemental operations and maintenance manual shall be supplied, in Hard 
Copy and Electronic Copy, as specified herein, to collectively describe the 
backup power system.  The supplemental manual shall be written to a technical 
level sufficient to inform plant staff, such as operators and electricians, on 
maintenance and operations and shall include visual aids such as flow diagrams, 
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screenshots, and photos of equipment.  The supplemental manual shall include 
the following sections. 
 
3.01.  Design Basis. This section shall include an explanation for plant staff of 
the design basis for the standby power system.  The information shall be 
presented in laymen’s terms and include basic information about all of the major 
pieces of equipment supplied.  Reasons for auxiliary systems such as fuel, 
exhaust, cooling, starting, load bank, and control shall be explained in a general 
manner.  Additional information describing the design basis will be provided to 
the Engine-Generator Supplier by the City at a later date. 
 
3.02.  Operational Strategies. This section shall include an explanation for plant 
staff of the power distribution operational strategies for the facility.  The water 
distribution facility has more than one incoming utility feed via main-tie-main 
configuration.  This section shall include a description of the primary source of 
power, why the facility transfers to the standby secondary power source, and 
when plant staff would be required to manually transfer to the secondary source.  
Additional information describing the operational strategies will be provided to the 
Engine-Generator Supplier by the City at a later date. 
 
3.03.  Operating Scenarios. The standby power system can be operated in 
several different modes or strategies (auto, manual).  In this section, each of 
these scenarios shall be explained in detail using various visual aids such as flow 
diagrams, actual equipment elevation shots, one-line diagrams and HMI screens. 
 
3.04.  Main Equipment and Auxiliary Systems. In this section, main equipment 
and auxiliary systems, including the engine-generators, switchgear, load bank, 
fuel, cooling, exhaust, and control systems shall be explained in separate 
chapters with visual aids.  Flow diagrams and detailed descriptions of how to 
operate the equipment shall be provided to supplement visual aids. 
 
3.05.  Functional Sequence of Operation. This section shall describe the 
operations sequence for the backup power system.  A step-by-step list of how to 
manually operate the system shall be included. 
 
3.06.  Equipment Maintenance Program. This section shall consist of a normal 
preventative maintenance schedule and lubrication schedule for each piece of 
equipment. A lubricant list and a description of emergency and corrective 
maintenance shall be included.   Trouble shooting information shall also be 
included in this section. 

 
End of Section  
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Section 01400 
 

QUALITY CONTROL 
 

1.  TESTING SERVICES. Testing services shall be provided in accordance with 
the General Specifications and as specified herein.  All tests to determine 
compliance with the Contract Documents shall be performed by an independent 
commercial testing firm acceptable to City.  The testing firm's laboratory shall be 
staffed with experienced technicians, properly equipped and fully qualified to 
perform the tests in accordance with the specified standards. 
 
Testing services provided by City are for the sole benefit of City; however, test 
results shall be available to Contractor.  Testing necessary to satisfy Contractor's 
internal quality control procedures shall be the sole responsibility of Contractor.   
 
If Laws or Regulations of any public body having jurisdiction require any Work (or 
part thereof) specifically to be inspected, tested, or approved by an employee or 
other representative of such public body, Contractor shall assume full 
responsibility for arranging and obtaining such inspections, tests, or approvals, 
pay all costs in connection therewith, and furnish Engineer the required 
certificates of inspection or approval. 
 
1.01.  Testing Services Provided by Contractor. Unless otherwise specified, 
Contractor shall provide all testing services in connection with the following: 
 

Concrete materials and design mixtures. 

Masonry units and masonry grout and mortar materials and design 
mixtures. 

Asphaltic concrete materials and design mixtures. 

Embedment, fill, and backfill materials. 

All other tests and engineering data required for City's review of 
materials and equipment proposed to be used in the Work. 

Contractor shall obtain City's acceptance of the testing firm before having 
services performed, and shall pay all costs for these testing services. 
 
1.02.  Testing Services provided by City. Unless otherwise specified, City shall 
provide for tests made on the following materials and equipment: 
 

Concrete. 
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Tests of masonry prisms. 

Field control test of masonry. 

Asphaltic concrete. 

Moisture-density and relative density tests on embedment, fill, and 
backfill materials. 

In-place field density tests on embedments, fills, and backfill. 
 
Testing, including sampling, will be performed by City or the testing firm's 
laboratory personnel, in the general manner indicated in the Specifications.  City 
shall determine the exact time, location, and number of tests, including samples. 
 
Arrangements for delivery of samples and test specimens to the testing firm's 
laboratory will be made by City.  The testing firm's laboratory shall perform all 
laboratory tests within a reasonable time consistent with the specified standards 
and shall furnish a written report of each test. 
 
Contractor shall furnish all sample materials and cooperate in the testing 
activities, including sampling.  Contractor shall interrupt the Work when 
necessary to allow testing, including sampling, to be performed.  Contractor shall 
have no Claim for an increase in Contract Price or Contract Times due to such 
interruption.  When testing activities, including sampling, are performed in the 
field by City or laboratory personnel, Contractor shall furnish personnel and 
facilities to assist in the activities. 
 
1.03.  Transmittal of Test Reports. Written reports of tests and engineering data 
furnished by Contractor for City’s review of materials and equipment proposed to 
be used in the Work shall be submitted as specified for Shop Drawings in the 
Submittals section.  
 
The laboratory retained by City will furnish four copies of a written report of each 
test.  Three copies of each test report will be transmitted to the Resident Project 
Representative, and one copy to Contractor, within 3 days after each test is 
completed. 
 
2.  SPECIAL INSPECTIONS. A Special Inspector or Inspector or Inspectors will 
be provided by City  to perform Special Inspections in accordance with the 
requirements of applicable laws and regulations. 
 
3.  OFFSITE INSPECTION. When the Contract Documents require inspection of 
materials or equipment during the production, manufacturing, or fabricating 
process, or before shipment, such services will be performed by City or an 
independent testing firm or inspection organization acceptable to City. 
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City will send a representative to the factory or shop to review the assembly and 
witness the factory testing and performance of the Medium-Voltage Metal-Clad 
Switchgear. 
 
Contractor shall give appropriate written notice to City not less than 10 days 
before offsite inspection services are required, and shall provide for the producer, 
manufacturer, or fabricator to furnish safe access and proper facilities and to 
cooperate with inspecting personnel in the performance of their duties. 
 
4.  MANUFACTURER'S FIELD SERVICES. Manufacturer’s field services shall 
be as specified herein and as specified in Section 01640 Manufacturer’s Services 
except as specifically specified in the respective equipment sections. 
 
4.01.  Services Furnished Under This Contract. An experienced, competent, and 
authorized representative of the manufacturer of each item of equipment for 
which field services are indicated in the respective equipment section shall visit 
the Site of the Work and inspect, check, adjust if necessary, and approve the 
equipment installation.  In each case, the manufacturer's representative shall be 
present when the equipment is placed in operation.  The manufacturer's 
representative shall revisit the jobsite as often as necessary until all trouble is 
corrected and the equipment installation and operation are satisfactory in the 
opinion of City. 
 
Each manufacturer's representative shall furnish to City a written report certifying 
that the equipment has been properly installed and lubricated; is in accurate 
alignment; is free from any undue stress imposed by connecting piping or anchor 
bolts; and has been operated under full load conditions and that it operated 
satisfactorily. 
 
All costs for these services shall be included in the Contract Price. 
 

End of Section 
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Section 01610 
 

GENERAL EQUIPMENT STIPULATIONS 
 

1.  SCOPE. When an equipment specification section in these Contract 
Documents references this section, the equipment shall conform to the general 
stipulations set forth in this section, except as otherwise specified in other 
sections. 
 
2.  COORDINATION. Contractor shall coordinate all details of the equipment 
with other related parts of the Work, including verification that all structures, 
piping, wiring, and equipment components are compatible.  Contractor shall be 
responsible for all structural and other alterations in the Work required to 
accommodate equipment differing in dimensions or other characteristics from 
that contemplated in the Contract Drawings or Specifications. 
 
3.  MANUFACTURER'S EXPERIENCE. Unless specifically named in the 
Specifications, a manufacturer shall have furnished equipment of the type and 
size specified which has been in successful operation for not less than the past 
5 years. 
 
4.  WORKMANSHIP AND MATERIALS. Contractor shall guarantee all 
equipment against faulty or inadequate design, improper assembly or erection, 
defective workmanship or materials, and leakage, breakage, or other failure.  
Materials shall be suitable for service conditions. 
 
All equipment shall be designed, fabricated, and assembled in accordance with 
recognized and acceptable engineering and shop practice.  Individual parts shall 
be manufactured to standard sizes and thicknesses so that repair parts, 
furnished at any time, can be installed in the field.  Like parts of duplicate units 
shall be interchangeable.  Equipment shall not have been in service at any time 
prior to delivery, except as required by tests. 
 
Except where otherwise specified, structural and miscellaneous fabricated steel 
used in equipment shall conform to AISC standards.  All structural members shall 
be designed for shock or vibratory loads.   Unless otherwise specified, all steel 
which will be submerged, all or in part, during normal operation of the equipment 
shall be at least 1/4 inch [6.3 mm] thick.  When dissimilar metal components are 
used, consideration shall be given to prevention of galvanic corrosion. 
 
5.  STRUCTURAL DESIGN REQUIREMENTS. All equipment, and other non-
structural components and non-building structures as defined in ASCE 7, and 
their anchorage, shall be designed and detailed in accordance with the 
Meteorological and Seismic Design Criteria section.  Submittals for equipment 
and other non-structural components and non-building structures shall include a 
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seal by a professional engineer registered in the state of the project, to confirm 
that the anchorage design meets the code requirements.   
 
6.  LUBRICATION. Equipment shall be adequately lubricated by systems which 
require attention no more frequently than weekly during continuous operation.  
Lubrication systems shall not require attention during startup or shutdown and 
shall not waste lubricants. 
 
Lubricants of the types recommended by the equipment manufacturer shall be 
provided in sufficient quantities to fill all lubricant reservoirs and to replace all 
consumption during testing, startup, and operation prior to acceptance of 
equipment by City.  Lubricants for equipment where the lubricants may come in 
contact with water before or during a potable water treatment process or with 
potable water, shall be food grade lubricants.  This includes lubricants for 
equipment not normally in contact with water, but where accidental leakage of 
the lubricants may contaminate the water. 
 
Lubrication facilities shall be convenient and accessible.  Oil drains and fill 
openings shall be easily accessible from the normal operating area or platform.  
Drains shall allow for convenient collection of waste oil in containers from the 
normal operating area or platform without removing the unit from its normal 
installed position. 
 
7.  ELEVATION. The elevation of the site shall be as indicated in the 
Meteorological and Seismic Design Criteria section.  All equipment furnished 
shall be designed to meet stipulated conditions and to operate satisfactorily at 
the specified elevation. 
 
8.  ELECTRIC MOTORS. Unless otherwise specified, motors furnished with 
equipment shall meet the requirements specified in specific equipment sections. 
 
9.  DRIVE UNITS. The nominal input horsepower [kW] rating of each gear or 
speed reducer shall be at least equal to the nameplate horsepower [kW] of the 
drive motor.  Drive units shall be designed for 24 hour continuous service. 
 
9.01.  Gearmotors. The use of gearmotors sharing an integral housing or 
cutgears into the motor output shaft, or that require removal of lubricant from the 
gear reducer to change out the motor will not be acceptable. 
 
9.02.  Gear Reducers. Each gear reducer shall be a totally enclosed unit with oil 
or grease lubricated, rolling element, antifriction bearings throughout. 
 
Unless superseded by individual specification requirements each helical, spiral 
bevel, combination bevel-helical, and worm gear reducers shall have a service 
factor of at least 1.50 based on the nameplate horsepower [kilowatts] of the drive 
motor.  Cycloidal gear reducers shall have a service factor of at least 2.0 based 
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on the nameplate horsepower [kW] of the drive motor.  Shaft-mounted and 
flange-mounted gear reducers shall be rated AGMA Class III.  Helical gear 
reducers shall have a gear strength rating to catalog rating of 1.5.  Each gear 
reducer shall be designed and manufactured in compliance with applicable most 
current AGMA standards, except the L10 bearing life shall be 200, 000 hours. 
 
The thermal horsepower [kW] rating of each unit shall equal or exceed the 
nameplate horsepower [kW] of the drive motor.  During continuous operation, the 
maximum sump oil temperature shall not rise more than 100°F [38°C] above the 
ambient air temperature in the vicinity of the unit and shall not exceed 200°F 
[93°C]. 
 
Each grease lubricated bearing shall be installed in a bearing housing designed 
to facilitate periodic regreasing of the bearing by means of a manually operated 
grease gun.  Each bearing housing shall be designed to evenly distribute new 
grease, to properly dispose of old grease, and to prevent overgreasing of the 
bearing.  The use of permanently sealed, grease lubricated bearings will not be 
acceptable in large sized reducers. In small reducers, similar to basin equipment, 
permanently sealed grease lubricated bearings rated L10 200,000 hour life may 
be provided at the manufacturer’s option.  An internal or external oil pump and 
appurtenances shall be provided if required to properly lubricate oil lubricated 
bearings.  A dipstick or a sight glass arranged to permit visual inspection of 
lubricant level shall be provided on each unit. 
 
Gear reducers which require the removal of parts or the periodic disassembly of 
the unit for cleaning and manual regreasing of bearings will not be acceptable. 
 
Certification shall be furnished by the gear reducer manufacturer indicating that 
the intended application of each unit has been reviewed in detail by the 
manufacturer and that the unit provided is fully compatible with the conditions of 
installation and service. 
 
9.03.  V-Belt Drives. Each V-belt drive shall include a sliding base or other 
suitable tension adjustment.  V-belt drives shall have a service factor of at least 
1.75 at maximum speed based on the nameplate horsepower [kilowatts] of the 
drive motor. 
 
10.  SAFETY GUARDS. All belt or chain drives, fan blades, couplings, and other 
moving or rotating parts shall be covered on all sides by a safety guard.  Safety 
guards shall be fabricated from 16 USS gage [1.52 mm] thick or thicker 
galvanized, aluminum-clad sheet steel, or stainless sheet steel or from 1/2 inch 
[12.7 mm] mesh galvanized expanded metal, or pultrusion molded UV resistant 
materials. Each safety guard shall be reinforced or shaped to provide suitable 
strength to prevent vibration and deflection and shall comply with OSHA.  Each 
guard shall be designed for easy installation and removal.  All necessary 
supports and accessories shall be provided for each guard.  Supports and 
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accessories, including bolts, shall be galvanized.  All safety guards in outdoor 
locations shall be designed to prevent the entrance of rain and dripping water. 
 
11.  ANCHOR BOLTS. Equipment suppliers shall furnish suitable anchor bolts 
for each item of equipment.  Anchor bolts, together with templates or setting 
drawings, shall be delivered sufficiently early to permit setting the anchor bolts 
when the structural concrete is placed.  Anchor bolt materials shall comply with 
the Anchorage in Concrete and Masonry section, and sleeves shall be provided 
as indicated on the drawings.  Unless otherwise specified, anchor bolts shall be 
at least 3/4 inch [19 mm] in diameter. 
 
Unless otherwise indicated or specified, anchor bolts for items of equipment 
mounted on baseplates shall be long enough to permit 1-1/2 inches [38 mm] of 
grout beneath the baseplate and to provide adequate anchorage into structural 
concrete. 
 
12.  EQUIPMENT BASES. Unless otherwise indicated or specified, all 
equipment shall be installed on concrete bases at least 6 inches [150 mm] high.  
Cast iron or welded steel baseplates shall be provided for pumps, compressors, 
and other equipment.  Each unit and its drive assembly shall be supported on a 
single baseplate of neat design.  Baseplates shall have pads for anchoring all 
components, and adequate grout holes.  Baseplates for pumps shall have a 
means for collecting leakage and a threaded drain connection.  Baseplates shall 
be anchored to the concrete base with suitable anchor bolts and the space 
beneath filled with grout as specified in the Grout section. 
 
13.  SPECIAL TOOLS AND ACCESSORIES. Equipment requiring periodic 
repair and adjustment shall be furnished complete with all special tools, 
instruments, and accessories required for proper maintenance.  Equipment 
requiring special devices for lifting or handling shall be furnished complete with 
those devices. 
 
14.  SHOP PAINTING. All iron and steel surfaces of the equipment shall be 
protected with suitable protective coatings applied in the shop.  Surfaces of the 
equipment that will be inaccessible after assembly shall be protected for the life 
of the equipment.  Coatings shall be suitable for the environment where the 
equipment is installed.  Exposed surfaces shall be finished, thoroughly cleaned, 
and filled as necessary to provide a smooth, uniform base for painting.  Electric 
motors, speed reducers, starters, and other self-contained or enclosed 
components shall be shop primed or finished with an epoxy or polyurethane 
enamel or universal type primer suitable for top coating in the field with a 
universal primer and aliphatic polyurethane system. 
 
Surfaces to be coated after installation shall be prepared for painting as 
recommended by the paint manufacturer for the intended service, and then shop 
painted with one or more coats of a universal primer. 
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Machined, polished, and nonferrous surfaces which are not to be painted shall be 
coated with rust-preventive compound as recommended by the equipment 
manufacturer. 
 
15.  PREPARATION FOR SHIPMENT. Equipment shall be prepared for 
shipment as specified in the Shipping section. 
 
16.  STORAGE. Handling and storage of equipment shall be as specified in the 
Handling and Storage section. 
 
17.  INSTALLATION AND OPERATION. Installation and operation shall be as 
specified in respective equipment sections and the Startup Requirements section. 
 
18.  OBSERVATION OF PERFORMANCE TESTS. Where the Specifications 
require the presence of City, initial tests shall be observed or witnessed by City.  
City shall be reimbursed by Contractor for all costs of subsequent visits by City to 
witness or observe incomplete tests, retesting, or subsequent tests. 
 
19.  PROGRAMMING SOFTWARE. Programming software shall be provided for 
any equipment which includes a programmable logic controller (PLC) or other 
digital controller that is user-programmable.  The software shall be suitable for 
loading and running on a laptop personal computer operating with a Windows-
based operating system.  A copy of the manufacturer's original operating logic 
program shall be provided for use in maintaining and troubleshooting the 
equipment.  Where multiple pieces of equipment, from the same or different 
vendors, use the same programming software, only one copy of the software 
need be provided. 
 
20.  REFERENCE STANDARDS. Reference to standards, specifications, 
manuals, or codes of any technical society, organization, or association, or to the 
laws or regulations of any governmental authority, whether such reference be 
specific or by implication, shall mean the latest standard specification, manual, 
code, or laws or regulations in effect at the time of opening of Bids (or on the 
effective date of the Contract or Agreement if there were no Bids), except as may 
be otherwise specifically stated in the Contract Documents.  However, no 
provision of any referenced standard, specification, manual, or code, or any 
instruction of a Supplier, shall be effective to change the duties or responsibilities 
of City, Contractor, or Consulting Engineer, or any of their subcontractors, 
consultants, agents, or employees from those set forth in the Contract 
Documents, nor shall  any such provision or instruction be effective to assign to 
City,   Consulting Engineer, or any of Consulting Engineer's Consultants, agents, 
or employees, any duty or authority to supervise or direct the performance of the 
Work or any duty or authority to undertake responsibility inconsistent with the 
provisions of the Contract Documents. 
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21.  CMMS SYSTEM EQUIPMENT INFORMATION. Provide the following 
information for each piece of equipment supplied for the project for use in the 
City’s CMMS System. 

 
21-1.01  Equipment Information

1. Equipment Name 
2. Model Type 
3. Serial Number 
4. Vendor 
5. Manufacturer 
6. Service Contract (Yes or No) 
7. Service Vendor Phone # 
8. Service Expires 
9. Warranty Expires 
 

21-1.02  Motor Information

1. Motor ID 
2. RPM 
3. HP 
4. Description 
5. Model # 
6. Serial # 
7. Manufacturer 
8. Amps 
9. Voltage 
10. Frame 
11. Phase 
12. Bearing/Coupling Size 
13. Motor Lubricant 

 
End of Section 
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Section 01611 
 

METEOROLOGICAL AND SEISMIC DESIGN CRITERIA 
 

1.  SCOPE. Buildings, non-structural components and non-building structures 
shall be designed in accordance with this section.  In the event of conflict with 
requirements in other sections, the more stringent criteria shall be followed. 
 
2.  DESIGN CRITERIA. Non-structure components, non-building structures 
including anchorage of such items, shall be designed in accordance with the 
following criteria. 
 
General Design Data: 

Building code and references IBC 2006, ASCE 7-05 
“Minimum Design Loads 

for Buildings and Other 
Structures”,

Wind Design Data: 
Basic wind speed, V 90 mph 
Exposure category C
Importance factor (wind loads), I 1.15

Snow Design Data: 
Ground snow load, Pg 30 psf 

Importance factor (snow loads), I 1.2
Exposure factor (Ce) 1.0
Thermal factor (Ct) 1.0

Seismic Design Data for Non-structural 
Components: 

Design short period spectral response 
acceleration, SDS 

0.112g 

Component importance factor, IP 1.5 
Seismic Design Category C

Seismic Design Data for Non-building Structures 
Occupancy Category IV 
Design short period spectral response 
acceleration, SDS 

0.112g 

Design one second period spectral response 0.071g 
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acceleration, SD1 
Design one second period spectral response 
acceleration, S1

0.106g 

Importance factor, I 1.5 
 
3.  SEISMIC DESIGN.

3-1.  General. Structural systems shall provide continuous load paths, with 
adequate strength and stiffness to transfer all seismic forces from the point of 
application to the point of final resistance. 
 
3-2.  Pre-Engineered Buildings. Not used 
 
3-3.  Non-structural Components. Non-structural components are architectural, 
mechanical, and electrical items that are permanently attached to and supported 
by a structure but are not part of the structural system, as indicated in Chapter 13 
of the ASCE 7. 
 
Non-structural components shall have sufficient strength and ductility to resist the 
specified seismic effects, and shall meet all of the design, proportioning, 
detailing, inspection, and quality assurance provisions of the specified building 
code and other referenced codes. 
 
Non-structural components shall be attached so that seismic forces are 
transferred to the structural system.  These attachments shall be bolted, welded, 
or otherwise positively fastened.  Frictional resistance due to gravity shall not be 
considered in evaluating the required resistance to seismic forces. 
 
Non-structural components shall be designed to be operable during and following 
a seismic event, without collapsing or breaking away from supports, and remain 
intact to the extent that they do not create an ignition hazard or release 
hazardous materials.  Components that contain contents that are hazardous 
(flammable, explosive, corrosive, acidic, caustic, toxic, or that otherwise present 
a danger to the general public if released) shall maintain containment of those 
contents following the design earthquake. 
 
“Wp” shall include the total operating weight of the component or system, 

including, but not limited to, any insulation, fluids, and concentrated loads such 
as valves, condensate traps, and similar components. 
 
Seismic effects that shall be analyzed in the design of piping systems include the 
dynamic effects of the piping system, contents, and, when appropriate, supports. 
The interaction between the piping system and the supporting structures, 
including other mechanical and electrical equipment, shall also be considered. 
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3-4.  Non-building Structures. Non-building structures are the items described as 
such in Chapter 15 of ASCE 7. 
 
Non-building structures shall provide sufficient strength and ductility to resist the 
specified seismic effects, and shall meet all of the design, proportioning, 
detailing, inspection, and quality assurance provisions of the specified building 
code and other referenced codes. 
 
The seismic design of non-building structures shall provide sufficient stiffness, 
strength and ductility to resist the effects of seismic ground motions during the 
design earthquake. 
 
"W" for non-building structures shall include the total dead load and shall also 
include all normal operating contents of tanks, vessels, bins, and piping. 
 

End of Section 
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Section 01612 
 

SHIPPING 
 

1.  SCOPE. This section covers packaging and shipping of materials and 
equipment. 
 
2.  PREPARATION FOR SHIPMENT. All equipment shall be suitably packaged 
to facilitate handling and to protect against damage during transit and storage.  
All equipment shall be boxed, crated, or otherwise completely enclosed and 
protected during shipment, handling, and storage.  All equipment shall be 
protected from exposure to the elements and shall be kept dry at all times. 
 
Painted and coated surfaces shall be protected against impact, abrasion, 
discoloration, and other damage.  Painted and coated surfaces which are 
damaged prior to acceptance of equipment shall be repainted to the satisfaction 
of City. 
 
Grease and lubricating oil shall be applied to all bearings and similar items. 
 
3.  SHIPPING. Before shipping each item of equipment shall be tagged or 
marked as identified in the delivery schedule or on the Shop Drawings.  
Complete packing lists and bills of material shall be included with each shipment. 
 

End of Section 
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Section 01614 
 

HANDLING AND STORAGE 
 

1.  SCOPE. This section covers delivery, storage, and handling of materials and 
equipment. 
 
2.  DELIVERY. Contractor shall bear the responsibility for delivery of equipment, 
spare parts, special tools, and materials to the site and shall comply with the 
requirements specified herein and shall provide required information concerning 
the shipment and delivery of the materials specified in this Contract.  These 
requirements also apply to any subsuppliers making direct shipments to the 
jobsite. 
 
Contractor shall, either directly or through contractual arrangements with others, 
accept responsibility for the safe handling and protection of the equipment and 
materials furnished under this Contract before and after receipt at the port of 
entry.  Acceptance of the equipment shall be made after it is installed, tested, 
placed in operation and found to comply with all the specified requirements. 
 
All items shall be checked against packing lists immediately on delivery to the 
site for damage and for shortages.  Damage and shortages shall be remedied 
with the minimum of delay. 
 
Delivery of portions of the equipment in several individual shipments shall be 
subject to review of City before shipment.  When permitted, all such partial 
shipments shall be plainly marked to identify, to permit easy accumulation, and to 
facilitate eventual installation. 
 
3.  STORAGE. Upon delivery, all equipment and materials shall immediately be 
stored and protected until installed in the Work. 
 
Stacked items shall be suitably protected from damage by spacers or load 
distributing supports that are safely arranged.  No metalwork (miscellaneous 
steel shapes and reinforcing steel) shall be stored directly on the ground.  
Masonry products shall be handled and stored in a manner to hold breakage, 
chipping, cracking, and spalling to a minimum.  Cement, lime, and similar 
products shall be stored off the ground on pallets and shall be covered and kept 
completely dry at all times.  Pipe, fittings, and valves may be stored out of doors, 
but must be placed on wooden blocking.  PVC pipe, geomembranes, plastic liner, 
and other plastic materials shall be stored off the ground on pallets and protected 
from direct sunlight. 
 
Pumps, motors, electrical equipment, and all equipment with antifriction or sleeve 
bearings shall be stored in weathertight structures maintained at a temperature 
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above 60°F [16°C].  Electrical equipment, controls, and insulation shall be 
protected against moisture and water damage.  All space heaters furnished in 
equipment shall be connected and operated continuously. 
 
Equipment having moving parts, such as gears, bearings, and seals, shall be 
stored fully lubricated with oil, grease, etc., unless otherwise instructed by the 
manufacturer.  Manufacturer's storage instructions shall be carefully followed by 
Contractor. 
 
When required by the equipment manufacturer, moving parts shall be rotated a 
minimum of twice a month to ensure proper lubrication and to avoid metal to 
metal "welding".  Upon installation of the equipment, Contractor shall, at the 
discretion of City, start the equipment at one-half load for an adequate period of 
time to ensure that the equipment does not deteriorate from lack of use. 
 
When required by the equipment manufacturer, lubricants shall be changed upon 
completion of installation and as frequently as required thereafter during the 
period between installation and acceptance.  New lubricants shall be put into the 
equipment by Contractor at the time of acceptance. 
 
Equipment and materials shall not show any pitting, rust, decay, or other 
deleterious effects of storage when installed in the Work. 
 
In addition to the protection specified for prolonged storage, the packaging of 
spare units and spare parts shall be for export packing and shall be suitable for 
long-term storage in a damp location.  Each spare item shall be packed 
separately and shall be completely identified on the outside of the container. 
 
4.  HANDLING. Stored items shall be laid out to facilitate their retrieval for use in 
the Work.  Care shall be taken when removing the equipment for use to ensure 
the precise piece of equipment is removed and that it is handled in a manner that 
does not damage the equipment. 
 

End of Section 
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Section 01650 
 

STARTUP REQUIREMENTS 
 

1.  SCOPE. This section covers startup requirements for all items of equipment 
and systems including mechanical equipment.  Additional requirements may be 
specified in specific equipment specifications.  The requirements of this section 
shall be satisfactorily completed prior to any field tests specified in the specific 
equipment sections. 
 
2.  GENERAL. Equipment shall not be operated except by, or with the guidance 
of, qualified personnel having the knowledge and experience necessary to obtain 
proper results.   All items of equipment and systems shall be tested for proper 
operation, efficiency, and capacity.  All required adjustments, tests, operation 
checks, and other startup activity shall be provided by qualified personnel.  
Contractor shall be responsible for planning, supervising, and executing the 
installation of Work.  
 
2.01. Coordination. Contractor shall coordinate all tests related to startup of 
equipment and systems and shall report the results to City in accordance with 
the submittals section.      
 
When equipment is ready for a witness test, Contractor shall give written notice 
to City at least 14 days before any offsite witness testing is performed or any 
field witnessed performance testing, unless otherwise specified. 
 
3.  EQUIPMENT TESTS.

3.01. Factory Tests. When specified in the specific equipment sections, the 
equipment will be test run at the point of manufacture and the test results will be 
delivered to City prior to shipment. 
 
3.02. Preliminary Field Tests. All items of mechanical equipment shall be given 
a preliminary field test by Contractor after installation for proper operation, 
efficiency, and capacity.  The preliminary field test shall consist of the 
requirements listed herein, unless exceptions or additions are indicated in the 
specific equipment sections. 
 
Contractor's test operation of each piece of mechanical equipment shall continue 
for not less than 8 hours without interruption.  All moving parts of equipment and 
machinery shall be carefully tested for operation, and adjusted so all parts move 
freely and function to secure satisfactory operation.  All equipment shall be 
tested continuously under actual or simulated operating conditions.  All parts 
shall operate satisfactorily in all respects, under continuous full load and in 
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accordance with the specified requirements, for the full duration of the 8 hour 
test period.  If any part of a unit shows evidence of unsatisfactory or improper 
operation during the 8 hour test period, correction or repairs shall be made and 
the full 8 hour test operation, as specified, shall be completed after all parts 
operate satisfactorily. 
 
Tests of all process and pumping equipment, drive motors, including auxiliaries 
shall be made in accordance with the appropriate and approved test codes such 
as the American Society of Mechanical Engineers, Hydraulic Institute Standards, 
and IEEE. 
 
Tests shall be conducted after the Work is substantially complete so each item 
of equipment is ready for integrated operation with other equipment at the plant.  
Testing, measuring, and calibrating procedures shall be submitted to City for 
review and acceptance prior to startup and testing of equipment. 
 
The equipment shall be properly filled, by Contractor, with oil and grease, and 
Contractor shall furnish all power, personnel, water, chemicals, fuels, oil, grease, 
and auxiliaries necessary for conducting the testing of the equipment for proper 
operation, efficiency, and capacity except as specified in the Contract 
Documents. 
 
The period of inspection, initial startup operation, and field adjustment shall be 
as needed to achieve satisfactory installation and operation of the items 
furnished.  Any period required for instruction of City's personnel shall be as 
specified in the Contract Documents. 
 
When the specific equipment sections indicate that an installation check is 
required by the equipment manufacturer, the manufacturer's representative will 
make all necessary field adjustments and correct defects in materials or 
workmanship during this test period. 
 
All equipment installed under this Contract, including that furnished by others, 
shall be placed into successful operation according to the written instructions of 
the equipment manufacturer and the instructions of the manufacturer's field 
representative. 
 
3.03. Field System Operation Test. After all equipment is installed and the entire 
plant or system is ready to operate, Contractor shall conduct a field system 
operation test.  The test shall consist of the requirements listed herein, unless 
exceptions or additions are indicated in the specific equipment sections. 
 
The test period shall be at least 7 days, and each system shall operate under 
actual or simulated operating conditions before Final Acceptance of the Work.  
All defects of material, workmanship, or equipment which appear during this test 
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period shall be corrected by Contractor. After such corrections are made, the 
7 day test shall be repeated before Final Acceptance of Work, unless waived by 
City. 
 
Contractor shall supply all power, water, oil, grease, auxiliaries, and operating 
personnel required for this operation test except as specified in the Contract 
Documents. 
 
When necessary for certain items of equipment, the final adjustments and 
inspections will be made by factory trained service personnel (other than sales 
representatives), rather than by Contractor.  The service personnel will also 
supervise the test operation.  This requirement will be stated under the detailed 
specification for the particular piece or pieces of equipment.  The manufacturer's 
service personnel will make adjustments and supervise testing by Contractor 
until such tests have been accepted by City. 
 

End of Section 
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Section 02050

DEMOLITION AND ABANDONMENT

PART 1 - GENERAL

1-1. SCOPE. This section covers the demolition and abandonment of portions
of structures, piping, equipment, and sitework as indicated on the drawings.

1-2. GENERAL. The Contractor shall be responsible for all work under this
section.

All structures and facilities of the existing Riverside Pump Station which are not
to be removed must remain in continuous operation during the work. Demolition
and salvage work shall create minimum interference with the City's operations
and minimum inconvenience to the City.

Any structural member which provides support, restraint, stabilization, etc., for
any part of the pump station facilities shall remain in place, if possible, during
demolition. If the member must be moved or demolished, adequate measures
shall be taken to provide support, restraint, etc., for all affected parts of the pump
station facility.

Blasting will not be permitted.

1-3. ASBESTOS ABATEMENT. Existing structures to be modified have been
identified as including asbestos-containing building materials as noted in the
“Limited Asbestos and Lead Based Paint Survey Report”, as identified in Exhibit
“D”. Before modification of these structures, Contractor shall engage a qualified
Subcontractor to encapsulate, enclose, or remove and dispose of all asbestos in
accordance with current regulations of the Environmental Protection Agency and
the U. S. Department of Labor - Occupational Safety and Health Administration,
the state asbestos regulating agency, and any local government agency.

1-3.01. Subcontractor's Qualifications. The Subcontractor for asbestos
abatement shall be regularly engaged in this type of activity and shall be familiar
with the regulations which govern this work. The Subcontractor shall
demonstrate to the satisfaction of City that it has successfully completed at least
three asbestos abatement projects, that it has the necessary staff and equipment
to perform the work, and that it has an approved site for disposal of the
asbestos. Liability insurance covering the asbestos abatement work shall be
provided as specified herein.

1-3.02. Abatement Methods. The asbestos abatement Subcontractor shall
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submit a work plan of its proposed abatement procedure to City before beginning
work and shall certify that the methods are in full compliance with the governing
regulations. The work plan shall cover all aspects of the abatement, including
health and safety of employees and building occupants, hygiene facilities,
employee certification, clearance criteria, transportation and disposal, enclosure
techniques, and other techniques appropriate for the proposed work.

1-3.03. Familiarization with the Work. The asbestos abatement Subcontractor
shall visit the site of the Work to determine the equipment required for
completion of the work. City has identified specific structures in which asbestos-
containing building materials have been identified. If, during the progress of the
Work, other suspected asbestos-containing materials are identified, Contractor
shall stop work and allow the asbestos abatement Subcontractor to verify and, if
necessary, remove and dispose of the materials. Payment for abatement of
asbestos-containing materials not specifically identified in the Limited Asbestos
and Lead Based Paint Survey Report will be made by Altered Work Order.

1-3.04. Asbestos Abatement Liability Insurance. This insurance is required in
addition to the other liability coverages specified in the Contract Documents.
Asbestos abatement liability insurance shall be written as an "occurrence" type
policy and shall cover Contractor, and City, as additional insured, against claims
arising from bodily injury, sickness, disease, or death of any person other than
Contractor's employees arising out of any act related to asbestos abatement
work.

The liability limits shall be not less than:

Personal injury and property $2,000,000 each occurrence
damage

$2,000,000 general aggregate

PART 2 - PRODUCTS

Not used.

PART 3 - EXECUTION

3-1. DEMOLITION.

3-1.01. Demolition. All portions of structures, piping, equipment, and sitework
indicated on the Drawings to be demolished shall be removed and shall become
property of the Contractor, unless otherwise specified. All such items shall be
promptly removed from the job site.
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All piping and equipment remaining after demolition that will not be incorporated
in the new Work shall be permanently capped in a manner acceptable to City.

All pavements, including curb & gutter, shown to be removed shall have a neat
sawcut edge and shall be removed full depth, to include aggregate base.

The cutting and removal of pavement shall be performed by equipment and
methods which will leave a vertical uniform face on the remaining pavement.

Any irregularities shall be eliminated by bush hammering or grinding to the
satisfaction of the City Representative.

3-2 ABANDONMENT

3.2.01. Abandonment. Storm drains that are to be abandoned shall be
bulkheaded with an 8-inch brick wall. Sewers, storm water drains, and structures
15 inches and larger that are to be abandoned and have not been removed shall
be filled with sand unless otherwise indicated on the plans.

Service shall be maintained until the City, or his representative, shall order
sewers, storm drains, and sewer structures that are no longer in use shall be
bulkheaded and abandoned.

The cost of abandoning sewers, storm water drains, and sewer structures is
incidental to construction.

3-3 RESTORATION.

3-3.01. GENERAL. All structures and surfaces damaged during the course of
demolition work that are to remain in the completed work, shall be restored by
the Contractor as follows:

1. All restoration work shall be done with new materials and appropriate
methods as specified elsewhere in these Specifications for new work of
similar nature; or, if not specified, best recommended practice of
manufacturer, or appropriate trade association.

2. Damaged work shall be restored in such a way that there is a secure
and intimate bond or fastening between new and old work. Restored
surfaces shall be finished to such planes, shapes, and textures that no
transition between new and old work is evident in finished surfaces.

All holes remaining in existing concrete structures which were created by
demolition work shall be patched with concrete and/or nonshrink grout. The
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patch shall be structurally keyed to the existing concrete structure. Holes in
existing buried and/or water holding structures shall be repaired with a patch
which is also watertight.

All holes remaining in existing masonry structures which were created by
demolition work shall be patched with nonshrink grout if smaller than 9 square
inches and shall be repaired to match adjacent construction if larger than 9
square inches.

All exposed anchor bolts, reinforcement, and other metal items remaining in
existing concrete structures shall be cut, then patched with nonmetallic,
nonshrink grout. The concrete around each item shall be chipped back a
minimum of one inch, then water saturated for 24 hours prior to cutting the item.
Immediately after cutting the item, coat it with an epoxy bonding agent and patch
the hole.

End of Section
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Section 02200

EARTHWORK

PART 1 - GENERAL

1-1. SCOPE. This section covers earthwork and shall include the necessary
clearing, grubbing, and preparation of the site; removal and disposal of all debris;
excavation; handling, storage, transportation, and disposal of all excavated
material; all necessary sheeting, shoring, and protection work; preparation of
sub-grades; pumping and dewatering as necessary; protection of adjacent
property; backfilling; construction of fills and embankments; surfacing and
grading; and other appurtenant work.

1-2. GENERAL. With reference to the terms and conditions of the construction
standards for excavations set forth in OSHA "Safety and Health Regulations for
Construction", Chapter XVII of Title 29, CFR, Part 1926, Contractor shall employ
a competent person and, when necessary based on the regulations, a registered
professional engineer, to act upon all pertinent matters of the work of this section.

1-3. SUBMITTALS. Drawings, specifications, and data covering the proposed
materials shall be submitted in accordance with the Submittals section.
Sheeting, shoring, and excavation support systems’ submittals shall bear the
seal and signature of a Professional Engineer licensed or registered in the State
of Wisconsin.

1-3.01. Filter Fabric Data. Complete descriptive and engineering data for the
fabric shall be submitted in accordance with the Submittals section. Data
submitted shall include:

A 12 inch square sample of fabric.

Manufacturer's descriptive product data.

Installation instructions.

1-4. INSURANCE. Professional Liability insurance shall be provided as
specified herein.

Professional Liability Insurance: This insurance shall be required for sheeting,
shoring, and excavation support systems design services, as specified herein, to
be performed by a professional engineer with appropriate expertise in
accordance with applicable laws and regulations, licensed or registered in the
State of Wisconsin, where the shop drawings or other evidence of design bear
the seal and signature of that professional engineer. This insurance shall provide
protection against claims arising out of performance of professional design
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services and caused by a negligent error, omission, or act for which the insured
party is legally liable; such professional liability insurance shall provide coverage
in the amount of $3,000,000 which shall be maintained throughout the duration of
the Project and for one year after Final Acceptance.

In the event that the professional design services are performed by an
independent consultant or Subcontractor engaged by Contractor, this insurance
shall be furnished and maintained by the independent consultant or
Subcontractor. In the event that the professional design services are performed
by a member of Contractor's organization, this insurance shall be furnished and
maintained by Contractor.

A certificate of insurance for such professional liability insurance coverage,
including the amount, duration, and name of the insured party, shall be delivered
to City.

PART 2 - PRODUCTS

2-1. MATERIALS.

2-1.01. Filter Fabric. Filter fabric shall be provided in rolls wrapped with covering
for protection from mud, dirt, dust, and debris.

2-1.01.01. Filter Fabric Type FF. Filter fabric Type FF shall be provided for
installation at locations indicated on the drawings. Filter fabric Type FF shall be
a woven polyprolylene fabric and shall have the indicated properties:

Grab Tensile Strength, lb. ASTM D-4632 200 min.
Puncture Strength, lb. ASTM D- 4833 105 min.
Apparent Breaking Elongation, ASTM D-4632 24 min.
Machine Direction, %
Apparent Breaking Elongation, ASTM D-4632 10 min.
Cross Direction, %
Apparent Opening Size, µm  ASTM D-4754 600 max.
Permittivity, s-1 ASTM D-4491 1.9 min.

2-1.02. Polyethylene Film. Polyethylene film beneath concrete slabs or slab
base course material shall be Product Standard PS17, 6 mil minimum thickness.

2-1.03. General Fill and Embankment Materials. To the maximum extent
available, excess suitable material obtained from structure and trench excavation
shall be used for the construction of general fills and embankments. Additional
material shall be provided from Contractor's off-site source. No borrow pits shall
be opened on site unless such pits are specifically indicated on the drawings.
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All material placed in fills and embankments shall be free from rocks or stones
larger than the required size in their greatest dimension, brush, stumps, logs,
roots, debris, and other organic or deleterious materials. The maximum size of
stone in fills and embankment shall be 4 inches. No rocks or stones shall be
placed in the upper 18 inches of any fill or embankment. Rocks or stones within
the allowable size limit may be incorporated in the remainder of fills and
embankments, provided they are distributed so that they do not interfere with
proper compaction.

2-1.04. Select Granular Fill. Granular fill material shall be crushed rock or gravel
suitable for use as a free draining sub-base beneath slabs and foundations.
Granular fill shall be free from dust, clay, and trash; hard, durable, non-friable;
and shall be graded 3/4 inch to No. 4 as defined in ASTM C33 for No. 67 coarse
aggregate and indicated below. Granular fill shall meet the quality requirements
for ASTM C33 coarse aggregate. Only crushed rock with angular particles shall
be used when the perimeter of the granular fill is not confined or otherwise
subject to raveling, such as on a slope.

Size Percent Passing

1 inch 100

3/4 inch 90 - 100

3/8 inch 20 – 55

No. 4 0 - 10

No. 8 0 - 5

2-1.05. Dense Graded Base. Dense graded base (3/4-inch) shall be placed as
a subbase for asphaltic concrete pavement and beneath concrete curb & gutter.
Dense graded base (3/4-inch) shall meet the following Wisconsin Department of
Transportation Gradation requirements:

Size Percent Passing

1 inch 100

3/4 inch 95 - 100

3/8 inch 50 - 90

No. 4 35 - 70 

No. 10 15 - 55

No. 40 10 – 35

No. 200 5.0 – 15.0 *

* 8.0 – 15.0 if base is ≥ 50 percent crushed gravel.
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2-2. MATERIAL TESTING.

2-2.01. Preliminary Review of Materials. As stipulated in the Quality Control
section, all tests required for preliminary review of materials shall be made by an
acceptable independent testing laboratory at the expense of Contractor. Two
initial gradation tests shall be made for each type of general fill, designated fill,
backfill, or other material, and one additional gradation test shall be made for
each additional 500 tons of each material delivered to the jobsite. In addition,
one set of initial Atterberg Limits tests shall be made for each fill material
containing more than 20 percent by weight passing the No. 200 sieve and for
materials specified by Atterberg Limits. One additional Atterberg Limits test shall
be made for each additional 500 tons of each material delivered to the job site.

2-2.02. Field Testing Expense. All moisture-density (Proctor) tests and relative
density tests on the materials, and all in-place field density tests, shall be made
by an independent testing laboratory at the expense of City. Contractor shall
provide access to the materials and work area and shall assist the laboratory as
needed in obtaining representative samples.

2-2.03. Required Field Tests. For planning purposes the following guidelines
shall be used for frequency of field tests. Additional tests shall be performed as
necessary for job conditions and number of failed tests. Test results shall be
submitted as indicated in the Submittals section.

Two moisture-density (standard Proctor) tests in accordance with
ASTM D698 or two relative density tests in accordance with ASTM D4253
and D4254 for each type of general fill, designated fill, backfill, or other
material proposed.

For area fills and embankments, an in-place field density and moisture test
for each 1000 cubic yards of material placed.

One in-place field density and moisture test for every 100 to 200 cubic yards
of structure backfill or select fill.

One in-place density and moisture test whenever there is a suspicion of a
change in the quality of moisture control or effectiveness of compaction.

At least one test for every full shift of compaction operations on mass
earthwork.

Additional gradation, proctor, and relative density tests whenever the source
or quality of materials changes.

PART 3 - EXECUTION

3-1. SITE PREPARATION. All sites to be occupied by permanent construction
or embankments shall be cleared of all logs, trees, roots, brush, tree trimmings,
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and other objectionable materials and debris. All stumps shall be grubbed.
Subgrades for fills and embankments and sites to be occupied by permanent
construction shall be cleaned and stripped of all surface vegetation, sod, and
organic topsoil. All waste materials shall be removed from the site and disposed
of by and at the expense of Contractor.

3-2. EXCAVATION.

3-2.01. General. Excavations shall provide adequate working space and
clearances for the work to be performed therein and for installation and removal
of concrete forms. In no case shall excavation faces be undercut for extended
footings.

Sub-grade surfaces shall be clean and free of loose material of any kind when
concrete is placed thereon. Do not place base on foundations that are soft,
spongy, or covered by ice or snow. Water and rework or re-compact dry
foundations as necessary to ensure proper compaction, or as the City directs.

Except where exterior surfaces are specified to be damp-proofed, monolithic
concrete manholes and other concrete structures or parts thereof that do not
have footings that extend beyond the outside face of exterior walls may be
placed directly against excavation faces without the use of outer forms, provided
that such faces are stable and also provided that a layer of polyethylene film is
placed between the earth and the concrete.

Excavations for manholes and similar structures constructed of masonry units
shall have such horizontal dimensions that not less than 6 inches clearance is
provided for outside plastering.

3-2.02. Classification of Excavated Materials. No classification of excavated
materials will be made for payment purposes. Excavation and trenching work
shall include the removal and subsequent handling of all materials excavated or
otherwise removed in performance of the work, regardless of the type, character,
composition, or condition thereof.

3-2.03. Preservation of Trees. No trees shall be removed outside excavated or
filled areas, unless their removal is authorized by City. Trees left standing shall
be adequately protected from permanent damage by construction operations.

3-2.04. Unauthorized Excavation. Except where otherwise authorized,
indicated, or specified, all materials excavated below the bottom of concrete
walls, footings, slabs on grade, and foundations shall be replaced with concrete
at the expense of Contractor. It shall be placed at the same time and monolithic
with the concrete foundation.
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3-2.05. Blasting. Blasting or other use of explosives for excavation will not be
permitted.

3-2.06. Dewatering. Dewatering equipment shall be provided to remove and
dispose of all surface water and groundwater entering excavations, trenches, or
other parts of the work. Each excavation shall be kept dry during subgrade
preparation and continually thereafter until the structure to be built, or the pipe to
be installed therein, is completed to the extent that no damage from hydrostatic
pressure, flotation, or other cause will result.

All excavations for concrete structures or trenches which extend down to or
below groundwater shall be dewatered by lowering and keeping the groundwater
level to the minimum depth of 24 inches beneath such excavations. The specified
dewatering depth shall be maintained below the prevailing bottom of excavation
at all times.

Surface water shall be diverted or otherwise prevented from entering excavations
or trenches to the greatest extent possible without causing damage to adjacent
property.

Contractor shall be responsible for the condition of any pipe or conduit used for
drainage purposes, and all such pipe or conduit shall be left clean and free of
sediment.

3-2.07. Sheeting and Shoring. Except where banks are cut back on a stable
slope, excavations for structures and trenches shall be supported as necessary
to prevent caving or sliding.

Steel sheet piling or other excavation support systems shall be furnished and
installed as necessary to limit the extent of excavations for the deeper structures
and necessary backfill under adjacent shallower structures, and to protect
adjacent structures and facilities from damage due to excavation and subsequent
construction. Contractor shall assume complete responsibility for, and install
adequate protection systems for prevention of damage to existing facilities.

Excavation support systems and sheeting and shoring shall be all removed after
completion of work.

The design of the excavation support system shall be such as to permit complete
removal while maintaining safety and stability in the excavation at all times.

Sheeting, shoring and excavation support systems shall be designed by a
professional engineer retained by the Contractor and registered in the state
where the project is located.
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3-2.08. Stabilization. Sub-grades for concrete structures shall be firm, dense,
and thoroughly compacted and consolidated; shall be free from mud and muck;
and shall be sufficiently stable to remain firm and intact under the feet of the
workers.

Sub-grades for concrete structures which are otherwise solid, but which become
mucky on top due to construction operations, shall be reinforced with crushed
rock or gravel as specified for granular fills. The stabilizing material shall be
placed in such a manner that no voids remain in the granular fill. All excess
granular fill with unfilled void space shall be removed. The finished elevation of
stabilized sub-grades shall not be above sub-grade elevations indicated on the
drawings.

3-2.09. Roadway Excavation. Excavation for the roadways, drives, and parking
areas shall conform to the lines, grades, cross sections, and dimensions
indicated on the drawings and shall include the excavation of all unsuitable
material from the subgrade. After shaping to line, grade, and cross section, the
subgrade shall be compacted to a depth of at least 6 inches and shall meet the
following:

Test method to determine maximum
density and moisture.

ASTM D698.

Relative compaction and moisture
content relative to the optimum.

95%.

Moisture content relative to the
optimum.

-2% to +2%. 

 
This operation shall include any reshaping and wetting or drying required to
obtain proper compaction. All soft, yielding, or otherwise unsuitable material
shall be removed and replaced with suitable material.

3-3. GENERAL FILLS AND EMBANKMENTS. Fills and embankments not
required or indicated to be designated fills shall be constructed as general fills
and embankments. All fills and embankments shall be constructed to the lines
and grades indicated on the drawings. Backfill materials shall be deposited in
layers not to exceed 8 inches in uncompacted thickness. Unless otherwise
specified herein, the following governing standards apply:

Test method to determine maximum
density and moisture.

ASTM D698.

Relative compaction and moisture
content relative to the optimum.

95%.

Moisture content relative to the
optimum.

-2% to +2%.
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Backfilling and construction of fills and embankments during freezing weather
shall not be done except by permission of City. No backfill, fill, or embankment
materials shall be installed on frozen surfaces, nor shall frozen materials, snow,
or ice be placed in any backfill, fill, or embankment.

3-3.01. Sub-grade Preparation. After preparation of the fill or embankment site,
the sub-grade shall be scarified and moisture conditioned to a minimum depth of
8 inches, leveled and rolled so that surface materials of the sub-grade will be at a
moisture content and as compact and well bonded with the first layer of the fill or
embankment as specified for subsequent layers.

Unless otherwise directed by City, the sub-grade shall be proof-rolled by a
rubber-tired roller, a loaded dump truck, or other suitable rubber-tired equipment
acceptable to City. A minimum of four passes of the proof-rolling equipment shall
be provided such that the last two passes are made perpendicular to the first two
passes.

All soft, yielding, or otherwise unsuitable material shall be removed and replaced
with compacted fill.

3-3.02. Placement and Compaction. All fill and embankment materials shall be
placed in approximately horizontal layers not to exceed 8 inches in un-
compacted thickness. Material deposited in piles or windrows by excavating and
hauling equipment shall be spread and leveled before compaction.

Each layer of material shall have the best practicable moisture content for
satisfactory compaction. The material in each layer shall be wetted or dried to
achieve the moisture content relative to optimum as specified above, and shall
be thoroughly mixed to ensure uniform moisture content and adequate
compaction. Each layer shall be thoroughly compacted to the required degree of
compaction at the required moisture content. If the material fails to meet the
density specified, compaction methods shall be altered. The changes in
compaction methods shall include, but not be limited to, changes in compaction
equipment, reduction in uncompacted lift thickness, increase in number of
passes, and better moisture control.

Wherever a trench is to pass through a fill or embankment, the fill or
embankment material shall be placed and compacted to an elevation not less
than 12 inches above the top of pipe elevation before the trench is excavated.

3-3.03. Borrow Pits. Borrow pits are not permitted.

3-4. DESIGNATED FILLS. Fills required or indicated to be designated fills shall
be constructed using the specific materials and placement requirements as
specified. In addition to the specific requirements specified herein, all
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requirements for general fills and embankments shall apply. These requirements
include, but are not limited to organic or deleterious materials, subgrade
preparation, lift thickness, and moisture conditioning requirements. All designated
fills shall be constructed to the lines and grades indicated on the drawings.
Backfilling and construction of fills during freezing weather shall not be done
except by permission of City. No backfill, fill, or embankment materials shall be
installed on frozen surfaces, nor shall frozen materials, snow, or ice be placed in
any backfill, fill, or embankment.

3-4.01. Select Granular Fill. Granular fills shall be provided where indicated on
the drawings. Granular fills shall be placed on suitably prepared sub-grades in
uncompacted lift thickness of 6 inches or less and shall meet the following
requirements:

Test method to determine maximum
density and moisture.

ASTM D698.

Relative compaction. 95%.

Moisture content relative to the
optimum.

-2% to +2%..

Where granular fills are to be covered with concrete, the top surface shall be
graded to the required sub-grade elevation. The completed fill shall be covered
by a vapor barrier.

3-4.02. Dense Graded Base. The dense graded base beneath the asphaltic
concrete pavement shall be placed in lift thicknesses not to exceed a compacted
thickness of 6 inches per layer if using a pneumatic roller, or 8 inches if using a
vibratory roller. .

3-5. FINAL GRADING AND PLACEMENT OF TOPSOIL. After other outside
work has been finished, and backfilling and embankments completed and settled,
all areas that are to be graded shall be brought to grade at the indicated
elevations, slopes, and contours. All cuts, fills, embankments, and other areas
that have been disturbed or damaged by construction operations shall be
surfaced with topsoil to a depth of 4 inches. Topsoil shall be of a quality at least
equal to the existing topsoil in adjacent areas, free from trash, stones, and
debris, and well suited to support plant growth.

Use of graders or other power equipment will be permitted for final grading and
dressing of slopes, provided the result is uniform and equivalent to manual
methods. All surfaces shall be graded to secure effective drainage. Unless
otherwise indicated, a slope of at least 1 percent shall be provided.

Final grades and surfaces shall be smooth, even, and free from clods and
stones, weeds, brush, and other debris.
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3-6. DISPOSAL OF EXCAVATED MATERIALS. Suitable excavated materials
may be used in fills and embankments as needed. All excess excavated material
shall be disposed of off site at the expense of Contractor.

All debris, stones, logs, stumps, roots, and other unsuitable materials shall be
removed from the site and disposed of by, and at the expense of, Contractor.

3-7. RESTORATION. All established lawn areas cut by the line of trench, by
excavation, or damaged during the work shall be seeded, after completion of
construction, to the complete satisfaction of the City. Refer to section 02930. 
 
3-8. SETTLEMENT. Contractor shall be responsible for all settlement of backfill,
fills, and embankments which may occur within the correction period stipulated in
the General Conditions.

Contractor shall make, or cause to be made, all repairs or replacements made
necessary by settlement within 30 days after notice from City.

End of Section
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Section 02512

ASPHALTIC CONCRETE PAVING

PART 1 - GENERAL

1-1. SCOPE. This section covers the furnishing of labor, materials and
equipment for the construction of asphaltic concrete base or binding course,
bituminous tack coat, and asphaltic concrete surface or wearing course for the
roadway, driveways and parking area as indicated on the drawings.

Subgrade preparation shall be as indicated in the Earthwork section, unless
otherwise specified in the governing standards or herein.

Asphaltic concrete paving shall be constructed to the lines, grades, and cross
sections indicated on the drawings. Type of construction shall be as indicated on
the drawings and as specified herein.

1-2. GENERAL.

1-2.01. Governing Standards. Except as otherwise specified or indicated,
materials, equipment, details, and construction methods shall comply with the
Wisconsin Department of Transportation Standard Specifications for Highway
and Structure Construction.

1-2.02. Coordination. Contractor shall coordinate the construction of asphaltic
concrete paving with the excavation, the construction of concrete curb and
gutters and other construction.

PART 2 - PRODUCTS

2-1. MATERIALS. The sources of materials shall be acceptable to City. Except
as modified herein, materials shall conform to the requirements of the governing
standards. Delivery tickets for all materials delivered to the site shall be
submitted to City at the end of each day during the progress of the work.

Asphaltic concrete materials shall be as follows:

Base.

Asphalt concrete mix designation. IM - 19.0A

Asphalt cement designation. PG 64-22 (AC-20)

Surface.

Asphalt concrete mix designation. SM - 12.5A
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Asphalt cement designation PG 64-28 (AC-20)

Asphalt binder.

Designation. MC & SC

Rate Range. 30 - 3000

Prime coat.

Designation. SS-1, SS-1h, MS-2,
HFMS-1, CSS-1, CSS-

1h, CMS-2

Rate. 0.27 – 0.53 gal/yd2

Tack coat.

Designation. MS-2, SS-1, SS-1h,
CSS-1, or CSS-1h

Rate. 0.025 gal/yd2

2-2. DESIGN MIXES. A design mix for the asphalt base course and for the
surface course, based upon the aggregates to be furnished, shall be determined
by an independent testing laboratory at the expense of Contractor and shall be
submitted to City for review.

The design mixes, upon acceptance by City, shall be the basis for the mixes to
be used in asphaltic concrete pavement construction. The proposed design mix
data submitted for review shall include the following:

Marshall stability, all mixtures 750

Density 96%

Number of compaction blows 50

Flow, all mixtures 8-20

PART 3 - EXECUTION

3-1. EQUIPMENT. Equipment and facilities for storage, measuring, mixing,
heating, transporting, spreading, compacting, and other operations shall be in
accordance with the applicable requirements of the governing standards.
Improved or modernized equipment which will produce results equal in quality to
those which would result from the specified equipment will be considered for use.
All equipment and facilities shall be acceptable to City.

3-2. SUBGRADE PREPARATION. As a minimum, the top 6 inches of the
subgrade shall be compacted to 95 percent of standard proctor density at
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optimum moisture content as determined by governing standards. In addition,
the stability of subgrades shall be such that when materials for construction are
deposited on the subgrade no rutting or displacement of the subgrade by
material hauling vehicles will occur. No materials shall be placed on subgrades
which are muddy, frozen, or have frost, snow, or water thereon. Subgrades shall
be thoroughly compacted and properly shaped before any surfacing materials
are placed. All subgrade and surfacing shall be sloped toward drains or outer
edges.

3-3. PAVEMENTS. Unless otherwise specified, the new pavements to be
constructed shall consist of an asphaltic concrete base course and an asphaltic
concrete surface course, each of the thickness indicated on the drawings.
Asphaltic concrete base and surface course shall be placed in compacted lifts no
greater than 1-1/2 inches.

A prime coat shall be placed on the prepared subgrade prior to placing the
asphaltic concrete base course. A tack coat shall be placed on the asphaltic
concrete base course prior to placing the surface course.

Grade control shall be maintained by Contractor by means of automatic screed
controls on the paving machine and by use of erected and mobile string lines as
applicable. The use of the automatically controlled paver may be waived by City
on irregular sections. Finished surfaces shall conform to the lines and grades
indicated on the drawings.

Asphaltic concrete pavements shall be constructed on previously prepared
subgrades in accordance with and in compliance with the appropriate sections of
the governing standards.

Asphalt mixtures may be spread and finished by hand methods only where machine
methods are impractical as determined by City. Hand placed mixtures shall not be
cast or otherwise manipulated in such manner that segregation occurs.

Minimum temperatures under which asphaltic concrete pavements may be
constructed shall be as stipulated in the governing standards.

3-4. REPAIR OF DEFECTS. Contractor shall remove and replace defective areas
by cutting to the full depth of the course. Cuts shall be made perpendicular and
parallel to the direction of traffic with edges vertical.

A tack coat shall be applied to all exposed surfaces. The area shall be filled with
fresh hot asphaltic concrete mix in lifts of the same depths as the adjacent area,
then compacted by rolling to specified surface density and smoothness.

3-5. CLEANING. After completion of paving operation, all areas shall be cleaned
of excess spilled asphalt materials to the satisfaction of City.
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3-6. PROTECTION. In addition to the requirements for protection stipulated in the
governing standards, Contractor shall protect all adjacent concrete and masonry so
that no damage will occur as the result of subsequent construction operations. All
damage or discoloration shall be repaired to the satisfaction of City before final
acceptance.

Special care shall be taken to prevent tack or other asphalt materials from spraying
or splashing. Adjacent construction shall be protected by covering with suitable
fabric or paper.

End of Section



Milwaukee Water Works, R-163 02522 Print Date 2/24/2010
Riverside Backup Power Generation -1- Project Rev1/29/2010
B&V Project 162156 Std. Rev. 1.4, 4/4/2006

Section 02522

CONCRETE SIDEWALK, CURB, AND GUTTER

PART 1 - GENERAL

1-1. SCOPE. This section covers the construction of concrete sidewalks, curb
and gutter. This section also covers the reconstruction of concrete sidewalks,
curb, and gutter.

Subgrade preparation shall be as indicated in the Earthwork section, unless
otherwise specified in the governing standards or herein.

1-2. GENERAL. All existing sidewalks, and curb and gutters disturbed or
damaged during construction of new work, or indicated on the drawings to be
demolished and replaced shall be reconstructed to the lines, grades, and cross
sections indicated on the drawings or as directed by City to restore them at their
original locations unless indicated otherwise on the drawings.

Contractor shall be responsible to remove, construct, reconstruct, and adjust as
necessary all existing or new manholes tops, curb and gutter, and area drainage
structures to match new grades as needed.

1-2.01. Governing Standards. Except as otherwise specified or indicated on the
drawings, materials, equipment, details, and construction methods shall comply
with the applicable Wisconsin Department of Transportation Standard
Specifications for Highway and Structure Construction.

PART 2 - PRODUCTS

2-1. MATERIALS. The sources of materials shall be acceptable to City. Except
as otherwise modified herein, materials shall conform to the requirements of the
governing standards.

2-1.01 Concrete Materials. Concrete materials shall be as follows:

Sidewalks

Concrete designation. A, A-IP, or A-IS

Portland cement designation. Type I, IP, or IS

Aggregate designation. Coarse, Size No. 1

Curbs and Gutters.

Concrete designation. A, A-IP, or A-IS
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Portland cement designation. Type I, IP, or IS

Aggregate designation. Coarse, Size No. 1

Reinforcing steel grade. N/A

Membrane curing compound. Liquid curing compound
conforming to AASHTO M
148 Type 2 or polyethylene
sheeting conforming to
AASHTO M 171

2-1.02 Expansion Joint Material. Expansion joint materials shall conform to the
requirements of AASHTO M 213 for fiber expansion joints saturated with asphalt.
Expansion joints placed within curb and gutter, between sidewalk and back or
curb, and within sidewalk shall be ½-inch thick. Expansion joints placed between
sidewalk and buildings or other rigid structures shall be one-inch thick.

2-2. DESIGN MIXTURE DATA. The design mixture shall be as follows:

Cement content. 565 lb/yd³

Water content. 27 gal

Consistency (slump).

Non-slip formed 4 in

Slip formed 2.5 In

Compressive strength (28 days). 3600 psi

PART 3 – EXECUTION

3-1. GENERAL. Do not place concrete when the ambient temperature is below
40 degrees F, or approaching 40 degrees F and falling, without special protection
as noted in the Governing Standards.

The contractor is responsible for the quality of the concrete place in hot weather.
Every effort shall be made to maintain a concrete temperature below 90 degrees
F at time of placement. Ingredients shall be cooled before mixing to control
concrete temperature.

3-2. SUBGRADE PREPARATION. As a minimum, the top 6 inches of the
subgrade shall be compacted to a 95 percent of standard proctor density at
optimum moisture content as determined by governing standards. In addition,
the stability of subgrades shall be such that when materials for construction are
deposited on the subgrade no rutting or displacement of the subgrade by
material hauling vehicles will occur. No materials shall be placed on subgrades
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which are muddy, frozen, or have frost, snow, or water thereon. Subgrades shall
be thoroughly compacted and properly shaped before any surfacing, curb and
gutter, or sidewalk materials are placed. All subgrade and surfacing shall be
sloped as indicated on the drawings, and as needed to achieve a uniform slope
between new and existing surfaces. Sidewalks shall slope toward one edge.

3-3. CONCRETE SIDEWALKS. Concrete sidewalks damaged or removed by
Contractor during performance of work shall be completely reconstructed at their
original locations as indicated on the drawings. The width and thickness of
reconstructed sidewalks are to be the same as the original sidewalks and shall
be verified with City prior to reconstruction.

Concrete shall be placed, vibrated, and finished as described in the governing
standards.

One-half inch expansion joints shall be provided where sidewalks abut a curb,
structure, existing sidewalk, at changes in directions, and at intervals of not more
than 40 feet. Expansion joints shall be filled to within 3/4 inch of the surface with
expansion joint material, and then filled flush to the surface with self-leveling
caulking in accordance with the Section 07900 - Caulking. The joint sealing
compound shall be finished slightly concave, and shall not be allowed to overflow
the joint.

Concrete sidewalks shall be screeded to the proper elevation and contour. All
aggregates shall be completely embedded in mortar. Screeded surfaces shall be
given an initial float finish as soon as the concrete has stiffened sufficiently for
proper working. Any piece of coarse aggregate which is disturbed by the float or
which causes a surface irregularity shall be removed and replaced with mortar.
Initial floating shall produce a surface of uniform texture and appearance, with no
unnecessary working of the surface. A second floating at the time of initial set
shall follow initial floating.

Floated surfaces shall be given a light broom finish, using a horsehair broom, to
provide a nonslip surface. Brooming shall be done at right angles to the length of
the walk.

Sidewalks shall be edged using a 3 to 4 inch wide edging tool with a 1/4 inch
corner radius. Edger lap marks at corners of each slab shall be carefully
removed. False joints shall be provided at right angles to the length of the walk,
using a grooving tool with 1/4 inch radius. The finished edge on each side of the
joint shall be the same width as the edging tool used. False joints shall divide
each sidewalk into square sections.

The finished surface of all sidewalks shall be neat in appearance, shall be sloped
to drain, and shall not pond water.
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The finished concrete shall be cured and protected as stipulated in the governing
standards. For an impervious coating the curing method, the coating shall be
applied after finishing operations and as soon as the free water disappears. For
the impervious sheeting method, the coating shall be applied after finishing
operations and allowing the concrete to harden enough to prevent excessive
marring. For both methods, all exposed concrete surfaces shall be covered.

3-4. CONCRETE CURB AND GUTTER. New concrete curb and gutter shall be
as indicated on the drawings and specified herein. Existing concrete curb and
gutter damaged or removed by Contractor during performance of work shall be
completely reconstructed at their original locations to the configuration and the
existing lines and grades. Replacement concrete curb and gutter shall match the
existing curb and gutter. Unless otherwise authorized by City, the curb and
gutter section shall be placed before placement of pavement sections.

3-4.01. Forms. Forms shall be in conformance with the governing standards.
All forms shall be in good condition, with not more than 1/8 inch variation in
horizontal and vertical alignment for each 10 feet in length. Side forms shall
have a depth at least equal to the edge thickness of the concrete being formed.
The forms shall be set true to line and grade and shall be adequately supported
to stay in position while depositing and consolidating the concrete. Forms shall
be designed and constructed so as to permit their removal without damage to the
concrete.

3-4.02. Joints. Expansion and contraction joints shall be formed at right angles
to the alignment of the curb and gutter and to the depths as specified, as
indicated on the drawings, and in conformance with the governing standards.

a. Expansion Joints. One half inch wide expansion joints shall be
placed full depth using a premolded expansion joint material, cut
to the configuration of the full size of the Curb and Gutter section,
being secured so that they are not moved by depositing and
compacting the concrete at these joints. The edges of these joints
shall be rounded by an edging tool of 1/8 inch radius.

Expansion joints shall be placed at the beginning and end of radii,
on each side of every inlet 3 feet from the inlet, but no closer than
6 feet from another joint, where curbs and gutters abut structures,
and at intervals of approximately 45 feet.

b. Contraction Joints. Contraction joints shall be a minimum of
3 inches deep on all sides, shall be spaced at approximately
15 foot intervals, and shall be formed by a 1/8 inch thick steel
template, cut to the configuration of the Curb section. These
templates shall be secured so that they are not moved by
depositing and compacting the concrete.
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Unless otherwise indicated on the drawings, and as soon as the
concrete has hardened sufficiently, the templates shall be
removed from all contraction joints. The edges of the joint shall be
rounded with an edging tool having a maximum radius of 3/8 inch.

3-4.03. Finishing. Curb and gutter shall be finished to the shape indicated on
the drawings. After the forms have been removed, all exposed edges shall be
rounded, using an edging tool with a 1/4 inch corner radius. Exposed surfaces
shall be float finished and given a light broom finish applied at right angles to the
curb at the time of initial set, using a horsehair broom. Mortar or dryer shall not
be used to remove imperfections. In all cases, the resulting surface shall be
smooth and of uniform color with all rough spots, projections, and form stakes
removed. No plastering of the concrete will be allowed. The finished curb shall
have a true surface, free from sags, twists, or warps; shall have a uniform
appearance; and shall be true to the original lines, grades, and configurations
indicated on the drawings.

3-5. PROTECTION. In addition to the requirements for protection set forth in the
governing standards, Contractor shall protect all adjacent concrete and masonry
so that no damage will occur as the result of subsequent construction operations.
All damage or discoloration shall be repaired to the satisfaction of City before
final acceptance.

End of Section
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Section 02930

SEEDING

PART 1 - GENERAL

1-1. SCOPE. This section covers seeding to be performed after backfilling and
final grading are complete. All areas disturbed by construction operations shall
be treated as specified herein.

All lawn, ditch, and shoulder areas that are damaged during the Work shall be
restored, after completion of construction, to the complete satisfaction of City. All
areas disturbed by Contractor outside the work area shall be restored, at
Contractor's expense, to the satisfaction of the City. Occupying areas outside
City property, street right-of-way, and utility easements for any purpose shall be
done only with the written approval of the property owner and City.

1-2. GENERAL.

1-2.01. Governing Standard. The governing standard for the seeding Work shall
be Wisconsin Department of Transportation Standard Specifications for Highway
and Structure Construction.

1-2.02. Experience. All Work shall be performed by a licensed seeding
Contractor who is experienced in the type of Work required.

1-2.03. Completion. Seeding Work shall be completed at any time the City
allows. At City's option, a portion of the final payment not to exceed one (1)
percent of the contract price may be retained until acceptable a grass stand in all
seeded areas is established. Seeding requirements are as follows:

Locations to be seeded. Disturbed sitework areas

Area to be seeded. As required by the work on the drawings

1-3. SUBMITTALS.

1-3.01. Soil Test. A soil test for pH made of a composite sample of topsoil after
finish grading shall be submitted to City. Testing shall be performed through the
State Extension Service or an independent agricultural soil testing lab. Samples
shall be taken and submitted in accordance with instructions from the extension
service or lab. Recommendations accompanying the test shall be used for
application rates of lime.
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1-3.02. Invoices and Analysis Labels. A copy of supplier’s invoices for all seed,
mulch, and fertilizer which shows the quantity by weight purchased for the project
and representative labels bearing the manufacturer’s or vendor’s guaranteed
statement of analysis shall be submitted to City for review and approval to assure
compliance with specified requirements for quality and application rates.

1-4. GUARANTEE. Contractor shall guarantee a uniform stand of seeding, free
of weeds to the extent practical, and acceptable to City.

1-5. DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance
with the Shipping section. Handling and storage shall be in accordance with the
Handling and Storage section.

Prior to use, all products shall be kept dry and in a weatherproof location so that
their effectiveness will not be impaired.

PART 2 - PRODUCTS

2-1. MATERIALS. All materials shall conform to the requirements of the
Governing Standard, except where otherwise specified. The source of materials
shall be submitted to City for review.

2-1.01. Starter Fertilizer. Fertilizer shall be a complete pelleted fertilizer. The
analysis in percent by weight shall be as follows:

Seeded Areas

Nitrogen 12%

Phosphorus 4%

Potassium 8%

Fertilizer shall be pre-mixed and packaged in standard size bags, showing
weight, analysis, and name of manufacturer.

2-1.02. Seed. The seed mixture shall be Wisconsin Department of
Transportation Seed mixture No. 40 listed as follows:

Species Mixture Proportions

Kentucky Bluegrass 35%

Red Fescue 20%

Hard Fescue 20%

Improved Fine Perennial Ryegrass 25%
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PART 3 - EXECUTION

3-1. GENERAL. Execution of seeding Work shall conform to the Governing
Standard, or shall be as specified herein, whichever is the most stringent.

3-2. SEEDING.

3-2.01. Clearing. Prior to finish grading, areas to be seeded shall be cleared to
remove any stumps, stones larger than 3 inches, roots, cable, wire, or other
materials that might hinder subsequent seeding or maintenance.

3-2.02. Finish Grading. Finish grading shall result in a surface conforming to the
contours indicated on the drawings. Depressions shall be filled with topsoil.

3-2.03. Application of Fertilizer and Lime. After finish grading, any fertilizer or
lime specified shall be applied uniformly to areas to be seeded.

Fertilizer application rate shall be according to the manufacturer’s recommended
rate.

Following application, fertilizer shall be harrowed or disked into the soil.

3-2.04. Seed Application. Seed shall be applied within 72 hours after
preparation of the seedbed. Seed shall be applied with equipment designed to
give uniform application. Any method or combination of methods which uniformly
distributes the seed directly in contact with the soil, covers the seed, and firms
the bed, may be selected. Seed shall be placed approximately 1/4 inch below
the surface at a rate of 2 lbs/1000 sq ft.

3-2.05. Mulching. All seeded areas shall be mulched within 24 hours following
seed application. Mulch shall be anchored with a mulch anchoring tool designed
to punch the mulch into the top surface of the soil at a minimum depth of 1 ½
inches. The mulching operation shall be in general accordance with the
Governing Standard. Mulch shall be placed at a rate of 1 ½ to 3 tons/acre.
Mulch material shall be straw.

3-3. WATERING. Seeded areas shall be thoroughly watered after application of
seed and mulch. Subsequent watering for seeded areas will not be required;
however, Contractor shall guarantee a uniform stand by seeding that is free of
weeds to the extent practical, and acceptable to City.

3-4. REPLANTING. Unacceptably seeded areas shall be overseeded or
completely reseeded as instructed by City. Unless otherwise permitted by City,
reseeding shall be performed during the next planting season.
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3-5. MAINTENANCE. All areas shall be maintained until final acceptance of the
project. Maintenance shall include any necessary reseeding, repair of erosion
damage, and replacement of displaced mulch until covered with seedlings. In
the event erosion occurs from watering operations or rainfall, such damage shall
be repaired.

End of Section
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Section 03301 

CONCRETE 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers all cast-in-place concrete, including reinforcing 
steel, forms, finishing, curing, and appurtenant work.  All concrete shall be 
air-entrained. 
 
1-2.  GENERAL. All cast-in-place concrete shall be accurately formed and 
properly placed and finished as indicated on the drawings and as specified 
herein. 
 
1-3.  SUBMITTALS. All submittals of drawings and data shall be in accordance 
with the submittals section. 
 
1-4.  STORAGE AND HANDLING. Cement shall be stored in suitable 
moistureproof enclosures.  Cement which has become caked or lumpy shall not 
be used. 
 
Aggregates shall be stored so that segregation and the inclusion of foreign 
materials are prevented.  The bottom 6 inches of aggregate piles in contact with 
the ground shall not be used. 
 
Reinforcing steel shall be carefully handled and shall be stored on supports that 
will prevent the steel from touching the ground. 
 

PART 2 - PRODUCTS

2-1.  LIMITING REQUIREMENTS. Unless otherwise specified, concrete shall be 
controlled within the following limiting requirements. 
 
2-1.01.  Cement Content. The quantity of Portland cement in the concrete shall 
be not less than that indicated in the following table: 
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Quantity of Cement (lb/yd3)

Coarse Aggregate Size 
from No. 4 Sieve to 

3/8 in.] 1/2 in. 3/4 in. 1 in. 
 

600 
 

580 
 

560 
 

535 
 

2-1.02.  Maximum Water-Cementitious Ratio. The maximum water-cementitious 
ratio shall be   0.45 on a weight basis.  If fly ash is used, the combined mass of 
cement plus fly ash shall be used to determine the water-cementitious materials 
ratio. 
 
2-1.03.  Fly Ash Content. At the option of the Contractor, fly ash may be 
substituted for up to 25 percent of the portland cement, but not less than 15 
percent, on the basis of 1.0 lbs of fly ash added for each lb [kilogram] of cement 
reduction. 
 
2-1.04.  Coarse Aggregate. The maximum nominal coarse aggregate size shall 
be not larger than 1 inch [25 mm]. 
 
2-1.05.  Slump. Concrete slump shall be kept as low as possible consistent with 
proper handling and thorough compaction.  Unless otherwise authorized by the 
City, slump of concrete without a superplasticizer shall not exceed 4 inches. 
Slump of concrete with a superplasticizer, or a midrange water reducer, shall not 
exceed 8 inches. 
 
2-1.06.  Total Air Content. The total volumetric air content of concrete after 
placement shall be 6 percent ±1 percent. 
 
2-1.07.  Admixtures. The admixture content, batching method, and time of 
introduction to the mix shall be in accordance with the manufacturer's 
recommendations.  A water-reducing admixture and an air-entraining admixture 
shall be included in all concrete.  A midrange water reducer or a superplasticizer 
may be used at the Contractor’s option. No calcium chloride or admixture 
containing chloride from sources other than impurities in admixture ingredients 
will be acceptable.  
 
2-1.10.  Strength. The minimum acceptable compressive strengths, as 
determined by ASTM C39 with 6 inch diameter by 12 inch cylinders, shall be: 
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Age Minimum Compressive Strength 

7 days 3,375 psi  

28 days 4,500 psi  

2-2.  MATERIALS.

Cement ASTM C150, Type II or l/ll, low alkali. 

Fly Ash ASTM C618, Class F, except loss on ignition 
shall not exceed 4 percent. 

Fine Aggregate Clean natural sand, ASTM C33.  Artificial or 
manufactured sand will not be acceptable. 

Coarse Aggregate Non-reactive crushed rock, washed gravel, or 
other inert granular material conforming to 
ASTM C33, class 4S, except that clay and 
shale particles shall not exceed 1 percent. 

Water Potable. 

Admixtures  

Water-Reducing ASTM C494, Type A or D. 

Air-Entraining ASTM C260. 

Superplasticizing ASTM C494, Type F or G. 

Reinforcing Steel  

Bars ASTM A615, Grade 60, deformed. 

Welded Wire Fabric ASTM A185 or A497. 

Bar Supports CRSI Class 1, plastic protected; or Class 2, 
stainless steel protected. 

Mechanical Connector 
(Couplers or Form 
Savers) 

Classified Type 2 per ACI 318-02 or per UBC-
97.  Use only where indicated on the drawings. 
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Water stops  

 Metal, at construction  
joints 

Uncoated carbon steel, 12 gage, size as 
indicated on the drawings. 

 PVC, at construction 
joints 

Extruded, virgin, elastomeric, polyvinyl chloride 
(PVC), white (no pigment), flat, ribbed, 3/8 inch 
thick.  Reclaimed material will not be 
acceptable.  Provide hog rings or grommets 
spaced at 12 inches on center entire length. 

For concrete sections 
less than 12 inches in 
thickness 

6 inches wide, 3/8 thick; Greenstreak “679” or 
Vinylex “R6-38” 

For concrete  sections 12 
inches or more in 
thickness 

9 inches wide, 3/8 inch thick; Greenstreak 
“646” or Vinylex “R9-38” 

Forms  

Plywood Product Standard PS1, waterproof, resin-bonded, 
exterior type, Douglas fir. 

Lumber Straight, uniform width and thickness, and free 
from knots, offsets, holes, dents, and other 
surface defects. 

Form Coating  Nonstaining and nontoxic after 30 days, VOC-
compliant; Burke "Form Release (WB)", L&M 
Chemical "E Z Strip", Nox-Crete "Form 
Coating", or Symons "Thrift Kote E". 

Pre-Cure Finishing Aid Burke "Finishing Aid Concentrate", Euclid 
"Eucbar", L&M Chemical "E-Con", Master 
Builders "Confilm", or Sika "Sikafilm". 

Membrane Curing 
Compound and Floor Sealer 

 

VOC – EPA ASTM C1315, Type I, Class A, maximum VOC 
5.8 lb/gal [700 g/L], minimum 25 percent 
solids, acrylic, nonyellowing, unit moisture loss 
0.40 kg/m2 maximum in 72 hours. 
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Polyethylene Film Product Standard PS17 or ASTM D 4397, 6 
mils [150 µm] or thicker. 

Vapor barrier and seam tape Polyolefin geomembrane, Stego Wrap, 15 mils 
[0.38 mm] Vapor Barrier.  Stego Wrap Red 
polyethelene tape. 

 

2-3.  PRELIMINARY REVIEW. The source and quality of concrete materials and 
the concrete proportions proposed for the work shall be submitted to the City for 
review before concrete is placed. 
 
2-4.  FORMS. Forms shall be designed to produce hardened concrete having 
the shape, lines, and dimensions indicated on the drawings.  Forms shall be 
substantial and sufficiently tight to prevent leakage of mortar and shall be 
maintained in proper position and accurate alignment. 
 
Forms for pavement, curbs, or gutters shall be made of steel and shall be 
supported on thoroughly compacted earth.  The top face of pavement forms shall 
not vary from a true plane more than 1/4 inch in 10 feet  
 
Forms shall be thoroughly cleaned and oiled before concrete is placed. 
 
Where concrete is placed against gravel or crushed rock which does not contain 
at least 25 percent material passing a No. 4 sieve, such surfaces shall be 
covered with polyethylene film to protect the concrete from loss of water.  Joints 
in the film shall be lapped at least 4 inches  
 
2-4.01.  Form Ties. Form ties shall be of the removable end, permanently 
embedded body type, and shall have sufficient strength and rigidity to support 
and maintain the form in proper position and alignment without the use of 
auxiliary spreaders. 
 
2-4.02.  Edges and Corners. Chamfer strips shall be placed in forms to bevel all 
salient edges and corners, except the top edges of walls and slabs which are to 
be tooled and edges which are to be buried.  Unless otherwise noted, bevels 
shall be 3/4 inch wide. 
 
2-4.03.  Form Removal. Forms shall not be removed or disturbed until the 
concrete has attained sufficient strength to safely support all dead, live, and 
construction loads.  Care shall be taken in form removal to avoid surface 
gouging, corner or edge breakage, and other damage to the concrete. 
 
2-5.  REINFORCEMENT. Reinforcement shall be accurately formed and 
positioned and shall be maintained in proper position while the concrete is being 
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placed and compacted.  Unless otherwise indicated on the drawings, the details 
of fabrication shall conform to ACI 315 and 318.  In case of conflict, ACI 318 shall 
govern.  Reinforcement shall be free from dirt, loose rust, scale, and 
contaminants.  Mechanical connections shall be used only as indicated on the 
drawings. 
 
2-6.  BATCHING AND MIXING. Concrete shall conform to ASTM C94 and shall 
be furnished by an acceptable ready-mixed concrete supplier. 
 
2-6.01.  Consistency. The consistency of concrete shall be suitable for the 
placement conditions.  Aggregates shall float uniformly throughout the mass, and 
the concrete shall flow sluggishly when vibrated or spaded.  The slump shall be 
kept uniform. 
 
2-6.02.  Delivery Tickets. A delivery ticket shall be prepared for each load of 
ready-mixed concrete and a copy of the ticket shall be handed to the City by the 
truck operator at the time of delivery.  Tickets shall indicate the name and 
location of the concrete supplier, the project name, the mix identification, the 
quantity of concrete delivered, the quantity of each material in the batch, the 
outdoor temperature in the shade, the time at which the cement was added, and 
the numerical sequence of the delivery. 
 

PART 3 - EXECUTION

3-1.  PLACEMENT. The Contractor shall inform the City at least 24 hours in 
advance of the times and places at which he intends to place concrete. 
 
Methods of conveying concrete to the point of final deposit and of placing shall 
prevent segregation or loss of ingredients.  During and immediately after 
placement, concrete shall be thoroughly compacted and worked around all 
reinforcement and embedments and into the corners of the forms.  Concrete 
shall be compacted by immersion-type vibrators, vibrating screeds, or other 
suitable mechanical compaction equipment.  The use of "jitterbug" tampers to 
compact concrete flatwork will not be permitted. 
 
3-2.  WATER STOPS. Each water stop shall be continuous throughout the 
length of the joint in which it is installed.  Water stops shall be clean, free from 
coatings, and shall be maintained in proper position until surrounding concrete 
has been deposited and compacted.   
 
Junctions between adjacent sections of metal water stops shall be lapped 5 
inches and securely bolted, screwed, or spot welded together. 
 
Junctions between adjacent sections of elastomeric (PVC) water stops shall be 
spliced in strict conformity with the recommendations of the manufacturer.  
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Directional changes and intersections shall be factory fabricated by the water 
stop manufacturer prior to delivery to the site of the work.  Field splices will be 
acceptable only in straight sections. 
 
3-3.  FINISHING. Recesses from form ties shall be filled flush with mortar.  Fins 
and other surface projections shall be removed from all formed surfaces, except 
exterior surfaces that will be in contact with earth backfill. 
 
Unless otherwise specified, unformed surfaces shall be screeded and given an 
initial float finish as soon as the concrete has stiffened sufficiently for proper 
working.  Any piece of coarse aggregate which is disturbed by the float or which 
causes a surface irregularity shall be removed and replaced with mortar.  Initial 
floating shall produce a surface of uniform texture and appearance, with no 
unnecessary working of the surface. 
 
Initial floating shall be followed by a second floating at the time of initial set.  The 
second floating shall produce a finish of uniform texture and color and the 
completed finish for unformed surfaces unless indicated otherwise. 
 
3-3.01.  Troweling. Interior floor surfaces which will be exposed after 
construction is completed; exposed top surfaces of equipment bases and interior 
curbs; and other surfaces designated on the drawings shall be steel trowel 
finished.  Troweling shall be performed after the second floating when the 
surface has hardened sufficiently to prevent an excess of fines being drawn to 
the surface.  Troweling shall produce a dense, smooth, uniform surface free from 
blemishes and trowel marks. 
 
3-3.02.  Application of Pre-Cure Finishing Aid. Concrete flatwork subject to rapid 
evaporation due to hot weather, drying winds, and sunlight shall be protected 
with a pre-cure finishing aid.  The finishing aid shall form a monomolecular film 
on the surface of fresh, plastic concrete to retard evaporation. 
 
Immediately following screeding, pre-cure finishing aid shall be sprayed over the 
entire surface of fresh, plastic concrete flatwork at a rate of not less than 
200 square feet per gallon in accordance with the manufacturer's 
recommendations.  The spray equipment shall have sufficient capacity to 
continuously spray finishing aid at approximately 40 psi with a suitable nozzle as 
recommended by the manufacturer. 
 
The sprayable solution shall be prepared as recommended by the manufacturer. 
 
Under severe drying conditions, additional applications of finishing aid may be 
required following each floating or troweling, except the last finishing operation. 
 
3-4.  CURING. Concrete shall be protected from loss of moisture by water 
saturation or by membrane curing for at least 7 days after placement; however, 
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when concrete is also being protected from low temperatures, the period of 
curing by saturation shall be 1 day less than the duration of the low temperature 
protection. 
 
Water saturation shall be used on concrete which will be covered later with 
mortar or additional concrete.  Water saturation or membrane curing compound 
may be used on all other concrete surfaces. 
 
Water saturation of concrete surfaces shall begin as soon as possible after initial 
set.  Unformed surfaces shall be covered with polyethylene film, tarpaulins, or 
sand to retain the water.  Water shall be applied as often as necessary to keep 
the concrete saturated for the entire curing period.  Acceptable methods of water 
curing are described in ACI 308. 
 
Membrane curing compound shall be sprayed at a coverage rate of not more 
than 300 square feet per gallon. Unformed surfaces shall be covered with curing 
compound within 30 minutes after final finishing.  If forms are removed before the 
end of the specified curing period, curing compound shall be immediately applied 
to the formed surfaces.  Curing compound shall be suitably protected against 
abrasion during the curing period. 
 
Concrete shall be protected against freezing for at least 8 days after placement. 
 
3-5.  REPAIRING DEFECTIVE CONCRETE. Defects in concrete surfaces shall 
be repaired to the satisfaction of the City.  All concrete which is honeycombed or 
otherwise defective shall be cut out and removed to sound concrete, with edges 
cut square to avoid feathering. 
 
Concrete repair work shall conform to Article 5.3.7 of ACI 301 and shall be 
performed in a manner that will not interfere with thorough curing of surrounding 
concrete.  Repair work shall be adequately cured. 
 
3-6.  FIELD CONTROL TESTING.

3-6.01.  Air Content. An air content test shall be made on concrete from each 
batch of concrete from which concrete compression test cylinders are made.   
The Contractor shall provide all equipment and supplies necessary for the 
testing.  Air content shall be determined in accordance with ASTM C231. 
 
3-6.02.  Slump. A slump test shall be made on concrete from each batch of 
concrete from which concrete compression test cylinders are made.  Slump shall 
be determined in accordance with ASTM C143. 
 
3-6.03.  Test Cylinders. Compression test specimens shall be made, cured, 
stored, and delivered to the laboratory in accordance with ASTM C31 and C39.  
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Compressive strength tests will be evaluated in accordance with ACI 318 and as 
specified herein. 
 
One set of 6 inch diameter by 12 inch concrete test cylinders shall be cast for 
each concrete pour.  A set of test cylinders shall consist of four cylinders, two to 
be broken and to have compressive strengths averaged at 7 days, and two to be 
broken and to have compressive strengths averaged at 28 days.  All concrete 
required for testing shall be furnished by, and at the expense of, the Contractor.   
 
The cured cylinders shall be tested by an independent testing laboratory at the 
expense of the City. 
 

End of Section 
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Section 03600 

GROUT 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers procurement and installation of grout.  Unless 
otherwise specified, only nonshrink grout shall be furnished. 
 
Epoxy grouting of anchor bolts, threaded rod anchors, and reinforcing bars is 
covered in the anchorage in concrete and masonry section.  Grouting of masonry 
is covered in the building masonry section. 
 
1-2.  SUBMITTALS. A letter of certification indicating the types of grout to be 
supplied and the intended use of each type shall be submitted in accordance 
with the submittals section. 
 
1-3.  DELIVERY, STORAGE, AND HANDLING. Materials shall be handled, 
transported, and delivered in a manner which will prevent damage of any kind.   
Materials shall be protected from moisture. 
 

PART 2 - PRODUCTS

2-1.  MATERIALS.

Nonshrink Grout ASTM C1107. 

Water Clean and free from deleterious substances. 

 
2-2.  NONSHRINK GROUT. Nonshrink grout shall be furnished factory premixed 
so that only water is added at the jobsite. 
 

PART 3 - EXECUTION

3-1.  PREPARATION. The concrete foundation to receive nonshrink grout shall 
be saturated with water for at least 12 hours preceding grouting unless additional 
time is required by the grout manufacturer. 
 
3-2.  INSTALLATION.
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3-2.01.  Mixing. Grout shall be mixed in a mechanical mixer.  No more water 
shall be used than is necessary to produce a flowable grout. 
 
3-2.02.  Placement. Unless otherwise specified or indicated on the drawings, 
grout under baseplates shall be 1-1/2 inches [38 mm] thick.  Grout shall be 
placed in strict accordance with the directions of the manufacturer so that all 
spaces and cavities below the baseplates are completely filled without voids.  
Forms shall be provided where structural components of baseplates will not 
confine the grout. 
 
3-2.03.  Edge Finishing. In all locations where the edge of the grout will be 
exposed to view, the grout shall be finished smooth after it has reached its initial 
set.  Except where shown to be finished on a slope, the edges of grout shall be 
cut off flush at the baseplate. 
 
3-2.04.  Curing. Nonshrink grout shall be protected against rapid loss of 
moisture by covering with wet cloths or polyethylene sheets.  After edge finishing 
is completed, the grout shall be wet cured for at least 3 days and then an 
acceptable membrane curing compound shall be applied. 
 

End of Section 
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Section 04200

BUILDING MASONRY

PART 1 - GENERAL

1-1. SCOPE. This section covers the furnishing and installing of building
masonry. Wall flashings are covered in the Sheet Metal section.

1-2. GENERAL. Building masonry shall be constructed of units of the types,
dimensions, arrangements, and coursing indicated on the drawings and specified
herein, complete with all materials, accessories, and appurtenances indicated
and specified.

1-3. DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance
with the Shipping section. Handling and storage shall be in accordance with the
Handling and Storage section.

All masonry units shall be handled in a manner which will prevent soiling,
chipping, or damage of any kind. Broken, discolored, chipped, or otherwise
damaged facing units will be rejected and shall be replaced with undamaged
units.

Masonry units shall be stored on pallets, shall be protected against
contamination and staining, and shall be kept covered and dry at all times. Lime
and cement shall be stored under cover in a dry place.

Sand shall be stored so that the inclusion of foreign materials is prevented.
Whenever sand is piled directly on the ground, the surface beneath the sand
shall be smooth, well drained, and free from dust, mud, and debris. The bottom
6 inches [150 mm] of each pile shall not be used in mortar.

1-4. SUBMITTALS. Before masonry construction is begun, the following
drawings, data, specimens, and samples shall be submitted in accordance with
the Submittals section. Additional data shall be submitted as needed. If the
source of a material is changed during the course of the work, the tests and
reports required for preliminary review of that material shall be resubmitted.

Specimens, performance data, and color selection kits for all masonry
units which will be used in project construction, showing range of
colors, textures, finishes, and dimensions.

Manufacturer information and data for any admixture, mortar coloring, or
product added to the grout or mortar.

Color selection sample kits for integral mortar colors.
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Shop drawings or manufacturers' literature showing details of anchors,
ties, and metal accessories to be used in masonry construction.

Bar lists and drawings for the fabrication and placement of reinforcement
with sufficient elevations and sections to adequately detail and label all
reinforcement.

Setting drawings covering cut stone.
Cold and hot weather construction procedures.
For each mortar mix, one of the following:

Mix designs indicating type and proportions of ingredients in
compliance with the proportion specification of ASTM C270.

Mix designs and mortar tests performed in accordance with the
property specification of ASTM C270.

For each grout mix, one of the following:
Mix designs indicating type and proportions of ingredients in

compliance with the proportion requirements of ASTM C476.
Mix designs and grout strength tests performed in accordance with

ASTM C476.

1-5. COLORS AND SAMPLES. Colors of masonry units and colored mortar will
be selected from manufacturer’s data and samples after the award of the
contract.

1-5.01. Concrete Masonry Units. Colors for integral colored masonry units shall
be selected from manufacturers standard and custom color selections. After
general color selections are made, sample masonry boards shall be submitted to
Architect for preliminary color selections. These boards shall be of sufficient size
to show the proposed shade distribution and shall be submitted in as many
different colors, textures, arrangements, and shade combinations as may be
required for making a proper selection. Boards shall be at least three courses
high and three stretcher units wide laid up in running bond. Units need not be full
depth. The preliminary color and texture selections shall be used for submitting
the full size units and in constructing the sample panels specified herein. All
color, shade, and texture selections shall not be final until the field constructed
sample panel has been accepted.

1-5.02. Marble and Granite. Not used.

1-5.03. Limestone. Cut stonework is required, the colors, textures, and patterns
will be selected from samples submitted. Sufficient samples shall be submitted
as needed to make a proper selection. Stone samples shall be at least 4 inches
[100 mm] wide by 8 inches [200 mm] long. Samples shall show the full variation
of colors and textures proposed.

1-5.04. Glass Block. Not used.
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1-5.05. Mortar. When integral mortar color is required, color will be selected
from sample kits submitted. After general color selections have been made,
mortar samples shall be prepared for color selection. As many samples as are
necessary to make a proper selection shall be prepared. Preliminary color
selections shall be used in constructing the sample panels. Mortar colors shall
not be final until the sample panels have been accepted.

1-5.06. Samples. Samples of all masonry units, limestone, and mortar shall be
submitted as indicated in the Submittals section. At least two samples of each
type of unit required shall be submitted.

1-5.07. Sample Panels. At the request of the City, before the installation of any
masonry materials, sample panels shall be constructed at the building site
incorporating each type of masonry material. Sufficient number of at least one
sample panel of each pattern including material color and mortar color smooth
face and standard face shall be constructed to show each type of exterior and
interior wall configuration and bonding patterns indicated on the drawings.
Unless otherwise indicated or detailed on the drawings, sample panels shall be
6'-8" [2.0 m] long by 4'-0" [1.2 m] high. Sample panels shall show the proposed
color range, texture, bonding patterns, mortar joints, mortar color, and
workmanship for masonry materials. Each panel shall be of the thickness
indicated on the drawings for building walls of similar construction. The panels
shall be representative of each typical exterior and interior masonry wall
construction indicated on the drawings complete with, as applicable, masonry
units, bonding patterns, joint reinforcement, wall ties, wall insulation, vertical
steel, a typical bond beam, mortar color, mortar tooling, weeps, and flashings.
Each sample panel shall include a typical control joint complete with filler strips
and caulking as indicated on the drawings. The sample panels shall not be
incorporated into the work. No masonry work shall progress until City has
accepted the sample panels. The panels shall then become the standard of
comparison for all masonry work built of the same materials. The panels shall
not be destroyed or moved until all masonry work is completed.

1-6. BRICK ALLOWANCE. (Brick Not Used)

1-7. MASONRY PRISM TESTS. The design compressive strength of masonry,
f'm shall be based on prism tests as specified below.

Contractor shall construct a set of five masonry prisms in accordance with
ASTM C1314 modified in accordance with ACI 530.1 (UBC Standard 21-17),
from the materials specified. Prisms shall be constructed under observation of
City, special inspector, or testing laboratory personnel.

The masonry prisms will be tested by the testing laboratory in accordance with
the specified standards. Samples will be transported and tests made at the
expense of City.
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Masonry construction shall not begin until the specified masonry compressive
strength, f'm , has been verified by prism testing.

PART 2 - PRODUCTS

2-1. MATERIALS. All acceptable masonry products are indicated below.
Products necessary for the work are as specified or as indicated on the drawings.
Sizes of masonry units are nominal, the actual size being slightly smaller to allow
for mortar joints.

Concrete block ASTM C90, (UBC Standard 21-4),
8 inch x 16 inch [200 mm x 400 mm] face
dimensions, sizes with special shapes as
indicated on the drawings; lightweight or
regular aggregate conforming to
ASTM C331 or C33.

Regular type –interior
use

Standard gray color, sizes, special
shapes, and face pattern as indicated on
the drawings. Light weight aggregate
units.

Colored Smooth -
faced type – exterior
use

Integral color exterior smooth-faced units
as indicated on the drawings with integral
moistureproofing admixture; full face, ,
bond beam units, and other required
special units.

Color range Tans and Full color range to match
existing

Texture Smoothface

Scoring No score

Stone

Machined limestone ASTM C568, Category II (medium
density), Oolitic Indiana limestone;
sawed, cut or split; smooth machine
finish.

Bonding pattern Coursed ashlar – to match existing

Finish Smooth machined – to match existing

Color ranges Tans and Full color range to match
existing
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Sand ASTM C144, natural sand; 95 percent
passing No. 16 [1.18 mm] sieve, for
glazed tile and stone mortar; white,
95 percent passing No. 50 [300 µm]
sieve, for pointing mortar.

Pea Gravel ASTM C33, coarse aggregate,
90 percent passing 3/8 inch [9.5 mm]
sieve, 90 percent retained on No. 4
[4.75 mm] sieve.

Portland Cement ASTM C150, Type I.

Hydrated Lime ASTM C207, Type S.

Quicklime ASTM C5, pulverized.

Lime Putty Quicklime, thoroughly slaked and stored
for one day; kept moist until used.

Integral Mortar Color ASTM C979, mineral pigments, natural or
synthetic iron oxides, sun fast and water
resistant, free of fillers and extenders.
Soloman Grind-Chem Service, Inc. "A",
"H", or "X" series.

Integral Waterproofing Aluminum stearate, ammonium stearate,
or calcium stearate, 2 percent of weight
of cement; W. R. Grace "Dry Block
Mortar Admixture", A. C. Horn
"Hydratite", or Sonneborn "Hydrocide".

White Cement Atlas White, Medusa White, or Trinity
White.

Water Clean and free from deleterious
substances.

Joint Reinforcement Dur-O-Wall or Hohmann and Barnard;
fabricated from cold drawn steel wire,
ASTM A82; galvanized, ASTM A153,
Class B-2; type as indicated on the
drawings with prefabricated corners and
tees.

Ladder Type Two-rod and three-rod types as indicated
on the drawings.

Standard
Weight

9 gage [3.80 mm thick] side rods and
cross rods.
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Stone Facing Type Truss type, heavy-duty weight, with
extended tabs, 1/4 inch [6 mm] vertical
rods, and 3 x4-1/2 x 3/16 inch
[75 x 113 x 4.7 mm] wire ties; Hohmann
& Barnard "Tie-HVR" system.

Rebar Positioner 9 gage [3.80 mm thick] wire, sized for
block thickness, single or double bar
type, galvanized ASTM A153, Class B-2.

Stone Anchors Carbon steel, galvanized in accordance
with ASTM A153, Class B-2,
1/4 x 1-1/4 inches [6 x 31 mm], length as
necessary.

Reinforcing Steel ASTM A615, Grade 60, except No. 3
[9.5 mm] bars which may be either
Grade 40 or Grade 60, deformed.

Loose Fill Insulation Granular perlite, ASTM C549, or
vermiculite, ASTM C516, treated for
water repellency; Grace "Zonolite" or
Frefco "Permalite".

Control Joint Material ASTM D1056, Type 2, Class A-1, PVC
foam with pressure-sensitive adhesive
back; Dur-O-Wall "Rapid Soft-Joint" or
Hohmann & Barnard "NS" Neoprene.

Preformed Control Joint ASTM D2287, PVC Synthetic rubber;
Dur-O-Wall "Rapid Control Joint" or
Hohmann & Barnard "VS' Series.

Wicks

Molded PVC type weephole for vertical
mortar joint; Hohmann & Bernard "343".

Detergent Masonry Cleaner ProSoCo "Vana-Trol" or National
Chem-Search "DC-6", unless otherwise
recommended by the masonry unit
manufacturer and accepted by City.

Wall flashings are covered in the Sheet Metal section.

2-2. MORTAR. The method of measurement of all mortar ingredients shall be
accurate and shall ensure definite and uniform proportions. All mortar
ingredients shall be mixed on site. The use of masonry cement or premixed
ingredients will not be acceptable.
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2-2.01. Masonry Mortar. Masonry mortar shall conform to ASTM C270, except
as modified herein. Mortar shall be machine mixed for at least 5 minutes and
shall be used within 90 minutes after mixing. Mortar left when work is stopped
shall be discarded. Remixing of mortar more than 90 minutes old with additional
water, cement, or other materials will not be acceptable.

Unless otherwise indicated, mortar shall be cement-lime Type S

Portland Hydrated Lime Sand
Mortar Type Cement or Lime Putty (Max)

Type S 1 1/2 4

The sand content specified above is maximum quantity. White cement shall be
substituted for Portland cement for cut stone mortar. Integral waterproofing shall
be added to each mortar mixture.

2-2.02. Integral Mortar Color. Integral mortar coloring shall be added to the
mortar for masonry as specified herein, and shall be utilized only on the exterior
veneer masonry. All other interior masonry joints shall be standard gray mortar.
Integral mortar coloring shall be added to the mortar mix as recommended by the
mortar color manufacturer. The manufacturer's mixing instructions and
proportions shall be strictly adhered to. Each mortar color shall be of consistent
color throughout the project. Mortar shall be mixed in a power mixer until a
uniform color is obtained, but not less than 5 minutes.

2-3. GROUT FILL. Grout fill for filling bond beams and other reinforced masonry
shall be concrete grout meeting the requirements of ASTM C476. Grout shall be
coarse and shall be proportioned by volume in accordance with Table 1 of ASTM
C476. Only enough water shall be added to produce a mixture which is flowable,
but which will not show an excess of water when placed. Unless otherwise
specified, grout fill shall have a slump ranging from 8 to 11 inches [200 to
275 mm]. Unless otherwise acceptable to the Engineer, concrete fill shall be
placed in lifts not exceeding 5 feet in height. Pours exceeding 12 inches in
height shall be consolidated by mechanical vibration and reconsolidated by
mechanical vibration after initial water loss and settlement has occurred. Bond
beam fill shall not be mechanically vibrated.

PART 3 - EXECUTION

3-1. MORTAR JOINTS. Masonry shall be laid in straight, level, uniform courses,
with mortar joints of uniform width. Head joints shall approximately equal the
horizontal joints in width.

All head joints in masonry facings shall be completely filled with mortar.
Additional mortar shall be placed in the upper part of the head joint and sufficient
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pressure exerted to force it out the full depth of the joint. Vertical joint faces
(ends) of structural masonry units shall be well plastered to obtain a proper
mortar clinch to fill all joint spaces between abutting surfaces. In laying up
concrete block masonry, abutting surfaces of head joints shall be completely and
solidly cemented together with mortar. All solid masonry units and hollow units
with horizontal cells shall be laid on a full bed of mortar. All unfilled hollow
masonry units with vertical cells shall be laid with face shell mortar bedding,
except that starter courses shall be laid on a full bed of mortar. All units in
masonry columns and pilasters shall be laid on a full bed of mortar. Web joints of
all cores which will be subsequently filled with grout fill shall be fully mortared.
Walls which are to be fully grouted may be laid with face shell bedding. All collar
joints in multiwythe masonry walls, except cavity walls, shall be completely filled.
Where stone masonry is specified, all voids in it shall be slushed full and all joints
shall be completely filled.

The filling of masonry joints shall mean that the entire space between abutting
surfaces of units is full, and that the body of the mortar is forced against and into
the porous surface of each unit.

All exterior and exposed interior mortar joints, except joints in walls which are to
be covered, and joints which are to be raked, shall be tooled to a smooth uniform
surface and shall be finished free of voids using a rounded tool. Mortar joints
specified to be caulked shall be raked to a depth of 1/2 inch [12.7 mm]. Tooling
of joints shall be regulated so that the mortar for each wall space has a uniform
appearance.

Joints in masonry surfaces which are to be covered or not exposed shall be
struck flush.

Vertical joints in stone copings and sills shall have a uniform width of 3/8 inch
[9 mm]. Vertical joints, except designated control joints, shall be mortared full
and raked to a depth of 1/2 inch [12 mm] for caulking. Control joints shall be
filled with expansion gaskets. Expansion gaskets shall be shaped to fit the stone
profile when set back 1/4 inch [6 mm] from exposed faces, leaving an open joint
3/8 inch [9 mm] wide and 1/4 inch [6 mm] deep for caulking.

All face joints in machined stone facing shall be tooled to a smooth uniform
surface and shall be finished free of voids using a rounded tool.

3-2. BONDING AND REINFORCING. Except where otherwise indicated on the
drawings, all facing brick and concrete block shall be laid in running bond and all
exposed structural block, indicated on the drawings, shall be laid in stack bond.
Special bonding patterns shall be as indicated on the drawings. Stone shall be
laid in the pattern indicated on the drawings. All masonry shall be reinforced and
anchored as indicated on the drawings and as specified herein.
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3-2.01. Joint Bonding and Reinforcing. Horizontal masonry units shall be
bonded and reinforced as specified, unless otherwise indicated on the drawings.
Joint reinforcing shall be discontinuous at control and expansion joints.
Prefabricated corner and tee pieces shall be used at corners and tees indicated
to be continuous on the drawings.

Unless otherwise indicated on the drawings, structural glazed tile masonry shall
be bonded with thin joint type reinforcement or suitable ties spaced not more
than 16 inches [400 mm] apart vertically.

Unless otherwise specified, all concrete block shall be bonded and reinforced
with continuous ladder type joint reinforcement spaced not more than 16 inches
[400 mm] apart vertically. The joint reinforcement shall have one longitudinal rod
at each face shell of the masonry units. Continuous ladder type joint
reinforcement may be omitted in concrete block walls with reinforced bond
beams at not more than 24 inches [600 mm] on centers.

Cavity walls shall be reinforced and bonded by means of continuous standard
weight ladder type joint reinforcement spaced at 16 inches [400 mm] vertically.

Adjustable type reinforcement may be used only if specifically indicated on the
drawings.

Masonry parapets shall be reinforced with heavy-duty continuous joint
reinforcement or reinforcing steel as indicated on the drawings.

Masonry facing for concrete construction shall be reinforced at corners and at
least 6 feet [1.8 m] back from corners with ladder type joint reinforcement and
prefabricated corners spaced not more than 8 inches [200 mm] apart vertically.

Concrete block masonry faced with stone shall have joint reinforcement spaced
16 inches [400 mm] apart vertically for single-faced walls and 8 inches [200 mm]
apart vertically for double-faced walls. Vertical rods spaced 16 inches [400 mm]
apart horizontally shall be inserted and wire-tied into the extended tabs of the
joint reinforcement. Facing stones shall be anchored to the backup masonry with
individual metal ties placed at each vertical rod of the backup wall reinforcement
and spaced not more than 12 inches [300 mm] apart vertically.

Stone shall be well bonded with broken joints. Through-bond stone shall occupy
at least 20 percent of the wall area and shall have a maximum spacing of 3 feet
[900 mm] vertically and horizontally.

All corner coping stones shall be anchored to adjacent stones with cramp
anchors extending across the joints.
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Each piece of cut stone facing shall be anchored to masonry backing with at
least two stone anchors.

Masonry veneer shall be tied to the backup substrate as indicated on the
drawings. At a minimum, one anchored metal tie shall be provided for each
2 square feet [0.186 m2] of veneer.

Except where a top bond beam is indicated on the drawings, the top three
courses of all masonry walls, including backup, shall have continuous joint
reinforcement placed in each joint (8 inch [200 mm] on centers). Joint
reinforcement shall be terminated at expansion joints and control joints.
Openings in masonry walls shall have joint reinforcement placed in the two
courses immediately above lintels and in the two courses immediately below all
sills. Joint reinforcement shall extend 24 inches [600 mm] past openings on each
side.

The width of joint reinforcement (side rod to side rod) in each case shall be
approximately 2 inches [50 mm] less than the nominal overall thickness of the
wall in which it is placed. All joint reinforcement shall be fully embedded in
mortar and shall be covered with at least 5/8 inch [15 mm] of mortar on the
exterior face.

The ends of sections of joint reinforcement shall be lapped at least 8 inches
[200 mm]. At corners and intersections, prefabricated corners and tees shall be
used.

3-2.02. Masonry Anchorage. The extent and details of masonry anchorage to
abutting structure or backup construction shall be as indicated on the drawings
and as specified.

Unless otherwise indicated on the drawings, masonry walls which abut concrete
columns or walls, or are built up under soffits of concrete beams or slabs, shall
be anchored to the concrete by anchor slots cast in the concrete and dovetail
anchors built into the masonry. At concrete columns or walls, dovetail anchors
shall be 16 inches [400 mm] long and spaced 16 inches [400 mm] apart
vertically. Dovetail anchors shall also be placed in each bond beam and in the
course above and below each bond beam. Vertical cells of hollow masonry units
at each column or wall anchor shall be filled with mortar. At beam or slab soffits,
dovetail anchors shall be 12 inches [300 mm] long and spaced 16 inches
[400 mm] apart unless otherwise indicated. Soffit anchors shall be placed in
mortar-filled block joints.

Veneer facings for concrete construction shall be anchored by dovetail anchors
in anchor slots cast vertically in the concrete, with a maximum horizontal slot
spacing of 24 inches [600 mm]. Dovetail anchors shall be installed in each slot
not more than 16 inches [400 mm] apart.
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Where masonry walls abut steel columns or beams, the masonry shall be
securely anchored to the steel member with slotted channel anchors, unless
otherwise indicated on the drawings. Channels shall be welded to webs or
flanges of columns, spaced and located to provide an adjustable anchor for each
16 inches [400 mm] of masonry wall height. Anchors shall also be placed in
each bond beam and in the course above and below each bond beam.

Alternatively, when indicated on the drawings, masonry laid against or facing
steel columns or beams shall be anchored by adjustable wire anchors. Anchor
rods shall be welded to beams or columns, spaced not more than 32 inches
[800 mm] apart horizontally, and located to provide adjustable anchors at not
more than 16 inches [400 mm] apart vertically in the facing masonry. Anchors
shall also be placed in each bond beam and in the course above and below each
bond beam.

3-2.03. Reinforcing Steel. Concrete block bond beam units shall be provided,
installed and reinforced with reinforcing steel where required and as indicated on
the drawings. Bond beam units shall be filled with grout fill as specified herein.
Reinforcing steel shall be continuous around corners. At expansion joints, all
bond beam reinforcing shall be discontinuous. At control joints, 50 percent of the
bond beam reinforcing shall be discontinuous unless otherwise indicated on the
drawings.

Vertically reinforced concrete block cores shall be provided as indicated on the
drawings. Reinforcing shall be accurately placed and securely tied to prevent
shifting during core filling. Bar positioners shall be used for alignment.
Positioners shall be placed in the bottom and top courses of walls and at not
more than 4 feet [1,200 mm] centers between. Mortar fins which project into
cores more than 1/2 inch [13 mm] and all loose mortar and debris shall be
removed before filling the cores. Cores shall be filled with grout fill as specified
herein.

When accepted by City, open-ended concrete masonry units may be substituted
for units with end webs in reinforced concrete masonry walls.

Special bond beam units with open or knockout webs and open vertical cells
shall be used for bond beams. U-shaped lintel units shall be used only in bond
beams over openings. If the cells beneath a bond beam are not required to be
grouted, wire mesh material may be used in the joint to retain the grout fill.

3-2.04. Grout Fill. Unless otherwise acceptable to City, grout fill shall be placed
in lifts not to exceed 5 feet [1.5 m]. Pours exceeding 12 inches [300 mm] in
height shall be consolidated by mechanical vibration and reconsolidated after
initial water loss and settlement. Bond beam fill shall not be mechanically
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vibrated. Grout fill shall be placed in reinforced block cores, bond beams, lintels,
and in other locations indicated on the drawings.

3-3. LAYING MASONRY UNITS. All masonry units shall be free from dust, dirt,
and surface moisture when laid. Concrete blocks shall be dry when laid.

All masonry shall be laid to a line. Walls shall be plumb and straight and in level
courses. At no time shall any part of masonry construction project more than
8 feet [2.4 m] above adjacent work. When work is suspended, the tops of
exterior masonry walls shall be covered and protected from the weather.

Care shall be taken in corner construction and at jambs to maintain uniformity of
appearance and to ensure that only whole, undamaged units are used. All
patterned masonry units shall have special corner units installed at exposed
corners to maintain consistency of patterns.

Custom scored masonry and other units laid in stack bond shall be carefully
plumbed so that vertical joints will form uniform continuous vertical lines and will
be uniform in width, texture, and general appearance. Units shall be of uniform
length and shall be trimmed as necessary.

Unless otherwise indicated on the drawings, concrete block masonry shall have
bullnose units installed at door jambs, window and louver jambs and sills, and all
exterior corners.

Units laid in stack bond or soldier coursing shall be carefully plumbed, so that
vertical joints will form uniform, continuous vertical lines of uniform width, texture,
and general appearance. Units shall be of uniform length and shall be trimmed
as necessary. Masonry units in stack bond, patterns, or soldier coursing shall be
selected to meet the dimensional tolerances and chippage limitations of
ASTM C216 for Type FBX brick. Short closure pieces shall not be used in stack
bond.

Unless otherwise indicated, masonry units laid in running bond in exposed
locations shall be so constructed that vertical joints in alternate courses lie in the
same vertical lines, midway between the vertical joints in adjacent courses to
provide a regular and uniform joint pattern. All custom scored units shall be
aligned as detailed on the drawings.

Masonry units shall be saw-cut to provide openings and to accommodate
embedded items. Anchors shall be securely embedded in mortar. Door and
window frames shall be maintained plumb and true. Masonry shall be built tightly
against interior door frames. A caulking space shall be provided between
exterior door frames and masonry in accordance with the details indicated on the
drawings. The jambs of built-in hollow metal door frames shall be completely
filled with grout fill or mortar.
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Lintels shall be provided over all openings wider than the length of a masonry
unit. Lintels shall be of the types and sizes indicated on the drawings or as
needed, and shall be acceptable to City. Lintels longer than 3 feet [900 mm]
shall bear on solid masonry units or on grout-filled cells of hollow units at least
one masonry course in height, unless otherwise indicated on the drawings.

Reinforced lintels and other wall reinforcing as needed and indicated on the
drawings shall be provided and installed hereunder. Reinforced lintels shall be
filled with grout fill.

All embedded items shall be set and securely anchored in the masonry work as
indicated on the drawings or as acceptable to City. Joints between masonry and
embedded items shall be pointed.

Where solid exterior walls composed of brick and concrete block, glazed block or
structural glazed tile are to be laid with no cavity between the brick and the block
or tile, the back faces of exterior facing brick shall be parged with mortar to a
thickness of at least 3/8 inch [9 mm]. Enough pressure shall be applied to bind
the parging mortar to the brick, providing a continuous water seal. The parging
mortar shall be applied to the blocks and tiles if they are laid first. Before
parging, all projecting mortar shall be struck off flush with the masonry surface.
Additional mortar shall be applied when backing or face units are laid, to
completely fill the vertical joint behind or in front of the parging.

Multi-wythe cavity walls shall be carefully constructed to the dimensions indicated
on the drawings. On the cavity face of both facing brick or other veneer and
concrete block, glazed block or structural glazed tile, all mortar extruded from the
joints shall be struck off flush with the masonry surface. The cavity shall be kept
free of mortar droppings.

Where indicated on the drawings, rigid insulation shall be installed in the cavity
between veneer material and concrete block; and in the air space behind veneer
facing cast-in-place concrete. The rigid insulation shall be installed in horizontal
blocks sized to fit neatly between joint reinforcement or dovetail anchors, with
joints butted as closely as possible. The insulation shall be secured to the face
of the cast-in-place concrete or the backup masonry with mastic adhesive
applied as recommended by the manufacturer and shall be kept from contact
with the facing veneer.

Masonry units shall be selected and laid so that the exposed face of each unit is
free of broken corners, chipped edges, or other defects which would be
detrimental to the appearance of the wall surface.

3-4. FLASHINGS. Wall flashings shall be installed where and as indicated on
the drawings. Flashings in horizontal joints shall be in the center of the joints,
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with mortar below and above them and shall extend to within 3/8 inch [9 mm] of
the exterior masonry face unless otherwise indicated on the drawings. Flashings
shall drain toward the exterior surface of the wall. Weeps consisting of wicks
installed when the masonry is laid shall be provided at not more than 2 foot
[0.6 m] centers and shall be cut off flush after the mortar has set.

Where indicated on the drawings, louvered weepholes shall be installed at 2 foot
[0.6 m] centers.

In air spaces or cavities behind wall facings, mortar fill or through-wall flashing
shall be placed behind the lower courses as indicated on the drawings, and
weeps shall be provided at not more than 2 foot [0.6 m] intervals. Mortar and
other debris shall be kept out of the air spaces. Weeps consisting of wicks shall
be installed when the masonry is laid and cut off flush after the mortar is set.

Flashings shall be kept from actual contact with steelwork.

3-5. EXPANSION AND CONTROL JOINTS. Expansion and control joints in
masonry walls and in masonry walls abutting concrete wall surfaces shall be
constructed as indicated on the drawings. Where indicated on the drawings,
preformed control joint strips shall be placed in the wall as construction proceeds,
with masonry units laid tight against the strips. Where required, joint filler strips
shall have a thickness equal to at least 1-1/2 times the nominal width of the joint.
The filler strips shall be firmly bonded to one joint face by the adhesive backing,
and shall be of required width to be held back 1/2 inch [13 mm] from each face
for caulking, and placed under compression by the abutting masonry. All joints in
filler strips shall be tightly butted.

3-6. ANCHORS, INSERTS, AND OTHER PENETRATIONS. All necessary ties,
anchors, bolts, inserts, bucks, flashings, sleeves for piping, conduits of every
kind, window and door frames, and other work shall be accurately set and
securely held in the masonry work as indicated on the drawings or in a manner
acceptable to City. Sleeves shall be provided where small piping passes through
the masonry.

Unless noted otherwise on the drawings, structural shapes, joists, and decking
passing through or over the masonry, but not bearing on the masonry, shall be
isolated from the masonry as specified or as indicated on the drawings. At a
minimum, a 1 inch [25 mm] expansion joint shall separate the structure from the
masonry. This separation is not applicable at appurtenances specially designed
to provide lateral support from the structure or decking to the masonry.

3-7. LOW TEMPERATURES. When the temperature of the surrounding air is
below 40°F [4°C], or when the outdoor temperature is likely to fall below freezing
at any time during the 24 hour day, the following precautions shall be taken to
prevent freshly laid masonry from freezing:
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a. In addition to the protection specified for ordinary conditions,
masonry materials shall also be kept from contact with snow, ice, or
dampness of any kind.

b. The temperature of the mixed mortar shall be between 70 and 120°F
[21 and 49°C]. Mixing water shall be warm, but not above 165°F
[74°C]. If necessary, sand shall be heated also. Mortar mixing
equipment shall be heated before it is used. The use of salt or
calcium chloride is not acceptable.

c. Masonry units shall be free of ice and snow and shall be above
freezing when laid. If the outdoor temperature is below 30°F [-1°C].
units shall be heated to at least 40°F [4°C]. If the temperature is
below 0°F [-17°C], units shall be heated to at least 60°F [15°C].
Heating shall be done so that the units are not damaged.

d. Masonry units shall not be laid on surfaces that are frozen or
covered with snow or ice.

e. Masonry laid during freezing weather shall be kept warm for at least
3 days after laying. The air temperature at the masonry surface
shall be kept between 45°F and 90°F [7°C and 32°C], using heating
methods that will not unduly dry out or otherwise damage the
masonry. Heat shall be applied to both sides of the wall, with
provisions for proper circulation of air. The masonry shall be
suitably housed or covered.

3-8. HIGH TEMPERATURES. When the ambient air temperature exceeds 99°F
[37°C] in the shade and the relative humidity is less than 50 percent, masonry
shall be protected from direct exposure to wind and sun during and for 48 hours
after erection.

3-9. FINISH TUCK POINTING. On completion of the work, all exposed masonry
shall be pointed where necessary and all voids and holes in the mortar shall be
filled to match adjacent joint surfaces. Defective joints shall be cut out and
repointed with mortar. Care shall be taken to produce a uniform overall
appearance. Spottiness due to variations in either materials or workmanship will
not be acceptable.

3-10. PAVING BRICK. Not used.

3-11. PROTECTION FROM DAMAGE. Masonry and all embedded or built-in
items shall be carefully protected from damage. Masonry walls discolored by
paint, mortar, or concrete shall be rebuilt with new materials.
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Where concrete is placed adjacent to on top of previously constructed masonry,
the masonry shall be adequately protected against splashing of concrete paste
and from other damage.

3-12. CLEANING. Following finish pointing, all exposed masonry surfaces shall
be cleaned to remove all surface stains and smears.

Mortar smears and other stains shall be removed from stone, structural glazed
tile, glazed brick, glazed block, and glass block by scrubbing with soap and water
and, where necessary, using a cleaning compound recommended by the
masonry unit manufacturer. On stone, clean fine sand may be used as a
scouring agent where necessary.

A detergent masonry cleaner shall be used to clean facing brick in accordance
with the manufacturer's recommendations.

Mortar smears or droppings on concrete blocks shall be removed with a steel
trowel after they have hardened to the extent that removal will not cause
additional smearing. Any remaining mortar shall be removed to the extent
possible by rubbing with a small piece of block. All surfaces shall then be
thoroughly brushed.

If stains and smears cannot be removed by the specified methods, Contractor
may propose alternative methods or cleaning products. These alternatives shall
be acceptable to City before they are used.

3-13. CITY’S FIELD CONTROL TESTING. When required, field control tests
will be performed by City or a testing laboratory. Contractor shall provide all
facilities and the services of one or more employees as necessary to assist with
the field control testing.

As stipulated in the Quality Control section, tests required during the progress of
work will be made at the expense of City.

The frequency specified for each field control test is approximate and subject to
change as determined by City.

3-13.01. Clay Masonry Units. (Not Used)

3-13.02. Concrete Masonry Units. Concrete masonry units from work site
stockpiles will be tested in accordance with ASTM C140 at the rate of three
specimens per 5,000 square feet [465 m2] of wall. Alternatively, prisms may be
constructed and tested in accordance with ASTM C1314 modified in accordance
with ACI 530.1 (UBC Standard 21-17) at the rate of three specimens per
5,000 square feet [465 m2] of wall.
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3-13.03. Grout. Grout sampled during placement will be tested in accordance
with ASTM C1019 (UBC Standard 21-18) at the rate of three specimens per
5,000 square feet [465 m2] of wall. Compressive strength test shall be at 28 days
after sample collection. Alternatively, grouted prisms may be constructed and
tested in accordance with ASTM C1314 modified in accordance with ACI 530.1
(UBC Standard 21-17) at the rate of three specimens per 5,000 square feet
[465 m2] of wall.

3-13.04. Required Masonry Prism Tests. If the design compressive strength of
masonry, f'm, is selected based on preconstruction prism testing, prisms
representative of the project masonry will be constructed on site from worksite
stockpiles and tested in accordance with ASTM C1314 modified in accordance
with ACI 530.1 (UBC Standard 21-17) at the rate of three specimens per
5,000 square feet [465 m2] of wall. The prism testing will be instead of the
preceding individual tests for concrete masonry units, grout, and clay masonry
units.

End of Section
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Section 05520 
 

HANDRAILING, GUARDRAILING, AND LADDERS 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the fabrication and installation of handrailing, 
guardrailing, and ladders fabricated from metal or fiberglass shapes.  Ornamental 
railing systems, metal stairs, concrete and masonry anchorage systems, and 
structural and miscellaneous metal are covered in other sections. 
 
1-2.  GENERAL. Fabricated items which are indicated on the drawings but not 
mentioned specifically herein shall be fabricated in accordance with the 
applicable requirements of this section. 
 
1-3.  SUBMITTALS. Complete data, detailed drawings, and setting or erection 
drawings covering all materials shall be submitted in accordance with the 
Submittals section.  Each separate piece shall be marked. Drawings and 
submittals shall be sealed by a professional engineer registered in the state of 
the project. 
 
Data shall be submitted to certify that all railings and ladders meet all applicable 
requirements of the codes as specified herein and the project specifications and 
drawings.  City may request copies of all supporting calculations. 
 
1-3.01.  Samples. Samples shall be submitted to indicate finishes. Samples of 
each type of fitting required to complete the installation shall also be submitted. 
 
1-3.02.  Colors. Where color selections are required, color charts shall be 
submitted showing the full range of available colors. Procedures for selecting 
colors shall be as indicated in the Submittals section. 
 
1-4.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and storage shall be in accordance with the 
Handling and Storage section. 
 

PART 2 - PRODUCTS

2-1.  GENERAL. Railing systems and ladders shall be designed and fabricated 
by companies normally engaged in the manufacture of such systems.  Railing 
products of like materials shall be from a single supplier and the installed 
systems shall have a uniform appearance throughout the project. Ladders may 
be from another supplier. Unless indicated otherwise on the drawings, ladders in 
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proximity with guardrailing shall be of the same material, style, and finish as the 
guardrailing. 
 
For metal railing systems, at Contractor's option, handrailing and guardrailing 
shall be either shop fabricated welded systems or prefabricated nonwelded 
systems designed for field assembly. Welded railing systems shall be fabricated 
from pipe and accessories by metal fabricators experienced in designing and 
fabricating welded railing. 
 
2-2.  PERFORMANCE AND DESIGN REQUIREMENTS.

2-2.01.  Railing System Design Criteria. All railing systems shall be designed 
and fabricated in compliance with the most stringent requirements of the 
applicable local building code, OSHA 29 CFR Part 1926 Subpart R, and all other 
pertinent OSHA regulations and local safety regulations. Handrails for 
handicapped accessible areas, if required, shall comply with the requirements of 
the local building code, ANSI 117.1 Uniform Federal Accessibility Standards, and 
the accessibility standards of the Americans with Disabilities Act.  In case of 
conflicting requirements the more stringent requirements shall be applicable. 
 
At a minimum, guardrailings shall be designed to withstand a uniform horizontal 
load of 50 lbs per foot with a simultaneous vertical load of 100 lbs per foot 
applied to the top rail. Handrailing and stair railing shall be designed to withstand 
a uniform horizontal load of 50 lbs per foot applied to the top rail.  In addition, 
guardrailing, handrailing, and stair railing shall be designed to withstand a 
concentrated load of 200 lbs applied in any direction, at any point on the railing 
system. The 200 lb concentrated load need not be applied simultaneously with 
the 50 lbs per foot uniform horizontal load. 
 
Maximum spacing for railing posts shall be 6 feet. 
 
2-2.02.  Steel Rails. Handrails and guardrails shall be fabricated from 1-1/2 inch 
ID steel pipe. Pickets shall be fabricated from 3/4 inch ID steel pipe. 
 
2-2.03.  Aluminum Rails. Not used.  
 
2-2.04.  Fiberglass Rails. Not used. 
 
2-2.05.  Kickplate. Kickplates shall be 4 inches high and shall be fabricated from 
similar materials as the railing. Kickplates shall clear the walking surface by 
1/4 inch.  
 
2-2.06.  Fasteners. Unless noted otherwise, all fasteners shall be stainless steel. 
Where galvanized bolts are indicated on the drawings or specified, the use of 
zinc-plated bolts will not be acceptable. Metal railings shall be fastened to fittings 
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with through bolts or flush set screws; glued or pop riveted connections are not 
permitted. Fastener details shall be indicated on the submittal drawings. 
 
2-2.07.  Guarding of Openings. Openings in railing shall be guarded by self-
closing gates in accordance with OSHA 1910.23.  
 
2-2.08.  Removable Guardrail. Not used. 
 
2-2.09.  Expansion Control. Guardrailing in outdoor locations shall have slip 
joints at least every 60 feet and at all concrete expansion joints to permit 
expansion and contraction. The gap at each slip joint shall be not less than 
1/4 inch.  
 
2-2.10.  Mounting to Structure. Handrailing and guardrailing shall be mounted to 
structures as indicated on the drawings.  If mounting details are not indicated, 
railing posts shall be surface mounted with base flanges or side mount brackets 
secured to concrete by stainless steel anchor bolts set in epoxy grout.  Bolt sizes 
and pattern shall be as needed for the mounting device. 
 
2-2.11.  Ladders. Not used. 

2-3.  ACCEPTABLE MANUFACTURERS. Metal railing shall be Moultrie 
“Wesrail”, Universal “Uni-Rail”, Thompson “TUF Rail System”, Julius Blun & Co 
“Connectorail”, or equal. 
 
2-4.  MATERIALS.

Painted Steel Systems  

 Pipe ASTM A 500 Grade B, Schedule 40, 
Prime painted. 

 Plates ASTM A36.  Prime Painted. 

 Fittings, Welded Angles, offsets, tees, ells, crosses, caps 
shall be made with formed, welding ells 
and welding connectors, material to 
matching railings. Prime painted. 

 Fittings, Non-welded Manufacturer standard component 
fittings, materials to match railings.  
Prime painted. 

 Assembly Bolts, Nuts, 
Washers, and Fasteners 

Manufacturer's standard. 

Steel Pipe Sleeves  
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 Outer Sleeves Black steel pipe, Schedule 40. Hot-dip 
galvanized after fabrication. 

 Removable Post Inner 
Sleeves 

PVC tube, Schedule 40. 

Plastic Pipe Sleeves PVC tube, Schedule 40. 
Post Setting Cement Minwax "Super Por-Rok Cement" or 

Master Builders Set Products Division 
"Set 45". 

Anchor Bolts to Prime Painted 
Steel 

ASTM High Strength bolts, nuts, and 
washers in accordance with the structural 
and Miscellaneous Metals section. 

Anchor Bolts to Masonry Stainless steel adhesive anchors in 
accordance with the Anchorage in 
Concrete and Masonry section. 

Shop Coatings  
 Universal Primer 

 Red Oxide Primer Ameron "Amercoat 385 Epoxy", Carboline 
"Rustbond", or Tnemec "Series 27 F.C. 
Typoxy." 

 Epoxy Enamel SSPC 15, Type 1, or Fed Spec TT-P-636. 

Asphalt 
Varnish 

Fed Spec TT-C-494. Gray; Ameron "Amerlock 400 High-Solids 
Epoxy Coating", Carboline "Carbogaurd 
891", or Tnemec "Series N140 Pota-Pox 
Plus". 

Anodic Finish AA-M10C22A41, clear unless otherwise 
required. 

 

2-5.  FABRICATION. Unless otherwise indicated on the drawings, all railings 
provided under this section shall be of the same type and design. 
 
2-5.01.  Welded Metal Railings. All angles, offsets, or other changes in 
alignment in welded pipe railings shall be made with railing ells and welded 
connectors. Welded joints shall be flush type. Railings shall be smooth, with all 
projecting joints and sharp corners ground smooth. Members shall be neatly 
coped and continuously welded or mechanically connected at all junctions. Top 
rails shall run continuously over posts. All rails and posts shall be in the same 
plane and shall not be offset. All welding shall be done neatly and substantially 
by a process (e.g., TIG or MIG) producing a smooth weld. All weld spatter and 
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burrs shall be removed, and all welds shall be thoroughly brushed with a 
stainless steel power wire brush. 
 
Field joints shall be made with a splice-lock connector which shall provide a firm, 
permanent connection. The connector shall mechanically draw the railing 
sections together to form tight, hairline joint. 
 
2-5.02.  Fiberglass Railings. Not used. 
 
2-5.03.  Guarding of Openings. Openings in railing shall be guarded by self 
closing gates unless safety chain is specifically required or indicated on the 
drawings. Self closing gates shall be fabricated of the same materials with the 
same finish as the guardrailing. The closure device shall be Manufacturer's 
standard. 
 
At locations specifically indicated on the drawings, a safety chain fabricated of 
1/4 inch  stainless steel shall be provided across openings in the railing. The 
chain shall be fastened to one railing post by a stainless steel eyebolt, and shall 
engage a similar eyebolt on the opposite post by means of a 2-1/2 inch 
heavy-duty, stainless steel harness snap. The chain length shall be as needed by 
the width of the opening. 
 
2-5.04.  Sleeves. Not used. 
 

2-5.05.  Ladders. Not used. 
 
2-6.  COATING.

2-6.01.  Ungalvanized Steel. Unless otherwise required, all ungalvanized steel 
shall be given a coat of universal primer in the shop after fabrication. Steel 
surfaces shall be prime-coated as soon as practicable after cleaning. The dry film 
thickness of the shop coatings shall be at least 2 mils [50 µm]. Steel railing shall 
also be finish coated with one coat of epoxy enamel. The dry film thickness of the 
epoxy enamel shall be at least 5 mils [125 µm]. Color of shop finished coated 
railing shall be painted to match the color of existing railing. All painting shall be 
done in a heated structure if the outside air temperature is below 50°F. Steel 
shall not be moved or handled until the shop coat is dry and hard. 
 
2-6.02.  Aluminum. Not used. 
 
2-6.03.  Stainless Steel. Not used. 
 
2-6.04.  Fiberglass. Not used. 
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PART 3 - EXECUTION

3-1.  INSTALLATION. When railings and ladders are assembled, all posts shall 
be plumb and longitudinal members shall be parallel with each other and with the 
floor surface or slope of stairs. In any section or run of railing, the center lines of 
all members shall be in true alignment, positioned in the same vertical plane.  All 
posts in fixed handrail sections and all ladders shall be rigidly attached to the 
supporting structure. After installation, railings and ladders shall be checked for 
final alignment, using a tightly drawn wire for reference. The maximum 
misalignment tolerance for railings shall be 1/8 inch in 12 feet Bent, deformed, or 
otherwise damaged installations shall be replaced. 
 
3-1.01.  Attachment to Concrete. Posts shall be attached to concrete structures 
as indicated on the drawings.  Base flanges and side-mount brackets shall be 
installed with minimal disturbance to the reinforcing steel.  Bolts shall be stainless 
steel set in epoxy grout as indicated in the Anchorage in Concrete and Masonry 
section. 
 
If sleeves are indicated, they shall be rigidly supported in accurate alignment 
in the forms and shall be positioned vertically so that the top of each sleeve is 
approximately 1/2 inch below the finished concrete surface.  The position of all 
sleeves shall be carefully measured before railings are fabricated.  When the 
railing is set, the posts shall be wedged in accurate alignment, and the annular 
space between the posts and sleeves shall be filled with handrail-setting cement 
to the top of the steel sleeve.  Filling of the remaining space with sealant, as 
indicated on the drawings, is covered in the Caulking section. 
 

3-1.02.  Attachment to Steel or Aluminum. Where attached to steel or aluminum 
shapes, attachments shall be made with flanges or with other special 
attachments or anchorages as detailed on the drawings. 
 
3-1.03.  Removable Attachments. Not used. 
 
3-1.04.  Wall Mounted Handrailing. Not used. 
 
3-1.05.  Connections. Welding connectors and splice locks shall be installed in 
accordance with the manufacturer's recommendations. Other methods of making 
connections and changes in alignment will be considered, provided complete 
information covering the proposed method is submitted to City for review. 
 

End of Section 
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Section 05530 

GRATING 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the fabrication and installation of metal and 
fiberglass grating. 

 

1-2.  GENERAL.

1-3.  SUBMITTALS. Detailed fabrication and erection drawings covering the 
grating shall be submitted in accordance with the submittals sections.  Drawings 
shall indicate locations of grating supports, profiles, thicknesses, lengths, 
markings of panels, and fastening methods. 
 
1-4.  DELIVERY, STORAGE, AND HANDLING. Materials shall be handled, 
transported, and delivered in a manner which will prevent bends, dents, 
scratches, or damage of any kind.  Damaged materials shall be promptly 
replaced.  Materials shall be stored off the ground. 
 

PART 2 - PRODUCTS

2-1.  PERFORMANCE AND DESIGN REQUIREMENTS.

2-1.01.  Design Criteria. Except as modified herein, the manufacture and 
fabrication of metal grating shall comply with recommendations in the "Metal Bar 
Grating Manual" of the National Association of Architectural Metal Manufacturers 
(NAAMM).  Grating depth shall be as indicated on the drawings. 
 
Fiberglass grating shall be designed and fabricated to support 100 psf live load 
with a maximum deflection not greater than L/150 or 1/4 inch unless indicated 
otherwise on the drawings. 
 
2-1.02.  Carbon Steel Grating. Carbon steel grating shall be the welded type.  
Bearing bars shall be at least 3/16 inch thick with center-to-center spacing of 
1-3/16 inch.  Grating shall be galvanized. 
 
2-1.03.  Stainless Steel Grating. Not used. 
 
2-1.04.  Aluminum Grating. Not used 
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2-1.05.  Fiberglass Grating. Not used.

2-2.  MATERIALS.

Carbon Steel Grating NAAMM MBG 531, ASTM A1011, rectangular, 
welded, galvanized after fabrication. 

Galvanizing ASTM A123, A153, A385; G90 coating. 

Grating Stair Treads Grating stair treads shall match the material 
and finish of grating in adjacent platforms and 
floors. Treads shall have a permanently 
attached or integral non-skid nosing. 

Grating Fasteners Manufacturer’s standard, AISI Type 316 
stainless steel. 

Clips, Bolts, Nuts, Washers Manufacturer’s standard, AISI Type 316 
stainless steel. 

Welded Threaded Steel 
Studs  

ASTM A108 fully threaded studs automatically 
welded with compatible nuts and washers; 
TRW Nelson Type CFL or acceptable equal. 

Stepped Locking Fasteners Non-penetrating, non-welded mechanical 
fasteners, with stainless steel clips and bolts, 
galvanized cast iron body; Lindapter “Grate-
Fast” or Grating Specialty Co. “G-Clip”. 

 
2-3.  FABRICATION. Grating shall be fabricated in panels that can be easily 
handled by plant personnel.  Unless otherwise indicated on the drawings, the 
weight of individual panels shall not exceed 150 lbs.  Panels shall be within 
±1/4 inch [6 mm] of authorized length and ±1/4 inch of authorized width, and shall 
have a maximum difference in length of opposite diagonals of 1/4 inch.  The 
spacing of bearing bars shall be within 1/32 inch of authorized spacing.  Cross 
bars and edge bars of adjacent panels shall align.  After installation, there shall 
be not more than 1/4 inch clearance between panels.  All bearing bars shall be 
parallel.  Bands and toeplates shall align within 1/8 inch tolerance, vertical and 
horizontal. 
 
Angular, circular, and re-entrant cuts in steel grating may be made by flame 
cutting.  All other cuts in steel grating shall be sawed or sheared.  Cuts shall be 
clean and smooth, without fins, beads, or other projections.  Any damaged 
protective coating shall be fully restored. 
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All cuts in aluminum grating shall be sawed or sheared.  All cuts in fiberglass 
grating shall be cut.  All fiberglass grating which requires cutting shall have the 
affected surfaces sealed with catalyzed resin sealant of equal or superior 
corrosion resistance to the grating.  
 
Grating panels shall be arranged so that openings are centered on a joint 
between panels.  Toeplates extending the full depth of the grating and 4 inches 
above the top shall be provided around openings.  Toeplates shall be welded to 
each bearing bar.  The ends of bearing bars need not be banded unless required 
by the drawings.  Bands shall be welded to the first, the last, and every fourth 
intermediate bar.  Bands and toeplates shall be 3/16 inch thick.  Crossbars shall 
be cut off flush with the outside face of side bars. 
 
Steel frames anchored to or cast in concrete to support grating shall be stainless 
steel or hot-dip galvanized after fabrication.  The anchorage of fiberglass curb 
angles shall consist of intermittent embedded shapes or interlocking 
deformations on the back side of the angle.  
 
2-4.  SHOP COATING. Finish painting of grating, if required, is covered in the 
protective coatings section. 
 
2-4.01.  Galvanizing. All galvanizing shall be done by the hot-dip process after 
fabrication, in conformity with the requirements of ASTM A123, A153, and A385. 
 

PART 3 - EXECUTION

3-1.  GENERAL. All grating shall lie flat, with no tendency to rock when installed. 
Poorly fitting or damaged grating shall be rejected. Grating openings may be field 
cut with the approval of City, provided that no more than four adjacent bearing 
bars are cut.  If the grating is cut or modified in the field, affected surfaces shall 
be repaired or sealed to assure restoration of the corrosion resistance of the 
grating.  Field cut openings must be spaced so that there are at least as many 
continuous bars between each opening as there are cut bars at the opening. 
 
3-2.  ATTACHMENTS TO SUPPORTING STRUCTURE. All grating supported 
on steel, aluminum, or fiberglass structures shall be attached.  Grating shall be 
attached to the supporting structure in accordance with the grating 
manufacturer's recommendations and submittals. Single span grating over 
flumes, manholes, pits, or other openings in concrete floors may rest unattached 
in recesses constructed for that purpose.  To preclude excessive accumulation of 
tolerances, an extra-long panel shall be provided for each unanchored grating 
cover that exceeds 20 feet in length.  The panel shall be cut to the required 
dimension after the remainder of the grating panels have been installed. 
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3-2.01.  Prime Painted Steel Supports. Unless otherwise required or indicated 
on the drawings, clip or flange block fasteners or stepped locking fasteners shall 
be used to attach grating to prime painted steel supports.  Clip fasteners shall be 
secured to the supporting steel with through bolts in drilled holes.  Through bolts 
shall be stainless steel.  Fusion welded threaded studs may be utilized if the 
primer is removed before welding or if a suitable weldable primer is used.  
Welded studs shall be cleaned and prime painted to match the support steel prior 
to finish painting. 
 

3-3.  FINISH TOUCHUP. After erection, all grating shall be cleaned.  Damaged 
coatings shall be touched up in accordance with the grating manufacturer's 
recommendations to fully restore the corrosion resistance of the grating.  Cut 
ends of fiberglass grating pieces shall be sealed with catalyzed resin sealant of 
equal or superior corrosion resistance to the grating itself or repaired in 
accordance with the manufacturer's recommendations to assure full undamaged 
performance. 
 

End of Section 
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Section 05550 

ANCHORAGE IN CONCRETE AND MASONRY  
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the procurement and installation of anchors in 
concrete and masonry.  It includes cast-in-place anchor bolts, adhesive anchors, 
expansion anchors, undercut anchors, and epoxy grouted anchor bolts and 
reinforcing bars to be installed in concrete and masonry. 
 
1-2.  GENERAL. Unless otherwise specified or indicated on the drawings all 
anchors and anchor bolts shall be cast-in-place anchor bolts with forged heads or 
embedded nuts and washers.  Unless otherwise indicated bolts in concrete shall 
have a diameter of at least 3/4 inch and bolts in grouted masonry shall have a 
diameter of at least 1/2 inch]. 
 
Unless otherwise indicated on the drawings, anchors and anchor bolts used in 
the following locations and applications shall be of the indicated materials.  Other 
anchors and anchor bolts shall be as indicated on the drawings. 
 

Cast-In-Place and Epoxy Grouted Anchor Bolts.

Submerged locations Stainless steel. 

 Locations subject to splashing Stainless steel. 

 Buried locations Stainless steel. 

 Anchorage of structural steel columns Galvanized steel. 

 Other exterior locations Galvanized steel. 

 Other interior locations Carbon steel. 

Adhesive, Expansion, and Undercut Anchors.

Submerged locations Stainless steel. 

 Locations subject to splashing Stainless steel. 

 Buried locations Stainless steel. 
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 Anchorage of structural steel columns Stainless steel. 

 Other exterior locations Stainless steel. 

 Other interior locations Carbon steel. 
 
Adhesive, expansion, and undercut anchors may be used instead of cast-in-
place anchors where specifically indicated or permitted on the drawings or with 
the specific acceptance by City. 
 
1-3.  SUBMITTALS. Data and catalog cuts indicating the manufacturer and 
types of adhesive anchors, expansion anchors, undercut anchors, and epoxy 
grouts to be supplied shall be submitted in accordance with the Submittals 
section.   
 
1-4.  DELIVERY, STORAGE, AND HANDLING. Materials shall be handled, 
transported, and delivered in a manner which will prevent damage or corrosion. 
Damaged materials shall be promptly replaced.  Materials shall be shipped and 
stored in original manufacturer's packaging.  
 

PART 2 - PRODUCTS

2-1.  MATERIALS. Materials shall be as indicated below. 
 

Anchor Bolts.  

 Carbon steel ASTM F1554, Grade 36 with 
compatible nuts. 

 Galvanized steel ASTM F1554, Grade 36 with 
compatible nuts; hot-dip galvanized, 
ASTM A153. 

 Stainless steel Bolts, ASTM F593, Alloy Group 1 or 2; 
nuts, ASTM F594, Alloy Group 1 or 2. 

 Flat Washers ANSI B18.22.1; of the same material as 
anchor bolts and nuts. 

Reinforcing Bars ASTM A615, Grade 60, deformed. 

Reinforcing Bars, weldable ASTM A706, Grade 60, deformed. 
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Epoxy Grout for Anchor Bolts 
and Reinforcing Bars. 

 

Adhesive  

 For Floors and Horizontal 
Surfaces 

Sika "Sikadur 35, Hi-Mod LV"; 
ChemRex "Concresive Liquid LPL"; 
Sika "Sikadur 32 Hi-Mod". 

 For Vertical Surfaces and 
Overhead Applications 

Sika "Sikadur 31 Hi-Mod Gel". 

 Aggregate As recommended by the epoxy grout 
manufacturer. 

 Water Clean and free from deleterious 
substances. 

Expansion Anchors  Hilti "Kwik-Bolt 3"; ITW Ramset/Red 
Head "Trubolt Wedge Anchor"; Powers 
Fasteners "Power-Stud Anchor"; 
Simpson “Wedge-All”. 

Undercut Anchors Hilti “HDA Self Setting Undercut 
Anchor”; Drillco “Maxi-Bolt”. 

Adhesive Anchors for Concrete 
and Grout Filled Masonry. 

 

Threaded Rods and Nuts As specified for Anchor Bolts and as 
recommended by the adhesive 
manufacturer. 

 Adhesive Hilti "HIT HY 150 MAX", “HIT-ICE”, “HIT 
RE 500”, or “HVA” Systems; ITW 
Ramset/Redhead "Red Head Epcon 
C6" System; Powers Fasteners "Power 
Fast Epoxy Injection Gel" System; 
Simpson “SET Epoxy” or “Acrylic-Tie” 
Systems. 

Adhesive Anchors for Hollow 
Masonry System. 
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 Threaded Rods and Nuts As specified for Anchor Bolts and as 
recommended by the adhesive 
manufacturer. 

 Adhesive Hilti "HIT HY 20" System; ITW 
Ramset/Redhead "Epcon Ceramic 6" 
System; Powers Fasteners "Power Fast 
Epoxy Injection Gel" System; Simpson 
“SET Epoxy” or “Acrylic-Tie” Systems. 

 Screen Tubes As recommended by the manufacturer. 
 
2-2.  ANCHORS.

2-2.01.  Cast-in-Place Anchor Bolts. Cast-in-place anchor bolts shall be 
delivered in time to permit setting before the structural concrete is placed.  
Unless installed in pipe sleeves, anchor bolts shall be provided with sufficient 
threads to permit a nut to be installed on the concrete side of the concrete form 
or the supporting template.  Two nuts, a jam nut, and a washer shall be furnished 
for cast-in-place anchor bolts indicated on the drawings to have locknuts; two 
nuts and a washer shall be furnished for cast-in-place anchor bolts without 
locknuts. 
 
2-2.02.  Epoxy Grouted Anchor Bolts and Reinforcing. Epoxy grout for installing 
reinforcing bars and anchor bolts not indicated to be adhesive anchors shall 
consist of a two-component liquid epoxy adhesive of viscosity appropriate to the 
location and application, and an inert aggregate filler component, if 
recommended by the adhesive manufacturer.   
 
Anchor bolts and reinforcing bars shall be free of coatings that would weaken the 
bond with the epoxy. 
 
2-2.03.  Adhesive, Expansion, and Undercut Anchors. When adhesive, 
expansion, or undercut anchors are indicated on the drawings, only acceptable 
systems shall be used.  Acceptable systems shall include only those systems 
and products specified or specifically indicated by product name on the drawings.  
Alternative anchoring systems may be used only when specifically accepted by 
City.  An acceptable adhesive anchor system may be used as an alternative in 
locations where epoxy grouted anchor bolts are specified or indicated. 
 
Unless otherwise required, single nut and washer shall be furnished for adhesive 
anchors, expansion anchors, and undercut anchors.  Adhesive anchors shall be 
free of coatings that would weaken the bond with the adhesive.   
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Adhesive anchors in hollow masonry shall utilize screen tubes as recommended 
by the manufacturer. 
 

PART 3 - EXECUTION

3-1.  GENERAL. Anti-seize thread lubricant shall be liberally applied to 
projecting, threaded portions of stainless steel anchors immediately before 
tightening of the nuts. 
 
3-2.  CAST-IN-PLACE ANCHOR BOLTS. Cast-in-place anchor bolts shall be 
carefully positioned with templates and secured in the forms prior to placing 
concrete.  Contractor shall verify that anchorage devices are positioned in 
accordance with the design drawings and with applicable equipment submittal 
drawings.  Bolts shall be positioned sufficiently in advance of the concrete 
placement so that an on-site representative of City will have sufficient time to 
inspect the bolts prior to placing concrete.  If Special Inspection of the anchor 
bolts is required by the local building code, anchorage shall be placed in 
sufficient time and with sufficient notification so that such inspection can take 
place without delaying progress of the work. 
 
Threads, bolts, and nuts spattered with concrete during placement shall be 
cleaned prior to final installation of the bolts and nuts. 
 
3-3.  EPOXY GROUT. Epoxy grout components shall be packaged separately at 
the factory and shall be mixed immediately before use.  Proportioning and mixing 
of the components shall be done in accordance with the manufacturer's 
recommendations. 
 
3-3.01.  Preparation. Where indicated on the drawings, anchor bolts and 
reinforcing bars shall be epoxy grouted in holes drilled into hardened concrete.  
Diameters of holes shall be as follows: 
 

Item Diameter of Hole

Anchor Bolts and Reinforcing 
Bars 

1/8 inch larger than the outside 
diameter of the bolt or bar. 

 
The embedment depth for epoxy grouted anchor bolts and reinforcing bars shall 
be at least 15 bolt or bar diameters, unless otherwise indicated on the drawings. 
 
Holes shall be prepared for grouting as recommended by the epoxy grout 
manufacturer. 
 



Milwaukee Water Works, R-163 05550 Print Date 2/24/201010 
Riverside Backup Power Generation -6-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 1.4, 1/3/2003 

3-3.02.  Installation. Anchor bolts and reinforcing bars shall be clean, dry, and 
free of grease and other foreign matter when installed.  The bolts and bars shall 
be set and the epoxy grout shall be placed in accordance with the 
recommendations of the grout manufacturer.  Care shall be taken to ensure that 
all spaces and cavities are filled with epoxy grout, without voids. 
 
3-4.  ADHESIVE ANCHORS. The embedment depth for adhesive anchors shall 
be at least 15 rod diameters unless otherwise indicated on the drawings. 
 
Adhesive for adhesive anchors shall be statically mixed in the field during 
application.  All proportioning and mixing of the components shall be in 
accordance with the manufacturer's recommendations. 
 
Anchors shall be installed in holes drilled into hardened concrete or grout filled 
masonry. Diameter of holes shall be 1/16 inch larger than the outside diameter of 
the rod unless recommended otherwise by the anchor system manufacturer. 
Holes shall be prepared for insertion of the anchors by removing all dust and 
debris using procedures recommended by the adhesive manufacturer. 
 
Adhesive anchors and holes shall be clean, dry, and free of grease and other 
foreign matter at the time of installation.  The adhesive shall be placed and the 
rods shall be set in accordance with the recommendations of the material 
manufacturer.  Care shall be taken to ensure that all spaces and cavities are 
filled with adhesive, without voids. 
 
3-5.  EXPANSION AND UNDERCUT ANCHORS. Expansion and undercut 
anchors shall be installed in accordance with the drawings, but in no case shall 
the embedment depth be less than six bolt diameters. The minimum distance 
between the center of any anchor and an edge or exterior corner of concrete 
shall be at least six times the diameter of the bolt.  Unless otherwise indicated on 
the drawings, the minimum distance between the centers of anchors shall be at 
least 12 times the diameter of the bolt. 
 

End of Section 
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Section 05990 

STRUCTURAL AND MISCELLANEOUS METALS  
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the fabrication and erection of structural and 
miscellaneous metal items not covered in other sections. 
 
Except as otherwise specified or indicated on the drawings, all work shall 
conform to the applicable provisions of the AISC "Manual of Steel Construction - 
Allowable Stress Design", Parts 1, 2, 3, and 4, the AISC "Specification for 
Structural Steel Buildings" and the Aluminum Association "Specifications for 
Aluminum Structures". 
 
Special inspection during the fabrication and erection of structural steel, if 
required by the local building code, is addressed in the quality control section. 
 
1-2.  SUBMITTALS. Complete data, fabrication drawings, and setting or erection 
drawings covering all structural and miscellaneous metal items shall be 
submitted in accordance with the submittals section. 
 
All bolted connections and welds shall be properly identified on the shop 
drawings.  Welding procedures, welding procedure qualification records and 
welder qualifications shall be submitted. 
 
Submittals for high strength bolts, tension control bolts and load indicator 
washers shall include statements from the bolt and washer manufacturers 
certifying satisfactory compliance with the governing standards and the specified 
tests. 
 
1-3.  DELIVERY, STORAGE, AND HANDLING. Materials shall be handled, 
transported, and delivered in a manner which will prevent bends, dents, 
significant coating damage, or corrosion.  Damaged materials shall be promptly 
replaced.  Structural and miscellaneous metal work shall be stored on blocking 
so that no metal touches the ground and water cannot collect thereon.  The 
material shall be protected against bending under its own weight or 
superimposed loads. 
 
Bolting materials shall be stored indoors.  Weld rod shall be stored in accordance 
with the supplier’s instructions and AWS D1.1. 
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1-4.  PLANT CERTIFICATION All fabricating plants providing structural steel 
shall be category STD certified in accordance with the AISC Quality Certification 
Program. 
 

PART 2 - PRODUCTS

2-1.  GENERAL. All structural steel shall be detailed and fabricated to facilitate 
compliance with OSHA 29 CFR Part 1926 subpart R and all other pertinent 
OSHA and local safety regulations. 
 
All field connection materials shall be furnished. 
 
2-2.  MATERIALS.

Steel  

 Shapes (W, WT) ASTM A992 

 Shapes (S, M, HP, C) ASTM A36 or ASTM A572 Grade 50. 

 Other Shapes (angles) ASTM A36 

 Plates and Bars ASTM A36. 

 Sheets ASTM A1008 CS Type B or A1011 
CS Type B. 

 Pipe ASTM A53, Type E or S, Grade B; 
ASTM A500, Grade B or C; or 
ASTM A501. 

 Square and Rectangular 
Structural Tubing 

ASTM A500, Grade B or C. 

 Bolts and Nuts  

 Bolts, High Strength ASTM A325, Type 1; tested in 
accordance with Article 9.2 thereof. 

 Bolts, Tension Control 
Type (Twist off) 

ASTM F1852. Equivalent to ASTM 
A325 

 Bolts, unfinished ASTM A307. 

 Nuts, Heavy-Hex ASTM A563, grade and finish 
compatible with bolts. 
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 Nuts, Self-Locking Prevailing torque type; IFI-100, 
Grade A. 

 Washers  

 Flat, Hardened ASTM F436, Type 1. 

 Lock ANSI/ASME B18.21.1, helical spring 
type. 

 Beveled ASTM F436. 

 Load Indicator ASTM F959, compressible-washer-
type direct tension indicator; type 
compatible with bolts tested in 
accordance with Article 10.2 of 
ASTM F959. 

 Anchor Bolts ASTM F1554, Grade 36 

 Threaded Rods ASTM A36 

 Forged Steel Clevises and 
Turnbuckles 

AISI C-1035 

 Forged Steel Eyebolts and 
Eyenuts 

AISI C-1030, ANSI B 18.15 Type 2 
shoulder pattern unless otherwise 
required 

 Forged Steel Sleeve Nuts AISI C-1018, Grade 2 

Weld Metal (Steel Connections) ANSI/AWS D1.1, Table 3.1, filler 
metal with minimum 70 ksi tensile 
strength unless otherwise required. 

Welded Headed Studs, Concrete 
Anchors, and Shear Connectors 

ASTM A108 with a minimum 
50,000 psi yield strength and 
minimum 60,000 psi tensile strength.  
TRW/Nelson or equal. 

Deformed Bar Anchors  (DBA) ASTM A496 with a minimum 
70,000 psi yield strength and 
minimum 80,000 psi tensile strength. 
TRW/Nelson division or equal. 

Bird Screen 2 mesh , brass or copper wire cloth, 
min wire dia 0.063 inch.  
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Body Solder Flux-core wire, ASTM B32, Alloy 
Grade 20B. 

Shop Coatings  

 Universal Primer As indicated in protective coatings 
section. 

 Epoxy Enamel As indicated in protective coatings 
section. 

 Galvanizing ASTM A123, A153, A385. 
 
2-3.  FABRICATIONS. The following fabrications shall be constructed as 
indicated on the drawings and as specified herein. 
 
2-3.01.  Stairs. Stairs shall be fabricated to the dimensions, arrangements and 
sizes indicated on the drawings.  Stairs shall be true to line and slope, shall be 
rigidly supported, and shall be braced and tightened to prevent movement.  All 
treads shall be level and in perfect alignment and spacing.  Handrails shall be in 
alignment and rigidly connected. 
 
After installation, stairs shall be rigid and shall not sway noticeably or deflect 
under foot traffic.  If necessary to prevent noticeable movement, additional 
supports or bracing shall be provided. 
 
2-3.01.01.  Stair Design. Stairs shall be designed by the stair supplier in general 
accordance with details indicated on the drawings.  The design shall comply with 
all applicable provisions of the local building code, ANSI A117.1, and OSHA as 
applicable.  The design shall be sealed by an engineer registered in the state of 
the project.  If requested, calculations shall be submitted for review. 
 
The completed fabrications shall support a uniform live load of 100 lbs per 
square foot and a concentrated load of 300 lbs applied at the center of the span.  
Individual treads and platforms shall be designed to support a uniform live load of 
100 lbs per square foot or a 300 lb concentrated live load applied on an area of 
4 square inches . Vertical deflections under full live load shall be limited to 
span/240.  Stairs and landings shall be braced or otherwise designed to avoid 
noticeable sidesway.   
 
The stair design and details shall be coordinated with the handrailing and 
guardrailing supplied.  Stair members shall be adequate to accept loads from the 
rail posts based upon the following minimum railing design criteria. 
 

200 lbs applied at any point and in any direction on the top of each rail 
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post. 

50 lbs per lineal foot applied in any direction on the handrail. 

50 lbs per lineal foot applied horizontally at the required guardrail height 
simultaneously with 100 plf applied vertically downward at the top of the 
guardrail. 

 
Connections to the supporting structure shall be adequate to transfer all loadings 
with a factor of safety of at least 3.0 times service load.  The number and type of 
connections shall comply, at a minimum, with the design drawings.  All necessary 
brackets, bolts, and anchors shall be provided. 
 
2-3.01.02.  Nosings. All stair treads shall have non-skid nosings, either 
fabricated integrally with the tread or attached with stainless steel bolts and self-
locking nuts. 
 
2-3.01.03.  Grating Stairs. Treads shall be fabricated from grating material in 
accordance with the grating section.   
 
2-4.  SHOP COATING. All structural and miscellaneous metal items shall be 
shop coated as specified herein.  The requirements for field painting are covered 
in the Protective Coatings section. 
 
2-4.01.  Cleaning. Surfaces shall be dry and of proper temperature when coated, 
and shall be free of grease, oil, dirt, dust, grit, rust, loose mill scale, weld flux, 
slag, weld spatter, and other objectionable substances.  Articles to be galvanized 
shall be pickled before galvanizing.  All other ferrous metal surfaces shall be 
cleaned by solvent, high-speed power wire brushing or by blasting to the extent 
recommended by the paint manufacturer and as required in the protective 
coatings section. 
 
2-4.02.  Edge Grinding. Sharp projections of cut or sheared edges of ferrous 
metals which will be submerged in operation, except for items specified to be hot-
dip galvanized, shall be ground to a radius as needed to ensure satisfactory paint 
adherence and as required in the protective coatings section. 
 
2-4.03.  Prime Painted Steel. Unless otherwise specified or indicated on the 
drawings, all ungalvanized structural and miscellaneous steel shall be given a 
universal prime coat in the shop after fabrication. The dry film thickness of the 
universal primer shall be at least 5 mils [125 µm].  Steel surfaces shall be prime-
coated as soon as practicable after cleaning. Steel shall not be moved or 
handled until the shop coat is dry and hard. 
 
2-4.04.  Galvanizing. Steel materials required to be galvanized are indicated on 
the drawings.  All galvanizing shall be done by the hot-dip process after 
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fabrication.  An approved zinc-rich paint shall be used to touch up minor coating 
damage.  Materials with significant coating damage shall be regalvanized or 
replaced. 
 
Where galvanized bolts are indicated on the drawings or specified, the use of 
zinc-plated bolts will not be acceptable. 
 
2-4.05.  Stainless Steel. Unless otherwise specified, all items fabricated from 
stainless steel shall be thoroughly cleaned and degreased after fabrication.  
Pickling or a light blast cleaning shall produce a modest etch and remove all 
embedded iron and heat tint. Surfaces shall be subjected to a 24 hour water test 
or a ferroxyl test to detect the presence of residual embedded iron and shall be 
retreated as needed to remove all traces of iron contamination. Surfaces shall be 
adequately protected during shipping and handling to prevent contact with iron or 
steel objects or surfaces. 
 
2-4.06.  Aluminum. All surfaces of aluminum which will be in contact with 
concrete, mortar, or dissimilar metals shall be given a coat of epoxy enamel.  
 
2-4.07.  Castings. Shop coating of miscellaneous iron castings will not be 
required. 
 
2-4.08.  Other Surfaces. Painting of zinc coated steel or bronze surfaces will not 
be required. 
 

PART 3 - EXECUTION

3-1.  STRUCTURAL STEEL ERECTION. Structural steel shall be erected so that 
individual pieces are plumb, level, and aligned within a tolerance of 1:500.  The 
elevations of the top of floor and roof members shall be within 1/16 inch of the 
elevations indicated on the drawings.  The faces of girts and other supporting 
members for rigid wall panels shall be in vertical planes within a maximum 
variation of 1/8 inch.  
 
All members and parts, as erected, shall be free of warps, local deformations, 
and unauthorized bends.  All parts shall be assembled accurately as indicated on 
the drawings.  Light drifting will be permitted to draw parts together, but drifting to 
match unfair holes will not be permitted.  Any enlargement of holes necessary to 
make connections in the field shall be done by reaming with twist drills and only 
with the approval of City.  Enlarging holes by burning will not be permitted. 
 
Baseplates shall be set level in exact position and grouted in place. 
 
All materials shall be erected in compliance with OSHA 29 CFR, Part 1926, 
Subpart R, and with all other applicable OSHA and local safety regulations. 



Milwaukee Water Works, R-163 05990 Print Date:  1/29/2010   
Riverside Backup Power Generation -7-  Project Rev Date:  1/29/2010  
B&V Project 162156    

 
3-1.01.  Inspection and Testing. When the quality control section indicates that 
special inspections are required, such inspections shall be performed for field 
fabrication and erection of structural and miscellaneous metals, and for all 
structural steel field connections.  The erector shall provide access as needed to 
facilitate all inspections and shall provide timely notification during erection when 
inspection milestones are approaching. 
 
3-2.  STRUCTURAL STEEL CONNECTIONS. Unless otherwise indicated on the 
drawings, bolted connections for structural steel, as defined in the AISC manual, 
shall be made with ASTM A325 high strength bolts conforming to the 
"Specification for Structural Joints Using ASTM A325 or A490 Bolts" as approved 
by the Research Council on Structural Connections.  The method of installation, 
pretensioning procedures, bolting equipment and tools shall likewise conform to 
the above referenced standard.   
 
Except as otherwise indicated on the drawings or specified herein, bolted 
connections shall be bearing type with threads excluded from the shear plane.  
Slip critical connections shall be used in diagonal bracing connections, where slip 
critical connections are indicated on the drawings, and where oversize holes or 
slotted holes parallel to the direction of the load are used.   
 
Bolts in all structural steel connections, both bearing and slip critical, shall be fully 
pretensioned in accordance with the AISC standards unless specifically noted 
otherwise on the drawings.  The turn-of-the-nut method or load-indicator washers 
shall be used to verify pretensioning of bolts in bearing type connections.  When 
using turn-of-the-nut method the bolt, nut, and material shall be match marked.  
A wax lumber marker or paint shall be used to clearly mark the assembly.  The 
calibrated wrench method of pretensioning bolts will not be permitted. 
 
Load indicator washers shall be used to verify pretensioning of bolts in slip critical 
connections.   Load indicator washers shall be installed in accordance with the 
manufacturer's recommendations, as supplemented herein.  To facilitate proper 
tightening of fastener assemblies with load indicator washers, a hardened flat 
washer shall be installed under the turned element (bolt head or nut) and 
between the turned element and the load indicator washer protrusions, in all 
cases.  Whenever possible, the load indicator washer shall be installed on the 
head end of the bolt.  If the bolt head will not be visible for inspection of the 
indicator washer after installation, or if the bolt head must be turned to tighten the 
assembly, the load indicator washer may be installed on the nut end of the bolt. 
 
Tightening of each connection assembly shall progress systematically from the 
most rigid part of the joint toward the free edges until all have been sufficiently 
rotated or the load indicator washers on all bolts have been closed to the 
average gap stipulated by the load indicator washer manufacturer. 
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If approved by the City, patented tension control type (twist-off) bolts may be 
used in bolted connections.  Bolts shall be of equivalent size and strength to the 
indicated high strength bolts, and shall be installed in strict accordance with the 
manufacturer's instructions.  
 
Bolt holes shall have a diameter nominally 1/16 inch larger than the nominal bolt 
diameter.  Bolt holes for one ply of vertical diagonal bracing connections may be 
oversized to a diameter nominally 3/16 inch larger than the nominal bolt 
diameter.  If oversized holes are provided in an outer ply, a hardened flat washer 
shall be installed over each hole during bolting.  Load indicator washers shall not 
be substituted for hardened flat washers required for oversized holes. 
 
Contact surfaces of slip critical connections shall not be shop coated.   Contact 
surfaces of bearing type connections may be shop coated.  When assembled, all 
joint surfaces, including those adjacent to the bolt heads, nuts, or washers, shall 
be free of loose mill scale, dirt, burrs, oil, and other foreign material that would 
prevent solid seating of the parts. 
 
Beveled washers shall be used when the bearing faces of bolted parts have a 
slope of 1:20 or greater with respect to a plane perpendicular to the bolt axis.  
Bolt length shall be increased as needed to accommodate the beveled washers. 
 
Bolts, nuts, and washers shall be galvanized when connected materials are 
galvanized or where indicated on the drawings. 
 
3-3.  MISCELLANEOUS STEEL CONNECTIONS. Connections for 
miscellaneous steel fabrications not included in the AISC definition of structural 
steel may be made with unfinished bolts unless indicated otherwise on the 
drawings.  Unless otherwise indicated on the drawings all unfinished bolts shall 
be snug tight.  
 
3-4.  STRUCTURAL AND MISCELLANEOUS STEEL WELDING. Welding and 
related operations shall conform to applicable provisions of the Structural 
Welding Code - Steel, AWS D1.1, of the American Welding Society.  All welding 
shall be performed in accordance with written procedures, using only those joint 
details which have prequalified status when performed in accordance with AWS 
D1.1.  All welding shall be performed by welders qualified in accordance with the 
American Welding Society for steel welding and American Society for Mechanical 
Engineers Section IX for stainless steel welding.  
 
All welds shall be visually inspected in accordance with AWS procedures.   
 
Welds not dimensioned on the drawings shall be sized to develop the full 
strength of the least strength component of the connection.  
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Where structural or miscellaneous steel connections are welded, all butt and 
miter welds shall be continuous and, where exposed to view, shall be ground 
smooth.  Intermittent welds shall have an effective length of at least 2 inches 
[50 mm] and shall be spaced not more than 6 inches apart. 
 
Surfaces to be welded and surfaces within 2 inches of a weld shall be free from 
loose or thick scale, slag, rust, moisture, grease, paint and other foreign 
materials that would prevent proper welding or release objectionable fumes. 
 
Only shielded metal arc, gas metal arc, flux cored arc, submerged arc, and gas 
tungsten arc welding are permitted.  For flux cored arc welding, only E70xx one 
(1) or five (5) wire electrodes with supplemental gas shielding shall be permitted.  
Use of electroslag or electrogas welding processes or the short-circuiting transfer 
mode of the gas metal arc process will not be acceptable. 
 
Field welded connections shall not be substituted for field bolted connections 
indicated on the drawings. 
 
Deformed bar anchors, headed studs, concrete anchors and shear connectors 
shall be welded with an automatic stud welding gun per the manufacturer’s 
recommendation.  Hand welding will not be acceptable. 
 
3-5.  STRUCTURAL AND MISCELLANEOUS ALUMINUM. Unless otherwise 
noted, all work shall conform to applicable provisions of the Aluminum 
Association "Standard for Aluminum Structures". 
 
3-5.01.  Connections. Connections not specifically detailed on the drawings shall 
develop the full strength of the least strength member of the connections.  Bolted 
connections shall be all-bolted bearing type, equipped with a helical spring lock 
washer under the stationary element (bolt head or nut) and a flat washer under 
the turned element.  All bolts shall be fully tightened.  Bolts and nuts for structural 
aluminum connections shall be stainless steel.  Bolts and nuts for nonstructural 
miscellaneous aluminum assemblies shall be stainless steel or aluminum.  A 
sufficient number of bolts shall be provided in each connection to develop the 
shear strength of the member.  
 
Welded connections shall be made in accordance with the American Welding 
Society D1.2, Structural Welding Code - Aluminum.  All welding shall be 
performed by welders qualified in accordance with American Welding Society.  
Welds shall be free of porosity, cracks, holes, and flux.  Welded connections 
shall not be substituted for bolted connections without prior approval of City. 
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3-5.02.  Erection. Structural aluminum shall be erected so that individual pieces 
are plumb, level, and aligned within a tolerance of 1:500.  The elevation of 
horizontal members shall be within 1/16 inch of the elevation indicated on the 
drawings. 
 
Baseplates shall be set level in exact position and grouted in place. 
 

End of Section 
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Section 06100

ROUGH CARPENTRY

PART 1 - GENERAL

1-1. SCOPE. This Section covers miscellaneous items required by the
Drawings to be of wood construction, as well as miscellaneous items required by
construction methods not specifically indicated on the drawings. Rough
carpentry shall include:

a. Treated wood nailers and blocking.

1-2. SUBMITTALS. Drawings and data for rough carpentry and field fabricated
items will not be required.

1-3. PROTECTION AND STORAGE. Lumber shall be protected and kept under
cover, both in transit and at jobsite. Lumber shall be carefully stacked on
suitable supports in a manner which will ensure proper ventilation and drainage.

All lumber shall be delivered to the jobsite bearing grade stamps of the Western
Wood Products Association or Southern Pine Inspection Bureau. All lumber
shall be segregated by grades. Extreme care shall be exercised in unloading the
lumber to prevent damage, splitting, or breaking of materials.

All plywood shall be identified according to species, grade, and glue type by the
stamp of the American Plywood Association.

PART 2 - PRODUCT

2-1. MATERIALS.

Lumber American Standard Lumber
conforming to PS20, moisture
content 19 percent or less; sized dry.

Pressure Treated Southern pine, pressure treated with
waterborne preservative in
accordance with AWPA C2 and
AWPB LP-22. (CCA IS NOT
ALLOWED) alkaline copper quat
(ACQ types B and D) or copper
azole (CBA-A, CA-B).
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Polyethylene Film Fed Spec L-P-378, Type I; 6 mil.

Bolts and Nuts galvanized ASTM A153, Type NS, or
zinc-plated ASTM B633, SC-4.

Wood Screws 18-8 stainless steel or brass or
Galvanized steel G-185 coatings for
hot-dipped galvanized or class
ratings of 40 or above when using
electrogalvanized

Self-tapping Steel Screws Length and size as required by code.

Nails Galvanized or aluminum coated.

PART 3 - EXECUTION

3-1. ROUGH CARPENTRY. Rough carpentry shall include lumber work
generally, except finish work.

The Contractor shall install all wood blocking and nailers as indicated on the
Drawings or required to complete a finished building. In addition to all framing
indicated on the Drawings, nailers and other backing required for other work and
trades shall be installed.

At all times during execution of this portion of the Contract, sufficient workmen
and supervisors shall be present who are thoroughly familiar with rough
carpentry construction and the materials and techniques specified or indicated
on the Drawings.

All rough carpentry shall produce joints true, tight, and well nailed, with all
members assembled in accordance with the Drawings and with all pertinent
codes and regulations.

Individual pieces of lumber shall be selected so that obvious defects will not
interfere with the placement of bolts, proper nailing or making of joints. All
pieces with defects which render them unusable shall be discarded. Individual
pieces of lumber which are too small to use in fabricating the Work with minimum
joints shall be discarded.

Whether or not lumber has been installed, it may be rejected by the City for
excessive splits, warp, twist, bow, crook, mildew, or fungus, as well as for
improper cutting and fitting.
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Carpentry work shall be set to required levels and lines, with members plumb
and true.

Carpentry shall be securely attached to substrates by anchoring and fastening as
indicated and as required for strength and by recognized standards.

The premises shall be kept in a neat, safe, and orderly condition at all times
during the execution of this portion of the Work and shall be free from
accumulation of sawdust, cut ends, and other debris.

Connections between members shall be tight. Washers shall be provided under
all bolt heads and nuts in contact with lumber. Installation of fasteners shall not
cause splitting of wood.

Nailers shall be provided where indicated on the Drawings. The nailers shall be
continuous and shall be installed level and straight. Each section of nailer shall
be secured by at least two anchor bolts.

End of Section



Milwaukee Water Works, R-163 07600 Print Date 2/24/2010 
Riverside Backup Power Generation -1-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 1.2 5/12/2006 

Section 7600 
 

SHEET METAL 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers metal wall panel systems. sheet metal for 
flashings and moisture protection.  The following sheet metal items are covered 
in other sections: 
 

a. Ductwork, louvers, and other sheet metal for the heating, ventilating, 
and air conditioning system. 

 
1-2. GENERAL. Installation of wall and roof flashings shall be as indicated on 
the drawings and as specified in other sections and as here-in.   
 
Masonry through-wall flashings shall be Hohmann & Barnard H-B H&B C-Fab 
Flashing or equal of a light flexible sheet of soft-tempered 5 oz copper 
permanently coated and bonded between two layers of asphalt-saturated glass 
fabric conforming to ASTM B 370 (110 Alloy). 
 
Miscellaneous exposed metal flashings shall cover top of masonry wall metal 
cap  flashings, ends, miters, vertical transitions and all cap flashing conditions as 
indicated on the drawings to provide a complete installation. 
 
Metal wall panel systems shall include flashing, fasteners, trim, closures, and all 
appurtenances necessary for the complete metal wall panel system.  All metal 
wall panel systems and their components, including flashing and trim, shall be 
designed, detailed, and fabricated to tolerances which, when erected, will ensure 
proper fit and uniform appearance.  Wall panel system components shall be 
designed, detailed, and fabricated so that the completed systems shall be 
resistant to all specified loads and to wind, rain, and dust infiltration.  Steel 
components shall conform to the AISI Specifications for the Design of Light 
Gauge Cold-Formed Structural Members.  Panels having excessive oil canning 
as determined by the Purchaser will be rejected. 
 
Flashing members to be built into masonry, concrete, or roofing shall be 
delivered at the proper time for incorporation into the work. 
 
When installing sheet metal items, care shall be taken to avoid marring and 
improper bending.  All components shall be stored in clean, dry storage areas.  
Contact with corrosive or staining materials shall be prevented.  All damaged 
sections shall be replaced and only undamaged units shall be installed. 
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1-3.  SUBMITTALS. Complete specifications, data, and catalog cuts or drawings 
covering the items furnished under this section shall be submitted in accordance 
with the Submittals section. 
 
1-4.  HANDLING AND STORAGE. Adequate protection shall be provided during 
shipment, site storage, and installation to prevent damage to materials or 
finished work. 
 

PART 2 - PRODUCTS

2-1.  MATERIALS.

Galvanized Steel     ASTM A366 or A569; hot-dip galvanized 
in accordance with ASTM A525, G90 
minimum. 

 
Sheet Aluminum     ASTM B209, Alloy 3003-H14, mill finish. 

 
Extruded Aluminum    ASTM B221, Alloy 6053 or 6063. 

 
Stainless Steel     ASTM A167, Type 302 or 304, AISI 2B 

finish unless otherwise specified. 
 

Solder       ASTM B32, Alloy Grade 50A (50-50). 
 

Soldering Flux 
 

For Stainless Steel   Zinc chloride type, Fed Spec 0-F-506, 
Type II. 

 
For Other Metals    Acid type, Fed Spec O-F-506, Type I, 

Form A. 
 

Fasteners      Same metal as sheet metal being 
fastened. 

 
Metal Wall Panel Finish   Centria Versawall Duracast Textured 

finish system color selected by architect 
from manuf. Standard colors 

 
Metal Wall Panel      Centria Versawall Planked 2.0” 36” wide 

R-14 panel system or equal by 26 gauge 
minimum yield steel, C-90 Galv., with 
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HCFC-free factory foam filled, with 
concealed clips.  

 
Metal Liner Panel     Centria L-21, 1 ½” thk. panel, 24 inch 

wide, or pre-qualified City approved 
equal, 18 gage minimum, C-90 Galv. 
With Fluorofinish Kynar 500 with .8 mil 
color coat, .2mil primer from manuf. 
standard colors.   

 
Masonry Through-wall Flashing Hohmann & Barnard H-B H&B C-Fab 

Flashing or equal of a light flexible sheet 
of soft-tempered 5 oz copper 
permanently coated and bonded 
between two layers of asphalt-saturated 
glass fabric conforming to ASTM B 370 
(110 Alloy). 

 
Masonry Two-piece 
Through-wall Flashing     Same as above with individual pieces 

permanently field bonded together using 
H&B Asphalt coated copper flashing 
mastic for weather-tight installation, or 
utilize one sheet wide enough per 
application. 

 
2-2.  FLASHINGS. All exposed or contacting flashings shall be of the same 
material. 
 
2-2.01.  Types

Miscellaneous     Stainless steel, 26 gage. 
 Flashings 
 

Miscellaneous Exposed   Prefinished metal flashing, 22 gage 
 Flashing       steel and shall have “Kynar 500” finsh.   

Fluoropolymer coating, both the finish 
coat (min. 0.7 mil) and the prime coat 
(min. 0.25 mil) shall be oven baked.  
Color to be selected from 
manufacturer’s standard colors. 

 

Masonry Through-wall Flashing Hohmann & Barnard H-B H&B C-Fab 
Flashing 5 oz copper or equal 
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Bar-type Flashing     Hohmann & Barnard H-B H&B C-Fab 

Flashing 5 oz copper or equal 
 

2-3.  CONFIGURATIONS.

2-3.01.  Reglets. Not Used. 
 
2-3.02.  Hoods. Counterflashing hoods shall be provided for all conduits and 
pipes which pass through the walls,.  Hoods shall be fabricated of 24 gage 
stainless steel or 22 gage prefinished galvanized steel, and shall conform to the 
details indicated on the drawings. 
 
2-3.03.  Miscellaneous Metal Flashings. Metal flashings shall be provided for 
vents, sleeves, and similar projections through the roof. 
 
Unless otherwise indicated on the drawings, all flashings for such projections 
shall be fabricated from prefinished galvanized steel and shall extend at least 8 
inches above the roof. 
 
2-3.04. Gutters and Downspouts. Not Used. 
 
2-3.05. Masonry Through-wall Flashing.  Hohmann & Barnard H-B H&B C-Fab 
Flashing or equal of a light flexible sheet of soft-tempered 5 oz copper 
permanently coated and bonded between two layers of asphalt-saturated glass 
fabric conforming to ASTM B 370 (110 Alloy). Two-piece through-wall flashing is 
the same material with individual pieces permanently field bonded together using 
H&B Asphalt coated copper flashing mastic for weather-tight installation.  
 
2-3.06. Bar-type Flashing. T1 or T2 - Termination Bars. Mechanically secure the 
flashing to backup. Fabricated from Type 304 stainless steel.  1/4" (6.4 mm) 
holes spaced 8" (203 mm) o.c.  T2 is single-winged style to accept caulking and 
T1 is standard style to be compatible with all H&B membrane and copper-
laminate flashings. Provide optional Foam-Tite Seal, T2-FTS, in order to seals 
voids between the termination bar and irregular surfaces of the substrate to 
protect against water penetration. 
 

PART 3 - EXECUTION

3-1. INSTALLATION. 
 
3-1.01 Watertight Joints. Joints in sheet metal work shall be closed watertight 
unless slip joints are specifically required.  Watertight joints shall be mechanically 
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interlocked and then thoroughly soldered for metals other than aluminum.  Joints 
in aluminum or between aluminum and other metals shall be sealed with acrylic 
sealant. 
 
All joints shall be wiped clean of flux after soldering.  Acid flux shall be 
neutralized by washing the joints with sodium bicarbonate. 
 
3-1.02.  Reglets. Not Used 
 
3-1.03.  Hoods. Counterflashing hoods  shall be installed as specified in the 
roofing section. 
 
3-1.04.  Miscellaneous Metal Flashings. Metal flashings shall be installed as 
specified here-in and shall be installed in proper coordination and sequencing 
with related trades including masonry in accordance with the Building Masonry 
section and rough carpentry for treated wood blocking in accordance with the 
Rough Carpentry section. 
 

End of Section 
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Section 07840 
 

FIRESTOPPING 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the firestopping of penetrations through fire 
rated assemblies in floors, walls, ceilings, and roofs. 
 
1-2.  DEFINITIONS. Firestopping:  Material or combination of materials used to 
retain integrity of fire rated construction by maintaining an effective barrier 
against the spread of flame, smoke, and hot gases through penetrations in fire 
rated wall and floor assemblies. 
 
1-3.  GENERAL DESCRIPTION OF THE WORK OF THIS SECTION. Only 
tested firestop systems shall be used in specific locations as follows: 

a. Penetrations for the passage of duct, cable, cable tray, conduit, 
piping, electrical busways and raceways through fire-rated vertical 
barriers (walls and partitions), horizontal barriers (floor/ceiling 
assemblies), and vertical service shaft walls and partitions.  

b. Safing slot gaps between edge of floor slabs. 
c. Openings between structurally separate sections of wall or floors. 
d. Gaps between the top of walls and ceilings or roof assemblies. 
e. Expansion joints in walls and floors. 
f. Openings and penetrations in fire-rated partitions or walls 

containing fire doors. 
g. Openings around structural members which penetrate floors or 

walls. 
 
1-4.  REFERENCES.

Test Requirements:  ASTM E-814, "Standard Method of Fire Tests of Through 
Penetration Fire Stops" (July 1997). 
 
Underwriters Laboratories (UL) of Northbrook, IL runs ASTM E-814 under their 
designation of UL 1479 and publishes the results in their "FIRE RESISTANCE 
DIRECTORY" that is updated annually. 
 
Test Requirements:  UL 2079, “Tests for Resistance of Building Joint Systems” 
(July 1998). 
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International Firestop Council Guidelines for Evaluating Firestop Systems 
Engineering Judgments 
 
Inspection Requirements:  ASTM E 2174 – 01, “Standard Practice for On-site 
Inspection of Installed Fire Stops.” 
 
All major building codes:  ICBO, SBCCI, BOCA, and IBC. 
 
1-5.  QUALITY ASSURANCE. A manufacturer's field service representative 
(not distributor or agent) shall be on-site during initial installation of firestop 
systems to train appropriate Contractor personnel in proper selection and 
installation procedures.  This shall be done per manufacturer's written 
recommendations published in literature and drawing details. 
 
Firestop System installation must meet requirements of ASTM E-814, UL 1479 
or UL 2079 tested assemblies that provide a fire rating equal to that of 
construction being penetrated. 
 
Firestop Systems do not reestablish the structural integrity of load bearing 
partitions/assemblies, or support live loads and traffic.  Installer shall consult the 
structural engineer prior to penetrating any load bearing assembly. 
 
For those firestop applications that exist for which no UL tested system is 
available through a manufacturer, a manufacturer's engineering judgment 
derived from similar UL system designs or other tests will be submitted to local 
authorities having jurisdiction for their review and approval prior to installation.  
Engineering judgment drawings must follow requirements set forth by the 
International Firestop Council (September 7, 1994). 
 
1-6.  SUBMITTALS. Contractor shall submit complete specifications, product 
data, and catalog cuts or drawings in accordance with the Submittals section.  
Submit the above for each material including the composition and limitations, 
documentation of UL firestop systems to be used and manufacturer's 
installation instructions. 
 
Submit manufacturer's engineering judgment identification number and drawing 
details when no UL system is available for an application.  Engineering 
judgment must include both project name and contractor’s name who will install 
firestop system as described in drawing. 
 
Submit material safety data sheets provided with product delivered to job-site. 
 
1-7.  INSTALLER QUALIFICATIONS. Engage an experienced Installer who is 
certified, licensed, or otherwise qualified by the firestopping manufacturer as 
having been provided the necessary training to install manufacture’s products 
per specified requirements.   
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PART 2 - PRODUCTS

2-1.  FIRESTOPPING (GENERAL). Provide firestopping composed of 
components that are compatible with each other, the substrates forming 
openings, and the items, if any, penetrating the firestopping under conditions of 
service and application, as demonstrated by the firestopping manufacturer 
based on testing and field experience. 
 
Provide components for each firestopping system that are needed to install fill 
material.  Use only components specified by the firestopping manufacturer and 
approved by the qualified testing agency for the designated fire-resistance-rated 
systems. 
 
Firestopping Materials are either “cast-in-place” (integral with concrete 
placement) or “post installed.”   Provide cast-in-place firestop devices prior to 
concrete placement. 

 
2-2.  ACCEPTABLE MANUFACTURERS. Subject to compliance with through 
penetration firestop systems (XHEZ) and joint systems (XHBN) listed in Volume 
II of the UL Fire Resistance Directory; provide products of the following 
manufacturers as identified below: 
 
� Hilti, Inc., Tulsa, Oklahoma, 800-879-8000; W.R.  

� Grace and Co.,62 Whittemore Avenue, Cambridge, MA, 866-333-3726:  

� 3M,  3M Corporate Headquarters St. Paul, MN, 888-364-3577 or approved 
equal. 

2-3.  MATERIALS. Use only firestop products that have been UL 1479, ASTM 
E-814, or UL 2079 tested for specific fire rated construction conditions 
conforming to construction assembly type, penetrating item type, annular space 
requirements, and fire-rating involved for each separate instance. 
 
Provide a firestop system with a "F" Rating as determined by UL 1479 or ASTM 
E814 which is equal to the time rating of construction being penetrated. 
 
Provide a firestop system with an Assembly Rating as determined by UL 2079 
which is equal to the time rating of construction being penetrated. 
 
PART 3 - EXECUTION 
 
3-1.  PREPARATION. Verification of Conditions:  Examine areas and conditions 
under which work is to be performed and identify conditions detrimental to 
proper or timely completion. 
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Verify penetrations are properly sized and in suitable condition for application of 
materials. 
 
Surfaces to which firestop materials will be applied shall be free of dirt, grease, 
oil, rust, laitance, release agents, water repellents, and any other substances 
that may affect proper adhesion. 
 
Provide masking and temporary covering to prevent soiling of adjacent surfaces 
by firestopping materials. 
 
Comply with manufacturer's recommendations for temperature and humidity 
conditions before, during and after installation of firestopping. 
 
Do not proceed until unsatisfactory conditions have been corrected. 

 
3-2.  COORDINATION. Coordinate location and proper selection of cast-in-
place Firestop Devices with trade responsible for the work.  Ensure device is 
installed before placement of concrete. 
 
Responsible trades to provide adequate spacing of field run pipes to allow for 
installation of cast-in-place firestop devices without interferences. 
 
3-3.  INSTALLATION. Regulatory Requirements:  Install firestop materials in 
accordance with UL Fire Resistance Directory. 
 
Manufacturer's Instructions: Comply with manufacturer's instructions for 
installation of through penetration and construction joint materials. 
 
Seal all holes or voids made by penetrations to ensure an air and water 
resistant seal. 
 
Consult with mechanical engineer, project manager, and damper manufacturer 
prior to installation of UL firestop systems that might hamper the performance of 
fire dampers as it pertains to duct work. 
 
Protect materials from damage on surfaces subjected to traffic. 
 
3-4.  FIELD QUALITY CONTROL. Examine sealed penetration areas to ensure 
proper installation before concealing or enclosing areas. 
 
Keep areas of work accessible until inspection by applicable code authorities. 
 
Perform under this section patching and repairing of firestopping caused by 
cutting or penetrating of existing firestop systems already installed by other 
trades. 
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3-5.  ADJUSTING AND CLEANING. Remove equipment, materials and debris, 
leaving area in undamaged, clean condition. 
 
Clean all surfaces adjacent to sealed holes and joints to be free of excess 
firestop materials and soiling as work progresses. 
 

End of Section 
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Section 07900 
 

CAULKING 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers caulking and sealing.  Fire rated caulking is 
covered in the Firestopping section. 
 
1-2.  GENERAL. The terms "caulking" and "sealing", as used on the drawings and 
in these specifications, are synonymous.  Both terms indicate the materials 
specified herein.  Oil-base caulking shall not be used on this project. 
 
1-3.  APPROVALS. All caulking shall meet the requirements of the standards 
specified herein.  All caulking and sealing to be used in contact with potable water 
shall meet the requirements of ANSI/NSF Standard 61. 
 
1-4.  SUBMITTALS. Specifications and data covering the materials proposed for 
use, together with samples or color cards showing the manufacturer's full line of 
sealant colors, shall be submitted in accordance with the Submittals section. 
 

PART 2 - PRODUCTS

2-1.  MATERIALS.

Thiokol Sealants (polysulfides) Fed Spec TT-S-00227E, Class A or 
ASTM 920 Type M; polysulfide rubber, 
two component. 

 Nonsag  
 Submerged Service, 
 Non potable water 

Pecora "Synthacalk GC-2+"; Sonneborn 
“Sonolastic Polysulfide Sealant”. 

 Nonsubmerged Service Pecora "Synthacalk GC-2+"; Sonneborn 
"Sonolastic Polysulfide Sealant";  
Polymeric Systems “PSI-350”. 

 Self-Leveling, nonsubmerged A. C. Horn "Hornflex Traffic Grade"; 
Polymeric Systems “PSI-350”. 

 Urethane Sealants (Polyurethanes) Fed Spec TT-S-00227E, Class A, Type 
2 and ASTM C920, Type M, Grade NS, 
two component. 

 Nonsag  
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Nonsubmerged Service 
Exterior Building envelope 

ASTM C920, Type S, Grade NS, Class 
25, use NT, M, A, O single component 
gun grade. As manufactured by Pecora 
"Dynatrol I," Sonneborn "NP-I," Tremco 
"Dymonic," or City acceptable equal 

 Submerged Service  
 Potable Water Polymeric Systems “RC-270”; Sika 

“Sikaflex-2cNS. 
 Nonpotable Water Pecora "Dynatred"; Polymeric Systems 

“RC-270". 
 Nonsubmerged Service Bostik "Chem-Calk 500"; Tremco 

"Vulkem 227"; Pecora "Dynatrol II"; 
Tremco "DYmeric 240"; Sika “Sikaflex-
2cNS”. 

 Self-Leveling,  
 Nonsubmerged Service 

Bostik "Chem-Calk 550"; Tremco 
"Vulkem 245"; Pecora "Urexpan 
NR-200"; Polymeric Systems “ RC-2SL"; 
Tremco "THC-900". 

 Acrylic Sealant Fed Spec TT-S-230; ASTM C834.  
 Bostik “Chem-Calk 600”; Pecora “ 

AC20”; Tremco “Mono”. 
 

Silicone Sealant Silicone rubber, neutral color; Dow 
Corning "Mildew-Resistant silicone 786"; 
General Electric "Silicone Sanitary 1700 
Sealant". 

 Primer As recommended by the sealant 
manufacturer. 

 Backup Material Polyethylene or polyurethane foam as 
recommended by the sealant 
manufacturer; Dow "Ethafoam SB" or 
Plateau "Denver Foam". 

 Bondbreaker Tape Adhesive-backed polyethylene tape as 
recommended by the sealant 
manufacturer. 

 
2-2.  COLORS. Colors of sealants shall be as selected by City from the 
manufacturer's standard line of colors.  Different colors may be required for different 
locations. 
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2-3.  LOCATIONS TO BE CAULKED.

2-3.01.  With Thiokol or Urethane Sealant (Nonsag) - Submerged Service. As 
indicated on drawings 
 

All joints requiring caulking in submerged locations.  
 

2-3.02.  With Thiokol or Urethane Sealant (Nonsag) - Nonsubmerged Service. As 
indicated on drawings 
 

Entire perimeter of frames for exterior metal doors. 
 
Entire perimeter of metal louvers. 
 
Entire perimeter of metal dampers and metal shutters. 
 
Entire perimeter of aluminum windows. 
 
Control joints in masonry walls. 
 
Perimeter of aluminum entrances and assemblies, except exterior side of 
exterior sills. 
 
Joints and sealant beads in metal flashings and penetrations as indicated on 
the drawings. 
 
Joints between masonry and cast-in-place concrete, where indicated on the 
drawings. 
 
Other locations where caulking is indicated on the drawings, specified in other 
sections, or required for weatherproofing. 

2-3.03.  With Thiokol or Urethane Sealant (Self-Leveling). As indicated on 
drawings 
 

Horizontal joints in walks or drives. 
 
Horizontal joints in traffic-bearing decks and slabs. 
 
Annular space around handrail posts set in sleeves.

2-3.04.  With Acrylic Sealant.

Watertight joints in sheet metal work. 
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Interior perimeter of frames, hollow metal door frames, aluminum windows, 
rolling door frames, and other interior location where indicated on drawings. 

2-3.05. With Silicone Sealant.

Around floor urinals, plumbing fixtures, and other wet locations as indicated on 
the drawings. 

PART 3 - EXECUTION

3-1.  JOINT PREPARATION. All surfaces to receive sealant shall be clean, dry, 
and free from dust, grease, oil, or wax.  Concrete surfaces which have been 
contaminated by form oil, paint, or other foreign matter which would impair the bond 
of the sealant to the substrate shall be cleaned by sandblasting.  All surfaces shall 
be wiped with a clean cloth saturated with xylol or other suitable solvent, and shall 
be primed before the sealant is applied. 
 
Unless otherwise recommended by the sealant manufacturer and permitted by the 
City, the depth of sealant in a joint shall be equal to the width of the joint, but not 
more than 1/2 inch.  Backup material shall be provided as necessary to control the 
depth of sealant and shall be of suitable size so that, when compressed 25 to 
50 percent, the space will be filled.  Backup material shall be rolled or pressed into 
place in accordance with the manufacturer's installation instructions, avoiding 
puncturing and lengthwise stretching.  If depth of the joint does not permit use of 
backup material, bondbreaker tape shall be placed at the bottom of the joint to 
prevent three-sided adhesion. 
 
3-2.  SEALING. Sealing work shall be done before any field painting work is 
started.  The air temperature and the temperature of the sealed surfaces shall be 
above 50°F when sealing work is performed. 
 
Upon completion of the sealing work, each sealed joint shall have a smooth, even, 
tooled finish, flush with the edges of the sealing recess, and all adjacent surfaces 
shall be clean.  Sealant shall not lap onto adjacent surfaces.  Any sealant so 
applied as to prevent the painting of adjacent surfaces to a clean line, or with an 
excess of material outside the joint and feathered onto surfaces, shall be removed 
and the joint resealed. 
 

End of Section 
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Section 09250

GYPSUM WALLBOARD

PART 1 - GENERAL

1-1. SCOPE. This section covers gypsum wallboard partitions and ceilings,
complete with metal furring, framing, ceiling suspension system, and
accessories, to be furnished and installed at the locations indicated on the
drawings.

1-2. GENERAL. Gypsum wallboard construction shall be coordinated with other
building, electrical, heating, ventilating, air conditioning, and plumbing work.
Suspended ceiling support members shall be arranged to properly support
fixtures and casings.

1-3. SUBMITTALS. Complete specifications, data, and catalog cuts or drawings
covering the items furnished under this section, including installation drawings
showing ceiling suspension details, shall be submitted in accordance with the
Submittals section.

1-4. DELIVERY AND STORAGE. All materials shall be delivered in original
packages bearing the name of the manufacturer and the brand.

Materials shall be stored inside under cover, with wallboard stacked flat and
supported off the floor. Adhesives shall be stored in dry areas and protected
against freezing. Metal goods shall be protected against rusting.

Sheet metal and wire gages set forth herein are minimums and refer to
US Standard gage.

1-5. PROTECTION. Areas to receive wallboard shall have a temperature of
55 F or higher for 24 hours prior to installation of wallboard. The temperature
shall be maintained at 55 F or higher until wallboard installation is complete and
joints are completely dry.

Adequate ventilation shall be provided to eliminate excessive moisture during
and following joint treatment applications.

PART 2 - PRODUCTS

2-1. MATERIALS. Materials shall conform to the following:
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Gypsum Wallboard, General ASTM C840 & C1396, Type X,
fire-rated;

Purpose 5/8 inch thick, tapered edges.

Partition Studs ASTM C954, C955 & C645 Rev A;
galvanized steel, 25 gage, 3-5/8 inch
deep channel type screw studs,
complete with top and bottom tracks.

Corner Beads ASTM C1047, galvanized steel, one
inch by 1-1/4 inch perforated
flanges.

Casing Beads ASTM C1047, galvanized steel, with
perforated flanges.

Control Joints

Wall Zinc or galvanized steel, with
1/4 inch wide V-shaped opening and
perforated flanges.

Suspended Ceiling Ceiling manufacturer's standard.

Joint Compound ASTM C475; premixed paste.

Joint Tape ASTM C475; perforated.

Wallboard Screws ASTM C1002; Type S, self-tapping
screws for 25 gage metal studs.

Hangers Galvanized steel wire, 8 gage.

Powder-Actuated Anchors Fed Spec GGG-D-777.

Masonry Nails Hardened steel, screw type,
fabricated from 9 gage wire.

2-2. MATERIALS. Specific material sizes, type and applications.

General purpose 5/8” Impact resistant Type X or Type C, fire
rated, tapered edge as required by UL
assembly.
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Studs
Galvanized steel 3-5/8 in. 20 gauge 16 in. As indicated on the
drawings

Corner beads
CB-114 x 114 External corners, horizontal and vertical
[1.26 in. by 1.26 in.]

Edge trim
L-58: 5/8 in. Exposed edges and where gypsum

board abuts other materials

Casing bead
LC-58: 5/8 in. Door and window inside corners

Control joints
V-shaped 7/8 in. In accordance with the drawings, but not

more than 30 ft for walls, or 50 ft for
ceiling, and at corners of all interior door
and borrowed light frames.

PART 3 - EXECUTION

3-1. INSTALLATION OF FRAMING. Unless otherwise specified, installation of
wall framing members shall conform to ASTM C754 and installation of
suspended ceiling framing shall conform to ASTM C636.

3-1.01. Suspended Ceiling Framing. Not Used.

3-1.02. Framing for Ceiling Drops and Vertical Returns. Ceiling drops and
vertical returns shall be constructed as indicated on the drawings and shall be
securely anchored to overhead construction. Furring channels shall be spaced
at 16 inch centers and shall be rigidly braced and anchored.

3-1.03. Partition Framing. Tracks shall be aligned accurately according to the
partition layout and anchored at 24 inch centers. Studs shall be vertical, spaced
not more than 16 inches on center. All studs adjacent to partition intersections
and corners shall be anchored to the tracks with screws through each stud and
track flange. Stud splices shall be lapped 8 inches and shall have two screws in
each flange.
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Studs shall be located not more than 2 inches from all door frame jambs,
partition corners, and dissimilar construction. Studs shall be anchored to the
jamb anchor clips of each door frame with bolts or screws. A section of track
shall be installed within each door frame head, with the ends slit and the flanges
overlapping the adjacent studs and attached with two screws at each end. Stud
sections shall be installed over each door frame at the specified spacing.

Short lengths of metal studs or wood blocking shall be installed horizontally
between studs wherever required for anchorage of wall- mounted items at
locations indicated on the drawings or as required by the equipment and
accessories furnished.

3-1.04. Furring. Not Used

3-2. INSTALLATION OF GYPSUM WALLBOARD. Unless otherwise specified,
installation shall conform to ASTM C840.

3-2.01. Installation. General purpose gypsum wallboard shall be used in all
locations.

Wallboard shall be of maximum practical length to reduce the number of end
joints. Ends and sides shall be in contact but not forced into place. Wallboard
shall be cut neatly to fit around all outlets, switch boxes, recessed light fixtures,
diffusers, and similar items.

For walls and partitions gypsum wallboard shall be installed with long dimension
vertical. All side joints shall be made over framing members. Joints on opposite
sides of partitions shall occur over different studs. End joints, if required, shall
be neatly fitted and staggered. Boards shall be fastened to each framing
member with screws spaced not more than 12 inches apart in the field and
edges of boards.

3-2.02. Attachment. Screws shall be driven not less than 3/8 inch, nor more
than 1/2 inch, from ends and edges of boards. All screw heads shall be dimpled
slightly below the surface of the board, with particular care taken not to break the
face paper or otherwise damage the surface or core of the board.

3-2.03. Accessories. Metal corner beads shall be installed at all external
corners, and metal casing beads shall be installed at all edges of wallboard
where exposed or where abutting other materials.

In general, all corners and all exposed edges and openings through wallboard
shall be protected with metal casings made accurately to size and dimension.
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Control joints shall be provided in walls and ceilings at the locations indicated on
the drawings.

3-3. FINISHING. Unless otherwise specified, finishing of the gypsum wallboard
shall conform to ASTM C840. Where gypsum wallboard is to be painted or is to
receive vinyl fabric wall covering, all joints, fastener dimples, and other
depressions shall be finished with tape and joint compound, with joint compound
feathered and sanded smooth. Wallboard surfaces shall be left smooth, clean,
and ready for painting or the application of the wall covering.

End of Section
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Section 09510

SUSPENDED ACOUSTICAL CEILINGS

PART 1 - GENERAL

1-1. SCOPE. This section covers lay-in acoustical panel ceilings with exposed
grid suspension systems to be furnished and installed at the locations indicated
on the Drawings.

1-2. GENERAL. The ceiling work shall be coordinated with other construction
and electrical, heating, ventilating, air conditioning, and plumbing work.

Sheet metal and wire gauges used herein are the minimums and refer to US
Standard gage.

1-3. SUBMITTALS. Complete specifications, data, and catalog cuts or drawings
covering the items furnished under this section and installation drawings showing
suspension and erection details shall be submitted in accordance with the
submittals section.

1-4. EXTRA PANELS. One unopened carton of new acoustical panels shall be
furnished to the City.

PART 2 - PRODUCTS

2-1. MATERIALS. Materials shall conform to the following:

Acoustical Panels ASTM E1264, Fed Spec SS-S-118B,
Type III, Class A; Based on Armstrong
”Fine Fissured 1733” or Celotex-Hytone
“Baroque” or USG Auratone "Omni".
Mineral fiber with Flame Spread of 25
maximum

Size, Nominal Lay-in acoustical panel, regressed edge,
anti-microbial, mold and mildew
resistant, and sag resistant size to be
24 inches by 48 inches by 5/8 inch,.

Finish Factory-applied, washable white vinyl
paint.
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NRC ASTM E1264, Type III, Form 2, Pattern
CE, NRC 0.55, CAC 35.

Exposed Grid Suspension ASTM C635, intermediate duty
System classification; based on Armstrong

“Prelude XL” 15/16” Tee Grid or
Chicago Metallic "1200 Series" or Donn
"DX" exposed tee system complete with
main runner tees, main cross tees,
intermediate cross tees, and hemmed
edge moldings with standard
prefabricated corner units for interior
and exterior corners. All exposed metal
shall have factory-applied, baked
enamel finish. Color and finish shall be
“white” as selected from manufacturer's
standards.

Hangers 12 gage galvanized steel wire.

Wallboard Screws ASTM C1002, Type S, self-tapping

Hanger Screws Self-tapping lath head S-12 drywall
screw, ITW Buildex or Powder actuated
anchors per Fed Spec GGG-D-777B of
9 gauge hardened steel.

PART 3 - EXECUTION

3-1. INSTALLATION. Suspended acoustical ceilings shall be installed in
accordance with the manufacturer's recommendations. Installation of
suspension systems shall conform to the requirements of ASTM C636. The
space to be covered by the ceiling shall be permanently enclosed before ceiling
installation is started.

The suspension systems shall be designed to support the ceiling, lighting
fixtures, grilles, diffusers, and other components without sagging. The
suspension system in each area shall be installed and leveled before acoustical
panels or light fixtures are installed. Each grid system shall be leveled to within
1/8 inch in 12 feet. Unless otherwise indicated on the Drawings, the layout of
each suspended acoustical ceiling shall be symmetrical about the center lines of
the space, with equal borders on opposite sides, and shall be square and parallel
to the enclosing walls.
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3-1.01. Hangers. Hanger spacing shall not exceed 48 inches, with additional
hangers placed at each corner of each recessed light fixture and framed
opening. Hangers shall be securely anchored to overhead construction as
follows:

To Steel Framing:

Hangers shall be anchored by tying to the steel framing members. If the spacing
of steel members exceeds the specified spacing of hangers, suitable additional
framing members shall be provided and securely attached to the building’s steel
framing members.

Hangers shall be tied through holes in the vertical leg of main runner tees.

3-1.02. Main Runner Tees. Main runner tees shall be spaced 48 inches apart,
supported with hanger wires not more than 48 inches apart. Main runner tees
shall be placed with lines parallel to the bordering walls. Locations and methods
of splicing shall be as recommended by the manufacturer.

3-1.03. Cross Tees. Main cross tees shall be spaced 24 inches apart, fitted
between and clipped to main runner tees as recommended by the manufacturer.
The lines of main cross tees shall be straightened and aligned perpendicular to
main runner tees and parallel to each other.

3-1.04. Special Framing. Additional members shall be installed as required to
frame and support light fixtures, diffusers, grilles, and similar components.

3-1.05. Edge Molding. Edge molding shall be installed at all walls around the
entire perimeter of each ceiling area. At gypsum wallboard walls, edge molding
shall be anchored to furring using wallboard screws. Prefabricated corner units
shall be installed at all interior and exterior corners. Hemmed edges of moldings
shall be field notched for flush fit at the exact point where tees connect.

3-1.06. Acoustical Panels. Acoustical panels shall be neatly cut to fit the
spaces, with each panel supported on all sides by main runners, cross runners,
or edge moldings. No visible gaps, openings, split edges, or cracked panels will
be acceptable. All panel units shall be installed with any apparent grain running
in the same direction.

3-2. CLEANING. Following completion of erection work, dirty or discolored
exposed surfaces of the suspension system and panels shall be cleaned and left
free of all defects. Any component which is damaged or which cannot be
properly cleaned shall be removed and replaced with new materials.

End of Section
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Section 09520

ACOUSTICAL TREATMENT SYSTEM

PART 1 - GENERAL

1-1. SCOPE. This section covers acoustical treatment to be provided at
locations indicated or scheduled on the Drawings.

Scope of work area: The Engine Generator Room no.103 only shall have the
north, south and east walls covered to the extent indicated on the Drawings with
the Acoustical Treatment System. See the Enlarged Architectural Floor Plan
sheet A-6 for location extent and placement.

1-2. GENERAL. Acoustical treatment shall be provided complete with aluminum
panels, sound-absorption pads, supporting systems, trim, and all
necessary appurtenances for a complete installation. The treatment shall
be installed by experienced workmen in accordance with the best industry
practice and the recommendations of the system manufacturer.

Provide painting of metal acoustical wall system furring to match finish of the
manufacturer’s wall panel color and type.

It shall be the responsibility of the Acoustic Treatment System’s contractor to
completely familiarize him/her-self with the existing building conditions prior to
bid.

1-3. SUBMITTALS. Complete design including floor plan and all wall elevations
including specifications, data, catalog cuts, and Drawings showing the proposed
layout, details and assembly shall be submitted for review and approval in
accordance with the submittals section.

1-4. PERFORMANCE. The system shall have a minimum noise-reduction
coefficient (NCR) of 0.95 for the walls when tested in accordance with
ASTM C423.

1-5. COLOR. The aluminum panel and support angles shall be factory powder-
coat painted. Color will be selected by the City from the manufacturer's Standard
Finishes color chart.

PART 2 - PRODUCTS
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2-1. MANUFACTURER. The project’s basis of design product is Alpro
Acoustical Systems vertical wall panel Pattern “A-I” flat-face, Model A60, by
Gordon Incorporated, ALPRO Acoustical Systems division, 5023 Hazel Jones
Road, Bossier City, LA 71111, 888-733-3836, 800-877-8746 FAX,
SALES@ALPROACOUSTICS.COM, ALPROACOUSTICS.COM. Other
equivalent manufacture’s products shall be allowed upon submittal and review by
the City prior to bid. Materials shall conform to the following

2-2. MATERIALS. Materials shall conform to the following:

Aluminum Panels

Walls 0.032 inch stucco-embossed
perforated aluminum panels
with 0.125 inch diameter holes,
staggered spacing; minimum open
area of 13 percent; Alpro Acoustics
Division "Pattern A-I". Maximum
lengths to minimize horizontal joints.

Sound-absorption Pads Semi rigid glass fiber pads, 2 inch
minimum thickness, 1-1/2 lb density;
white colored encapsulated PE or
PVC sheet.

Wall Furring System
Furring Strips 22 gage furring channels size as

required for 2” systems, spacing at
24”o.c. or as required by
manufacturer, painted to match wall
panel finish.

Wall System Trim & Closures Accessories

Trim 0.032 inch aluminum, sizes as
required for 2” systems as required
by manufacturer, pre-finish painted
to match wall panel finish.

Finish System

Powder-Coat System Gloss Range 15 - 85+ ASTM D523,
Impact Resistance 160 / 160 ASTM
D2794, Smoothness 8 - 10 Ford
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Scale, Pencil Hardness 2H ASTM
D3363, Taber Abrasion 80 ASTM
D4060, Mandrel Bend 1/8" ASTM
D522, Adhesion 5b ASTM D3359,
Ultraviolet Weathering 700 hours
(50% gloss loss) ASTM G-53, QUV-
B 313 200 hours ASTM D4587, Salt
Spray Resistance 1000 hours ASTM
B117, Humidity Resistance 1500
hours ASTM 2247.

PART 3 - EXECUTION

3-1. INSTALLATION. Acoustical treatment shall be installed on the walls at the
locations indicated or scheduled on the Drawings. Wall system design and
installation shall be the responsibility of the Acoustic treatment System’s
contractor to conform to all existing building conditions and configurations. It
shall be the responsibility of the Acoustical Treatment System’s contractor to
provide a clean neat professional wall system and the final acceptance shall be
by the City.

3-1.01. Walls. Wall furring shall be attached to walls at 2'-0" vertical centers by
expansion anchors or powder actuated anchors as indicated. Furring strips
shall be painted to match the sound-absorption pads. Sound-absorption
materials shall be applied between the furring strips as recommended by the
manufacturer. Wall panels shall be attached to the furring strips with anchors or
screws as recommended by the panel manufacturer. Wall panels shall be
lapped at the vertical joint and shall be of the longest practical length to minimize
horizontal joints.

3-1.02. Accessories. Trim shapes, closures, and other appurtenances shall be
provided at all openings in the system, including doors, windows, or other
penetrations. Provide professionsl workman-like installation of trim and boxed-
out openings with square, plumb and neat trim work. It shall be the responsibility
of the Acoustical Treatment System’s contractor to provide a clean neat
professional workman-like wall system and the final acceptance shall be by the
City.

3-2. CLEANING. After erection, dirty or discolored exposed surfaces of the
system shall be cleaned and left free of all defects. Any items which are
damaged or which cannot be properly cleaned shall be removed and replaced.

End of Section
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Section 09920

ARCHITECTURAL PAINTING

PART 1 - GENERAL

1-1. SCOPE. This Section covers architectural field painting of surfaces for
appearance, including surface preparation, protection of surfaces, and other
appurtenant work. Regardless of the number of coats previously applied, at least
two field coats, in addition to any shop or field prime coats, shall be applied to all
surfaces unless otherwise specified.

Field applied protective coatings, heavy duty maintenance coatings, and pipe
color codings are covered in Section 09940, “Protective Coatings.”

Scope of work items to be include:

Architectural doors and frames, architectural walls, architectural
ceilings, architectural openings, and architectural miscellaneous
steel items as indicated on the drawings.

1-2. GENERAL. Cleaning, surface preparation, coating application, and
thickness shall be as specified herein and shall meet or exceed the coating
manufacturer's recommendations. When the manufacturer's minimum
recommendations exceed the specified requirements, Contractor shall comply
with the manufacturer's minimum recommendations. When equivalent products
are acceptable to City, Contractor shall comply with this specification and the
coating manufacturer's recommendations.

1-2.01. Governing Standards. All cleaning, surface preparation, coating
application, thickness, testing, and coating materials (where available) shall be in
accordance with the referenced standards of the following American Water
Works Association (AWWA), American National Standard Institute (ANSI), NACE
International (NACE), SSPC: The Society for Protective Coating (SSPC), NSF
International (NSF), and ASTM requirements.

1-3. SUBMITTALS. Submit the following in accordance with the requirements
specified in the Submittals section.

• Contractor shall submit color cards for all coatings proposed for use,
together with complete descriptive specifications and the completed
Coating System Data Sheets, to City for review and color selection.
Requests for review submitted directly to City by coating suppliers will not
be considered.
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• For the epoxy enamel, aliphatic polyurethane, and satin gloss latex
emulsion finish coatings, a total of not more than 15 custom colors may be
required. The manufacturer's standard colors will be acceptable for all
other coatings.

1-4. QUALITY ASSURANCE.

1-4.01. Coating System Data Sheet Certifications. The coating applicator and
coating manufacturer shall review and approve in writing the proposed coating
manufacturer's written recommendations for the proposed coating system and
the intended service. Any variations from the specifications or the coating
manufacturers published recommendations shall be submitted in writing and
approved by the coating manufacturer. The coating manufacturer shall observe
the surface preparation, mixing, and application of the coating systems and
submit a written report of what has been observed and any additional
recommendations.

1-5. DELIVERY AND STORAGE. All coating products shall be received and
stored in accordance with the coating manufacturer's recommendations.

PART 2 - PRODUCTS

2-1. ACCEPTABLE MANUFACTURERS.

2-1.01. Alternative Manufacturers. In addition to the coatings listed herein,
equivalent coatings of the following manufacturers will also be acceptable:

ICI Devoe

PPG

MAB

Rust-Oleum

2-1.02. Equivalent Coatings. Whenever a coating is specified by the name of a
proprietary product or of a particular manufacturer or vendor, the specified
coating shall be understood as establishing the type and quality of coating
desired. Other manufacturers' coatings could be accepted, provided that
sufficient information is submitted to enable City to determine that the proposed
coatings are equivalent to those named. Information on proposed coatings shall
be submitted for review in accordance with Section 01300. Requests for review
of equivalency will be accepted only from Contractor.

2-2. MATERIALS. All coatings shall be delivered to the job in original unopened
containers with labels intact. Coatings shall be stored indoors and shall be
protected against freezing. No adulterant, unauthorized thinner, or other material
not included in the coating formulation shall be added to the coating for any
purpose.
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All coatings shall conform to the air quality regulations applicable at the location
of use. Coating materials which cannot be guaranteed by the manufacturer to
conform, whether or not specified by product designation, shall not be used.

The coatings specified have been selected on the basis of the manufacturer's
statement that the VOC content of the product is 2.8 pounds per gallon or less in
the thinned condition, unless otherwise indicated herein; however, it shall be
Contractor’s responsibility to use only coating materials that are in compliance
with the requirements of all regulatory agencies. Local regulations may permit
some coatings to have a higher VOC concentration than specified herein.

The coatings specified may meet the VOC limits in the unthinned (as shipped)
condition, but may exceed the limits if thinned according to the manufacturer's
recommendations. Under these conditions, the coatings shall not be thinned
beyond the 2.8 pounds per gallon limit, and if the product cannot be thinned to
suit the application method or temperature requirements, another manufacturer's
coating shall be used, subject to acceptance by City. Some of the architectural
coatings specified contain VOCs in excess of 2.8 pounds per gallon, however,
the coatings may be acceptable if supplied in containers of 1 quart or less.

Contractor shall be responsible for ensuring the compatibility of field coatings
with each other or with the coatings on shop coated or previously coated
surfaces. Coatings used in successive field coats shall be produced by the same
manufacturer. Coatings used in the first field coat over shop coated or previously
coated surfaces shall cause no wrinkling, lifting, or other damage to underlying
coats.

2-2.01. Primers.

Universal Primer Ameron "Amercoat 385 Epoxy",

Carboline "Carboguard 888 Primer",

Sherwin Williams "Macropoxy 646", or

Tnemec "Series 27 F.C. Typoxy ".

Epoxy Concrete Block Filler Ameron "Amerlock 400BF Epoxy Block Filler",

Plasite "9029 Filler”,

Sherwin Williams "Kem Cati-coat HS", or

Tnemec “ 54-660”.

2-2.02. Intermediate and Finish Coatings.
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Epoxy Enamel

Concrete Floors Ameron "Amercoat 385 Epoxy",

Carboline "Carboguard 890",

Sherwin Williams "Armorseal 1000 HS", or

Tnemec "Series N69 Hi-Build Epoxoline II";
nonskid.

Ferrous Metal Surfaces,
and Masonry or Concrete
Surfaces Other Than
Floors.

Ameron "Amercoat 385 Epoxy",

Carboline "Carboguard 890",

Tnemec "Series N69 Hi-Build Epoxoline II", or

Sherwin Williams "Macropoxy 646".

Aliphatic Polyurethane Ameron "Amercoat 450 HS",

Carboline "Carbothane 134HG",

Tnemec "Series 1074 Endura-Shield" or

Sherwin Williams "Acrolon 218HS".

Latex Emulsion Acrylic containing at least 50 percent by weight
nonvolatile solids.

Flat Carboline "Carbocrylic 600 ",

Sherwin-Williams "Weather Perfect Acrylic
Latex Series B-36", or

Tnemec "Series 6 Tneme-Cryl".

Satin Gloss Ameron "Amerguard 220 Acrylic Enamel
Satin",

Carboline "Carbocrylic 3350",

Sherwin-Williams "Metalatex Semi-Gloss
Enamel Series B-42", or

Tnemec "Series 7 Tneme-Cryl SG".

Exterior Satin Gloss ICI Devoe "Decra-Shield DS 8800 Series", or

Sherwin-Williams "A-100, A82 Series"

PART 3 - EXECUTION
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3-1. SURFACE PREPARATION. All surfaces to be coated shall be clean and
dry and shall meet the recommendations of the coating manufacturer for surface
preparation. Freshly coated surfaces shall be protected from dust and other
contaminants. Oil and grease shall be completely removed by use of solvents or
detergents before mechanical cleaning is started. The gloss of previously coated
surfaces shall be dulled if necessary for proper adhesion of topcoats.

Surfaces shall be free of cracks, pits, projections, or other imperfections that
would interfere with the formation of a smooth, unbroken coating film, except for
concrete block construction where a rough surface is an inherent characteristic.

When applying touchup coating or repairing previously coated surfaces, the
surfaces to be coated shall be cleaned as recommended by the coating
manufacturer and the edges shall be sanded or wire brushed and feathered or
otherwise smoothed so that they will not be noticeable after they are coated. All
coatings made brittle or otherwise damaged by heat of welding shall be
completely removed.

3-1.01. Galvanized Surfaces. Galvanized surfaces shall be prepared for coating
in conformity with the instructions of the manufacturer of the epoxy enamel. Any
chemical treatment of galvanized surfaces shall be followed by thorough rinsing
with clean water.

3-1.02. Ferrous Metal Surfaces. Ungalvanized ferrous metal surfaces shall be
prepared for coating by cleaning using one or more of the following methods as
specified: solvents (SSPC-SP1); blasting (SSPC-SP5, -SP6, -SP7, or -SP10);
power tools (SSPC-SP3); or hand tools (SSPC-SP2). Oil and grease shall be
completely removed in accordance with SSPC-SP1 before beginning any other
cleaning method. Surfaces of welds shall be scraped and ground as necessary
to remove all slag and weld spatter. Tools which produce excessive roughness
shall not be used.

All ferrous metal surfaces which are specified to be coated with epoxy enamel
shall have all welds ground smooth and blended and sharp edges ground
smooth, if not previously prepared in the shop.

The cleaning methods and profiles specified herein are minimums, and if the
requirements printed in the coating manufacturer's data sheets exceed the limits
specified, the value printed on the data sheets shall become the minimum
requirement.

3-1.02.01. Ferrous Metal Surfaces - Nonimmersion Service. Ferrous metal
surfaces, including fabricated equipment, in non-immersion service shall be
cleaned to the degree recommended by the coating manufacturer for surfaces to
be coated with epoxy enamel, except galvanized surfaces. Blast cleaning to at
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least SSPC-SP6 shall be used where recommended by the coating
manufacturer, and may be used elsewhere at the option of Contractor, provided
that no dust is permitted to settle on adjacent wet coating. Surface profile shall
be at least 15 percent of the dry film thickness specified for the coating system.

3-1.03. Concrete Surfaces. All concrete surfaces shall be free of objectionable
substances and shall meet the coating manufacturer's recommendations for
surface preparation. Any other surface preparation recommended by the coating
material manufacturer shall be brought to City’s attention and may be
incorporated into the work if acceptable to City.

All concrete surfaces shall be dry when coated and free from dirt, dust, sand,
mud, oil, grease, and other objectionable substances. Oil and grease shall be
completely removed by use of solvents or detergents before mechanical cleaning
is started.

New concrete shall have cured for at least 28 days before coating is applied as
recommended by the material manufacturer. Concrete surfaces shall be tested
for capillary moisture in accordance with ASTM D4263. There shall be no
capillary moisture when coatings are applied on concrete.

All surfaces to be coated shall be cleaned in accordance with ASTM D4258 and
abraded in accordance with ASTM D4259. Prior to application of the coating, the
surfaces shall be thoroughly washed or cleaned by air blasting to remove all dust
and residue. Spalled areas, voids, and cracks shall be repaired in accordance
with Section 03301 and as acceptable to City. Fins and other surface projections
shall be removed to provide a flush surface before application of coating.

Except where indicated otherwise, the concrete surfaces, including those with
bug holes less than 1 inch in any dimension, shall be prepared when required
and as recommended by the manufacturer, using an epoxy concrete block filler.

3-1.04. Concrete Block Surfaces. Voids and openings in concrete block
surfaces shall be pointed. Interior surfaces to be coated with latex coating shall
not be filled. All exposed exterior surfaces and surfaces to be coated with epoxy
enamel, including the joints, shall be filled so that a continuous unbroken coating
film is obtained.

3-1.05. Wood and Fiber Cement Surfaces. Not Used.

3-1.06. Plastic Surfaces. Not Used.

3-1.07. Hardware. Hardware items such as bolts, screws, washers, springs, and
grease fittings need not be cleaned prior to coating if there is no evidence of dirt,
corrosion, or foreign material.
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3-2. MIXING AND THINNING. Coating shall be thoroughly mixed each time any
is withdrawn from the container. Coating containers shall be kept tightly closed
except while coating is being withdrawn.

Coating shall be factory mixed to proper consistency and viscosity for hot
weather application without thinning. Thinning will be permitted only as
necessary to obtain recommended coverage at lower application temperatures.
In no case shall the wet film thickness of applied coating be reduced, by addition
of coating thinner or otherwise, below the thickness recommended by the coating
manufacturer. Thinning shall be done in compliance with all applicable air quality
regulations.

3-3. APPLICATION. Coating shall be applied in a neat manner that will produce
an even film of uniform and proper thickness, with finished surfaces free of runs,
sags, ridges, laps, and brush marks. Each coat shall be thoroughly dry and hard
before the next coat is applied. In no case shall coating be applied at a rate of
coverage greater than the maximum rate recommended by the coating
manufacturer.

Coating failures will not be accepted and shall be entirely removed and the
surface recoated. Failures include but are not limited to sags, checking,
cracking, teardrops, fat edges, or delaminations.

3-3.01. Priming. Edges, corners, crevices, welds, and bolts shall be given a
brush coat of primer before application of the primer coat. Special attention shall
be given to filling all crevices with coating.

Abraded and otherwise damaged portions of shop-applied coating shall be
cleaned and recoated as recommended by the manufacturer of the finish coating.
Welded seams and other uncoated surfaces, heads and nuts of field-installed
bolts, and surfaces where coating has been damaged by heat shall be given a
brush coat of the specified primer. Before the specified spot or touchup coating
of metal surfaces, edges, corners, crevices, welds, and bolts in the area of the
spot or touchup coating shall be given a brush coat of primer. This patch, spot,
or touchup coating shall be completed, and the paint film shall be dry and hard,
before additional coating is applied.

3-3.02. Latex Coating. Latex coating shall be applied by brushing or rolling;
spraying will not be permitted. Latex coating shall not be thinned excessively.

3-3.03. Epoxy Enamel. Epoxy enamel shall be applied in accordance with the
coating manufacturer's recommendations, including temperature limitations and
protection from sunlight until top coated.
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Coatings shall not be applied to concrete surfaces in direct sunlight or when the
temperature of the concrete is rising. Preferably the coating shall be applied
when the temperature of the concrete is dropping.

When applying high build epoxy coatings with a roller or brush and where a dry
film thickness of at least 4 - 6 mils per coat is required, two or more coats shall
be applied to achieve the recommended dry film thickness equal to a spray
applied coating.

3-3.04. Film Thickness. The total coating film thickness, including prime coat (if
any), intermediate coats, and finish coat, shall be not less than the following:

Type of Coating Minimum Dry Film
Thickness

Latex 3 mils

Clear varnish 2 mils

Epoxy enamel

Floors 5 mils

Surfaces with first coat of epoxy enamel and final
coat of aliphatic polyurethane

7 mils

Other surfaces (two coats) 10 mils

All other finishes 5 mils

3-3.05. Weather Conditions. Coatings shall not be applied, except under
shelter, during wet, damp, or foggy weather, or when windblown dust, dirt, debris,
or insects will collect on freshly applied coating. Coatings shall not be applied at
temperatures lower than the minimum temperature recommended by the coating
manufacturer, or to metal surfaces such as tanks or pipe containing cold water,
regardless of the air temperature, when metal conditions are likely to cause
condensation. When necessary for proper application, a temporary enclosure
shall be erected and kept heated until the coating has fully cured.

3-4. REPAIRING FACTORY FINISHED SURFACES. Factory finished surfaces
damaged prior to acceptance by the City shall be spot primed and recoated with
materials equivalent to the original coatings. If, in the opinion of City, spot repair
of the damaged area is not satisfactory, the entire surface or item shall be
recoated.
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3-5. PROTECTION OF SURFACES. Throughout the work Contractor shall use
drop cloths, masking tape, and other suitable measures to protect adjacent
surfaces. Contractor shall be responsible for correcting and repairing any
damage resulting from its or its subcontractors' operations. Coatings spilled or
spattered on adjacent surfaces which are not being coated at the time shall be
immediately removed. Exposed concrete or masonry not specified to be coated
which is damaged by coatings shall be either removed and rebuilt or, where
authorized by City, coated with two coats of masonry coating.

3-6. FIELD PRIMING SCHEDULE. In general, surfaces of steel, cast iron, and
equipment are specified to be shop primed. Any such surfaces which have not
been shop primed shall be field primed. Damaged or failed shop coatings which
have been determined unsuitable by City shall be removed and the surfaces
shall be field primed. Galvanized, aluminum, stainless steel, wood, and insulated
surfaces shall be field primed. Primers used for field priming, unless otherwise
required for repair of shop primers, shall be:

Surface To Be Primed Material

Steel and cast iron, surfaces to be coated with:

Epoxy enamel Same as finish coats

Galvanized Epoxy enamel

Insulated piping As recommended by
manufacturer of finish coats

Concrete, surfaces to be coated with epoxy
enamel

Epoxy concrete block filler

Concrete block to be coated with epoxy enamel Epoxy concrete block filler

Surfaces specified to be field coated with clear finish coats need not be primed.
Unless otherwise recommended by the coating manufacturer or specified herein,
priming will not be required on concrete, concrete block, plaster or gypsum
wallboard surfaces specified to be coated with latex coating, nor on metal
surfaces specified to be coated with epoxy enamel coatings. Priming will not be
required on surfaces to be marked with traffic marking paint. Concrete surfaces
to be coated with epoxy enamel shall be filled with epoxy concrete block filler so
that a continuous film is obtained, except where indicated otherwise.

3-7. COATING SCHEDULE. The following schedule lists coatings for
intermediate and finish coats. All exposed surfaces, including sides and edges,
shall be coated.
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Surface To Be Coated Material
3-7.01. Metal Surfaces.

Structural and miscellaneous steel exposed to view
inside buildings. (Galvanized surfaces are not to
be coated unless otherwise specified.)

Epoxy enamel (one finish
coat)

Steel Doors and Frames; Rolling Steel Doors.

Intermediate coat Universal Primer

Finish Coat Aliphatic polyurethane

Metal curbs for skylights and power roof ventilators. Epoxy enamel (one finish
coat)

Louvers

Ductwork exposed to view inside buildings, after
proper priming.

Epoxy enamel (one finish
coat)

Adjacent to ceilings. Flat latex emulsion

Adjacent to walls. Satin gloss latex emulsion

Heating and air conditioning units, convector
covers, electrical equipment cabinets, and similar
items and equipment (unless factory finished)
exposed to view

Intermediate coat. Universal primer

Finish coat. Aliphatic polyurethane

Electrical conduit exposed to view inside buildings
(except banks of conduits in multiple layers hung
from ceilings), including fittings, boxes, supports,
and accessories, after proper priming.

Adjacent to ceilings Flat latex emulsion

Adjacent to walls. Satin gloss latex emulsion
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3-7.02. Concrete and Masonry Surfaces.

All concrete and concrete block (except floors and
surfaces scheduled to receive other coatings)
which are exposed to view in interior locations (two
coats).

Walls and columns. Satin gloss latex emulsion

Ceilings and overhead construction. Flat latex emulsion

Concrete block where scheduled. Epoxy enamel

3-7.03. Miscellaneous Surfaces.

Gypsum wallboard surfaces (two coats).

Walls. Satin gloss latex emulsion

Insulated piping (except aluminum jacketed
insulation).

Satin gloss latex emulsion

3-7.04. Surfaces Not To Be Coated. Unless otherwise specified, the following
surfaces shall be left uncoated:

Exposed aluminum, except ductwork.

Polished or finished stainless steel. Unfinished stainless steel, except
flashings and counterflashings, shall be coated.

Nickel or chromium.

Galvanized surfaces, except piping, conduit, ductwork, and other items
specifically noted.

Piping concealed in inaccessible plumbing chases and above suspended
ceilings.

Rubber and plastics, except as specified.

Exterior concrete.

Surfaces specified to be factory finished.

End of Section
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Section 09940

PROTECTIVE COATINGS

PART 1 - GENERAL

1-1. SCOPE. This section covers field applied protective coatings, including
surface preparation, protection of surfaces, inspection, and other appurtenant
work for equipment and surfaces designated to be coated with heavy-duty
maintenance coatings. Regardless of the number of coats previously applied, at
least two field coats in addition to any shop coats or field prime coats shall be
applied to all surfaces unless otherwise specified.

1-2. GENERAL. Cleaning, surface preparation, coating application, and
thickness shall be as specified herein and shall meet or exceed the coating
manufacturer's recommendations. When the manufacturer's minimum
recommendations exceed the specified requirements, Contractor shall comply
with the manufacturer's minimum recommendations. When equivalent products
are acceptable to City, Contractor shall comply with this specification and the
coating manufacturer's recommendations.

1-2.01. Governing Standards. All cleaning, surface preparation, coating
application, thickness, testing, and coating materials (where available) shall be in
accordance with the referenced standards of the following AWWA, ANSI, NACE,
SSPC, NSF, and ASTM.

1-2.02. Delivery and Storage. All coating products shall be received and stored
in accordance with the coating manufacturer's recommendations.

1-2.03. Coatings, Painting, and Linings Covered in Other Sections.

Architectural painting.
Water repellant for masonry.

1-3. SUBMITTALS. Contractor shall submit color cards for all coatings proposed
for use, together with complete descriptive specifications, manufacturer's product
data sheet and the completed Coating System Data Sheets, to City for review
and color selection. Each product data sheet shall include application
temperature limits including recoat time requirements for the ambient conditions
at the site, including temperatures up to 130°F. Requests for review submitted
directly to City by coating suppliers will not be considered.
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When the proposed products will be in contact with treated or raw water in
potable water treatment facilities, Contractor shall submit certifications that the
proposed systems are in compliance with ANSI/NSF 61.

Contractor shall submit a Coating System Data Sheet for each separately
identified surface in the Coating Schedule that will be used in the project, using
the appropriate Coating System Data Sheet forms (Figures 1-09940 and
2-09940) at the end of this section. Each field coating system shall be
acceptable to the coating material manufacturer.

Each proposed coating system shall be assigned a unique number with a prefix
letter based on the following:

Prefix Surfaces Figure

A Iron and steel 1 or 2

C Concrete and concrete block 1

E Equipment - submerged
nonsubmerged

1
2

F Nonferrous metal 1

G Galvanized 1

H High temperature 1

P PVC and FRP 1

Each coating system that will be applied entirely in the field shall be assigned
only a prefix letter and no suffix letter. When appropriate under the indicated
conditions, the following suffix shall be added to the coating system numbers:

-F Each shop-applied coating system that includes a finish
coat applied in the field.

A separate Coating System Data Sheet shall be developed and submitted for
each variation or change in a coating system or surface to be coated.

The manufacturer’s standard colors will be acceptable for all coatings.

1-4. QUALITY ASSURANCE.

1-4.01. Coating System Data Sheet Certifications. Not used.

1-4.02. Special Interior Coating Systems. Not used.
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PART 2 - PRODUCTS

2-1. ACCEPTABLE MANUFACTURERS.

2-1.01. Alternative Manufacturers. In addition to the coatings listed herein,
equivalent products of the following manufacturers will also be acceptable:

Sigma
Rust-Oleum

2-1.02. Equivalent Coatings. Whenever a coating is specified by the name of a
proprietary product or of a particular manufacturer or vendor, it shall be
understood as establishing the desired type and quality of coating. Other
manufacturers' coatings will be accepted, provided that sufficient information is
submitted to enable City to determine that the proposed coatings are equivalent
to those named. Information on proposed coatings shall be submitted for review
in accordance with the Submittals section. Requests for review of equivalency
will be accepted only from Contractor, and will be considered only after the
contract has been awarded.

2-2. MATERIALS. All coatings shall be delivered to the job in original, unopened
containers, with labels intact. Coatings shall be stored indoors and shall be
protected against freezing. No adulterant, unauthorized thinner, or other material
not included in the coating formulation shall be added to the coating for any
purpose.

All coatings shall conform to the air quality regulations applicable at the location
of use. Coating materials that cannot be guaranteed by the manufacturer to
conform, whether or not specified by product designation, shall not be used.

The coatings specified have been selected on the basis of the manufacturer's
statement that the VOC content of the product is 2.8 lbs per gallon or less;
however, it shall be the Contractor's responsibility to use only coating materials
that are in compliance with the requirements of all regulatory agencies. Local
regulations may require some coatings to have a lower VOC content than
specified herein. The coatings specified may meet the VOC limits in the
unthinned (as shipped) condition, but may exceed the limits if thinned according
to the manufacturer's recommendations. In such case, the coatings shall not be
thinned beyond the 2.8 lbs per gallon limit, and if the product cannot be thinned
to suit the application method or temperature limits, another manufacturer's
coating shall be used, subject to acceptance by City.

Contractor shall be responsible for ensuring the compatibility of field coatings
with each other or with any previously applied coatings. Coatings used in
successive field coats shall be produced by the same manufacturer. The first
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field coat over shop coated or previously coated surfaces shall cause no
wrinkling, lifting, or other damage to underlying coats.

All coatings used on surfaces that will be in contact with potable or treated water
shall be certified as being in compliance with ANSI/NSF 61. Coatings that
cannot be so certified, whether or not specified by manufacturer and by product
designation, shall not be used.

2-2.01 Primers.

Universal Primer PPG Amercoat "Amercoat 385
Epoxy", Carboline "Rustbond", ICI
Devoe "Devran 224HS", Tnemec
"Series 27 F.C. Typoxy", or
Sherwin-Williams "Macropoxy 646".

Zinc Primer PPG Amercoat "Dimetate 9 Series",
Carboline "Carbo Zinc II Series", ICI
Devoe "Catha-Coat 304V", or
Sherwin-Williams "Zinc Clad II
Series".

Epoxy Concrete Block Filler PPG Amercoat "Amerlock 400BF
Epoxy Block Filler", Carboline
"Sanitile 600", ICI Devoe "Truglaze
4015", Tnemec "Series 54-562", or
Sherwin-Williams "Kem Cati-Coat
HS".

Epoxy Concrete Filler and
Surfacer

Tnemec "Series 218 MortarClad",
PPG Amercoat "NuKlad 114A",
Carboline "Carboguard 510", or
Sherwin-Williams "Steel Seam
FT910".

2-2.02. Intermediate and Finish Coatings.

Epoxy Enamel (NSF certified
systems)

Ferrous Metal Surfaces and
Concrete Surfaces in
Contact with Treated or Raw
Water in Potable Water
Facilities

PPG Amercoat "Amerlock 400
High-Solids Epoxy Coating",
Carboline "Carboguard 891", ICI
Devoe "Bar-Rust 233H" Tnemec
"Series N140 Pota-Pox Plus", or
Sherwin-Williams "Macropoxy
646NSF"; immersion service.
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Epoxy Enamel

Concrete Floors PPG Amercoat "Amerlock 400",
Carboline "Carboguard 890", ICI
Devoe "Devran 224HS", Tnemec
"Series N69 Hi-Build Epoxoline II”,
or Sherwin-Williams "Armorseal
1000HS"; nonskid.

Ferrous Metal Surfaces and
Masonry or Concrete
Surfaces Other Than Floors

PPG Amercoat "Amercoat 385
Epoxy", Carboline "Carboguard
890", ICI Devoe Devran "224HS",
Tnemec "Series N69 Hi-Build
Epoxoline II", or Sherwin-Williams
"Macropoxy 646".

Flake-Filled Epoxy Carboline "Plasite 4500", Sherwin-
Williams "Sher-Glass FF", .

Aliphatic Polyurethane PPG Amercoat "Amercoat 450H",
Carboline "Carbothane 134HG",
ICI Devoe "Devthane 379H"
Tnemec "Series 1074
Endura-Shield II", or Sherwin-
Williams "Acrolon 218HS".

Coal Tar Epoxy High-build coal tar epoxy; PPG
Amercoat "Amercoat 78HB Coal
Tar Epoxy", Carboline "Bitumastic
300 M", Tnemec "46H-413
Hi-Build Tneme-Tar", or Sherwin-
Williams "Hi-Mil Sher-Tar Epoxy".

Medium Consistency Coal Tar Carboline "Bitumastic 50" or
Tnemec "46-465 H.B. Tnemecol".

Vinyl Ester Tnemec "Series 120 Vinester"
Carboline "Plasite 4110" or
Sherwin-Williams "Magnalux
304FF".

Heat-Resistant Suitable for temperatures up to
400°F; PPG Amercoat "Amerlock
400", Carboline "Thermaline 450",
Tnemec "43-36 Chrome
Aluminum", or Sherwin-Williams
"Silver-Brite Aluminum".
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High Heat-Resistant Suitable for temperatures up to
1000°F; PPG Amercoat "Amercoat
878", Carboline "Thermaline 4700
VOC", Tnemec "Series 39 Silicone
Aluminum" or Sherwin-Williams
"Silver-Brite Hi-Heat Silicone
Aluminum". 

 

PART 3 - EXECUTION

3-1. SURFACE PREPARATION. All surfaces to be coated shall be clean and
dry and shall meet the recommendations of the coating manufacturer for surface
preparation. Freshly coated surfaces shall be protected from dust and other
contaminants. Oil and grease shall be completely removed by use of solvents or
detergents before mechanical cleaning is started. The gloss on previously
coated surfaces shall be dulled if necessary for proper adhesion of topcoats.

Surfaces shall be free of cracks, pits, projections, or other imperfections that
would interfere with the formation of a smooth, unbroken coating film, except for
concrete block construction where a rough surface is an inherent characteristic.

When applying touchup coating or repairing previously coated surfaces, the
surfaces to be coated shall be cleaned as recommended by the coating
manufacturer, and the edges of the repaired area shall be feathered by sanding
or wire brushing to produce a smooth transition that will not be noticeable after
the coating is applied. All coatings made brittle or otherwise damaged by heat of
welding shall be completely removed.

3-1.01. Galvanized Surfaces. Galvanized surfaces shall be prepared for coating
according to the instructions of the manufacturer of the epoxy enamel. Any
chemical treatment of galvanized surfaces shall be followed by thorough rinsing
with clean water.

3-1.02. Ferrous Metal Surfaces. Ungalvanized ferrous metal surfaces shall be
prepared for coating by using one or more of the following cleaning procedures
as specified: solvents (SSPC-SP1); blasting (SSPC-SP5, -SP6, -SP7, or -SP10);
power tools (SSPC-SP3 or -SP11); or hand tools (SSPC-SP2). Oil and grease
shall be completely removed in accordance with SSPC-SP1 before beginning
any other cleaning method. Surfaces of welds shall be scraped and ground as
necessary to remove all slag and weld spatter. Tools which produce excessive
roughness shall not be used.

All components of equipment that can be properly prepared and coated after
installation shall be installed prior to surface preparation. Components that will
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be inaccessible after installation shall have the surfaces prepared and coated
before installation. Motors, drive trains, and bearings shall be protected during
surface preparation in accordance with the equipment manufacturer's
recommendations.

All cut or sheared edges shall be ground smooth to a 1/8 inch [3 mm] minimum
radius for all material 1/4 inch [6 mm] thickness and larger. For material
thickness less than 1/4 inch [6 mm] all cut or sheared edges shall be ground
smooth to a radius equal to 1/2 the material thickness. Grinding of rolled edges
on standard shapes with a minimum radius of the 1/16 inch [1.5 mm] will not be
required.

All ferrous metal surfaces shall have all welds ground smooth and free of all
defects in accordance with NACE Standard SPO178, Appendix C, Designation C
and sharp edges ground smooth, if not previously prepared in the shop. Instead
of blending of the weld with the base metal as required by the NACE standard, it
will be acceptable to furnish a welded joint that has a smooth transition of the
weld to the base metal. All welds shall be ground smooth to ensure satisfactory
adhesion of paint.

The cleaning methods and surface profiles specified herein are minimums, and if
the requirements printed in the coating manufacturer's data sheets exceed the
limits specified, the value printed on the data sheets shall become the minimum
requirement.

3-1.02.01. Ferrous Metal Surfaces – Non-immersion Service. Ferrous metal
surfaces, including fabricated equipment, in non-immersion service shall be
cleaned to the degree recommended by the coating manufacturer for surfaces to
be coated with coal tar epoxy, epoxy enamel, and heat-resistant coatings, except
galvanized surfaces. Blast cleaning to at least SSPC-SP6 shall be used where
recommended by the coating manufacturer, and may be used elsewhere at the
option of Contractor, provided that no dust is permitted to settle on adjacent wet
coating. Surface profile shall be as recommended by coating manufacturer, but
not less than 2 mils.

3-1.02.02. Ferrous Metal Surfaces - Immersion Service. Surface preparation of
ferrous metal surfaces in immersion service shall consist of blast cleaning to at
least SSPC-SP10 and the first application of coating shall be performed on the
same day. If more surface area is prepared than can be coated in one day, the
uncoated area shall be blast cleaned again to the satisfaction of City. Surface
profile shall be as recommended by coating manufacturer, but not less than 3.5
mils.

3-1.03. Concrete Surfaces. All concrete surfaces shall be free of objectionable
substances and shall meet the coating manufacturer's recommendations for
surface preparation. Any other surface preparation recommended by the coating
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material manufacturer shall be brought to City's attention and may be
incorporated into the work if acceptable to City.

All concrete surfaces shall be dry when coated and free from dirt, dust, sand,
mud, oil, grease, and other objectionable substances. Oil and grease shall be
completely removed by use of solvents or detergents before mechanical cleaning
is started.

New concrete shall have cured for at least 4 weeks before coating is applied as
recommended by the material manufacturer. Concrete surfaces shall be tested
for capillary moisture in accordance with ASTM D4263. There shall be no
capillary moisture when coatings are applied on concrete.

All surfaces to be coated shall be cleaned in accordance with ASTM D4258 and
abraded in accordance with ASTM D4259. Surface profile shall be at least 25
percent of the dry film thickness specified for the coating system. Prior to
application of the coating, the surfaces shall be thoroughly washed or cleaned by
air blasting to remove all dust and residue. Spalled areas, voids, and cracks
shall be repaired in accordance with the Concrete section and as acceptable to
the City. Fins and other surface projections shall be removed to provide a flush
surface before application of coating.

Except where epoxy enamel is applied as damp-proofing, the concrete surfaces,
including those with bug holes less than 1 inch in any dimension, shall be
prepared when required and as recommended by the manufacturer, using an
epoxy concrete filler and surfacer. Where coating with a vinyl ester the concrete
filler and surfacer shall be as recommended by the manufacturer to be
compatible with vinyl ester.

3-1.04. Concrete Block Surfaces. Voids and openings in concrete block
surfaces shall be pointed. All exposed exterior surfaces and surfaces to be
coated with epoxy enamel, including the joints, shall be filled so that a continuous
unbroken coating film is obtained.

3-1.05. Copper Tubing. All flux residue shall be removed from joints in copper
tubing. Immediately before coating is started, tubing shall be wiped with a clean
rag soaked in xylol.

3-1.06. Plastic Surfaces. All wax and oil shall be removed from plastic surfaces
that are to be coated, including PVC and FRP, by wiping with a solvent
compatible with the specified coating.

3-1.07. Hardware. Hardware items such as bolts, screws, washers, springs, and
grease fittings need not be cleaned prior to coating if there is no evidence of dirt,
corrosion, or foreign material.
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3-1.08. Aluminum. When a coating system is required, remove all oil or
deleterious substance with neutral detergent or emulsion cleaner or blast lightly
with fine abrasive.

3-1.09. Stainless Steel. When a coating system is required, surface preparation
shall conform to the coating manufacturer’s recommendations.

3-2. MIXING AND THINNING. Coating shall be thoroughly mixed each time any
is withdrawn from the container. Coating containers shall be kept tightly closed
except while coating is being withdrawn.

Coating shall be factory mixed to proper consistency and viscosity for hot
weather application without thinning. Thinning will be permitted only as
necessary to obtain recommended coverage at lower application temperatures.
In no case shall the wet film thickness of applied coating be reduced, by addition
of coating thinner or otherwise, below the thickness recommended by the coating
manufacturer. Thinning shall be done in compliance with all applicable air quality
regulations.

3-3. APPLICATION. Coating shall be applied in a neat manner that will produce
an even film of uniform and proper thickness, with finished surfaces free of runs,
sags, ridges, laps, and brush marks. Each coat shall be thoroughly dry and hard
before the next coat is applied. Each coat shall be a different color, if available.
In no case shall coating be applied at a rate of coverage greater than the
maximum rate recommended by the coating manufacturer.

Coating failures will not be accepted and shall be entirely removed down to the
substrate and the surface recoated. Failures include but are not limited to sags,
checking, cracking, teardrops, fat edges, fisheyes, or delamination.

3-3.01. Priming. Edges, corners, crevices, welds, and bolts shall be given a
brush coat (stripe coat) of primer before application of the primer coat. The stripe
coat shall be applied by a brush and worked in both directions. Special attention
shall be given to filling all crevices with coating.

Abraded and otherwise damaged portions of shop-applied coating shall be
cleaned and recoated as recommended by the manufacturer of the finish coating.
Welded seams and other uncoated surfaces, heads and nuts of field-installed
bolts, and surfaces where coating has been damaged by heat shall be given a
brush coat of the specified primer. Before the specified spot or touchup coating
of metal surfaces, edges, corners, crevices, welds, and bolts in the area of the
spot or touchup coating shall be given a brush coat of primer. This patch, spot,
or touchup coating shall be completed, and the paint film shall be dry and hard,
before additional coating is applied.
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3-3.02. Epoxy Enamel. When used, epoxy enamel shall be applied in
accordance with the coating manufacturer's recommendations, including
temperature limitations and protection from sunlight until top-coated.

When concrete is to be coated, coatings shall not be applied to concrete surfaces
in direct sunlight or when the temperature of the concrete is rising. Preferably
the coating shall be applied when the temperature of the concrete is dropping.

When applying high build epoxy coatings with a roller or brush and where a dry
film thickness of at least 4-6 mils per coat is required, two or more coats shall be
applied to achieve the recommended dry film thickness equal to a spray applied
coating.

3-3.03. Coal Tar Epoxy. When used, the application of coal tar epoxy, including
time limits for recoating, shall conform to the recommendations of the coating
manufacturer.

When concrete is to be coated, coatings shall not be applied to concrete surfaces
in direct sunlight or when the temperature of the concrete is rising. Preferably
the coating shall be applied when the temperature of the concrete is dropping.

3-3.04. Vinyl Ester. When used, the application of vinyl ester coating system,
including time limits for recoating and temperature requirements of the materials,
shall conform to the recommendations of the coating manufacturer.

3-3.05. Film Thickness. The total coating film thickness including intermediate
coats and finish coat, shall be not less than the following:

Type of Coating Minimum Dry Film Thickness
Medium consistency coal tar 20 mils.
Coal tar epoxy (two coats) 20 mils.
Epoxy enamel

Floors (two coats) 10 mils.
Surfaces with first coat of epoxy
enamel and final coat of
aliphatic polyurethane

7 mils (5 mils DFT for epoxy plus
2 mils DFT for aliphatic
polyurethane).

Surfaces with first and second
coat of epoxy enamel and final
coat of aliphatic polyurethane

12 mils (10 mils DFT for epoxy
plus 2 mils DFT for aliphatic
polyurethane).

Other surfaces (two coats) 10 mils.
Immersion service (three coats) 15 mils.

Flake-filled epoxy (two coats) 30 mils.
Vinyl ester 30 mils.
Zinc, epoxy, polyurethane

Surfaces with first coat of zinc,
intermediate coat of epoxy, and

10 mils,
3 mils zinc,
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Type of Coating Minimum Dry Film Thickness
final coat of aliphatic
polyurethane

5 mils epoxy, plus 2 mils for
aliphatic polyurethane.

Heat-resistant (silicone) 3 mils.
High heat-resistant (silicone) 3 mils.
Other (one coat) 5 mils.
Other (two coats) 10 mils.

3-3.06. Weather Conditions. Coatings shall not be applied, except under
shelter, during wet, damp, or foggy weather, or when windblown dust, dirt, debris,
or insects will collect on freshly applied coating.

Coatings shall not be applied at temperatures lower than the minimum
temperature recommended by the coating manufacturer, or to metal surfaces
such as tanks or pipe containing cold water, regardless of the air temperature,
when metal conditions are likely to cause condensation. When necessary for
proper application, a temporary enclosure shall be erected and kept heated until
the coating has fully cured.

Coatings shall not be applied at temperatures higher than the maximum
temperature recommended by the coating manufacturer. Where coatings are
applied during periods of elevated ambient temperatures, Contractor and the
coatings manufacturer shall be jointly responsible to ensure that proper
application is performed including adherence to all re-coat window requirements.
Precautions shall be taken to reduce the temperature of the surface application,
especially for metal, at elevated temperatures above 100°F including shading
application area from direct sunlight, applying coating in the evening or at night,
and ventilating the area to reduce the humidity and temperature,

Vinyl ester coating materials, when required, shall be maintained during
transportation, storage, mixing, and application at the temperature required by
the coating manufacturer, 35°F to 90°F.

3-4. REPAIRING FACTORY FINISHED SURFACES. Factory finished surfaces
damaged prior to acceptance by City shall be spot primed and recoated with
materials equivalent to the original coatings. If, in the opinion of City, spot repair
of the damaged area is not satisfactory, the entire surface or item shall be
recoated.

3-5. PROTECTION OF SURFACES. Throughout the work Contractor shall use
drop cloths, masking tape, and other suitable measures to protect adjacent
surfaces. Contractor shall be responsible for correcting and repairing any
damage resulting from its or its subcontractors' operations. Coatings spilled or
spattered on adjacent surfaces which are not being coated at the time shall be
immediately removed. Exposed concrete or masonry not specified to be coated
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which is damaged by coatings shall be either removed and rebuilt or, where
authorized by City, coated with two coats of masonry coating.

3-6. FIELD QUALITY CONTROL. The following inspection and testing shall be
performed: surface profile, visual inspection, and wet and dry film thickness
testing. All inspection and testing shall be witnessed by City.

3-6.01. Surface Profile Testing. The surface profile for ferrous metal surfaces
shall be measured for compliance with the specified minimum profile. The
surface profile for concrete shall comply with SSPC 13/NACE 6 Table 1 for
severe service.

3-6.02. Visual Inspection. The surface of the protective coatings shall be visually
inspected.

3.6.03. Film Thickness. Coating film thickness shall be verified by measuring
the film thickness of each coat as it is applied and the dry film thickness of the
entire system. Wet film thickness shall be measured with a gauge that will
measure the wet film thickness within an accuracy of ±0.5 mil. Dry film thickness
shall be measured in accordance with SSPC-PA 2.

3-6.04. Spark Testing. Not required.

3-6.05. Adhesion Testing. Not required.

3-7. FIELD PRIMING SCHEDULE. In general, steel and cast iron surfaces of
equipment are specified to be shop primed. Any such surfaces which have not
been shop primed shall be field primed. Damaged or failed shop coatings which
have been determined unsuitable by City shall be removed and the surfaces
shall be field coated, including prime coat (if any). Galvanized, aluminum,
stainless steel, and insulated surfaces shall be field primed. Primers used for
field priming, unless otherwise required for repair of shop primers, shall be:

Surface To Be Primed Material
Equipment, surfaces to be
coated with

Aliphatic polyurethane Universal primer.
Epoxy enamel Same as finish coats.
Coal tar coating Same as finish coats.
Vinyl ester Same as finish coats.

Steel and cast iron, surfaces to
be coated with

Epoxy enamel Same as finish coats or
inorganic zinc.

Coal tar coating Same as finish coats.
Aluminum Epoxy enamel.
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Surface To Be Primed Material
Galvanized Epoxy enamel.
Copper Epoxy enamel.
Stainless steel Epoxy enamel.
Plastic surfaces, including PVC
and FRP

Same as finish coats.

Insulated piping As recommended by
manufacturer of finish coats.

Concrete, surfaces to be coated
with epoxy enamel

For damp-proofing Epoxy enamel.
For all other surfaces Epoxy concrete filler and

surfacer.
Concrete block exposed in
exterior locations

Epoxy concrete block filler.

Concrete block to be coated with
epoxy enamel

Epoxy concrete block filler.

Unless otherwise recommended by the coating manufacturer or specified herein,
priming will not be required on concrete, or concrete block, nor on metal surfaces
specified to be coated with epoxy enamel, coal tar epoxy, and heat-resistant
coatings. Concrete surfaces to be coated with epoxy enamel shall be filled with
epoxy concrete filler and surfacer so that a continuous film is obtained, except
where concrete is damp-proofed with epoxy enamel.

3-8. FINISH COATING SYSTEMS. The following schedule lists coatings
systems and coating system designations.

No. Finish Coating Systems Coating System
Designation

A C E F G H P

1. Epoxy enamel – One coat x x x

2. Epoxy enamel – Two coats x x x x x x

3. Epoxy enamel / NSF – Two coats x x

4. Epoxy enamel – Three coats x x x

5. Epoxy enamel / NSF – Three coats x x x

6. Epoxy enamel – First coat
Aliphatic polyurethane – Finish coat

x x x x x x

7. Epoxy enamel – First and second
coat
Aliphatic polyurethane – Finish coat

x x x x
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No. Finish Coating Systems Coating System
Designation

A C E F G H P

8. Universal primer – First coat
Aliphatic polyurethane – Finish coat

x x

9. Medium consistency coal tar – Two
coats

x x x

10. Coal tar epoxy – Two coats x x x

11. Vinyl ester – Two coats x

12. Heat resistant – Two coats x

13. High heat resistant – Two coats x

14. Zinc primer – First coat
Epoxy – Intermediate coat
Aliphatic polyurethane – Final coat

x x

15. Flake-filled epoxy x x

3-8.01. Surfaces Not To Be Coated. Unless otherwise specified, the following
surfaces shall be left uncoated:

Exposed aluminum, except ductwork.
Polished or finished stainless steel. Unfinished stainless steel, except
flashings and counter flashings, shall be coated.
Nickel or chromium.
Galvanized surfaces, except piping, conduit, ductwork, and other items
specifically noted.
Rubber and plastics, except as specified.
Exterior concrete.
FRP wastewater troughs.
Surfaces specified to be factory finished.
Engine exhaust piping

3-8.02. Shop Finishing. Items to be shop finished include the following. Shop
finishing shall be in accordance with the coating manufacturer's
recommendations.

a. Other surfaces where blast cleaning cannot be or is not
recommended to be performed in the field.

b. Other items as otherwise specified.
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3-8.03. Field Coating. Items to be field coated include the following. Field
coating shall be in accordance with the field priming schedule, the coating
schedule, and the manufacturer's recommendations.

a. Surfaces not indicated to be shop finished and surfaces where blast
cleaning can be performed in the field.

b. All interior ferrous metal surfaces except stainless steel on the
digester cover.

c. Other items as otherwise specified.

3-9. METAL SURFACES COATING SCHEDULE.

Surface To Be Coated Finish Coating System

Non-galvanized structural and
miscellaneous steel exposed to view or to
the elements in exterior locations.

A6

Non-galvanized structural and
miscellaneous steel exposed to view inside
buildings.

A2

Steel handrails, steel floor plates, doors,
door frames .

A8

Unless otherwise specified, pumps, motors,
speed reducers, and other machines and
equipment exposed to view.

E8

Heating and air conditioning units,
convector covers, electrical equipment
cabinets, and similar Items and equipment
(unless factory finished) exposed to view.

E8

Cast Iron and steel piping inside buildings,
including valves, fittings, flanges, bolts,
supports, and accessories, and galvanized
surfaces after proper priming.

A2

Cast Iron and steel piping above grade
exposed to the elements and to view
outdoors, including valves, fittings, flanges,
bolts, supports, and accessories, and
galvanized surfaces after proper priming.

A6 A7 A14

Copper pipe and tubing, including fittings
and valves.

F1 F2

Copper pipe and tubing, including fittings
and valves exposed to view in exterior
locations.

F6 F7
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Surface To Be Coated Finish Coating System

All metal surfaces, unless otherwise
specified, which will be submerged or
buried, all or in part, including valves, and
scum baffles, and sluice gates, but
excluding piping laid in the ground.

E4 A10 E5

Miscellaneous castings, including manhole
rings and covers, and manhole steps. (One
coat, if not shop coated.)

E2 A10 E3

Aluminum in contact with concrete. F1

Aluminum and galvanized ductwork and
conduit indoors.

F1 or G1

Aluminum and galvanized ductwork and
conduit exposed to elements outdoors.

F6 or G6

Aluminum materials exposed to the
elements outdoors.

F6 F7

3-10. CONCRETE AND MASONRY SURFACES COATING SCHEDULE.

Surface To Be Coated Finish Coating System

All concrete and concrete block in corrosive
area (Except floors and surfaces scheduled
to receive other coatings) which are
exposed to view.

Indoor –C2

3-11. MISCELLANEOUS SURFACES COATING SCHEDULE.

Plastic Surfaces, including PVC
and FRP.

Outdoor – P6
Indoor – P2

Piping Insulation Outdoor – P6
Indoor – P2

3-12. PIPING IDENTIFICATION SCHEDULE. Exposed piping and piping in
accessible chases shall be identified with lettering or tags designating the service
of each piping system, marked with flow directional arrows, and color coded.

Piping scheduled to be color coded shall be completely coated with the indicated
colors, except surfaces specified to remain uncoated shall include sufficiently
long segments of the specified color to accommodate the lettering and arrows.
All other piping shall be coated to match adjacent surfaces, unless otherwise
directed by City.
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3-12.01. Location. Lettering and flow direction arrows shall be provided on pipe
near the equipment served, adjacent to valves, on both sides of wall and floor
penetrations, at each branch or tee, and at least every 50 feet [15 m] in straight
runs of pipe. If, in the opinion of City, this requirement will result in an excessive
number of labels or arrows, the number required shall be reduced as directed.

3-12.02. Metal Tags. Where the outside diameter of pipe or pipe covering is 5/8
inch [15 mm] or smaller, aluminum or stainless steel tags shall be provided
instead of lettering. Tags shall be stamped as specified and shall be fastened to
the pipe with suitable chains. Pipe identified with tags shall be color coded as
specified.

3-12.03. Lettering. Lettering shall be painted or stenciled on piping or shall be
applied as snap-on markers. Snap-on markers shall be plastic sleeves, Brady
"Bradysnap-On B-915", Seton "Setmark", or equal. Letter size shall be as
follows:

Outside Diameter of Pipe or Covering Minimum Height of Letters

5/8 inch [15 mm] and smaller Metal tags -1/4 inch

3/4 to 4 inches [20 to 100 mm] 3/4 inch

5 inches [125 mm] and larger 2 inches

3-12.04. Color Coding and Lettering. All piping for the following services shall
be color coded. Bands shall be 6 inches wide spaced along the pipe at 5 foot
intervals. For services not listed, the color coding and lettering shall be as
directed by the City.

Piping Identification

Service Color of Pipe Color of
Letters

Combustion Air Dark green White

Condensate Light gray with brown bands Black

Drain Dark gray White

Fuel Oil Black White

Nonpotable or Raw Water Olive green White

Oil – Hydraulic Black with white bands White

Plumbing Vents Dark gray White
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Piping Identification

Service Color of Pipe Color of
Letters

Potable Water (hot or cold) Dark blue Black

Refrigerant Yellow with white bands Black

Sewage Dark gray Black

Tempered Water Dark blue White

Electrical conduit shall be coated to match adjacent ceiling or wall surfaces as
directed by City. Vent lines shall be coated to match surfaces they adjoin.

In addition, special coating of the following items will be required:

Item Color
Valve handwheels and levers Red
Hoist hooks and blocks Yellow and black stripes

Numerals at least 2 inches high shall be painted on or adjacent to all accessible
valves, pumps, flowmeters, and other items of equipment which are identified on
the drawings or in the specifications by number.

End of Section
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SURFACE DESCRIPTION SYSTEM NO. -

SURFACE PREPARATION DESCRIPTION

Solvent SSPC-SP1
Ferrous Metal Nonimmersion SSPC-SP6
Ferrous Metal Immersion

SSPC-SP10
SSPC-SP-5

Other

COATING DFT
mils [µm] MANUFACTURER AND PRODUCT

First Coat
(Primer)

Second
Coat

Third
Coat

Total
System

Not less than minimum thickness specified.

Notes: (Attached if needed.)

Project:

Coatings Manufacturer: Initials ______

Painting Applicator: Initials ______

BLACK & VEATCH COATING SYSTEM
DATA SHEET

Fig 1-09940
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SHOP PRIMED SURFACE DESCRIPTION SYSTEM NO. - -F 

SURFACE PREPARATION DESCRIPTION

Solvent SSPC-SP1
Other:

COATING DFT
mils [µm] MANUFACTURER AND PRODUCT

Shop
(Primer)

(Identify Product/Type)

Touchup

Intermediate
Coat

Finish
Coat

Total
System

Not less than minimum thickness specified.

Notes: (Attached if needed.)

Project:

Coatings Manufacturer: Initials ______

Painting Applicator: Initials ______

BLACK & VEATCH COATING SYSTEM
DATA SHEET

Fig 2-09940
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Section 10200 
 

LOUVERS 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing and installation of stationary 
type weather louvers, stationary acoustical louvers and “brick vent” louvers. 
 
1-2.  GENERAL. The stationary type weather louvers, stationary acoustical 
louvers and “brick vent” louvers shall be the product of one manufacturer.  The 
louvers shall be furnished complete with all hardware and appurtenances 
necessary for a satisfactory installation.  
 
Louvers shall be of the sizes required for opening sizes indicated on the 
drawings.  Actual opening sizes for louvers scheduled for insertion within existing 
construction shall be field verified.  Actual louver sizes shall allow for shim and 
caulk space. 
 
1-3.  SUBMITTALS. Complete specifications and detailed drawings covering 
arrangement, dimensions, hardware, accessories, and details of construction 
and installation of the louvers shall be submitted in accordance with the 
submittals section. 
 
1-4. FINISH. All exposed interior and exterior aluminum surfaces shall be 
manufacturer’s standard Kynar 500 or Hylar 5000 series finish with 70% PVDF 
paint finish baked on to 1.2 mils min. surface depth treatment and shall meet the 
standards of the AAMA 2605-02. 
 
Color shall be selected from manufacturer’s standard Kynar 500 series system 
paint finish product line.  
 

PART 2 - PRODUCTS

2-1.  PERFORMANCE REQUIREMENTS. The louvers shall be designed to meet 
the following performance requirements: 
 
2-1.01.  Stationary Type Weather Louvers. The velocity at which the beginning 
point of water penetration occurs for stationary type weather louvers shall be at 
least 790 fpm [241 mpm].  The minimum free area for a 48 inches x 48 inches 
[1220 mm x 1220 mm] louver shall be 54 percent.  The maximum static pressure 
loss at 600 fpm [183 mpm] shall be 0.08 inches [2.0 mm] wc. 
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2-1.02.  Stationary Acoustical Type. The velocity at which the beginning point of 
water penetration occurs for six inch [150 mm] deep acoustical type louvers shall 
be at least 1000 fpm [244 mpm].  The minimum free area for a 48 inches x 
48 inches [1220 mm x 1220 mm] louver shall be 30 percent.  The maximum 
static pressure loss at 800 fpm [244 mpm] shall be 0.08 inches [2.0 mm] wc.  
The minimum noise decibel reduction shall be as follows: 

Octave 
Band/hz 

1/63 2/125 3/250 4/500 5/1000 6/2000 7/4000 9/8000 

NR, db 9 7 8 9 10 16 16 19]

2-2.  ACCEPTABLE PRODUCTS.

2-2.01.  Stationary Type Weather Louvers. Subject to the requirements specified 
herein, stationary type weather louvers shall be 6 inch [150 mm] deep equivalent 
to the following: 
 

Ruskin  "ELF-375XH”  

Arrow United Industries "EA-410” 

American Warming and Ventilating "LE-49" 
 
2-2.02. Stationary Acoustical Louvers.  Subject to the requirements specified 

herein, 6 inch [150 mm] deep acoustical louvers shall be equivalent to 
the following:  

 
Ruskin  "EAL6811”  

 
2-2.03.  Brick Vents. Subject to the requirements specified herein, “brick vents” 
shall be a Conrete Masonry Unit sized horizontal louver based upon the Ruskin 
BV100 or equivalent to the following approved manufactures: 
 

American Warming and Ventilating "BV" 
Arrow United Industries "Extruded Aluminum Brick Vents" 
Ruskin  "BV100" 

 
“Brick Vent” size shall be as required by the manufacturer to fit into a single 
standard Concrete Masonry Unit (CMU) opening 15.625”(w) x 7.625”(h) x 
7.626”(depth).  The Brick Vent louver shall be min. of 4” depth as per the Ruskin 
BV100, and shall be constructed of extruded aluminum permanently assembled 
to form a sturdy, rigid unit.  The Brick Vent louvers shall have extended sills, and 
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 bird screens of ¾” by 0.051 inch expanded, flattened, aluminum, removable 
screen frame. 
 
2-3  ACCESSORIES.

Stationary Acoustical Louvers, Stationary type weather louvers and “Brick Vents” 
shall be furnished and installed where indicated on the drawings.  Sizes shall be 
as indicated in the louver schedule.  Stationary Acoustical Louvers and 
Stationary-type weather louvers shall be constructed of extruded aluminum 
sections securely and permanently assembled to form a sturdy, rigid unit.  The 
Stationary Acoustical Louvers and Stationary-type weather louvers shall have 
extended sills as indicated on the drawings  
 
Bird screens of ¾” by 0.051 inch expanded, flattened, aluminum, removable 
screen frame shall be furnished and installed on all fixed louvers.   
 
Fixed weather louvers shall be architectural style continuous blades with 
concealed mullions. 
 

PART 3 - EXECUTION

3-1. INSTALLATION. The weather louvers shall be installed with anchors 
suitable for the adjacent material and shall be caulked as specified in Caulking 
section. 
 
Where aluminum work is to be attached to steel supporting members, or other 
dissimilar metal, the aluminum shall be kept from direct contact with such metals 
by a heavy shop coat of the coal tar paint.  Aluminum surfaces which will be in 
contact with concrete or masonry when installed shall be given a heavy coat of 
coal tar paint.  All paint shall be dry and hard when the coated parts are shipped, 
assembled, or installed.   
 

End of Section 
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Section 10400 
 

IDENTIFYING DEVICES 
 

PART 1 – GENERAL

1-1.  SCOPE. This section covers the furnishing and installing of equipment 
identification nameplates, signs, tags, and identification devices, such as warning 
signs and symbols, which indicate hazards, identify objects, rooms and devices, 
provide instruction, and convey information with the intent to eliminate, in so far 
as possible, accidental injury to workers and the public or damage to the 
property. 
 
1-2.  REFERENCES. The publications listed below form a part of this 
specification to the extent referenced.  The publications are referred to in the text 
by basic designation only.  Where a date is given for reference standards, that 
edition shall be used.  Where no date is given for the reference standards, the 
latest edition available shall be used. 
 
� Regional Office of the U.S. Dept. of Labor, Occupational Safety and Health 

Administration 29 CFR 1910 
 
� Wisconsin Administrative Code – Chapter 10 – Flammable and Combustible 

Liquids 
 
� Wisconsin Administrative Code – Chapter 14 – Fire Prevention 
 
� Wisconsin Administrative Code – Chapter 16 - Electrical 
 
� Wisconsin Administrative Code – Chapters 60-66 - Wisconsin Commercial 

Building Code 
 
� Wisconsin Administrative Code – Chapters 75-79 – Existing Buildings 
 
� Wisconsin Administrative Code – Chapters 81-87 – Plumbing  
 
� 2005 National Electric Code (NEC) 
 
� Americans with Disabilities Act Accessibilities Guidelines (Federal Reqister) 
 
� 2003 NFPA 101 - Life Safety Code 
 
� NFPA 30 – Flammable and Combustible Liquids Code, 2008 Edition 
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� NFPA 37 – Installation and Use of Stationary Combustion Engines and Gas 
Turbines 

 
� NFPA 704 “Diamond” Hazard Identification systems 
 
� Recommended Standards for Water Works – Great Lakes – Upper 

Mississippi River Board of State and Provincial Public Health and 
Environmental Managers 2007 Edition 

 
� ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI Z535.4, ANSI Z535.5, ANSI 

A13.1, ANSI A117.1  
 
1-3.  GENERAL. Identifying tags and signs shall be manufactured by firms 
regularly engaged in the production of high quality signs.  Graphics and lettering 
shall be neatly aligned with sharp, clean edges.  Signs displaying ragged edges 
or other indications of poor workmanship will be rejected. 
 
The identifying tags and signs shall be provided with all of the necessary 
connectors, supports, fasteners, and adhesives required for complete finished 
installation.  Contractor shall verify all sign graphics and obtain approval from the 
local Fire Marshall and Building Official with jurisdictional authority before 
fabrication. 
 
1-4.  SUBMITTALS. Contractor shall submit the following items in accordance 
with the requirements specified in the submittals section.  Items requiring 
submittals shall include, but not be limited to, the following: 
 
� Manufacturer’s information, including manufacturer’s specifications and 

installation instructions. 
 
� Shop drawings consisting of full-size layouts of all signs, including pipe line 

identification signs, valve tags, equipment nameplates, directional signs 
incorporating all features, mountings and accessories.  Repetitive sign layouts 
of typical and most restrictive condition shall be submitted.  Details of 
installations shall be submitted showing fasteners and mounting.  Style and 
colors of lettering shall be as selected by the City from manufacturer’s 
standards. 

 
� Samples of all the sign materials and colors proposed for use in the work.  

The samples shall be clearly marked to show the manufacturer’s name and 
product identification and shall be submitted along with the manufacturer’s 
technical data and application instructions. 

 
1-5.  PROJECT CONDITIONS. Contractor shall verify field conditions of the 
areas of installation, take measurements at the site prior to fabrication, and 
indicate field dimensions on the shop drawing submittal.  Contractor shall 
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coordinate fabrication schedule, delivery and progress schedule with the project 
manager and project site construction manager to avoid delays.  
 

PART 2 – PRODUCTS

2-1   WALL PLAQUE. A dedication plaque shall be provided and installed in the 
Pumping Station Building as located by the City.  Plaque shall be cast aluminum 
approximately 18 inches by 28 inches.  The exact size and lettering of the 
inscription to be placed thereon will be furnished to the Contractor after the 
award of the Contract.  The tablet shall not be less than 3/16 inch thick and shall 
have lettering, center panel, and trim raised not less than 1/8 inch.  The face and 
edge of the border, center panel, and the faces of lettering shall have a fine satin 
finish.  Background shall have a leatherette textured surface and shall be 
oxidized to a dull black color.  The outlines of all lettering and borders shall be 
hand-tooled, clean and sharp.  The plaque shall be mounted using suitable 
concealed fasteners.  A rubbing of the pattern shall be submitted for review 
before casting.  Sign shall be selected from the manufacturer's submittal and be 
approved by the City. 
 
2-2.  INTERIOR SIGNAGE SYSTEM. The interior signage system shall be  
"Intouch" series as manufactured by ASI-Modulex Sign Systems, Inc., or equal, 
with sign copy and Braille relieved 1/32-inch minimum from plaque face.  The 
sign face shall be made of polyamid resin and have a 0.011-inch thick carrier and 
a 0.125-inch thick acrylic laminating base.  Signs shall have rounded corners and 
shall have a matt finish. 
 
Colors of the field and lettering shall be selected from the manufacturer's 
standard colors and be approved by the City.  Size of the signs shall be a 
minimum 6-inch square and larger as required by the typography. 
 
Lettering shall be selected from the manufacturer's standard styles.  Lettering 
shall be upper case.  Legend for each sign shall be provided by the City after the 
award of the Contract – see section 2-3.01 below.  All signs shall meet the 
requirements of the Building Code and requirements of the ADAAG. 
 
Signs shall be mounted in the locations as approved by the City.  Signs for 
installation on glass shall be provided with matching backing plate for application 
to the reverse side of the glass.  Interior signs shall be mounted as specified and 
as recommended by the manufacturer at the locations indicated.  Mounting 
methods shall be appropriate for the mounting surface available.  Signs shall be 
installed square and level at the height designated.  Signage shall display the 
handicap symbol on handicap restroom signs. 
 
2-2.01.  Signage Legend. A minimum of 12 interior building signs shall be 
provided.  Room name signage shall be provided at each door into the Engine 
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Generator Room  and new Switchgear Room.  Location and sign legend shall be 
coordinated with City. 
 
2-3.  WARNING SIGNS. Warning signs shall be furnished and installed in the 
specified location and with the specified wording as indicated below.  
 
Each sign shall be in accordance with the Federal Occupational Safety and 
Health Act - OSHA Regulations 1910.145.  The signs shall be 14 inches by 10 
inches, and shall be plastic, semi-rigid "01900 Series" Industrial Safety and 
Security Co., Lima, Ohio. Signs shall be as follows:  
 
The following sign shall be installed on all hatches, lids or other openings leading 
into new and existing underground or confined structures into which employees 
may enter. 
 

DANGER 
CONFINED SPACE 

AUTHORIZED PERSONNEL ONLY 
 
The following sign shall be installed on the exterior of doors leading into electrical 
rooms, enclosures, and cabinets: 
 

DANGER 
HIGH VOLTAGE 

 
The following sign shall be installed on the exterior of all doors leading into the 
Engine Generator Room: 
 

DANGER 
NOISE HAZARD 

HEARING PROTECTION REQUIRED 
 
2-3.01.  Information Signs. The following sign shall be installed on the interior 
side of every door that provides exit from the building   
 

EXIT 
 
The following sign shall be installed on the exterior of all doors leading into a 
pump room and near any outdoor equipment that starts without warning: 
 

CAUTION 
AUTOMATIC EQUIPMENT 

WILL START WITHOUT WARNING 
 
At least 4 visible allowable live load sign shall be installed at doors from room 
200 into room 203 and at door from room 204 into room 203, as well as in 2 
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inconspicuous locations on the interior wall of the Storage Area room number 
203 displaying the design live load as listed below, conforming to the 
requirements of Section 1607.3.5 of the CBC. 
 

CAUTION 
MAXIMUM FLOOR LOADING 

50 POUNDS PER SQUARE FOOT 
 
2-3.02. No Smoking Signs. A "No Smoking" sign, combination of words and 
symbol, shall be mounted on each door to the Eingine Generator Room, and to 
each Switchgear Room.  Signs shall be 17 inches by 7 inches, and shall be 
plastic, semi-rigid, Industrial Safety and Security Co. "Catalog No. 03146(2)".  
 
2-4.  SAFETY AND WARNING LABELS. Safety and warning signs and labels 
shall be furnished and installed to indicate and define hazards which may lead to 
accidental injury to personnel or to property damage.  The signs and labels shall 
be constructed of stainless steel.  The sign size, shape, and color shall be in 
accordance with the Occupational Safety and Health Act (OSHA), Federal 
Register Part 2, Paragraph 1910.45. 
 
2-5.  NAMEPLATES. All equipment, piping, valves, gates, pumps, panels, 
control equipment, and other equipment denoted by a symbol and an identifying 
number on the Drawings shall be provided with permanent nameplates or tags.  
Each nameplate shall bear the equipment identification tag number, 
manufacturer's name and equipment model, and all other relevant information as 
required.  The equipment tag number designations used shall be as indicated in 
a table provided to the Contractor during construction.  This table shall be a cross 
reference between the designations provided on the Drawings for construction 
purposes and the true nameplate information desired by the pumping station 
facility. 
 
All valves shall be provided with tags and valves not shown with an identifying 
number on the drawings shall be assigned an identifying designation by the 
Contractor and provided with an identification tag as specified in this section.  
The identifying designation shall follow the City’s standard naming convention, 
and shall consist of the Station ID, a dash, the Process Code, a dash, the 
Equipment Code, a dash, the Sub Code if applicable, and the Number.  Sub 
codes are for equipment that is associated with other equipment, such valve 
operators.  The Station ID is RS.  As an example for the motor operated valve 
shown as part of the Remote Fill Box Package on Sheet R-163-I-4, the following 
designations would apply to the valve:  RS-P-FUEV-01. The City standard 
equipment codes and sub codes will be provided to the Contractor after Notice to 
Proceed is issued. Where the City does not have a standard designation, 
Process Code Abbreviations shown on Sheet R-163-I-3 followed by the letter V 
shall be used. The Contractor shall coordinate all of the designations for package 
equipment valves to avoid duplication of identifying designations. 
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Equipment nameplates shall be located in a conspicuous place as acceptable to 
the City.  All nameplates and tags shall be stainless steel, except that plastic 
(phenolic) nameplates may be provided for indoor electrical panels. 
 
Colors of the field and lettering shall be selected from the manufacturer's 
standard colors by the City.  Size of the signs or identification tag shall be 
sufficient to allow for all necessary information but must not interfere with normal 
operations of the equipment.   
 
Temporary nameplates or tags may be used until such time as the equipment or 
valve is permanently installed and protected from damage from other 
construction activities.  Temporary nameplates or tags must be removable 
without causing damage to the equipment. 
 
Plastic nameplates and tags shall be laminated phenolic not less than 1/8-inch 
thick and shall be black with white core.  Number plate symbols and numbers 
shall be capitalized block letters with a minimum height of 3/4 inch.  Number 
plate height shall be twice the letter height.  Metal nameplates and tags shall not 
be less than 12 gauge thickness with engraved or imprinted symbols and shall be 
made of stainless steel.  Letters shall be painted black after fabrication.  Tags 
shall have smooth edges and shall be a minimum diameter of 2 inches.  
Nameplates shall be installed with corrosion-resistant mechanical fasteners.  
Individual equipment and components too small to accommodate the specified 
nameplates shall be identified with tags.  Tags shall be installed with stainless 
steel chains or straps.  Letters and numbers shall be at least 3/16-inch high for 
tags, 1/2-inch high for equipment nameplates, and 1/4-inch high for nameplates 
on control panels. 
 
In addition to providing nameplates for the valves, piping and equipment 
referenced in the specification sections and indicated on the Drawings, the 
Contractor shall furnish and install additional plastic nameplates and metal tags 
engraved or imprinted with designations to be selected by the City.  Prior to 
fabrication of the nameplates and tags, a complete listing of equipment 
designations shall be submitted for review. 
 
2-6. MISCELLANEOUS SIGNS. All miscellaneous signs shall be stainless steel.  
Colors of the field and lettering shall be selected from the manufacturer's 
standard colors by the City.  Size of the signs shall be sufficient to allow for all 
necessary information but must not interfere with normal operations of the 
equipment. 
 
2-9.01  Truck Unloading Signs. Not used.  
 

PART 3 – EXECUTION
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3-1.  GENERAL. Signs shall conform OSHA Federal Register Part 2, Paragraph 
1910.45. Locations, sizes, and colors shall be as reviewed by the City. The 
lettering sizes shall be three-inch in height unless shown or specified otherwise.  
All “EXIT” signs to be installed on doors shall have lettering that is 6 inches high 
with a 3/4-inch stroke.   
 
3-2.  PROJECT PLAQUE. The Project plaque shall be installed as directed by 
the City.  Plaque location will be provided by the City. 
 
3-3.  CLEANING. In accordance with the requirements of the manufacturer’s 
printed recommendations, all signs shall be thoroughly cleaned and left ready for 
use. 
 

End of Section 
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Section 11060 
 

EQUIPMENT INSTALLATION 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers installation of new equipment units that have 
been purchased by Contractor as part of this Work. 
 
Startup requirements shall be as indicated in the Startup Requirements section. 
 
1-2.  GENERAL. Equipment installed under this section shall be erected and 
placed in proper operating condition in full conformity with drawings, 
specifications, engineering data, instructions, and recommendations of the 
equipment manufacturer, unless exceptions are noted by City. 
 
Any existing equipment which is removed shall be handled as indicated in the 
Demolition and Abandonment section. 
 
1-2.01.  Coordination. When manufacturer's field services are provided by the 
equipment manufacturer, Contractor shall coordinate the services with the 
equipment manufacturer.   
 
Contractor shall review equipment submittals and coordinate with the 
requirements of the Work and the Contract Documents.  Contractor accepts sole 
responsibility for determining and verifying all quantities, dimensions, and field 
construction criteria. 
 
Flanged connections to equipment including the bolts, nuts, and gaskets are 
covered in the appropriate pipe specification section. 
 
1-3.  DELIVERY, STORAGE, AND HANDLING.

1-3.01.  Storage. Upon delivery, all equipment and materials shall immediately 
be stored and protected by Contractor in accordance with the Handling and 
Storage section until installed in the Work.  Equipment shall be protected by 
Contractor against damage and exposure from the elements.  At no time shall 
the equipment be stored on or come into contact with the ground, grass, or any 
other type of vegetation.  Contractor shall keep the equipment dry at all times. 
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PART 2 - PRODUCTS

2-1.  MATERIALS. Materials shall be as follows: 
 

Grout As specified in the Grout section. 
 

PART 3 - EXECUTION

3-1. INSTALLATION.

3-1.01. General.

Equipment shall not be installed or operated except by, or with the guidance of, 
qualified personnel having the knowledge and experience necessary to obtain 
proper results as specified in the Startup Requirements section. 
 
Each equipment unit shall be leveled, aligned, and shimmed into position.  
Installation procedures shall be as recommended by the equipment manufacturer 
and as required herein.  Shimming between machined surfaces will not be 
permitted. 
 
Unless otherwise indicated or specified, all equipment shall be installed on 
concrete bases at least 6 inches high.  Baseplates shall be anchored to the 
concrete base with required anchor bolts.  For equipment with grouted bases, the 
space beneath shall be filled with grout as specified in the Grout section.  The 
equipment base shall be grouted after initial fitting and alignment. 
 
Anti-seize thread lubricant shall be liberally applied to the threaded portion of all 
stainless steel bolts during assembly. 
 
When specified in the equipment sections, the equipment manufacturer will 
provide installation supervision and installation checks.  For installation 
supervision, the manufacturer’s field representative will observe, instruct, guide, 
and direct Contractor's erection or installation procedures as specified in the 
equipment specifications.  For installation checks, the manufacturer’s field 
representative will inspect the equipment installation immediately following 
erection by Contractor, and observe the tests indicated in Startup Requirements 
section.  The manufacturer's representatives will revisit the site as often as 
necessary to ensure installation satisfactory to City. 
 
3-1.02.  Engine-Generators and Associated Equipment.

3-1.02.01.  Cleaning. The exposed finish shall be inspected after completing 
system installation, including pipe connections, fittings, valves, and specialties.  
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Burrs, dirt, and construction debris shall be removed and damaged finishes, 
including chips, scratches, and abrasions shall be repaired. 
 
3-1.02.02.  Protection. The equipment shall be protected after installation, but 
prior to final acceptance by City.  Protection provisions shall be as recommended 
by the manufacturer and shall include provisions to prevent rust, mechanical 
damage, and foreign objects entering the equipment. 
 
3-1.03.  Aboveground Fuel Storage Tank. Aboveground fuel storage tanks shall 
be installed level and plumb.  Each tank shall be installed in accordance with the 
manufacturer’s instructions, these specifications, detail drawings, and to the 
satisfaction of the City. 
 
The equipment shall be protected after installation, but prior to final acceptance 
by City.  Protection provisions shall be as recommended by the manufacturer 
and shall include provisions to prevent rust, mechanical damage, and foreign 
objects entering the equipment. 

3-2.  STARTUP AND TESTING. Startup requirements, and tests associated with 
startup shall be as indicated in the Startup Requirements section.  Other field 
tests shall be as indicated in the specific equipment sections.  Startup and tests 
required shall occur in the order listed in the following paragraphs.  Tests shall 
not begin until any installation supervision and installation checks by the 
equipment manufacturer have been completed, except where noted below. 
 
3-2.01.  Preliminary Field Tests. Preliminary field tests shall be conducted on all 
equipment by Contractor as indicated in the Startup Requirements section.  
When an installation check is specified in the equipment sections, the equipment 
manufacturer's representative will participate in these tests to the extent 
described in the Startup Requirements section and in the equipment sections. 
 
3-2.02.  Field System Operation Tests. Field system operation tests shall be 
conducted on all equipment by Contractor as indicated in the Startup 
Requirements section.  When an installation check is specified in the equipment 
sections, the equipment manufacturer's service personnel will participate in these 
tests to the extent described in the Startup Requirements section and in the 
equipment sections. 
 
3-2.03.  Field Demonstration Tests. Field demonstration tests will be conducted 
by the equipment manufacturer on equipment as indicated and as specified in 
the equipment sections. 
 
3-2.04.  Field Performance Tests & Distribution Tests. Field performance tests or 
distribution tests will be conducted by the equipment manufacturer on equipment 
as indicated and as specified in the equipment sections.  
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3-2.05.  Field Baseline Performance Tests. Field baseline performance tests 
shall be conducted by Contractor on the equipment indicated in the equipment 
sections, and the tests shall be performed as indicated.  When indicated in the 
equipment sections, the equipment manufacturer will participate in these tests.  
This test shall not be considered an acceptance test, but rather a test to 
determine initial performance curves and efficiency just prior to the equipment 
entering service. 
 

End of Section 
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Section 11910 
 

ENGINE-GENERATORS 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing of three backup power systems 
to be located at the Riverside Pumping Station. The backup power systems shall 
include the following: 
 

1. Three diesel fueled engine-driven electric generator units designated RS-
B-GEN-01, RS-B-GEN-02, and RS-B-GEN-03.   

2. Three remote- mounted radiator units designated RS-B-RAD-01, RS-B- 
RAD -02, and RS-B- RAD -03.  

3. Three neutral grounding resistors. 
4. Three diesel fuel day tanks and associated fuel pumps. 
5. One load bank designated RS-E-LB-01 as specified in Section 16350. 
6. Complete lineup of medium-voltage switchgear and controls as specified 

in Sections 16345 and 16346. 
7. Three air-to-water charged air coolers (as necessary to meet the 

requirements as specified herein) and associated skid mounted piping. 
8. Three exhaust silencers equipped with insulated supports and exhaust 

stack as shown on the drawings. 
9. Ancillary equipment and accessories needed for a complete operating 

system. 
 
Each engine-generator shall be a skid-mounted package unit consisting of an 
engine, an alternator, auxiliary systems, controls, and accessories as specified, 
as required for a complete operating system.   
 
The backup power systems as specified herein shall be furnished by a single 
Engine-Generator Supplier. The Supplier shall be fully responsible for furnishing 
a complete and coordinated system including engine-generator units, switchgear, 
generator control sections, load bank, exhaust silencers, batteries with chargers, 
day tanks, neutral grounding resistors, and accessories as required for a 
complete operating system. The Engine-Generator Supplier shall be responsible 
for coordinating and performing all of the integration required between the 
generators, switchgear, and controls.  Integration is defined as providing all of the 
equipment, controls, wiring, software, and programming necessary for a 
complete operating system as specified herein and in other sections.  
 
The Engine-Generator Supplier shall be an authorized licensed distributor for the 
Engine-Generator Manufacturer that has full authorization to act on behalf of the 
manufacturer.  The Engine-Generator Supplier shall have proven experience with 
projects of similar magnitude and functionality. The Engine-Generator Supplier 
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shall have provided engine-generator and switchgear equipment packages for 
three separate projects of generators sized at 1,000 kW or greater that have 
been in service for more than one year, for which they were responsible for 
coordinating and performing all of the integration required between the 
generators, switchgear, and controls. The Engine-Generator manufacturer shall 
have minimum of five 2,500 kW units in operation in the United States for longer 
than two years.   
 
1-2.  GENERAL. Equipment furnished under this section shall be assembled in 
full conformity with drawings, specifications, engineering data, instructions, and 
recommendations of the equipment manufacturer unless exceptions are noted by 
the City. 
 
1-2.01.  General Equipment Stipulations. The General Equipment Stipulations 
shall apply to all equipment furnished under this section.  If requirements in this 
specification differ from those in the General Equipment Stipulations, the 
requirements specified herein shall take precedence. 
 
1-2.02.  Coordination. All equipment specified in this section shall be furnished 
through a single supplier who shall be responsible for the design, manufacture, 
coordination, and installation supervision to ensure proper installation of the 
entire system.    
 
Each engine-generator unit shall be a standard product of the manufacturer and 
shall be a packaged type unit, fully shop assembled, wired and tested, requiring 
no field assembly of critical moving parts. 
 
Contractor shall verify that each component of the system is compatible with all 
other parts of the system; that all piping, materials, and motor sizes are 
appropriate; and that all devices necessary for properly functioning system have 
been provided. 
 
The engine-generator manufacturer shall coordinate requirements between the 
fuel storage tank, remote radiator, automatic transfer switch and the engine-
generator.  
 
Contractor shall, at his own expense, arrange for and obtain all necessary 
permits, inspections, and approval by the proper authorities in local jurisdiction of 
such work. 
 
1-2.03.  Governing Standards. Except where modified or supplemented by these 
specifications, all equipment and materials shall be designed and constructed in 
accordance with the latest applicable requirements of the standard specifications 
and codes of ANSI, ASTM, NEMA, IEEE, EEI, HEI, ISO, NFPA, SAE, and other 
such regularly published and accepted standards as well as state and local 
codes. 
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1-2.04.  Power Supply. Site power will be supplied to each piece of auxiliary 
equipment and accessories.  Site power supplied shall be 120 volts, 60 Hz, 
single phase, 3 wire and 480 volts, 60 Hz, three-phase, 3 wire.  Engine starting 
and controls shall operate from batteries specified herein.  When needed, a 
control transformer shall be provided. 
 
1-3.  SUBMITTALS.

1-3.01.  Drawings and Data. Complete assembly and installation drawings, 
together with detailed specifications and data covering materials, drive unit, 
parts, devices and accessories forming a part of the equipment furnished, shall 
be submitted in accordance with the submittals section.  The data and 
specifications for each unit shall include, but shall not be limited to, the following: 
 

Manufacturer, model, and type: 
 Engine. 
 Alternator. 
 Battery charger and battery. 
 Remote radiator. 

Charge air cooler. 
 Silencer. 
 Day Tank. 
 Neutral Grounding Resistor. 
Engine output horsepower and efficiency curves at rated capacity. 
Fuel consumption at rated capacity. 
Ratings at specified conditions: 
 Engine (net horsepower). 
 Engine (maximum performance horsepower bare engine). 
 Generator kW at specified power factor. 
 Volts. 
 Amperes. 
Engine-Generator overall dimensions and weight: 
 Length. 
 Width. 
 Height. 
 Net weight. 
Remote radiator performance data at full capacity: 
 Heat rejection rate. 
 Sound pressure level (dBA at 25 ft). 
 Fluid pressure drop through core, per circuit, in psi. 
 Ambient Capability, deg F. 
 Air flow, scfm, per fan. 
 Motor nameplate data (hp, service factor, FLA, Insul. class, etc.). 
Remote radiator overall dimensions and weight: 
 Length. 
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 Width. 
 Height. 
 Net weight. 
Remote radiator dimensional drawing to include location and size of all  
 piping connections. 
Wiring diagrams and schematics, including the engine control panel and  

generator line circuit breaker. 
Alternator insulation class and temperature ratings. 
Alternator winding pitch. 
Letter from the manufacturer guaranteeing the units will start the specified 

load while meeting the specified voltage dip with calculations or test 
results supporting the letter. 

Generator line circuit breaker rating. 
Control panel layout, identifying location of all instrumentation being  

supplied. 
Engine drawing to include location of all piping connections. 
Operation instructions. 
Letter from the engine-generator manufacturer confirming that the unit will  

provide the specified kW rating at the specified design conditions and time 
duration. 

Battery sizing calculations. 
Battery charger sizing calculations. 
Calculations indicating the exhaust pressure loss through the exhaust 

silencer at specified power outage capacity of the unit and that the 
exhaust silencer provides sound attenuation equal to or greater at the 
specified frequencies. 

Maximum output short circuit kVA available. 
Exhaust gas emission data, maximum values at loads of 1/2, 3/4, and full: 
 Carbon Monoxide (CO), lb/hr 
 Nitrogen Oxides (NOx), lb/hr 
 Sulfur Dioxide (SO2), lb/hr 
 Particulate Matter (PM), lb/hr 
 Temperature, F 
 Flow, acfm 
Equipment skid drawing including material list. 
Operator training manuals with description of operating procedures for all 

equipment provided. 
Two (2) complete sets of shop manuals in both hard copy and CD forms. 
Name, address, and phone number of manufacturer’s repair facility. 
Certificate of compliance. 
Required fuel specifications for unit to meet EPA specified emission 
requirements. 
Valve identification schedule for the following, but not limited to the 
following: 
 Engine-Generator 
 Remote radiator 
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 Day Tank 
 
1-3.02.  Operation and Maintenance Data and Manuals. Operation and 
maintenance information shall be supplied as required in the Contract Closeout 
and Submittals section.  The operation and maintenance manuals shall be in 
addition to any instructions or parts lists packed with or attached to the 
equipment when delivered. 
 
1-4.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and storage shall be in accordance with the 
Handling and Storage section. 
 
1-5.  SPARE PARTS. The following spare parts and accessories shall be 
furnished in substantial wooden boxes with identifying labels and delivered to the 
vicinity of the project site or the City as directed: 
 

Spare Parts Quantity (per unit) 
Air filters. 2 sets 
Oil filters. 4 sets 
Fuel filters. 12 sets 
V-belts for radiator. 2 sets 
Crankcase filter media 2 sets 

One set of non-commercial tools required for complete overhaul shall be 
provided with each unit. 
 
All spare parts shall be provided in waterproof packages suitable for export 
service, labeled with its description and part numbers. Each item or set of spare 
parts expected to be installed at one time shall be in an individual package. All 
special tools required for routine maintenance of the equipment shall be provided 
with the spare parts. The spare parts shall be stored as directed by the City. 
 
If the above spare parts are used during the installation process, they shall be 
replaced by the manufacturer at no cost to the City.  
 

PART 2 - PRODUCTS

2-1.  SERVICE CONDITIONS. The equipment shall be designed to operate 
under the following service conditions: 
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Seismic zone See Geotechnical 
Engineering Report 

-- Section 4.4
Engine-generator combustion 
air temperature range. 

-30 to 103 °F 

Remote radiator ambient air 
temperature range. 

-30 to 113 °F 

Room ambient temperature 
range 

45 to 104 °F 

Site elevation. 700 ft 
 
Each engine-generator unit will be used as a power unit for selected electrical 
loads when the utility supplied power fails.   
 
Each engine-generator shall automatically start, synchronize, and connect to the 
electrical load when initiated from the switchgear automatic transfer controls. 
 
Each unit shall be furnished with all equipment required to allow it to operate 
alone or in parallel with one or two of the other units.  When operating in parallel, 
the units shall divide the load (kW and kvar) equally. 
 
Fuel for each engine-generator will be furnished from a day tank as specified 
herein and an aboveground fuel storage tank, as specified in the Aboveground 
Fuel Storage Tank section. 
 
The Engine-Generator Supplier shall provide the correct amount and grade of 
crankcase oil, and other fluids (except fuel) necessary for initial testing and 
operation. 
 
2-2.  PERFORMANCE AND DESIGN REQUIREMENTS. Each engine-generator 
unit shall be designed for the operating conditions and requirements as follows: 
 

Tag number RS-B-GEN-01,
RS-B-GEN-02,
RS-B-GEN-03. 

Generator 
Power rating capacity 
with accessories, for 
generator voltage output 
and service conditions 
specified herein. 

2,420 kW 
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 Output frequency. 60 Hz 

 Output voltage. 4,160 VAC 

 Output power factor. 0.8 

Output phase and 
configuration. 

Three phase, 4 wire, wye 
configuration

Maximum voltage dip. See Performance Table %

Engine 
Fuel supply. No. 2 Ultra-Low Sulfur 

diesel, as per ASTM 
D975

Maximum speed. 1,800 rpm 
 Minimum piston 

displacement. 
4,700 in3

Black start required. Yes

Guaranteed EPA Emissions Tier II
Maximum engine-generator 
skid length. 

23 ft 

Maximum engine-generator 
skid width. 

6 ft 
 

Each engine-generator shall not output more than 3 percent harmonic content. 
 
Each engine-generator shall be designed to be operated during a power outage 
for a minimum of 24 continuous hours and a maximum of 100 hours per year. 
 
Engine-generators submitted with ratings in excess of current published data will 
not be acceptable. 
 
Each engine-generator unit furnished shall be of a design that can be 
accommodated in the space as indicated on the Drawings and specified herein.   
 
Any special fittings or piping required for connection to fuel coolant, exhaust, and 
combustion air ducting shall be furnished and installed. 
 
The engine-generators shall, at a minimum, meet the required Environmental 
Protection Agency (EPA) New Source Performance Standards emission 
regulations and shall be certified as such at the factory prior to shipping.  
Modifications performed to meet EPA requirements after shipping will not be 
acceptable. 
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The Contractor and the Engine-Generator Manufacturer shall coordinate with the 
local air quality management authority as required to ensure the equipment 
meets all current local air emissions requirements.  The Engine-Generator 
Manufacturer shall guarantee the equipment supplied meets all local air 
emissions requirements in place at the time of startup.  Field testing of actual 
emissions will be as required per Section 3-3 to verify compliance with the 
emissions requirements. 
 
2-2.01.  Performance Table. The group of engine-generators shall satisfactorily 
start the following loads in the listed order, and as specified in Section 16346.     
Functional Sequence of Operations, while meeting the specified voltage dip.  The 
generators shall be designed to start and run based on the worst case starting 
characteristics of any four 1750HP pump motors. Supplemental data for the 
4.16kV motors is attached as Exhibit “E”. 
 

Load Description Rating (hp) Max Volt Dip Comments

Step 1 Radiator Cooling 
Fan Motor 1 

75 20% Full voltage starter 

Step 1 Radiator Cooling 
Fan Motor 2 

75 20% Full voltage starter 

Step 1 Radiator Cooling 
Fan Motor 3 

75 20% Full voltage starter 

Step 2 Auxiliary Loads 301kVA 20% 0.8 power factor  
Step 3 Essential Loads 609kVA 20% 0.8 power factor  
Step 3 Vacuum Pump 

Motor 
15 20% Full voltage starter 

Step 3 Battery Charger 
Station Motor 
 

25 20% Full voltage starter 

Step 3 Dewater Pump 
Motor 

40 20% Full voltage starter 

Step 3 Air Compressor 25 20% Full voltage starter 
Step 4 Synchronous 

Pump Motor 1 
1750 20% Full voltage starter 

Step 5 Synchronous 
Pump Motor 2 

1750 20% Full voltage starter 

Step 6 Synchronous 
Pump Motor 3 

1750 20% Full voltage starter 

Step 7 Synchronous 
Pump Motor 4 

1750 20% Full voltage starter 
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2-3.  ACCEPTABLE MANUFACTURERS. Each engine-generator unit shall be 
from the same manufacturer, shall be identical, and shall be a current production 
model.  The engine-generator units shall be manufactured by Caterpillar, Detroit 
Diesel, Kohler, or City-approved equal. 
 
The Supplier of the engine-generator unit shall have a full-time, fully factory 
trained technical staff and an equipped 24 hour service facility having all 
personnel and all equipment required to maintain, repair, or overhaul the engine-
generator unit and associated equipment.  The repair facility shall be within 50 
miles from the installation location. 
 
2-4.  ENGINE-GENERATOR UNIT.

2-4.01.  Engine. Each engine shall be 4-stroke cycle type and shall be equipped 
with the following: 
 

Electronic governor for isochronous regulation of engine speed from 
no load to full load alternator output. 
Dry type air cleaner with replaceable elements. 

 
All valves supplies with each engine-generator shall be individually labeled and 
numbered by the manufacturer as specified in the Identifying Device section, and 
shall be provided with a corresponding valve schedule. 
 
2-4.02.  Alternator. Each engine-generator alternator shall be a 4 pole, revolving 
field design with temperature compensated solid state voltage regulator, 
brushless rotating rectifier exciter system, and drip-proof construction with 
amortisseur windings.  The alternator shall be directly connected to the engine 
flywheel housing, and the rotor shall be driven through a semi-flexible driving 
flange to ensure permanent alignment.   
 
Frequency regulation shall be isochronous ±0.15 Hz from no load to rated load.  
Voltage regulation shall be digitally controlled within ±0.5 percent of rated 
voltage, steady state, from no load to full load.  The momentary voltage drop 
shall not exceed the specified percent without starter coils dropping out or stalling 
the engine at any time when applying or starting the specified loads.  Recovery to 
stable operation shall occur within 2 seconds after the load reaches full load. 
 
The alternator shall have Class H insulation as defined by NEMA MG1-1.65 and 
temperature rise shall be within NEMA MG1-22.40 definition at rated condition. 
 
Three current transformers shall be furnished and installed in a box on the 
generator for generator differential current protection.  This requires all the 
winding leads to be brought outside the generator before forming the neutral.  



Milwaukee Water Works, R-163 11910 Print Date 2/24/2010 
Riverside Backup Power Generation -10-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 1.4 7/11/2006 

After the neutral is formed, a current transformer shall be provided in the box for 
generator ground fault relaying.  The ground fault current transformer may be 
installed in the neutral grounding resistor as an alternative.  The characteristics of 
the current transformers used for differential protection shall be coordinated with 
those supplied in the generator switchgear.  Current transformer ration are 
indicated on the drawings and shall be confirmed by the coordination study. 
 
The alternator conduit box shall be sized to accommodate the separate phase 
leads, neutral leads, current transformers, voltage surge arrestors and 
capacitors, and connections as required per manufacturer furnished electrical 
one-lines. 
 
The winding pitch shall be 2/3 pitch for use in paralleling with the other units. 
 
Harmonic filters shall be provided where determined by the Supplier for proper 
operation when powering solid-state motor starters. 
 
An alternator winding heater shall be furnished as an integral part of the engine-
generator unit. Alternator winding heater shall be rated 120 volts, single phase. 
The alternator winding heater control system shall include an interlock with the 
engine-generator unit so that the heaters are de-energized at all times that the 
generator field is energized. The supplier shall provide all internal alternator 
winding heater wiring and used branch circuit protection.  
 
2-4.02.01.  Surge Protection. Each engine-generator shall be provided with a 
voltage surge protection system installed in the generator terminal box or in a 
separate enclosure near the generator terminal box.  
 
2-4.02.02. Neutral Grounding Resistor. Each engine-generator shall be provided 
with a neutral grounding resistor as shown on the drawings. Neutral Grounding 
resistor shall be 400 amperes, 2.4kV, and rated 760 degrees C for 10 seconds.  
Resistor shall be furnished with entry bushings, current transformer, and stand.  
Resistors shall be manufactured by Post Glover or approved equal. 

2-4.03.  Fuel System. Each engine-generator unit shall be furnished with a 
complete fuel system including engine-driven fuel pump, packaged double wall 
day tank, engine supply and return lines, and all accessories required for proper 
operation.  All items shall be suitable for the specified fuel.  The engine driven 
fuel pump shall transfer the fuel from the day tank to the engine-generator. 
 
All flexible connectors provided for the fuel supply and return lines shall be 
stainless steel. 
 
A combination fuel filter/separator shall be located inside the building, next to the 
engine, upstream from the flexible connector.  The combination fuel 
filter/separator shall be a manifold unit with shutoff valves and shall permit 
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servicing the filter/separator without engine shutdown.  This shall permit valving 
off of one filter/separator and bypassing the fuel to the other filter/separator. 
Filter/separator shall be manufactured by Racor or equal. 
 
The day tank shall be a packaged double wall day tank as manufactured by 
Simplex or equal. The day tank shall be UL listed, meet all EPA, state, and local 
requirements, be vented, and shall normally be used to store the specified fuel at 
atmospheric pressure. Each day tank shall meet the requirements for an 
approved exhausted combustible liquids enclosure as defined by the 
International Building Code. 
 
The day tank shall have a minimum capacity or 75 gallons and a maximum 
capacity of 80 gallons and shall be of welded steel construction throughout. 
 
The package day tank shall include the following items: 
 

Two motor driven gear, self-priming supply pumps complete with 
starters and disconnects for supplying fuel to the day tank from the fuel 
storage tank. Minimum supply pump capacity of 7 gpm with ½ hp, 460 
volt, 60 Hz, 3 phase motor for each pump. Pumps shall provide 
automatic alternate operation cycles and provide lead/lag day tank 
filling in a redundant fashion.  
One motor driven gear, self-priming overflow/return pump complete 
with starter and disconnect for supplying fuel from the day tank to the 
fuel storage tank. Minimum supply pump capacity of 17 gpm with 1 hp, 
460 volt, 60 Hz, 3 phase motor.  
Auxiliary hand pump with a minimum flow of 20 gallons per 100 strokes
Secondary containment tank. 
Strainer on each fuel inlet. 
Level gauge, capable of measuring the fuel level without the engine 
running. 
Vent cap. 
Control Panel. 
Secondary tank emergency vent. 
Priming tee assembly for each supply pump. 
Tank siphon type drain with priming tee, firesafe shutoff valve and cap. 
Secondary tank drain with firesafe shutoff valve and cap. 
Supply foot valve. 

 
The day tank shall be provided with the following connections: 
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Engine fuel supply. 
Engine fuel return. 
Fuel inlet. 
Fuel overflow/return. 
Inspection port.  
Level gauge. 
Vent. 
Secondary tank emergency vent. 
Leak detection. 
Low-low level switch. 
Low level switch. 
High level switch.  
High-high level switch. 
Secondary tank drain with cap. 
Tank siphon drain. 

 
Controls for the day tank shall include, but not limited to the following: 
 

Level switch with electrically isolated dry contacts for remote leak 
detection and to stop the supply pumps. 

“Hand-Off-Auto” selector switch to control operation of the fuel supply 
pump in the “Auto” mode based on the fuel level in the day tank. 
 
Low-low level switch (LSLL) with electrically isolated dry contacts for 
remote low level annunciation. The low fuel alarm shall be set to 
annunciate when the tank contents above the engine supply 
connection drop below 25 percent of the tank’s capacity. 
 
High-High level switch (LSHH) with electrically isolated contact for 
remote high level annunciation and to control operation of the 
overflow/return pump based on the fuel level in the day tank. Tank 
levels corresponding to the overflow/return pump ON/OFF setting shall 
be as recommended by the manufacturer. 
 
Duplex pump automatic controller system with operating modes for 
lead pump alternating, automatic alternating, twin pump operation, and 
manual operation. 
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Low level switch (LSL) with electrically isolated contacts for control of 
the lead fuel supply pump (ON) and to close AC powered solenoid 
valve for the siphon break. Tank levels corresponding to lead fuel 
supply pump ON/OFF setting shall be as recommended by the 
manufacturer. 
 
High level switch (LSH) with electrically isolated contacts for control of 
the lead fuel supply pump (OFF) and to close AC powered solenoid 
valve for the siphon break. Tank levels corresponding to the lead fuel 
supply pump (ON/OFF) setting shall be as recommended by the 
manufacturer. 
 
Separate level controller with electrically isolated contacts for control of 
the lag supply pump (ON) and lag supply pump (OFF). Tank levels 
corresponding to lag fuel supply pump ON/OFF setting shall be as 
recommended by the manufacturer. 
 

The day tank shall be furnished with a complete control panel with main circuit 
breaker disconnect with external lockable handle, control power transformer, 
NEMA rated combination motor starters for the supply and return pump motors, 
miscellaneous relays, and other required controls. The power supply to the 
control panel will be 480 VAC 3 phase 60 hertz. The panel shall be provided with 
dry isolated contacts for day tank in Auto position, high-high level alarm, low-low 
level alarm, leak detection alarm, and day tank level gauge. The panel shall be 
UL508A listed and shall have an over all short circuit rating of at least the 
available short circuit current rating on the bus feed the control panel.  The 
control panel shall be mounted integral to the day tank and shall be pre-wired to 
all electrical components on the day tank. 
 
The day tank control panel shall include, but not be limited to, the following: 
 

• Continuous reading level gauge. 
• Lights for the following conditions: 

o High-high level alarm. 
o Low-low level alarm. 
o Power available. 
o Not in “Auto”. 
o Pump running indicator, 
o Secondary tank leak alarm. 

 
The control panel shall be provided, at a minimum, with all of the items listed 
above and shall be pre-wired by the manufacturer to terminal strips with the unit, 
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with the exception of the power supply and remote alarms, which shall be 
provided with terminals for field wiring. 
 
All valves supplied each day tank shall be individually labeled and numbered by 
the manufacturer as specified in the Identifying Devices section, and shall be 
provided with a corresponding valve schedule. 
 
The secondary tank shall be closed top, encircle the tank to prevent any leaked 
product from the primary tank from spilling into the engine-generator room, and 
be sized to contain minimum 110 percent of the tank’s capacity. All connections 
required for field-testing the secondary tank shall be furnished. 
 
A suitably sized vent connection and vent cover shall be provided for the day 
tank vent.  The vent cover shall be installed outside the building.  The cover shall 
have an aluminum body, screen over the outlet, and shall prevent rain from 
entering the vent line. 
 
Suitable sized emergency vent connection for the secondary tank emergency 
vent shall be provided for the day tank.  Each emergency relief vent shall be 
installed outside the building and shall be designed as required to relieve 
excessive internal pressure caused by fire exposure.   
 
The vent line and emergency relief vent line shall terminate outside the building 
as indicated on the drawings. 
 
A siphon-break, normally open, solenoid valve shall be provided at the highest 
point of each fuel supply line. The anti-siphon valve shall be piped back to the 
above ground fuel storage tank vent line riser pipe to prevent moisture from 
entering the valve as indicated on the Drawings. The valve shall be used to break 
siphon when open and to make siphon when closed. It shall be connected to the 
day tank level controller to energize (close) whenever fuel is required. 
 
2-4.04.  Exhaust System. Each engine-generator unit shall be provided with a 
complete exhaust system, including an exhaust silencer, all stainless steel 
expansion joints, insulated silencer structural support legs, and accessories as 
required for a complete operating system. 
 
The exhaust silencer shall be 18 inch size and shall be chamber type, all welded 
AISI Type 304L stainless steel construction. The silencer shall be furnished with 
suitable stainless steel bracket supports for vertical mounting as indicated on the 
drawings. The silencer shall be reinforced to withstand a horizontal force of 1,000 
pounds at the inlet connection, and shall be provided with 18 inch side inlet and 
18 inch top outlet connections. The centerline of the inlet connection shall be 
located 72 inches above the bottom end of the silencer.  
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Minimum silencer attenuation for the following mid band frequencies shall be as 
follows: 

63 Hz 21 dB 
125 Hz 50 dB 
250 Hz 47 dB 
500 Hz 24 dB 
1,000 Hz 25 dB 
2,000 Hz 24 dB 
4,000 Hz 24 dB 
8,000 Hz 25 dB 

 
The exhaust silencer shall be provided with support legs suitable for bolting to 
the bracket supports supplied with the silencer.  The silencer support legs and 
mounting hardware for connecting to the support brackets shall all be of stainless 
steel construction.  The combination of the length of the legs and bracket 
supports shall be such that the centerline of the silencer inlet is 17’-8” above 
ground level. A suitable mounting plate shall be provided for attaching the legs to 
a concrete base, as indicated on the drawings. The support legs shall be 
designed for the seismic zone as specified in the Meteorological and Seismic 
Design Criteria section and shall be designed to withstand 1,000 pounds force on 
the inlet connection to the silencer, and wind velocity as specified in the 
Meteorological and Seismic Design Criteria section. The support legs shall be 
insulated as indicated on the Drawings and as specified in Section 15250. 
 
Expansion joints, anchors, hanger, and supports shall be provided for the 
exhaust piping so that no load is transmitted to the engine connections from the 
engine flexing, exhaust pipe weight, or thermal expansion. 
 
The expansion joint in the vertical riser immediately above each engine exhaust 
connection shall be provided with a suitable flange on one end for attaching to 
the engine exhaust connection, and a 18 inch butt welded connection on the 
other end.  The expansion joints in the horizontal exhaust piping shall be 
provided with butt welded connections.  
 
A wye type assembly shall be provided if the engine utilizes dual exhaust outlets, 
such that the exhaust from each engine shall be terminated with a single 18 inch 
butt weld connection.  Each wye type connector shall be all stainless steel with 
suitable end connections for connecting to the exhaust connections on the 
engine and shall include bellows type expansion joints in each leg of the wye 
assembly, designed for 4-1/2 inch axial compression. 
 
Each expansion joint shall be three ply, bellows type, fabricated of all stainless 
steel, and shall be designed for 4-1/2 inch axial compression.  The expansion 
joints shall be Hyspan “Series 2500” or equal.  Insulation shall not be applied 
over the expansion joints. 
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The exhaust shall discharge horizontally as indicated on the drawings. The 
exhaust shall be directed to the west and the end of the pipe shall be cut at a 45 
degree angle such that rain will not enter the exhaust pipe. Expanded 0.50 inch 
stainless steel bird screen shall be installed over the end to prevent birds from 
entering.  
 
Exhaust emission test ports shall be provided in the exhaust piping after the 
silencer. Ports shall be threaded and shall be provided with stainless steel 
threaded caps. 
 
2-4.05.  Starting System and Control Power. Each engine-generator unit shall be 
furnished with a complete electric motor start system including starting motors, 
battery pack with rack, cables, and battery charger. 
 
The batteries shall be of the high rate, nickel-cadmium type and have a 24 volt 
output.  The battery shall be electrically sized for the engine furnished to maintain 
minimum cell voltages of 0.65 volt per cell during initial starting, and 0.85 volt per 
cell throughout the cranking time for five consecutive starting attempts of 10 
seconds each.  Battery voltages shall be maintained under the conditions 
specified herein. 

The battery charger shall be suitable for the nickel-cadmium battery pack. The 
charger shall have a DC output suitable to supply power for all continuous loads 
and to recharge the batteries from a fully discharged state to normal operating 
voltage within 8 hours.  The battery charger shall be provided with a NEMA 2 
corrosion resistant enclosure. The battery charger shall be provided with the 
following: on/off switch, DC ammeter, DC voltmeter, AC input and DC output 
circuit breakers or fuses, floating voltage equalization, equalizing timer, and 
relays with form c contacts for remote annunciation of loss of AC power, low 
battery voltage, and high battery voltage. 

The batteries, battery rack, and battery charger shall be located inside a vented 
enclosure constructed of acid resistant material that will be located next to each 
engine-generator.   
 
The engine-generator shall automatically supply power to the remote bus that 
powers the battery charger when it is operating and when utility power is not 
available. 
 
2-4.06.  Cooling System. Each engine-generator shall be supplied with a 
remote-mounted radiator cooling system complete with radiator, expansion 
tanks, water pumps, electric motor-driven fan(s), fan guard(s), thermostatic 
temperature control, booster pumps (if required), all stainless steel expansion 
joints, high-water temperature cut out, electric jacket water heater, structural 
supports, and all accessories as required for proper operation.  The cooling 
system for each engine-generator shall consist of two cooling loops, one for the 
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jacket water and one for the charge air cooling water, if required, all to be piped 
to a single forced-draft radiator containing two separate (dual) cooling cores.  
Each loop shall include a cooling water pump, temperature and pressure 
indicators, flexible connections, and all other accessories as shown on the 
drawings or as required for a fully operational system, all mounted on the engine-
generator skid.  The cooling system shall also include a water-cooled charge air 
cooler, if required, also mounted on the engine-generator skid.  If necessary, the 
charge air cooler may be mounted on a separate skid that is suitable for 
fastening to the engine-generator skid at the site to form one common skid. 
 
The engine and each radiator shall be furnished with flexible intake and 
discharge connections.  Connections shall be all stainless steel corrugated hose 
with braid, and shall be Flexonics “Series 401M” or equal. 
 
The remote radiator shall be protected against thermal shock or damage from the 
engine-generator cooling system while operating in cold weather. 
 
The cooling system shall be filled with a permanent antifreeze mixture of the 
polypropylene type. 
 
The cooling system shall be filled with a permanent antifreeze mixture of the 
polypropylene type suitable for the service conditions specified herein.  
 
2-4.06.01.  Remote-Mounted Radiator. Each radiator shall be a dual-core 
horizontal-core unit with vertical air discharge with motorized fan(s) and structural 
steel support frame, and shall be suitable for operating in all types of weather 
conditions which may be encountered throughout the life of the equipment.  Each 
radiator shall be sized with sufficient capacity for cooling its associated engine-
generator running at full load and all other accessories required for proper 
operation during outdoor ambient temperature as specified in the service 
conditions section.  Each radiator shall produce a maximum of 80 dBA at 25 feet 
from the equipment.  Each radiator shall be no more than 12’-0” long by 13-6” 
wide, as shown on the drawings. 
 
Each core tube bank manifold shall be removable for tube cleaning and access.  
The cores shall be pitched to a drain connection with a shutoff valve.  The cores 
shall be capable of withstanding the pressure and flow required by the engine-
generator during full load operation.  Water flow through either core shall have a 
maximum pressure drop of 6 psi at full load operation. 
 
All piping connections to be located along one side of the radiator as indicated on 
the drawings. 
 
Each core shall be furnished with an expansion tank for each cooling loop, to be 
located at the highest elevation in each piping system.  Each expansion tank 
shall include a relief valve, low level switch, inspection port with cap, piping to the 
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radiator cores, mounting brackets, all stainless steel flexible connections, and all 
other accessories required for safe operation with the radiator.  Each expansion 
tank shall be capable of being separated from the radiator and mounted at a 
higher elevation on a vertical surface, and shall include mounting brackets for 
such. Level switches shall alarm for low water level in the expansion tanks to the 
plant control system. 
 
The radiator fan shall be belt-driven, forced-draft, fixed-center, air foil section with 
aluminum blades.  Each motor shall be 460 V, 60 Hz, 3-phase motor with TEFC 
enclosure and operate at a maximum speed of 1800 rpm.  The fan shall not 
operate above 16,000 fpm tip speed and shall avoid vibration sensitive speed 
ranges. 
 
Separately mounted motor starters shall be provided in accordance with Section 
16050. 
 
Each radiator shall include a hot-dip galvanized steel frame, fan ring, lifting lugs, 
core guard, fan, and fan drive guards.  Each support leg shall include bolt holes 
for fastening to a concrete equipment pad. 
 
All valves supplied with each remote radiator shall be individually labeled and 
numbered by the manufacturer as specified in the Identifying Devices section 
and shall be provided with a corresponding valve schedule. 
 
Radiator manufacturer shall be Fin-X, Rocore, YoungTouchstone, or equal. 
 
2-4.06.02.  Charge Air Cooler. Each engine-generator shall be supplied with an 
air-to-water charge air cooler (CAC), if required, for the cooling of the 
turbocharged air prior to entering the engine, if required.  The CAC shall be sized 
by the engine-generator manufacturer and mounted on the engine-generator 
skid, if required.  All piping and piping supports shall be provided by the engine 
supplier for the piping between the engine and the CAC. 
 
2-4.06.03.  Cooling Water Pumps. The jacket water and charge air cooling water 
pumps shall be sized to provide sufficient cooling flow to the radiator, as shown 
on the drawings.  The pumps shall be either integral to the engine-generator or 
mounted on the engine-generator skid.  The capacity of the water pumps shall be 
coordinated with the cooling water requirements of the engine-generator being 
supplied, the radiator being supplied, and with the piping indicated on the 
drawings.  The jacket water pump shall be engine-driven through a belt drive. 
 
2-4.06.04.  Line Gauges. Pressure and temperature gauges shall be provided on 
both cooling water circuits at the inlet and outlet of the engine.  The gauges shall 
be the analog dial-type with stainless steel case, bezel, fittings, and stem.  The 
gauges shall be hermetically sealed with acrylic plastic or shatter-proof glass 
window and shall have a 4-1/2 inch minimum dial size.  Gauge shall have 
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contrasting markings against background and shall be sized such that the normal 
operating point will be at the midpoint of its range. Temperature gauges shall be 
provided with thermowells and pressure gauges with ball type shutoff valves.  
 
2-4.06.05.  Radiator Control Panel. A motor starter with overload protection and 
field terminals shall be remotely  mounted as shown on Drawings for operation 
and control of its associated radiator electric motor-driven fan(s), thermostatic 
temperature control, high-water temperature cut out, electric jacket water heater 
and all accessories as required for proper operation.  The motor starter shall be 
housed in a NEMA 4X enclosure and shall include an external disconnect switch, 
motor starter with overload protection, circuit protection, control relays, if 
necessary, and field connection terminals.  Each control panel shall automatically 
start and stop the radiator equipment in coordination with the engine-generator 
and shall include the accessories necessary to accept a remote run contact from 
its associated engine generator.   
 
The control panel shall be automatic and safety type and shall, at a minimum, 
include the following instruments and control devices: 
 

Control Power ON Indication. 

Dry contact that closes for remote common alarm. 

Three-position selector switch with “RUN-OFF-AUTO” positions. 

Dry contact that closes and indicating light when the Jacket Water 
expansion tank water level is low. 

Dry contact that closes and indicating light when the Charge Air 
expansion tank water level is low. 
Dry contacts for Radiator selector switch in Run and in Auto position. 

The control panel shall be provided with a three-position selector switch with the 
following positions: “RUN-OFF-AUTO”.  In the “RUN” position, individual water 
pumps and radiator fan to provide local control for maintenance.  In the “AUTO” 
position, the cooling water control panel will be remotely started and stopped with 
the operation of its associated engine generator.  Isolated contacts for when the 
unit is in the “AUTO” position shall be provided for remote indication. 
 
2-4.06.06.  Jacket Water Heater. An electric jacket water heater shall be 
furnished with each engine to maintain jacket water at 90°F with a winter ambient 
temperature of 20 F.  The jacket water heater shall be thermostatically controlled. 
The power supply for the heater shall be 480VAC and shall be wired by the 
Contractor. 
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2-4.07.  Crankcase Vent Blow-By Absorber. Suitable crankcase ventilation 
system shall be provided by the engine-generator manufacturer to remove oil 
mist from the crankcase emissions prior to induction into the air intake system. 
The system provided shall meet the applicable Tier emission requirements. 
 
2-4.08   Combustion Air Filtration System. Each engine shall be furnished with 
an air filtration system.  The filtration system shall include dry type air cleaner 
with replaceable elements and combustion air duct.  The engine shall be 
supplied combustion air from outside the building as indicated on the drawings.  
The combustion air shall be supplied to the engine through the air inlet louver in 
the building, through the combustion air duct, and the air cleaner before the inlet 
on the engine.  Combustion air duct adaptor shall be provided for each air inlet 
connection. 
 
Engine combustion air intake shall be suitable for minimum of 10” of water 
column of static pressure, external to the complete unit.   The combustion air 
intake shall have connection adapters and provided at each engine combustion 
air intake to allow for ducted combustion air intake, as indicated on the drawings. 
 
A fabric type flexible connection shall be installed on the combustion air outlet 
adapter to the combustion duct.  Fabric shall be of sufficient width to provide 
sufficient space between connected items to prevent touching from engine 
vibration and/or engine torque when loads are applied.  The flexible connections 
shall be UL listed, minimum 30 ounce, glass-fiber fabric, and coated on both 
sides with neoprene.  The connection material shall be furnished by Elgen 
Manufacturing Company; Ventfabrics Inc; or equal. 
 
2-4.09.  Control Panel. Each engine-generator unit shall have a control panel 
mounted on the engine-generator skid with panel mounted controls.  The panel 
shall be provided with vibration isolators to prevent damage to the instruments 
from engine-generator vibration.  Adequate clearance shall be provided between 
the panel and the engine to allow engine maintenance without moving the control 
panel. 
 
The control panel shall be automatic and safety type and shall, at a minimum, 
include all items required by NFPA 110, Level 1, in addition to the following 
instruments and control devices: 
 

Tachometer. 

Non-resettable hour meter. 

AC voltmeter, AC ammeter, voltmeter/ammeter selector switch with 
“off” position. 
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Two normally open dry contacts which close when the engine is 
running and open with it is stopped. 

Dry contact that closes for remote common alarm. 

Three-position selector switch with “RUN-OFF-AUTO” positions. 

Dry contact that closes when the engine generator is running. 

Contacts for a remote two position maintain contact emergency 
shutdown switch. 
Inputs and outputs as indicated on the drawings. 
Additional inputs and outputs as required. 
 

The control panel shall be provided with a three-position selector switch with the 
following positions: “RUN-OFF-AUTO”.  In the “RUN” position, the engine starting 
sequence shall be initiated providing local control for maintenance.  In the 
“AUTO” position, the engine-generator will be remotely started, stopped, and 
controlled by the switchgear automatic transfer controls as described in the 
Section 16345 – Medium-Voltage Metal-Clad Switchgear and Section 16346 – 
Function Sequence of Operation.  Isolated contacts for when the unit is in the 
“AUTO” position shall be provided for remote indication. 
 
2-4.09.01.  Emergency Shutdown Control Station. A remote located emergency 
shutdown control station shall be furnished under this section and connected into 
the engine-generator control panel. The control station when activated shall 
shutdown the engine-generator regardless of the position of the RUN-OFF-AUTO 
selector switch. The control station shall be located as indicated on the power 
plan. Control wiring between the control station and the engine-generator control 
panel shall be furnished by the Contractor as indicated on the Drawings. 
 
2-4.10.  Electric Governor Control. The governor control shall be electronic and 
shall have the capability for speed control and load sharing (kW & kvar).  The 
equipment shall consist of, but not be limited to, the following: 
 

Governor actuator. 
Magnetic pickup for speed sensing. 
Monitoring of voltage and current for the generator 3 phase output. 
Load sensor. 
Speed sensor. 
Ramp generator for control of ramp time and idle speed. 
Speed control rheostat. 
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Control power voltage regulation. 
Switch for selecting either isochronous or droop control mode. 
Controls for the following: 
 Rated speed. 
 Stability. 
 Gain. 
 Ramp time. 
 Low idle speed. 
 Load gain. 
 Droop. 
 De-droop. 
Rheostat for control of speed for synchronizing. 

 
The electronic governor control shall be furnished as a complete governor and 
control package, Device 65.  All items except the governor actuator and magnetic 
pickup for speed sensing shall be mounted in the generator switchgear as 
specified in Medium-Voltage, Metal-Clad Switchgear section.  The electronic 
package for speed control shall be Woodward 2301A load sharing and speed 
controls or equal. 
 
2-4.11.  Generator Component Overcurrent Protection. Overcurrent protection 
devices shall be provided as indicated on the drawings and needed by the 
system design to protect generator rotor and excitation system components. 
 
2-4.12.  Limiting Dimensions. Each engine-generator, exhaust silencer, and 
remote radiator furnished shall be of a design that can be accommodated in the 
space available as specified herein and as shown on the drawings.  Any special 
fittings or piping required for connection to fuel piping shall be furnished and 
installed. 
 
2-4.13.  Electric Motors. Motor horsepower as specified herein and meet the 
specified capacities for the equipment furnished.  Motors furnished with 
equipment shall meet the following requirements. 
 

a. Premium efficient motors.  All motors shall meet the minimum 
efficiency standards required by the Energy Policy Act (EPACT) of 
1992. 

b. Designed and applied in accordance with NEMA, ANSI, IEEE, ABMA, 
and NEC for the duty service imposed by the driven equipment, such 
as frequent starting, intermittent overload, high inertia, mounting 
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configuration, or service environment. 
c. Rated for continuous duty at 40°C ambient. 
d. Motors used in applications which exceed the usual service conditions 

as defined by NEMA, such as higher than 40°C ambient, altitude 
exceeding 3,300 feet, explosive or corrosive environments, departure 
from rated voltage and frequency, poor ventilation, frequent starting, or 
adjustable frequency drive applications, shall be properly selected with 
respect to their service conditions and shall not exceed specified 
temperature rise limits in accordance with ANSI/NEMA MG 1 for 
insulation class, service factor, and motor enclosure type. 

e. To ensure long life, motors shall have nameplate horsepower equal or 
greater than the maximum load imposed by the driven equipment and 
shall carry a service factor rating as follows: 

 Motor Size Enclosure Service Factor
Fractional hp  Open 1.15 

 Other Than Open 1.0 
 Integral hp  Open 1.15 
 Other Than Open 1.0 
 Motors used with adjustable frequency drives shall have a 1.15 service 

factor on sine wave power and a 1.0 service factor on drive power. 
f. Designed for full voltage starting. 
g. Designed to operate from an electrical system that may have a 

maximum of 5 percent voltage distortion according to IEEE 519. 
h.  Totally enclosed motors shall have a continuous moisture drain that 

also excludes insects. 
i. Bearings shall be either oil or grease lubricated. 
j. Motor nameplates shall indicate as a minimum the manufacturer name 

and model number, motor horsepower, voltage, phase, frequency, 
speed, full load current, locked rotor current, frame size, service factor, 
power factor, and efficiency. 

k. Dripproof motors, or totally enclosed motors at Contractor's option, 
shall be furnished on equipment in indoor, above-grade, clean, and dry 
locations. 

l. Totally enclosed motors shall be furnished on: 
 (1) Outdoor equipment. 
 (2) Equipment operating in wet or dust-laden locations. 
m. A manufacturer's standard motor may be supplied on packaged 
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equipment and fans in which case a redesign of the unit would be 
required to furnish motors of other than the manufacturer's standard 
design.  However, in all cases, the motor types indicated are preferred 
and shall be furnished if offered by the manufacturer as a standard 
option. 

n. Motors used with adjustable frequency drives shall have insulation 
system meeting the requirements of NEMA MG 1, Part 31. 

 
2-5.   SHOP PAINTING. All steel and iron surfaces shall be protected by suitable 
coatings applied in the shop.  Surfaces which will be inaccessible after assembly 
shall be protected for the life of the equipment.  Coatings shall be suitable for the 
environment where the equipment is installed.  Exposed surfaces shall be 
finished, thoroughly cleaned, and filled as necessary to provide a smooth, 
uniform base for painting.  Electric motors, engine, alternator, piping, and valves 
shall be shop primed and finish painted prior to shipment to the site.   
 
Stainless steel, nonferrous, and nonmetallic surfaces shall not be painted. 
 
2-7.  SHOP TESTS. The manufacturer shall shop test each engine-generator set 
with its control panel and remote mounted radiator to demonstrate that the 
equipment conforms to specified requirements for load capacity. 
 
All items included on the control panel shall be assembled, wired, and tested in 
the manufacturer's shop. 
 
The tests shall consist of repeated starts and stops, operation under a load bank 
at specified capacity frequency, voltage, phase, and power factor for a minimum 
of 1 continuous hour, and tests to demonstrate that each safety shutdown device 
is working properly.  Contractor shall submit certified copies of the shop test 
results prior to shipping the unit. 
 
2-8.  FIELD OPERATING INSTRUCTIONS. Step-by-step instructions shall be 
furnished for each unit by the engine-generator manufacturer.  The instructions 
shall include, but not be limited to, the following procedures or information: 
 

Startup of the unit. 
Normal shutdown of the unit. 
Emergency shutdown of the unit. 
Normal operation of the unit, typical temperatures, pressures, speed, 
etc., for gauges and instruments which are displayed on the panel. 
Pictures necessary to simplify the instructions. 

 
The operation instructions shall be submitted for review in accordance with the 
submittals section.  When the review is complete, the instruction sheets shall be 
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printed on heavy paper or cardboard stock, laminated with clear plastic, and 
securely bound together.  Two copies of the laminated instructions shall be 
furnished with each unit.  One copy shall be located or displayed at the control 
panel for the unit.  The reserve copy shall be delivered to City, along with an 
electronic version.  The instructions specified here are in addition to the operation 
and maintenance manuals required by the submittals section. 
 
2-9.  AIR EMISSIONS PERMIT. Contractor shall be responsible for preparing 
and submitting the appropriate air emission permit applications, on behalf of the 
City, to the Wisconsin Department of Natural Resources (WDNR).  The permit 
applications shall cover all the units being supplied based on all units in full load 
operation for the maximum number of operating hours and guaranteed 
emissions, as specified herein. 
 
The permits shall include provisions for the City to contact the WDNR for 
permission to operate the unit in the event that the permit hours may be 
exceeded due to unforeseen conditions. 
 

PART 3 - EXECUTION

3-1.  INSTALLATION. Each engine-generator will be installed in accordance with 
the Equipment Installation section. 
 
3-2. FIELD QUALITY CONTROL.

3-2.01.  Installation Check and Supervision. An experienced, competent, and 
authorized representative of the Engine-Generator Supplier shall visit the site of 
the Work and inspect, check, adjust if necessary, and approve the equipment 
installation.  The representative shall be present when the equipment is placed in 
operation in accordance with Startup Requirements Section 01650, and shall 
revisit the job site as often as necessary until proper operation is obtained and 
the equipment installation and operation are satisfactory in the opinion of City. 
 
The Engine-Generator Supplier shall furnish a qualified field installation 
supervisor during the equipment installation, including the time period or periods 
when the equipment is being unloaded, installed, wired, piped, aligned, tested, 
and initially operated.  The duties of the installation supervisor shall include the 
following for the equipment furnished: 
 

Observe, instruct, guide, and direct the installing contractor’s 
erection or installation procedures. 
Give all necessary instructions for proper installation of equipment, 
including interpretation of the manufacturer’s printed instructions. 
Be present at the work site at all times necessary for proper 
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supervision and make inspections and adjustments when the 
equipment is initially put into service and thereafter, as necessary, 
until the entire installation is complete and in permanent service. 
At the conclusion of their work, make a written report to the City, 
certifying: 
 That the equipment has been properly installed and lubricated; is 

in accurate alignment; and is free from any undue stress imposed 
by connecting piping or anchor bolts. 

 That each item of equipment, in its final installation, has been 
test-operated in his presence over its maximum normal operating 
range, and found to be in proper operating condition. 

 That they are familiar with these specifications and the other 
contract documents and that the final installation and operation of 
the equipment are in compliance with all requirements thereof. 

 That, to the best of their knowledge and belief, no defect exists 
which could be considered a basis for voiding the guarantee 
required by the contract documents. 

 The report shall include Manufacturer’s Certificates of Proper 
Installation for equipment and motors as specified in Section 
01640 and for the engine-generator and remote radiators shall 
cover substantially the same items as listed on the sample form 
in Section 01640 for pumps.  

 
All costs for these services shall be included in the contract price.   
 
3-3.  FIELD TESTING. Engine-Generator Supplier’s field services shall be 
provided for field testing.  All costs for these services shall be included in the 
contract price.   
 
Contractor shall develop a commission plan of the complete backup power 
system.  Upon completion of all testing the results shall be submitted to the 
Owner in a report format.    
 
3-3.01.  Performance Test. Each unit shall be mechanically checked for proper 
operation.  Each alarm and safety shutdown shall be checked by artificially 
simulating an alarm condition.  Defective equipment and controls disclosed by 
the tests shall be replaced or corrected, and the packages placed in satisfactory 
operating condition.   
 
Each engine-generator set shall be tested to demonstrate that the equipment 
conforms to specified requirements for load capacity, and starting duty.  
Demonstration shall include paralleling, automatic synchronizing, and load 
sharing. 



Milwaukee Water Works, R-163 11910 Print Date 2/24/2010 
Riverside Backup Power Generation -27-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 1.4 7/11/2006 

 
The complete system (engine, generator, exhaust system, day tank fuel system, 
fuel storage tank, remote radiator, controls, and paralleling switchgear) shall be 
field tested together as a complete system to assure compatibility. 
 
Each unit shall be individually tested, consisting of repeated starts and stops, 
operation under the permanently installed load bank specified in section 16350 at 
the specified power rating and power factor for the duration listed below.  After 
each unit has been individually tested, they shall all operate synchronously in 
parallel under the combined load of the permanent load bank and additional 
temporary load banks.  The temporary load banks shall be sized to make-up the 
difference between the capacity of all the engine-generators at full load and the 
capacity of the permanent load bank, for the time durations listed below.  Before 
each test, each engine shall be running at steady state conditions as determined 
by the instrument reading. 
 

Individually test for four (4) continuous hours at the specified power 
rating and power factor within normal operating conditions of the unit 
without any alarm conditions. 
Demonstration of four (4) starts. 
After each unit has been individually tested, they shall start, and 
automatically synchronously operate in parallel operation. This shall 
consist of four (4) starts followed by 30 minutes of continuous 
operation at the specified power rating and power factor within 
normal operating conditions of the units without any alarm 
conditions.  Tests shall include de-energizing normal power. 
 

After each engine-generator has been individually tested, they shall demonstrate 
four (4) starts of the specified loads listed in Paragraph 2-2.01 in the order listed 
followed by 30 minutes of continuous operation per start, all within normal 
operating conditions of the unit without any alarm conditions or use of a load 
bank. The pump loads shall be selected to demonstrate that the generators can 
start and run based on the worst case starting characteristics of any four 1750HP 
pump motors. Contractor shall coordinate with the City when the load test can be 
performed. 
 
Contractor shall furnish the lubricants, temporary load bank, and fuel for all tests 
as well as all personnel necessary to perform the tests. 
 
The following items shall be measured, recorded at 15 minute intervals, and 
submitted in a field test report: 
 

Outdoor ambient temperature. 



Milwaukee Water Works, R-163 11910 Print Date 2/24/2010 
Riverside Backup Power Generation -28-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 1.4 7/11/2006 

Indoor ambient temperature. 
Barometric pressure. 
kW output. 
Engine speed, rpm. 
Engine jacket water temperature. 
Engine oil pressure. 
Start time. 
Completion time. 

 
Test reports shall verify that the specified tests have been performed and shall 
state results.  Test results shall be submitted as required in the Submittals 
section. 
 
The Contractor shall provide coordination and minimum of two (2) weeks 
notification prior to the start of the Performance Tests to the City and the 
Authority Having Jurisdiction under NEC Article 708, so that the Tests can be 
witnessed. 
 
3-3.02.  Field Sound Level Test. Not used. 
 
3-3.03.  Emissions Level Test. If needed in order to obtain the emission permit, 
an independent laboratory shall be provided by the Contractor for the exhaust 
gas sampling and analysis during the 4 hour load test of each engine.  The 
laboratory analysis will be used for verification that the units meets the 
guaranteed emissions. 
 
Any retesting or modifications to the equipment to meet the above requirements 
and emission guarantees shall be approved by the City.  All costs of 
modifications and retesting, including the independent laboratory for air emission 
testing, shall be at no cost to the City. 
 
3-4.  TRAINING. The Engine-Generator Supplier shall conduct on-site training to 
instruct the City on operation and maintenance of the entire back-up power 
system.  Training shall be in conformance with the requirements of the 
Manufacturers’ Services section and as specified herein.  The entire back-up 
power system is defined as the engine-generator sets, the paralleling switchgear, 
monitoring and control devices, and all other components related to the system.  
The training shall be arranged and coordinated with the City, and allow up to 
seventy (70) Milwaukee Water Works staff at the various training sessions.  All 
costs for these services shall be included in the contract price.   
 
The trainer for the equipment shall be an employee of the manufacturer or an 
authorized manufacturer’s representative.  This person shall be regularly 



Milwaukee Water Works, R-163 11910 Print Date 2/24/2010 
Riverside Backup Power Generation -29-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 1.4 7/11/2006 

engaged in providing training for the equipment and shall have a minimum of 5 
years experience training on this equipment. 
 
Three (3) separate training sessions shall be provided to cover different aspects 
of the operation and maintenance of the entire back-up power system.  Each 
session shall be suitable for 35 City selected trainees, and shall be conducted for 
the time period indicated below.   
 
Four (4) weeks before training is planned, the Contractor shall submit to the City 
its proposed training schedule, training plan, and the agenda.  The Contractor 
shall provide instructional material, including trainees’ workbooks, instructor 
guides, training aids, equipment and system technical manuals.  The quantity of 
training materials provided for the training session shall be sufficient for each 
attending trainee.  A “clock hour” is defined as one hour of instruction or 
supervised training exercise.  The training clock hours listed herein are minimum 
requirements.  Additional training time shall be provided if considered necessary 
to meet the training objectives and if specified in the individual equipment 
sections. 
 
3-4.01  Training Session 1. The first session shall provide an overview of the 
complete system for a minimum of four (4) hours and shall include at a minimum 
the following items: 
 

Identify all major pieces of equipment and their function. 
Review catalog, parts list, drawings, etc, which have been previously 
provided for the plan files and operation and maintenance manuals 
Identify all items located on the engine-generator control panel and 
the switchgear. 
Identify typical operating temperatures, pressures, speeds, etc., for 
all displayed instrumentation. 
Standard operating procedures (e.g., start-up, shut-down, 
monitoring). 
Safety measures including inspection and discussion of hazardous 
components of the subject equipment. 
Noise exposure. 
Name, address, telephone of local representative 
Review contact information for routine and emergency repair and 
operation assistance. 

 
3-4.02  Training Session 2. The second session shall provide detailed 
information covering the day-to-day maintenance required.  This session shall 
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include a minimum of four (4) hours and shall include at a minimum the following 
items: 
 

Procedure for performing preventative maintenance. 
Demonstrate performance of each preventive maintenance task. 
Procedure and schedule for performing routine maintenance and 
testing. 
Alarm conditions. 
Review of the O&M manuals including content and organization. 
Troubleshooting (common problems). 
Safety measures. 
Noise exposure. 
Procurement and storage of replacement parts and fluids. 
Detailed lockout/tagout procedures for routine maintenance of 
generators and associated equipment. 
Requirements for periodic exercise of equipment and demonstration 
of equipment exercise where required. 
Discussion of common repairs and identification of special problems. 
 

3-4.03  Training Session 3. The third session shall provide detailed information 
covering the instrumentation and controls of the entire back-up power system for 
a minimum of (8) hours and shall include at a minimum the following items: 
 

Power transfer operation and controls. 
Paralleling operation and controls. 
Generator operation and controls. 
Protective relaying operation and controls. 
Circuit breaker operation and controls. 
Load bank operation and controls. 
HMI. 
Startup and shutdown procedures. 
Automatic control and monitoring of the power transfer and 
paralleling controls. 
Manual control and monitoring of the power transfer and paralleling 
controls. 
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3-5.  ENGINE-GENERATOR SERVICE AND MAINTENANCE AGREEMENT.
Each engine-generator shall be furnished with 24 months of full maintenance by 
skilled employees of Manufacturer’s designated service organization.  The 
maintenance agreement shall be based on 100 hours of operation per year for 
each engine-generator.  The maintenance agreement shall commence upon the 
date of acceptance and shall be renewable at the end of the 24 month period for 
an additional 24 months, at the City’s option, and shall include, as a minimum, 
the following: 
 

Quarterly inspection and exercising to check for proper starting, 
stopping, load transfer, running under load and no-load conditions, 
and parallel operation.  Load testing shall include operation under a 
load bank at the specified power rating for a minimum of two 
continuous hours.  Contractor shall furnish the lubricants for the 
tests, and the City will furnish the fuel. 
Routine preventative maintenance, tuning, and adjusting as 
recommended by the manufacturer and as required for proper 
operation. 
All parts and supplies provided under the maintenance agreement 
shall match those used in the manufacture and installation of 
original equipment. 
Regularly scheduled oil and coolant sampling and testing as 
recommended by Manufacturer.  Samples shall be tested for iron, 
chromium, copper, aluminum, silicon, lead, water, fuel dilution, and 
anti-freeze.  Test results (report) shall be provided to the City after 
each sampling. 
Twenty-four hour per day availability to provide verbal direction and 
response to troubleshooting inquiries regarding equipment 
furnished. 
Annual training of the City’s operation and maintenance personnel 
covering the operation and maintenance of the engine-generator 
system.  A minimum of 4 hours of training shall be conducted 
annually, with half of the hours spent in the classroom and 
remainder in the field. 
The maintenance contract shall cover all parts recommended by the 
manufacturer including oil changes, labor, travel, and living 
expenses. 
The maintenance contract shall include the removal of all waste 
items for proper disposal. 

3-6.  EXTENDED WARRANTY. The backup power system specified herein shall 
be furnished with an additional two-year factory warranty (warranty extension) 
covering parts and labor in accordance with the warranty requirements of the 
Base Warranty specified in Section 01010 Summary of Work.  The extension 
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shall start at the conclusion of the base two-year warranty period specified in 
Section 01010 Summary of Work. 
 
3-7.  (DEDUCTIVE BID ALTERNATIVE 1) ELIMINATE EXTENDED 
WARRANTY. If Deductive Bid Alternative 1 is accepted by the City at bid time, 
the extended warranty period specified in Paragraph 3-6 for the backup power 
system will not be part of the work and the deductive amount associated with the 
extended warranty will be subtracted from the contract price. If Deductive Bid 
Alternative 1 is accepted, the base warranty specified in Section 01010 Summary 
of Work shall still apply to the backup power system. 
 
3-8. TANK REFILL. Upon completion of the work, the Contractor shall replenish 
the fuel in the aboveground fuel storage tank that was removed during testing. 
This amount shall include fuel spent by the engine-generators and that remaining 
in the day tanks. The day tank’s remaining amount shall not be less than the fuel 
supply pump shutoff capacity. 
 
3-9.  COMMISSIONING. A commissioning plan shall be provided and 
documented. The plan shall meet the requirements of NFPA 70B-2006, 
Recommended Practice for Electrical Equipment Maintenance. Commissioning 
shall meet the requirements of NEC Article 708 and shall include component and 
system tests, to ensure that when energized the system will function properly, 
baseline test results, for comparison with future maintenance, and functional 
performance tests to establish a baseline reference for future performance. 

 

End of Section 
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Section 13214

ABOVEGROUND FUEL STORAGE TANK

PART 1 - GENERAL

1-1. SCOPE. This section covers the furnishing and installation of one
aboveground, double wall, steel diesel fuel storage tank and accessories as
specified herein.

1-2. GENERAL. Equipment furnished under this section shall be fabricated and
installed in full conformity with drawings, specifications, engineering data,
instructions, and recommendations of the manufacturer unless exceptions are
noted by City.

1-2.01. General Equipment Stipulations. The General Equipment Stipulations
shall apply to all equipment furnished under this section. If requirements in this
specification differ from those in the General Equipment Stipulations, the
requirements specified herein shall take precedence.

1-2.02. Coordination. All equipment for this section shall be furnished by or
through a single manufacturer who shall be responsible for the design,
coordination, and proper installation and operation of the entire system.

Contractor shall properly coordinate the work between the suppliers of equipment
to be used with or connected to the storage tank to ensure that all required
provisions for mounting the accessories are included.

Where two or more units of the same class of equipment are required, they shall
be the product of a single manufacturer; however, all the component parts of the
system need not be the products of one manufacturer.

Contractor shall verify that each component of the system is compatible with all
other parts of the system; that all piping, materials, pumps, and motor sizes are
appropriate; and that all devices necessary for a properly functioning system
have been provided.

Contractor shall, at his own expense, arrange for and obtain all necessary
permits, inspections, and approval by the proper authorities in local jurisdiction of
such work.

1-2.03. Governing Standards. Except as modified or supplemented herein, all
work covered by this section shall be performed in accordance with all applicable
municipal codes and ordinances, laws, and regulations which pertain to such
work. In case of a conflict between these specifications and any state law or
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municipal ordinance, the latter shall govern. All materials and construction
methods shall comply with the applicable provisions of the following standards:

ASTM A283 "Low and Intermediate Tensile Strength Carbon Steel Plates,
Shapes, and Bars," or ASTM A569 "Steel, Carbon, Hot-Rolled Sheet and
Strip, Commercial Quality."

American Petroleum Institute.

National Fire Protection Association.

Underwriters' Laboratories UL 142, Steel Aboveground Tanks for
Flammable and Combustible Liquids; UL 1709, Rapid Rise Fire Tests for a
two hour period; and UL 2085, Insulated Secondary Containment
Aboveground Tank for Flammable Liquids -- Protected Type.

Applicable local regulations and ordinances.

1-2.04. Power Supply. Power supply for tank fill assembly control panel shall be
120 volts, 60 Hz, single phase. Power supply for the tank heater shall be 480
volts, 60 Hz, 3 phase.

1-3. SUBMITTALS.

1-3.01. Drawings and Data. Complete fabrication, assembly, and installation
drawings, together with detailed specifications and data covering materials used,
parts, devices, and other accessories forming a part of the tank furnished, shall
be submitted in accordance with the Submittals section.

The data shall also indicate the sizes of all major tank components and full
information and details concerning field assembly and installation.

The manufacturer's standard calibration charts shall be submitted.

Valve identification schedule for the remote fill box.

1-3.02. Operation and Maintenance Data and Manuals. Adequate operation and
maintenance information shall be supplied as required in the Contract Closeout
and Submittals sections. Operation and maintenance manuals shall be
submitted in accordance with the Contract Closeout and Submittals section. The
operation and maintenance manuals shall be in addition to any instructions or
parts lists packed with or attached to the equipment when delivered.

1-4. DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance
with the Shipping section. Handling and storage shall be in accordance with the
Handling and Storage section.
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The tank and component parts shall be adequately protected during all
transportation, loading and unloading, storage, installation, and subsequent
construction activities. All nozzles shall be properly protected at all times and
shall be plugged to prevent contamination of the tank interior. Repairs of minor
damage, including scratches and abrasions, may be made where permitted by
City in the manner recommended by the manufacturer. If the tank is damaged
beyond reasonable repair, in the opinion of City, it will be rejected and shall be
replaced by Contractor with an undamaged unit.

At no time shall the tank be dropped or rolled. All lifting shall be done using the
lifting lugs or suitable slings.

1-5. CHAPTER COMM 10 REQUIREMENTS. The Contractor shall be
responsible for providing all plans, specifications, and information needed for and
applying and obtaining approval of the proposed construction and installation of
the storage tank and fuel system as required by Wisconsin Administrative Code
Chapter Comm. 10, Flammable, Combustible and Hazardous Liquids.

PART 2 - PRODUCTS

2-1. SERVICE CONDITIONS.

The fuel storage tank shall be located outside adjacent to the west wall of the
Riverside Pump Station as indicated on the drawings. The fuel storage tank shall
supply fuel to each day tank located inside the Pump Station.

All equipment shall be designed to operate under the following service
conditions:

Seismic zone. See Meteorological
and Seismic Design

Criteria Section

Type of environmental exposure. Outdoor

Design ambient air temperature range. -30 to 115 °F 

2-2. PERFORMANCE AND DESIGN REQUIREMENTS. The aboveground fuel
storage tank shall meet the following performance and design requirements as
follows:

Tag number RS-B-TNK-01

Capacity. 15,000 gal

Liquid stored. No. 2 Diesel
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Fuel

Minimum insulation thickness. 3 in

Limiting dimensions.

Length. 25’ - 0”

Width. 12’ – 0”

Height. 10’ – 0”

Minimum primary tank wall
thickness.

¼ in

Minimum secondary tank wall
thickness.

¼ in

Quantity of supply pipe
extractor fittings with caps.

3

Supply pipe extractor fitting
size.

1 ½ in

Supply pipe extractor fitting
cap size.

4 in

Quantity of supply pipe foot
valves.

3

Supply pipe foot valve size. 1 ½ in

Vent cap size 3 in

Primary tank emergency vent 8 in

The primary internal steel tank shall be vented and normally used to store the
specified product at atmospheric pressure but shall be designed and tested at
the factory before shipment to maintain a 5 psi internal air pressure.

The primary internal steel tank shall be suitable to withstand internal corrosion
from the liquid stored at a maximum temperature of 150°F.

The thermal insulation shall be placed between the two steel walls at the factory
and shall provide a minimum two-hour fire rating.

The secondary outer steel tank shall be suitable to withstand external corrosion
due to atmospheric conditions.

2-3. ACCEPTABLE MANUFACTURERS. The tank shall be current production
model as manufactured by a member of the Steel Tank Institute (STI) licensed to
build Fireguard, or equal.
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2-4. CONSTRUCTION. The storage tank shall be double wall type with thermal
insulation between the two steel walls. The tank shall be aboveground horizontal
rectangular, atmospheric type with support rails and accessories as indicated on
the Drawings and specified herein. The tank shall be secured to a concrete base
by anchor bolts (cast in reinforced concrete) through the tank support as
indicated on the drawings. The entire tank package system shall be electrically
grounded.

The primary internal steel tank and the secondary outer steel tank shall both be
of welded construction throughout and each shall be UL 142 listed and labeled.

The tank shall be Fireguard, with 2 hour fire rating and UL listed supports. The
tank shall be UL 2085 listed, and shall meet the requirements of the Uniform Fire
Code 7907, and NFPA 30/30A. The tank manufacturer shall be STI licensed and
the tank manufactured to STI quality standards; no exposed concrete, spalling or
cracking, with a 30 year warranty.

Upon completion of construction, the exterior of the outer tank and the inner tank
interior seams shall be ground free of rough areas such that finished welds are
full and rounded.

2-4.01. Surface Preparation. After fabrication, all metal surfaces and
connections shall be blasted clean in conformance with the paint manufacturer's
recommendations. All mill scale, rust, and contaminants shall be removed before
shop primer is applied.

2-4.02. Painting. All exterior surfaces of the primary internal tank and the
secondary outer tank shall be shop primed and painted in accordance with the
tank manufacturer's requirements.

2-4.03. Insulation. The tank shall be constructed with thermal insulation
between the two steel walls. Insulation shall be lightweight, thermal type, suitable
for preventing the primary tank temperature from rising 260°F during 2000°F fire
test for the fire rating specified above.

2-4.04. Connections and Openings. The fuel storage tank shall be supplied with
the following connections and openings:

Tag number RS-B-TNK-01 

Primary tank emergency vent
connection.

8 in

Fill connection. 4 in

Supply connection quantity. 3

Supply connection size. 4 in
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Return connection quantity. 3

Return connection size. 4 in

Leak monitor connection. 2 in

Level transducer connection. 4 in

Level Indicator connection 4 in

Fuel temperature alarm connection 4 in

Tank vent connection. 3 in

Secondary tank emergency vent
connection.

*

Secondary tank test connection
with cap.

*

Manway connection. 24 in

Heater connection. 6 in

Extra connection quantity. 4

Three (3) extra connections sized
(with cap):

4 in

One (1) extra connection sized
(with blind flange):

6 in

*As recommended by the tank manufacturer. 
 
All connections on the fuel storage tank shall be located on the top of the tank
and shall be forged steel threaded pipe nipples, located as indicated on the
drawings. All connections on the tank that are not used shall be capped.

Extra connections on the tank shall be located on the top and shall be forged
steel threaded pipe nipples with caps or flat faced flanged with blind flange, as
specified and located as indicated on the Drawings.

The heater connection on the fuel storage tank shall be flat faced flanged located
in the top of the tank as indicated on the Drawings.

All connections shall be sealed to prevent moisture from penetrating the outside
of the secondary outer steel tank and shall maintain the specified fire rating.

The manway for the tank shall be an all welded extension cylinder in the top of
the tank.
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2-5. ACCESSORIES. The accessories for the fuel storage tank shall be
provided as indicated on the Drawings and as specified herein.

2-5.01. Tank Fill Assembly. The fuel storage tank shall be furnished with a
complete fill system including remote fill box, fill pipe, level gauge, shutoff valves,
NEMA 4X stainless steel control panel, and all accessories as indicated on the
drawings and specified herein. All items shall be suitable for the specified fluid.

The remote fill box shall be a grade level fill box with spill containment, overfill
prevention and automatic fill shut-off. The remote fill box shall be a
weatherproof, lockable steel enclosure, epoxy coated on the interior and exterior,
with right hand reversed hinged doors as indicated on the drawings and the
following items:

Three-inch quick-disconnect coupling.

Check valve.

Electrically actuated shutoff valve.

Spill containment basin.

Hand pump.

Fire valve with fusible link.

Manual firesafe shutoff valve.

Fitting for outlet of product.

Fuel supply truck ground stud.

Ground lug for grounding the enclosure as indicated on the
Drawings.

The control panel shall include the following items:

Left hand reversed hinged lockable door as indicated on the
drawings.

Control power On-Off switch and control power available
indicating light.

Pushbuttons for Open-Close control of fill valve.

Fill valve Open-Close indicating lights.

Fuel tank leak indication light.

90 percent and 95 percent tank level indicating lights.

Alarm horn sounding for 90 percent full, 95 percent full, and leak
detected, with silence pushbutton.
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Continuous percent level indicator.

The control panel shall control the operation of the remote fill box
mounted fuel transfer valve. The control panel shall provide
audible and visual alarm when the tank is at the 90 percent full
level, and stop fuel transfer when the tank is at the 95 percent full
level.

Terminal connections and intrinsically safe barriers for tank-
mounted level transducer, 30 percent, 90 percent, and 95 percent
level float switches, and leak detection float switch shall be
provided. All cable required between control panel and electrical
components mounted on the tank shall be furnished under this
section.

Dry Form C dry contacts rated 5 amps at 120 VAC shall be
provided for tank level at 95 percent and 30 percent, and for leak
detected.

4-20 mA output signal for tank level

Dry contacts shall be provided for remote indication of leak detection, 30 percent
fuel level, and 95 percent fuel level despite power switch position.

All valves supplied with the remote fill box shall be individually labeled and
numbered by the manufacturer as specified in the Identification Devices section,
and shall be provided with a corresponding valve schedule.

The tank fill assembly shall be Simplex Automatic Fuel Port as manufactured by
Simplex, Inc., or equal.

The fill pipe for the fuel storage tank shall extend from 4 inches above the bottom
of the tank to the remote fill box. The lower end of the fill pipe shall be cut off at
45 degree angle, and the upper end inside the tank shall include an anti-siphon
bleed hole. Suitable fittings shall also be provided for the fill pipe to connect to
the tank connection.

A suitable means of sealing around the sensor wire entering the leak detection
riser pipe shall be provided to prevent the annular space from being
contaminated. Suitable fittings shall also be provided for the level transmitter to
connect to the tank connection.

2-5.02. Supply Pipe Assembly. Each supply pipe assembly for the fuel storage
tank shall consist of an extractor fitting with a top cap, suction piping, and a foot
valve. Each suction pipe length shall be such that the foot valve is located 4
inches above the bottom of the tank. The extractor fitting shall thread onto the
tank connection. The tank connection location shall be as indicated on the
drawings. The extractor fitting shall be OPW "233-E" with cap. The foot valve
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shall be of the double poppet type with metal-to-metal replacement seats, 20
mesh Monel inlet screen, and shall be OPW "86".

2-5.03. Vent Cover. A vent cover suitable for the specified tank vent size, shall
be provided on the fuel storage tank vent as indicated on the drawings. The vent
pipe shall screw into the coupling that is screwed onto the tank connection. The
cover shall have an aluminum body, 40 mesh screen over the outlet, and shall
prevent rain from entering the vent line. The vent cover shall be OPW "23".

2-5.04. Primary Internal Tank Emergency Vent. An emergency vent shall be
provided on the top of the fuel storage tank as indicated on the drawings. The
emergency vent shall relieve internal pressure in excess of 8 oz/sq in. The
emergency vent shall be Morrison "Figure No. 244", or equal.

2-5.05. Secondary Outer Tank Emergency Vent. A secondary outer tank
emergency vent shall be provided on top of the fuel storage tank for the space
between the two steel walls as indicated on the drawings. The emergency vent
shall relieve internal pressure in excess of 8 oz/sq in. The vent size shall be as
recommended by the tank manufacturer.

2-5.06. Tank Support. Tank support rails shall be provided with the tank at the
spacing recommended by the manufacturer. Rails shall be fabricated of carbon
steel as a part of the tank structure. Rails shall be of the size and design
required to adequately support the tank and its contents and shall be suitable to
withstand the buoyancy forces when the tank is empty and covered with water.

2-5.07. Leak Detection System. The tank shall be provided with a leak detection
system to continuously monitor the fuel storage tank. The system shall consist of
porous insulation, a riser pipe open on the bottom end and placed vertically next
to and below the inner primary tank. Any leakage shall flow through the
insulation to the riser pipe.

The system shall use a single float switch to continuously monitor the presence
of liquid in the riser pipe.

2-5.08. Level Transducer and Float Switches. Each tank shall be furnished with
a level transducer and float switch assembly to monitor fuel level in the tank. The
level transducer shall output an analog signal to the level indicator mounted on
the control panel. 30, 90, and 95 percent level float switches shall be vertical
action SPST 120 VAC pilot duty. Level transducer and float switches shall be
wired to terminals in a weather proof conduit box mounted on top of the tank.

2-5.09. Return Assembly. Each return pipe assembly shall include a 1-1/2 inch
riser pipe that extends 12 inches above the bottom of the tank up to the tank
connection. Riser pipe shall include anti-siphon bleed hole at the top of the pipe
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inside the tank. Suitable fittings shall be provided for attaching the return piping
to the tank connection.

2-5.10. Tank Heater. An electric resistance type immersion heater shall be
provided with the tank. The heater shall be complete with suitable connections
for attaching to the tank connection. The tank heater shall include a weather
tight enclosure, process thermocouple, over-temperature thermocouple, and riser
with spiral wound heated section. The heater shall be sized to maintain the
specified liquid at 40°F at the design winter ambient air temperature. The tank
heater shall be rated for the power supply specified herein, and shall be
Chromalox “Model MTI-6T1E4XX”.

2-5.10.01. Heater Control Panel. The tank heater assembly shall include a pre-
wired, fully functionally tested, control panel including a NEMA 4X stainless steel
enclosure. A stainless steel leg stand shall be provided for freestanding
mounting of the panel. A subpanel mounted main disconnect switch with
lockable front panel operating mechanism shall be included. The control panel
door shall be interlocked with the main disconnect switch.

The panel shall include pilot light indication of Power On, remote shutdown
terminals for interlock to low tank level, enclosure heater for low ambient
temperatures, Chromalox “Model 1603E” temperature controller, load fusing,
load rated contactor, control power transformer, and Chromolox “Model 1600”
over temperature controller. The panel shall match tank heater loads, and shall
be suitable for operation on the power supply specified herein. The panel shall
be wired to accept a dry contact input signal from the tank fill assembly control
panel to shut down the heater, and dry contact outputs for low and high
temperature alarms. The heater control panel shall be Chromalox “Model 4468-
X0231-0XXX”. 

2-5.11. Gauge Stick. A suitable gauge stick and calibration chart shall be
supplied with the tank.

PART 3 - EXECUTION

3-1. FIELD TESTING. After shipment to the jobsite, but prior to installation, the
inner primary tank shall be pressure tested at 5 psi for one hour. The inner
primary tank shall be checked for leaks, using a pressure gauge. During testing,
connections may be plugged but shall not be blocked or plugged on the inside. If
there are leaks or indications of leaks, the tank shall be replaced with a new tank
and tested after shipment to the jobsite.

3-2. INSTALLATION. The tank shall be installed in accordance with the
manufacturer's instructions, these specifications, detail drawings, and to the
satisfaction of City.
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3-3. FIELD PAINTING. After installation of the fuel storage tank, the words
“DIESEL FUEL - FLAMMABLE – KEEP FIRE AWAY” shall be painted on four
sides of the tank in an arrangement and location acceptable to the City. Letters
shall be of the block type, at least 5 inches, spaced and proportioned to provide a
well-balanced appearance. Two coats of paint shall be applied.

3-4. FIELD QUALITY CONTROL.

3-4.01. Installation Check. An experienced, competent, and authorized
representative of the manufacturer shall visit the site of the Work and inspect,
check, adjust if necessary, and approve the equipment installation. The
representative shall be present when the equipment is placed in operation in
accordance with Startup Requirements section, and shall revisit the job site as
often as necessary until all trouble is corrected and the equipment installation
and operation are satisfactory in the opinion of City.

The manufacturer's representative shall furnish a written report certifying that the
equipment has been properly installed and lubricated; is in accurate alignment; is
free from any undue stress imposed by connecting piping or anchor bolts; and
has been operated under full load conditions and that it operated satisfactorily.
The report shall include a Manufacturer’s Certificate of Proper Installation as
specified in Section 01640.

All costs for these services shall be included in the contract price.

3-4.02. Installation Supervision. The equipment manufacturer shall furnish a
qualified field installation supervisor during the equipment installation.

All costs for these services shall be included in the contract price.

Manufacturers' installation supervisor shall observe, instruct, guide, and direct
the installing contractor's erection or installation procedures. The equipment
manufacturer will be provided with written notification 10 days prior to the need
for such services.

3-5. CLEANING. The exposed finish shall be inspected after completing system
installation, including pipe connections, fittings, valves, and specialties. Burrs,
dirt, and construction debris shall be removed and damaged finishes, including
chips, scratches, and abrasions shall be repaired.

3-6. PROTECTION. The equipment shall be protected after installation, but
prior to final acceptance by City. Protection provisions shall be as recommended
by the manufacturer, and shall include provisions to prevent rust, mechanical
damage, and foreign objects entering the equipment.



Milwaukee Water Works, R-163 13214 Print Date 2/24/2010
Riverside Backup Power Generation -12- Project Rev. 1/29/2010
B&V Project 162156 Std. Rev. 1.5 7/7/2006

3-7. INITIAL TANK FILL. Upon completion, Contractor shall fill the fuel storage
tank with the specified liquid.

End of Section
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Section 15010 
 

VALVE INSTALLATION 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the installation of new valves and actuators 
purchased by Contractor as part of this Work. 
 
Cleaning, disinfection, pressure and leakage testing, insulation, and pipe 
supports are covered in other sections.   
 
The following specification sections are applicable to valves to be installed: 
 
Section Title
15091 Miscellaneous Ball Valves 
15093 Check Valves 

 
1-2.  GENERAL. Equipment installed under this section shall be erected and 
placed in proper operating condition in full conformity with Drawings, 
Specifications, engineering data, instructions, and recommendations of the 
equipment manufacturer, unless exceptions are noted by City. 
 
1-2.01. Coordination. When manufacturer's field services or installation check 
services are provided by the valve manufacturer, Contractor shall coordinate the 
services with the valve manufacturer.   
 
Flanged and push on connections to valves including the bolts, nuts, and gaskets 
are covered in the appropriate pipe specification section. Valve ends shall match 
piping. 
 

PART 2 - PRODUCTS

Not Applicable. 
 

PART 3 - EXECUTION

3-1.  INSPECTION. All valves and accessories shall be inspected for damage 
and cleanliness before being installed.  Any material damaged or contaminated 
in handling on the job shall not be used unless it is repaired and re-cleaned to the 
original requirements by Contractor.  Such material shall be segregated from the 
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clean material and shall be inspected and approved by City or his representative 
before its use. 
 
3-2.  INSTALLATION.

3-2.01.  General. Valves shall be installed with sufficient clearance for proper 
operation of any external mechanisms, and with sufficient clearance to dismantle 
the valve for in-place maintenance.  Installation shall be in accordance with the 
valve manufacturer’s recommendations. 
 
Unless otherwise indicated on the Drawings or specified, all valves installed in 
horizontal runs of pipe having centerline elevations 4 feet 6 inches [1.3 m]  or 
less above the finish floor shall be installed with their operating stems vertical.  
Valves installed in horizontal runs of piping having centerline elevations between 
4 feet 6 inches [1.3 m] and 6 feet 9 inches [2 m]  above the finish floor shall be 
installed with their operating stems horizontal.  If adjacent piping prohibits this, 
the stems and operating handwheel shall be installed above the valve horizontal 
centerline as close to horizontal as possible.  Valves installed in vertical runs of 
pipe shall have their operating stems oriented to facilitate the most practicable 
operation, as reviewed by City. 
 
3-2.02.  Installation Checks. When specified in the valve sections, the valve 
manufacturer will provide installation checks.  For installation checks, the 
manufacturer’s field representative will inspect the valve installation immediately 
following installation by Contractor.  The manufacturer's representatives will 
revisit the site as often as necessary to ensure installation satisfactory to City. 
 
3-2.03.  AWWA Butterfly Valves. Not used. 

3-2.04.  Check Valves.

3-2.04.01.  Lift Check Valves. Horizontal lift checks shall be installed in a level 
horizontal position so that the internal parts rise and fall vertically, unless the 
valve is spring loaded.  Angle pattern lift checks shall be installed in vertical pipe 
with flow upward from beneath the disc. 
 
3-2.04.02.  Swing Check Valves. Install valves oriented for the correct flow 
direction.  Only valves designed for vertical installation shall be installed in 
vertical piping. 
 
3-2.05.  Plug Valves. Not used. 
 
3-2.06.  Resilient Seated Gate Valves. Not used. 
 
3-2.07.  Air Release and Combination Air Valves. Not used. 
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3-2.08.  Hydrants. Not used. 
 
3-3.  VALVE ACTUATORS. Valve actuators and accessories shall be installed in 
accordance with the equipment manufacturer's recommendations. 
 
3-4.  FIELD QUALITY CONTROL.

3.4.01.  Field Testing. After installation, all valves shall be tested in accordance 
with the Miscellaneous Piping and Accessories Installation Section. 
 
3-4.01.01.  Pressure Tests. Pressure testing shall be in accordance with the 
Miscellaneous Piping and Accessories Installation section. 
 
3-4.01.02.  Leakage Tests. All valves shall be free from leaks.  Each leak that is 
discovered within the correction period stipulated in the Summary of Work shall 
be repaired by and at the expense of Contractor.  This requirement applies 
whether pressure testing is required or not. 
 
3-5.  ADJUSTING. After installation, the opening and closing time shall be 
adjusted as needed for each pneumatic, hydraulic and electric actuated valve. 
 

End of Section 
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Section 15020 
 

MISCELLANEOUS PIPING AND ACCESSORIES INSTALLATION 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the installation of piping and accessories as 
indicated on the drawings for the following piping sections: 
 

Section Description
15060 Miscellaneous Piping and Accessories 
15064 Stainless Steel Pipe, Tubing, and Accessories 
15065 Miscellaneous Steel Pipe, Tubing, and Accessories 
15069 Cast Iron Soil Pipe and Accessories 
15070 Copper Tubing and Accessories 

Contractor shall furnish all necessary jointing materials, coatings, and 
accessories that are specified herein. 
 
Pipe supports and anchors shall be furnished by Contractor, and are covered in 
the Pipe Supports section. 
 
1-2.  GENERAL.

1-2.01.  Coordination. Materials installed under this section shall be installed in 
full conformity with drawings, specifications, engineering data, instructions, and 
recommendations of the manufacturer, unless exceptions are noted by City. 
 
1-3.  SUBMITTALS.

1-3.01.  Drawings and Data. Complete specifications, data, and catalog cuts or 
drawings shall be submitted in accordance with the Submittals section.  Items 
requiring submittals shall include, but not be limited to, the following: 
 

Watertight/Dusttight pipe sleeves. 
Materials as specified herein. 

 
1-3.02.  Welder Certification. Prior to the start of the work, Contractor shall 
submit a list of the welders he proposes using and the type of welding for which 
each has been qualified.  Copy of certification and identification stamp shall be 
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submitted for each welder.  Qualification tests may be waived if evidence of prior 
qualification is deemed suitable by City. 
 
1-3.03.  Spool Drawings. Not Used.
 
1-4.  QUALITY ASSURANCE.

1-4.01. Welding and Brazing Qualifications. All welding and brazing procedures 
and operators shall be qualified by an independent testing laboratory in 
accordance with the applicable provisions of Section IX of the ASME Code.  All 
procedure and operator qualifications shall be in written form and subject to City's 
review.  Accurate records of operator and procedure qualifications shall be 
maintained by Contractor and made available to City upon request. 
 
1-4.02.  Tolerances. These tolerances apply to in-line items and connections for 
other lines. 
 
The general dimension, such as face-to-face, face or end-to-end, face- or end-to 
center, and center-to-center shall be 1/8 inch. 
 
The inclination of flange face from true in any direction shall not exceed 3/64 inch 
per foot. 
 
Rotation of flange bolt holes shall not exceed 1/16 inch. 
 
1-5.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and storage shall be in accordance with the 
Handling and Storage section.  All materials shall be stored in a sheltered 
location above the ground, separated by type, and shall be supported to prevent 
sagging or bending. 
 
Plastic pipe, tubing, and fittings shall be stored between 40°F and 90°F. 
 
1-5.01.  Coated Pipe. Handling methods and equipment used shall prevent 
damage to the protective coating and shall include the use of end hooks, padded 
calipers, and nylon or similar fabric slings with spreader bars.  Bare cables, 
chains, or metal bars shall not be used.  Coated pipe shall be stored off the 
ground on wide, padded skids.  Plastic-coated pipe shall be covered or otherwise 
protected from exposure to sunlight. 
 

PART 2 - PRODUCTS

2-1.  SERVICE CONDITIONS. Pipe, tubing, and fittings covered herein shall be 
installed in the services indicated in the various pipe sections. 
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2-2.  MATERIALS.

Threaded Fittings  
 Anti-Seize Thread Lubricant 

 
Jet-Lube "Nikal", John Crane "Thred 
Gard Nickel", Never-Seez "Pure Nickel 
Special", or Permatex "Nickel 
Anti-Seize". 

 Teflon Thread Sealer Paste type; Hercules "Real-tuff", John 
Crane "JC-30", or Permatex "Thread 
Sealant with Teflon". 

 Teflon Thread Tape Hercules "Tape Dope" or John Crane 
"Thread-Tape". 

Solder or Brazed Fittings  
 Solder 

 
Solid wire, ASTM B32, ANSI/NSF 61 
certified, Alloy Grade Sb5, (95-5). 

 Soldering Flux Paste type, ASTM B813. 
 Brazing Filler Metal AWS A5.8, BCuP-5; Engelhard 

"Silvaloy 15", Goldsmith "GB-15", or 
Handy & Harman "Sil-Fos". 

 Brazing Flux Paste type, Fed Spec O-F-499, 
Type B. 

Insulating Fittings  
 Threaded Dielectric steel pipe nipple, ASTM A53, 

Schedule 40, polypropylene lined, zinc 
plated; Perfection Corp. "Clearflow 
Fittings". 

 Flanged Epco "Dielectric Flange Unions" or 
Central Plastics "Insulating Flange 
Unions". 

Pipe Insulation See Mechanical Insulation section.
Watertight/Dusttight Pipe Sleeves O-Z Electrical Manufacturing "Thruwall" 

and "Floor Seals", or Thunderline 
"Link-Seals"; with modular rubber 
sealing elements, nonmetallic pressure 
plates, and galvanized bolts. 
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 Pipe Sleeve Sealant Polysulfide or urethane, as specified in 
the Caulking section or as indicated on 
the drawings. 

PART 3 - EXECUTION

3-1.  INSPECTION. All piping components shall be inspected for damage and 
cleanliness before being installed.  Any material damaged or contaminated in 
handling on the job shall not be used unless it is repaired and recleaned to the 
original requirements by Contractor.  Such material shall be segregated from the 
clean material and shall be inspected and approved by City or his representative 
before its use. 
 
3-2.  PREPARATION.

3-2.01.  Field Measurement. Pipe shall be cut to measurements taken at the 
site, not from the drawings.  All necessary provisions shall be made in laying out 
piping to allow for expansion and contraction.  Piping shall not obstruct openings 
or passageways.  Pipes shall be held free of contact with building construction to 
avoid transmission of noise resulting from expansion. 
 
3-3.  INSTALLATION.

3-3.01.  General. All instruments and specialty items shall be installed according 
to the manufacturer’s instructions and with sufficient clearance and access for 
ease of operation and maintenance. 
 
Flat faced wrenches and vises shall be used for copper tubing systems.  Pipe 
wrenches and vises with toothed jaws will damage copper materials and shall not 
be used.  Bends in soft temper tubing shall be shaped with bending tools. 
 
3-3.02.  Pipe Sleeves. Piping passing through concrete or masonry shall be 
installed through sleeves that have been installed before the concrete is placed 
or when masonry is laid.  Pipe sleeves installed through floors with a special 
finish, such as ceramic or vinyl composition tile, shall be flush with the finished 
floor surface and shall be provided with nickel or chromium plated floor plates.  
Unless otherwise indicated on the drawings, in all other locations where pipes 
pass through floors, pipe sleeves shall project not less than 1 inch [25 mm] nor 
more than 2 inches above the floor surface, with the projections uniform within 
each area.  In the case of insulated pipes, the insulation shall extend through 
pipe sleeves.  Where the drawings indicate future installation of pipe, sleeves 
fitted with suitable plastic caps or plugs shall be provided. 
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Holes drilled with a suitable rotary drill will be considered instead of sleeves for 
piping which passes through interior walls and through floors with a special finish. 
 
Unless otherwise indicated on the drawings, all pipes passing through walls or 
slabs which have one side in contact with earth or exposed to the weather shall 
be sealed watertight with special rubber-gasketed sleeve and joint assemblies, or 
with sleeves and modular rubber sealing elements. 
 
Piping shall be made dusttight and gastight with special rubber-gasketed sleeve 
and joint assemblies; with sleeves sealed with modular rubber sealing elements; 
or by caulking with oakum and polysulfide or urethane sealant, when passing 
through areas noted on the drawings. 
 
3-3.03.  Pipe Joints. Pipe joints shall be carefully and neatly made in accordance 
with the indicated requirements. 
 
3-3.03.01. Threaded. Pipe threads shall conform to ANSI/ASME B1.20.1, NPT, 
and shall be fully and cleanly cut with sharp dies.  Not more than three threads at 
each pipe connection shall remain exposed after installation.  Ends of pipe shall 
be reamed after threading and before assembly to remove all burrs.  Unless 
otherwise indicated, threaded joints shall be made up with teflon thread tape, 
thread sealer, or a suitable joint compound. 
 
Threaded joints in plastic piping shall be made up with teflon thread tape applied 
to all male threads.  Threaded joints in stainless steel piping shall be made up 
with teflon thread sealer and teflon thread tape applied to all male threads.  
Threaded joints in steel piping for chlorine service shall be made up with teflon 
thread tape or litharge and glycerine paste applied to all male threads. 
 
3-3.03.02. Compression. Not Used. 
 
3-3.03.03. Flared. Not Used. 
 
3-3.03.04. Soldered and Brazed. Where solder fittings are specified for lines 
smaller than 2 inches, joints may be soldered or brazed at the option of 
Contractor.  Joints in 2 inch and larger copper tubing shall be brazed.  Brazing 
alloy shall contain no tin.  Joints in copper chlorine tubing and refrigerant piping 
shall be brazed; solder will not be acceptable.  
 
Surfaces to be joined shall be thoroughly cleaned with flint paper and coated with 
a thin film of flux.  At each joint, tubing shall enter to the full depth of the fitting 
socket. 
 
Care shall be taken to avoid overheating the metal or flux.  Each joint shall be 
uniformly heated to the extent that filler metal will melt on contact.  While the joint 
is still hot, surplus filler metal and flux shall be removed with a rag or brush. 
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3-3.03.05. Solvent Welded. Not Used. 
 
3-3.03.06. Epoxy and Adhesive Bonded. Not Used. 
 
3-3.03.07. Heat Fusion Bonded. Not Used. 
 
3-3.03.08. Flanged. Flange bolts shall be tightened sufficiently to slightly 
compress the gasket and effect a seal, but shall not be torqued less than the 
minimum value required by the gasket manufacturer.  Flange bolts shall not be 
so tight as to fracture or distort the flanges.  A plain washer shall be installed 
under the head and nut of bolts connecting plastic pipe flanges.  Anti-seize 
thread lubricant shall be applied to the threaded portion of all stainless steel bolts 
during assembly. 
 
Flange bolt holes shall be oriented as follows, unless otherwise indicated on the 
spool drawings: 
 

Vertical flange face: Bolt holes to straddle the vertical centerlines. 
Horizontal flange face: Bolt holes to straddle plant north-south 

centerlines. 
 
Pipe sealants, thread compounds, or other coatings shall not be applied to flange 
gaskets unless recommended by the gasket manufacturer for the specified 
service and approved by City. 
 
Welds at orifice flanges shall have internal surfaces ground smooth to the pipe 
wall. 
 
Slip-on flanges shall be welded inside and outside.  There shall be a distance of 
approximately 1/16 to 1/8 inch between the edge of the fillet weld and the face of 
the flange.  The seal weld shall be applied so that the flange face shall be free of 
weld spatter and does not require refacing. 
 
Flat-faced flanges shall be used when mating to Class 125 flanges.  Full-face 
gaskets shall be used with flat-faced flanges and ring gaskets shall be used with 
raised faced flanges. 
 
Weld neck flanges shall be used with butt-weld fittings.  The bore of weld neck 
flanges shall match the pipe wall thickness. 
 
Insulating joints connecting submerged (buried) piping to exposed piping shall be 
installed above the maximum water surface elevation and before the first pipe 
support not having coated anchor bolts or adhesive-bonded concrete anchors.  
All submerged (buried) metallic piping shall be isolated from the concrete 
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reinforcement.  Insulating flanges shall be tested for electrical isolation after 
installation and bolt-up but prior to introduction of conducting fluid. 
 
3-3.03.09. Welded. Welding  shall conform to the specifications and 
recommendations contained in the "Code for Pressure Piping", ANSI B31.1. 
 
Weld cross-sections shall be equal to or greater than the pipe wall thickness.  
Welds shall be smooth and continuous and shall have interior projections no 
greater than 1/16 inch.  Backing strips or rings shall not be used except with 
specific prior review by City as to use, material, and design.  Root gap inserts 
that are completely melted and consumed in the weld bead are acceptable only 
when reviewed in advance by City. 
 
Stainless steel welding shall be inert gas tungsten arc (TIG) or the direct current, 
straight polarity, inert gas metal arc process (MIG). 
 
Carbon steel welding shall be made by the shielded metal arc process. 
 
3-3.03.10. Grooved Couplings. Not Used. 
 
3-3.03.11. Push-on. Gasket installation and other jointing procedures shall be in 
accordance with the recommendations of the manufacturer.  Each spigot end 
shall be suitably beveled to facilitate assembly.  All joint surfaces shall be 
lubricated with a heavy vegetable soap solution immediately before the joint is 
completed.  Lubricant shall be suitable for use in potable water, shall be stored in 
closed containers, and shall be kept clean. 
 
3-3.03.12. Rubber-Gasketed. Rubber-gasketed joints for hub and spigot type 
cast iron soil pipe shall have plain spigot ends, without beads.  Cut ends of all 
pipe shall be cut square, beveled, and all burrs shall be removed.  Spigot ends 
shall be coated with a lubricant recommended by the gasket manufacturer and 
fully seated in the gasket.  Clamps for hubless cast iron soil pipe shall be 
installed in accordance with the manufacturer's recommendations. 
 
3-3.03.13. Other Pipe Joints. Not Used. 
 
3-3.04.  Pipe. Pipe shall be installed as specified, as indicated on the drawings, 
or, in the absence of detail piping arrangement, in a manner acceptable to City. 
 
Piping shall be installed without springing or forcing the pipe in a manner which 
would induce stresses in the pipe, valves, or connecting equipment. 
 
Piping shall be supported in conformance with the Pipe Supports section. 
Piping shall be connected to equipment by flanges or unions as specified in the 
various piping sections.  Piping connecting to equipment shall be supported by a 
pipe support and not by the equipment. 
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Water supply piping shall be provided with a shutoff valve and union at each 
fixture or unit of equipment, whether or not indicated on the drawings, to permit 
isolation and disconnection of each item without disturbing the remainder of the 
system.  
 
A union shall be provided within 2 feet of each threaded-end valve unless there 
are other connections which will permit easy removal of the valve.  Unions shall 
also be provided in piping adjacent to devices or equipment which may require 
removal in the future and where required by the drawings or the specifications. 
 
Water supply piping within structures shall be arranged, and facilities provided, 
for complete drainage.  All piping serving metering equipment shall be uniformly 
graded so that air traps are eliminated and complete venting is provided. 

In all piping, insulating fittings shall be provided to prevent contact of dissimilar 
metals, including but not limited to, contact of copper, brass, or bronze pipe, 
tubing, fittings, valves, or appurtenances, or stainless steel pipe, tubing, fittings, 
valves, or appurtenances with iron or steel pipe, fittings, valves, or 
appurtenances.  Insulating fittings shall also be provided to prevent contact of 
copper, brass, or bronze pipe, tubing, fittings, valves or appurtenances with 
stainless steel pipe, tubing, fittings, valves, or appurtenances. 
 
Branch connections in horizontal runs of steam, air, and gas piping shall be 
made from the top of the pipe. 
 
Piping adjacent to flow sensors shall be installed in accordance with the 
requirements of the manufacturer of the flow sensor and commonly accepted 
design practices of the appropriate straight pipe runs both upstream and 
downstream. 
 
Drains required for operation are shown on the drawings.  However, vents at all 
high points and drains at all low points in the piping that are required for complete 
draining for pressure test may not be shown on these drawings.  Contractor shall 
add such items as found to be necessary during detail piping design and/or 
piping installation. 
 
3-3.05.  Reducers. Eccentric reducers shall be installed flat on the bottom for 
steam, condensate return and digester gas services. 
 
3-3.06. Valves. Isolation valves provided with equipment and instruments shall 
be located in a manner which will allow ease of access and removal of the items 
to be isolated.  Prior to soldering or brazing valves, teflon and elastomer seats 
and seals shall be removed to prevent damage. 
 
3-4.  PIPING ASSEMBLY.
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3-4.01.  General. Contractor shall only use labor that has been qualified by 
training and experience to capably perform the specified activities required to 
accomplish the work in a satisfactory manner 
 
If there is a conflict between the mechanical drawings and piping and 
instrumentation drawings (P&IDs), the P&ID shall take precedence.  Any 
deviations from the Specifications or piping locations shown on the drawings 
require prior review and approval by City. 
 
3-4.02.  Buttwelded Piping. The specification and qualification of weld joints and 
welders for buttwelded piping shall be in accordance with ASME Boiler Pressure 
Vessel Code, Section IX, Welding and Brazing.  Weld procedure specifications 
(WPS) and procedure qualification reports (PQR) shall be submitted to City for 
review and validation of joint design, efficiencies and strength before installation 
begins. 
 
Nondestructive examination (NDE) shall be in accordance with the ASME Boiler 
and Pressure Vessel Code, Section V, Nondestructive Examination.   The 
minimum level of NDE shall be as follows: 
 

(1) 100 percent visual examination of welds by a qualified examiner 
(per ASME B31.1). 

(2) Radiographic testing (RT) of 5 percent random sampling of 
welds. 

 
If the Contractor wants to use alternative techniques or intends to apply 
alternative methods considered equivalent to those indicated herein, a proposal 
on such techniques or methods shall be submitted in writing to City for review 
and approval at least 14 days before intended date of use. 
 
Welding shall not begin until weld joint and welder qualification submittals have 
been reviewed and approved.  NDE shall be performed before the pressure and 
leakage testing of the piping.  Weld acceptance standards shall be in accordance 
with ASME B31.1, Chapter VI.  If a weld fails the NDE, it shall be repaired and 
the test repeated at no additional cost to the City. 
 
3-5. PROTECTIVE COATING. Not Used. 

3-6.  PRESSURE AND LEAKAGE TESTING. All specified tests shall be made 
by and at the expense of Contractor in the presence, and to the satisfaction of 
City.  Each piping system shall be tested for at least 1 hour with no loss of 
pressure.  Piping shall be tested at the indicated pressures: 
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Service Test Pressure Test Medium
Water supply and 
other piping. 

1-1/2 times working 
pressure but not less 
than 120 psi [828 kPa] 

Water 

 
Leakage may be determined by loss-of-pressure, soap solution, chemical 
indicator, or other positive and accurate method acceptable to City.  All fixtures, 
devices, or accessories which are to be connected to the lines and which would 
be damaged if subjected to the specified test pressure shall be disconnected and 
the ends of the branch lines plugged or capped as needed during the testing. 
 
Unless otherwise required by the applicable codes, drainage and venting 
systems shall be water tested.  For water testing, the drainage and venting 
system shall be filled with water to the level of the highest vent stack.  Openings 
shall be plugged as necessary for test.  To be considered free of leaks, the 
system shall hold the water 30 minutes without any drop in the water level. 
 
All necessary testing equipment and materials, including tools, appliances and 
devices, shall be furnished and all tests shall be made by and at the expense of 
Contractor.  Contractor shall give City 5 working days advanced notice of 
scheduled testing.  
 
All joints in piping shall be tight and free of leaks.  All joints which are found to 
leak, by observation or during any specified test, shall be repaired, and the tests 
repeated. 
 
3-6.01. Air Pressure Tests. Not Used. 
 
3-7.  CLEANING. The interior of all pipe, valves, and fittings shall be smooth, 
clean, and free of blisters, loose mill scale, sand, dirt, and other foreign matter 
when installed.  Before being placed in service, the interior of all lines shall be 
thoroughly cleaned, to the satisfaction of City. 
 
3-8.  ACCEPTANCE. City reserves the right to have any section of the piping 
system which he suspects may be faulty cut out of the system by Contractor for 
inspection and testing.  Should the joint prove to be sound, City will reimburse 
Contractor on a time-and-material basis as specified in the Contract.  Should the 
joint prove to be faulty, the destructive test will continue joint by joint in all 
directions until sound joints are found.  Costs for replacement of faulty work 
and/or materials shall be the responsibility of Contractor. 
 

End of Section 
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Section 15050 
 

BASIC MECHANICAL BUILDING SYSTEMS MATERIALS AND METHODS 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers general mechanical building system 
requirements as referenced from other sections and furnishing and installation of: 
 

Mechanical equipment identification 
 
for the plumbing; heating, ventilating, and air conditioning; and fire suppression 
systems. 
 
1-2.  GENERAL. Materials furnished and installed under this section shall be 
fabricated, assembled, erected, and placed in proper operating condition in full 
conformity with the drawings, specifications, engineering data, instructions, and 
recommendations of the manufacturer unless exceptions are noted by the City. 
 
1-2.01.  Coordination. Where two or more units of the same class of materials 
are required, they shall be the product of a single manufacturer; however, all the 
component parts of the system need not be the products of one manufacturer. 
 
1-2.02.  General Equipment Stipulations. The General Equipment Stipulations 
shall apply to all materials furnished under this section.  If requirements in this 
specification differ from those in the General Equipment Stipulations, the 
requirements specified herein shall take precedence. 
 
1-2.03.  Governing Standards. Except as modified or supplemented herein, all 
work covered by this section shall be performed in accordance with all applicable 
local codes and ordinances, laws, and regulations which pertain to such work.  In 
case of a conflict between these specifications and any state law or local 
ordinance, the latter shall govern. 
 
1-2.04.  Metal Thickness. Metal thickness and gages specified herein are 
minimum requirements.  Gages refer to US Standard gage. 
 
1-3.  SUBMITTALS.

1-3.01.  Drawings and Data. Complete information, detailed specifications, and 
data covering materials, parts, devices, and accessories forming a part of the 
materials furnished, shall be submitted in accordance with the Submittals section. 
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Number Plates
Product data on number plates. 
A listing of equipment to receive number plates shall be submitted. 

Equipment Motors
Name of Manufacturer. 

 Type and Model. 
 Horsepower (kW) rating and service factor. 
 Temperature rise and insulation rating. 
 Full load rotative speed. 
 Type of bearings and method of lubrication. 
 Net weight. 
 Overall dimensions. 
 Efficiency at full, 3/4, and 1/2 loads. 
 Full load current and power factor. 
 Locked rotor current. 

 
1-4.  QUALITY ASSURANCE.

1-4.01.  Welding Qualifications. All welding procedures and welding operators 
shall be qualified by an independent testing laboratory in accordance with the 
applicable provisions of AWS Standard Qualification Procedures.  All procedure 
and operator qualifications shall be in written form and subject to City's review.  
Accurate records of operator and procedure qualifications shall be maintained by 
Contractor and made available to City upon request. 
 
1-4.02.  Manufacturer's Experience. Unless the equipment manufacturer is 
specifically named in this section, the manufacturer shall have furnished 
equipment of the type and size specified which has been in successful operation 
for not less than the past 5 years. 
 

PART 2 - PRODUCTS

2-1.  SERVICE CONDITIONS. All equipment shall be designed and selected to 
meet the specified conditions.  Where equipment is provided with protective 
coatings, unit capacities shall be corrected to account for any efficiency losses 
from the selected protective coating. 
 
2-2.  PERFORMANCE AND DESIGN REQUIREMENTS.

2-2.01.  Dimensional Restrictions. Layout dimensions will vary between 
manufacturers and the layout area indicated on the drawings is based on typical 
values of the first manufacturer listed.  Contractor shall review the contract 
drawings, the manufacturer’s layout drawings, and installation requirements and 
shall make any modifications required for proper installation subject to 
acceptance by City. 
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2-2.02.  Elevation. Equipment shall be designed to operate at the elevation as 
indicated on the drawings. 
 
2-2.03.  Equipment Efficiencies. Unless otherwise indicated in the respective 
equipment paragraph, the equipment efficiency shall be in accordance with the 
requirements of ASHRAE Energy Standard 90.1. 
 
2-2.04.  Drive Units. Drive units shall be designed for 24 hour continuous 
service. 
 
2-2.04.01.  V-Belt Drives. Each V-belt drive shall include a sliding base or other 
suitable belt tension adjustment.  V-belt drives shall have a service factor of at 
least 1.5 at maximum speed based on the nameplate horsepower [kW] of the 
drive motor unless otherwise indicated in the specific equipment paragraph.  
Multiple belts shall be provided in matched sets and shall be oil resistant, non-
static type.  External belts and drive assemblies shall be protected by a belt 
safety guard constructed in accordance with OSHA requirements.  The guard 
shall be provided with a tachometer opening. 
 
Unless otherwise indicated in the specific equipment paragraph, equipment with 
smaller than 10 horsepower [7.5 kW] motors shall have adjustable pitch sheaves 
and equipment with 10 horsepower [7.5 kW] and larger motors shall have fixed 
sheaves.  Adjustable sheaves shall be selected so that the fan speed at the 
specified conditions is selected at the mid-position of the sheave range.  Fixed 
sheaves shall be replaced as necessary with sheaves of the proper size during 
the air system balancing to provide the required speed for the specified airflow. 
 
2-2.04.02.  Electric Motors. Motor horsepower scheduled on the drawings are 
minimum motor horsepower.  Larger motors shall be provided if required to meet 
the specified capacities for the equipment furnished.  Motors furnished with 
equipment shall meet the following requirements. 
 

a. Premium efficient motors with a minimum efficiency of at least that 
specified in the General Purpose Induction Motors section shall be 
provided where available as a standard option.  All other motors shall 
meet the minimum efficiency standards required by the Energy Policy 
Act (EPACT) of 1992. 

b. Designed and applied in accordance with NEMA, ANSI, IEEE, ABMA, 
and NEC for the duty service imposed by the driven equipment, such 
as frequent starting, intermittent overload, high inertia, mounting 
configuration, or service environment. 

c. Rated for continuous duty at 40°C ambient. 
d. Motors used in applications which exceed the usual service conditions 
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as defined by NEMA, such as higher than 40°C ambient, altitude 
exceeding 3,300 feet [1005 m], explosive or corrosive environments, 
departure from rated voltage and frequency, poor ventilation, frequent 
starting, or adjustable frequency drive applications, shall be properly 
selected with respect to their service conditions and shall not exceed 
specified temperature rise limits in accordance with ANSI/NEMA MG 1 
for insulation class, service factor, and motor enclosure type. 

e. To ensure long life, motors shall have nameplate horsepower [kW] 
equal or greater than the maximum load imposed by the driven 
equipment and shall carry a service factor rating as follows: 

 Motor Size Enclosure Service Factor
Fractional hp [kW] Open 1.15 

 Other Than Open 1.0 
 Integral hp [kW] Open 1.15 
 Other Than Open 1.0 
 Motors used with adjustable frequency drives shall have a 1.15 service 

factor on sine wave power and a 1.0 service factor on drive power. 
f. Designed for full voltage starting. 
g. Designed to operate from an electrical system that may have a 

maximum of 5 percent voltage distortion according to IEEE 519. 
h.  Totally enclosed motors shall have a continuous moisture drain that 

also excludes insects. 
i. Bearings shall be either oil or grease lubricated. 
j. Motor nameplates shall indicate as a minimum the manufacturer name 

and model number, motor horsepower, voltage, phase, frequency, 
speed, full load current, locked rotor current, frame size, service factor, 
power factor, and efficiency. 

k. Dripproof motors, or totally enclosed motors at Contractor's option, 
shall be furnished on equipment in indoor, above-grade, clean, and dry 
locations. 

l. Totally enclosed motors shall be furnished on: 
 (1) Outdoor equipment. 
 (2) Equipment for installation below grade. 
 (3) Equipment operating in chemical feed and chemical handling 

locations. 
 (4) Equipment operating in wet or dust-laden locations. 
m. Explosionproof motors shall be furnished as specified by applicable 
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codes or as specified in other sections. 
n. A manufacturer's standard motor may be supplied on packaged 

equipment and fans in which case a redesign of the unit would be 
required to furnish motors of other than the manufacturer's standard 
design.  However, in all cases, the motor types indicated are preferred 
and shall be furnished if offered by the manufacturer as a standard 
option. 

o. Motors used with adjustable frequency drives shall have insulation 
system meeting the requirements of NEMA MG 1, Part 31. 

 
2-3.  MANUFACTURE AND FABRICATION.

2-3.01.  Welding. All welds shall be continuous (seal type) on submerged or 
partially submerged components. 
 
2-3.02.  Anchor Bolts and Expansion Anchors. Anchor bolts, expansion anchors, 
nuts, and washers shall be as indicated in the Anchorage in Concrete and 
Masonry section unless otherwise indicated on the drawings. 
 
2-3.03.  Edge Grinding. Sharp corners of cut or sheared edges which will be 
submerged in operation shall be dulled by at least one pass of a power grinder to 
improve paint adherence. 
 
2-3.04.  Surface Preparation. All iron and steel surfaces, except motors, shall be 
shop cleaned by sandblasting or equivalent, in strict conformance with the paint 
manufacturer’s recommendations.  All mill scale, rust, and contaminants shall be 
removed before shop primer is applied. 
 
2-4.  MATERIALS.

2-4.01.  Mechanical Identification. Mechanical identification consisting of 
equipment number plates, equipment information plates, valve tags, and 
ductwork identification shall conform to the requirements of the Equipment and 
Valve Identification section and as indicated herein. 
 
2-4.01.01.  Number Plates. Hand-lettered or tape labels will not be acceptable. 
 
Number plates for control equipment such as but not limited to thermostats, 
control stations, and emergency ventilation shutoff switches shall in addition to 
the specific device identification list the controlled equipment in parenthesis 
below the device number. 

2-4.01.02.  Piping. Piping identification shall be as specified in the protective 
coatings section.  The lettering size, length of color field, colors, and viewing 
angles of identification devices shall be in accordance with ASME A13.1. 
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2-4.01.03.  Valves. As specified in the Identifying Devices section. 

2-4.01.04.  Ductwork. Not used. 

2-4.02.  Seismic Restraints. Not used. 
 

PART 3 - EXECUTION

3-1.  INSTALLATION. Materials furnished under this section shall be installed in 
proper operating condition in full conformity with the drawings, specifications, 
Citying data, instructions, and recommendations of the manufacturer, unless 
exceptions are noted by the City. 
 
The installation of identifying devices shall be coordinated with the application of 
covering materials and painting where devices are applied to surfaces.  All 
surfaces to receive adhesive number plates shall be cleaned before installation 
of the identification device. 
 

End of Section 
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Section 15060 
 

MISCELLANEOUS PIPING AND PIPE ACCESSORIES  
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing of miscellaneous piping and 
pipe accessories.  Miscellaneous piping shall be furnished complete with all 
fittings, flanges, unions, and other accessories specified herein. 
 
1-2.  SUBMITTALS.

1-2.01.  Drawings and Data. Complete specifications, data and catalog cuts or 
drawings shall be submitted in accordance with the submittals section.  
Submittals are required for all piping, fittings, gaskets, sleeves, and accessories, 
and shall include the following data: 
 

Name of Manufacturer 
Type and model 
Construction materials, thickness, and finishes 
Pressure and temperature ratings 

 
Contractor shall obtain and submit a written statement from the gasket material 
manufacturer certifying that the gasket materials are compatible with the joints 
specified herein and are recommended for the specified field test pressures and 
service conditions. 
 
1-3.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and storage shall be in accordance with the 
Handling and Storage section.  All materials shall be stored in a sheltered 
location above the ground, separated by type, and shall be supported to prevent 
sagging or bending. 
 

PART 2 - PRODUCTS

2-1.  MATERIALS. Miscellaneous piping materials shall be as specified herein. 
 
2-1.01.  Material Classification BR-1.

BR-1 – Regular Weight 
Brass Pipe 
 
Gauge piping for 
hot/cold water. 

Pipe 
 
Fittings 
 

ASTM B43, red brass, seamless, 
regular weight. 
ANSI/ASME B16.15, Class 125. 
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2-1.02.  Material Classification BR-2. Not used. 
 
2-1.03.  Material Classification HS-1. Not used. 
 
2-1.04.  Material Classification HS-2. Not used. 
 
2-1.05. Material Classification TG-1. Not used. 
 
2-1.06.  Material Classification CRP-1. Not used.  
 
2-1.07.  Accessories. Accessories for the miscellaneous piping systems shall be 
as indicated. 
 

Unions for brass pipe  Fed Spec A-A-59617, Class 125. 
 

PART 3 - EXECUTION

3-1.  INSTALLATION. Materials furnished under this section will be installed in 
accordance with the Miscellaneous Piping and Accessories Installation section. 
 

End of Section 
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Section 15064 
 

STAINLESS STEEL PIPE, TUBING, AND ACCESSORIES 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing of stainless steel pipe, tubing 
and accessories for the services as indicated herein.  Pipe and tubing shall be 
furnished complete with all fittings, flanges, unions, and other accessories 
specified herein. 
 
1-2.  SUBMITTALS.

1-2.01.  Drawings and Data. Complete specifications, data, and catalog cuts or 
drawings shall be submitted in accordance with the Submittals section.  
Submittals are required for all piping, fittings, gaskets, sleeves, and accessories, 
and shall include the following data: 
 

Name of Manufacturer 
Type and model 
Construction materials, thickness, and finishes 
Pressure and temperature ratings 

 
Contractor shall obtain and submit a written statement from the gasket material 
manufacturer certifying that the gasket materials are compatible with the joints 
specified herein and are recommended for the specified field test pressures and 
service conditions. 
 
1-3.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and storage shall be in accordance with the 
Handling and Storage section.  All materials shall be stored in a sheltered 
location above the ground, separated by type, and shall be supported to prevent 
sagging or bending. 
 

PART 2 - PRODUCTS

2-1.  MATERIALS. Stainless steel pipe materials shall be as specified herein. 
 
2-1.01.  Material Classification SS-1. Not used. 
 
2-1.02.  Material Classification SS-2. Not used.
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2-1.03.  Material Classification SS-3.

SS-3 – Schedule 10S 
with Beveled Ends. 
 
Engine exhaust piping. 
 
2-1/2 inch [63 mm] and 
larger. 

Pipe 
Fittings 

ASTM A312, Grade TP304L.  
Buttwelded, ASTM A403, WP304L.  
Fittings shall conform to ANSI/ASME 
B16.9, Schedule 10S with beveled 
ends. 

2-1.04.  Material Classification SS-4. Not used.  
 
2-1.05.  Material Classification SS-5. Not used. 

2-1.06.  Material Classification SS-6. Not used. 
 
2-1.07.  Material Classification SS-7. Not used. 
 
2-1.08.  Material Classification SS-8. Not used. 

2-1.09.  Material Classification SS-9. Not used. 
 
2-1.10.  Accessory Materials. Accessory materials for the stainless steel pipe 
systems shall be as indicated. 
 

Flanges  
 SS-1, SS-2 and SS-3 

Pipe Backing Flanges 
Stainless steel plate, AISI Type 304 or 316 to 
match fittings.  Provide stub ends with material 
and thickness to match fittings.  Flanges shall 
conform with ANSI/ASME B16.5, Class 150 
diameter and drilling; with the following 
thicknesses: 

 Nominal Pipe Size 
inches [mm]
1/2-8 [13-200] 
10-16 [250-400] 
18-20 [450-500] 
24-30 [600-750] 
36 [900] 

Flange Thickness 
inches [mm]
1/2 [13] 
5/8 [16] 
3/4 [19] 
1 [25] 
1-1/4 [32] 

 SS-4 and SS-5 Pipe 
Flanges  

ANSI/ASME B16.5, Class 150, flat faced, AISI 
Type 304, 304L, 316, or 316L, to match piping.
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Flange Bolts ASTM A193 Class 2, AISI Type 304, ANSI 
B18.2.1, heavy hex head, length such that, 
after installation, the bolts will project 1/8 to 
3/8 inch [3 to 10 mm] beyond outer face of the 
nut. 

Flange Nuts ASTM A194, AISI Type 304, 
ANSI/ASME B18.2.2, heavy hex pattern. 

Flange Gaskets  
 All other services. Flexitalic "Style CG", spiral wound, AISI 

Type 304 stainless steel, non-asbestos filler, 
3/16 inch [5 mm] nominal thickness, with 
compression ring 1/8 inch [3 mm] thick to 
match required flange dimensions. 

Expansion Joints  
 Insulating Fittings  
 Threaded Dielectric steel pipe nipple, ASTM A53, 

Schedule 40, polypropylene lined, zinc plated; 
Perfection Corp. "Clearflow Fittings". 

 Flanged Epco "Dielectric Flange Unions" or Central 
Plastics "Insulating Flange Unions". 

 
2-2.  WELDING OF STAINLESS STEEL. Filler metal for welding austenitic 
stainless steel, P-number 8 base materials shall be in accordance with the 
following: 
 

Material Type/Grade 304 shall use Type 308 filler metal. 
Material Type/Grade 304L shall use Type 308L filler metal. 
Material Type/Grade 316, shall use Type 316 filler metal. 
Material Type/Grade 316L shall use Type 316L filler metal. 

 
The following requirements shall apply when fabricating austenitic stainless steel 
components. 
 
Grinding shall be by aluminum oxide, zirconium oxide, or silicon carbide grinding 
wheels that shall not have been used on carbon or low alloy steels.  Hand or 
power wire brushing shall be by stainless steel brushes that shall not have been 
used on carbon or low alloy steels.  All tools used in fabrication shall be protected 
to minimize contact with steel alloys or free iron.  Grinding wheels and brushes 
shall be identified and controlled for their use on these materials only to ensure 
that contamination of these materials does not occur. 
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Antispatter compounds, marking fluids, marking pens, tape, temperature 
indicating crayons, and other tools shall have a total halogen content of less than 
200 parts per million. 
 
Heat input control for welding shall be specified in the applicable WPS and shall 
not exceed 55,000 joules per inch (22,000 joules per cm) as determined by the 
following formula: 
 

.)min/.in(SpeedTravel
60xAmperagexVoltage.)in/J(InputHeat =

Complete penetration pressure retaining welds shall be made using the GTAW 
process for the root and second layer as a minimum. 
 
Austenitic stainless steel instrument tubing shall be welded using only the GTAW 
process. 
 
Socket welds or butt welds in all austenitic stainless steel instrument tubing lines 
shall require an inert gas backing (purge) using argon during welding to avoid 
oxidation. 
 
The application of heat to correct weld distortion and dimensional deviation 
without prior written approval from the City is prohibited. 
 
Unless otherwise approved in writing, the GTAW process shall require the 
addition of filler metal. 
 
The maximum preheat and interpass temperature for austenitic stainless steel 
shall be 350° F (176° C).  The minimum preheat temperature shall be 50° F (10° 
C). 
 
Complete joint penetration welds welded from one side without backing, weld 
repairs welded from one side without backing, or weld repairs in which the base 
metal remaining after excavation is less than 0.1875 inch (5 mm) from being 
through wall, which are fabricated from austenitic stainless steel ASME P-
number 8 base metal or unassigned metals with similar chemical compositions, 
shall have the root side of the weld purged with an argon backing gas prior to 
welding.  Backing gas (purge) shall only be argon.  The argon backing gas shall 
be classified as welding grade argon or shall meet Specification SFA-5.32, AWS 
Classification SG-A.  The backing gas (purge) shall be maintained until a 
minimum of two layers of weld metal have been deposited. 
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2-3. SHOP CLEANING AND PICKLING OF STAINLESS STEEL PIPING AND 
WELDS. All stainless steel piping shall be thoroughly cleaned and pickled at the 
mill in accordance with ASTM A380.   
 
Pickling shall produce a modest etch and shall remove all embedded iron and 
heat tint.  After fabrication, pickled surfaces shall be subjected to a 24 hour water 
test or a ferroxyl test to detect the presence of residual embedded iron.  All 
pickled surfaces damaged during fabrication including welded areas shall either 
be mechanically cleaned or repickled or passivated in accordance with ASTM 
A380.   Materials that have been contaminated with steel alloys or free iron shall 
not be used until all contamination is removed.  When cleaning to remove steel 
or iron contamination is required, it shall be performed in accordance with ASTM 
A380, Code D requirements.  Mechanical cleaning is not an acceptable cleaning 
method for oxygen or ozone piping.  Oxygen and ozone piping shall be repickled 
or passivated as specified herein.  All stainless steel surfaces shall be 
adequately protected during fabrication, shipping, handling, and installation to 
prevent contamination from iron or carbon steel objects or surfaces.  Particulate 
matter shall be removed from piping and welds.  Labels shall be affixed to the 
piping sections to indicate shop cleaning has been performed.  Welds shall be 
either mechanically cleaned or pickled or passivated on the exterior of the pipe. 
 
2-4.  HIGH TEMPERATURE EPOXY COATING. Not used. 
 
2-5.  INSULATING FITTINGS. In all piping, insulating fittings shall be provided to 
prevent contact of dissimilar metals, including but not limited to, contact of 
copper, brass, or bronze pipe, tubing, fittings, valves, or appurtenances, or 
stainless steel pipe, tubing, fittings, valves, or appurtenances with iron or steel 
pipe, fittings, valves, or appurtenances.  Insulating fittings shall also be provided 
to prevent contact of copper, brass, or bronze pipe, tubing, fittings, valves or 
appurtenances with stainless steel pipe, tubing, fittings, valves, or 
appurtenances. 
 

PART 3 - EXECUTION

3-1.  INSTALLATION. Materials furnished under this section will be installed in 
accordance with the Miscellaneous Piping and Accessories Installation section. 
 

End of Section 
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Section 15065 
 

MISCELLANEOUS STEEL PIPE, TUBING, AND ACCESSORIES 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing of miscellaneous steel pipe, 
tubing and accessories that for pipe diameters 24 inches [600 mm] and smaller.  
Pipe and tubing shall be furnished complete with all fittings, flanges, unions, and 
other accessories specified herein. 
 
1-2.  GENERAL.

1-2.01.  General Equipment Stipulations. The General Equipment Stipulations 
shall apply to all equipment furnished under this section.  If requirements in this 
specification differ from those in the General Equipment Stipulations, the 
requirements specified herein shall take precedence. 
 
1-3.  SUBMITTALS.

1-3.01.  Drawings and Data. Complete specifications, data, and catalog cuts or 
drawings shall be submitted in accordance with the Submittals section.  
Submittals are required for all piping, fittings, gaskets, sleeves, and accessories, 
and shall include the following data: 
 

Name of Manufacturer 
Type and model 
Construction materials, thickness, and finishes 
Pressure and temperature ratings 

 
Contractor shall obtain and submit a written statement from the gasket material 
manufacturer certifying that the gasket materials are compatible with the joints 
specified herein and are recommended for the specified field test pressures and 
service conditions. 
 
1-4.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and storage shall be in accordance with the 
Handling and Storage section.  All materials shall be stored in a sheltered 
location above the ground, separated by type, and shall be supported to prevent 
sagging or bending. 
 
1-4.01.  Coated Pipe. Handling methods and equipment used shall prevent 
damage to the protective coating and shall include the use of end hooks, padded 
calipers, and nylon or similar fabric slings with spreader bars.  Bare cables, 
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chains, or metal bars shall not be used.  Coated pipe shall be stored off the 
ground on wide, padded skids.  Plastic coated pipe shall be covered or otherwise 
protected from exposure to sunlight. 
 

PART 2 - PRODUCTS

2-1. GALVANIZED STEEL PIPE. Galvanized steel pipe materials and service 
shall be as specified herein. 
 
2-1.01.  Material Classification CSG-1.

CSG-1 – Standard 
Weight Galvanized 
Steel with Threaded 
Fittings 
 
All pipe sleeves except 
where plastic sleeves 
are required. 

Pipe 
 

Fittings 

ASTM A53, Type E, standard weight, 
Grade A or B; or ASTM A106, of 
equivalent thickness, galvanized. 
Cast iron threaded, galvanized.  
Fittings shall conform to 
ANSI/ASME B16.4, Class 125. 

2-1.02.  Material Classification CSG-2.

CSG-2 – Standard Weight 
Galvanized Steel with 
Threaded Fittings 
 
Drain piping from equipment. 

Pipe 
 

Fittings 

ASTM A53, Type E, 
standard weight, Grade A 
or B; or ASTM A106, of 
equivalent thickness, 
galvanized. 
Malleable iron threaded, 
galvanized.  Fittings shall 
conform to 
ANSI/ASME B16.3, 
Class 150, or Fed Spec 
WW-P-521, Type II. 

2-1.03.  Material Classification CSG-3. Not used. 
 
2-1.04.  Accessory Materials. Accessory materials for galvanized steel pipe shall 
be as indicated in the Steel Pipe section of the specification. 
 
2-2.  STEEL PIPE. Steel pipe materials and service shall be as specified herein. 
 
2-2.01.  Material Classification CS-1. Not used. 
 
2-2.02.  Material Classification CS-2. Not used. 
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2-2.03.  Material Classification CS-3.

CS-3 – Standard Weight Steel with 
Buttwelded Fittings.  

Fuel oil or diesel fuel piping in interior 
locations or outdoors above grade. 

2-1/2 inch [63 mm] and larger. 

Pipe 
 

Fittings 

ASTM A53, Type S, 
standard weight 
Grade B; or ASTM 
A106, of equivalent 
thickness.  Bevel 
ends. 
Buttwelded.  Fitting 
shall conform to 
ANSI/ASME B16.9, 
standard weight. 

2-2.04.  Material Classification CS-4.

CS-4 – Extra Strong Steel with 
Threaded Fittings.  

Fuel oil or diesel fuel piping in interior 
locations or outdoors above grade 
(seal weld). 

2 inch [50 mm] and smaller. 

Pipe 
 

Fittings 

ASTM A53, Type S, 
extra strong, Grade B; 
or ASTM A106, of 
equivalent thickness.  
Threaded ends. 
Forged steel, 
threaded.  Fittings 
shall conform to ANSI 
B16.11, Class 2000 or 
3000; Bonney, Crane, 
Ladish, or Vogt. 

2-2.05.  Accessory Materials. Accessory materials for the miscellaneous steel 
pipe and tubing systems shall be as indicated. 
 

Nipples ASTM A733, seamless, extra strong 
(Schedule 80); "close" nipples will be 
permitted only by special authorization in 
each case. 

Unions (Malleable Iron) Fed Spec WW-U-53l, Class 2; Type B 
(galvanized) for galvanized pipe or Type A 
(black) for ungalvanized pipe. 

Flanges  
 Standard Weight Pipe ANSI/ASME B16.5, Class 150, flat faced 

when connected to flat faced flanges; 
otherwise, raised face. 

 Extra Strong Pipe ANSI/ASME B16.5, Class 300, raised face. 
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Flange Bolts and Nuts ASTM A193, Grade B7 with ASTM A194 
Grade 2H nuts.  Length such that, after 
installation, the bolts will project 1/8 to 
3/8 inch [3 to 10 mm] beyond outer face of 
the nut. 

Flange Gaskets  
 For Water Service ASTM D1330, Grade I, red rubber, ring 

type, 1/8 inch [3 mm] thick. 
For Other Services  

 Flat Faced Flanges Non-asbestos filler with neoprene or nitrile 
binder; dimensions to suit flange contact 
face; 1/16 inch [1.5 mm] minimum 
thickness for plain finished surfaces, 
3/32 inch [2 mm] minimum thickness for 
serrated surfaces. 

 Raised Face 
Flanges 

Continuous stainless steel ribbon wound 
into a spiral with non-asbestos filler 
between adjacent coils with a carbon steel 
gauge ring.  Compressed gasket thickness 
shall be 0.095 inch ±0.005 inch [2.4 mm 
±0.13 mm]. 

Grooved Couplings  

 Rigid AWWA C606; Gustin-Bacon "No. 120 Rigid" or 
Victaulic "07 Zero-Flex". 

 Standard AWWA C606; Gustin-Bacon "No. 100 Standard" or 
Victaulic "Style 77". 

Mechanical 
Couplings 

Dresser "Style 38" or Smith-Blair "Type 411 Flexible 
Coupling"; without pipe stop. 

Expansion Joints  
 Process air Expansion joints shall be the elastomeric, arched 

type and shall be Mercer “Type 450” with “Type 500” 
retaining rings and Kevlar reinforcement, or equal.  
The number of arches shall be as indicated on the 
drawings.  The connection shall be suitable for a 
maximum pressure of 15 psig [105 kPa gauge] and 
maximum temperature of 250 F [122 C].  Expansion 
joints shall have the following ratings: 
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Number of Arches: 
 Spring rate: 
 Movement: 

1
___ lbs/inch 
___ inch 

 Number of Arches: 
 Spring rate: 
 Movement: 

2
___ lbs/inch 
___ inch 

 Number of Arches: 
 Spring rate:      
 Movement: 

3
___ lbs/inch 
___ inch 

 Heating water, 
chilled water, 
engine cooling 
water, fuel oil 
piping and 
other services 
not specified. 

Flexonics "Model H Expansion Compensators" for 
3 inch or smaller; Flexonics "Mid-Corr, Series MCB" 
with flanged ends and stainless steel bellows for 
4 inch or larger.  Expansion joints shall be suitable for 
working pressures up to 150 psig. 

2-3.  COATINGS. Standard weight steel pipe in buried locations, except hot 
piping such as aeration air piping, shall have exterior surfaces protected with a 
shop applied plastic coating.  Coatings for hot piping shall be as specified. 
 
Extra strong steel pipe in buried locations shall have exterior surfaces protected 
with a shop applied plastic coating.shall have exterior surfaces protected with a 
shop applied tape wrap.will have exterior surfaces protected with a field applied 
tape wrap as specified in the Miscellaneous Piping and Accessories Installation 
section. 

All surfaces to be tape-wrapped in the shop shall be thoroughly cleaned and 
primed in accordance with the tape manufacturer's recommendations 
immediately before wrapping.  The tape shall be applied by two-ply (half-lap) 
wrapping or as needed to provide a total installed tape thickness of at least 
60 mils [1.5 mm]. 

Shop applied coatings shall be as follows: 
 

External Coatings  
 Plastic Liberty Coating Company “Pritec" or 

Bredero-Shaw “Entec".  The products 
of other manufacturers will not be 
acceptable. 

 Tape Wrap ANSI/AWWA C209, except single ply 
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tape thickness shall not be less than 
30 mils [760 µm]; Protecto Wrap "200" 
or Tapecoat "CT". 

 High temperature epoxy for 
aeration and process air 
piping 

Shop or field applied high solids epoxy; 
suitable for protection at continuous 
pipe wall temperatures up to 300 F.  
Coating shall be abrasion resistant.  
The finished coating shall have a 
minimum total film thickness of 10 mils.  
The surface shall be prepared in 
accordance with SSPC-SP7 as a 
minimum unless otherwise 
recommended by the coating 
manufacturer.  The coating shall be 
Carboline “Thermaline 450”, Ameron 
“Amerlock 400 with Amercoat 880 
Additive”, or approved equal. 

PART 3 - EXECUTION

3-1.  INSTALLATION. Materials furnished under this section will be installed in 
accordance with the Miscellaneous Piping and Accessories Installation section. 
 

End of Section 
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Section 15069 
 

CAST IRON SOIL PIPE AND ACCESSORIES 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing of cast iron soil pipe and 
accessories for the service conditions as specified herein.  Cast iron soil pipe 
shall be furnished complete with all fittings and other accessories. 
 
1-2.  SUBMITTALS.

1-2.01.  Drawings and Data. Complete specifications, data and catalog cuts or 
drawings shall be submitted in accordance with the Submittals section.  Items 
requiring submittals shall include, but shall not be limited to, the following: 
 

Pipe, Gaskets, and Couplings.
Name of Manufacturer. 
Type and Model. 
Construction materials, thickness, and finishes. 
Coating product data sheets. 
Certification by manufacturer that the pipe and fittings furnished are in 

accordance with referenced standards.  Certification shall include legal 
name and address of the manufacturer. 

 
1-3.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and Storage shall be in accordance with the 
Handling and Storage section.  All materials shall be stored in a sheltered 
location above the ground, separated by type, and shall be supported to prevent 
sagging or bending. 
 

PART 2 - PRODUCTS

2-1.  MATERIALS.

2-1.01.  Product Marking. Pipe and fittings shall bear manufacturer’s product 
marking as required by the referenced standards.  Markings shall be plainly 
marked including but not limited to country of origin, manufacturer’s name, and 
date of manufacturer.  
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2-1.02.  Material Classification CI-1.

CI-1 – Bell and Spigot 
 
Building sanitary drain, 
waste, and vent piping, 
all locations. 
 

Pipe and Fittings 
 
Jointing Material 

ASTM A74 
 
Rubber gaskets, ASTM 
C564. 

2-1.03.  Material Classification CI-2.    

CI-2 – Hubless 
 
Building sanitary drain, 
waste, and vent piping, 
all locations except where 
buried. 
 

Pipe and Fittings 
 
Jointing Material 

CISPI 301. 
 
Heavy duty coupling, 
with neoprene rubber 
sleeve, 304 stainless 
steel shield, and 
stainless steel clamping 
bands, or bolted cast 
iron coupling with 
stainless steel bolts and 
neoprene gasket.  
Couplings shall be 
Clamp-All Products “HI-
TORQ 125”, Husky “SD 
4000”, or MG Piping 
Products “MG Coupling”, 
without exception. 

PART 3 - EXECUTION

3-1.  INSTALLATION. Materials furnished under this section will be installed in 
accordance with the Miscellaneous Piping and Accessories Installation section. 
 

End of Section 
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Section 15070 
 

COPPER TUBING AND ACCESSORIES 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing of copper tubing and 
accessories.  Copper tubing shall be furnished complete with all fittings, flanges, 
unions, and other accessories specified herein. 
 
1-2.  SUBMITTALS.

1-2.01.  Drawings and Data. Complete specifications, data, and catalog cuts or 
drawings shall be submitted in accordance with the Submittals section.  
Submittals are required for all piping, fittings, gaskets, sleeves, and accessories, 
and shall include the following data: 
 

Name of Manufacturer 
Type and model 
Construction materials, thickness, and finishes 
Pressure and temperature ratings 

 
Contractor shall obtain and submit a written statement from the gasket material 
manufacturer certifying that the gasket materials are compatible with the joints 
specified herein and are recommended for the specified field test pressures and 
service conditions. 
 
1-3.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and storage shall be in accordance with the 
Handling and Storage section.  All materials shall be stored in a sheltered 
location above the ground, separated by type, and shall be supported to prevent 
sagging or bending. 
 

PART 2 - PRODUCTS

2-1.  MATERIALS. Copper tubing materials and service shall be as specified 
herein. 
 
2-1.01.  Material Classification CU-1. Not used. 
 
2-1.02.  Material Classification CU-2. Not used. 
 
2-1.03.  Material Classification CU-3.
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CU-3 – Water Tubing 
with Solder and Brazed 
Joints 
 
Potable water supply, 3 
inch [75 mm] and 
smaller. 
Hot water supply. 
Tempered water 
supply. 
 

Tubing 
 
Fittings 

Flanges  

Hard drawn copper tubing, ASTM 
B88, Type L. 
Solder joint (smaller than 2 inch), 
Brazed joint (2 inch and larger), 
material to match tubing.  Fittings 
shall conform to ANSI B16.18, or 
ANSI/ASME B16.22. 
Where required for connection to 
equipment, valves, and accessories, 
ANSI B16.24, class 150, cast bronze, 
brazed joint. 

2-1.04.  Material Classification CU-4. Not used. 
 
2-1.05.  Material Classification CU-5. Not used. 
 
2-1.06.  Material Classification CU-6. Not used. 
 
2-1.07.  Material Classification CU-7.

CU-7 – ARC Tubing 
with Brazed Fittings 
 
Refrigerant piping. 

Tubing 
 

Fittings 

Hard drawn ACR copper tubing, 
ASTM B280.  Dimensions shall be in 
accordance with ASTM B280. 
Brazed. 

2-1.08.  Material Classification CU-8. Not used. 
 
2-1.09.  Accessory Materials. Accessory materials for the copper tubing systems 
shall be as indicated. 
 

Expansion Joints Tempflex "Model HB Expansion 
Compensators" with copper tube ends. 

Insulating Fittings  

 Threaded Dielectric steel pipe nipple, ASTM A53, 
Schedule 40, poly-propylene lined, zinc 
plated; Perfection Corp. "Clearflow 
Fittings". 
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PART 3 - EXECUTION

3-1.  INSTALLATION. Materials furnished under this section will be installed in 
accordance with the Miscellaneous Piping and Accessories Installation section. 
 

End of Section 
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Section 15091 
 

MISCELLANEOUS BALL VALVES 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing of manually operated or remote 
activated two position (open-close) ball valves as specified herein. 
 
Miscellaneous ball valves shall be provided where AWWA type ball valves are 
not required. 
 
Piping, pipe supports, insulation, and accessories that are not an integral part of 
the valves or are not specified herein are covered in other sections.   
 
1-2.  GENERAL.

1-2.01.  General Equipment Stipulations. The General Equipment Stipulations 
shall apply to all equipment and materials furnished under this section.  If the 
requirements in this section are different from those in the General Equipment 
Stipulations, the requirements in the section shall take precedence. 
 
1-2.02.  Permanent Number Plates. Not used. 
 
1-3.  SUBMITTALS. Complete drawings, details, and specifications covering the 
valves and their appurtenances shall be submitted in accordance with the 
Submittals section.  Included in the submittal shall be drawings by the valve 
manufacturer to indicate the position of the valve actuator and valve shaft.   
 
1-4.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and storage shall be in accordance with the 
Handling and Storage section. 
 

PART 2 - PRODUCTS

2-1.  CONSTRUCTION. Ball valves shown on the drawing, but not specified 
herein, shall be selected to match piping material they are installed in. 
 
2-1.01.  Valves Type VB-1.

VB-1 
 

ball valves 

Rating 
 
Code 

500 psi [3.4 MPa] nonshock cold 
WOG 
MSS SP-110 
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indicated on 
the plumbing 
drawings for 
water service 

in metallic 
piping 

systems. 
 

2 inch and 
smaller 

Type 
 
Body/Bonnet  
Trim 
 Seat 
 Ball 
 Stem 
 Thrust Washer 
 Stem Seal 
End Connection 
Temp. Limitations 
Valve Operator 
Manufacturers 

In-line, two piece, end entry, full 
port 
ASTM B584–C84400 bronze  
 
Reinforced Teflon 
Brass, or chrome plated brass 
Brass or bronze 
Reinforced Teflon 
Teflon or Viton 
Threaded End 
-20 to 400°F [-29 to 204°C] 
Lever 
Conbraco Industries "Apollo 
77-100 Series"; Powell "Fig 
4210T" 

2-1.02.  Valves Type VB-2. Not used. 
 
2-1.03.  Valves Type VB-3. Not used. 
 
2-1.04.  Valves Type VB-4. Not used. 
 
2-1.05.  Valves Type VB-5. Not used. 
 
2-1.06.  Valves Type VB-6. Not used. 
 
2-1.07.  Valves Type VB-7. Not used. 
 
2-1.08.  Valves Type VB-8. Not used. 

2-1.09.  Valves Type VB-9. Not used. 
 

VB-9 
 

Diesel fuel, 
gasoline, 

lubrication oil 
service 

 
2 inch and 

smaller 

Rating 
Code 
Type 
 
Body/Bonnet  
Trim 
 Seat 
 

Ball 
 Stem 
 Thrust Washer 
 Stem Seal 
End Connection 

Class 600 
ASME B16.34 
In-line, three piece, bolted body, 
firesafe, full port 
ASTM A105, forged steel 
 
Reinforced Teflon primary, metal 
secondary 
Stainless steel 
Stainless steel 
Reinforced Teflon 
Reinforced Teflon 
Threaded End (socket weld end 
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Temp. Limitations 
Valve Operator 
Manufacturers 

for aqua ammonia) 
-20 to 400°F [-29 to 204°C] 
Lever 
Neles-Jamesbury "4B2236XT-1" 

2-1.10.  Valves Type VB-10. Not used. 
 
2-1.11.  Valves Type VB-11. Not used. 
 
2-1.12.  Valves Type VB-12. Not used. 
 
2-1.13.  Valves Type VB-13. Not used. 
 
2-1.14.  Valves Type VB-14. Not used. 
 
2-1.15.  Valves Type VB-15. Not used. 
 
2-1.16.   Valves Type  VB-16. Not used.   
 

VB-16 
 

Diesel fuel 
and lubrication 
oil emergency 

shut off 
 

2 inch and 
smaller 

 

Rating 
Code 
Type 
 
Body/Bonnet  
Trim  
 Seat 
 Ball 
 Stem 
 Thrust Washer 
 Stem Seal 
Fusible Link Temp. 
Rating 
End Connection 
Temp. Limitations 
Valve Operator 
Release Mode 
Manufacturers 

Class 800 
ASME B16.34 
FM (Factory Mutual) approved 
emergency shutoff 
Carbon Steel 
Stainless Steel 
Reinforced Teflon 
Stainless Steel 
Alloy 20  
Reinforced Teflon 
Reinforced Teflon 
165oF

Threaded End 
-20 to 100°F  
Spring Handle 
Spring-to-Close 
Neles-Jamesbury  “Figure 1075” 

2-1.17.  Valves Type  VB-17. Not used. 
 
2-1.18.  Length Tolerance. Unless otherwise specified, the actual length of 
valves shall be within plus or minus 1/16 inch [1.6 mm] of the specified or 
theoretical length. 
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2-1.19.  Shop Coatings. All ferrous metal surfaces of valves and accessories, 
both interior and exterior, shall be shop coated for corrosion protection.  The 
valve manufacturer’s standard coating will be acceptable, provided it is 
functionally equivalent to the specified coating. 
 

Coating Materials
Coal Tar Epoxy High-build coal tar epoxy; Ameron 

"Amercoat 78HB Coal Tar Epoxy", 
Carboline "Bitumastic 300 M", Tnemec 
"46H-413 Hi-Build Tneme-Tar", or 
Sherwin-Williams "Hi-Mil Sher-Tar 
Epoxy". 

Epoxy Enamel (for liquid service) Ameron "Amerlock 400 High-Solids 
Epoxy Coating", Carboline 
"Carboguard 891", or Tnemec "Series 
N140 Pota-Pox Plus". 

Rust-Preventive Compound As recommended by the manufacturer. 
 

Surfaces To Be Coated
Unfinished Surfaces  
 Interior Surfaces  
 Liquid Service Epoxy enamel. 
 Exterior Surfaces of Valves 

To Be Buried, Submerged, 
or Installed in Manholes or 
Valve Vaults  

Coal tar epoxy. 

 Exterior Surfaces of all other 
valves 

Universal primer. 

 
2-2.  VALVE ACTUATORS. Ball valve, except those which are equipped with 
power actuators or are designed for automatic operation, shall be provided with 
manual actuators.  Unless otherwise specified or indicated on the drawings, each 
manual actuator shall be equipped with a lever operator.  Ball valves with center 
lines more than 7’-6” [2.3m] above the floor shall be provided with chain levers. 
 
Valves indicated to be electric motor operated on the drawings shall have 
reversible electric motor operators designed for 120 volt ac, single phase 
operation.  Actuators shall include integral thermal overload protection and a 
declutchable manual override.  Actuators shall be equipped with motor operation 
limit switches and two additional single-pole, double-throw limit switches for 
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auxiliary open and closed indication.  An internal heater and thermostat shall be 
provided in each actuator housing to prevent condensation.  Actuators in Class I, 
Division 1 and Division 2, Group D hazardous areas indicated on the drawings 
shall have NEMA Type 7 housings.  Actuators in other areas shall have NEMA 
Type 4X housings. 
 
2-3.  ACCESSORIES. Not used.  
 

PART 3 - EXECUTION

3-1.  INSTALLATION. Materials furnished under this section shall be installed in 
accordance with the Valve Installation section. 
 

End of Section 
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Section 15093 
 

CHECK VALVES 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing of check valves as specified 
herein.   
 
Piping, pipe supports, insulation, and accessories that are not an integral part of 
the valves or are not specified herein are covered in other sections. 
 
1-2.  GENERAL. Equipment furnished under this section shall be fabricated and 
assembled in full conformity with drawings, specifications, engineering data, 
instructions, and recommendations of the equipment manufacturer unless 
exceptions are noted by City. 
 
Valves shall be furnished with all necessary parts and accessories indicated on 
the drawings, specified, otherwise required for a complete, properly operating 
installation and shall be the latest standard products of a manufacturer regularly 
engaged in the production of valves. 
 
1-2.01.  General Equipment Stipulations. The General Equipment Stipulations 
shall apply to all equipment furnished under this section.  If requirements in this 
specification differ from those in the General Equipment Stipulations, the 
requirements specified herein shall take precedence. 
 
1-2.02. Temporary Number Plates. Not used. 
 
1-2.03.  Permanent Number Plates. Not used. 
 
1-3.  SUBMITTALS. Complete drawings, details, and specifications covering the 
valves and their appurtenances shall be submitted in accordance with the 
Submittals section.  Included in the submittal shall be drawings by the valve 
manufacturer to indicate the position of the valve actuator and valve shaft.     
 
1-4.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and storage shall be in accordance with the 
Handling and Storage section. 
 

PART 2 - PRODUCTS

2-1.  CONSTRUCTION.
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2-1.01.  Valves VC-1. Not used.  
 
2-1.02.  Valves VC-2.

VC-2 
 

Water or 
liquid service 

in metallic 
piping 

systems 
indicated on 
the plumbing 

drawings  
 

Threaded 
ends 

 
2 inch [25 

mm] or 
smaller pipe 

Rating 
Code 
Type 
Body/Bonnet 
 Trim 
 Seat 
 Disc 
Hinge Pins 
End Connection 
Temp. Limitations 
Manufacturers 

Class 125 
AWWA C508 
Horizontal swing, threaded bonnet 
 
ASTM B62 bronze 
Bronze, regrinding 
Bronze 
Manufacturer’s standard 
Threaded 
-20 to 212°F [-29 to 100°C] 
Stockham “B-321”, Walworth “Fig 
3406” 

2-1.03.  Valves VC-3. Not used. 

2-1.04.  Valves VC-4. Not used. 

2-1.05.  Valves VC-5. Not used. 

2-1.06.  Valves VC-6. Not used. 

2-1.07.  Shop Coatings. All ferrous metal surfaces of valves and accessories, 
both interior and exterior, shall be shop coated for corrosion protection.  The 
valve manufacturer’s standard coating will be acceptable, provided it is 
functionally equivalent to the specified coating. 

Coating Materials
Coal Tar Epoxy High-build coal tar epoxy; Ameron 

"Amercoat 78HB Coal Tar Epoxy", 
Carboline "Bitumastic 300 M", Tnemec 
"46H-413 Hi-Build Tneme-Tar", or 
Sherwin-Williams "Hi-Mil Sher-Tar 
Epoxy". 



Milwaukee Water Works, R-163 15093 Print Date 2/24/2010 
Riverside Backup power Generation -3-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 2.4, 7/14/2008 
 

Epoxy Enamel (for liquid service) Ameron "Amerlock 400 High-Solids 
Epoxy Coating", Carboline 
"Carboguard°891", or Tnemec "Series 
N140 Pota-Pox Plus". 

Rust-Preventive Compound As recommended by the manufacturer. 
 

Surfaces To Be Coated

Unfinished Surfaces  

 Interior Surfaces  

 Liquid Service Epoxy enamel. 

 Exterior Surfaces of Valves 
To Be Buried, Submerged, 
or Installed in Manholes or 
Valve Vaults  

Asphalt varnish or coal tar epoxy. 

 Exterior Surfaces of All Other 
Valves 

Universal primer. 

Polished or Machined Surfaces Rust-preventive compound. 

Actuators and Accessories Universal primer. 
 

PART 3 - EXECUTION

3-1.  INSTALLATION. Materials furnished under this section will be installed in 
accordance with Valve Installation section. 
 

End of Section 
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Section 15140 
 

PIPE SUPPORTS 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing and installation of pipe hangers, 
brackets, supports, bracing, anchorage, and the design for the pipe support 
system for pipes 12 inches and smaller.  Pipe supports shall be furnished 
complete with all necessary inserts, bolts, nuts, rods, washers, and other 
accessories.  This section also covers the spacing of expansion joints in pipes 12 
inches in diameter and smaller.  Expansion joint products and materials are 
covered in the respective piping sections. 
 
This section covers pipe supports for the following pipe materials: 
 

Cast or ductile iron 
Hot-dip galvanized steel 
Steel (hot water) 
Steel (other) 
Copper (hot water) 
Copper (other) 
Cast iron soil pipe 

 
1-2.  GENERAL. The Contractor shall provide pipe supports, anchors, flexible 
couplings, and expansion joints for all piping systems.  The Drawings indicate 
pipe supports, anchors, flexible couplings, and expansion joints for pipes larger 
than 12 inches in diameter, and in special cases for pipes that are 12 inches and 
smaller.  The Contractor shall design anchors, pipe supports, expansion joints, 
and flexible couplings not already shown on the Drawings, in accordance with the 
requirements specified herein.   
 
The Contractor’s design shall include pipe supports, bracing, and anchorage 
adjacent to expansion joints, couplings, valves, in-line devices, equipment, wyes 
and tees, or changes in direction as required for dismantling piping, removing 
valves or other in-line devices, disconnecting piping from equipment, and pipe 
support, in addition to supports in accordance with the maximum spacing 
specified herein.  The pipe support system design by the Contractor shall rigidly 
support pipe so there is no visible movement or visible sagging between 
supports.  The system shall comply with specified piping code requirements. 
 
Contractor shall not delete or relocate the supports, expansion joints, or 
couplings indicated on the Drawings without written approval of the City.  
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Pipe supports and expansion joints are not required in buried piping, but concrete 
blocking or other suitable anchorage shall be provided as indicated on the 
Drawings or specified in other sections. 
 
1-2.01.  General Equipment Stipulations. The General Equipment Stipulations 
shall apply to all supports furnished under this section.  If requirements in this 
specification differ from those in the General Equipment Stipulations, the 
requirements specified herein shall take precedence. 

1-3.  SUBMITTALS. Complete data, catalog information, and drawings covering 
fabricated pipe supports, fabricated inserts, and stainless steel, galvanized, and 
copper-plated and plastic-coated pipe supports shall be submitted in accordance 
with the Submittals section. 
 
Data shall include a listing of the intended use and general location of each item 
submitted. 
 

PART 2 - PRODUCTS

2-1.  MATERIALS. Unless otherwise indicated, all pipe supports shall comply 
with ANSI/MSS SP-58 and MSS SP-69.  Materials of construction for fabricated 
steel supports are covered in the Structural and Miscellaneous Metals section.  
All pipe support materials shall be packaged as necessary to ensure delivery in 
satisfactory condition. 
 
Unless otherwise specified or indicated on the Drawings, pipe supports shall be 
fabricated of manufacturer's standard materials and provided with manufacturer's 
standard finish. 
 
Design loads for inserts, brackets, clamps, and other support items shall not 
exceed the manufacturer's recommended loads. 
 
Pipe supports shall be manufactured for the sizes and types of pipe to which they 
are applied.  Strap hangers will not be acceptable.  Threaded rods shall have 
sufficient threading to permit the maximum adjustment available in the support 
item.  Continuously threaded rod is not acceptable for hanger rods over 
12 inches [300 mm] in length. 
 
Unless accepted by the City, the use of supports which rely on stressed 
thermoplastic components to support the pipe will not be permitted. 
 
Contact between dissimilar metals, including contact between stainless steel and 
carbon steel, shall be prevented.  Portions of pipe supports which come into 
contact with other metals that are dissimilar shall be rubber or vinyl coated.  



Milwaukee Water Works, R-163 15140 Print Date 2/24/2010 
Riverside Backup Power Generation -3-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 2.0, 6/19/2009 

Supports for brass or copper pipe or tubing shall be copper plated or plastic 
coated.   
 
Pipe support types and application shall comply with Table 1. 
 
2-2.  WIND AND SEISMIC LOADS. Wind and seismic loads for worst case 
conditions of either full, partially full, or empty pipes shall be considered in the 
design.  The applicable building code and design criteria are included in the 
Meteorological and Seismic Design Criteria section. 
 

PART 3 - EXECUTION

3-1.  APPLICATION. Concrete inserts or anchor bolts shall be used to support 
piping from new cast-in-place concrete.  Fastening of supports to existing 
concrete and masonry shall be in accordance with the Anchorage in Concrete 
and Masonry section. 
 
Anchorage shall be provided to resist thrust due to temperature changes, 
changes in diameter or direction, or dead-ending.  Anchors shall be located as 
specified to force expansion and contraction movement to occur at expansion 
joints, loops, or elbows, and as needed to prevent excessive bending stresses 
and opening of mechanical couplings.  Anchorage for temperature changes shall 
be centered between elbows and mechanical joints used as expansion joints.  
Anchorage for bellows type expansion joints may be located adjacent to the joint. 
 
When expansion joints are required, pipe guides shall be provided adjacent to 
bellows type expansion joints.  Guides will not be required where mechanical 
couplings are permitted as expansion joints.  Guides shall be located on both 
sides of expansion joints, except where anchors are adjacent to the joint.  Unless 
otherwise indicated on the Drawings, one guide shall be within four pipe 
diameters from the joint and a second guide within 14 pipe diameters from the 
first guide.  Pipe supports shall allow adequate movement; pipe guides shall not 
be used for anchoring pipe against longitudinal forces.  Pipe guides shall be 
provided at locations as recommended by the manufacturer. 
 
Pipe supports for insulated cold piping systems shall be sized for the outside 
diameter of the insulated pipe, and an insulation protection shield shall be 
installed between the support and the insulation.  Rigid insulation inserts shall be 
installed between the pipe and the insulation shields for piping larger than 
2 inches [50 mm] or when needed to prevent crushing of the insulation.  Inserts 
shall be of the same thickness as the adjacent insulation and shall be vapor 
sealed. 
 
Insulated hot piping systems shall be supported by clevises, clamps, support 
saddles, or rollers.  Pipe clamps shall be attached directly to the pipe.  Support 
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saddles and rollers shall be sized for the outside diameter of the insulated pipe, 
and an insulation protection saddle shall be installed at the support. 
 

3-2.  TYPES OF SUPPORTS. The products for pipe supports shall be as 
indicated in Table 1 for the specified type and size of support.  Where stainless 
steel is specified for pipe supports but is not available from the name suppliers 
for the model specified in Table 1, Contractor shall provide a heavier duty 
support that is available in stainless steel. 

TABLE 1 - TYPES OF SUPPORTS 
 

Description and Service

MSS SP 
69 Type 
(Note 1) Specification

Hangers   
 2-1/2 inch [63 mm] and 

smaller pipe 
 

For hot and cold 
insulated piping 

 

Clevis 1 B-Line "B3100" or Anvil "260". 
 Other services   
 J-style 5 B-Line "B3690", Anvil "67", or 

Unistrut "J Hanger". 
 Clevis 1 B-Line "B3104" or Anvil "65". 
 3 Through 12 inch [75 

through 300 mm] pipe 
(Note 3) 

 

For hot insulated 
piping 

 

Double bolt 3 B-Line "B3144" or Anvil "295". 
 For cold insulated 

piping 
 

Clevis 1 B-Line "B3100" or Anvil "260". 
 For uninsulated cold 

piping 
 

Clamp 4 B-Line "3140" or Anvil "212". 
 Clevis 1 B-Line "B3100" or Anvil "260". 
 Other services   
 Clevis 1 B-Line "B3100" or Anvil "260" 

for steel pipe; B-Line "B3102" 
or Anvil "590" for cast iron 
pipe. 

 
Concrete Inserts, Steel   



Milwaukee Water Works, R-163 15140 Print Date 2/24/2010 
Riverside Backup Power Generation -5-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 2.0, 6/19/2009 

TABLE 1 - TYPES OF SUPPORTS 
 

Description and Service

MSS SP 
69 Type 
(Note 1) Specification

12 inch [300 mm] and 
smaller pipe 

18 Channel 12 ga [2.66 mm 
thick], galv, 1-5/8 by 
1-3/8 inches [41.3 by 
34.9 mm], min. 8 inches 
[200 mm] long, anchor lugs 
on 4 inch [100 mm] centers, 
at least three lugs, end caps, 
and filler strip. 

 
21 B-Line "3050" and "3055" or 

Anvil "133" and "134". 
28, 29 Anvil "292". 

Beam Clamps, Malleable Iron 
or Steel, 12 inch [300 mm] 
and smaller pipe 

30 B-Line "3054" or Anvil "228". 
Side Beam Bracket 34 B-Line "B3062" or Anvil "202". 
Wall Supports and Frames, 
Steel, 12 inch [300 mm] and 
smaller pipe (Note 2) 

 

32 B-Line "B3066" or Anvil "195".Brackets 
33 B-Line "B3067" or Anvil "199".

Prefabricated channels -- 12 ga [2.66 mm thick], galv, 
1-5/8 inches [41.3 by 
41.3 mm], with suitable 
brackets and pipe clamps. 

 Offset pipe clamp, 
1-1/2 inch [38 mm] and 
smaller pipe 

-- Galv, 1-1/4 by 3/16 inch [32 
by 4.7 mm] steel, with 
3/8 inch [9.5 mm] bolts. 

 Offset pipe clamp, 2 to 
3-1/2 inch [50 to 
88 mm] pipe 

-- Galv, 1-1/4 by 1/4 inch [32 by 
6 mm] steel, with 3/8 inch 
[9.5 mm] bolts. 

Floor Supports, Steel or Cast 
Iron 

 

6 inch [150 mm] and 
smaller pipe 

37 (with 
base) B-Line "B3090" or Anvil "259". 

 8 through 12 inch [200 
to 300 mm] pipe 

38 B-Line "B3093" or Anvil "264". 

Pipe Alignment Guides -- B-Line "B3281" through 
"B3287" or Anvil "255". 

Turnbuckles Steel 13 B-Line "B3202" or Anvil "230". 
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TABLE 1 - TYPES OF SUPPORTS 
 

Description and Service

MSS SP 
69 Type 
(Note 1) Specification

Hanger Rods, Carbon Steel, 
Threaded Both Ends, 3/8 inch 
[10 mm] minimum size 

-- B-Line "B3205" or Anvil "140". 

Weldless Eye Nut, steel 17 B-Line "B3200" or Anvil "290". 
Insulation Protection Saddle 39 B-Line "B3160 Series" or 

Anvil "160 Series". 
Insulation Protection Shield 40 B-Line "B3151" or Anvil "167". 

 
Table 1 Notes: 
 

1. MSS SP-69 supports and hangers are illustrated on Figure 1-15140. 
2. Pipe clamps or other devices which rely on the application of a 

clamping force to the supported pipe in order to maintain the clamp 
position or location in a prefabricated channel or track will not be 
acceptable for use with nonmetallic pipe or tubing. 

3. Alternatively, pipe hangers for 12 inch pipe may be saddle type as 
indicated on the Drawings. 

 
3-3.  SUPPORT SPACINGS. Pipe supports and expansion joints shall be 
spaced in accordance with Tables 2, 3, 4, and 5.  The types of pipes to be 
supported are as specified herein.  Table 2 covers spacings for the standard 
operating conditions specified for each pipe material.  Tables 3 and 4 cover PVC 
and FRP pipe spacings where operating conditions are in excess of the 
temperature and specific gravity requirements covered in Table 2.  Table 5 
covers PVC and FRP pipe which carries air or liquids with a specific gravity other 
than 1.0.  Spacing in the tables is the maximum spacing considering gravity 
loads.  Where the Contractor’s design includes lateral and longitudinal forces due 
to seismic loads, wind loads, and other forces, the spacing requirement may be 
less than that indicated in the tables.  Required lateral and longitudinal bracing 
shall be in accordance with the SMACNA Seismic Restraint Manual – Guidelines 
for Mechanical Systems. 
 

TABLE 2 – MAXIMUM PIPE SUPPORT SPACING AT STANDARD 
TEMPERATURES AND SERVICES 
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Pipe 
Support Max 

Spacing

Max Run 
Without 

Expansion 
Joint, Loop, or 

Bend
(Note 1)

Expansion 
Joint Max 
Spacing
(Note 2)

Type of Pipe feet [m] feet [m] feet [m]

Type of 
Expansion 

Joints
Cast iron or Ductile 
iron 

15 [4.5] 80 [24.4] 80 [24.4] Note 6 

Steel 
 1-1/4 inch 

[31 mm] and 
smaller 

7 [2.1] 30 [9.1] 100 [30.5] Note 3 

 1-1/2 to 4 inch 
[38 to 
100 mm]  

10 [3.0] 30 [9.1] 100 [30.5] Note 3 

 Over 4 inch 
[100 mm] 

15 [4.5] 80 [24.4] 80 [24.4] Note 6 

Copper, for hot water 
 1 inch 

[25 mm] and 
smaller 

5 [1.5] 20 [6.1] 100 [30.5] Note 3 

 Over 1 inch 
[25 mm] 

7 [2.1] 20 [6.1] 100 [30.5] Note 3 

Copper, for services other than hot water 
 1 inch 

[25 mm] and 
smaller 

5 [1.5] -- -- Note 7 

 Over 1 inch 
[25 mm] 

7 [2.1] 50 [15.2] 100 [30.5] Note 3 

Cast iron soil pipe 10 [3.0] -- -- Notes 7, 8

Table 2 Notes: 
 

1. Unless otherwise acceptable to City, an expansion joint shall be 
provided in each straight run of pipe having an overall length between 
loops or bends exceeding the maximum run specified herein. 

2. Unless otherwise acceptable to City, the spacing between expansion 
joints in any straight pipe run shall not exceed the maximum spacing 
specified herein. 

3. Expansion joint fittings are specified in the respective piping sections. 
4. At least two properly padded supports for each pipe section. 
5. At least one support for each pipe section. 
6. Expansion joints shall be mechanical couplings. 
7. No expansion joints are required. 
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8. Supports for 5 and 10 foot [1.5 and 3 m] long pipe sections shall be 
located within 18 inches [460 mm] of each joint.  Supports shall be 
positioned to maintain the piping alignment and to prevent the piping 
from sagging. 

 
3-3.01. Temperature Adjustments for PVC Pipe. Not used. 

3-3.02.  Temperature Adjustments for FRP Pipe. Not used.
 
3-4.  INSTALLATION.

3-4.01.  General. All piping shall be supported in a manner which will prevent 
undue stress on any valve, fitting, or piece of equipment.  In addition, pipe 
supports shall be provided at changes in direction or elevation, and adjacent to 
flexible couplings.  Pipe supports and hangers shall not be installed in equipment 
access areas. 
 
Where horizontal piping is arranged with two or more parallel lines, trapeze 
hangers may be used in lieu of individual hangers.  Trapeze assembly shall 
consist of structure attachments as previously specified with rod size dependent 
upon total weight supported.  Spacing of assemblies shall be determined by the 
minimum pipe size included in the group supported.  Trapeze horizontal 
assemblies shall be structural angle or channel section of sufficient size to 
prevent measurable sag between rods when pipes are full.  All lines shall be 
attached to the horizontal with intermediate pipe guides and U-bolts or one-hole 
clamps.  Pre-engineered support equipment may be used when selected and 
installed in accordance with the manufacturer's recommendations. 
 
Where copper pipe is installed on a support system of dissimilar metal with other 
pipes, the copper pipe shall be galvanically isolated from the support using 
Neoprene strips or other material acceptable to the City. 
 
No piping shall be supported from the pipe above. 
 
Horizontal piping hanger support rods shall attach to steel beams with center-
loading I-clamps, or welded beam clips.  Hanger support rods shall attach to 
concrete slabs or beams with inserts. 
 
Anchorage shall be provided to resist both lateral and longitudinal seismic forces.   
 
3-4.02.  Inserts. Reference building structural concrete Drawings for concrete 
inserts.  When not provided as part of the building concrete structure, provide 
inserts for suspending hangers from reinforced concrete slabs and sides of 
reinforced concrete beams. 
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Where concrete slabs form finished ceilings, provide inserts flush with the slab 
surface. 
 
Where inserts are omitted, drill through concrete slab from below and provide 
thru-bolt with recessed square steel plate and nut recessed into and grouted 
flush with slab.  NDE (Non-Destructive Evaluation) shall be used to locate 
existing reinforcing rods before drilling. 
 
3-4.03.  Pipe Hangers and Supports. Hanger rod sizes for copper pipe and 
plastic pipe shall be the size of hanger rods for steel pipe.  Install hangers to 
provide a minimum 1/2 inch [13 mm] space between finished covering and 
adjacent work. 
 
A hanger shall be placed within 18 inches [450 mm] of each horizontal elbow, 
and on both sides of all piping accessories and valves weighing 20 lbs [9 kg] or 
more. 
 
Hangers shall have 1-1/2 inches [38 mm] minimum vertical adjustment. 
 
Support horizontal cast iron, ductile iron and no-hub piping systems adjacent to 
each joint. 
 
Support vertical piping at every floor using riser clamps. 
 
Support riser piping independently of connected horizontal piping. 
 
Hanger and hanger components shall be sized specifically for the pipe size it is 
to be used on. 
 
3-5.  PLACEMENT. The maximum spacing for pipe supports and expansion 
joints shall be as indicated in Tables 2, 3, 4, and 5. 
 
Rubber hose and flexible tubing shall be provided with continuous angle or 
channel support. 
 
Unless otherwise indicated on the Drawings or acceptable to City, piping shall be 
supported approximately 1-1/2 inches [38 mm] out from the face of walls and at 
least 3 inches [75 mm] below ceilings. 
 

End of Section 
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Section 15250 

 
MECHANICAL INSULATION 

 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing and installation of insulation, 
jackets, and accessories for the following mechanical systems: 
 

• piping 

• ductwork 

• equipment 
 
Building insulation materials are specified in other sections.  Insulation for 
mechanical equipment which is to be applied at the factory prior to shipment is 
specified in the individual equipment sections. 
 
1-2.  GENERAL. Materials furnished and installed under this section shall be in 
full conformity with the drawings, specifications, engineering data, instructions, 
and recommendations of the equipment manufacturer unless exceptions are 
noted by City. 
 
1-2.01.  Coordination. Contractor shall be responsible for coordinating the 
installation of insulation with the installation of the items or systems to be 
insulated.  Each item or system shall be tested and accepted by City before 
installation of the insulation materials. 
 
Contractor shall verify that each component of the insulation systems is 
compatible with all other parts of the system; that all insulation materials are 
appropriate for the intended applications; and that all necessary devices and 
accessories have been provided. 
 
All insulation of the same class shall be the product of a single manufacturer; 
however, all the insulation types need not be the products of one manufacturer. 
 
1-2.02.  General Equipment Stipulations. The General Equipment Stipulations 
shall apply to all equipment furnished under this section.  If requirements in this 
specification differ from those in the General Equipment Stipulations, the 
requirements specified herein shall take precedence. 
 
1-2.03.  Governing Standards. Except as modified or supplemented herein, all 
work covered by this section shall be performed in accordance with all applicable 
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municipal codes and ordinances, laws, and regulations.  In case of a conflict 
between this section and any state law or local ordinance, the latter shall govern. 
 
All work shall comply with UL, NFPA, and ASTM safety requirements. 
 
1-2.04.  Metal Thickness. Metal thickness and gages specified herein are 
minimum requirements.  Gages refer to US Standard gage. 
 
1-2.05.  Surface Burning Characteristics. Insulation, jackets, tapes, and 
adhesives to be used indoors shall have a composite flame spread rating not to 
exceed 25 and a composite smoke developed rating of 50 when tested by 
UL 723, NFPA 255, or ASTM E84.  All testing shall be done on materials of the 
same densities and installed thicknesses as the materials being installed.  
Insulation materials which have been treated with a flame retardant additive to 
meet the required flame spread and smoke developed ratings are not 
acceptable. 
 
1-2.06.  Painting and Identification. Field painting and identification shall be as 
specified in the Protective Coatings section. 
 
1-3.  SUBMITTALS.

1-3.01.  Drawings and Data. A complete list of materials and catalog cuts, 
together with detailed specifications, materials performance data, installation 
instructions, parts, devices, and accessories furnished, shall be submitted in 
accordance with the Submittals section.  Information shall include certified test 
results to show compliance with UL, NFPA, and ASTM safety requirements. 
 
1-4.  QUALITY ASSURANCE.

1-4.01.  Manufacturer Experience. A manufacturer shall have furnished material 
of the type specified which has been in successful operation for not less than the 
past 5 years. 
 
1-5.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and storage shall be in accordance with the 
Handling and Storage section. 
 

PART 2 - PRODUCTS

2-1.  ACCEPTABLE MANUFACTURERS. Acceptable manufacturers shall be as 
listed in the respective product description paragraphs. 
 
2-2.  MATERIALS.
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2-2.01.  Pipe Insulation.

2-2.01.01.  Type PMF1 Insulation. Type PMF1 mineral fiber pipe insulation shall 
be Johns Manville "Micro-Lok", Knauf "Pipe Insulation" or Owens-Corning. 
 
Type PMF1 pipe insulation shall be a one-piece molded glass fiber material with 
all-purpose jacket.  The all-purpose jacket shall be factory-applied, fiberglass 
reinforced vapor barrier type, with white kraft bonded to aluminum foil and self 
sealing adhesive lap.  The insulation shall be suitable for a temperature range of 
0°F to 850°F, shall have a maximum thermal conductivity (k) of 0.24 Btu in/hr ft2
°F at 75°F, and shall conform to ASTM C547. 
 
2-2.01.02.  Type PMF2 Insulation. Type PMF2 high temperature mineral fiber 
pipe insulation shall be Fibrex "Epitherm 1200". 
 
Type PMF2 pipe insulation shall be a high temperature, sectional or segmented 
mineral fiber forms with thermosetting binder suitable for temperatures up to 
1200°F, and shall be provided in multiple layers.  Fittings and valves shall be 
insulated with factory-made molded fiber fittings or built-up sections of pipe 
covering.  The insulation shall conform to ASTM C547. 
 
2-2.01.03.  Type PFC1 Insulation. Type PFC1 flexible cellular elastomeric pipe 
insulation shall be Armacell "AP/Armaflex" or Nomaco K-Flex "Insul-Tube 180" 
for unslit insulation and Armacell “AP/Armaflex SS” or Nomaco K-Flex “Insul-
Lock II” for factory pre-slit insulation.  Flexible cellular polyolefin foam insulation 
shall be IMCOA "Imcolock" or" Imcoshield". 
 
Type PFC1 pipe insulation shall be one-piece, molded elastomeric or polyolefin 
foam insulation suitable for a temperature range of -40°F to 210°F, and shall 
have a maximum thermal conductivity (k) of 0.28 Btu in/hr ft2 °F at 75°F.  The 
insulation shall be suitable for exposure to weather and direct sunlight or, where 
not indicated to be jacketed, shall be given two coats of an ultraviolet-resistant 
finish recommended by the manufacturer.  The insulation shall conform to ASTM 
C534. 
 
2-2.02.  Duct Insulation.

2-2.02.01.  Type DMF1 Insulation. Type DMF1 semi-rigid type duct insulation 
shall be Johns Manville "800 Series Spin-Glas", Knauf "Insulation Board", or 
Owens-Corning. 
 
Type DMF1 exterior insulation for rectangular ductwork shall be a semirigid, 3 lbs 
per cubic foot [48 kg/m3] density fiberglass material with a factory-applied all 
service jacket.  The insulation shall conform to ASTM C612. 
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2-2.02.02.  Type DMF2 Insulation. Type DMF2 flexible type duct insulation shall 
be Johns Manville "Microlite", Knauf "Duct Wrap", or Owens-Corning. 
 
Type DMF2 exterior insulation for round ductwork shall be 1 lb per cubic foot 
[16 kg/m3] density flexible fiberglass duct wrap with factory-applied foil-scrim-kraft 
facing.  The insulation shall conform to ASTM C553. 
 
2-2.03.  Equipment Insulation.

2-2.03.01.  Type EMF1 Insulation. Type EMF1 equipment insulation shall be 
Johns Manville "800 Series Spin-Glas", Knauf "Insulation Board", or Owens-
Corning. 
 
Type EMF1 equipment insulation shall be rigid mineral fiber insulation board with 
a density of 6 lbs per cubic foot and a factory-applied foil-scrim-kraft facing.  The 
insulation shall conform to ASTM C612. 
 
2-3.  ACCESSORIES.

2-3.01.  PVC Insulation Jackets. Not used. 
 
2-3.02.  Aluminum Insulation Jackets. Aluminum insulation jackets for insulated 
piping systems shall be furnished and installed as specified herein and indicated 
on the drawings. 
 
Fittings in insulated piping systems and equipment where indicated in the 
insulation schedule shall be provided with aluminum jackets of the same 
aluminum jacketing material as the piping systems.  The aluminum jacket shall 
be Alclad 3004 complying with ASTM B209.  The aluminum jacket shall have a 
nominal thickness of 0.016 in. [0.41 mm]0.020 in. [0.51 mm]0.024 in. [0.61 mm], 
with an embossed finish.  A factory-applied asphalt and kraft paper vapor barrier 
or polyethylene film and kraft paper vapor barrier shall extend the full width of the 
jacket. 

PART 3 - EXECUTION

3-1.  INSTALLATION.

3-1.01.  General. Contractor shall install all insulation materials as specified 
herein for the piping systems, ductwork, and equipment that are not factory 
insulated.  Insulation materials shall be installed in accordance with the 
manufacturer's written instructions and recommendations.  Surfaces to be 
insulated shall be cleaned and dried.  All work shall be performed within the 
temperature ranges recommended by the insulation product manufacturer.  
Insulation shall be kept clean and dry and shall remain in the factory container 
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until it is installed.  Packages or factory containers shall bear the manufacturer's 
stamp or label with the name of the manufacturer and description of materials. 
 
Seams of exposed insulation and jackets shall be in the least visible location. 
 
All adhesives used on the interior of the building defined as inside the 
weatherproofing system shall have a VOC content not greater than 80 g/L. 
 
3-1.02.  Piping Insulation.

3-1.02.01.  Type PMF1 Insulation. Pipe insulation shall be installed to cover all 
piping, fittings, and appurtenances.  Insulation shall be full length of the factory 
unit using a single cut piece to complete the run.  Abutting cut pieces or scraps 
shall not be used.  End joints and longitudinal seams shall be tightly butted.  
Insulation for fittings shall be of the same thickness and conductivity as the 
adjoining pipe insulation. 
 
Insulated piping conveying fluids at lower than ambient temperatures shall be 
jacketed with a continuous vapor barrier.  The insulation shall be continuous 
through hangers and penetrations, except at firewall penetrations, and shall be 
sealed with vapor barrier coating.  The vapor barrier coating shall be applied at 
intervals not exceeding 15 feet for straight runs and not more that 6 inches from 
fittings.  Fibrous insulation laps and butt strips that are not self-sealing shall be 
secured with adhesive and stapled.  Staples and seams shall be coated with 
vapor barrier material. 
 
On piping 2 inches and larger where the insulation is continuous through the 
hanger, an insert shall be installed between the support shield and piping.  The 
insert shall be of the same thickness and contour as the adjacent insulation and 
installed to maintain a continuous vapor barrier through the support.  The insert 
shall be constructed of wood or heavy density insulating material suitable for the 
system operating temperatures. 
 
3-1.02.02.  Type PMF2 Insulation. The insulation shall be installed in layers to 
obtain the specified thickness.  Joints and seams between insulation sections or 
segments shall be tight and shall be staggered between layers.  The insulation 
shall be shall be fastened with stainless steel wire loops on 6 inch centers 
embedded into the outer layer.  All cracks, voids, and depressions shall be filled 
with insulating cement suitable for the system operating temperatures.  The 
surfaces to receive outer coverings shall be smooth and uniform.  Flanges and 
expansion joints in exhaust piping shall not be insulated. 
 
3-1.02.03.  Type PFC1 Insulation. Pipe insulation shall be installed to cover all 
pipe, fittings, and appurtenances with all seams and joints sealed by a factory or 
field applied adhesive.  Insulation at fittings and appurtenances shall be carefully 
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formed and fitted.  Insulation at elbows shall be mitered using segments of pipe 
insulation. 
 
3-1.03.  Duct Insulation. Insulation for ducts indicated on the drawings as 
wrapped shall be installed as specified herein and indicated on the drawings.  
Duct insulation shall be continuous through hangers and penetrations, except 
firewall penetrations but shall be interrupted at thermometers, controls, damper 
linkages, flexible connections, access doors, etc., to avoid interference with their 
functioning and/or replacement.  Insulation jackets shall be continuous across 
seams, reinforcement, and projections. 
 
Insulation on ducts conveying air at temperatures below 60°F shall be installed 
with a continuous vapor barrier seal.  Staples and joints shall be sealed with a 
vapor barrier coating. 
 
3-1.03.01.  Type DMF1 Insulation. Type DMF1 semirigid insulation shall be 
secured to all four sides of the duct with mechanical fasteners, spaced not more 
than 12 inches apart and not more than 3 inches [76 mm] from the edges of the 
insulation joints.  At least two rows of fasteners shall be provided for each side of 
12 inch and larger ducts, and one row for each side of ducts smaller than 
12 inches.  All joints in the insulation shall be sealed with 3 inch [76 mm] wide 
joint sealing tape or 4 inch [102 mm] wide strips of jacket material secured with 
adhesive and staples. 
 
3-1.03.02.  Type DMF2 Insulation. Type DMF2 flexible insulation shall be 
installed with waterproof, fire-retardant adhesive.  Insulation jackets shall overlap 
at least 2 inches and shall be secured under the overlap with adhesive and 
stapled on 4 inch centers. 
 
3-1.04.  Equipment Insulation. Insulation for equipment shall be installed as 
specified herein and indicated on the drawings.  Equipment insulation shall be 
installed and fastened as recommended by the manufacturer. 
 
Equipment insulation shall be installed in as closest contact possible with the 
equipment surface and shall be secured with studs, pins, clips, adhesives, wires, 
or bands.  Pumps may be insulated by forming a box around the pump housing.  
Seams shall be sealed with joint sealing tape.  A smooth coat of insulation 
cement shall be applied over the insulation except at removable sections.  On 
equipment with surface temperatures lower than 60°F, two coats of vapor barrier 
coating shall be applied. 
 
Equipment insulation shall be applied with interruptions for access to manholes, 
flanges, and other openings without disturbing the insulation.  Boxouts with 
beveled and sealed edges shall be provided around code stamping symbols and 
nameplates. 
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3-1.05.  PVC Jacketing. Not used. 
 
3-1.06.  Aluminum Jacketing. Aluminum jacketing for piping systems shall be 
installed as specified herein and indicated on the drawings.  Jacketing shall be 
held in place with stainless steel securing bands uniformly spaced at not more 
than 18 inches [457 mm] to produce tight joints without "bulging".  The jacket 
shall overlap at least 2 inches [51 mm] at longitudinal and circumferential joints.  
Joints shall be overlapped and sealed with caulk to prevent moisture penetration, 
and longitudinal joints shall be placed to shed water.  Exposed ends of pipe 
insulation shall be provided with covers constructed of the same material as the 
jacketing. 
 
Elbows shall be jacketed with spirally wrapped aluminum strips or individual 
mitered segments or gores cut to fit the insulation. 
 
3-2.  INSULATION SCHEDULE.

INSULATION SCHEDULE 

Mechanical 
Insulation 

Service Size 
Inches [mm] 

Type Thickness 
Inches 
[mm] 

Notes 

PIPING - INDOOR (CONCEALED OR EXPOSED) 

Engine 
Exhaust 

All PMF2 Notes (7) (1) 

Potable Cold 
Water 

Up to 3 [80] 
4 [100] & larger 

PFC1 
PFC1 

3/4 [20] 
1 [25] 

(3) 
(3) 

Potable Hot 
and Tempered 
Water 

Up to 2 [50] 
2.5 [65] & larger 

PMF1 1 [25] 
1-1/2 [40] 

(9) 

Engine Jacket 
Water and 
Charged Air 
Cooler (if 
required) to 
radiator 

All PMF1  (1), (4) 
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PIPING - OUTDOOR (EXPOSED) 

Fuel Oil All PMF1 1-1/2 [40] (1) 

Piping with 
Heat Tracing 

All PMF1 1-1/2 [40] (1) 

Engine Jacket 
Water and 
Charged Air 
Cooler (if 
required) to 
radiator 

All PMF1  (1), (4) 

DUCTWORK 

Rectangular Within conditioned 
space 
All other indoor 
locations 

DMF1 

DMF1 

1 [25] 

2 [50] 

(6) 

(5), (6) 

Round Within conditioned 
space 
All other indoor 
locations 

DMF2 

DMF2 

2 [50] 

3 [75] 

(6) 

(5), (6) 

EQUIPMENT 

Engine 
Silencer and 
Legs 

All EMF2 Notes (7) (1) 

Mechanical Insulation Types: FC - Flexible Cellular 
MF - Mineral Fiber 
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Notes: 
(1) Aluminum jacket. 
(2) PVC jackets shall be provided on exposed portions of insulated piping 

located less than 8 feet above finished floor.  On all other portions of 
the insulated piping system PVC jackets shall be provided only for 
fittings. 

(3) Insulation shall be provided for portions of the piping system which 
pass through space above finished ceilings or is exposed above 
equipment, electrical panels, or cabinets. 

(4) Insulation shall be provided for exposed portions of the piping system 
located less than 8 feet above the finished floor or grade. 

(5) Insulation shall be provided for outside air plenums and ducts that are 
located upstream of the heating coil or pass through unheated spaces 
after the heating coil, unless indicated to be internally lined. 

(6) Insulation shall be provided for outside air plenums and ducts, air 
conditioning supply and return ducts, and dehumidifier reactivation air 
discharge ducts, unless indicated to be internally lined. 

(7) Insulation thickness shall be sufficient to provide a cold face 
temperature not to exceed 150°F. 

(8) The underside of all roof drains shall be insulated to a 1 foot radius 
from the center of the drain.  All roof drain piping within 4 feet of the 
drain shall be insulated. 

(9) Includes 8 feet of the cold water inlet piping to the water heater 
storage tank. 

Unless otherwise indicated in the insulation schedule, all mechanical piping, 
ductwork, equipment, and accessories with an operating temperature in excess 
of 140°F and below 60°F shall be insulated. 
 

End of Section 
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Section 15400 
 

PLUMBING 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing and installation of materials, 
appliances, fixtures, equipment, and appurtenances associated with the 
plumbing systems as specified herein and as indicated on the drawings.  
Additional requirements for plumbing systems shall be as indicated in the 
schedules on the drawings.  Suitable connections shall be provided for each 
fixture, piece of equipment, and appurtenance. 
 
Pipe materials, valves, thermal insulation, and pipe supports which are not an 
integral part of the fixture or piece of equipment and are not specified herein are 
covered in other sections. 
 
1-2.  GENERAL. Equipment furnished and installed under this section shall be 
fabricated, assembled, erected, and placed in proper operating condition in full 
conformity with the drawings, specifications, engineering data, instructions, and 
recommendations of the equipment manufacturer unless exceptions are noted by 
City. 
 
1-2.01.  Coordination. Contractor shall verify that each component of the 
plumbing system is compatible with all other parts of the system; that all piping, 
fixtures, and appurtenances are appropriate; and that all devices necessary for a 
properly functioning system have been provided. 
 
Where two or more units of the same class of equipment are required, they shall 
be the product of a single manufacturer; however, all the component parts of the 
system need not be the products of one manufacturer. 
 
Where several manufacturers' names have been listed in this section as possible 
suppliers, only the products of the first manufacturer listed have been checked 
for size, functions, and features. 
 
1-2.02.  General Equipment Stipulations. The General Equipment Stipulations 
shall apply to all equipment and materials provided under this section.  If
requirements in this specification differ from those in the General Equipment 
Stipulations, the requirements specified herein shall take precedence. 

1-2.03.  Governing Standards. Except as modified or supplemented herein, all 
work covered by this section shall be performed in accordance with all applicable 
municipal codes and ordinances, laws, and regulations.  In case of a conflict 
between this section and any state law or local ordinance, the latter shall govern. 
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All work shall conform to the requirements of AGA, ASTM, NFPA, and UL safety 
requirements. 
 
1-2.04.  Power Supply. Unless otherwise specified, power supply to equipment 
with motors shall be as indicated on the drawings.  Power supply for controls 
shall be 120 volts, 60 Hz, single phase unless otherwise required for a properly 
operating system. 
 
1-2.05.  Metal Thickness. Metal thicknesses and gages specified herein are 
minimum requirements.  Gages refer to US Standard gage. 
 
1-2.06   Mechanical Identification. Mechanical identification shall conform to the 
requirements of the Basic Mechanical Building Systems Materials and Methods. 
 
1-3.  SUBMITTALS.

1-3.01.  Drawings and Data. Complete assembly and installation drawings, and 
wiring and schematic diagrams, together with detailed specifications and data 
covering materials, parts, devices, and accessories forming a part of the 
equipment furnished, shall be submitted in accordance with the submittals 
section.  Device tag numbers indicated on the drawings shall be referenced on 
the wiring and schematic diagrams where applicable.  The data and 
specifications to be submitted for each unit shall include, but shall not be limited 
to, the following: 
 

Equipment, Piping Accessories, and Appurtenances
Name of manufacturer. 

 Type and model. 
 Construction materials, thicknesses, and finishes. 
 Capacities. 
 Pressure and temperature ratings. 
 Overall dimensions. 
 Piping connection sizes and locations. 
 Net weight. 
 Horsepower [kW]. 
 Power requirements. 
 Wiring diagrams. 
Plumbing Fixtures

Name of manufacturer. 
 Type and model. 
 Construction materials, thicknesses, and finishes. 
 Water consumption data. 
 Overall dimensions. 
 Rough-in dimensions. 
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 Piping connection sizes and locations. 
 Net weight. 

 
1-3.02.  Operations and Maintenance Data and Manuals. Adequate operation 
and maintenance information shall be supplied as required in the Contract 
Closeout and Submittals sections.  Operation and maintenance manuals shall be 
submitted in accordance with the Contract Closeout and Submittals sections.   
 
Operation and maintenance manuals are required for emergency fixtures and 
water heaters, . 

1-4.  QUALITY ASSURANCE.

1-4.01.  Welding Qualifications. All welding procedures and welding operators 
shall be qualified by an independent testing laboratory in accordance with the 
applicable provisions of AWS Standard Qualification Procedures.  All procedure 
and operator qualifications shall be in written form and subject to City’s review.  
Accurate records of operator and procedure qualifications shall be maintained by 
Contractor and made available to City upon request. 
 
1-4.02.  Qualification. The plumbing system installer shall be licensed as 
stipulated by the authority having jurisdiction. 
 
1-4.03.  Manufacturer's Experience. Unless the equipment manufacturer is 
specifically named in this section, the manufacturer shall have furnished 
equipment of the type and size specified which has been in successful operation 
for not less than the past 5 years. 
 
1-4.04.  Construction. Plumbing fixtures shall be constructed in accordance with 
the following standards: 
 

Emergency/Safety Fixtures ANSI Z358.1 
 

1-5.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the shipping section.  Handling and storage shall be in accordance with the 
Handling and Storage section. 
 
1-6.  EXTRA MATERIALS. Not used.
 

PART 2 - PRODUCTS

2-1.  SERVICE CONDITIONS. All plumbing fixtures and equipment shall be 
designed and selected to meet the specified conditions. 
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2-2.  PERFORMANCE AND DESIGN REQUIREMENTS. All fixtures and 
equipment shall be designed to meet the performance and design conditions 
specified herein and indicated on the drawings. 
 
2-2.01.  Dimensional Restrictions. Layout dimensions will vary between 
manufacturers and the layout area indicated on the drawings is based on typical 
values.  Contractor shall review the contract drawings, the manufacturer’s layout 
drawings, and installation requirements and shall make any modifications 
required for proper installation subject to acceptance by City. 
 
2-3.  ACCEPTABLE MANUFACTURERS. Acceptable manufacturers shall be as 
listed in the respective product description paragraphs. 
 
2-4.  MANUFACTURE AND FABRICATION.

2-4.01.  Anchor Bolts and Expansion Anchors. Anchor bolts, expansion anchors, 
nuts, and washers shall be as indicated in the anchorage in concrete and 
masonry section unless otherwise indicated on the drawings. 
 
2-4.02.  Surface Preparation. All iron and steel surfaces, except motors and 
speed reducers, shall be shop cleaned by sandblasting or equivalent, in strict 
conformance with the paint manufacturer’s recommendations.  All mill scale, rust, 
and contaminants shall be removed before shop primer is applied. 
 
2-4.03.  Shop Painting. All steel and iron surfaces shall be protected by suitable 
coatings applied in the shop.  Surfaces which will be inaccessible after assembly 
shall be protected for the life of the equipment.  Coatings shall be suitable for the 
environment where the equipment is installed.  Exposed surfaces shall be 
finished, thoroughly cleaned, and filled as necessary to provide a smooth, 
uniform base for painting.  Electric motors, speed reducers, starters, and other 
self-contained or enclosed components shall be shop primed or finished with an 
oil-resistant enamel or universal type primer suitable for top coating in the field 
with a universal primer and aliphatic polyurethane system.  
 
Surfaces to be coated after installation shall be prepared for painting as 
recommended by the paint manufacturer for the intended service, and then shop 
painted with one or more coats of the specified primer. 
 
Surface finish damaged during installation shall be repaired to the satisfaction of 
City.  Field painting shall conform to the requirements of the painting section. 
 
2-4.04.  Equipment Bases. Unless otherwise indicated or specified, all 
equipment shall be installed on concrete bases at least 6 inches [150 mm] high.  
Each unit and its drive assembly shall be supported on a single baseplate of neat 
design.  Baseplates shall have pads for anchoring all components.  Baseplates 
will be anchored to the concrete base with suitable anchor bolts. 
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2-4.05.  Special Tools and Accessories. Equipment requiring periodic repair and 
adjustment shall be furnished complete with all special tools, instruments, and 
accessories required for proper maintenance.  Equipment requiring special 
devices for lifting or handling shall be furnished complete with those devices. 
 
2-4.06.  Piping Systems. Unless otherwise specified herein, piping system 
materials shall be as specified in other sections. 
 
2-4.07.  Valves. Unless otherwise specified herein, valves indicated to be a part 
of the plumbing systems shall be as specified in other sections. 
 
2-5.  WATER SUPPLY PIPING ACCESSORIES.

2-5.01.  Water Hammer Arresters. Water hammer arresters shall be either 
bellows or piston type.  Bellows type arresters shall consist of a stainless steel 
shell, a factory charged and sealed compression chamber, a stainless steel or 
elastomer bellows, and a stainless steel threaded adapter.  Piston type arresters 
shall consist of a seamless Type L copper shell, a seamlessly spun and factory 
charged air chamber, a factory lubricated double or triple O-ring sealed piston, 
and a threaded copper adapter.  Water hammer arresters shall be tested and 
certified in accordance with American Society of Sanitary Engineering (ASSE) 
Standard 1010.  Arresters shall be rated for a maximum working pressure of 
350 psig [2400 kPa gauge] and a temperature range of 33°F to 250°F [1°C to 
120°C].  Water hammer arresters shall be Smith "Hydrotrol", Josam "75000 
Series Absorbotron", Wade "Shokstop", or Sioux Chief "Hydra-Rester". 
 
2-5.02.  Trap Primers.

2-5.02.01.  Flow Activated Trap Primers. Not used. 
 
2-5.02.02.  Pressure Activated Trap Primers. Not used. 
 
2-5.03.  Thermostatic Mixing Valves. Not used. 
 
2-5.04.  Vacuum Relief Valves. Vacuum relief valves shall have bronze or brass 
bodies rated for 200 psig and shall be provided with male threaded inlet 
connections.  The valves shall open at 1/2 inch water column vacuum and shall 
have a venting capacity of at least 15 cubic feet per minute.  Vacuum relief 
valves shall be Watts Regulator "Model N36". 
 
2-5.05.  Thermometers. Thermometers shall be Weksler Instruments "Adjust 
Angle" or Ashcroft "Series EI Everyangle". 
 
Thermometers shall be bimetal type and shall have a dial at least 4-1/2 inch 
[114 mm] diameter, with black markings on a white background.  Pointer travel 
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shall span not less than 200 degrees nor more than 270 degrees.  Each 
thermometer shall have a stainless steel case, bezel, fittings, and stem and shall 
be hermetically sealed, with external pointer adjustment and an acrylic or 
shatterproof glass window. 
 
Each indicator shall be furnished with an angularly adjustable frame for 
convenient viewing.  Unless otherwise indicated, thermometer range shall be 0 to 
200°F [-10 to 110°C]. 
 
Each thermometer shall be furnished with a stainless steel thermowell for 
installation in the piping systems.  The thermowells shall have 3/4 inch [20 mm] 
NPT thread mounts, a minimum pressure rating of 250 psig [1725 kPa gauge], 
and a nominal 4 inch [100 mm] insertion length. 
 
2-5.06.  Strainers. Strainers shall be provided where indicated on the drawings.  
Strainer screen size shall be 20 mesh unless otherwise indicated.  The blowoff 
from each strainer shall be equipped with a shutoff valve. 
 
Strainers located in copper piping systems shall be Y-pattern type with bronze 
body, threaded ends, and monel or stainless steel screens. Strainers shall be 
Hoffman ITT “Series 400” or Metraflex “Model BS”. 
 
Strainers located in ductile iron piping systems shall be Y-pattern type with iron 
body, flanged ends, and monel or stainless steel screens. Strainers shall be 
Hoffman ITT “Series 400” or Metraflex “Model TF”. 
 
2-5.07.  Hose Faucets. Not used.
 
2-5.08.  Hose Valves. Not used. 
 
2-5.09.  Wall Hydrants. Not used. 
 
2-5.10.  Pressure Gauges. Not used.
 
2-6.  DRAINAGE AND VENT PIPING ACCESSORIES.

2-6.01.  Cleanouts. Not used. 
 
2-6.02.  Bell-Up Drains. Not used. 
 
2-6.03.  Funnel Receptors. Funnel receptors shall consist of cast iron funnels 
with cast iron dome type bottom strainers.  Funnel receptors shall be provided 
with waterstop flange and threaded or no-hub outlet connections suitable for 
connection to the waste piping.  Funnel receptors connected to chemical 
resistant waste systems shall be furnished with a factory applied chemical 
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resistant interior coating.  Unless otherwise indicated, funnel receptors shall be 
installed 1 inch [25 mm] above the finished floor. 
 
Funnel receptors shall be Smith “Series 3800 Figure SQ-3-1793-DBS”, Josam, or 
Wade. 
 
2-6.04.  Floor Drains. Not used. 
 
2-6.05.  Roof Drains and Overflow Roof Drains. Not used. 
 
2-6.06.  Downspout Nozzles. Not used. 
 
2-6.07.  Modular Trench Drain System. Not used. 
 
2-6.08.  Floor Sinks. Not used. 
 
2-6.09.  Backwater Valves. Not used. 
 
2-6.10. Vent Flashings. Not used. 
 
2-7.  PLUMBING FIXTURES AND ACCESSORIES.

2-7.01.  General. Plumbing fixtures shall be provided with all required supports, 
fasteners, supply and drain fittings, gaskets, and escutcheons required for a 
complete installation. 
 
2-7.02.  Water Closets. Not used. 
 
2-7.03.  Urinals. Not used. 
 
2-7.04.  Lavatories. Not used. 
 
2-7.05.  Showers. Not used.
 
2-7.06.  Stainless Steel Sinks. Not used.
 
2-7.07.  Janitors Sinks. Not used. 
 
2-7.08.  Emergency Fixtures. Emergency fixtures, including showers, eye/face 
washes, and combination shower/eye/face wash units shall be furnished and 
installed as indicated on the drawings.  Emergency fixtures shall be 
manufactured by Haws, Guardian, or Encon. 
 
2-7.08.01.  Indoor Emergency Eyewash Fixtures. Indoor emergency eyewash 
fixtures shall be pedestal mounted or wall mounted as indicated on the drawings.  
Eyewash fixtures shall be provided with a stainless steel receptor, ABS plastic 
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heads, a stay-open ball valve, a push plate actuator, and a universal emergency 
sign.  Wall mounted units shall also be provided with a wall bracket and a chrome 
plated trap.  All necessary accessories required for a complete installation shall 
be provided. 
 
2-7.08.02.  Indoor Emergency Shower Fixtures. Not used. 
 
2-7.08.03.  Indoor Combination Units. Not used. 
 
2-7.08.04.  Corrosion Resistant Combination Units. Not used. 
 
2-7.08.05.  Freezeproof Emergency Eyewash Fixtures. Not used. 
 
2-7.08.06.  Freezeproof Emergency Shower Fixtures. Not used.  
 
2-7.08.07.  Freezeproof Combination Units. Not used. 
 
2-7.08.08.  Alarm Systems. An alarm system shall be provided when indicated 
on the drawings.  The alarm system shall activate based on water flow when the 
emergency eyewash fixture is operated.  The alarm system shall provide  remote 
alarm indication as indicated on the drawings.  The water flow switch shall be 
provided with double-pole double-throw contacts rated 5 amperes at 125 volts, 
suitable for remote alarm annunciation.  The alarm system shall be pre-wired and 
shall be furnished with all necessary junction boxes, conduit, wire, and 
accessories for a complete installation.  The alarm system shall be suitable for a 
120 volt power supply. 
 
2-7.08.09.  Tempered Water Blending Valves. Tempered water blending valves 
shall be designed specifically for providing tempered water to emergency shower 
and eyewash fixtures.   Each valve shall contain thermostatic elements, integral 
cold water bypass, and positive hot water shutoff to prevent scalding.  Blending 
valves shall have bronze or brass bodies with threaded inlet and outlet 
connections and shall be provided with isolation check valves on the hot and cold 
supplies to the unit.  Each unit shall include hot, cold, and blended water 
temperature gauges and shall be factory set for a blended water temperature of 
70°F. 
 
Tempered water blending valves serving eyewash fixtures, a single shower, or a 
single combination unit shall be suitable for a flow range of 2 to 25 gallons per 
minute and shall be Haws “Model 9201” or Lawler “Model 911E.  Tempered 
water blending valves serving multiple showers or multiple combination units 
shall be suitable for a flow range of 3 to 60 gallons per minute and shall be Haws 
“Model 9202” or Lawler “Model 911”. 
 
2-7.09.  Wash Fountains. Not used. 
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2-7.10.  Electric Water Coolers. Not used. 
 
2-7.11.  Food Waste Disposers. Not used. 
 
2-8.  PLUMBING EQUIPMENT.

2-8.01.  General. Plumbing equipment shall be provided with all supports, 
fasteners, fittings, and escutcheons required for a complete installation. 
 
2-8.02.  Water Heaters and Accessories. Water heaters shall be furnished and 
installed where indicated on the drawings.  Heater type, storage capacity, 
recovery rate, energy input, power supply requirements, manufacturer, and 
model shall be as indicated on the drawings. 
 
2-8.02.01.  Commercial Grade Electric Storage Water Heaters. Electric storage 
water heaters shall be commercial type, with a glass-lined tank and one or more 
heating elements.  The heater shall be provided with a cold water inlet tube (top 
inlet), a magnesium anode, polyurethane foam insulation, a drain valve, and 
adjustable thermostats.  Heating elements shall be sheathed immersion type, low 
or medium watt density, and shall be field replaceable.  Heater tanks shall be 
ASME stamped for a working pressure of at least 125 psig [862 kPa gauge].  
Each heater shall be equipped with an ASME rated pressure-temperature relief 
valve of suitable capacity.  Heaters shall be UL and NSF listed, and shall meet 
ASHRAE Standard 90.1 for energy efficiency.  The water heaters shall be 
manufactured by State Industries Inc., A. O. Smith, or Lockinvar. 
 
2-8.02.02.  Industrial Grade Electric Storage Water Heaters. Not used. 
 
2-8.02.03.  Electric Instantaneous Water Heaters. Not used. 
 
2-8.02.04.  Commercial Grade Gas-Fired Water Heaters. Not used. 
 
2-8.02.05.  Industrial Grade Gas-Fired Water Heaters. Not used. 
 
2-8.02.06.  Water Heater Flues. Not used. 

2-8.03.  Neutralization Tanks. Not used. 
 
2-8.04.  Hose Reels. Not used. 
 
2-8.05.  Hoses. Not used. 

2-8.06.  Interceptors. Not used. 
 
2-8.07.  Expansion Tanks. Not used. 
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2-8.08.  Water Storage Tank. Not used. 
 
2-8.09.  Automatic Water Softener Unit. Not used. 
 
2-9.  COLOR. Plumbing equipment shall have the manufacturer's standard color 
and finish unless otherwise indicated in the schedules. 
 
2-10.  ELECTRICAL. Electrical controls and disconnects shall be furnished and 
installed under the electrical section, except where specified herein.  All electrical 
controls shall have enclosures suitable for the environment and NEMA rating as 
indicated on the electrical drawings. 
 
PART 3 - EXECUTION

3-1.  INSPECTION. Equipment installed in existing facilities with limited access 
shall be suitable for being installed through available openings.  Contractor shall 
field verify existing opening dimensions and other provisions for installation prior 
to submittal of bids. 

3-2.  PREPARATION.

3-2.01.  Surface Preparation. All surfaces to be field painted shall be dry and 
free of dirt, dust, sand, grit mud, oil, grease, rust, loose mill scale, or other 
objectionable substances, and shall meet the recommendations of the paint 
manufacturer for surface preparation.  Cleaning and painting operations shall be 
performed in a manner which will prevent dust or other contaminants from getting 
on freshly painted surfaces.  Oil and grease shall be completely removed by use 
of solvents or detergents before mechanical cleaning is started.  The gloss of 
previously painted surfaces shall be dulled if necessary for proper adhesion of 
top coats. 
 
3-3.  INSTALLATION. Materials furnished under this section shall be installed in 
proper operating condition in full conformity with the drawings, specifications, 
engineering data, instructions, and recommendations of the equipment 
manufacturer, unless exceptions are noted by City. 
 
Unless otherwise indicated, sleeves shall be provided for all pipe penetrations 
through concrete and masonry walls.  Sleeves and sealing requirements shall be 
as indicated in the miscellaneous piping and accessories installation section and 
as indicated on the drawings. 
 
Not all required reducing fittings and unions are indicated.  Additional fittings and 
unions shall be provided as needed to connect all equipment and appurtenances. 
 
Insulating fittings shall be provided to prevent the contact of dissimilar metals in 
piping systems. 
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Piping shall not be routed over or in front of electrical switchboards or panels 
unless acceptable to City. 
 
3-3.01.  Water Supply Piping and Accessories. Water hammer arresters shall be 
provided in the hot and cold water supply piping at all quick closing valves, at 
solenoid valves, and at plumbing fixtures.  When not indicated on the drawings, 
arresters shall be located and sized by Contractor in accordance with PDI 
Standard No. WH201.  Contractor shall submit arrester location and sizing plans 
to City for approval prior to installation.  Where possible, water hammer arresters 
shall be installed in an accessible location. 
 
Water supply piping to hose faucets and hose valves shall be secured with a pipe 
support within 6 inches [150 mm] of the fixture. 
 
3-3.02.  Drainage and Vent Piping and Accessories. Unless otherwise indicated 
or required by code, horizontal sanitary drainage piping 3 inches [75 mm] in 
diameter or smaller shall be installed at a uniform slope of 1/4 inch per foot 
[2 percent]; horizontal sanitary drainage piping larger than 3 inches [75 mm] in 
diameter shall be installed at a uniform slope of 1/8 inch per foot [3 mm/300 mm]; 
horizontal storm drainage piping shall be installed at a uniform slope of 1/8 inch 
per foot [3 mm/300 mm]. 
 
Drainage fittings shall be installed to convey flow in the piping in the intended 
direction.  To the extent possible, changes in direction shall be made by sweep 
type fittings.  Quarter-bends and sanitary tee fittings shall not be installed for 
vertical to horizontal or horizontal to horizontal changes of direction. 
 
Floor drains, trench drains, floor sinks, funnel receptors, and bell-up drains 
indicated to be equipped with traps shall be provided with deep seal "P" traps 
located as close to the drain as possible. 
 
3-3.03.  Plumbing Fixtures and Accessories. Plumbing fixtures shall be set level 
and plumb, and shall be securely attached to the floor or wall.  Unless otherwise 
indicated on the drawings, each fixture shall be mounted at the height 
recommended by the manufacturer.  Where required to be in compliance with 
ADA, fixtures shall be mounted at the heights established by the Federal 
Government. 
 
Fixtures shall be sealed to the floor or wall with a sealant as specified in the 
Caulking section.  The color of sealant shall match the color of the fixture. 
 
Fixture traps shall be easily removable for servicing and cleaning.  Escutcheons 
shall be placed at all locations where fixture supply or drain piping penetrates 
walls, floors, or ceilings. 
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Drop-ear elbows shall be used whenever possible.  All water supply piping shall 
be cleaned and flushed before the plumbing fixtures are installed. 
 
Shutoff valves located in the tempered water (TW) supply piping to safety fixtures 
and shutoff valves in the potable water branch piping to the TW system shall be 
provided with tags bearing the legend ”WARNING: DO NOT CLOSE VALVE 
WITHOUT AUTHORIZATION".    The tags shall have an orange background and 
black lettering not less than 1/2 inch in height.  Other features of the tags shall be 
as indicated in the Mechanical Identification paragraph. 
 
3-3.04.  Plumbing Equipment. Plumbing equipment shall be installed in 
accordance with the manufacturer's recommendations.  Adequate clearance 
shall be provided for access to all components which may require adjustment, 
servicing, or replacement. 
 
Water heaters shall be installed in accordance with AGA, NSF, NFPA, and UL 
requirements.  Storage type water heaters shall be cleaned and flushed before 
being connected to the potable water system.  Water heater relief valves shall be 
piped to the nearest drain or as indicated on the drawings, and shall terminate 
the appropriate air gap distance above the drain.  Unless otherwise indicated, 
water heater thermostats shall be set such that the maximum water temperature 
does not exceed 140 oF [60 oC]. 
 
3-4.  FIELD QUALITY CONTROL.

3-4.01.  Installation Check. An installation check by an authorized representative 
of the manufacturer of equipment specified herein is not required. 
 
3-4.02.  Startup and Testing. Field performance tests shall be conducted to 
demonstrate that each system is functioning as specified and to the satisfaction 
of City. 
 
If inspection or tests indicate defects, the defective work or material shall be 
replaced, and inspection and tests repeated.  All repairs to piping shall be made 
with new materials.  Caulking of threaded joints or holes will not be acceptable. 
 
3-5.  ADJUSTING. All devices shall be adjusted for proper flow and quiet 
operation.  Faucet and supply assemblies shall be adjusted or repaired to 
eliminate leaks.  All drains shall be checked for proper operation. 
 
3-6.  PROTECTION. Plumbing fixtures, equipment and appurtenances shall be 
protected from damage immediately after installation.  Plumbing fixtures shall not 
be used during the construction. 
 
3-7.  CLEANING. After completion of testing and immediately before the final 
inspection, plumbing fixtures, equipment, piping, and appurtenances shall be 
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thoroughly cleaned.  Cleaning materials and methods shall be as recommended 
by the manufacturer.   
 
Any stoppage, discoloration, or other damage to parts of the building, its finish, or 
furnishings shall be repaired at no additional cost to City. 
 
3-8.  DISINFECTION. Before the potable water system is placed in operation, it 
shall be disinfected in accordance with the requirements of the local authority 
having jurisdiction.  In the absence of local requirements, the following 
disinfection method shall be used: 
 

1. The system shall be purged with clean potable water until all dirt and 
other substances are flushed from the system. 

2. The system shall be filled with a water/chlorine solution containing at 
least 50 parts per million [50 mg/L] of available chlorine and allowed 
to stand for 24 hours; or the system shall be filled with a 
water/chlorine solution containing at least 200 parts per million 
[200 mg/L] of available chlorine and allowed to stand for 3 hours. 

3. The system shall be purged with clean potable water until the chlorine 
is flushed from the system. 

4. The procedure shall be repeated if a bacterial examination indicates 
that contamination remains present in the system. 

 
3-9.  OPERATOR INSTRUCTION AND TRAINING. Not used.
 

End of Section 
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Section 15500 
 

HEATING, VENTILATING, AND AIR CONDITIONING 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing and installation of heating, 
ventilating, and air conditioning (HVAC) equipment, devices, and appurtenances 
associated with the HVAC systems. 
 
Piping, pipe supports, valves, and accessories which are not an integral part of 
the equipment or are not specified herein are covered in other sections. 
 
1-2.  GENERAL. Equipment furnished and installed under this section shall be 
fabricated, assembled, erected, and placed in proper operating condition in full 
conformity with the drawings, specifications, engineering data, instructions, and 
recommendations of the equipment manufacturer unless exceptions are noted by 
City. 
 
1-2.01.  Coordination. Contractor shall verify that each component of the system 
is compatible with all other parts of the system; that all piping, ductwork, 
materials, fans, and motor sizes are appropriate; and that all devices necessary 
for a properly functioning system have been provided. 
 
Where two or more units of the same class of equipment are needed, they shall 
be the product of a single manufacturer; however, all the component parts of the 
system need not be the products of one manufacturer. 
 
Where several manufacturers' names have been listed in this section as possible 
suppliers, only the products of the first manufacturer listed have been checked 
for size, functions, and features. 
 
1-2.02.  General Equipment Stipulations. The General Equipment Stipulations 
shall apply to all equipment and materials furnished under this section.  If 
requirements in this specification differ from those in the General Equipment 
Stipulations, the requirements specified herein shall take precedence. 
 
1-2.03.  Governing Standards. Except as modified or supplemented herein, all 
work covered by this section shall be performed in accordance with all applicable 
municipal codes and ordinances, laws, and regulations.  In case of a conflict 
between this section and any state law or local ordinance, the latter shall govern. 
 
All work shall comply with UL safety requirements. 
 



Milwaukee Water Works, R-163 15500 Print Date 2/24/2010 
Riverside Backup Power Generation -2-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 1.4 7/11/2006 
 

1-2.04.  Power Supply. Power supply to equipment with motors shall be as 
indicated in schedules on the drawings.  Power supply for controls shall be 
120 volts, 60 Hz, single phase unless otherwise required for a properly operating 
system. 
 
1-2.05.  Metal Thickness. Metal thickness and gages specified herein are 
minimum requirements.  Gages refer to US Standard gage. 
 
1-2.06.  Mechanical Identification. Mechanical identification shall conform to the 
requirements of the Basic Mechanical Building Systems Materials and Methods 
section. 
 
1-3.  SUBMITTALS.

1-3.01.  Drawings and Data. Complete assembly and installation drawings, and 
wiring and schematic diagrams, together with detailed specifications and data 
covering materials, parts, devices, and accessories forming a part of the 
equipment furnished, shall be submitted in accordance with the Submittals 
section.  Device tag numbers indicated on the drawings shall be referenced on 
the wiring and schematic diagrams where applicable.  The data and 
specifications for each unit shall include, but shall not be limited to, the following: 
 

Fans
Name of manufacturer. 

 Type and model. 
 Construction materials, thickness, and finishes. 
 Overall dimensions and required clearances. 
 Net weight and load distribution. 
 Performance curves with the specified operating point clearly identified for 

each unit, type, and model, with capacity in cubic feet per minute [m3/s] 
as the abscissa and brake horsepower, static pressure, and efficiency 
as the ordinate.  The fan curves shall include a family of curves for at 
least 3 different rotative speeds on a single chart. 

 Certified AMCA standard test code sound power output data for the fan 
outlet and casing when operating at the specified volume flow rate.  
Sound data shall list dB re 10-12 watts in each octave band, with 
midrange frequencies starting at 63 Hz and ending at 8,000 Hz. 

 Where specified, information on equipment manufacturers’ 
representatives. 

Equipment (not specifically listed)
Name of manufacturer. 

 Type and model. 
 Construction materials, thickness, and finishes. 
 Manufacturer's performance data. 
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Overall dimensions and required clearances. 
 Net weight and load distribution. 
 Wiring diagrams. 
 
Sheet Metal Ductwork

Sheet metal duct fabrication drawings indicating dimensions of individual 
shop and field fabricated sections, top and/or bottom duct elevations, 
joint locations, and dimensions of duct from walls or column rows. 

 Pressure and seal classifications. 
 Reinforcement types and spacing. 
 Joint and seam types. 
 Hanger and support types, spacing, and attachment methods. 
 Access panel and door construction, sizes, and locations. 

 Duct sealant, adhesive, gasket, and tape information.  
Ductwork materials and thicknesses. 
Product data demonstrating compliance with ASHRAE 62.1 

 
Temperature Controls

Published descriptive data on each item of equipment and accessories, 
indicating all specific characteristics and options and identified with the 
designation used herein and on the drawings. 

Schematic control diagrams giving specific data on all settings, ranges, 
actions, adjustments, and normal positions.  Although schematic, these 
diagrams shall, as closely as possible, represent the actual system with 
all significant equipment and devices identified and located relative to 
each other.  These diagrams shall also show detailed multiline wiring 
with all terminals accurately identified.  The wiring diagrams shall show 
the internal connections of the temperature control panels and all field 
wiring to equipment remote from the control panels, including wiring to 
City-furnished equipment.  The wiring diagrams shall be complete, 
showing all connections necessary to place the temperature control 
systems in operation.  Wiring diagrams shall be detailed to the degree 
necessary for field construction and shall include all related wiring. 

Sequence of operation for each system corresponding to the control 
schematics. 

Space thermostat schedule indicating the types of covers and means of 
adjustment for each space. 

Conduit and wire types. 
Where specified, information on equipment manufacturers’ 

representatives. 
 
1-3.02.  Operation and Maintenance Data and Manuals. Adequate operation and 
maintenance information shall be supplied as required in the Contract Closeout 
and Submittals sections.  Operation and maintenance manuals shall be 
submitted in accordance with the Contract Closeout and Submittals sections.  
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The operation and maintenance manuals shall be in addition to any instructions 
or parts lists packed with or attached to the equipment when delivered. 
 
In addition to the requirements of the Contract Closeout and Submittals sections, 
the operation and maintenance manuals shall include a listing of all filter 
locations, types, sizes, and quantities associated with each piece of equipment. 
 
1-4.  QUALITY ASSURANCE. Quality assurance shall comply with the 
requirements of the Basic Mechanical Building Systems Materials and Methods 
section. 
 
1-5.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and Storage shall be in accordance with the 
Handling and Storage section. 
 
1-6.  EXTRA MATERIALS. Extra materials shall be furnished for the equipment 
as specified in the individual equipment paragraphs. 
 
Extra materials shall be packaged in accordance with the Shipping section, with 
labels indicating the contents of each package.  Each label shall indicate 
manufacturer's name, equipment name, equipment designation, part 
nomenclature, part number, address of nearest distributor, and current list price.  
Extra materials shall be delivered to City as directed. 
 
Extra materials subject to deterioration such as ferrous metal items and electrical 
components shall be properly protected by lubricants or desiccants and 
encapsulated in hermetically sealed plastic wrapping. 
 

PART 2 - PRODUCTS

2-1.  SERVICE CONDITIONS. All equipment shall be designed and selected to 
meet the specified conditions. 
 
2-2.  PERFORMANCE AND DESIGN REQUIREMENTS. Equipment and coil 
capacities shall be as indicated on the schedules.  Where equipment is provided 
with protective coatings, unit capacities shall be corrected to account for any 
efficiency losses from the selected protective coating. 
 
Each fan's operating selection point on the fan curves shall be selected to the 
right of the peak pressure/efficiency point and below the lowest point along the 
fan curve to the left of the peak pressure/efficiency point. 
 
2-2.01.  Dimensional Restrictions. Layout dimensions will vary between 
manufacturers and the layout area indicated on the drawings is based on typical 
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values of the first manufacturer listed.  Contractor shall review the contract 
drawings, the manufacturer’s layout drawings, and installation requirements and 
shall make any modifications required for proper installation subject to 
acceptance by City.  At least 3 feet [0.9 m] of clear access space shall be 
provided on all sides of the unit unless otherwise indicated. 
 
2-2.02.  Elevation. Equipment shall be designed to operate at the elevation as 
indicated on the drawings. 
 
2-3.  ACCEPTABLE MANUFACTURERS. Acceptable manufacturers shall be as 
listed in the respective product description paragraphs. 
 
2-4.  MATERIALS.

2-4.01.  Gas Vent Systems. Not used. 
 
2-4.02.  Packaged Air Handling Units. Not used. 

2-4.03.  Furnaces. Not used. 

2-4.04.  Makeup Air Units. Not used. 

2-4.05.  Heaters. Heaters of the types, sizes, and capacities specified herein 
shall be furnished and installed where indicated on the drawings.  All heaters 
shall be complete with controls and accessories required for satisfactory 
operation.  Heaters shall be UL listed unless otherwise indicated. 
 
2-4.05.01.  Electric Duct Heaters. Not used. 

2-4.05.02.  Electric Unit Heaters. Electric unit heaters, denoted by the symbol 
"RS-H-UH" and an identifying number, shall have the capacity indicated in the 
schedules on the drawings. 
 

a. Electric Unit Heaters (heavy-duty). Electric unit heaters located in 
unclassified areas shall be Chromalox "LUH" or "VUH", or Brasch.  Each 
heater shall include a fan and motor assembly, a built-in contactor, safety 
disconnect switch, and a control transformer for 120 volt control, and shall 
be suitable for use with the power supply indicated in the heater schedule 
on the drawings.  Heater elements shall be steel plate, fin type, with 
elements brazed to common fins for maximum strength and heat transfer.  
Each unit heater fan motor shall be provided with automatic reset thermal 
overload protection.  Where shown on the drawings to be wall hung, a wall 
mounting bracket shall be provided. 
b. Electric Unit Heaters (explosionproof). Not used. 
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c. Electric Unit Heaters (corrosion resistant). Not used. 
 
2-4.05.03.  Gas Unit Heaters. Not used.  
 
2-4.05.04.  Wall Heaters. Not used. 
 
2-4.06.  Fans. Fans shall be rated in accordance with AMCA standards, shall be 
licensed to bear the AMCA Certified Rating Label unless otherwise indicated in 
the Fan Schedule on the drawings, and shall be UL listed. 
 
Each fan shall be complete with an electric motor, factory mounted safety 
disconnect switch with wiring to the motor, drive, and accessories required for 
satisfactory operation.  Belt-driven fans shall be complete with a V-belt drive 
designed for 50 percent overload capacity, sheaves, adjustable base or rails for 
belt tightening, and a belt guard.  Adjustable pitch sheaves shall be furnished for 
fans with less than 10 horsepower [7.5 kW] motors and fixed sheaves for 
10 horsepower [7.5 kW] and larger motors.  Adjustable sheaves shall be selected 
so that the fan speed at the specified conditions is at the mid-position of the 
sheave range.  Sheaves shall be replaced with sheaves of the proper size after 
the air system balancing if necessary, to provide the required fan speed for the 
specified airflow. 
 
Fan drive motors shall be as specified in the Electrical paragraph, unless 
otherwise indicated.  Fans shall be suitable for use with the power supply 
indicated on the drawings. 
 
The external static pressure values indicated in the schedules on the drawings 
are external to the complete unit.  Internal fan housing and when furnished, 
backdraft damper and filter losses are not included.  An allowance of 0.35 inch 
water column [0.087 kPa] shall be used for pleated filter losses. 
 
2-4.06.01.  Extra Materials.

Extra Materials Quantity
Sets of matched belts per fan 1 

 
2-4.06.02.  Cabinet Fans. Not used. 
 
2-4.06.03.  Duct Fans. Not used. 
 
2-4.06.04.  Power Roof Ventilators. Not used. 

2-4.06.05.  Propeller Fans. Propeller fans, denoted by the fan type "PF" in the 
Fan Schedule on the drawings, shall be Greenheck "Model S/SC” for direct drive 
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and “Model SB/SBC” for belt drive, Penn Ventilator, or Loren Cook.  
 
Propeller fans shall consist of a panel frame, wire guard, motor, fan blades, and a 
disconnect switch.  Fan blades shall be constructed of aluminum. Propeller fans 
shall be statically and dynamically balanced to ensure quiet, vibration-free 
operation, and be suitable for mounting as indicated. 
 
2-4.06.06.  Utility Fans. Not used. 

2-4.06.07.  Wall Fans. Not used. 

2-4.06.08.  Vaneaxial Fans. Vaneaxial fans, denoted by the fan type "VF" in the 
Fan Schedule on the drawings, shall be manufactured by Greenheck “Model 
VAB”, Penn Ventilator or Loren Cook.  Vaneaxial fans shall have heavy gage 
steel housings with straightening vanes and adjustable blades.  The fan housing 
shall be coated with a factory applied coating that exceeds 1,000 hour salt spray 
under ASTM B117 test method.  Fan blades and hub shall be constructed of 
aluminum.  Fans shall be belt driven and shall be supplied with a belt guard or 
motor cover to completely cover the motor, pulley and belt.  Fans shall be 
suitable for use with the power supply indicated in the schedules on the 
drawings.  The fans shall be furnished with inlet bells and outlet cones, inlet and 
outlet screens, and shall be suitable for suspended horizontal mounting, as 
indicated on the drawings.  Each fan shall have four support points connected to 
the fan housing for support and braced for rigidity.  Each fan shall be equipped 
with access doors for blade adjustment and spring vibration isolators  

2-4.07.  Roof Hoods. Not used. 

2-4.08.  Dampers.

2-4.08.01.  Backdraft Dampers. Not used. 
 
2-4.08.02.  Control Dampers. Control dampers shall be denoted by the symbol 
"CD" and an identifying number.  Dampers with an area larger than 25 square 
feet [2.3 m

2
] or with any blade dimension exceeding 48 inches [1200 mm] shall 

be built in sections.  All dampers shall be carefully inspected before and after 
installation, and any damper having poorly fitted blades, insufficient framed 
rigidity, or excessive clearance or backlash in moving parts will be rejected and 
shall be replaced with an acceptable unit.  The leakage rate shall not exceed 4 
cubic feet per minute per ft2 [20 L/s/m2] when tested at 1 in wc [0.25 kPa] for all 
sizes 24 inches [610 mm] wide and above. 
 
Two-position dampers shall have parallel operating blades.  Modulating dampers 
shall have opposed operating blades. 
 



Milwaukee Water Works, R-163 15500 Print Date 2/24/2010 
Riverside Backup Power Generation -8-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 1.4 7/11/2006 
 

Damper blades shall be installed on a steel shaft operating in synthetic bearings 
suitable for industrial service.  Dampers shall be close-fitting and shall be 
designed to offer minimum resistance to the airflow when in the fully open 
position.  Damper blade linkage shall be concealed in the frame. 
 

a. Duct Mounted Control Dampers. Not used. 
b. Wall Mounted Control Dampers. Control dampers mounted in 

walls behind louvers shall be Arrow United Industries "Type 
AFD-20" or Ruskin "CD-40".  Control damper frames shall be 
constructed of 4 by 1 inch [100 by 25 mm] 6063 T5 extruded 
aluminum.  Damper blades shall be constructed of 4 inch 
[100 mm] wide airfoil-shaped extruded aluminum. 

c. Round Control Dampers. Not used. 
 
2-4.08.03. Volume Control Dampers. Volume control dampers shall be 
denoted by the symbol "VCD". 
 
Aluminum volume control dampers in round ductwork shall be Arrow United 
Industries "Type 75", or Ruskin “Model CDRS25”.  Volume control dampers in 
rectangular ductwork shall be Arrow United Industries "Type OBDPL-507", or 
Ruskin “Model CD51”.  Round dampers shall be fabricated of aluminum, with a 
nominal 7 inch [178 mm] long, 0.080 inch [2 mm] thick frame, and a minimum 
0.080 inch [2 mm] thick circular blade.  Rectangular volume control dampers 
shall be fabricated with a 1 by 4 or 5 inch by 0.081 inch thick [25 by 100 or 
125 mm by 2 mm] extruded aluminum frame and opposed operating blades. 
Blades shall be of .125 inch [3 mm] thick aluminum with aluminum shafts and ball 
bearings. 
 
The dampers shall be provided with adjustment quadrants and locking devices 
so arranged that the position of the damper will be indicated and the damper will 
not move when locked. 
 
2-4.09.  Damper Operators. The damper operators shall be direct coupled or 
foot-mounted type.  Where foot-mounted type operators are used, each operator 
shall be complete with all necessary crank arms, ball joint connectors, push rods, 
linkages, and mounting brackets. 
 
Each operator shall have sufficient torque to operate the connected control 
damper area.  Each damper operator shall have at least a 50 inch-lb [5.6 N-m] 
normal running torque.  Where the required damper torque exceeds the damper 
operator running torque rating, multiple operators or operators with a greater 
running torque shall be furnished to produce the torque required to operate the 
damper.  Control dampers shall fail to the closed position unless otherwise 
indicated on the drawings. 
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Two-position direct coupled electric damper operators shall be Belimo "NF120-S" 
or “AF120-S”, Honeywell "MS4100 Series", or Johnson Controls.  Foot-mounted 
type electric damper operators shall be Honeywell "Model M4185", or Johnson 
Controls "Model M100".   
 
Damper operators shall be spring return and shall have one internal spdt 
auxiliary switch rated 5 amperes at 120 volts ac or the power supply available 
from the temperature control system furnished.  Where one damper is interlocked 
with multiple fans, an additional accessory external end switch shall be provided 
to enact the requirements of the Sequence of Operations.  Damper operators 
shall be suitable for operation on a 120 volt, 60 Hz, single phase power supply.  
Auxiliary transformers, where required, shall be factory wired to the damper 
operator and installed in a NEMA Type 1 enclosure fastened to the motor 
housing. 
 

a. Direct coupled two position electric damper operators shall be 
housed in a galvanized steel or aluminum case.  Operators shall 
use a "V" shaped bolt and cradle design to eliminate slippage on 
the damper shaft.  Single bolt or set screw type designs are not 
acceptable.  The operators shall be suitable for direct mounting to 
shafts up to 1 inch [25 mm] and shall be complete with mounting 
brackets and damper position indicator. 

b. Foot-mounted type two-position electric damper operators shall be 
housed in a die-cast aluminum case with a mounting flange.  Motor 
and gear train components shall be immersed in oil.  Damper 
operators shall have a 3/8 inch [9.5 mm] square, double-ended 
drive shaft. 

 
2-4.10.  Air Outlet and Inlet Devices. Air outlet and inlet devices shall be 
manufactured by Price, Tuttle & Bailey, or Titus.  Air outlet and inlet devices shall 
be furnished and installed where indicated on the drawings. 
 
2-4.10.01.  Ceiling Diffusers. Not used. 
 
2-4.10.02.  Registers and Grilles. Registers and grilles shall be constructed of 
aluminum or steel as indicated in the schedules on the drawings. The front 
blades of adjustable blade models shall be parallel to the short dimension unless 
otherwise indicated, and the front blades of fixed blade models shall be 
horizontal unless otherwise indicated.  All registers shall be furnished with key-
operated opposed blade dampers.  The dampers shall be constructed of the 
same material as the attached grille. 
 
2-4.11.  Flexible Connections. Flexible connections located indoors shall be 
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Ventfabrics "Ventglas".  Flexible connections installed outdoors or exposed to 
sunlight or weather shall be Ventfabrics "Ventlon". 
 
Ductwork connections to the air handling equipment, and where indicated on the 
drawings, shall be made using fabric connectors with sheet metal collars.  The 
fabric shall be fire resistant, waterproof, mildew-resistant, and airtight.  At least 
3 inches [76 mm] of fabric shall be exposed.  Flexible connections shall be in 
accordance with the requirements of UL and NFPA. 
 
Fabric for flexible connections protected from sunlight and the weather shall be 
suitable for a temperature range of -20 to 180°F [-29 to 82°C] and shall weigh at 
least 27 ounces per square yard [915 g/m

2
]. 

 
Fabric for flexible connections exposed to sunlight or the weather shall be 
suitable for a temperature range of -10 to 250°F [-23 to 121°C] and shall weigh at 
least 24 ounces per square yard [814 g/m

2
]. 

 
2-4.12.  Air Filtration Equipment.

2-4.12.01.  Pleated Air Filters. Pleated air filters shall be American Air Filter 
"AM-AIR 300X" or Farr "30/30".  Filters shall be disposable type, high-loft blend 
of cotton and synthetic fiber pleated media.  The media shall be rated as Class 1 
or Class 2 in accordance with UL 900.  A metal support grid shall be bonded to 
the media.  The filter frame shall be constructed of rigid, high-strength, moisture-
resistant beverage board.  The pleated media pack shall be bonded to the inside 
of the frame.  All filters shall have a minimum efficiency reporting value (MERV) 
based on the ASHRAE 52.2 guidelines of at least MERV 6. 
 
Two  inch [50 mm] pleated air filters shall have at least 12 pleats per linear foot 
[0.3 m] and at least 4.2 square feet of media per square foot of filter area. 
[4.2 square meters per square meter].  Two inch [50 mm] filters shall have a 
maximum initial resistance of 0.13 inch wc at 300 feet per minute [0.03 kPa at 
1.5 m/s]. 

2-4.13.  Draft Gauges. Not used. 

2-4.14.  Sheet Metal Ductwork. Ductwork, accessories, bracing, and supports 
shall be constructed of galvanized steel.  Where more than one material is 
indicated, ductwork, accessories, bracing, and supports shall be constructed of 
galvanized steel unless otherwise indicated on the drawings.  Ductwork, turning 
vanes, and other accessories shall be fabricated in accordance with the latest 
SMACNA HVAC Duct Construction Standards unless otherwise indicated.  
Accessories, bracing, and supports shall be constructed of similar materials as 
the ductwork. 
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Galvanized ductwork located in air conditioned spaces shall be constructed of 
G-60 or better lockforming quality in accordance with ASTM A653.  All other 
galvanized ductwork shall be constructed of G-90 or better galvanized steel.  All 
welds on galvanized metal shall be cleaned and coated with a zinc-rich paint. 
 
Plenums shall be constructed of reinforced 16 gage [1.52 mm] thickness 
galvanized sheet metal. 
 
Sheet metal fan boxes shall be fabricated with 12 gage [2.66 mm] thickness 
galvanized sheet metal skin and structural steel framing of sufficient strength to 
support the fan box and the fan mounted on the box.  Drawings of the fan boxes 
shall be submitted in accordance with the Submittals section. 
 
Sealants shall be suitable for the duct service and shall maintain leakage integrity 
at pressures in excess of the ductwork pressure classification. 
 
2-4.15.  Duct Insulation. Interior duct liner shall be Knauf "Duct Liner E M", 
CertainTeed "ToughGard R", or Johns Manville "Permacote-Linacoustic". 
 
Interior duct liner shall be 1-1/2 pound per cubic foot [24 kg/m

3
] density, spray 

coated duct liner with an "R" value of at least 4.2 ft
2

hr F/BTU [0.74 m
2
°C/W] per 

inch [25 mm] thickness.  The insulation shall be suitable for temperatures up to 
250°F [121°C] and shall have at least a 0.55 NRC per 1 inch [25 mm] thickness.  
The insulation shall conform to ASTM C1071.  The insulation surface shall be 
resistant to microbial growth in accordance with UL 181, ASTM C1338, or 
comparable test method and shall be cleanable in accordance with NAIMA 
recommended practices. 
 
2-4.16.  Flexible Duct and Takeoffs. Not used. 

2-4.17.  Access Doors. Access doors shall be fabricated in accordance with the 
latest SMACNA HVAC Duct Construction Standards.  Access doors shall be 
double skin insulated type for insulated ductwork and single skin type for 
noninsulated ductwork.  Insulated doors shall be insulated with the same 
thickness insulation as the duct in which it is installed.  Duct-mounted access 
doors and panels shall be fabricated of the same material as the ductwork, with 
sealing gaskets and quick-fastening locking devices.  Where access doors are 
insulated, a sheet metal cover shall be installed over the insulation. 

2-4.18.  Temperature Controls. The temperature control components and 
systems shall be manufactured by Honeywell; Johnson Controls; or Siemens 
Building Technologies, Landis Division.  Where manufacturers are not specified, 
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materials and equipment furnished shall meet the performance and design 
requirements indicated. 
 
2-4.18.01.  Performance and Design Requirements. Contractor shall coordinate 
with the Work to make certain that the field wiring associated with the work of this 
section is completed in accordance with the requirements of the heating, 
ventilating, and air conditioning equipment furnished and their interconnection.  
Where cable and conduit is not indicated on the drawings but is needed for a 
complete and functional control system in accordance with the sequence of 
operation it shall be provided as specified herein.  The control wiring shall be 
installed so that all HVAC equipment will function as described in the HVAC 
sequence of operation. 
 
Conduit and control wiring for all control circuits needed between all field 
mounted HVAC controlling and indicating devices, such as, but not limited to, 
damper actuators, thermostats, temperature control panels, pressure differential 
switches, control switches, motor starters, and the HVAC equipment, shall be 
furnished and installed as specified in the Electrical Wiring paragraph.  Cable and 
conduit for all HVAC power circuits shall be as specified in the Electrical section. 
 
2-4.18.02.  Tolerances. Unless otherwise indicated, the controls shall maintain 
space temperatures within ±2°F [1.1°C], and the relative humidity within 
±5 percent of the setpoint. 
 
2-4.18.03.  Thermostats. Where indicated on the drawings, thermostats shall be 
constructed of materials resistant to or shall be protected from the corrosive 
atmosphere indicated.  Thermostats specified in the individual equipment 
paragraphs shall be provided with the respective equipment. 
 

a. Two Position Wall Mounted Thermostats. Two position wall 
mounted thermostats shall be Honeywell "T631A Airswitch", Penn 
Controls "A19BAC-1", or Siemens Building Technologies. 
Two position wall mounted thermostats shall be line voltage type.  
The thermostats shall have a range of approximately 35°F to 100°F 
[2°C to 38°C] with a nonadjustable differential of 3.5°F [2°C].  The 
thermostats shall have a spdt switch rated for 1 horsepower [0.746 
kW]. 

b. Low Limit Thermostats. Not used. 
c. Modulating Duct Mounted Thermostats. Not used. 
d. Explosion-proof Thermostats. Not used. 

 
2-4.18.04.  Temperature Control Panels. Not used. 
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2-4.18.05.  Dial Thermometers. Not used. 
 
2-4.18.06.  Smoke Detectors. Not used. 
 
2-4.18.07.  Pressure Differential Airflow Switches. Not used. 
 
2-4.18.08.  Control Stations. Not used. 
 
2-4.18.09.  Emergency Ventilation Shutoff Switches. Not used. 
 
2-4.18.10.  Accessory Components. All additional control components, including, 
but not limited to, electric relays, temperature sensors and transmitters, humidity 
sensors and transmitters, controllers, and position switches, shall be furnished 
where necessary to ensure a complete, properly operating installation.  All 
components shall be products of the temperature control manufacturer.  
Accessory components not mounted inside the temperature control panels shall 
be furnished with equipment enclosures.  Relays shall be provided with 120 volt 
coils and at least 10 ampere contacts. 
 
2-4.18.11.  Electrical Wiring. Detailed wiring diagrams shall be submitted in 
accordance with the Submittals section.  The wiring diagrams shall show the 
internal connections of the control panels and all field wiring to equipment remote 
from the control panels including wiring to City-furnished equipment.  The wiring 
diagrams shall be complete, showing all connections necessary to place the 
temperature control systems in operation. 
 
Control wiring shall be in accordance with the National Electric Code (NEC).  
Cable shall be multi-conductor, at least 18 AWG size, specifically designed for 
industrial systems and UL listed for indoor/outdoor installations. 
 
Conduit for all HVAC control circuits in exposed indoor locations shall be rigid 
steel or intermediate metal, except in areas designated on the electrical drawings 
as Area Type 1A.  Exposed conduit shall be rigidly supported by hot-dip 
galvanized hardware and framing materials, including nuts and bolts.  In areas 
designated Type 1A, exposed conduit shall be rigid Schedule 40 PVC non-
metallic conduit with PVC fittings, boxes, and accessories.  Conduit installed in 
floor slabs and walls in non-hazardous (classified) locations shall be rigid 
Schedule 40 PVC.  All conduit and conduit installation shall be in accordance 
with the requirements of the Electrical section and NEC. 
 
2-5.  ELECTRICAL. Electric motors and motor controls shall conform to the 
Basic Mechanical Building Systems Materials and Methods section.  Motor 
starters and controls shall be furnished and installed under the Electrical section, 
except for equipment specified or furnished with prewired integral starters.  
Disconnects for equipment shall be furnished and installed under the Electrical 
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section, except where specified with integral disconnects.  All electrical controls 
shall have enclosures suitable for the environment and NEMA rating as indicated 
on the electrical drawings.  Equipment installed outdoors shall have NEMA Type 
4 enclosures. 
 
2-6.  DRIVE UNITS. Electric motors, V-belt drives, and safety guards shall be in 
accordance with the requirements of the Basic Mechanical Building Systems 
Materials and Methods section. 
 
2-7.  MANUFACTURE AND FABRICATION. Manufacture and fabrication shall 
comply with the requirements of the Basic Mechanical Systems Materials and 
Methods section. 
 
2-8.  SHOP TESTING. The equipment furnished under this section shall be 
tested at the factory according to the standard practice of the manufacturer.  
Ratings shall be based on tests made in accordance with applicable AMCA, 
ASHRAE, ARI, NBS, NFPA, and UL Standards. 
 
2-9.  BALANCE. All rotating parts shall be accurately machined and shall be in 
as nearly perfect rotational balance as practicable.  Excessive vibration shall be 
sufficient course for rejection of the equipment.  The mass of the unit and its 
distribution shall be such that the resonance at normal operating speeds is 
avoided.  In any case, the maximum measured root-mean-square (rms) value as 
measured at any point on the equipment shall not exceed those listed in the 
latest ASHRAE Applications Handbook. 
 
At any operating speed, the ratio of rotative speed to the critical speed of a unit 
or components thereof shall be less than 0.8 or more than 1.3. 
 

PART 3 - EXECUTION

3-1.  INSPECTION. Equipment installed in facilities with limited access shall be 
suitable for being installed through available openings.  Contractor shall field 
verify existing opening dimensions and other provisions for installation prior to 
submittal of bids. 
 
Where penetrations through existing concrete slabs are made, the Contractor 
shall locate and avoid damage to all rebar, embedded conduit, etc. when making 
new openings. 
 
3-2.  PREPARATION.



Milwaukee Water Works, R-163 15500 Print Date 2/24/2010 
Riverside Backup Power Generation -15-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 1.4 7/11/2006 
 

3-2.01.  Field Measurement. Contractor shall be responsible for verifying all field 
dimensions, and for verifying location of all equipment relative to any existing 
equipment or structures. 
 
3-2.02.  Surface Preparation. All surfaces to be field painted shall be dry and 
free of dirt, dust, sand, grit, mud, oil, grease, rust, loose mill scale, or other 
objectionable substances, and shall meet the recommendations of the paint 
manufacturer for surface preparation.  Cleaning and painting operations shall be 
performed in a manner which will protect freshly painted surfaces from dust or 
other contaminants.  Oil and grease shall be completely removed by use of 
solvents or detergents before mechanical cleaning is started.  The gloss of 
previously painted surfaces shall be dulled if necessary for proper adhesion of 
top coats. 
 
Surface finish damaged during installation shall be repaired to the satisfaction of 
City.  Field painting shall be as specified in the Architectural Painting sections. 
 
3-3.  INSTALLATION. Equipment and materials furnished under this section 
shall be installed in proper operating condition in full conformity with the 
drawings, specifications, engineering data, instructions, and recommendations of 
the equipment manufacturer, unless exceptions are noted by City. 
 
Gas fired equipment furnished with pressure regulators that require a vent shall 
have an independent vent routed to outside.  The vent shall be designed to 
prevent the entry of water or foreign objects. 
 
The space beneath baseplates shall be grouted as specified in the equipment 
Grout section. 
 
During construction, control measures as outlined in SMACNA IAQ Guidelines 
for Occupied Buildings under Construction shall be applied before the operation 
of any fan system. 
 
3-3.01.  Gas Vents. Not used. 
 
3-3.02.  Packaged Air Handling Units. Not used. 

3-3.03.  Furnaces. Not used. 

3-3.04.  Makeup Air Units. Not used. 

3-3.05.  Heaters. The bottom elevation of unit heaters shall be 8 feet [2.4 m] 
above finished floor unless otherwise indicated. 
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3-3.06.  Fans. Where indicated on the drawings, flexible connections shall be 
installed between fan inlet and outlet sheet metal connections.  Flexible 
connections shall not be in tension when the fans are operating.  Where fan 
inlets and outlets are exposed, safety screens shall be installed over the opening.  
Scroll drains for equipment installed indoors shall be piped to the nearest floor 
drain. 
 
3-3.07.  Roof Hoods. Not used. 
 
3-3.08.  Damper Operators. Damper operators shall be installed on a mounting 
bracket rigidly attached to the damper frame or duct.  Where the bracket attaches 
to the duct, suitable stiffeners shall be installed on the duct to prevent noticeable 
deflection of the duct when the damper operates.  Damper operators may be 
installed inside or outside the duct but consideration shall be given to the 
environment and duct dimensions in which the operators are installed.  Where 
the damper installation inside the duct may or actually prevents the design airflow 
from being achieved, the damper operator shall be installed outside the duct.  
Damper operators shall be readily accessible and access doors shall be provided 
when the operator is installed inside the duct. 

The number of operators furnished for each damper shall provide the torque 
necessary to operate the damper.  Unless otherwise indicated, control dampers 
shall fail to the closed position. 
 
3-3.09.  Air Outlet and Inlet Devices. Air outlet and inlet devices shall be installed 
level and plumb and in accordance with the manufacturer’s written instructions.   
 
3-3.10.  Draft Gauges. Not used. 
 
3-3.11.  Sheet Metal Ductwork. Ductwork, turning vanes, and other accessories 
shall be installed and supported in accordance with the latest SMACNA Duct 
Construction Standards unless otherwise indicated.  The locations, arrangement, 
and sizes of ductwork shall be as indicated on the drawings.  The duct sizes 
indicated are clear dimensions inside the duct or duct lining.  Sheet metal sizes 
are larger for ductwork with interior linings. 
 
Ductwork shall be fabricated, reinforced, supported, and sealed for the operating 
pressures indicated in the schedules for the connected equipment.  All ductwork 
shall have a pressure classification of at least 1 inch [25 mm]. 
Sheet metal ductwork shall be sealed according to the classifications described 
in the SMACNA HVAC Duct Construction Standards in accordance with the 
following: 
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Duct Type 
Supply 

Duct Location 
≤ 2 inches 

wc [0.5 kPa] 
> 2 inches 

wc [0.5 kPa] 

Exhaust Return 

Outdoors A A A A 
Unconditioned Areas B A B B 
Conditioned Spaces     
 (concealed ductwork) C B B C 
 (exposed ductwork) A A B B 

Sealing Levels 
 A - All transverse joints, longitudinal seams, and duct wall penetrations 
 B - All transverse joints and longitudinal seams 
 C - Transverse joints only 

All joints, seams, connections, and penetrations in ductwork located outdoors 
shall be sealed watertight and weatherproof.  Transverse joints shall be flanged 
and shall be provided with a continuous gasket and flange cap. 
 
Ductwork shall be supported as required by SMACNA.  Where ductwork is 
connected to equipment, it shall be independently supported with no weight 
bearing on the equipment and in such a manner that the equipment maybe 
removed for service without temporary support of the ductwork.  Ductwork shall 
be supported within 24 inches [600 mm] of each elbow and within 48 inches 
[1200 mm] of each branch intersection.  Strap or wire hangers shall not be used 
where the hanger length exceeds 5 feet [1.5 m]. 
 
Ductwork shall be constructed and installed in accordance with the drawings.  
When acceptable to City, modifications in the size and location of ductwork may 
be made where required to avoid interference with the building structure, piping 
systems, or electrical work.  The installation shall be coordinated with other 
phases of work to establish space and clearance requirements.  Unless 
otherwise indicated by a bottom of duct elevation, all ductwork shall be routed as 
high as possible, with a minimum height of 8 feet [2.4 m] above the finished floor.  
Ductwork installed above suspended ceilings shall be installed with at least 
8 inch [200 mm] lighting allowance between the ceiling and the bottom of the 
ductwork. 
 
In vertical ducts with a closed bottom which terminate less than 24 inches 
[600 mm] above finished floor, the bottom of the ductwork shall be broken and 
sloped to a 1/2 inch [12.5 mm] drain hole in the bottom of the duct. 
 
Turning vanes shall be installed in all elbows with 45 degree or greater angles.  
Vanes shall be double thickness or a minimum 4.5 inch [113 mm] radius type for 
vanes 30 inches [762 mm] and longer, where installed in ducts with velocity 
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greater than 2000 fpm [10 m/s], or where installed in ducts with a pressure 
classification greater than 2 inches wc [0.5 kPa].  Where 4.5 inch [113 mm] or 
double thickness type turning vanes are required, each vane shall be welded to 
the vane runner. 
 
3-3.12.  Duct Insulation. Insulation materials shall be installed in accordance with 
the manufacturer's written instructions and recommendations.  Surfaces which 
are to be insulated shall be cleaned and dried.  Insulation shall be kept clean and 
dry and shall not be removed from the factory container until it is installed.  
Packages or factory containers shall have the manufacturer's stamp or label 
bearing the name of the manufacturer and description of the contents. 
 
Insulation shall be terminated at items mounted in ductwork such as 
thermometers, controls, damper linkages, flexible connections, access doors, 
etc., to avoid interference with their function and/or replacement. 
 
The duct liner in the corners of the duct sections shall be folded and compressed 
or shall be cut and fit to ensure overlapping, butted edges.  Top and bottom 
pieces shall overlap the side pieces.  Longitudinal seams shall be made only at 
corners unless duct dimensions and standard liner product dimensions make 
seams necessary at other locations. 
 
The duct liner shall be held to the duct by a coat of waterproof, fire-retardant 
adhesive applied over the entire duct surface.  Where duct dimensions exceed 
8 inches [200 mm] on any side, mechanical fasteners shall be used in addition to 
the adhesive.  All exposed edges of the duct liner shall be tightly butted and 
coated with adhesive. 
 
The following ducts shall be insulated with interior duct liner unless indicated on 
the drawings to be wrapped or otherwise indicated: 
 

Location Ductwork
Insulation 
Thickness

Exterior a.  All ductwork 2 inches [50 mm] 

a.  Heating supply and 
return 

1 inch [25 mm] 

b.  Cooling supply and 
return 

1 inch [25 mm] 

c.  Heating and cooling 
supply and return 

1 inch [25 mm] 

Interior within 
conditioned 
space (heated 
or cooled) 

d.  Makeup air outside 
area served 

1 inch [25 mm] 
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e.  Outside air (including 
plenums) 

1.5 inches [37 mm]

a.  Heating supply and 
return 

1.5 inches [37 mm]

b.  Cooling supply and 
return 

1.5 inches [37 mm]

c.  Heating and cooling 
supply and return 

1.5 inches [37 mm]

d.  Makeup air outside 
area served 

1.5 inches [37 mm]

Interior within 
unconditioned 
space 

e.  Outside air (including 
plenums) 

2 inches [50 mm] 

Note:  Exhaust systems shall not be internally lined. 

3-3.13.  Flexible Duct and Takeoffs. Not used. 
 
3-3.14.  Access Doors. Airtight access doors shall be provided for inspection of 
all dampers, operators, filters, smoke detectors, duct-mounted coils, and at other 
locations indicated on the drawings.  The access doors shall be of a size suitable 
for the duct dimensions and at least 8 inches [200 mm] square for hand access, 
18 inches [450 mm] for shoulder access, or as indicated on the drawings.  Each 
access door shall be installed to open against the pressure in the duct. 
 

3-3.15.  Temperature Controls. Automatic temperature controls shall be 
furnished and installed as indicated on the drawings and as specified herein. 
 
Contractor shall be responsible for determining that all equipment supplied is 
suitable for installation in the space indicated on the drawings.  Control 
equipment shall be installed with adequate space for operating and maintenance 
access. 
 
3-3.15.01.  Temperature Control Panels. Not used. 
 
3-3.15.02.  Thermostats. Wall-mounted thermostats shall be mounted above the 
finished floors as indicated in the Electrical section.  Insulating spacers shall be 
provided for thermostats mounted on exterior building walls.  The spacers shall 
be installed between the thermostat and its mounting surface, so that the 
thermostat will not be affected by surface temperatures. 
 
Wall-mounted thermostats in non air-conditioned areas shall be furnished and 
installed with a cast aluminum or wire guard. 
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3-4.  FIELD QUALITY CONTROL.

3-4.01.  Installation Check. An installation check by an authorized representative 
of the manufacturer is not required for equipment specified in this section. 
 
3-4.02.  Startup and Testing. After the equipment and systems have been 
installed, adjusted, and balanced, tests shall be conducted to demonstrate that 
each system is functioning as specified and to the satisfaction of City.  Tests 
shall be as indicated in the Startup Requirements section. 
 
If inspection or tests indicate defects, the defective work or material shall be 
replaced, and inspection and tests repeated.  All repairs to piping shall be made 
with new materials.  Caulking of threaded joints or holes will not be acceptable. 
 
3-5.  CLEANING. At the completion of the testing, all equipment, pipes, 
ductwork, valves, and fittings shall be cleaned of grease, debris, metal cuttings, 
and sludge.  Any stoppage, discoloration, or other damage to parts of the 
building, its finish, or furnishings shall be repaired by Contractor at no additional 
cost to City. 
 

End of Section 
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Section 15650 
 

REFRIGERATION SYSTEMS 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the furnishing and installation of refrigerant 
piping and accessories, packaged air conditioning units, ductless split systems 
and appurtenances associated with the heating, ventilating, and air conditioning 
(HVAC) systems. 
 
Piping, pipe supports, valves, and accessories which are not an integral part of 
the equipment or are not specified herein are covered in other sections. 
 
1-2.  GENERAL. Equipment furnished and installed under this section shall be 
fabricated, assembled, erected, and placed in proper operating condition in full 
conformity with the drawings, specifications, engineering data, instructions, and 
recommendations of the equipment manufacturer unless exceptions are noted by 
City. 
 
1-2.01.  Coordination. Contractor shall verify that each component of the system 
is compatible with all other parts of the system; that all piping, ductwork, 
materials, fans, pumps, and motor sizes are appropriate; and that all devices 
necessary for a properly functioning system have been provided. 
 
Where two or more units of the same class of equipment are required, they shall 
be the product of a single manufacturer; however, all the component parts of the 
system need not be the products of one manufacturer. 
 
Where several manufacturers' names have been listed in this section as possible 
suppliers, only the products of the first manufacturer listed have been checked 
for size, functions, and features. 
 
1-2.02.  General Equipment Stipulations. The General Equipment Stipulations 
shall apply to all equipment and materials furnished under this section.  If
requirements in this specification differ from those in the General Equipment 
Stipulations, the requirements specified herein shall take precedence. 
 
1-2.03.  Governing Standards. Except as modified or supplemented herein, all 
work covered by this section shall be performed in accordance with all applicable 
municipal codes and ordinances, laws, and regulations.  In case of a conflict 
between this section and any state law or local ordinance, the latter shall govern. 
 
All work shall comply with UL safety requirements. 
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The refrigerant systems shall be constructed in accordance with ASHRAE 
Standard 15.  Refrigeration system equipment shall have a minimum efficiency of 
not less than specified in the latest edition of ASHRAE 90.1, unless otherwise 
indicated on the drawings. 
 
Capacity ratings for condensing units, heat pumps, packaged air conditioning 
units, and packaged heat pumps with capacities less than 135,000 BTUH 
[39 kW] shall be in accordance with ARI Standard 210/240.  For condensing 
units, heat pumps, packaged air conditioning units over 135,000 BTUH [39 kW] 
the capacity ratings shall be in accordance with ARI Standard 360.  Capacity 
ratings for packaged heat pumps with capacities over 135,000 BTUH [39 kW] 
shall be in accordance with ARI Standard 340. 
 
1-2.04.  Power Supply. Power supply to equipment with motors shall be as 
indicated in the schedules on the drawings.  Power supply for controls shall be 
120 volts, 60 Hz, single phase unless otherwise indicated or required for a 
properly operating system. 
 
1-2.05.  Metal Thickness. Metal thickness and gauges specified herein are 
minimum requirements.  Gauges refer to US Standard gauge. 
 
1-2.06.  Mechanical Identification. Mechanical identification shall conform to the 
requirements of the basic mechanical building systems materials and methods. 
 
1-3.  SUBMITTALS.

1-3.01.  Drawings and Data. Complete assembly and installation drawings, and 
wiring and schematic diagrams, together with detailed specifications and data 
covering materials, parts, devices, and accessories forming a part of the 
equipment furnished, shall be submitted in accordance with the Submittals 
section.  Device tag numbers indicated on the drawings shall be referenced on 
the wiring and schematic diagrams where applicable.  The data and 
specifications for each unit shall include, but shall not be limited to, the following: 
 

Refrigerant Piping
Schematic arrangement showing equipment, coils, piping sizes, valves, 

and accessories. 
A refrigerant piping schematic indicating refrigerant piping sizes and 

corresponding velocities, accessories, accessory pressure losses, and 
piping pitch and direction. 

Packaged Air Conditioning Units
Name of manufacturer. 
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Type and model. 
Construction materials, thickness, and finishes. 
Locations and sizes of field connections. 
Certified performance data and ratings. 
Capacity at specified conditions. 
Refrigerant type and charge. 
Overall dimensions and required clearances. 
Net weight and load distribution. 
Multiline wiring diagrams clearly indicating field installed and factory 

installed wiring with all terminals identified. 
Electrical requirements including voltage, number of phases, and 

amperage. 
Where specified, information on equipment manufacturers' representatives.

Ductless Split System Air Conditioners / Heat Pumps
Name of manufacturer. 
Type and model. 
Construction materials, thickness, and finishes. 
Location and sizes of field connections. 
Certified performance data and ratings. 
Capacity at specified conditions. 
Refrigerant type and charge. 
Overall dimensions and required clearances. 
Multiline wiring diagrams with field and factory wiring clearly identified and 

electrical requirements. 
Net weight and load distribution. 
Where specified, information on equipment manufacturers' representatives.

1-3.02.  Operation and Maintenance Data and Manuals. Adequate operation and 
maintenance information shall be supplied as required in the Contract Closeout 
and Submittals section.  Operation and maintenance manuals shall be submitted 
in accordance with the Contract Closeout and Submittals sections.  The 
operation and maintenance manuals shall be in addition to any instructions or 
parts lists packed with or attached to the equipment when delivered. 
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In addition to the requirements of the Contract Closeout and Submittals sections, 
the operation and maintenance manuals shall include a listing of all filter 
locations, types, sizes, and quantities associated with each piece of equipment. 
 
1-4.  QUALITY ASSURANCE. Quality assurance shall comply with the 
requirements of the Basic Mechanical Building Systems Materials and Methods 
section. 
 
1-5.  DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance 
with the Shipping section.  Handling and storage shall be in accordance with the 
Handling and Storage section. 
 
1-6.  EXTRA MATERIALS. Extra materials shall be furnished for the equipment 
as specified in the individual equipment paragraphs. 
 
Extra materials shall be packaged in accordance with the Shipping section, with 
labels indicating the contents of each package.  Each label shall indicate 
manufacturer's name, equipment name, equipment designation, part 
nomenclature, part number, address of nearest distributor, and current list price.  
Extra materials shall be delivered to City as directed. 
 
Extra materials subject to deterioration such as ferrous metal items and electrical 
components shall be properly protected by lubricants or desiccants and 
encapsulated in hermetically sealed plastic wrapping. 
 

PART 2 - PRODUCTS

2-1.  SERVICE CONDITIONS. All equipment shall be designed and selected to 
meet the specified conditions. 
 
2-2.  PERFORMANCE AND DESIGN REQUIREMENTS. Equipment and coil 
capacities shall be as indicated on the schedules.  Where equipment is provided 
with protective coatings, unit capacities shall be corrected to account for any 
efficiency losses from the selected protective coating. 
 
For equipment including fans, each fan's operating selection point on the fan 
curves shall be selected to the right of the peak pressure/efficiency point and 
below the lowest point along the fan curve, to the left of the peak 
pressure/efficiency point. 
 
2-2.01.  Dimensional Restrictions. Layout dimensions will vary between 
manufacturers and the layout area indicated on the drawings is based on typical 
values of the first manufacturer listed.  Contractor shall review the contract 
drawings, the manufacturer’s layout drawings, and installation requirements and 
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shall make any modifications required for proper installation subject to 
acceptance by City.  At least 3 feet [0.9 m] of clear access space shall be 
provided on all sides of the unit unless otherwise indicated. 
 
2-2.02.  Elevation. Equipment shall be designed to operate at the elevation as 
indicated on the drawings. 
 
2-3.  ACCEPTABLE MANUFACTURERS. Acceptable manufacturers shall be as 
listed in the respective product description paragraphs. 
 
2-4.  MATERIALS.

2-4.01.  Refrigerant Piping and Accessories. Refrigerant piping shall conform to 
the Copper Tubing and Accessories section.  Piping shall be supported as 
specified in the Pipe Supports section.  Refrigerant filter dryers, expansion 
valves, solenoid valves, combination sight glass and moisture indicators, 
charging valves, relief valves, and other accessories shall be furnished and 
installed as needed for proper operation of the system. 
 
2-5.  EQUIPMENT.

2-5.01.  Condensing Units/Heat Pumps. Not used. 

2-5.02.  Room Air Conditioner. Not used. 
 
2-5.03.  Packaged Air Conditioning Units. Packaged air conditioning units, 
denoted by the symbol "RS-H-AIR-01" shall be furnished and installed where 
indicated on the drawings.  Each unit shall be designed for outdoor installation on 
a full perimeter curb as indicated on the drawings.  The packaged air conditioning 
unit shall be manufactured by Trane, Carrier, McQuay, or York. 
 
2-5.03.01.  Extra Materials.

Extra Materials Quantity
Sets of air filters 2 

 
2-5.03.02.  Performance and Design Requirements. The units shall be 
completely factory assembled and tested, piped, internally wired, fully charged 
with  R-410A and compressor oil, and shipped in one piece.  The unit shall be 
designed for direct expansion cooling and configured for heating type indicated. 
The unit shall be suitable for the power supply and shall have the capacities 
indicated on the drawings.  Cooling capacities listed in the schedule are gross 
cooling capacity. 
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The refrigeration system shall be capable of satisfactory cooling operation at the 
maximum and minimum outdoor ambient air temperatures indicated on the 
drawings.  In addition, heat pumps shall be capable of satisfactory heating 
operation at the outdoor ambient temperature indicated on the drawings.  Where 
units need to operate in the cooling mode at a lower temperature than the factory 
standard as indicated in the schedules on the drawings, a low ambient kit shall 
be installed.  The low ambient kit shall be designed for ambient temperature of 
0°F [-18°C] consisting of a solid state controller to vary the speed of the outdoor 
fan motor in response to refrigerant condensing temperature. 
 
2-5.03.03.  Casing. The unit casing shall be of weatherproof design and shall be 
constructed of 20 gage [0.91 mm] or heavier zinc-coated steel. The casing shall 
be properly reinforced and braced for maximum rigidity. The casing shall be 
given a factory-applied coat of rust-inhibitive primer and shall be provided with 
the manufacturer's standard baked enamel finish.  Interior surfaces of exterior 
casing members in contact with the airstream shall have 1 inch [25 mm] thick, 
1 pound [454 kg] density, insulation coated on the air side.  Aluminum foil-faced 
glass fiber insulation shall be used in gas fired heating sections.  Hinged, 
insulated, neoprene gasketed access doors or removable panels shall be 
provided to permit easy inspection and maintenance.  Surfaces in contact with 
the airstream shall comply with the requirements of ASHRAE 62.1.  Removable 
insulated access panels shall have aluminum or steel covering on the interior to 
protect the insulation. The unit base shall be a one-piece, welded assembly with 
suitable roof curb sealing gasket and curb overhang for water runoff.  Drains 
shall be provided to accommodate outdoor coil runoff. 
 
2-5.03.04.  Indoor Coil Section. The indoor coil shall be multirow of seamless 
copper tubing mechanically bonded to heavy-duty aluminum fins.  The coil shall 
be factory leak tested underwater at 200 psig [1380 kPa gauge].  The coil shall 
be provided with expansion device or valve, filter-dryer, and moisture indicator.  
The indoor coil section shall have fully insulated, sloped drain pan extending 
under the entire coil section and extending sufficiently past the coil to capture 
and collect any condensate carryover that may be produced when the unit is 
operating within the specified operating conditions.  The drain pan construction 
shall comply with the requirements of ASHRAE 62.1. 

2-5.03.05.  Heating Sections. Not used.  

2-5.03.06.  Filters. Filters shall be mounted integral within the packaged air 
conditioning or heat pump unit and shall be 2 inches [50 mm] thick.  Hinged 
access doors shall be provided.  Filters shall conform to the requirements in the 
Heating, and Air Conditioning Systems section or Air Distribution Systems 
section. 
 
2-5.03.07.  Fans and Motors. The indoor supply fan shall be forward-curved, 
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multiblade, centrifugal type and shall be statically and dynamically balanced by 
the fan manufacturer.  The fan shall have die-formed, streamlined inlets and the 
scroll shall be constructed of steel with all seams sealed airtight.  The fan shall 
have steel shafts operating in self-aligning, grease lubricated ball bearings. 
 
Units 5 tons [17.5 kW] and smaller shall have direct or belt driven fans.  Where 
direct driven fans are used, the fan shall have multiple speeds to allow for airflow 
adjustment.  Units greater than 5 tons [17.5 kW] shall have V-belt drive with 
adjustable sheaves and shall be designed for 50 percent overload.  The supply 
fan motor shall conform to the requirements of the Electric Motors paragraph.  
Vibration isolators shall be provided for the fan assembly and motor assembly. 
 
Static pressure values indicated on the drawings are external to the complete 
unit.  Internal coil(s), dampers, filters and fan housing losses are not included.  A 
filter allowance of 0.35 inch water column [0.087 kPa] shall be used for 2 inch 
[50 mm] pleated filter losses. 
 
The outdoor fans shall be direct drive, vertical discharge, propeller type with 
aluminum blades.  Fan motors shall be weatherproof with permanently lubricated 
ball bearings and built-in thermal overload protection.  A corrosion resistant wire 
guard shall be installed over the fan opening. 
 
2-5.03.08.  Compressors. Compressors shall be of the reciprocating hermetic, 
semi-hermetic, or scroll type mounted on vibration isolators.  The compressor 
motor shall have temperature and current sensitive overload protection devices.  
Each packaged air conditioning or heat pump unit shall have a minimum number 
of capacity reduction steps as indicated in the schedules on the drawings. 
 
Reciprocating hermetic compressors shall be suction gas cooled with internal 
pressure relief for high pressure protection, high and low pressure cutout 
switches, temperature actuated crankcase heater, and automatic reset timer to 
prevent the compressor from rapid cycling. 
 
Reciprocating semi-hermetic compressors shall be suction gas cooled, internal 
pressure relief for high pressure protection, high and low pressure cutout 
switches, temperature actuated crankcase heater, oil level sight glass, and 
automatic reset timer to prevent the compressor from rapid cycling.  Capacity 
reduction shall be provided by automatic suction valve unloaders.  Each 
compressor shall start unloaded.  
 
Scroll compressors shall be suction gas cooled with high and low pressure cutout 
switches and automatic reset timer to prevent the compressor from rapid cycling.  
The compressor shall have radial and axial compliant scroll plates to allow the 
compressor to handle liquid slugging without damage to the compressor. 
 



Milwaukee Water Works, R-163 15650 Print Date 2/24/2010 
Riverside Backup Power Generation -8-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 1.4 7/11/2006 
 

2-5.03.09.  Refrigerant Circuit. The factory sealed refrigerant system shall 
consist of compressors, outdoor coils, indoor coils, expansion device, refrigerant 
dryer, reversing valves for heat pump units, accumulators, refrigerant piping, and 
a full operating charge of refrigerant.  Units with multiple stages shall have a 
separate refrigerant circuit for each stage where available as a manufacturer’s 
standard option.  Service gauge connections shall be furnished on the suction, 
discharge, and liquid lines.  Units with multiple compressors shall have multiple 
circuits with separate expansion device, refrigerant dryer, reversing valves for 
heat pump units, accumulators, compressor, and refrigerant charge.  All factory 
installed gauges, switches, and other devices connected to the refrigerant circuit 
shall have isolation valves. 
 
2-5.03.10.  Outdoor Coil. The outdoor coil shall be of the air-cooled integral 
finned tube type.  The coil shall be constructed of copper tubes with aluminum 
fins permanently and securely bonded to the tubes.  The coil shall be factory leak 
and pressure tested.  The coils shall be protected with hail guards. 
 
2-5.03.11.  Accessories. Where indicated on the drawings, the packaged unit 
shall be provided with an economizer to automatically utilize up to 100 percent of 
outside air for cooling.  The economizer shall modulate return and outside air 
dampers to maintain proper discharge temperature into the conditioned space.  
The dampers shall be equipped with automatic lockout when the outside air 
conditions are not suitable for proper cooling, and shall have adjustable minimum 
position control.  The damper motor shall be spring return and shall operate to 
close the outside damper during shutdown.  100 percent relief of the return air 
shall be provided.  The economizer shall be factory installed unless not available 
as a factory option.  Where not available as factory installed, a field installed 
economizer shall be furnished and installed including damper, hood, controls, 
and all appurtenances required for a complete installation. 
 
Packaged units shall be furnished with a roof mounting curb.  The curb shall be 
constructed of at least 16 gauge [1.52 mm] zinc-coated steel with nominal 2 by 
4 inch [50 by 100 mm] wood nailer strip and with supply and return air openings.  
The curb shall be a minimum of 24 inches [405 mm] high.  The curb shall be 
approved by the National Roofing Contractors Association. 
 
2-5.03.12.  Controls. Each packaged unit shall be completely factory wired with 
a single point power connection and factory installed integral disconnect switch.  
Where a factory installed integral disconnect switch is not available as a standard 
option, a disconnect switch for field installation on the unit shall be provided.  All 
wiring shall be installed in accordance with the National Electrical Code. 
 
Packaged units shall be provided with a factory wired control panel containing full 
voltage magnetic starters for compressor, outdoor fan, and indoor fan motors, 
and internal control power transformer. 
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Units with multiple compressors shall have a built-in time delay to prevent both 
compressors from starting simultaneously. 
 
All internal panel wiring shall be neatly run in gutters or bundles to terminal strips 
for connection of external wiring.  All wires and terminal strips shall be numbered 
or color coded in accordance with the wiring diagram.  All internal and external 
controls, gauges, lights, and switches shall be identified with nameplates.  A 
complete wiring diagram showing the compressor and fan starting circuits and 
the control circuit shall be furnished. 
 
Terminal blocks shall be factory wired to provide terminal points for permissive 
start for each stage of cooling or cooling and heating from a remotely located 
control panel or thermostat; terminal points to energize remote dirty filter, heating 
mode, cooling mode, and service indicating lights; and terminal points to de-
energize the unit upon detection of smoke. 
 
A thermostat for operation of the unit shall be furnished and installed as indicated 
and located where indicated on the drawings.  The thermostat shall be a 
programmable wall mounted type and shall be single or multistage as required by 
the controlled equipment, solid state programmable electronic type configurable 
for use with a conventional or heat pump system.  The thermostats shall have a 
setpoint range of approximately 45°F to 95°F [7°C to 35°C] with the following 
features: 

• 7 day programming with 2 occupied/unoccupied periods per day. 
• Automatic heat/cool changeover. 
• Battery backup. 
• Setback controls to automatically restart and temporarily operate system 

during setback periods. 
• Digital display. 
• Temporary override of setpoints. 
• 2 configurable LED's. 
• Where an economizer is used, the programmable thermostat shall be 

suitable for interfacing with the economizer control package. 
 
2-5.04.  Ductless Split Systems. Ductless split systems shall be furnished and 
installed where indicated on the drawings.  Each unit shall include an indoor wall 
mounted or in-ceiling cassette fan coil section and an indoor remote condensing 
unit or heat pump as indicated in the Schedules on the Drawings.  Each unit shall 
be fully charged with  R-410A and compressor oil.  A programmable thermostat 
shall be provided for control of each system. 
 
Ductless split systems shall be as manufactured by Carrier “Model 40MVC / 
38MVC” (wall mounted) or “Model 40KMQ/38QRF” (in-ceiling cassette), 
Friedrich, or equal. 
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2-5.04.01.  Fan Coil. Each fan coil unit, denoted by the symbol “RS-H-AH” and 
an identifying number, shall be of the ductless, indoor, direct expansion type.  
RS-H-AH-01 shall be a wall mounted type unit.  RS-H-AH-02 shall be an in-
ceiling cassette type unit.  Each fan coil unit shall consist of a fan, evaporator 
coil, air filter, return grille, supply louver, mounting harness, and drain pan.  RS-
H-AH-02 shall also be supplied with a power ventilation kit that is powered from 
the fan coil and an internal condensate pump. 
 
Fans shall be centrifugal type designed for quite operation.  Evaporator coils 
shall be copper tube with aluminum fins and galvanized steel tube sheets.  The 
fins shall be bonded to the tubes by mechanical expansion.  Air filters shall be of 
the cleanable type.  Each unit shall be provided with access doors for easy 
removal of the filters.  Each fan coil shall be provided with a mounting system 
and supports. 
 
The fan coil fan shall be suitable for the power supply indicated on the drawings. 
 
2-5.04.02.  Condensing Unit/Heat Pump. Each condensing unit denoted by the 
symbol RS-H-AIR-02 and each heat pump denoted by the symbol “RS-H-AIR-03” 
shall be factory assembled and suitable for indoor installation.   
 
Each condensing unit or heat pump shall have a galvanized steel cabinet that 
shall be bonderized and coated with a baked-enamel finish.  The housing shall 
have removable panels, weep holes, and mounting holes.  Compressors shall be 
high-efficiency, hermetically sealed reciprocating or scroll type with overload 
protection.  Condenser coils shall consist of louvered aluminum fins mechanically 
bonded to copper tubing.  Each unit shall be provided with resilient compressor 
vibration isolators to minimize noise.  Each fan shall have a TEFC motor. 
 
2-5.04.03.  Accessories. Each unit shall be provided with an electric 
programmable thermostat capable of controlling all unit functions.  The 
thermostat shall be automatic changeover type with integral sub-base. 
 
2-5.05.  Water Chillers. Not used. 

2-6.  ELECTRICAL. Electric motors and motor controls shall conform to the 
Basic Mechanical Building Systems Materials and Methods section.  Motor 
starters and controls shall be furnished and installed under the Electrical section, 
except for equipment specified or furnished with prewired integral starters.  
Disconnects for equipment shall be furnished and installed under the Electrical 
section, except where specified with disconnects.  All electrical controls shall 
have enclosures suitable for the environment and NEMA rating as indicated on 
the electrical drawings.  Equipment installed outdoors shall have NEMA Type 4 
enclosures. 
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2-7.  DRIVE UNITS. Electric motors, V-belt drives, and safety guards shall be in 
accordance with the requirements of the Basic Mechanical Building Systems 
Materials and Methods section. 
 
2-8.  MANUFACTURE AND FABRICATION. Manufacture and fabrication shall 
comply with the requirements of the Basic Mechanical Systems Materials and 
Methods section. 
 
2-9.  SHOP TESTING. The equipment furnished under this section shall be 
tested at the factory according to the standard practice of the manufacturer.  
Ratings shall be based on tests made in accordance with applicable AMCA, 
ASHRAE, ARI, NBS, NFPA, and UL Standards. 
 
2-10.  BALANCE. All rotating parts shall be accurately machined and shall be in 
as nearly perfect rotational balance as practicable.  Excessive vibration shall be 
sufficient cause for rejection of the equipment.  The mass of the unit and its 
distribution shall be such that the resonance at normal operating speeds is 
avoided.  In any case, the maximum measured root-mean-square (rms) value as 
measured at any point on the equipment shall not exceed those listed in the 
latest ASHRAE Applications Handbook. 
 
At any operating speed, the ratio of rotative speed to the critical speed of a unit 
or components thereof shall be less than 0.8 or more than 1.3. 
 

PART 3 - EXECUTION

3-1.  INSPECTION. Equipment installed in facilities with limited access shall be 
suitable for being installed through available openings.  Contractor shall field 
verify existing opening dimensions and other provisions for installation prior to 
submittal of bids. 
 
3-2.  PREPARATION.

3-2.01.  Field Measurement. Contractor shall be responsible for verifying all field 
dimensions, and for verifying location of all equipment relative to any existing 
equipment or structures. 
 
3-2.02.  Surface Preparation. All surfaces to be field painted shall be dry and 
free of dirt, dust, sand, grit, mud, oil, grease, rust, loose mill scale, or other 
objectionable substances, and shall meet the recommendations of the paint 
manufacturer for surface preparation.  Cleaning and painting operations shall be 
performed in a manner which will protect freshly painted surfaces from dust or 
other contaminants.  Oil and grease shall be completely removed by use of 
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solvents or detergents before mechanical cleaning is started.  The gloss of 
previously painted surfaces shall be dulled if necessary for proper adhesion of 
top coats. 
 
Surface finish damaged during installation shall be repaired to the satisfaction of 
City.  Field painting shall be as specified in the Protective Coatings section. 
 
3-3.  INSTALLATION. Equipment and materials furnished under this section 
shall be installed in proper operating condition in full conformity with the 
drawings, specifications, engineering data, instructions, and recommendations of 
the equipment manufacturer, unless exceptions are noted by City. 
 
The space beneath the baseplate shall be grouted as specified in the Grout 
section. 
 
3-3.01.  Valves. Valves shall be installed with their stems horizontal or vertical 
and above the valve body and with the applicable requirements of the valve 
sections. 
 
3-3.02.  Refrigerant Piping and Accessories. The refrigerant piping shall be sized 
and arranged in accordance with the manufacturer's recommendations.  Pipe 
routing and isolation shall be selected to minimize vibration and transmission of 
sound to the conditioned space.  The refrigerant piping system shall be provided 
with the necessary traps and risers for uniform return of oil to the compressor.  
The suction gas line shall be sized to produce a minimum load gas velocity of 
1,000 feet per minute [5 m/sec] in vertical risers with upward gas flow and 
500 feet per minute [2.5 m/s] in horizontal piping.  The full load pressure drop 
should not exceed 3 psi [20 kPa] or 2°F [1°C] change in saturated refrigerant 
temperature.  The maximum gas velocity shall not exceed 4,000 feet per minute 
[20 m/s].  The liquid lines shall be sized to limit the pressure loss to the 
equivalent of 2°F [1°C] of temperature change and a maximum liquid line velocity 
of 360 feet per minute [1.8 m/s]. A piping schematic indicating refrigerant piping 
sizes and corresponding velocities, accessories, accessory pressure losses, and 
piping pitch and direction shall be submitted in accordance with the Submittals 
section. 
 
3-3.03.  Condensing Units/Heat Pumps. Not used. 

3-3.04.  Packaged Air Conditioning Units. The packaged air conditioning units 
shall be installed in accordance with the manufacturer's installation instructions.  
Each unit shall be leveled and installed to maintain the manufacturer's 
recommended clearances.  The units shall be firmly anchored to the equipment 
curbs with corrosion resistant fasteners. 
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3-3.05.  Ductless Split Systems. Ductless split systems shall be installed in 
accordance with the manufacturer’s installation instructions.  Each unit shall be 
leveled and installed to maintain the recommended clearances. 
 
3-4.  FIELD QUALITY CONTROL.

3-4.01.  Installation Check. An installation check by an authorized representative 
of the manufacturer is not required for equipment specified in this section. 
 
3-4.02.  Startup and Testing. After the equipment and systems have been 
installed, adjusted, and balanced, tests shall be conducted to demonstrate that 
each system is functioning as specified and to the satisfaction of City.  Tests 
shall be as indicated in the Startup Requirements section. 
 
If inspection or tests indicate defects, the defective work or material shall be 
replaced, and inspection and tests repeated.  All repairs to piping shall be made 
with new materials.  Caulking of threaded joints or holes will not be acceptable 
 
3-4.03.  Operator Instruction and Training. Not used. 
 
3-5.  CLEANING. At the completion of the testing, all equipment, pipes, 
ductwork, valves, and fittings shall be cleaned of grease, debris, metal cuttings, 
and sludge.  Any stoppage, discoloration, or other damage to parts of the 
building, its finish, or furnishings shall be repaired by Contractor at no additional 
cost to City. 
 

End of Section 
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Section 15990 
 

TESTING, ADJUSTING, AND BALANCING 
 

PART 1 - GENERAL

1-1.  SCOPE. This section covers the cleaning, testing, adjusting, and balancing 
of the air system(s) associated with the heating, ventilating, and air conditioning 
(HVAC). 
 
1-2.  GENERAL. Equipment and systems shall be cleaned, tested, adjusted, and 
balanced in full conformity with the drawings, specifications, engineering data, 
instructions, and recommendations of the equipment manufacturer unless 
exceptions are noted by City. 
 
1-2.01.  Coordination. Contractor shall verify that all components and devices 
necessary for a properly functioning system have been provided.  Prior to 
cleaning, testing, adjusting, and balancing, Contractor shall verify that each 
system has been installed properly and is operating as specified.  Equipment 
bearings shall be lubricated in accordance with the manufacturer's 
recommendations. 
 
Air systems shall be complete and operating, with dampers, filters, ductwork, air 
outlet and inlet devices, duct mounted equipment, and control components. 
 
1-2.02.  Governing Standards. Except as modified or supplemented herein, all 
work covered by this section shall be performed in accordance with all applicable 
municipal codes and ordinances, laws, and regulations.  In case of a conflict 
between this section and any state law or local ordinance, the latter shall govern. 
 
All work shall comply with the latest edition of AABC, NEBB, or SMACNA 
standard manuals for testing, adjusting, and balancing of air systems. 
 
1-3.  SUBMITTALS.

1-3.01.  Drawings and Data. Complete apparatus report sheets for all air 
systems shall be accurately and completely filled out in accordance with the 
Standard's manual.  Copies of the final test readings and report sheets shall be 
submitted in accordance with the Submittals section.  A description of the 
standard procedures used during testing, adjusting, and balancing shall be 
included in the submittal.  The submittal shall include a reduced set of drawings, 
with the air outlet devices, air inlet devices, and equipment identified to 
correspond with the report sheets. 
 
The apparatus report sheets shall include the following information: 
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1.  Title Page: 
 a. Company name 
 b. Company address 
 c. Company telephone number 
 d. Project name 
 e. Project location 
 f. Project Engineer 
 g. Project Contractor 
 h. Project altitude 
 i. Date 
2.  Instrument List: 
 a. Instrument 
 b. Manufacturer 
 c. Model 
 d. Serial number 
 e. Range 
 f. Calibration date 
3.  Air Moving Equipment:   
 a . Unit number 
 b. Location 
 c. Manufacturer 
 d. Model and serial number 
 e. Airflow, design and actual 
 f. Total static pressure (total external), design and actual 
 g. Static pressure, inlet and discharge 
 h. Total pressure 
 i. Fan RPM, design and actual 
4.  Electric Motors: 
 a. Manufacturer 
 b. Motor type and frame 
 c. HP/BHP 
 d. Phase, voltage, amperage, nameplate, actual, no load. 
 e. RPM 
 f. Service factor 
 g. Starter size, rating, heater elements 
5.  V-Belt Drive:   

a.  Required driven RPM 
 b. Driven sheave make, diameter, and RPM 
 c. Belt make, size, and quantity 
 d. Motor sheave make, diameter, and RPM 
 e. Center to center distance, maximum, minimum, and actual 
6.  Return Air/Outside Air Data:   

a.  Unit number 
 b. System airflow, design and actual 
 c. Return airflow, design and actual 
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 d. Outside airflow, design and actual 
 e. Return air temperature 
 f. Outside air temperature 
 g. Mixed air temperature, design and actual 
 h. Outside/return air ratio, design and actual 
7.  Coil Data:   

a.  Unit number 
 b. Location 
 c. Service 
 d. Manufacturer 
 e. Fin spacing and rows 
 f. Face area 
 g. Airflow, design and actual 
 h. Air velocity, design and actual 
 i. Entering air DB temperature, design and actual 
 j. Entering air WB temperature, design and actual 
 k. Leaving air DB temperature, design and actual 
 l. Leaving air WB temperature, design and actual 
 m. Water flow, design and actual 
 n. Water pressure drop, design and actual 
 o. Entering water temperature, design and actual 
 p. Leaving water temperature, design and actual 
 q. Air pressure drop, design and actual 
8.  Duct Traverse:   
 a.  System zone/branch 
 b. Duct size 
 c. Area 
 d. Velocity, design and actual 
 e. Airflow, design and actual 
 f. Duct static pressure 
 g. Air temperature 
 h. Air correction factor 
9.  Outlet and Inlet Devices:   

a.  Air outlet and inlet device number 
 b. Room number/location 
 c. Air outlet and inlet device type 
 d. Air outlet and inlet device size 
 e. Area factor 
 f. Velocity, design, preliminary, and final 
 g. Air flow, design, preliminary, and final 
 h. Percent of design airflow 
10.  Sound Level Report:   

a.  Location 
 b. Octave bands - equipment off 
 c. Octave bands - equipment on 
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11.  Package Air Conditioning/Heat Pump Unit.   
a. Unit number 

 b. Location 
 c. Manufacturer and model 
 d. Refrigerant type and capacity 
 e. Airflow, design and actual 
 f. Return airflow, design and actual 
 g. Outside airflow, design and actual 
 h. Dry bulb temperature, entering and leaving 
 i. Wet bulb temperature, entering and leaving 
 j. Outside air temperature, dry and wet bulb 
12.  Air Terminal Unit Data:  Not used. 
13.  Electric Duct Heater: Not used. 
14.  Air Cooled Condenser/Heat Pump:   

a.  Unit number 
 b. Location 
 c. Manufacturer and model 
 d. Refrigerant type and capacity 
 e. Entering DB air temperature, design and actual 
 f. Leaving DB air temperature, design and actual 
 g. Number of compressors 
 h. Suction pressure and temperature 
 i. Condensing pressure and temperature 
15.  Chillers:  Not used. 
16.  Pump Data:  Not used. 
17.  Heat Exchanger:  Not used. 
18.  Combustion Test:  Not used. 

 
1-4.  QUALITY ASSURANCE. Contractor shall provide the services of a licensed 
independent contractor, certified by AABC, NEBB, or TABB and with proven 
experience on at least three similar projects, to perform operational testing, 
adjusting, and balancing of the air systems.  The work shall be performed in 
accordance with the latest edition of the procedural standards as published by 
the National Organization associated with the testing, adjusting, and balancing 
contractor. 
 

PART 2 - PRODUCTS

2-1.  SERVICE CONDITIONS. All equipment shall be adjusted or balanced to 
meet the specified conditions and to operate at the elevation indicated in the 
equipment sections. 
 
2-2.  CONSTRUCTION.



Milwaukee Water Works, R-163 15990 Print Date 2/24/2010 
Riverside Backup Power Generation -5-  Project Rev. 1/29/2010 
B&V Project 162156  Std. Rev. 1.4 7/11/2006 

2-2.01.  Painting. Surface finish damaged during cleaning, testing, adjusting, and 
balancing of equipment shall be repaired to the satisfaction of City.  Field painting 
shall be as specified in the Architectural Painting and Protective Coatings 
sections. 
 

PART 3 - EXECUTION

3-1.  INSPECTION. Before testing and balancing the air system, doors and 
windows surrounding the area served by the system shall be closed.  Fans shall 
be checked for correct rotation and rotative speed.  Dampers shall be open and 
access doors and panels shall be closed during the testing and balancing period. 
 
A resistance shall be placed at all filter locations to simulate dirty filter conditions.  
The filter resistance shall be as follows:  
 

Filter Type Simulated Loss
1 inch [25 mm] pleated 0.15 inch water column [37 Pa] 
2 inch [50 mm] pleated 0.35 inch water column [87 Pa] 

3-2.  STARTUP REQUIREMENTS. System equipment shall be subject to 
preliminary field tests as indicated in Section 01650. 
 
3-3.  FIELD PERFORMANCE TESTING. Field performance tests shall be 
conducted for each system to demonstrate each is functioning as specified and 
to the satisfaction of City.  All tests shall be conducted in a manner acceptable to 
City and shall be repeated as many times as necessary to secure City’s 
acceptance of each system.  If inspection or tests indicate defects, the defective 
item or material shall be replaced, and the inspection and tests shall be repeated.  
All repairs to piping shall be made with new materials.  Caulking of threaded 
joints or holes will not be acceptable. 
 
Air filters which are subject to a pressure loss exceeding the dirty filter values 
shall be removed and replaced.  The spare air filters furnished with equipment 
shall not be used as the replacement filters.  Dirty filter values shall be as follows: 
 

Filter Type Dirty Filter Conditions
1 inch [25 mm] pleated 0.75 inch water column [186 Pa] 
2 inch [50 mm] pleated 1 inch water column [250 Pa] 

 
3-3.01.  Hydronic Piping. Not used. 
 
3-3.02.  Refrigerant Piping. The refrigerant piping system shall be tested in 
accordance with ANSI/ASME B31.5. 
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After testing of the refrigerant piping system is completed, the system shall be 
charged with the proper refrigerant and placed in operation. 
 
The completed refrigerant system shall be guaranteed to be sufficiently free from 
leaks for 1 year from the date of acceptance.  The loss of refrigerant shall not 
exceed 5 percent. 

3-4.  CLEANING. At the completion of the testing, all parts of the installation 
shall be thoroughly cleaned.  All equipment, ductwork, pipes, valves, and fittings 
shall be cleaned of grease, debris, metal cuttings, and sludge.  Any stoppage, 
discoloration, or other damage to parts of the building, its finish, or furnishings 
shall be repaired by Contractor at no additional cost to City. 
 
3-4.01.  Chemical Pipe Cleaning. Not used. 
 
3-5.  ADJUSTING & BALANCING. The air system shall be adjusted and 
balanced.   
 
All instrumentation shall be calibrated in accordance with the governing standard 
manual and shall be checked for accuracy before testing, adjusting, and 
balancing the systems.  The accuracy of the instrumentation shall be not less 
than specified by the testing, adjusting, and balancing standard manual or the 
instrument manufacturer. 
 
All data, including system deficiencies encountered and corrective measures 
taken, shall be recorded.  If a system cannot be adjusted to meet the design 
requirements, Contractor shall notify City in writing as soon as practicable. 
 
Following final acceptance of the certified balancing reports, the testing and 
balancing contractor shall permanently mark the settings of all adjustment 
devices, including valves and dampers, and shall lock the memory stops. 
 
All ceiling tiles, belt guards, panels, and doors removed during testing, adjusting, 
and balancing shall be reinstalled. 
 
3-5.01.  Air Systems. Air systems shall be adjusted to the design airflows 
indicated on the drawings. Airflows shall be adjusted to maintain a net positive 
(supply airflow greater than exhaust airflow) or negative (exhaust airflow greater 
than supply airflow) pressure as indicated on the drawings.  Dampers located 
behind air outlet and inlet devices shall be used to adjust the airflow only to the 
extent that the adjustments do not create objectionable air movement or noise. 
 
Dampers with operators shall be checked for tight shutoff when in the closed 
position. 
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End of Section 
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Section 16050

ELECTRICAL

PART 1 - GENERAL

1-1. SCOPE. This section covers the furnishing and installation of all equipment
and materials needed for the electrical requirements of this contract. It also
covers conduit, wiring, and terminations for electrical equipment installed under
Section 16100.

This section covers the installation and interconnection of electrical equipment
furnished under other sections, except electrical items designated to be installed
under those sections.

This section covers the installation requirements to comply with NEC Article 708
– Critical Operations Power Systems. All new work, including modifications to
existing equipment is defined as a Critical Operations Power Systems (COPS).

1-2. GENERAL. Electrical apparatus on all equipment shall be installed
complete and placed in readiness for proper operation.

Electrical materials furnished and installed under this section shall be fabricated,
assembled, erected, and placed in proper operating condition in full conformity
with the drawings, specifications, engineering data, instructions, and
recommendations of the equipment manufacturer, unless exceptions are noted
by City.

1-2.01. General Equipment Stipulations. The General Equipment Stipulations
shall apply to all equipment provided under this section. If requirements in this
specification differ from those in the General Equipment Stipulations, the
requirements specified herein shall take precedence

1-2.02. Coordination. Electrical work shall conform to the construction schedule
and the progress of other trades.

1-2.03. Anchor Bolts and Expansion Anchors. All anchor bolts, nuts, washers,
and expansion anchors shall comply with section 05550, Anchorage in Concrete
and Masonry, except smaller than 3/4 inch [19 mm] will be permitted to match
NEMA standard size bolt holes on motors and electrical equipment.

1-2.04. Drawings. Supplementing this section, the drawings indicate locations of
equipment and enclosures and provide one-line and schematic diagrams
regarding the connection and interaction with other equipment.
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1-3. CODES AND PERMITS. All work shall be performed and materials shall be
furnished in accordance with the NEC - National Electrical Code, the NESC -
National Electrical Safety Code, and the following standards where applicable:

ANSI American National Standards Institute.

ASTM American Society for Testing and Materials.

AWG American Wire Gauge.

Fed Spec Federal Specification.

ICEA Insulated Cable Engineers Association.

IEEE Institute of Electrical and Electronics Engineers.

IESNA Illuminating Engineering Society of North America.

NEIS National Electrical Installation Standards

NEMA National Electrical Manufacturers Association.

NFPA National Fire Protection Association.

UL Underwriters' Laboratories.

Equipment covered by this section shall be listed by UL, or by a nationally
recognized third party testing laboratory. All costs associated with obtaining the
listing shall be the responsibility of Contractor. If no third-party testing laboratory
provides the required listing, an independent test shall be performed at
Contractor’s expense. Before the test is conducted, Contractor shall submit a
copy of the testing procedure to be used.

1-4. IDENTIFICATION.

All new and existing boxes and enclosures (including switchgear, generators,
power panels, receptacles, etc.) installed or modified under this contract that are
associated with feeder and branch circuit wiring shall be permanently marked so
they will be readily identified as a component of the COPS.

Transfer equipment associated with the COPS shall be identified for emergency
use.

1-4.01. Conduit. Conduits in manholes, handholes, building entrance pull boxes,
junction boxes, and equipment shall be provided with identification tags.
Identification tags shall be 19 gage [1 mm thick] stainless steel, with 1/2 inch
[13 mm] stamped letters and numbers as indicated on the drawings.
Identification tags shall be attached to conduits with nylon tie wraps and shall be
positioned to be readily visible.

1-4.02. Conductors. All conductors in power, control, and instrumentation
circuits shall be identified and color coded as described herein.
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1-4.02.01. Conductor Identification Number. Except for lighting and receptacle
circuits, each individual conductor in power, control, and instrumentation circuits
shall be provided with wire identification markers at the point of termination.

The wire markers shall be of the heat-shrinkable tube type, with custom typed
identification numbers.

The wire numbers shall be as indicated on the drawings and equipment
manufacturer's drawings.

The wire markers shall be positioned to be readily visible for inspection.

1-4.02.02. Conductor Color Coding. Power conductors shall be color coded as
indicated below. For conductors 6 AWG and smaller, the color coding shall be
the insulation finish color. For sizes larger than 6 AWG, the color coding may be
by marking tape. The equipment grounding conductor shall be green or green
with one or more yellow stripes if the conductor is insulated.

The following color coding system shall be used:

120/240V single-phase — black, red, and white
120/208V, three-phase — black, red, blue, and white
120/240V, three-phase — black, orange, blue, and white
277/480V and 4,160V, three-phase — brown, orange, yellow, and gray

Where 120/240 and 120/208 volt systems share the same conduit or enclosure,
the neutral for either the 120/240 volt system or the 208 volt system shall be
white with a permanent identifiable violet stripe.

Control and instrumentation circuit conductors shall be color coded as indicated
in the Cable Data Figures at the end of this section.

1-4.03. Motor Starters. Motor starters shall be provided with nameplates
identifying the related equipment. Pilot controls and indicating lights shall have
engraved or etched legends ("start", "stop", etc.) as indicated on the drawings.
Nameplates shall be laminated black-over-white plastic, with 1/8 inch [3 mm]
engraved letters, and shall be securely fastened to the motor starters.

1-4.04. Control Stations. ControlControl stations shall be provided with
nameplates identifying the related equipment. Pilot controls and indicating lights
shall have engraved or etched legends ("start", "stop", etc.) as indicated on the
drawings. Nameplates shall be laminated black-over-white plastic, with 1/8 inch
[3 mm] engraved letters, and shall be securely fastened to the control stations.
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1-4.05. Circuit Breakers. Circuit breakers shall be provided with nameplates
identifying related equipment. Nameplates shall be laminated black-over-white
plastic, with 1/8 inch [3 mm] engraved letters, and shall be securely fastened to
the circuit breakers.

1-4.06. Disconnect Switches. All switches shall have front cover-mounted
permanent nameplates that include switch type, manufacturer's name and
catalog number, and horsepower [kW] rating. An additional nameplate, engraved
or etched, laminated black-over-white plastic, with 1/8 inch [3 mm] letters, shall
be provided to identify the associated equipment. Both nameplates shall be
securely fastened to the enclosure.

1-4.07. Arc Flash Hazard Labels. Lighting panels, power panels, power centers,
switchgear, and meter socket enclosures shall be provided with permanent labels
warning the risk of arc flash and shock hazard. Labels shall be designed in
accordance with ANSI Z535.4-1998 and shall include the following:

WARNING
Arc Flash and Shock Hazard

Appropriate personal protection equipment (PPE) required. SEE NFPA 70E.
Equipment must be accessed by qualified personnel only.

Turn off all power sources prior to working on or inside equipment.

Additional information shall be provided on the labels where specified in the Arc
Flash Hazard Analysis section of this specification.

1-5. SUBMITTALS. Complete assembly, foundation, and installation drawings,
together with complete engineering data covering the materials used, parts,
devices, and accessories forming a part of the work performed by the Contractor,
shall be submitted in accordance with the Submittals and Contract Closeout
sections. The drawings and data shall include, but shall not be limited to, the
following:

Drawings and data.
Operation and Maintenance Data and Manuals.
Samples.

1-5.01. Submittal Identification. Information covering all materials and
equipment shall be submitted for review in accordance with the submittals
section. Each sheet of descriptive literature submitted shall be clearly marked to
identify the material or equipment as follows:

a. Lamp fixture descriptive sheets shall show the fixture schedule letter,
number, or symbol for which the sheet applies.
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b. Equipment and materials descriptive literature and drawings shall
show the specification paragraph for which the equipment applies.

c. Sheets or drawings covering more than the item being considered
shall have all inapplicable information crossed out.

d. A suitable notation shall identify equipment and materials descriptive
literature not readily cross-referenced with the drawings or
specifications.

e. Schematics and connection diagrams for all electrical equipment shall
be submitted for review. A manufacturer's standard connection
diagram or schematic showing more than one scheme of connection
will not be accepted, unless it is clearly marked to show the intended
connections.

f. Transient voltage surge suppressor submittals shall include drawings
(including unit dimensions, weights, component and connection
locations, mounting provisions, and wiring diagrams), equipment
manuals that detail the installation, operation and maintenance
instructions for the specified unit(s), and manufacturer’s descriptive
bulletins and product sheets.

Contractor shall submit the name and qualifications of the Engineering and
Testing Services firm proposed to perform the coordination study and the on site
testing.

Within 90 days after the Notice to Proceed, Contractor shall furnish a submittal
for all types of cable and conduit to be provided. The submittal shall include the
cable manufacturer and type, and sufficient data to indicate that the cable and
conduit meet the specified requirements.

In addition to the complete specifications and descriptive literature, a sample of
the largest size of each type of cable shall be submitted for review before
installation. Each sample shall include legible and complete surface printing of
the cable identification.

1-6. PROTECTION AND STORAGE. During construction, the insulation on all
electrical equipment insulation shall be protected against absorption of moisture,
and metallic components shall be protected against corrosion by strip heaters,
lamps, or other suitable means. This protection shall be provided immediately
upon receipt of the equipment and shall be maintained continuously.

PART 2 - PRODUCTS

2-1. POWER SERVICE ENTRANCE. Not used.



Milwaukee Water Works, R-163 16050 Print Date 2/24/2010
Riverside Backup Power Generation -6- Project Rev. 1/29/2010
B&V Project 162156 Std. Rev. 2.2, 08/08/2007

2-2. TELEPHONE SERVICE ENTRANCE. Not used.

2-3. CABLE. All cables of each type (such as lighting cable or 600 volt power
cable) shall be from the same manufacturer.

All types of cable shall conform to the Cable Data Figures at the end of this
section and as described herein.

2-3.01. Lighting Cable. Lighting cable (Figure 1-16050 THHN-THWN) shall be
provided only in lighting and receptacle circuits operating at 277 volts or less.
Lighting and receptacle circuits, 8 AWG [10 mm2] or larger, shall be as specified
for 600 volt (Figure 3-16050 THHN-THWN) power cable.

2-3.02. 600 Volt Power Cable. Cable in power, control, indication, and alarm
circuits operating at 600 volts or less, except where lighting, multiconductor
control, and instrument cables are required, shall be 600 volt (Figure 3-16050
THHN-THWN) power cable.

2-3.03. Instrument Cable. Cable for electronic circuits to instrumentation,
metering, and other signaling and control equipment shall be two- or three-
conductor instrument cable twisted for magnetic noise rejection and protected
from electrostatic noise by a total coverage shield. Types of instrument cables
shall be (Figure 4-16050 single pair). 
 
2.3.04. Multiconductor Control Cable. When indicated on the drawings or
recommended by the paralleling switchgear and generator Supplier, cable in
control, indication and alarm circuits shall be multiconductor. Cable shall be
(Figure 7-16050 14 AWG THHN-THWN) or (Figure 8-16050 12 AWG
THHN-THWN).

2-3.05. Medium Voltage Power Cable. Cable for circuits rated higher than
600 volts but not above 5,000 volts, and for wet or dry locations in conduit and
open air, shall be (Figure 9-16050 8 kV EPR) power cable.

2-3.06. Tray Cable. Not used.

2-4. CONDUIT. Conduit and raceways shall be as described in the following
paragraphs:

2-4.01. Rigid Steel Conduit. Rigid steel conduit shall be heavy wall, hot-dip
galvanized, shall conform to ANSI C80.1, and shall be manufactured in
accordance with UL 6.

2-4.02. Intermediate Metal Conduit (IMC). Not used.
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2-4.03. Liquidtight Flexible Metal Conduit. Liquidtight flexible metal conduit shall
be hot-dip galvanized steel, shall be covered with a moistureproof polyvinyl
chloride jacket, and shall be UL labelled.

2-4.04. Utility (PVC) Duct. Not used.

2-4.05. Rigid Nonmetallic (PVC) Conduit. Not used.

2-4.06. PVC-Coated Rigid Steel Conduit. Not used.

2-4.07. Electrical Metallic Tubing (EMT). Not used.

2-4.08. Rigid Aluminum Conduit (RAC). Not used.

2-5. WIRING DEVICES, BOXES, AND FITTINGS. Concealed conduit systems
shall have flush-mounted switches and convenience outlets. Exposed conduit
systems shall have surface-mounted switches and convenience outlets.

2-5.01. Conduit Boxes and Fittings.

a. Galvanized or cadmium plated, threaded, malleable iron boxes and
fittings shall be manufactured by Crouse-Hinds, Appleton, or O
Z Gedney. In applications utilizing aluminum conduit systems,
aluminum boxes and fittings manufactured by Crouse-Hinds,
Appleton, or O Z Gedney shall be installed.

b. Not used.

c. Sheet steel device boxes shall be manufactured by Appleton, Raco,
or Steel City.

d. Not used.

e. Hub arrangements on threaded fittings shall be the most appropriate
for the conduit arrangement to avoid unnecessary bends and
fittings.

2-5.02. Device Plates.

a. Galvanized or cadmium-plated device plates shall be used on
surface mounted outlet boxes where weatherproof plates are not
required.

b. Device plates on flush mounted outlet boxes where weatherproof
plates are not required shall be AISI Type 302 stainless steel, Eagle
"93nnn series", Hubbell "S series", or Leviton "840nn-40 series";
nylon or polycarbonate, Eagle "513nV series", Hubbell "Pn series",
or Leviton "807nn-I series".
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c. Device plate mounting hardware shall be countersunk and finished
to match the plate.

d. Device plates for switches outdoors or indicated as weatherproof
shall have provisions for padlocking switches "On" and "Off", and
shall be Appleton "FSK-1VS", Crouse-Hinds "DS185" or O Z
Gedney "FS-1-WSCA".

e. Device plates for receptacles indicated as weatherproof shall be
Appleton "FSK-WRD", Crouse-Hinds "WLRD1", or O Z Gedney
"FS-1-WDCA.

f. Flush-mounted, weatherproof plates shall be provided with adapter
plates, Appleton "FSK-SBA" or Crouse-Hinds "FS031".

g. Device plates for ground fault interrupter receptacles indicated to be
weatherproof shall be Appleton "FSK-WGFI", Eagle "966", or O Z
Gedney "FS-1-GFCA".

h. Receptacle covers outdoors or otherwise indicated to be
weatherproof while in-use shall be die cast aluminum and shall
include a padlock eye. Covers for standard convenience outlets
shall be Hubbell “WP8M” or Thomas and Betts Red Dot “CKMDV”.
Covers for ground fault interrupter receptacles shall be Hubbell
“WP26M” or Thomas and Betts Red Dot “CKMGV”.

i. Engraved device plates, where required, shall be manufactured by
Leviton, or equal.

j. Not used.

2-5.03. Wall Switches.

a. Switches on ac lighting panel load circuits through 277 volts shall be
20 amperes, 120/277 volts, Eagle "2221V" through "2224V", Hubbell
"HBL 1221I" through "HBL 1224I", or Leviton "1221-2I" through
"1224-2I".

b. Switches for pulse control of lighting contactors shall be
20 amperes, 120/277 volts, momentary, double-throw, center "Off",
Eagle "2220V", Hubbell "1557I" or Leviton "1257-I".

c. Not used.

2-5.04. Receptacles.

a. Standard convenience outlets shall be duplex, three-wire,
grounding, 20 amperes, 125 volts, Eagle "5362V", Hubbell
"5362I" or Leviton "5362-I" for 120 volt circuits, and 250 volts,
Eagle "5462V", Hubbell "5462I" or Leviton "5462-I" for 240 volt
circuits.
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b. Ground fault circuit interrupter receptacles shall be duplex,
20 amperes, 125 volts, Eagle "GF8300V", Hubbell "GF5362I" or
Leviton "8899-I".

c. Not used.

d. Not used.

e. Not used.

2-5.05. Special Outlets. Not used.

2-6. JUNCTION BOXES, PULL BOXES, AND WIRING GUTTERS. Indoor
boxes (larger than switch, receptacle, or fixture type) and gutters shall be
constructed of sheet steel, shall be galvanized after fabrication, and shall be
rigidly supported by hot-dip galvanized hardware and framing materials, including
nuts and bolts.

Bolt-on junction box covers 3 feet [900 mm] square or larger, or heavier than
25 lbs [11 kg], shall have rigid handles. Covers larger than 3 by 4 feet [900 by
1200 mm] shall be split.

Where indicated on the drawings, junction and pull boxes with a removable side
opposite the underground conduits shall be provided over building ends of
underground conduit banks. Boxes shall be sized in accordance with the
National Electrical Code, including space for full size continuations of all
underground conduits not originally continued. Conduit arrangement shall leave
maximum space for future conduits.

2-7. LIGHTING FIXTURES. Lighting fixtures shall be furnished as indicated on
the drawings. Lighting fixtures shall be furnished complete with lamps. Pendant
fixtures shall have swivel type box covers and threaded conduit pendants unless
otherwise specified.

2-7.01. Electronic Ballasts. Electronic ballasts furnished with fluorescent type
lighting fixtures shall be CBM certified as meeting requirements of ANSI C82.11
with a THD level of not more than 20 percent.

2-8. LIGHTING PANELS. Each lighting panel shall be a dead-front, 120/208
volt, three phase panelboard with circuit breakers, in accordance with the
drawings and the following:

2-8.01. Cabinet. The panel shall have a flush-mounted or surface-mounted
enclosure with a NEMA designation appropriate for the location where it will be
installed. The enclosure shall have a hinged trim (cover). Breaker operating
handles shall be accessible through a latched, lockable, door. At the completion
of the contract, a neatly printed or typed directory listing the panel and circuit
identities shall be mounted inside the door.
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2-8.02. Circuit Breakers. Circuit breakers shall be thermal-magnetic, bolt-in,
individually front replaceable, and shall indicate "On", "Off", and "Tripped".
Breakers indicated as multiple-pole shall be common trip. Breakers shall have
interrupting ratings not less than 10,000 amperes. Handle clips to prevent
casual operation of breakers shall be provided for 10 percent (at least two) of the
breakers and applied to the circuits directed. Breakers and provisions for future
breakers shall be provided in the quantities, number of poles, and ampere ratings
indicated on the drawings.

2-8.03. Buses. The panel shall have main and neutral buses insulated from the
cabinet, and a ground bus. Buses shall be copper, with ampere ratings and main
lugs or breaker as indicated. The ground bus shall be similar to a neutral bus
and shall have a good ground connection to the cabinet, a removable bond to the
neutral bus, clamp type lugs for the ground cable in each supply conduit, and
connections for a ground cable in each load conduit.

2-9. POWER PANELS. Unless otherwise specified, each power panel, with a
neutral, shall be dead-front, 3 phase panelboard with circuit breakers, in
accordance with the drawings and the following:

2-9.01. Cabinet. The panel shall have a flush-mounted or surface-mounted
enclosure with a NEMA designation appropriate for the location where it will be
installed. The enclosure shall have a door with latch and lock. At the completion
of the contract, a neatly printed or typed directory listing the panel and circuit
identities shall be mounted inside the door.

2-9.02. Circuit Breakers. Circuit breakers shall be thermal-magnetic, bolt-in,
individually front replaceable, and shall indicate "On", "Off", and "Tripped".
Breakers indicated as multiple-pole shall be common trip type. Breakers up to
240 volts shall have interrupting ratings not less than 22,000 amperes. Breakers
for 277 volts shall have interrupting ratings not less than 25,000 amperes.
Breakers for 480 volts shall be rated 600 volts, with interrupting ratings not less
than 25,000 amperes at 480 volts. Handle clips to prevent casual operation of
breakers shall be provided for 10 percent (at least two) of the breakers and
applied to the circuits directed.

2-9.03. Buses. The panel shall have 3 phase buses, a neutral bus insulated
from the cabinet, and a ground bus. Buses shall be copper, with ampere and
voltage ratings and main lugs or breakers as indicated. The ground bus shall be
similar to a neutral bus and shall have a good ground connection to the cabinet,
a removable bond to the neutral bus, clamp type lugs for the ground cable in
each supply conduit, and connections for a ground cable in each load conduit.

2-10. TRANSIENT VOLTAGE SURGE SUPPRESSION.
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2 -10.01. Scope. Transient voltage surge suppression (TVSS) devices shall be
provided as specified herein and as indicated on the drawings. Each unit shall
be designed for parallel connection to the wiring system and shall utilize non-
linear voltage-dependent metal oxide varistors (MOV) in parallel.

TVSS devices shall be furnished and installed for the electrical equipment
indicated on the drawings or as specified herein. All new lighting and power
panels shall be furnished with integral TVSS devices.

Lighting panels shall be rated for the low exposure level capacity unless
otherwise noted.

TVSS devices for new power and lighting panels shall be integral to the panel.
The table below lists the specific TVSS device ratings for new power panels.

Power Panel
Name

Location Voltage/
Phase

Exposure
Level

RS-E-PP-G1 - 480/277, 3-
phase

High

RS-E-PP-G2 - 480/277, 3-
phase

High

RS-E-PP-G3 - 480/277, 3-
phase

High

RS-E-PP-G4 - 480/277, 3-
phase

High

RS-E-LP-G1 - 208/120V, 3-
phase

High

The table below lists the equipment that shall be retrofitted with a TVSS device.

Equipment
Name

(Location)

Voltage/
Phase

Installation
Type

Exposure
Level

Connection
Type

PP3 - 208/120, 3-
phase

High External

PP4 - 208/120, 3-
phase

High External

Retrofitted TVSS devices shall be installed in an enclosure separate from the
protected equipment as indicated on the drawings.

2-10.02. Standards. The specified unit shall be designed, manufactured, tested
and installed in compliance with the following standards:

ANSI/IEEE C62.41 and C62.45;
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ANSI/IEEE C62.1 and C62.11;

National Electrical Manufacturers Association (NEMA LS1 Guidelines);

National Fire Protection Association (NFPA 20, 70 [NEC], 75, and 78);

Underwriters Laboratories UL 1449 Second Edition and 1283

The unit shall be UL 1449 Second Edition Listed as a Transient Voltage Surge
Suppressor and UL 1283 Listed as an Electromagnetic Interference (EMI) Filter.

2-10.03. Environmental Requirements.

a. Operating Temperature: -40°F to +140°F [-40°C to +60°C].

b. Relative Humidity: Reliable operation with 5 percent to 95 percent
non-condensing.

2-10.04. Electrical Requirements.

a. Unit Operating Voltage. The nominal unit operating voltage and
configuration shall be as indicated on the drawings.

b. Maximum Continuous Operating Voltage (MCOV). The TVSS device
shall be designed to withstand a MCOV of not less than 115 percent of
nominal RMS voltage.

c. Operating Frequency. Operating frequency range shall be 47 to 63
Hertz.

d. Protection Modes. All protected modes are defined per NEMA LS-1,
Paragraph 2.2.7. Following IEEE Standard 1100, section 9.11.2
recommendations, Four-wire configured systems shall provide, Line-to-
Neutral (L-N), Line-to-Ground (L-G), and Neutral-to-Ground (N-G), and
Line-to-Line (L-L) protection. Three-wire configured systems shall
provide, Line-to-Line (L-L) protection and Line-to-Ground (L-G)
protection.

e. Rated Single Pulse Surge Current Capacity. The rated single pulse
surge current capacity, in amps, for each mode of protection of the unit
shall be as required and shall be no less than listed in the following
table.

L-N L-G N-G L-L 
High Exposure Level 120 kA 120 kA 120 kA 120 kA
Medium-High Exposure Level 100 kA 100 kA 100 kA 100 kA
Medium Exposure Level 80 kA 80 kA 80 kA 80 kA
Low Exposure Level 60 kA 60 kA 40 kA 60 kA
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f. UL 1449 Second Edition Suppression Voltage Rating (SVR). The
maximum SVR per mode for the device (inclusive of disconnect) shall
be as required and shall not exceed the following:

Voltage L-N L-G N-G L-L 
120/208 3-phase 500 V 500 V 500 V 800 V
480 V 4W 900 V 1000 V 1500 V 1800 V

g. Noise Attenuation. EMI noise rejection or attenuation values shall be
measured in accordance with test and evaluation procedures outlined
in NEMA LS-1. The unit shall be capable of a minimum -40 dB
attenuation at 100kHz when tested per the 50 ohm insertion loss
method as defined by MIL-STD-220A.

h. Minimum Repetitive Surge Current Capacity. The minimum number of
repetitive surges per mode as a result of testing a 20 kV, 10kA
ANSI/IEEE C62.41 Category C3 surge current with less than a 10
percent degradation of clamping voltage shall be as follows:

For integral and external installation and power panels: 5,000.

For lighting panels: 3,500.

i. Overcurrent Protection. At high and medium-high exposure levels, the
TVSS device shall incorporate internal fusing capable of interrupting, at
minimum, up to 200 kA symmetrical fault current with 600 volts ac
applied.

At medium and low exposure levels, the TVSS device shall incorporate
internal fusing capable of interrupting, at minimum, up to 65kA
symmetrical fault current with 600 volts ac applied.

The device shall be capable of allowing passage of the rated maximum
surge current for every mode without fuse operation.

j. Unit Status Indicators. The unit shall include long-life, externally visible
phase indicators that monitor the on-line status of the unit. When
furnished integral to the panelboard, the status indicators shall be
viewable through a clear window within the panelboard door, or similar
provision made to ensure visibility with the door closed.

2-10.05. Warranty. The manufacturer shall provide a minimum Five Year
Limited Warranty from date of shipment against failure when installed in
compliance with applicable national/local electrical codes and the manufacturer's
installation, operation and maintenance instructions.

2-10.06. Installation. The TVSS devices shall be installed according to the
manufacturer’s recommendations. If possible for the integral units, provide direct
bus connections.
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2-10.07. Options.

a. Disconnect Switch. Each TVSS device shall be furnished with an
integral disconnect switch. The unit shall be UL 1449 Second Edition
listed as such, and the UL 1449 Second Edition Suppression Voltage
Ratings shall be provided. The disconnect switch shall be fused and
capable of withstanding, without failure, the published maximum surge
current magnitude without failure or damage to the switch.

b. Enclosure. For the TVSS units to be mounted externally of the
protected electrical equipment, provide NEMA rated enclosures
suitable for the locations indicated on the drawings

c. Dual Form "C" Dry Contacts. Not used.

2-10.08. Acceptable Manufacturers. Integral TVSS devices shall be
manufactured by Cutler-Hammer, General Electric, Siemens Energy &
Automation, or Square D. External TVSS devices shall be manufactured by
Cutler-Hammer, General Electric, Siemens Energy & Automation, Square D,
Control Concepts, or Current Technology. The products of other manufacturers
will not be acceptable.

2-11. SEPARATELY ENCLOSED MOTOR STARTERS. Separately enclosed
motor starters, unless otherwise specified, shall be full voltage, magnetic,
nonreversing and NEMA rated. The starter enclosures shall have NEMA type
designations appropriate for the locations where they will be installed. Unless
otherwise noted, NEMA Type 4X stainless steel enclosures shall be provided for
outdoor locations.

One thermal overload relay shall be provided in each phase lead. Each starter
shall be provided with an external, manually reset push button for resetting the
thermal overload relays.

Each starter shall include auxiliary contacts as required, plus one spare NO and
one spare NC contact.

Contractor shall match the sizes of control power transformers, overload devices,
heaters, and starters to the equipment furnished, as they may differ from the
values indicated on the drawings. Control power transformers shall have both
primary leads fused, one secondary lead fused, and one secondary lead
grounded.

All starters shall be provided with control terminal blocks. Terminal blocks shall
be pull-apart type rated 20 amperes. All current carrying parts shall be tin-plated.
The removable portion of the terminal blocks shall be used for factory installed
wiring.
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All push buttons, selector switches, and pilot lights indicated on the schematics to
be provided on or in the starter enclosure shall be 30.5 mm heavy-duty, oiltight
construction. Pilot lights shall be full voltage type with LED lamps. Push buttons
on starters located outdoors shall be provided with protective caps.

2-11.01. Three Phase Starters. Three phase starters shall be circuit breaker
combination type consisting of 3 phase, 60 Hz contactors with thermal overloads,
a 120 volt ac coil, a dry type control power transformer where required, and a
circuit breaker disconnect. Control power transformers shall be sized to handle
all simultaneous loads. Starters shall be at least NEMA Size 1, or shall be sized
as indicated on the drawings.

Circuit breakers shall be 600 volt magnetic motor circuit protectors for motors
smaller than 100 horsepower [75 kW] and 600 volt thermal-magnetic type for
100 horsepower [75 kW] and larger motors. Each breaker shall be manually
operated with a quick-make, quick-break, trip-free toggle mechanism.

Three phase starters shall be furnished with external manual breaker operating
handles and provisions for up to three padlocks. The access door shall be
interlocked with the motor circuit protector, so that the door cannot be opened,
except by an interlock override, while the breaker is closed.

The complete 3 phase starter shall have an interrupting rating of at least 25,000
amperes at 480 volts.

2-12. SEPARATELY ENCLOSED MANUAL STARTERS. Not used.

2-13. CONTROL STATIONS. Control stations shall be provided as indicated on
the one-line diagrams or schematics or as required by the equipment furnished.
Pilot devices shall be 30.5 mm heavy-duty, oiltight construction, and shall
perform the functions indicated. Pilot lights shall be full voltage type with LED
lamps. Indoor control stations shall have NEMA Type 13 enclosures. Control
stations outdoors or indicated to be weatherproof shall have NEMA Type 4X
stainless steel enclosures with protective caps on the control devices.

2-14. SEPARATELY ENCLOSED CIRCUIT BREAKERS. Not used.

2-15. DISCONNECT SWITCHES. Not used.

2-16. LIGHTING AND AUXILIARY POWER TRANSFORMERS. Separately
mounted transformers shall be provided in the phases, kVA, and voltages
indicated on the drawings. Transformers shall be self-air-cooled, dry type, wall-
or floor-mounted, and enclosed for wiring in conduit. Transformers installed
outdoors shall be weatherproof. Transformers shall have at least two full
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capacity voltage taps. Transformers shall meet NEMA TP1 guidelines for energy
efficiency.

2-17. POWER CENTERS. Not used.

2-18. POWER FACTOR CORRECTION CAPACITORS. Not used.

2-19. LIGHTING CONTACTORS. Not used.

2-20. PHOTOELECTRIC CONTROLS. Not used.

2-21. RELAY ENCLOSURES. Relay enclosures shall be furnished as indicated
on the drawings. The enclosure shall have a NEMA designation appropriate for
the location where it will be installed. Pilot devices shall be heavy duty, oiltight
construction. Relays and timers shall have 120 volt, 60 Hz coils rated for
continuous duty in 40 C ambient and 10 ampere, 120 volt ac contacts.
Intrinsically safe relays shall be installed within the enclosures in accordance with
NEC requirements and shall be Gems "Safe-Pak", B/W "Series 53", or equal.

2-22. ALARM HORN AND BEACON. Not used.

2-23. HEAT-TRACED PIPING. Outdoor exposed piping shall be heat-traced as
indicated on the drawings and as described herein. Heat tracing shall be sized to
maintain pipe temperatures at 40°F with an outdoor ambient temperature of -
20°F. Heat tracing shall be of the self-regulating type and shall be suitable for
single-phase, 120 volt service. Each run of heat tracing tape shall be provided
with a circuit controller, an end-of-line indicating light, junction boxes, mounting
accessories, insulation and all other equipment for a complete, properly
operating system. The insulation for all heat tracing shall be fiberglass type.
Each outdoor installation shall be equipped with an aluminum weatherproof
jacket. Each heat-tracing circuit shall be provided with a microprocessor-based
circuit controller to monitor temperature and ground fault current. The controller
shall be Chromalox “IntelliTrace Controls Series”, Nelson “CM Series”, Thermon
“TC Series”, Tyco Thermal Controls "DigiTrace 910", or equal. On all plastic pipe
equipped with heat tracing, a layer of conducting tape shall be installed on the
pipe before heating cable installation and then again following installation of the
heating cable.

2-24. Lightning Arresters. Intermediate class metal oxide lightning arresters
shall be provided, connected at the incoming terminations, and securely
grounded to the metal structure. Arrester ratings shall be 6kV.

2-25. AIR- INSULATED TRANSFORMER. Each transformer shall be 3 phase,
air-insulated dry type, with kVA and voltage ratings as indicated on the drawings
and as specified herein. Each transformer shall conform to NEMA standards for
dry type transformers.
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2-25.01. Rating. Each transformer shall be rated as indicated on the drawings,
and the primary winding shall have four 2-1/2 percent fully rated taps, two above
and two below rated voltage. The tap connections shall be bolted, flexible
jumper, or rigid bar type, easily accessible by removal of one of the enclosure
side panels. The tap position indicator and terminal markings shall be clearly
visible and identical with those used on the transformer nameplate. The
electrical insulation shall utilize Class H material in a fully rated 220°C system.
Design temperature rise shall be based on 30°C average ambient over a 24 hour
period, with a maximum of 40°C. The windings shall be impregnated with
polyester or silicone resin by a vacuum pressure process.

Transformers shall be designed for continuous operation at 115% of the base
nameplate kVA capacity with a temperature rise of 115°

The basic impulse insulation level shall be inherent to the design, and is to be
obtained without the use of supplemental surge arresters.

2-25.02. BIL. The BIL of the high-voltage windings shall conform to the
following:

Nominal System Voltage kV Basic Impulse Level kV

2.4 20

5.0 30

2-25.03. Impedance. Transformers shall have the following impedance
(+ 7.5 percent) at their lowest self-cooled rating:

Transformer Size kVA Impedance Percent

500 & 750 5.75

Standard values of impedance shall be used, unless otherwise specified.

2-25.04. Construction. The transformer shall be supplied in a knockdown case
design, for ease in fitting through limited openings. The case shall be
constructed of USS 13 gage [2.28 mm thick] carbon steel sheet and shall be
equipped with removable panels for access to the core and coils. Front and rear
panels shall be provided with ventilating grills. The transformer shall have
provisions for lifting and jacking.

The winding shall be sealed and protected using a vacuum pressure
impregnation (VPI) process. In the VPI process, the preheated windings shall be
subjected to a dry vacuum cycle, followed by a wet vacuum cycle during which
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time the windings are impregnated with an electrical grade varnish resin,
polyester resin, or silicone resin. A pressure cycle shall then force the resin
throughout the insulation. The windings shall then be cured to bind the resin to
the insulation material, while eliminating voids, which could create hot spots,
partial discharge, or cause corona formation. This process shall completely seal
and protect the windings from moisture, dust, salt air, and other industrial
contaminants.

All transformer enclosures, incoming sections, and outgoing sections shall have
completely enclosed sheet metal bottoms. All side panels shall be removable.
The ventilated enclosure shall be of heavy gauge sheet steel, and shall be
suitable for indoor operation.

Each transformer enclosure shall be gasketed and shall be provided with tops
and shields required to prevent falling or dripping water from entering the
enclosure. Each transformer enclosure, both interior and exterior, shall be
thoroughly cleaned and shop painted as specified.

External lifting eyes, or other means acceptable to City for handling of the
complete transformer assembly, shall be furnished as part of each enclosure
framework, so that during movement of the unit, the core and coils remain
completely protected from damage or shifting. The unit shall also be constructed
and supported such that rolling or skidding in any direction will not damage or
permanently distort the enclosure, frame, or internal apparatus.

The core and coil assembly shall be adequately braced to withstand short-circuit
forces without damage or displacement, limited only by the transformer
impedance. It shall also withstand normal moving and handling without the use
of special shipping braces. Verification that short-circuit withstand tests have
been performed on a prototype or identical transformer design shall be
submitted.

The core and coil assembly shall rest on vibration dampers designed to isolate
core vibration from the enclosure.

2-26. SECURITY SYSTEM. The existing security system consists of access
control, intrusion detection, and CCTV cameras. The Contractor shall furnish
and install a ¾” conduit from the existing main security panel to each new or
relocated security device, such as card reader, electronic strike, door switch,
request to exit push button, and camera as shown on the drawings and as
required by Toepfer Security Corporation design. A 6”x6” junction box shall be
furnished and installed at each security device to accommodate the installation.
Toepfer Security Corporation, the City’s Security Integrator, will furnish and install
security devices, including door alarms, card readers, motion detector, cameras,
and cables and control panel as required for the equipment and will program the
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security system under a separate contract. Refer to section 08700 for additional
information regarding the electronic access control requirements.

PART 3 - EXECUTION

3-1. INSTALLATION, TESTING, AND COMMISSIONING. All material,
equipment, and components specified herein shall be installed, tested, and
commissioned for operation in compliance with NECA 1000 – NEIS Specification
System. Where required in NECA 1000, testing and commissioning procedures
shall be followed prior to energizing equipment. Testing shall also be performed
for modifications to the existing 5KV switchgear.

3-2. ARC FLASH HAZARD ANALYSIS. Contractor shall commission an Arc
Flash Hazard Analysis for each piece of electrical equipment installed under this
contract in accordance with OSHA 29 CFR Part 1910, NEC, NFPA 70E, and
IEEE 1584 and shall submit an Arc Flash Hazard Analysis report as specified
herein.

The Arc Flash Hazard Analysis shall be performed in association with, or as a
continuation of, the short circuit study and protective-device coordination study.

Arc Flash Hazard Analysis calculations shall lead to a selection of a level of
Personal Protective Equipment (PPE) that is a balance between the calculated
incident energy exposure and the work activity being performed, while meeting
the following concerns:

Provide adequate protection.

Avoid the need for more protection than is warranted.

Results of the Arc Flash Hazard Analysis shall be used to identify the flash-
protection boundary and the incident energy at assigned working distances
throughout any position or level in the overall electrical generation, transmission,
distribution, or utilization system.

The analysis shall include, but shall not be limited to, the following:

A tabulation of the symmetrical RMS bolted fault current available and X/R ratio
at each piece of electrical equipment.

A tabulation of the arc fault current available at each piece of electrical
equipment.

A list containing the incident energy and the flash-protection boundary for all
electrical equipment.

A list containing each piece of electrical equipment, its corresponding incident
energy, hazard rating, and the required Personal Protective Equipment.
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An Engineering and Testing Services firm acceptable to City shall conduct the
Arc Flash Hazard Analysis.

3-2.01. Arc Flash Analysis Software. The Arc Flash Hazard Analysis shall be
performed using the latest version of SKM Power*Tools for Windows software,
without exception. After the final version of the study and analysis are completed
and accepted, Contractor shall provide two (2) copies of the SKM electronic file
to City.

3-2.02. Arc Flash Hazard Report.

Contractor shall be responsible for submitting complete and accurate arc flash
analysis information in the Arc Flash Hazard Report. The report shall be
submitted to City for review before the final report is prepared. Contractor shall
ensure that calculated values for flash-protection boundary, working distance,
incident energy, and required Personal Protective Equipment is submitted and
provide substantiation that the information will be prominently displayed on
electrical equipment.

The Arc Flash Hazard Analysis report shall be bound in a standard 8-1/2 by 11
inch three-ring binder and shall be submitted in accordance with the submittals
section. Final selection of required Personal Protective Equipment shall be
subject to review and acceptance by City.

3-2.03. Arc Flash Labeling. After approval of the Arc Flash Hazard Report,
Contractor shall furnish and install arc flash warning labels on the applicable
electrical equipment. All electrical equipment shall be provided with the
appropriate ANSI compliant arc flash labeling. Labels shall include the flash
protection boundary distance, incident energy, and minimum required Personal
Protective Equipment.

3-3. COORDINATION STUDY. Contractor shall commission a short circuit
study and protective-device coordination study of relays, fuses, circuit breakers,
and all other protective devices and shall submit a coordination report as
specified herein. The study shall include the backup power generation and
distribution system fed from RS-E-XFMR-01, starting with the smallest – 480 volt,
3 phase, 60 Hz – circuit protective device on the load end, to the protective
devices at the generator switchgear RS-E-SWG-01 The study shall include all
of the feeder protection and motor protection relays located in the existing 5kV
switchgear. The existing feeder protection relays are GE Multilin SR750 and the
motor protection relays are GE Multilin 469.

Contractor shall be responsible for and shall ensure that all relays and circuit
breakers are set according to the study results.
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The study shall include, but shall not be limited to, the following:

Color-coded printouts of coordination curves prepared with calculation
software.

A tabulation of all protective relay and circuit breaker trip settings and
recommended sizes and types of medium-voltage fuses.

Motor starting profiles for all 50 horsepower [37 kW] and larger motors.

Transformer damage curves and protection, evaluated in accordance with
ANSI/IEEE C57.109.

Calculated short-circuit values at all nodes in the distribution system included
within the scope of the coordination study.

RTD set points for the motor protection relays located at the existing 5kV
switchgear.

An Engineering and Testing Services firm acceptable to City shall conduct the
coordination study.

Contractor shall be responsible for obtaining the following:

The coordination curves for relays, fuses, and circuit breakers.

Transformer damage curves.

Motor data.

Other applicable information for all new and existing electrical equipment.

Contractor shall coordinate with the City to obtain the required protective device
curves and shall be responsible for all the field work associated with obtaining
the necessary data on existing relays, circuit breakers, fuses, and transformers to
be included in the coordination study.

The available 3 phase, symmetrical fault current at the point of service shall be
obtained from the City.

The coordination report shall be bound in a standard 8-1/2 by 11 inch [210 by
275 mm] three-ring binder and shall be submitted in accordance with the
submittals section. Final selection of all protective device settings or sizes shall
be subject to review and acceptance by City.

3-4. POWER AND SERVICE ENTRANCE INSTALLATION. Not used.

3-5. TELEPHONE SERVICE ENTRANCE INSTALLATION. Not used.
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3-6. CABLE INSTALLATION.

3-6.01. General. Except as otherwise specified or indicated on the drawings,
cable shall be installed according to the following procedures, taking care to
protect the cable and to avoid kinking the conductors, cutting or puncturing the
jacket, contamination by oil or grease, or any other damage.

a. Stranded conductor cable shall be terminated by lugs or pressure
type connectors. Wrapping stranded cables around screw type
terminals is not acceptable.

b. Stranded conductor cable shall be spliced by crimp type
connectors and heat shrink wrapped. Twist-on wire connectors
may be used for splicing solid cable and for terminations at lighting
fixtures.

c. Splices may be made only at readily accessible locations.

d. Cable terminations and splices shall be made as recommended by
the cable manufacturer for the particular cable and service
conditions. All shielded cable stress cone terminations shall be
IEEE Class 1 molded rubber type. Shielded cable splices shall be
tape or molded rubber type as required. Shielded cable splices
and stress cone terminations shall be made by qualified splicers.
Materials shall be by 3M Company, Plymouth/Bishop, or Raychem
Electric Power Products.

e. Cable shall not be pulled tight against bushings nor pressed
heavily against enclosures.

f. Cable-pulling lubricant shall be compatible with all cable jackets;
shall not contain wax, grease, or silicone; and shall be Polywater
"Type J".

g. Not used.

h. Where necessary to prevent heavy loading on cable connections,
in vertical risers, the cable shall be supported by Kellems, or
equal, woven grips.

i. Spare cable ends shall be taped, coiled, and identified.

j. Cables shall not be bent to a radius less than the minimum
recommended by the manufacturer. For cables rated higher than
600 volts, the minimum radius shall be 8 diameters for
nonshielded cable and 12 diameters for shielded cable.

k. All cables in one conduit, over 1 foot [305 mm] long, or with any
bends, shall be pulled in or out simultaneously.
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l. Circuits to supply electric power and control to equipment and
devices are indicated on the one-line diagrams. Conductors in
designated numbers and sizes shall be installed in conduit of
designated size. Circuits shall not be combined to reduce conduit
requirements unless acceptable to City.

3-6.02. Underground Cable Pulling Procedure. Not used.

3-6.03. Cable Insulation Test. Conductors with insulation rated 5,000 volts and
higher shall be given a field dc insulation test.

The ampacity of direct current testing equipment shall be at least
2,500 microamperes.

Final test voltages and the duration of the test shall be as indicated on the Cable
Data Sheets attached to this Section. Cable insulation testing shall be recorded
on the Cable Test Data Form attached to this Section. Figure 15-16050.

Test procedures shall conform to ICEA S-93-639 (NEMA WC 74), 5-46 kV
Shielded Power Cable For Use In The Transmission & Distribution of Electric
Energy, and the applicable qualification testing standards of AEIC CS-8.

The tests shall be performed by experienced personnel specializing in electrical
cable testing. Triplicate copies of test data for each cable shall be submitted to
City. A Cable Test Data Form is included in this section.

3-7. CONDUIT INSTALLATION. Contractor shall be responsible for routing all
conduits. This shall include all conduits indicated on the one-lines, riser
diagrams, and home-runs shown on the plan drawings. Conduits shall be routed
as defined in these specifications. Where conduit routing is shown on plans, it
shall be considered a general guideline and shall be field verified to avoid
interferences. Special attention shall be given and coordination performed with
other trades to avoid conduit interferences with louvers, generators, radiators, air
flow, and fuel storage.

Except as otherwise specified or indicated on the drawings, conduit installation
and identification shall be completed according to the following procedures.

3-7.01. Installation of Interior and Exposed Exterior Conduit. This section covers
the installation of conduit inside structures, above and below grade, and in
exposed outdoor locations. In general, conduit inside structures shall be
concealed. Large conduit and conduit stubs may be exposed unless otherwise
specified or indicated on the drawings. No conduit shall be exposed in water
chambers unless so indicated on the drawings.
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Unless otherwise indicated on the drawings, Contractor shall be responsible for
routing the conduit to meet the following installation requirements:

a. Conduit installed in all exposed indoor locations, shall be rigid
steel. Exposed conduit shall be rigidly supported by hot-dip
galvanized hardware and framing materials, including nuts and
bolts.

b. Conduits for feeders shall be coated with a listed electrical
conduit protective system with a minimum 1-hour fire rating.
Existing feeder conduits connected to the COPS shall also be
protected by a 1-hour fire-rated system. System shall be
installed in accordance with the manufacturer’s
recommendations. Protective system shall be manufactured by
3M or approved equal.

c. Conduit installed in all exposed outdoor locations shall be rigid
galvanized steel. Mounting hardware, which includes nuts, bolts,
and anchors, shall be galvanized steel.

d. Final connections to dry type transformers, to motors without
flexible cords, and to other equipment with rotating or moving
parts shall be liquidtight flexible metal conduit with flexible metal
fittings and watertight connectors installed without sharp bends
and in the minimum lengths required for the application, but not
longer than 6 feet [1.8 m] unless otherwise acceptable to City.

e. Terminations and connections of rigid steel conduit shall be taper
threaded. Conduits shall be reamed free of burrs and shall be
terminated with conduit bushings.

f. Exposed conduit shall be installed either parallel or perpendicular
to structural members and surfaces.

g. Two or more conduits in the same general routing shall be
parallel, with symmetrical bends.

h. Conduits shall be at least 6 inches [150 mm] from high
temperature piping, ducts, and flues.

i. Not used.

j. Not used.

k. Metallic conduit connections to sheet metal enclosures shall be
securely fastened by locknuts inside and outside.

l. Not use.

m. Not used.

n. Conduits that cross structural joints where structural movement is
allowed shall be fitted with concretetight and watertight
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expansion/deflection couplings, suitable for use with metallic
conduits. The couplings shall be Appleton Type DF,
Crouse-Hinds Type XD, or O-Z Type DX.

o. Conduit shall be clear of structural openings and indicated future
openings.

p. Conduits through roofs or metal walls shall be flashed and sealed
watertight.

q. Conduit installed through any openings cut into non-fire rated
concrete or masonry structure elements shall be neatly grouted.
Conduit penetrations of fire rated structure elements shall be
sealed in a manner that maintains the fire rating as indicated on
the Architectural Drawings.

r. Conduits shall be capped during construction to prevent entrance
of dirt, trash, and water.

s. Exposed conduit stubs for future use shall be terminated with
galvanized pipe caps.

t. Concealed conduit for future use shall be terminated in
equipment or fitted with couplings plugged flush with structural
surfaces.

u. Where the drawings indicate future duplication of equipment
wired hereunder, concealed portions of conduits for future
equipment shall be provided.

v. Horizontal conduit shall be installed to allow at least 7 feet [2.1 m]
of headroom, except along structures, piping, and equipment or
in other areas where headroom cannot be maintained.

w. Conduit shall not be routed across the surface of a floor, roof, or
walkway unless approved by City.

x. Not used.

y. All conduits that enter enclosures shall be terminated with
acceptable fittings that will not affect the NEMA rating of the
enclosure. Conduit penetrations at equipment located outdoors
shall be made on the side or below the equipment. Top
penetrations are prohibited.

z. Nonmetallic conduit, which turns out of concrete slabs or walls,
shall be connected to a 90 degree elbow of PVC-coated rigid
steel conduit before it emerges.

ab. Not used. .

3-7.02. Underground Conduit Installation. Not used.
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3-7.03. Sealing of Conduits. After cable has been installed and connected,
conduit ends shall be sealed by forcing nonhardening sealing compound into the
conduits to a depth at least equal to the conduit diameter. This method shall be
used for sealing all conduits at handholes, manholes, and building entrance
junction boxes, and for 1 inch [25 mm] and larger conduit connections to
equipment.

Conduits entering chlorine feed and storage rooms shall be sealed in a junction
box or conduit body adjacent to the point of entrance.

3-7.04. Reuse of Existing Conduits. Existing conduits may be reused subject to
the concurrence of City and compliance with the following requirements:

a. A wire brush shall be pulled through the conduit to remove any
loose debris.

b. A mandrel shall be pulled through the conduit to remove sharp
edges and burrs.

3-8. WIRING DEVICES, BOXES, AND FITTINGS INSTALLATION. Metallic
conduit boxes and fittings shall be installed in the following locations:

3-8.01. Conduit Boxes and Fittings.

a. Galvanized or cadmium plated, threaded, malleable iron boxes
and fittings shall be installed in concrete walls, ceilings, and
floors; in the outdoor faces of masonry walls; and in all locations
where weatherproof device covers are required. These boxes
and fittings shall also be installed in exposed rigid steel and
intermediate metal conduit systems.

b. Galvanized or cadmium plated sheet steel boxes shall be
installed in the indoor faces of masonry walls, in interior partition
walls, and in joist supported ceilings.

c. Not used.

d. Not used.

e. Not used.

3-8.02. Device Plates. Oversized plates shall be installed where standard-sized
plates do not fully cover the wall opening.

3-8.03. Wall Switches.

a. Wall switches shall be mounted 3'-6" [1.05 m] above floor or
grade.
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b. After circuits are energized, all wall switches shall be tested for
proper operation.

3-8.04. Receptacles.

a. Convenience outlets shall be 18 inches [450 mm] above the floor
unless otherwise required.

b. Convenience outlets outdoors and in garages; in basements,
shops, storerooms, and rooms where equipment may be hosed
down; shall be 4 feet [1.2 m] above floor or grade.

c. Not used.

d. After circuits are energized, each receptacle shall be tested for
correct polarity and each GFCI receptacle shall be tested for
proper operation.

e. Conduit and wire for convenience outlet installation is not shown
on the drawings and shall be sized, furnished, and installed by
Contractor. Conductors shall be minimum 12 AWG and conduit
shall be minimum 3/4 inch for convenience outlet installation.

3-8.05. Special Outlets.

a. Wall thermostats shall be 4'-6" [1.35 m] above the floor unless
otherwise required. Thermostats on exterior walls shall be
suitably insulated from wall temperature.

b. Not used.

c. Not used.

d. Not used.

3-9. EQUIPMENT INSTALLATION. Except as otherwise specified or indicated
on the drawings, the following procedures shall be used in performing electrical
work.

3-9.01. Setting of Equipment. All equipment, boxes, and gutters shall be
installed level and plumb. Boxes, equipment enclosures, metal raceways, and
similar items mounted on water- or earth-bearing walls shall be separated from
the wall by at least 1/4 inch [6 mm] thick corrosion-resistant spacers. Where
boxes, enclosures, and raceways are installed at locations where walls are not
suitable or available for mounting, concrete equipment pads, framing material,
and associated hardware shall be provided.

3-9.02. Sealing of Equipment. All outdoor substation, switchgear, motor control
center, and similar equipment shall be permanently sealed at the base, and all
openings into equipment shall be screened or sealed with concrete grout to keep
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out rodents and insects the size of wasps and mud daubers. Small cracks and
openings shall be sealed from inside with silicone sealant, Dow-Corning "795" or
General Electric "SCS1200".

3-10. GROUNDING.

3-10.01. General. The electrical system and equipment shall be grounded in
compliance with the National Electrical Code and the following requirements:

a. All ground conductors shall be at least 12 AWG [4 mm2] soft drawn
copper cable or bar, bare or green-insulated in accordance with
the National Electrical Code.

b. Ground cable splices and joints, ground rod connections, and
equipment bonding connections shall meet the requirements of
IEEE 837, and shall be exothermic weld connections or
irreversible high-compression connections, Cadweld "Exothermic"
or Burndy "Hyground". Mechanical connectors will not be
acceptable. Cable connections to bus bars shall be made with
high-compression two-hole lugs.

c. Ground cable through exterior building walls shall be provided with
a water stop. Unless otherwise indicated, installation of the water
stop shall include filling the space between the strands with solder
and soldering a 12 inch [300 mm] copper disc over the cable.

d. Ground cable near the base of a structure shall be installed in
earth and as far from the structure as the excavation permits, but
not closer than 24 inches [600 mm]. The tops of ground rods and
ground cable interconnecting ground rods shall be buried a
minimum of 30 inches [750 mm] below grade, or below the frost
line, whichever is deeper.

e. All powered equipment, including lighting fixtures and receptacles,
shall be grounded by a copper ground conductor in addition to the
conduit connection.

f. Ground connections to equipment and ground buses shall be
made with copper or high conductivity copper alloy ground lugs or
clamps. Connections to enclosures not provided with ground
buses or ground terminals shall be made with irreversible high-
compression type lugs inserted under permanent assembly bolts
or under new bolts drilled and inserted through enclosures, other
than explosion proof enclosures, or by grounding locknuts or
bushings. Ground cable connections to anchor bolts; against
gaskets, paint, or varnish; or on bolts holding removable access
covers will not be acceptable.
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g. The grounding system shall be bonded to the station piping by
connecting to the first flange inside the building, on either a suction
or discharge pipe, with a copper bar or strap. The flange shall be
drilled and tapped to provide a bolted connection.

h. Ground conductors shall be routed as directly as possible,
avoiding unnecessary bends. Ground conductor installations for
equipment ground connections to the grounding system shall have
turns with minimum bend radii of 12 inches [300 mm].

i. Ground rods not described elsewhere shall be a minimum of
3/4 inch [19 mm] in diameter by 10 feet [3 m] long, with a copper
jacket bonded to a steel core.

j. Contractor shall field locate existing ground grid and furnish and
install all necessary connections to new equipment.

3-10.02. Grounding System Resistance. The grounding system design depicted
on the contract drawings is the minimum design required for each building or
structure. Each system shall comply with the maximum resistance of 5 ohms to
ground. Contractor shall confirm the system grounding resistance with the
results of the testing specified herein. Systems exceeding the maximum
resistance specified shall be supplemented with additional grounding provisions
and retested until the maximum specified resistance is achieved.

3-10.03. Grounding System Testing. The grounding system of each new
building or structure and each existing building or structure indicated below, shall
be tested to determine the resistance to earth. Testing shall be performed by an
independent electrical or grounding system testing organization. Testing shall be
completed after not less than three full days without precipitation and without any
other moistening or chemical treatment of the soil.

3-10.03.01. New Grounding Systems. Grounding systems of each new building
or structure shall be tested for resistance to earth utilizing the three-point fall of
potential test as defined by IEEE 81. Testing shall be completed prior to
installation of the electrical distribution equipment to ensure the grounding
system is isolated from the utility grounding system and the systems of other
structures. The current source probe for the test shall be placed in soil at a
distance of 5 to 10 times the distance of the widest measurement across the
grounding system ring or grid to ensure adequate measurements outside of the
grounding system’s sphere of influence. Test probe measurements shall be
taken at a distance of one foot from the grounding system reference connection
and at each 10 percent increment from the grounding system reference
connection to the current source probe location. Test results shall be
documented on a graphical plot with resistance in ohms on the vertical axis and
distance in feet on the horizontal axis. The results shall clearly indicate a system
resistance plateau which confirms a valid test procedure.
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3.10.03.02. Existing Grounding Systems. Grounding systems of each existing
building or structure indicated shall be tested for resistance to earth.

Existing building(s) or
structure(s) to be tested

Riverside Pumping Station

Where existing grounding systems can be isolated from the building power
service or utility power service a three-point fall of potential test shall be
completed as indicated above. Where isolation of the building grounding system
is not practical, a clamp-on resistance test will be an acceptable alternative.
Clamp-on resistance testing shall be completed utilizing a ground resistance
tester specifically designed for clamp on resistance testing, such as the AEMC
"Model 3711". Clamp-on resistance measurements shall be taken at the service
side of the service entrance neutral, upstream of the neutral to ground bonding
connection to ensure a single path between the grounding system and the utility
reference.

3.10.03.03. Grounding System Test Report. A report certified by the testing
organization shall be prepared and submitted in accordance with the submittals
section. The final report shall include complete testing results for each building
or structure, graphical representation of the test point results for the three-point
fall of potential method, and complete observations of all site weather conditions
and other environmental conditions that may affect the test results. Final
acceptance of the results reported shall be subject to the review and approval of
City.

3-11. LIGHTING FIXTURE INSTALLATION. The drawings indicate the general
locations and arrangements of the lighting fixtures. Fixtures in rows shall be
aligned both vertically and horizontally unless otherwise specified. Fixtures shall
be clear of pipes, mechanical equipment, structural openings, indicated future
equipment and structural openings, and other obstructions.

Conduit and wire for lighting fixture installation is not shown on the drawings and
shall be sized, furnished and installed by Contractor. Circuits to emergency
lighting units, exit signs, and fixtures indicated to be night lights shall not be
switched. Circuits to fluorescent lighting fixtures indicated to have emergency
battery packs shall include an additional un-switched hot conductor. Conductors
shall be minimum 12 AWG and conduit shall be minimum 3/4 inch for lighting
fixture installation.

3-12. POWER FACTOR CORRECTION CAPACITOR INSTALLATION. Not
used.

3-13. MODIFICATIONS TO EXISTING EQUIPMENT. Modifications to existing
equipment shall be completed as specified herein and indicated on the drawings.
Temporary power or relocation of existing power and control wiring, equipment,
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and devices shall be provided as required during construction. As a minimum,
either bus A or bus B of existing switchgear shall remain energized during
construction such that power is not interrupted during construction. Electrical
power interruptions shall not exceed 5 minutes and will only be allowed where
agreed upon in advance with Owner, and scheduling at times of low demand
may be required. Coordination and timing of outages shall be as specified in
other sections of these specifications. Electrical power interruptions will only be
allowed where agreed upon in advance with City, and scheduling at times of low
demand may be required.

The required modifications to the existing 5kV switchgear shall be in accordance
with applicable ANSI construction guidelines. All material used for modifications
shall match and be compatible with the existing materials. A top hat assembly
shall be provided for each power connection to the existing 5kV switchgear main
buses.

Modifications are required to connect 8kV cables to the buses inside the existing
indoor 5kV metal-clad switchgear. The existing switchgear was manufactured by
Federal Pacific Electric and installed in 1967. Revisions were made to the
switchgear in 1998. The revisions included replacement of relays, control
switches, test switches, and front doors.

3-13.01. Demolition. Unless otherwise specified or indicated on the drawings, all
cable and all exposed conduit for power and control signals of equipment and
associated devices indicated to be removed, whether or not shown on the
drawings, shall be demolished. Major equipment and devices to be demolished
are shown on the drawings. The Contractor shall field verify the exact locations
of equipment and devices and locate all associated devices, conductors,
raceway systems associated with the equipment and devices requiring
demolition. Contractor shall coordinate with each trade to identify all equipment
which will require demolition. All equipment, devices, and associated
components shall be tagged for demolition. The Contractor shall coordinate with
and conduct a walk through with City Representative to get final approval on
items to be demolished. The equipment, devices, and associated components
shall be demolished after final approval. Raceway systems shall be removed
back to a location outside the area of demolition. Conductors shall be removed
back to the source. Conduit supports and electrical equipment mounting
hardware shall be removed, and holes or damage remaining shall be grouted or
sealed flush. Conduit partially concealed shall be removed where exposed, and
plugged with expanding grout flush with the floor or wall. Repairs shall be
refinished to match the existing surrounding surfaces. Demolished equipment
shall be discarded or salvaged, if requested by the City.

3-13.02. Relocation of Equipment. Unless otherwise specified or indicated on
the drawings, all cable and all exposed conduit for power and control
signals of equipment and associated devices indicated to be relocated,
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whether or not shown on the drawings, shall be relocated. Major
equipment and devices to be relocated are shown on the drawings.
The Contractor shall field verify the exact locations of equipment and
devices and locate all associated devices, conductors, raceway
systems associated with the equipment and devices requiring
relocation. Contractor shall coordinate with each trade to identify all
equipment which will require relocation. All equipment, devices, and
associated components shall be tagged for relocation along with the
new location. The Contractor shall coordinate with and conduct a walk
through with City Representative to get final approval on items to be
relocated. The equipment, devices, and associated components shall
be relocated after final approval. Raceway systems and conductors
shall be furnished and installed to the new location of equipment and
devices. Where required, conductors shall be spliced in junction boxes
and extended to the new location of equipment and devices.

End of Section



STANDARD SPECIFICATIONS

REFERENCE: UL 83, ICEA S-95-658 (NEMA WC70).

CONDUCTOR: Solid, uncoated copper. Maximum operating temperature 90°C dry, 75°C wet.

INSULATION: Polyvinyl chloride, UL 83, Type THHN and THWN, ICEA S-95-658.

SHIELD: None.

JACKET: Conductor: Nylon, 4 mils (100 µm) minimum thickness, UL 83.

FACTORY TESTS: Cable shall meet the requirements of UL 83 for Type THHN and THWN.

Cable Details

Size Number of
Strands

Conductor Insulation
Thickness* Maximum Outside Diameter

AWG or kcmil mm2 in. µm in. mm

12 4.0 1 0.015 380 0.17 4.32

10 6.0 1 0.020 510 0.20 5.08

*The average thickness shall be not less than that indicated above. The minimum thickness shall not be less than
90 percent of the values indicated above.

A durable marking shall be provided on the surface of the cable at intervals not exceeding 24 inches (600 mm). Marking
shall include manufacturer's name, THWN or THHN, conductor size, and 600 volt.

600 Volt, Single Conductor Lighting Cable (600-1-PVC-THHN-THWN)

BLACK & VEATCH Cable Data Figure 1-16050



STANDARD SPECIFICATIONS

REFERENCE: UL 83, ICEA S-95-658 (NEMA WC 70).

CONDUCTOR: Stranded, uncoated copper. Maximum operating temperature 90°C dry, 75°C wet.

INSULATION: Polyvinyl chloride, UL 83, Type THHN and THWN, ICEA S-95-658.

SHIELD: None.

JACKET: Conductor: Nylon, 4 mils (100 µm) minimum thickness, UL 83.

FACTORY TESTS: Cable shall meet the requirements of UL 83 for Type THHN and THWN.

Cable Details

Size Number
of Strands

Conductor Insulation
Thickness*

Maximum Outside Diameter

AWG or kcmil mm2 in. µm in. mm

14 2.5 19 0.015 381 0.12 3.05

12 4.0 19 0.015 381 0.14 3.56

10 6.0 19 0.020 508 0.17 4.32

8 10.0 19 0.030 762 0.23 5.84

6 16.0 19 0.030 762 0.26 6.60

4 25.0 19 0.040 1016 0.33 8.38

2 35.0 19 0.040 1016 0.39 9.91

1 40.0 19 0.050 1270 0.44 11.18

1/0 50.0 19 0.050 1270 0.50 12.70

2/0 70.0 19 0.050 1270 0.54 13.72

4/0 95.0 19 0.050 1270 0.66 16.76

250 120.0 37 0.060 1520 0.72 18.29

350 185.0 37 0.060 1520 0.83 21.08

500 300.0 37 0.060 1520 0.96 24.38

750 400.0 61 0.070 1780 1.17 29.72

1,000 500.0 61 0.070 1780 1.32 33.53

*The average thickness shall be not less than that indicated above. The minimum thickness shall
be not less than 90 percent of the values indicated above.

A durable marking shall be provided on the surface of the cable at intervals not exceeding
24 inches (600 mm). Marking shall include manufacturer's name, THWN or THHN, conductor
size, and 600 volt.

600 Volt, Single Conductor Power Cable (600-1-PVC-THHN-THWN)

BLACK & VEATCH Cable Data Figure 3-16050



STANDARD SPECIFICATIONS

REFERENCE: UL 62, UL 1277.

CONDUCTOR: 16 AWG (1.5 mm2), 7-strand, concentric-lay, uncoated copper. Maximum operating temperature 90°C
dry, 75°C wet.

INSULATION: Polyvinyl chloride, not less than 15 mils (380 µm) average thickness; 13 mils (330 µm) minimum
thickness, UL 62, Type TFN.

LAY: Twisted pair with 1-1/2 inch to 2-1/2 inch (38.10 mm - 63.5 mm) lay.

SHIELD: Cable assembly, combination aluminum-polyester tape and 7-strand, 20 AWG (0.5 mm2) minimum size,
tinned copper drain wire, shield applied to achieve 100 percent cover over insulated conductors.

JACKET: Conductor: Nylon, 4 mils (100 µm) minimum thickness, UL 62.

Cable assembly: Black, flame-retardant polyvinyl chloride, UL 1277, applied over tape-wrapped cable
core.

CONDUCTOR One conductor black, one conductor white.
IDENTIFICATION:

FACTORY TESTS: Insulated conductors shall meet the requirements of UL 62 for Type TFN. Assembly jacket shall meet
the requirements of UL 1277. Cable shall meet the vertical-tray flame test requirements of UL 1277.

Cable Details

Assembly Jacket
Thickness*

Maximum
Outside Diameter

in. µm in. mm

Single Pair 0.045 1140 0.34 8.64

*The average thickness shall be not less than that indicated above. The minimum thickness shall be not less than
80 percent of the value indicated above.

A durable marking shall be provided on the surface of the cable at intervals not exceeding 24 inches (600 mm). Marking
shall include manufacturer's name, Type TC, Type TFN, conductor size, single pair, and voltage class.

600 Volt, Single Pair, Shielded Instrument Cable (600-SINGLE-PAIR-SH-INSTR)

BLACK & VEATCH Cable Data Figure 4-16050



STANDARD SPECIFICATIONS

REFERENCE: UL 83, UL 1277, ICEA S-73-532, ICEA S-58-679.

CONDUCTOR: 14 AWG (2.5 mm2), 7 or 19 strands, concentric-lay, uncoated copper. Maximum operating temperature
90°C dry, 75°C wet.

INSULATION: Polyvinyl chloride, not less than 15 mils (380 µm) average thickness; 13 mils (330 µm) minimum
thickness, UL 83, Type THHN and THWN.

SHIELD: None.

JACKET: Conductor: Nylon, 4 mils (100 µm) minimum thickness, UL 83.

Cable assembly: Black, flame-retardant polyvinyl chloride, UL 1277, applied over tape-wrapped cable
core.

CONDUCTOR ICEA S-58-679, Method 1, Table 2 or ICEA S-58-679, Method 3, Table 2. White
IDENTIFICATION: or green conductors shall not be provided.

FACTORY TESTS: Insulated conductors shall meet the requirements of UL 83 for Type THHN-THWN. Assembly jacket
shall meet the requirements of UL 1277. Cable shall meet the flame test requirements of UL 1277 for
Type TC power and control tray cable.

Cable Details

Number of
Conductors

Assembly Jacket
Thickness*

Maximum
Outside Diameter

in. µm in. mm

2 0.045 1140 0.38 9.65

3 0.045 1140 0.39 9.91

4 0.045 1140 0.44 11.18

5 0.045 1140 0.46 11.68

7 0.045 1140 0.49 12.45

9 0.045 1140 0.61 15.49

12 0.060 1520 0.66 16.76

19 0.060 1520 0.77 19.56

24 0.060 1520 0.93 23.62

30 0.080 2030 0.98 24.89

37 0.080 2030 1.05 26.67

*The average thickness shall be not less than that indicated above. The minimum thickness shall be not less than
80 percent of the values indicated above.

A durable marking shall be provided on the surface of the cable at intervals not exceeding 24 inches (600 mm). Marking
shall include manufacturer's name, Type TC, Type THWN or THHN, conductor size, number of conductors, and voltage
class.

600 Volt, Multiconductor 14 AWG (2.5 mm2) Control Cable (600-MULTI-THHN-THWN)

BLACK & VEATCH Cable Data Figure 7-16050



STANDARD SPECIFICATIONS

REFERENCE: UL 83, UL 1277, ICEA S-73-532, ICEA S-58-679.

CONDUCTOR: 12 AWG (4 mm2), 7 or 19 strands, concentric-lay, uncoated copper. Maximum operating temperature
90°C dry, 75°C wet.

INSULATION: Polyvinyl chloride, not less than 15 mils (380 µm) average thickness; 13 mils (330 µm) minimum
thickness, UL 83, Type THHN and THWN.

SHIELD: None.

JACKET: Conductor: Nylon, 4 mils (100 µm) minimum thickness, UL 83.

Cable assembly: Black, flame-retardant polyvinyl chloride, UL 1277, applied over tape-wrapped cable
core.

CONDUCTOR ICEA S-58-679, Method 1, Table 2 or ICEA S-58-679, Method 3, Table 2. White
IDENTIFICATION: or green conductors shall not be provided.

FACTORY TESTS: Insulated conductors shall meet the requirements of UL 83 for Type THHN-THWN. Assembly jacket
shall meet the requirements of UL 1277. Cable shall meet the flame test requirements of UL 1277 for
Type TC power and control tray cable.

Cable Details

Number of
Conductors

Assembly Jacket
Thickness*

Maximum
Outside Diameter

in. µm in. mm

2 0.045 1140 0.46 11.68

3 0.045 1140 0.49 12.45

4 0.045 1140 0.56 14.22

5 0.045 1140 0.60 15.24

7 0.045 1140 0.66 16.76

9 0.060 1520 0.77 19.56

12 0.060 1520 0.91 23.11

19 0.060 1520 1.05 26.67

24 0.060 1520 1.22 30.99

30 0.080 2030 1.29 32.77

37 0.080 2030 1.40 35.56

*The average thickness shall be not less than that indicated above. The minimum thickness shall be not less than
80 percent of the values indicated above.

A durable marking shall be provided on the surface of the cable at intervals not exceeding 24 inches (600 mm). Marking
shall include manufacturer's name, Type TC, Type THWN or THHN, conductor size, number of conductors, and voltage
class.

600 Volt, Multiconductor 12 AWG (4 mm2) Control Cable (600-MULTI-THHN-THWN)

BLACK & VEATCH Cable Data Figure 8-16050



STANDARD SPECIFICATIONS

REFERENCE: ICEA S-93-639 (NEMA WC 74), AEIC CS-8, ICEA P-45-482.

CONDUCTOR: Concentric-lay, uncoated or coated copper, strand Class B. Normal maximum operating temperature 90°C.

CONDUCTOR Extruded semiconducting thermosetting material, ICEA S-93-639, Section 3.
SHIELD:

INSULATION: Ethylene-propylene rubber, ICEA S-93-639, Section 4, not less than 115 mils (2920 µm) average
thickness; 103.5 mils (2630 µm) minimum thickness.

INSULATION Extruded semiconducting thermosetting material, and nonembedded coated copper tape or
SHIELD: coated copper wires, ICEA S-93-639, Section 5. Extruded material shall be tested in accordance with ICEA

S-93-639 and AEIC CS-8. Shield area shall be not less than that of one helically applied 5 mil (130 µm)
copper tape with a 10 percent overlap when calculated according to Formula 3 in ICEA P-45-482.

JACKET: Black polyvinyl chloride, ICEA S-93-639, Paragraph 7.1.9.

FACTORY TEST: Cable shall meet the requirements of ICEA S-93-639 and AEIC No. CS-8.

Cable Details

Size Number

of Strands
*Jacket Thickness Maximum Outside

Diameter

AWG or kcmil mm2 in. µm in. mm

6 16 7 0.060 1520 0.74 18.8

4 25 7 0.060 1520 0.78 19.81
2 35 7 0.060 1520 0.84 21.34
1 40 19 0.060 1520 0.88 22.35

1/0 50 19 0.060 1520 0.92 23.37
2/0 70 19 0.080 2030 1.01 25.65
4/0 95 19 0.080 2030 1.12 28.45
250 120 37 0.080 2030 1.18 29.97
350 185 37 0.080 2030 1.29 32.77
500 300 37 0.080 2030 1.45 36.88
750 400 61 0.080 2030 1.65 41.91
1000 500 61 0.080 2030 1.81 45.97

*The average thickness shall be not less than that indicated above. The minimum thickness shall be not less than 80 percent
of the values indicated above.

The conductor shield, insulation, and insulation shield shall be applied in a triple extrusion process with all three components
being cured at the same time.

The color of the insulation shall be in contrast to the color of the semiconducting paint. The semiconducting paint shall be
readily removable for terminating.

A durable marking shall be provided on the surface of the cable at intervals not exceeding 24 inches (600 mm). Marking
shall include manufacturer's name, insulating material, conductor size, and voltage class.

Voltage Test After Installation: DC Test Voltage - 36 kV
Duration of Test - 15 Minutes

8000 Volt, Single Conductor Power Cable
100 Percent Insulation Level (8000-1-EPR-PVC-SH)

BLACK & VEATCH Cable Data Figure 9-16050



Project and Location ____________________________

Circuit Designation _____________________________

Project No. _______________________

Date ____________________________

DC TEST DATA

Current, µATime in Minutes After
100% Test Voltage

Is Applied Phase A Phase
B

Phase
C

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

kV dc after 1 min Decay

DC Test Voltage ________________________________

Cable Installation: New ____ Used ___ Years____

Cable: Size __________ Length: _____________

Oper. kV ______ Grounded _____ Ungrounded _____

Rated Cable Voltage ___________________________

Insulation Wall _______________________________
(Type & Thickness)

Conductor Jacket Wall _________________________
Type & Thickness)

Shield _____________________________________
(Type)

Cable Manufacturer ___________________________

Temperature ___________ Humidity______________

Type of Termination ________________________

Type of Splice & Location_______________________
____________________________________________

Remarks____________________________________

100 Microamperes (µA) = 0.1 Milliampere

APPLICATION OF TEST VOLTAGE
The initially applied direct-current voltage shall be not greater than 3.0 times the rated alternating-current voltage. The rate of
increase from the initially applied voltage to the specified test voltage shall be not over 100 percent in 10 seconds nor less than
100 percent in 60 seconds. The duration of the direct-current voltage test shall be 15 minutes for shielded cables and 5 minutes
for nonshielded cables.
Test Curve

Current
in

Microamperes
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time in Minutes After 100% Test Voltage Is Applied
NOTES:
1. Plot results of tests on all three phases on this graph.
2. Assign and indicate values for each division on the microamperes scale as required for the circuit being tested.

Cable Test Data Form

BLACK & VEATCH Cable Data Figure 15-16050
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Section 16100

ELECTRICAL EQUIPMENT INSTALLATION

PART 1 - GENERAL

1-1. SCOPE. This section covers the installation of electrical equipment.

1-2. GENERAL. Equipment specified to be installed under this section shall be
erected, and placed in proper operating condition in full conformity with drawings,
specifications, engineering data, instructions, and recommendations of the
equipment manufacturer, unless exceptions are noted by City.

Equipment mounted on floors or at grade shall be mounted on concrete pads.

1-2.01. Coordination. When manufacturer's field services are provided by the
equipment manufacturer, Contractor shall coordinate the services with the
equipment manufacturer.

1-3. DELIVERY, STORAGE, AND HANDLING.

1-3.01. Delivery. When sills are required for electrical equipment, they shall be
shipped ahead of the scheduled equipment delivery to permit installation before
concrete is placed.

1-3.02. Storage. Upon delivery, all equipment and materials shall immediately
be stored and protected by Contractor in accordance with Section 01614, and in
accordance with manufacturer's written instructions, until installed in the Work.
Equipment shall be protected by Contractor against damage and exposure from
the elements. At no time shall the equipment be stored on earth or grass
surfaces or come into contact with earth or grass. Contractor shall keep the
equipment clean and dry at all times. Openings shall be plugged or capped (or
otherwise sealed by packaging) during temporary storage.

1-3.03. Handling. Electrical equipment shall be moved by lifting, jacking, or
skidding on rollers as described in the manufacturer's instructions. Special lifting
harness or apparatus shall be used when required. Lifting and jacking points
shall be used when identified on the equipment. Contractor shall have required
unloading equipment on site to perform unloading work on the date of equipment
delivery.

1-4. ARC FLASH HAZARD LABELS. Switchgear, switchboards, motor control
centers, motor control line-ups, and transfer switches shall be provided with
permanent labels warning the risk of arc flash and shock hazard. Labels shall be
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designed in accordance with ANSI Z535.4-1998 and shall include the following
information:

WARNING
Arc Flash and Shock Hazard

Appropriate personal protection equipment (PPE) required. See NFPA 70E.
Equipment must be accessed by qualified personnel only.

Turn off all power sources prior to working on or inside equipment.

Additional information shall be provided on the labels where specified in the Arc
Flash Hazard Analysis section of specification 16050.

PART 2 - PRODUCTS

Not used.

PART 3 - EXECUTION

3-1. INSTALLATION, TESTING, AND COMMISSIONING. All installation work
shall be in accordance with manufacturer's written instructions.

All material, equipment, and components specified to be installed according to
this Section shall be installed, tested, and commissioned for operation in
compliance with NECA 1000 – NEIS Specification System. Where required in
NECA 1000, testing and commissioning procedures shall be followed prior to
energizing equipment.

Electrical equipment cubicles and vertical sections shall be installed plumb and
level. Drawout equipment carriages, circuit breakers, and other removable
components shall operate free and easy without binding or distortion.

Unless otherwise indicated or specified, all indoor floor-mounted electrical
equipment and control cabinets shall be installed on concrete equipment pads
four inches [102 mm] in height.

Indoor metalclad switchgear shall be bolted to steel floor channels which are
installed level and flush with the top of the concrete floor or equipment pad.

Outdoor metalclad switchgear and interrupter gear with integral floor channels or
beams shall be secured to concrete pads with anchor bolts and clips.

Motor control centers with integral floor sills shall be secured to concrete floors or
equipment pads with anchor bolts.
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3-1.01. Cleaning. All deposits of oil, grease, mud, dirt or debris shall be cleaned
from the electrical equipment following installation and field wiring. A detergent
water based solution, or other liquid cleaners not harmful to material or
equipment finishes, shall be used as recommended by the manufacturer.

End of Section
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Section 16350

MEDIUM-VOLTAGE GENERATOR LOAD BANK

PART 1 - GENERAL

1-1. SCOPE. This section covers one stationary medium-voltage load bank that
shall be furnished by the Engine-Generator Supplier (Supplier) under Section
11910, as specified herein, and as indicated on the Drawings.

The load bank shall be a stationary, self-fan cooled unit designed to provide
operator-initiated loading of the engine generator at the Riverside Pumping
Station via a circuit breaker feeder connection to RS-E-SWG-01. 
 
1-2. GENERAL. Equipment furnished under this section shall be fabricated and
assembled in full conformity with the drawings, specifications, engineering data,
instructions, and recommendations of the equipment manufacturer, unless
exceptions are noted by City.

The load bank and controls shall be coordinated with the requirements of the
engine generator as specified in the Engine Generators section and RS-E-SWG-
01 specified in the Medium-Voltage Metal-Clad Generator Switchgear section
and Functional Sequence of Operation section to ensure a fully operational
system.

1-2.01. General Equipment Stipulations. The General Equipment Stipulations
shall apply to all equipment furnished under this section. If requirements in this
specification differ from those in the General Equipment Stipulations, the
requirements specified herein shall take precedence.

1-2.02. Dimensional Restrictions. The load bank will be located on a common
equipment pad remote from engine generators. Site space is limited. The load
bank shall be designed to maximize efficient use of pad space.

1-2.03. Workmanship and Materials. Supplier shall guarantee all equipment
against faulty or inadequate design, improper assembly or erection, defective
workmanship or materials, and leakage, breakage, or other failure. The
guarantee shall be the manufacturer’s standard warranty. Materials shall be
suitable for service conditions.

All equipment shall be designed, fabricated, and assembled in accordance with
recognized and acceptable engineering and shop practice. Individual parts shall
be manufactured to standard sizes and thicknesses so that repair parts,
furnished at any time, can be installed in the field. Like parts of duplicate units
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shall be interchangeable. Equipment shall not have been in service at any time
prior to delivery, except when required by tests.

1-2.04. Abbreviations. Reference to standards and organizations in the
Specifications shall be by the following abbreviated letter designations:

NEC National Electrical Code

UL Underwriters' Laboratories

1-2.05. Governing Standards. The load bank furnished under this section shall
be tested and UL listed for permanent onsite installation as a complete assembly.

1-2.07. System Characteristics. The load bank will be connected to a 4.16 kV, 3
phase, 3 wire system.

1-2.08. Rating. The load bank assembly shall be designed for continuous duty
and shall have the following ratings:

Voltage 4.16 kV, 3 phase, 3 wire

Capacity 2,500 kW, 1.0 power factor

1-3. SUBMITTALS.

1-3.01. Drawings and Data. Complete assembly, foundation, and installation
drawings, together with complete engineering data covering the materials used,
parts, devices, and accessories forming a part of the load bank, shall be
submitted in accordance with the Submittals section. The drawings and data
shall include, but shall not be limited to, the following:

a. Floor plan.

b. Elevation views.

c. Conduit entry/exit locations.

d. Weight.

e. Bill of materials.

f. Schematic diagram.

g. Nameplate schedules.

h. Assembly ratings including voltage and kilowatts.
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i. Cable terminal sizes.

j. Descriptive bulletins.

k. Product data sheets.

1-3.02. Operation and Maintenance Data and Manuals. Adequate operation
and maintenance information shall be supplied in accordance with the Contract
Closeout and Submittals sections. Operation and maintenance manuals shall be
submitted in accordance with the Contract Closeout and Submittals sections. 
 
The operation and maintenance manuals shall be in addition to any instructions
or parts lists packed with or attached to the equipment when delivered.

1-4. DELIVERY, STORAGE, AND HANDLING. Shipping shall be in accordance
with the Shipping section. Handling shall be in accordance with the Handling and
Storage section.

The load bank shall be equipped to be handled by crane. Where cranes are not
available, load bank shall be suitable for skidding in place on rollers using jacks
to raise and lower assembly.

1-5. ACCESSORIES AND SPARE PARTS. Spare parts accessories shall be
suitably packaged in substantial wooden boxes with waterproof packaging, with
labels indicating the contents of each box and package. Each item or set of parts
expected to be installed at one time shall be in an individual package. Spare
parts shall be delivered to City as directed. Spare parts shall include one
complete set (100% replacement) of all indicating lamps, color caps, control and
power fuses, and other field replaceable components recommended by the
Supplier and load bank manufacturer.

PART 2 - PRODUCTS

2-1. ACCEPTABLE MANUFACTURERS. The load bank shall be manufactured
by Avtron, Simplex, or approved equal.

2-2. CONSTRUCTION. All equipment furnished under this section shall be
designed and constructed in accordance with the following requirements.

2-2.01. Sills and Anchors. All equipment requiring anchor bolts shall be
provided with the anchor materials, complete with bolts, nuts, and washers. Sills
and anchor materials shall be shipped ahead of the scheduled equipment
delivery with complete anchoring instructions to permit installation before
concrete is placed. Equipment drawings shall show sill and anchor bolt
locations.
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2-2.02. Construction. The load bank shall be a completely self-contained,
freestanding unit which includes all resistive load elements, load control devices,
load element branch circuit fuse protection, main load bus and terminals, cooling
system, power transformer, unit controller and malfunction detection system.
The load bank system components shall be housed in NEMA type 3R
enclosures. 
 
The load bank enclosure shall be of double wall construction for cool exterior and
thermal isolation of the load elements.

Cooling airflow through the enclosure shall be vertical with cold air intake at the
bottom and hot air exhaust out the top. Intake and exhaust openings shall be
screened.

All interior spaces of the enclosure shall be accessible by hinged, lockable doors.
Bolt-on panels shall not be acceptable.

2-2.03. Load Elements. Load elements shall be open, helically wound chromium
alloy electrical resistance wire derated to operate at 60% of the maximum
continuous temperature rating of wire. Element wire shall be mechanically
supported over entire length in such a way that should a wire break, the broken
wire segments will not short to adjacent conductors or to ground.

Load elements shall be individually serviceable and replaceable in the field
without major disassembly of the load bank.

All materials used in the mounting and installation of the load elements shall be
suitable for the temperatures encountered, both in normal operation and under
fault conditions.

Materials in direct contact with the element wire shall be ceramic. These
ceramics shall be installed upon and reinforced and supported by stainless steel
structures. Other materials which structurally support the load elements and/or
form the hot air duct within which the elements are mounted shall be steel,
stainless steel or aluminum. Plastics and glass reinforced plastic materials and
flammable materials will not be acceptable materials of construction for
installation, support and mounting of load elements or in the construction of the
load bank hot air duct.

The resistive load shall be fused in branch circuits of not more than 50 KW each.
Load circuit fuses shall be 200,000 A.I.C. current limiting type, extremely fast
acting 600V rated.

One magnetic contactor shall be furnished per each fused branch circuit for load
control.
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Load bank power wiring shall be insulated 150°C.

2-2.04. Cooling System. The load bank shall be forced air cooled by motor
drive propeller fan. Motors shall be totally enclosed, fan cooled (TEFC), 1800
RPM maximum and controlled by a circuit breaker combination motor starter.

Cooling fan and control power shall be derived internally from the main load bus.
The cooling fan shall operate at load bank bus voltage. Load control circuits and
fan motors control shall operate at 120V or 24V via internal control power
isolation transformers. Control circuit fuses shall be 100,000 A.I.C. current
limiting type, 600V rated.

2-2.05. Load Bank Controller. The load bank shall include a local, unit mounted
controller and control panel. The local controller shall provide the following
functions:

Power supply for load bank control circuits.

Malfunction detection system consisting of sensors within the load bank,
load bank enable/disable permissive circuit, and alarms. Malfunction
detection sensors to include: cooling air intake temperature switch set at
120°F, adjustable exhaust air temperature switch set at not more than
75°F above the maximum rated temperature rise and an air pressure
switch to sense for loss of cooling airflow.

Cooling fan start-stop control.
Remote load dump circuit to trip load bank off-line from remote contacts. A
manual bypass switch shall be provided to override the remote contacts.

Input/output devices and control circuits for operation of load bank from
remote devices when in "automatic" mode or "remote" mode.

Auxiliary dry contacts for field use to indicate load bank "Operating
Normally" and "Load Bank Failure."

Local, manual control panel consisting of:

1. Mode selector switch to select the following: "Off," "Local-Manual,"
"Local-Auto," or "Remote"

2. Manual "Run" and "Stop" buttons
3. Switch to bypass remote load dump contacts
4. Master load control switch
5. Load step control switches, one for each load step
6. Lamp test pushbutton

Status annunciator with visual indicators for the following:
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1. Power connected to load bank
2. Load bank running in local-manual mode
3. Load bank running in local-auto mode
4. Load bank running in remote mode
5. Remote load dump activated
6. Load dump bypassed
7. Load bank operating normally
8. Load bank disabled due to cooling failure
9. Master load switch on
10.Load step on (one for each load step)

2-2.06. Power Transformer. The input power transformer shall be a 4.16kV to
480 volt step-down transformer and shall be outdoor construction, dry-type
designed for 150° C rise with a 220° C insulation system. Secondary fusing shall
be provided on the load side of the transformer.

2-7. SHOP PAINTING. All iron and steel surfaces, except machined surfaces
and stainless steel, shall be shop coated with the manufacturer's standard
coating. Finish color shall be matched to the color selected by City under
submittals for Section 11910 – Engine Generators. Field painting, other than
touchup painting, will not be required. A sufficient quantity of additional coating
material and thinner shall be furnished to permit field touchup painting of
damaged coatings.

The underside of equipment installed in exposed outdoor locations shall be
thoroughly cleaned and coated with an automotive type undercoating material.
The coating shall be thick enough to withstand normal handling during shipping
and installation. The underside is considered to be the surfaces in contact with
the floor or pad and other surfaces not readily accessible for field painting.

2-8. SHOP TESTS. After the equipment has been completely assembled, it
shall be shop tested for general operating condition, circuit continuity, high
potential, and other standard tests for the particular class of equipment, as
defined by industry standards.

PART 3 - EXECUTION

3-1. FIELD SERVICES. These services shall be provided by an experienced,
competent and authorized representative of the manufacturer.

3-1.01. Installation Check. An experienced, competent, and authorized
manufacturer’s representative shall visit the site of the Work and inspect, check,
adjust if necessary and approve the equipment installation. The representative
shall be present when the equipment is placed in operation and shall revisit the
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job site as often as necessary until all trouble is corrected and the equipment
installation and operation are satisfactory in the opinion of City.

Manufacturer’s representative shall furnish a written report certifying that the
equipment has been properly installed and lubricated; is in accurate alignment; is
free from any undue stress imposed by connecting piping or anchor bolts; and
has been operated under full load conditions and that it operated satisfactorily.
The report shall include a Manufacturer’s Certificate of Proper Installation as
specified in Section 01640.

All costs for these services shall be included in the Contract Price.

3-1.02. Startup and Training. In addition to field installation check, the
manufacturer’s representative shall visit the project site for startup and training
services. Services shall include startup of equipment and field/classroom training
of City’s personnel as specified in sections 01640 and 11910. Training shall
include demonstration of all control operation and other system features and as
described in Section 11910 – Engine Generators.

All costs for these services shall be included in the Contract Price.

End of Section
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