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SECTION 03100 

CONCRETE FORMWORK 
 
PART 1 – GENERAL 

 

1.01 SCOPE 
 

A. Design, detail, furnish, utilize, and install concrete formwork as shown and as 
needed for Work shown on the Drawings and as specified herein.  Design 
and detail components, where specified herein. 
 

B. Furnish labor, material, equipment, and incidental items necessary to 
complete Work. 

 
1.02 REFERENCES 

 

A. The following is a list of standards which may be referenced in this section: 
 
1. American Concrete Institute (ACI): 

 
a. 117, Specification for Tolerances for Concrete Construction and 

Materials. 
 

b. 301, Specifications for Concrete Construction. 
 

c. 347, Guide to Formwork for Concrete. 
 

2. NSF International (NSF): 
 
a. NSF 61, Drinking Water System Components – Health Effects. 

 
1.03 DEFINITIONS 

 

A. Form-Facing Material: Temporary structure or mold that supports the 
concrete while the concrete is setting and gaining sufficient strength to be 
self-supported. 
 

B. Formwork: The total system supporting freshly placed concrete, including the 
mold or sheathing in contact with the concrete, as well as supporting 
members, hardware, and required bracing. 
 

C. Concrete form-facing surface classifications are defined as follows: 
 
1. Class A: Surfaces prominently exposed to view where appearance is of 

special importance. 
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2. Class B: Surfaces intended coarse-textured surfaces to receive plaster, 

stucco, or wainscoting.  
 

3. Class C: Surfaces that will be permanently exposed and other finish 
requirements are not specified. 

 
4. Class D: Surfaces where roughness is not objectionable and are 

permanently concealed.  
 
1.04 SUBMITTALS 

 
A. Formwork Shop Drawings: Prepared in accordance with ACI 301 by or under 

the supervision of a qualified professional engineer detailing fabrication, 
assembly, and support of formwork.  Design and engineering of formwork are 
Contractor’s responsibility. 
 

B. Submit for approval copies of manufacturer’s data and installation instructions 
for proprietary materials, including form coatings and releasing agents, 
manufactured form systems, ties, and accessories. 

 
C. Layout drawings for wall control joints, wall weakened plane joints, and wall 

expansion joints. 
 
D. For environmental structures, submit certificates of compliance with NSF 61 

for all applicable formwork products. 
 
1.05 QUALITY ASSURANCE 

 
A. Formwork shall comply with ANSI A10.9 and OSHA Construction Standards, 

Part 1926, Subpart Q, Concrete, Concrete Forms, and Shoring.  In addition, 
the form designs shall meet the requirements of ACI 301. 

 
B. Notify the Engineer a minimum of 48 hours before closure of forms that would 

hinder the subsequent inspection to enable the Engineer to inspect the work. 
 

1.06 PRODUCT DELIVERY, STORAGE AND HANDLING 

 
A. Preparation for Shipment: 

 
1. Package and clearly tag parts and assemblies that are of necessity 

shipped unassembled in a manner that will protect materials from damage 
and facilitate identification and final assembly in field. 
 

2. Insofar as is practical, factory assemble items provided hereunder. 
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D. Storage and Handling:  

 
1. In accordance with manufacturer’s recommendations and in such a 

manner as to prevent damage of any kind, including overexposure to 
sunlight. 

 
PART 2 – PRODUCTS 

 

2.01 PERFORMANCE REQUIREMENTS 
 
A. Design, engineer, erect, shore, brace, and maintain formwork, shores, and 

reshores in accordance with ACI 301, to support vertical, lateral, static, and 
dynamic loads, and construction loads that might be applied, until structure 
can support such loads, so that resulting concrete conforms to the required 
shapes, lines, and dimensions. 
 

B. Design wood panel forms in accordance with APA’s “Concrete Forming 
Design/Construction Guide.” 

 
C. Design formwork to limit deflection of form-facing material to 1/240 of center-

to-center spacing supports. 
 

D. Design cross ties to transfer the effects of the following loads to the cast-in-
place concrete core: 
 
1. Wind Loads: As indicated on Drawings. 

 
a. Horizontal Deflection Limit: Not more than 1/240 of the wall height. 

 
2.02 FORM-FACING MATERIALS 
 

A. Unless otherwise shown or specified, construct formwork for concrete 
surfaces exposed to view in the finished structure, with plywood, metal, metal-
framed plywood-faced or other panel type materials acceptable to Engineer, 
to provide continuous, straight, smooth as-cast surfaces. 
 

B. Forms for Exposed Finish Concrete: (Smooth Finish) 
 

1. Unless otherwise shown or specified, construct formwork for concrete 
surfaces exposed to view in the finished structure, with plywood, metal, 
metal-framed plywood-faced or other panel type materials acceptable to 
Engineer, to provide continuous, straight, smooth as-cast surfaces. 

 
2. Furnish in largest practical sizes to minimize number of joints and to 
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conform to joint system shown or specified.  Provide form material with 
sufficient thickness to withstand pressure of newly placed concrete without 
bow or deflection. 

 
3. Acceptable Materials: 

 
a. Plywood, metal, or other approved materials. 

 
b. Exterior grade plywood panels, suitable for concrete forms, complying 

with DOC PS 1, and as follows: 
 

1) APA HDO (high-density overlay). 
 

2) APA MDO (medium-density overlay); mill-release agent treated and 
edge sealed. 

 
3) APA Structural 1 Plyform, B-B or better; mill oiled and edge sealed. 

 
4) APA Plyform Class I, B-B or better; mill oiled and edge sealed. 

 
C. Forms for Unexposed Finish Concrete: (Rough Finish) 
 

1. Form concrete surfaces that will be unexposed in the finished structure 
with plywood, lumber, metal, or other acceptable material.   
 

2. Provide lumber that is dressed on at least 2 edges and 1 side for tight fit. 
 
D. Forms for Cylindrical Columns, Pedestals, and Supports:   

 
1. Metal, glass-fiber-reinforced plastic, paper, or fiber tubes that produce 

surface finishes with gradual or abrupt irregularities not exceeding 
specified formwork surface class. 
 

2. Provide forms with sufficient wall thickness to resist plastic concrete loads 
without detrimental deformation. 

 
E. Pan-Type Forms: Glass-fiber-reinforced plastic or formed steel, stiffened to 

resist plastic concrete loads without detrimental deformation, with straight end 
forms. 
 

F. Void Forms: Biodegradable paper surface, treated for moisture resistance, 
structurally sufficient to support the weight of plastic concrete and other 
superimposed loads. 
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2.03 FORMWORK ACCESSORIES 

 
A. Form Ties: 

 
1. Provide factory-fabricated, removable or snap off, glass-fiber-reinforced 

plastic or metal form ties designed to resist lateral pressure of fresh 
concrete, prevent form deflection, and to prevent spalling of concrete 
surfaces upon removal.  Materials used for tying Forms will be subject to 
approval of the Engineer. 

 
2. Unless otherwise shown, provide ties so that portion remaining within 

concrete after removal of exterior parts is at least 1 inch from the outer 
concrete surface.  Unless otherwise shown, provide form ties that will 
leave a hole no larger than 1-inch diameter in the concrete surface. 

 
3. Ties for exterior walls and walls subject to hydrostatic pressure shall have 

waterstops that are one of the following: 
 

a. Integral steel waterstop at least 0.103-inch thick and 0.625-inch 
diameter and continuously welded to tie. 
 

b. Neoprene waterstop 3/16-inch thick and 15/16-inch diameter whose 
center hole is one half diameter of tie, or molded plastic waterstop of 
comparable size. 

 
4. Design tie to prevent rotation or disturbance of embedded tie (portion to 

remain) during removal of ends and to prevent water leaking along tie. 
 
G. Form Release Agents: 
 

1. Provide commercial formulation form release agent with a maximum of 
350 g/L volatile organic compounds (VOCs). 
 

2. Form release agent shall not bond with, stain, or adversely affect concrete 
surfaces and will not impair subsequent treatments of concrete surfaces. 

 
3. For steel form-facing materials, use release agent with rust inhibitor. 

 
H. Chamfers: 
 

1. Provide 1 inch by 1 inch chamfer on exterior corners and edges of 
permanently exposed concrete. 
 

2. Approved materials included wood, metal, PVC, or rubber strips. 
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I. Rustication Strips: 
 

1. Wood, metal, PVC, or rubber strips kerfed for ease of form removal. 
 

PART 3 – EXECUTION 

 

3.01 DESIGN OF FORMWORK 

 
A. Formwork shall be in accordance with ACI 301 and as follows: 

 
1. Design, erect, shore, support, brace, and maintain formwork to support 

vertical, lateral, static, dynamic, and construction loads that might be 
applied until concrete structure can support such loads. 
 

2. Construct formwork so concrete members and structures are of correct 
size, shape, alignment, elevation, and position, within tolerance limits of 
ACI 117. 
 

3. Construct forms to sizes, shapes, lines, and dimensions shown on the 
drawings and to obtain alignment, location, grades, level, and plumb work 
in finished structures.  Provide openings, offsets, keyways, recesses, 
moldings, blocking, bulkheads, anchorages and inserts, and other features 
required in the Work.  Use selected materials to obtain required finishes. 

 
4. Solidly butt joints and provide backup at joints to prevent cement and 

mortar pastes from leaking. 
 

5. Fabricate forms for easy removal without hammering or prying against 
concrete surfaces.  Provide crus plates or wrecking plates where stripping 
may damage cast concrete surfaces.  Kerf wood inserts for forming 
keyways, reglets, recesses, and the like for easy removal.  Do not use 
rust-stained steel form facing material. 

 
6. Provide openings and box-outs for chases, recesses, or other openings 

required by other trades required to complete the Work.   
 
7. Install all the items (sleeves, inserts, hangers, anchors, etc.) to be 

supported by the formwork as required by the work. 
 
8. Install pipe sleeves, wall pipes and wall sleeves, as shown or specified, for 

all piping penetrating walls and slabs.  The use of block-outs in walls is 
prohibited. 

 
9. The use of reinforcing steel, partially embedded in concrete, as toe pins or 
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form spacers is prohibited. 
 

B. Forms for Exposed Concrete: 
 

1. Do not use metal cover plates for patching holes or defects in forms. 
 
2. Provide sharp, clean corners at intersecting planes, without visible edges 

of offsets.  Back joints with extra beams or girts to maintain true, square 
intersections. 

 
3. Use extra beams walers and bracing to prevent bowing of forms between 

beams and to avoid bowed appearance in concrete.  Do not use narrow 
strips of form material that will produce bow. 

 
4. Assemble forms so they may be readily removed without damage to 

exposed concrete surfaces. 
 
5. Form molding shapes, recesses, and projections with smooth-finish 

materials, and install in forms with sealed joints to prevent displacement. 
 
6. Chamfer exposed corners and edges. 

 
C. Corner Treatment: 

 
1. Form exposed corners of beams, walls, bases and columns to produce 

smooth, solid, unbroken lines, except as otherwise shown. Except as 
specified below for re-entrant or internal corners, exposed corners shall be 
chamfered. 

 
2. Form chamfers with 1 inch by 1 inch strips, unless otherwise shown, 

accurately formed and surfaced to produce uniformly straight lines and 
tight edge joints.  Extend terminal edges to required limit and miter 
chamfer strips at changes in direction. 

 
3. Re-entrant or internal corners and unexposed corners may be formed 

square. 
 

D. Joints: 
 

1. See Specification Section 03150 - Concrete Joints & Accessories and 
Drawings for treatment of joints.  Locate as shown and specified. 

 
E. Cleaning and Tightening: 

 
1. Thoroughly clean forms and adjacent surfaces to receive concrete. 
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Remove chips, wood, sawdust, dirt, or other debris just before concrete is 
to be placed.   
 

2. Re-tighten forms immediately after concrete placement as required to- 
eliminate mortar leaks. 

 
3.02 PREPARING FORM SURFACES 

 
A. Coat contact surfaces of forms with non-residual, low-VOC, form release 

agent before placing reinforcement.  For form liners, use a form release 
coating recommended by the liner manufacturer. 
 

B. Do not allow excess form coating material to accumulate in the forms or to 
come into contact with surfaces, which will be bonded to fresh concrete.  
Apply in compliance with manufacturer's instructions. 

 
C. Coat steel forms with a non-staining, rust-preventative form oil or otherwise 

protect against rusting.  Rust-stained steel formwork is not acceptable. 
 

D. Form releasing agents must not impair subsequent treatment of concrete 
surfaces that depend upon bond or adhesion nor impede the wetting of 
surfaces to be cured with water or curing compounds. 

 
3.03 INSTALLATION OF EMBEDDED ITEMS 

 
A. Set and build into the formwork, anchorage devices and other embedded 

items, shown specified or required by other Sections.  Use necessary setting 
drawings, diagrams, instructions, and directions. 
 

B. All embeds should be supported, plumbed, and carefully taped or covered to 
prohibit the infiltration of concrete during the pour. 

 
C. Coat any aluminum or reactive metal inserts, with non-reactive coating to 

isolate the metal surfaces. 
 

D. Edge Forms and Screed Strips for Slabs and Sidewalks: 
 

1. Set edge forms or bulkheads and intermediate screed strips for slabs and 
sidewalks to obtain required elevations and contours in the finished slab 
surface.  Provide and secure units to support screeds. 

 
2. The screeds may not be tack welded to the rebar embeds, or structural 

steel. 
 

E. Clean embedded items immediately prior to concrete placement. 
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3.04 FIELD QUALITY CONTROL 

 
A. Before concrete placement, the Engineer shall inspect all formwork.  No 

concrete shall be poured without Engineer’s approval. 
 
B. Before concrete placement, Contractor shall check the formwork, including 

lines, ties, tie cone, and form coatings.  Contractor shall make corrections 
and adjustments to ensure proper size and location of concrete members and 
stability of forming systems. 

 
C. During concrete placement Contractor shall check formwork and related 

supports to ensure that forms are not displaced, and that completed Work 
shall be within specified tolerances. 

 
D. If Contractor finds that forms are unsatisfactory in any way, either before or 

during placing of concrete, placement of concrete shall be postponed or 
stopped until the defects have been corrected and reviewed by the Engineer. 

 
3.05 REMOVAL OF FORMS 

 
A. Remove forms and falsework in a manner that will prevent damage to the 

concrete and not impair the safety of the structure.  
 
B. Do not use pinch bars or similar tools to pry against concrete surfaces. 
 
C. Do not remove forms until concrete has aged at not less than 50 degrees 

Fahrenheit for the durations as follows: 
 

1. Elevated slabs and beams:  7 days minimum. 
 

2. Grade beams, columns, walls, construction and expansion joint bulkheads 
and other vertical surfaces:  24 hours minimum. 
 

D. Elevated slabs and beams shall have attained at least 70 percent of the 
specified 28-day strength before form removal.  Concrete shall also have 
sufficient strength to safely support its own weight and construction loads.  
Determine concrete strength for form removal in conformance with ACI 301. 
 

E. Reshore elevated concrete elements immediately upon form removal.  
Shoring shall remain in place until the concrete has attained the specified 28-
day design strength. 
 

F. Maintain shoring of elevated concrete elements which support subsequent 
construction when the subsequent construction loads exceed the design live 
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load of the elements. 
 
3.06 REUSE OF FORMS 

 
A. Clean and repair surfaces of forms to be reused in the Work.  Split, frayed, 

delaminated or otherwise damaged form facing material will not be 
acceptable.  Apply new form releasing agent for each reuse. 

 
B. Plywood surfaced forms must have smooth clean faces for re-use, and may 

not have excessive knots or tie hole plugs.  They may not be used more than 
(3) times without an Engineer's inspection and approval. 
 

C. Metal surfaced forms must have a smooth even surface without plate 
patches. 

 
3.07 ACCEPTABLE TOLERANCES 

 
A. Variation from plumb in the lines and surfaces of columns, piers, and walls: 

 
1. In any 10 Feet of Height:   

 
a. For Walls:  +/-1/2 inch  

 
b. For All Other Elements:  +/-1/4 inch 

 
2. Maximum for the Entire Height:  +/-1 inch 

 
B. Vertical deviation permitted from floor level or from the grades shown on the 

Drawings: 
 
1. Tops of slabs-on-ground: +/-3/4 inch 

 
2. Tops of suspended slabs, before removal of shoring:  +/-3/4 inch 

 
3. Lintels, sills, parapets, horizontal grooves, and other exposed lines of 

concrete:  +/-1/2 inch 
 

4. Tops of walls:  +/-3/4 inch 
 

C. Horizontal deviation permitted from the linear building lines shown on the 
Drawings: 
 
1. Vertical edges of columns, piers, and walls measured at the top of the 

element:  +/-1 inch. 
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2. Edges of all openings:  +/-1/2 inch 
 

3. Sawcut, expansion, and construction joints:  +/-3/4 inch 
 

D. Variation in the sizes and location of sleeves for pipes and conduits, floor 
openings and wall openings:  +1/4 inch, -0 inch 
 

E. Deviation permitted from the cross-sectional dimensions shown on the 
Drawings:    

 
1. Thickness of suspended slabs: +0 inch, -1/4 inch 

 
2. Thickness of slabs-on-ground:  +1 inch, -3/8 inch 

 
3. Thickness of formed elements: 

 
a. 12 inch or less:  +3/8 inch, -1/4 inch 

 
b. Between 12 inch and 36 inch:  +1/2 inch, -1/4 inch 

 
c. 36 inch or more:  +1 inch, -3/4 inch 

 
4. Thickness of unformed elements cast against soil:  +3 inch, -1/2 inch 

 
F. Deviations permitted for foundations: 

 
1. Horizontal deviation from location shown on Drawings:  +/-2% of the 

foundation width in the direction of misplacement but not more than +/-2 
inches. 
 

2. Vertical deviation from top elevation shown on Drawings: +1/2, -2 inches. 
 

3. Thickness:  +5% of thickness shown on Drawings; no decrease is 
permitted. 

 
G. Deviations permitted for stairs: 

 
1. In a Flight of Stairs: 

 
a. Rise:  +/-1/4 inch. 
b. Tread:  +/-1/4 inch 

 
2. In Consecutive Steps: 

 
a. Rise:  +/-3/16 inch 
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b. Tread:  +/3/16 inch 

 
H. Abrupt irregularities for all formed surfaces shall measure +/-1 inch of the 

irregularity. 
 

I. Gradual irregularities for all formed surfaces shall be measured by 
determining the gap between concrete surface and the edge of a 5’-0” 
straightedge and not exceeding:  

 
1. +1/8 inch for Class A surfaces. 

 
2. +1/4 inch for Class B surfaces. 

 
3. +1/2 inch for Class C surfaces. 

 
4. +1 inch for Class D surfaces. 

 
J. Maximum permitted deviations from plane for slopes of formed surfaces: 

 
1. Vertical deviations from plane shall be measured to not exceed the 

following amounts when measure with a 10 ft straightedge: 
 

a. Visible surfaces:  +/-0.2%  
 

b. Concealed surfaces:  +/-0.4% 
 

 
+++ END OF SECTION 03100 +++ 
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SECTION 03150 

CONCRETE JOINTS AND ACCESSORIES 
 
PART 1 – GENERAL 

 

1.01 SCOPE 
 

A. Design, detail, furnish, utilize, and install concrete joints and accessories as 
shown and as needed for Work shown on the Drawings and as specified 
herein.  Design and detail components, where specified herein. 
 

B. Furnish labor, material, equipment, and incidental items necessary to 
complete Work. 

 
C. The types of concrete joints and accessories covered in this Section: 
 

1. Construction Joints 
 

2. Expansion Joints and Fillers 
 

3. Waterstops 
 

4. Joint Sealants 
 
D. All joints subject to hydrostatic pressure shall be provided with continuous 

waterstop. 
 
1.02 SUBMITTALS 

 
A. Submit for approval copies of manufacturer’s data and installation instructions 

for proprietary materials, including waterstops, backer rod materials, joint 
sealants, and other accessories. 

 
B. Layout drawings for wall control joints, wall weakened plane joints, and wall 

expansion joints. 
 
C. For environmental structures, submit certificates of compliance with NSF 61 

for all applicable formwork products. 
 
D. Details of waterstop splices, method of securing and supporting waterstop in 

forms to maintain proper orientation and location during concrete placement. 
 
E. Samples of PVC waterstop, joint, and fabricated cross of each size, shape, 

and fitting of waterstop if requested by the Engineer. 
 
F. Letter stating compatibility between liquids being contained and materials 
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used for waterstops and joint fillers. 
 
1.03 QUALITY ASSURANCE 

 
A. Notify the Engineer a minimum of 48 hours before closure of forms that would 

hinder the subsequent inspection to enable the Engineer to inspect the work. 
 

B. All manufactured items shall be installed in accordance with the 
manufacturer’s instructions. 

 
C. Construction and expansion joints shall not be added or relocated without the 

approval of the Engineer. 
 

1.04 PRODUCT DELIVERY, STORAGE AND HANDLING 

 
A. Preparation for Shipment: 

 
1. Package and clearly tag parts and assemblies that are of necessity 

shipped unassembled in a manner that will protect materials from damage 
and facilitate identification and final assembly in field. 
 

2. Insofar as is practical, factory assemble items provided hereunder. 
 

B. Storage and Handling:  
 
1. In accordance with manufacturer’s recommendations and in such a 

manner as to prevent damage of any kind, including overexposure to 
sunlight. 

 
PART 2 – PRODUCTS 

 

2.01 PVC WATERSTOP 

 

A. Extruded from elastomeric plastic compound of which basic resin shall be 
prime virgin polyvinyl chloride (PVC).  Compound shall not contain scrapped 
material, reclaimed material, or pigment. 
 

B. Profile: Ribbed with center bulb with factory-installed metal eyelets for 
embedding in concrete to prevent passage of fluids through joints. 

 
C. Dimensions: 6 inches by 3/8 inch thick. 
 
D. Specific Gravity: Approximately 1.37. 

 
E. Shore Durometer Type A Hardness: Approximately 80. 
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F. Performance Requirements: COE Specification CRD C 572. 
 

G. Type Required at Construction Joints for New Concrete to Existing Concrete:  
 

1. Retrofit, tee shaped waterstop with vertical leg centered in new concrete 
wall or slab. 
 

2. Vertical leg shall be a minimum of 6 inches wide with parallel longitudinal 
ribs or protrusions on each side of strip center. 
 

3. Horizontal legs shall be 4-1/2 inches wide each (9 inches wide total) with 
batten bar each side of vertical leg anchored to existing concrete. 
 

4. Batten bars shall be continuous, stainless steel bars with stainless steel 
anchors at 12 inches on center spacing. 
 

5. Horizontal leg of waterstop shall be continuously adhered to existing 
concrete with adhesive epoxy per manufacturer’s recommendations. 

 
H. Corrugated or tapered type waterstops are not acceptable. 

 
I. Thickness shall be constant from center bulb (or center of waterstop), to 

outside stop edge. 
 

J. Factory Fabrications: Use only factory fabrications for intersections, 
transitions, and changes of direction. 

 
2.02 HYDROPHILIC WATERSTOP 

 
A. Manufactured rectangular or trapezoidal strips with adhesive to bond to 

concrete surfaces. 
 

B. For use at construction joints only, where new concrete is placed against 
existing concrete and as shown on Drawings. 
 

C. Material shall be a non-bentonite hydrophilic rubber compound. 
 
D. Dimensions: 3/4 by 1 inch. 
 
E. Adhesive products shall be made by same manufacturer as hydrophilic 

waterstop product. 
 

2.03 PREMOLDED JOINT FILLER 

 

A. Bituminous Type: ASTM D1751 - Composed of cellular fibers securely 
bonded together and uniformly saturated with bituminous materials and non-
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extruding. 
 

B. Sponge Rubber Type: Neoprene, closed-cell, expanded; ASTM D1056, Type 
2C5, with compression deflection, 25 percent deflection (limits), 119 kPa to 
168 kPa (17 psi to 24 psi) minimum. 

 
2.04 JOINT SEALANT 
 

A. Materials shall be tow component, polyurethane meeting ASTM C-920. 
 

B. Materials shall have +/- 50% movement. 
 

C. Horizontal Joints:  Self-leveling product. 
 

D. Vertical and Overhead Joints:  Non-sag product. 
 

PART 3 – EXECUTION 

 
3.01 JOINT CONSTRUCTION 

 

A. Construction Joints:  Locate and install construction joints so they do not 
impair the strength or appearance of the structure. 
 

B. Provide wood keyways where shown at construction joints in footings, and 
walls.  Nominal size: 2 inches by 4 inches for members 12-inches thick or less 
and 2 x 6 for members greater than 12-inches thick. 
 

C. Place construction joints perpendicular to main reinforcement.  Continue 
reinforcement across construction joints and lap with reinforcing in the 
adjacent pour, unless otherwise noted.  
 

D. Locate and form vertical weakened plane joints in walls as indicated on the 
Drawings.  Form weakened plane joints in walls 8-inches thick and less by 
forming a 1-1/2 inch deep vertical reveal in the interior face of walls.  
Discontinue or cut 1/2 of the horizontal reinforcing (every other continuous 
horizontal reinforcing bar) at the weakened plane joint 

 
3.02 WATERSTOP INSTALLATION 

 

A. General: 
 

1. Continuous waterstop (as specified) shall be installed in all construction 
joints in walls and slabs of water holding basins and channels and in walls 
of below-grade structures, unless specifically noted otherwise. 
 

2. Join waterstop at intersections to provide continuous seal. 
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3. Center waterstop on joint. 

 
4. Secure waterstop in correct position. Tie waterstop to reinforcing steel 

using grommets, “Hog Rings,” or tie wire at maximum spacing of 12 
inches.  Do not displace waterstop during concrete placement. 

 
5. Repair or replace damaged waterstop. 

 
6. Place concrete and vibrate to obtain impervious concrete in vicinity of 

joints. 
 

7. Joints in Footings and Slabs: 
 

a. Ensure that space beneath PVC waterstop is completely filled with 
concrete. 
 

b. During concrete placement, make visual inspection of waterstop area. 
 

c. Limit concrete placement to elevation of waterstop in first pass, vibrate 
concrete under waterstop, lift waterstop to confirm full consolidation 
without voids, then place remaining concrete to full height of slab. 

 
B. PVC Waterstop: 

 
1. Install in accordance with manufacturer’s written instructions. 

 
2. Splice in accordance with waterstop manufacturer’s written instructions 

using Teflon-coated thermostatically controlled heating iron at 
approximately 380 degrees F. 

 
a. Allow at least 10 minutes before new splice is pulled or strained in any 

way. 
 

b. Finished splices shall provide cross section that is dense and free of 
porosity with tensile strength of not less than 80 percent of unspliced 
materials. 

 
c. Use only factory made waterstop fabrications for all intersections, 

changes of directions and transitions. 
 

d. Field splice permitted only for straight butt welds. 
 

3. Wire looped PVC waterstop may be substituted for PVC waterstop. 
 

C. Hydrophilic Waterstop: 
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1. Install in accordance with manufacturer’s written instructions. 

 
2. Provide minimum of 2-1/2 inches of concrete cover over waterstop. When 

structure has two layers of steel reinforcement, locate centered between 
layers of steel or as shown. 

 
3. Apply adhesive to concrete surface and allow to dry for specified time 

before applying waterstop strip. 
 

4. Lap ends of waterstop strip together at splices and corners and join with 
sealant. 

 
5. Verify that waterstop is anchored firmly in place before placing concrete. 

Do not allow vibrator to come into contact with waterstop. 
 

6. Lap hydrophilic waterstop 2 feet minimum with intersecting PVC 
waterstops. 

 
3.03 FIELD QUALITY CONTROL 

 
A. Before concrete placement, the Engineer shall inspect all embedded joint 

items.  No concrete shall be poured without Engineer’s approval. 
 
B. Before concrete placement, Contractor shall check the waterstops and other 

embedded joint accessories.  Contractor shall make corrections and 
adjustments to ensure proper size and location of watestops and other 
embedded joint accessories. 

 
C. During concrete placement Contractor shall check waterstops and related 

supports to ensure that waterstops are not displaced, and that completed 
Work shall be within specified tolerances. 

 
D. If Contractor finds that waterstops are unsatisfactory in any way, either before 

or during placing of concrete, placement of concrete shall be postponed or 
stopped until the defects have been corrected and reviewed by the Engineer. 

 

 
+++ END OF SECTION 03150 +++ 
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SECTION 03200 

CONCRETE REINFORCING 

 

PART 1 – GENERAL  

 

1.01 SCOPE 

 

A. Detail, furnish and install concrete reinforcement as shown on the Drawings 

and as specified herein.  Design and detail components, where specified 

herein. 

 

B. Furnish labor, material, equipment, and incidental items necessary to 

complete Work. 

 

1.01 REFERENCES 

 

A. The following is a list of standards which may be referenced in this section: 

 

1. American Concrete Institute (ACI): 

 

a. 117, Specification for Tolerances for Concrete Construction and 

Materials 

 

b. 301, Specifications for Concrete Construction 

 

c. 315R, Guide to Presenting Reinforcing Steel Design Details 

 

d. 350, Code Requirements for Environmental Engineering Concrete 

Structures and Commentary 

 

e. 350.5, Specifications for Environmental Concrete Structures 

 

f. MNL-66, ACI Detailing Manual 

 

2. American Society for Testing and Materials International (ASTM): 

 

a. A184/A184M, Standard Specification for Welded Deformed Steel Bar 

Mats for Concrete Reinforcement 

 

b. A185/A185M, Standard Specification for Steel Welded Wire 

Reinforcement, Plain, for Concrete 
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c. A615/A615M, Standard Specification for Deformed and Plain Carbon-

Steel Bars for Concrete Reinforcement 

 

d. A706/A706M, Standard Specification for Deformed and Plain Low-

Alloy Steel Bars for Concrete Reinforcement 

 

e. A970/A970M, Standard Specification for Headed Steel Bars for 

Concrete Reinforcement 

 

f. A1064/A1064M, Standard Specification for Carbon-Steel Wire and 

Welded Wire Reinforcement, Plain and Deformed, for Concrete 

 

3. American Welding Society (AWS): 

 

a. D1.4/D1.4M, Structural Welding Code – Reinforcing Steel 

 

4. Concrete Reinforcing Steel Institute (CRSI): 

 

a. Manual of Standard Practice 

 

b. Reinforcing Bar Detailing 

 

c. RB4.1, Supports for Reinforcement Used in Concrete 

 

5. International Code Council (ICC): 

 

a. IBC, International Building Code 

 

b. ICC-ES, International Code Council Evaluation Service 

 

1.02 SUBMITTALS 

 

A. Shop Drawings: 

 

1. Prepare shop drawings in accordance with ACI 315 and ACI MNL-66. 

 

2. Shop drawings shall include placing drawings, bending details, and bar 

lists with bar marks. 

 

3. Show size, lengths, materials, grades, bar schedules, stirrup spacing, bent 

bar diagrams, bar arrangement, location of splices, lengths of lap splices, 
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tie spacing, hoop spacing, supports for concrete reinforcement, and 

location of bars and welded wire fabric in structures. 

 

4. Provide details for mechanical splice couplers and welding splices as 

permitted in the Drawings. 

 

5. Bill reinforcing bars for walls on elevations.  When more than one wall is 

identical, only one such wall is required to be detailed. 

 

6. Bill reinforcing bars for slabs on plans.  When more than one slab is 

identical, only one such slab is required to be detailed. 

 

7. Location and arrangement of cast-in-place accessories shall be clearly 

indicated. 

 

8. Include locations where support bars and chairs are required.  Indicate 

typical minimum spacing requirements if exact locations are not shown. 

 

B. Product Data: 

 

1. Mechanical Splices: 

 

a. Submit requests to use mechanical splices not indicated on the 

Contract Drawings. 

 

b. Include product data sheets for all mechanical splice products. 

 

c. Clearly indicate locations, sizes, and types of mechanical splices on 

Shop Drawings. 

 

2. Reinforcement Accessories: 

 

a. Submit product data for tie wire products. 

 

b. Submit product data precast concrete or fiber-reinforced concrete 

supports.  

 

C. Certified Mill Test Reports: 

 

1. Submit manufacturer’s certified mill test reports on each heat of reinforcing 

delivered showing physical and chemical analysis before placing 

reinforcement. 
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1.03 QUALITY ASSURANCE 

 

A. Contractor shall examine the substrate and the conditions under which 

concrete reinforcement is to be placed and notify the Engineer in writing of 

unsatisfactory conditions.  Do not proceed with the work until unsatisfactory 

conditions have been corrected in a manner acceptable to the Engineer. 

 

B. Minimum concrete cover for reinforcement shall comply with ACI 350, except 

as shown on Drawings. 

 

C. Splices other than lap splices shall not be used except where permitted in 

writing by the Engineer. 

 

D. Comply with provisions of ACI 301 except where more stringent requirements 

are shown or specified. 

 

E. Proprietary products, including mechanical splices, shall have an active ICC-

ES Evaluation Report. 

 

F. Mill test reports including chemical analysis, tensile properties, and bend test 

shall be examined for all reinforcing.  Conform to one of the following: 

 

1. Maintain positive identification of reinforcing by heat number.  Provide 

certified mill test reports to Testing Laboratory. 

 

2. Where positive identification cannot be made and procedures are not 

deemed adequate to ensure compliance, Testing Laboratory will randomly 

sample and make one tensile and one bend test from each 2-1/2 tons or 

fraction thereof of each size of reinforcement. Contractor will bear the 

cost of testing. 

 

1.04 DELIVERY, STORAGE, AND HANDLING 

 

A. Deliver concrete reinforcement materials to the site bundled, tagged, and 

marked.  Use metal tags indicating bar size, length, and other information 

corresponding to markings shown on placement diagrams. 
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B. Store concrete reinforcement material at the site to prevent permanent 

bending, damage, and accumulation of dirt or excessive rust.  Store on heavy 

wood blocking so that no part of it will come in contact with the ground. 

 

PART 2 – PRODUCTS  

 

2.01 BAR REINFORCEMENT  

 

A. Shall be Grade 60, deformed billet bars conforming to ASTM A615, unless 

otherwise noted on the Drawings. 

 

B. Where welding is permitted by the Engineer, low-alloy steel bar reinforcement 

shall conform to ASTM A706. 

 

2.02 WELDED WIRE FABRIC (WWF)   

 

A. Supply WWF in flat sheets conforming to ASTM A1064.  WWF supplied in 

rolls is prohibited. 

 

B. Wire type shall be plain (W) or deformed (D) as indicated on Drawings. 

 

1. Plain (W) WWF shall have a minimum yield strength of 65,000 psi. 

 

2. Deformed (D) WWF shall have a minimum yield strength of 70,000 psi. 

 

C. Spacing and size of transverse and longitudinal wires are indicated on 

Drawings. 

 

2.03 HEADER BAR REINFORCEMENT  

 

A. Shall be Grade 60, deformed billet bars conforming to ASTM A970. 

 

B. The net bearing area of the head shall be at least four times the net area of 

the bar but not less than the area required to develop the minimum tension 

forces indicated on the Drawings. 

 

2.04 SPIRALS 

 

A. Shall be Grade 60, deformed billet bars conforming to ASTM A1064. 

 

B. Spirals shall be anchored by 1-1/2 extra turns of spiral bar or wire at each 

end. 
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2.05 MECHANICAL SPLICES 

 

A. Shall be Type 1, Grade 60, shop fabricated bars conforming to ASTM A318. 

 

B. Metal Sleeves:  Steel sleeve with cast filler metal, capable of developing, 

under tension or compression, 125 percent of specified yield strength of the 

spliced reinforcing bar.  

 

C. Mechanical Threaded Connections:  Metal coupling sleeve with internal 

threads which engage threaded ends of bars to be spliced, and develops 

under tension or compression, 125 percent of the specified yield strength of 

the splice reinforcing bar. 

 

2.06 ACCESSORIES 

 

A. Tie Wire: Minimum 16-gage black annealed wire conforming to ASTM A1064. 

 

B. Bar supports shall meet the following requirements: 

 

1. Bolsters, chairs, spacers, and other devices for spacing, supporting, and 

fastening reinforcing bars and welded-wire reinforcement in place. 

 

2. At surfaces not exposed to view in completed structure: Precast concrete 

bar supports with two 16 ga. embedded wires or CRSI Class 2 wire 

supports. 

 

3. Supports placed against ground or on top of vapor barrier: Precast 

concrete blocks not less than 3 inches square with two 16 ga. embedded 

wires. 

 

4. At Architectural Concrete and surfaces exposed to weather: CRSI Class 2 

stainless steel or CRSI Class 1 plastic protected. 

 

5. Where support is no closer to concrete surface than 1/2 inch: CRSI Class 

3 wire supports. 

 

2.07 FABRICATION 

 

A. Fabricate reinforcing bars to conform to required shapes and dimensions, 

with fabrication tolerances complying with CRSI Manual of Standard Practice 

and ACI 315 minimums.   
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B. In case of fabricating errors, do not re-bend, retemper, heat, deform, or 

straighten reinforcement. 

 

C. Field fabrication of reinforcing is not permitted. 

 

D. Welding of reinforcement is not permitted unless permitted by the Engineer in 

writing. 

 

E. Reinforcement with any of the defects listed below will not be permitted in the 

Work: 

 

1. Bar lengths, bends, and other dimensions exceed specified fabrication 

tolerances. 

 

2. Bends or kinks not shown on approved Shop Drawings. 

 

3. Bars with reduced cross-section due to excessive rusting or other cause. 

 

4. Surface contamination that would affect the bond i.e. grease, dirt, paint, 

rust etc. 

 

5. Heat deformed or torched bars. 

 

PART 3 – EXECUTION  

 

3.01 INSTALLATION 

 

A. Before placing concrete, clean reinforcement of loose scale, rust, dirt, grease, 

and other substances which would impair bond with concrete. 

 

B. Do no cut or puncture vapor retarders.  Repair damage and reseal vapor 

retarders before placing concrete as required. 

 

C. Space metal chairs, bolsters, spacers, and hangers in accordance with ACI 

315 and CRSI Manual of Standard Practice.  No wood blocks are allowed for 

rebar support. 

 

D. Provide sufficient numbers of supports of strength required to carry 

reinforcement without sagging. 

 

E. Placing of Reinforcement: 
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1. Placing tolerances shall be in conformance with the Drawings and the 

CRSI Manual of Standard Practice. 

 

2. Place reinforcement to obtain the minimum concrete coverage as shown 

in the Drawings.  Conform to minimum coverage requirements in ACI 350 

where not indicated. 

 

3. Arrange, space, and securely tie bars and bar supports together with 16 

gauge wire to hold reinforcement accurately in position during concrete 

placement operations. 

 

4. Bars shall not be spaced closer than 1-1/2 diameters of the largest of two 

adjacent bars, 1-1/2 times the maximum aggregate size, nor one inch, 

except at bar laps. 

 

5. Set wire ties so that twisted ends are directed away from exposed 

concrete surfaces. 

 

6. Reinforcing steel shall not be secured to forms with wire, nails, or other 

ferrous metal.  Metal supports subject to corrosion shall not touch formed 

or exposed concrete surfaces. 

 

7. After placing, maintain bars in a clean condition until completely 

embedded in concrete. 

 

F. Lap Splices: 

 

1. Install bar reinforcement in as long lengths as practical.  

 

2. Provide standard reinforcement splices by lapping ends, placing bars in 

contact, and tying tightly with wire.   

 

3. Stagger splices of adjacent bars where possible. 

 

4. Comply with requirements shown for minimum lap of spliced bars on 

Drawings or as specified in ACI 350. 

 

5. Install welded wire fabric in as long lengths as practical.   

 

6. Lap adjoining pieces of welded wire fabric at least one full mesh and lace 

splices with 16-gauge wire and tie. 
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G. Reinforcement Around Openings:  

 

1. Place an equivalent area of steel around pipe penetrations or openings 

and extend on each side sufficiently to develop bond in each bar.  

 

2. See the Details on the Drawings for bar quantities and extension length 

each side of openings.  

 

3. Where welded wire fabric is used, provide extra reinforcing using fabric or 

deformed bars. 

 

H. Mechanical Splices: 

 

1. Install mechanical bar couplers per the manufacturer’s installation 

recommendations.  Maintain clearance and concrete coverage at 

couplers. 

 

2. Threaded dowels shall be installed into clean internally threaded welded 

couplers.   

 

3. Prior to installing threaded dowels, ensure that the external threads and 

internal threads in the coupler are clean and free of any dirt, cement 

paste, rust, or other contaminants that would interfere with the proper 

installation.   

 

4. Dowels shall be aligned, turned, and tightened per the manufacturer’s 

installation recommendations. 

 

I. Welded Reinforcement:  

 

1. Welding shall not be permitted unless approved by the Engineer and the 

Contractor submits detailed shop drawings, qualifications, and 

radiographic nondestructive testing procedures for review by the Engineer.  

 

2. Reinforcing bars to be welded shall conform to ASTM A706; other bars 

shall not be welded.  

 

3. The Contractor shall obtain the Engineer's approval prior to proceeding.  

The basis for the Contractor submittals shall be The Structural Welding 

Code, Reinforcing Steel, AWS D1.4, published by the American Welding 

Society and the applicable portions of ACI 350, current edition.  
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4. The Contractor shall test 10 percent of all welds using radiographic, 

nondestructive testing procedures referenced in this code. 

 

3.02 FIELD INSPECTION 

 

A. Testing Laboratory will: 

 

1. Review Quality Assurance procedures for maintaining identification of 

steel.  Collect certificates of compliance and test reports for reinforcing 

steel. 

 

2. Special Inspect placement of reinforcement for conformance with the 

Contract Documents and as required by IBC Chapter 17. 

 

3. Special Inspect installation of mechanical couplers in accordance with 

requirements of applicable ICC-ES evaluation report. 

 

4. Special Inspect shop and field welding as required by IBC Chapter 17. 

 

 

 +++ END OF SECTION 03200 +++ 
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SECTION 03300 
CAST-IN-PLACE CONCRETE 

 
PART 1 – GENERAL 
 
1.01 SCOPE 

 
A. This specification describes the design, mixing, and placement of cast-in-

place concrete as indicated in the Contract Documents. 
 

B. Included in this specification are the requirements for concrete mix designs 
that include synthetic fiber reinforcement. 
 

C. Furnish labor, materials, equipment, and incidentals necessary to fabricate 
and install cast-in-place concrete and complete the Work. 
 

D. Related Work Specified Elsewhere: 
 

1. Section 03100 – Concrete Formwork 
 

2. Section 03150 – Concrete Joints & Accessories 
 

3. Section 03200 – Concrete Reinforcing  
 

 
1.02 REFERENCES 
 

A. The following is a list of standards which may be referenced in this section: 
 

1. American Concrete Institute (ACI): 
 
a. 117, Specifications for Tolerances for Concrete Construction 

 
b. 201.2R, Guide to Durable Concrete 

 
c. 212.3R, Report on Chemical Admixtures for Concrete 

 
d. 214R, Evaluation of Strength Test Results of Concrete 

 
e. 222.1, Provisional Standard Test Method for Water-Soluble Chloride 

Available for Corrosion of Embedded Steel in Mortar and Concrete 
using the Soxhlet Extractor 
 

f. 225R, Guide to the Selection and Use of Hydraulic Cements 
 

g. 228.1R, Report on Methods for Estimating In-Place Concrete Strength 
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h. 301, Specifications for Concrete Construction 

 
i. 304R, Guide for Measuring, Mixing, Transporting, and Placing 

Concrete 
 

j. 305R, Guide to Hot Weather Concreting 
 

k. 306R, Guide to Cold Weather Concreting 
 

l. 311.5, Guide for Specifying Batch Plant Inspection and Testing of 
Ready-Mixed Concrete 
 

m. 318, Building Code Requirements for Structural Concrete and 
Commentary 
 

n. 350, Code Requirements for Environmental Engineering Concrete 
Structures and Commentary 
 

o. 350.1, Standard Practice for Tightness Testing of Environmental 
Containment Structures and Commentary 
 

p. 350.5, Specifications for Environmental Concrete Structures 
 

q. 506.2, Specification for Shotcrete 
 

r. 544.1R, Report on Fiber Reinforced Concrete 
 

s. 544.3R, Guide for Specifying, Proportioning, and Production of Fiber-
Reinforced Concrete 

 
2. American Society for Testing and Materials International (ASTM): 

 
a. C31/C31M, Standard Practice for Making and Curing Concrete Test 

Specimens in the Field 
 

b. C33/C33M, Standard Specification for Concrete Aggregates 
 

c. C39/C39M, Standard Test Method for Compressive Strength of 
Cylindrical Concrete Specimens 
 

d. C42/C42M, Standard Test Method for Obtaining and Testing Drilled 
Cores and Sawed Beams of Concrete 
 

e. C94/C94M, Standard Specification for Ready-Mixed Concrete 
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f. C114, Standard Test Methods for Chemical Analysis of Hydraulic 
Cement 
 

g. C138/C138M, Standard Test Method for Density (Unit Weight), Yield, 
and Air Content (Gravimetric) of Concrete 
 

h. C143/C143M, Standard Test Method for Slump of Hydraulic-Cement 
Concrete 
 

i. C150/C150M, Standard Specification for Portland Cement 
 

j. C157/C157M, Standard Test Method for Length Change of Hardened 
Hydraulic-Cement Mortar and Concrete 
 

k. C172/C172M, Standard Practice for Sampling Freshly Mixed Concrete 
 

l. C173/C173M, Standard Test Method for Air Content of Freshly Mixed 
Concrete by the Volumetric Method 
 

m. C192/C192M, Standard Practice for Making and Curing Concrete Test 
Specimens in the Laboratory 
 

n. C231/C231M, Standard Test Method for Air Content of Freshly Mixed 
Concrete by the Pressure Method 
 

o. C260/C260M, Standard Specification for Air-Entraining Admixtures for 
Concrete 
 

p. C469/C469M, Standard Test Method for Static Modulus of Elasticity 
and Poisson’s Ratio of Concrete in Compression 
 

q. C494/C494M, Standard Specification for Chemical Admixtures for 
Concrete 
 

r. C595/C595M, Standard Specification for Blended Hydraulic Cements 
 

s. C597, Standard Test Method for Pulse Velocity through Concrete 
 

t. C618, Standard Specification for Coal Fly Ash and Raw or Calcined 
Natural Pozzolan for Use in Concrete 
 

u. C642, Standard Test Method for Density, Absorption, and Voids in 
Hardened Concrete 
 

v. C685/C685M, Standard Specification for Concrete Made by Volumetric 
Batching and Continuous Mixing 
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w. C803/C803M, Standard Test Method for Penetration Resistance of 

Hardened Concrete 
 

x. C805/C805M, Standard Test Method for Rebound Number of 
Hardened Concrete 
 

y. C873/C873M, Standard Test Method for Compressive Strength of 
Concrete Cylinders Cast in Place in Cylindrical Molds 
 

z. C989/C989M, Standard Specification for Slag Cement for Use in 
Concrete and Mortars 
 

aa. C1012/C1012M, Standard Test Method for Length Change of 
Hydraulic-Cement Mortars Exposed to a Sulfate Solution 
 

bb. C1017/C1017M, Standard Specification for Chemical Admixtures for 
Use in Producing Flowing Concrete 

 
cc. C1064/C1064M, Standard Test Methods for Temperature of Freshly 

Mixed Hydraulic-Cement Concrete 
 

dd. C1077, Standard Practice for Agencies Testing Concrete and Concrete 
Aggregates for Use in Construction and Criteria for Testing Agency 
Evaluation 
 

ee. C1116/C1116M, Standard Specification for Fiber-Reinforced Concrete 
 

ff. C1218/C1218M, Standard Test Method for Water-Soluble Chloride in 
Mortar and Concrete 
 

gg. C1240, Standard Specification for Silica Fume Used in Cementitious 
Mixtures 
 

hh. C1260, Standard Test Method for Potential Alkali Reactivity of 
Aggregates (Mortar Bar Method) 
 

ii. C1293, Standard Test Method for Determination Length of Change of 
Concrete Due to Alkali-Silica Reaction 
 

jj. C1567, Standard Test Method for Determining the Potential Alkali-
Silica Reactivity of Combinations of Cementitious Materials and 
Aggregate (Accelerated Mortar-Bar Method) 
 

kk. C1602/C1602M, Standard Specification for Mixing Water Used in the 
Production of Hydraulic Cement Concrete 
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ll. E329, Standard Specification for Agencies Engaged in Construction 

Inspection, Testing, or Special Inspection 
 

3. National Ready Mixed Concrete Association (NRMCA). 
 

1.03 PRE-INSTALLATION MEETINGS 
 
A. Contractor shall schedule Pre-Installation meetings prior to any concrete 

placement to review project requirements, acceptance criteria, 
responsibilities, and pour schedules. At a minimum, the following individuals 
shall be included in the meetings: 
 
1. Contractor’s Superintendent 

 
2. Concrete Subcontractors 

 
3. Testing Agency 

 
4. Engineer 

 
5. Owner 
 

B. The following items shall be addressed during the Pre-Installation meetings at 
a minimum: 
 
1. Special inspection and testing and inspecting agency procedures for field 

quality control. 
 

2. Construction joints, control joints, isolation joints, and expansion joints. 
 

3. Vapor-retarder installation. 
 

4. Cold and hot weather concreting procedures. 
 

5. Concrete finishes and finishing. 
 

6. Curing procedures. 
 

7. Forms and form-removal limitations. 
 

8. Initial curing and field curing of field test cylinders (ASTM C31) 
 

9. Methods for achieving specified floor and slab flatness and levelness. 
 

1.04 SUBMITTALS 
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A. Concrete Mix Designs: 

 
1. Submit concrete mixture proportions and characteristics for cementitious 

material content, w/cm ratio, slump, nominal maximum size of coarse 
aggregate, air content, admixtures, chloride-ion concentration, and 28-
day compressive strength. 
 

2. Submit method and field test records used to establish the required 
average strength.  
 

3. Submit for acceptance and test data used to establish the average 
compressive strength of the mixture. 
 

4. Submit the following data for concrete materials not older than 90 days 
unless otherwise specified: 

 
a. For cementitious materials:  Types, manufacturing locations, shipping 

locations, and certificates showing compliance with ASTM C150, 
C595, C618, C845, or C989. 
 

b. For aggregates:  Types, pit or quarry locations, producer names, 
gradations, specific gravities, and evidence not more than 90 days old. 

 
i. Test results for aggregate soundness, abrasion, and reactivity may 

be older than 90 days, but not older than 1 year, provided test 
results for the other properties specified in ASTM C33 indicate that 
the aggregate quality has not changed. 
 

ii. Submit alkali aggregate reactivity test results for aggregates. 
 

c. For admixtures:  Types, brand names, producers, manufacturer’s 
technical data sheets, and certification data. 
 

d. For water and ice:  Source of supply. 
 

B. Additional Product Data: 
 
1. Submit fiber reinforcement type, length, and dosing ratio and identify 

which mix designs are intended to receive fiber reinforcement. 
 

2. Submit vapor retarder type, thickness, and associated adhesives and 
tapes. 

 
3. Submit curing materials and floor/slab treatment products. 
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C. Testing Agency Reports: 

 
1. Testing agencies shall report results of concrete and concrete materials 

tests and inspections performed during the course of the Work to Owner, 
Engineer, and Contractor.   
 

2. Strength test reports shall include the location in the Work where the batch 
represented by test was deposited and the batch ticket number.  
 

3. Reports of strength tests shall include detailed information of storage and 
curing of specimens before testing. Final reports shall be provided within 7 
days of test completion. 

 
D. Concrete Delivery Tickets: 
 

1. Submit each batch ticket for each concrete truck to Testing Agency and 
Contractor before unloading at Site. 
 

2. Copies of batch tickets shall be made available to the Testing Agency, 
Contractor, Engineer, and Owner following completion of all concrete 
pours. 
 

3. Tickets shall be prepared in accordance with ASTM C94/C94M, including 
requirements 14.2.1. through 14.2.10. 
 

4. Indicate amount of mixing water withheld and maximum amount that may 
be permitted to be added at Site. 

 
E. Concrete Repair Materials: 

 
1. Cementitious patching mortar product data, test reports, and 

manufacturer’s installation instructions. 
 

2. Epoxy crack-injection adhesive product date, test reports, and 
manufacturer’s installation instructions. 

 
1.04 QUALITY ASSURANCE 
 

A. Installer Qualifications: A qualified installer who employs personnel qualified 
as an ACI-certified Flatwork Technician and Finisher and a supervisor who is 
a certified ACE Flatwork Concrete Finisher/Technician. 

 
B. Batch Plant: A firm experienced in manufacturing ready-mixed concrete 

products and that complies with ASTM C94/C94M requirements for 
production facilities and equipment. 
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1. Manufacturer certified in accordance with NRMCA’s Program for 

Certification of Ready-Mixed Concrete Production Facilities or approved 
equivalent program. 

 
C. Mix Designer: Person responsible for developing concrete mixture proportions 

certified as NRMCA Concrete Technologist Level 2 or DOT certified mix 
designer in jurisdiction of the Work. Requirement may be waived if individual 
is Contractor’s Licensed Design Engineer. 

 
D. Testing Agency Qualifications: An independent testing agency, acceptable to 

authorities having jurisdiction, qualified according to ASTM C1077 and ASTM 
E329 to conduct the testing indicated.  A testing agency will be selected by 
the Owner to perform material evaluation tests. 

 
1. Personnel conducting field tests shall be qualified as ACI Concrete Field 

Testing Technicians, Grade 1, according to ACI CP-1 or an equivalent 
certification program. 
 

2. Personnel performing laboratory tests shall be ACI-certified Concrete 
Strength Testing Technician and Concrete Laboratory Testing Technician 
- Grade I. Testing Agency laboratory supervisor shall be an ACI-certified 
Concrete Laboratory Testing Technician - Grade II. 

 
E. Materials and installed work may require testing and re-testing at any time 

during progress of Work.  Tests, including re-testing of rejected materials for 
installed Work, shall be done at Contractor's expense. 

 
1.05 DELIVERY, STORAGE, AND HANDLING 
 

A. Transport and deliver concrete in equipment conforming to the requirements 
of ASTM C94. 
 

B. Store cementitious materials in dry, weather-tight buildings, bins, or silos that 
will exclude contaminants. 

 
C. Store and handle aggregate in a manner that will avoid segregation and 

prevent contamination with other materials or other sizes of aggregates.  
Store aggregates to drain freely.  Do not use aggregates that contain frozen 
lumps. 

 
D. Protect mixing water and ice from contamination during storage and delivery. 
 
E. Protect stored admixtures against contamination, evaporation, or damage.  

Provide agitating equipment for admixtures used in the form of suspensions 
or unstable solutions to ensure thorough distribution of the ingredients.  
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Protect liquid admixtures from freezing and from temperature changes that 
would adversely affect their characteristics. 
 

F. Time for completion of discharge shall comply with ASTM C94, unless 
otherwise permitted by the Engineer. When discharge is permitted after more 
than 90 minutes have elapsed since batching or after the drum has revolved 
300 revolutions, verify that air content of air-entrained concrete, slump, and 
temperature of concrete are as specified. 

 
PART 2 – PRODUCTS 
 
2.01 PERFORMANCE AND DESIGN CRITERIA 
 

A. Cementitious material content shall meet the following minimum 
requirements: 

 

Nominal Maximum Size 
of Aggregate (in) 

Minimum Cementitious 
Materials Content (lb/yd3) 

1-1/2 515 

1 535 

¾ 560 

½ 580 

3/8 600 

 
B. Slump or Slump Flow: 

 
1. Unless otherwise specified, Contractor shall select a target slump or 

slump flow at the point of delivery of concrete mixtures for each 
application. 
 

2. Selected target slump shall not exceed 9 inches. 
 

3. Selected target slump flow shall not exceed 30 inches. 
 

4. The target slump or slump flow value shall be enforced for the duration of 
Project. 
 

C. Unless otherwise permitted, provide documentation from concrete tested in 
accordance with ASTM C1218 at an age between 28 days and 42 days. 
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Class of 
Concrete  

28-Day 
Compressive 
Strength (psi)  

Maximum 
Aggregate Size 

(in)  

Maximum 
w/cm Ratio  

Air Content 
Range (%)  

A1 5000 1" 0.40 4.5 - 7.5 

A2* 5000 1” 0.40 4.5 – 7.5 

B 4500 1-1/2" 0.45 4.0 - 7.0 

C 4000 1" 0.50 3.0 - 6.0 

D 2500 1" N/A N/A 

*Indicates that mix shall include fiber reinforcement. 
 
1. Class A1:   

 
a. Locations: Environmental concrete structures including: 

 
1) Chemical Pavilion Foundations 

 
b. Exposure Class: ACI 350 EF2, ES0, EC1, ECA2, EE1  

 
c. Water-Soluble, Chloride-Ion Content: 0.10 percent by weight of cement 

maximum.  
 

d. Additional Requirements: No calcium chloride admixtures are 
permitted. 

 
2. Class A2:  

 
a. Locations: Grout for tanks with fiber reinforcement 

 
b. Exposure Class: ACI 350 EF2, ES0, EC1, ECA2, EE1 

 
c. Water-Soluble, Chloride-Ion Content: 0.10 percent by weight of cement 

maximum.  
 

d. Fiber Reinforcement: Include in mix at fiber manufacturer’s 
recommended dosage ratio. 

 
e. Additional Requirements: No calcium chloride admixtures are 

permitted. 
 

3. Class B:  
 
a. Locations: Sidewalks and Pavements. 
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b. Exposure Class: ACI 318 F2, S0, W0, C1 
 

c. Water-Soluble, Chloride-Ion Content: 0.30 percent by weight of cement 
maximum.  

 
4. Class C:  

 
a. Locations:  All locations unless noted otherwise  

 
b. Exposure Class: ACI  318 F1, S0, W1, C1  

 
c. Water-Soluble, Chloride-Ion Content: 0.30 percent by weight of cement 

maximum.  
 

5. Class D:  
 
a. Locations: Duct banks and pipe encasements. 

 
b. Exposure Class: ACI 318 F0, S0, W0, C1 

 
c. Water-Soluble, Chloride-Ion Content: 0.30 percent by weight of cement 

maximum.  
 

2.02 CEMENTITIOUS MATERIALS 
 

A. Use cementitious materials that are of the same brand and type and from the 
same plant of manufacture as the cementitious materials used in the concrete 
mix designs submitted or used in trial mixtures. 
 

B. Portland Cement:  ASTM C150, Type II. 
 

1. Use one brand of cement throughout the Project. 
 

2. Tricalcium Aluminate Content of Total Cementitious Materials: Maximum 8 
percent by weight. 

 
3. Provide documentation of test results in accordance with ASTM C1012, 

for combinations of cementitious materials providing sulfate resistance 
with expansion less than 0.10 percent at 6 months. 

 
C. Fly Ash:  ASTM C618, Type F 

 
a. When fly ash is used, quantity shall not be less than 15 percent or more 

than 25 percent by weight of total cementitious materials. 
 

D. Ground Granulated Blast Furnace Slag Cement:  ASTM C989, Grade 120.   
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E. Silica Fume:  ASTM C1240. 
 
F. Potential alkali-aggregate reactivity of concrete: 
 

a. Alkali content of cement used in proposed concrete mixture shall not be 
greater than alkali content of cement used in test for potential alkali-
aggregate reactivity. 
 

b. Use low alkali cement and incorporate pozzolans into the concrete mixture 
as necessary to satisfy testing for potential alkali reactivity. 

 
2.03 AGGREGATE MATERIALS 
 

A. Fine and coarse aggregates for concrete mixes shall be uniformly graded.  
Concrete mixes shall not contain gap graded aggregates.  
 

B. Fine aggregate shall be natural sand having clean, hard, durable, uncoated 
grains and free from deleterious substances and shall conform to ASTM C 33.  
The use of manufactured sand aggregate is prohibited. 
 

C. Coarse aggregate shall be crushed stone having clean, hard, durable, uncoated 
particles conforming to ASTM C 33.  The maximum size of coarse aggregates 
shall be as follows: 

 
1. 1-1/2 inch for rigid concrete pavements and sidewalks. 

 
2. 1 inch for all other concrete. 

 
D. Potential alkali-aggregate reactivity of concrete: 

 
1. Do not use aggregates known to be susceptible to alkali-carbonate 

reaction (ACR). 
 

2. Aggregates shall have been tested to determine potential alkali-aggregate 
reactivity in concrete in accordance with ASTM C1260 or ASTM C1567. 

 
a. Aggregates that indicate expansion greater than 0.10 percent at 16 

days after casting shall not be used unless they have been shown to 
be non-deleteriously reactive in accordance with ASTM C1293, with 
less than 0.04 percent expansion at 1 year for cement-aggregate 
combinations or less than 0.04 percent expansion at 2 years for 
combinations with pozzolan or slag. 

 
2.04 WATER 
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A. Mixing water for concrete and water used to make ice shall be potable water 
complying with ASTM C94. 
 

2.05 ADMIXTURES 
 

A. Provide admixtures produced by established reputable manufacturers.  Use in 
compliance with manufacturer’s printed instructions. 
 

B. Do not use admixtures which have not been incorporated and tested in the 
approved mixes.   

 
C. Air-Entraining Admixture:  ASTM C260 
 
D. Water-Reducing Admixture:  ASTM C494, Type A or Type D. 
 
E. High-Range, Water-Reducing Admixture:  ASTM C494, Type F or Type G. 
 
F. Retarding Admixture: ASTM C494, Type B. 

 
G. Accelerating Admixture:  ASTM C494, Type C. 

 
H. Calcium Chloride: Not Permitted. 

 
2.06 CHLORIDE ION CONTENT 

 
A. The maximum water-soluble chloride-ion concentrations in hardened concrete 

at ages from 28 to 42 days contributed from the ingredients including water, 
aggregates, cementitious materials, and admixtures shall not exceed the 
specified percent by weight limit for each mix class of concrete.  
 

B. When testing is performed to determine water-soluble chloride-ion content, 
test procedures shall conform to ASTM C1218.  

 
2.07 FIBER REINFORCEMENT  

1. Micro-Synthetic Fiber Reinforcement:  

1. Type III fibers conforming to ASTM C1116, Part 4.1.3. 

2. 100 percent virgin polypropylene self-fibrillating fibers conforming to 
ASTM D7508/D7508M. 

3. Reprocessed olefin materials are not allowed. 

4. Multi-design gradation. 

5. Specific Gravity:  0.91 minimum. 
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6. Equivalent Flexural Residual Strength:  150 psi, equivalent to 0.18% 
steel reinforcement ratio. 

7. Fiber Length: 0.50 inch to 1.5 inch. 

B. Use fibrillated bundles to allow uniform distributed angular fibrils (fiber 
strands) when mixed into concrete. 

 
2.08 VAPOR RETARDERS 
 

A. Sheet Vapor Retarder, Class A: ASTM E1745, Class A; not less than 10 mils 
thick.  

 
B. Include manufacturer's recommended adhesive or pressure-sensitive tape. 

 
 
2.09 CURING MATERIALS 

 
A. Evaporation Retarder: Waterborne, monomolecular film forming, 

manufactured for application to fresh concrete. 
 

B. Absorptive Cover: AASHTO M 182, Class 2, burlap cloth made from jute or 
kenaf, weighing approximately 9 oz./sq.yd. when dry. 

 
C. Moisture-Retaining Cover: ASTM C171, polyethylene film burlap-polyethylene 

sheet. 
 

1. Color: 
 
a. Ambient Temperature Below 50 degrees Fahrenheit: Black. 

 
b. Ambient Temperature between 50 degrees Fahrenheit and 85 degrees 

Fahrenheit: Any color. 
 

c. Ambient Temperature Above 85 degrees Fahrenheit: White. 
 

D. Curing Paper: 8-feet-wide paper, consisting of two layers of fibered kraft 
paper laminated with double coating of asphalt. 
 

E. Water: Potable or complying with ASTM C1602. 
 

2.10 EPOXY CRACK-INJECTION MATERIALS 
 
A. Epoxy Crack-Injection Adhesive: ASTM C881, bonding system Type IV, free 

of VOCs. 
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B. Capping Adhesive: Product manufactured for use with crack-injection 
adhesive by same manufacturer. 
 

C. Color: Provide epoxy crack-injection adhesive and capping adhesive as 
indicated by manufacturer's designations. 

 
 
2.11 REPAIR MATERIALS 

 
A. Cement-based, polymer-modified, self-leveling product that can be applied in 

thicknesses from 1/4 inch and that can be filled in over a scarified surface to 
match adjacent surface elevations. 

 
1. Cement Binder: ASTM C150 portland cement or hydraulic or blended 

hydraulic cement, as defined in ASTM C219. 
 

2. Primer: Product of topping manufacturer recommended for substrate, 
conditions, and application. 
 

3. Aggregate: Well-graded, washed gravel, 1/8 to 1/4 inch or coarse sand as 
recommended by topping manufacturer. 
 

4. Compressive Strength: Not less than 5000 psi at 28 days when tested in 
accordance with ASTM C109. 

 
PART 3 - EXECUTION 
 
3.01 CONCRETE MIXING 
 

A. Mixing plants shall comply with ASTM C 94 and shall have sufficient capacity 
to produce concrete of the qualities specified, in quantities required to meet 
construction schedule.  All plant facilities are subject to inspection by the 
Independent Testing Laboratory and acceptance by the Engineer. 
 

B. Mixing: 
 

1. Mix concrete with an approved rotating type batch machine. 
 

2. Remove hardened accumulations of cement and concrete frequently from 
drum and blades to assure acceptable mixing action. 

 
3. Plant equipment and facilities: Conform to National Ready Mix Concrete 

Association "Plant and Delivery Equipment Specification". 
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4. Mix concrete in revolving type truck mixers, which are in good condition, 
and which produce thoroughly mixed concrete of the specified consistency 
and strength. 

 
5. Do not exceed the proper capacity of the mixer. 

 
6. Mix concrete for a minimum of two minutes after arrival at the job site, or 

as recommended by the mixer manufacturer. 
 

7. Do not allow the drum to sit while in transit. 
 

8. Mix at proper speed until concrete is discharged. 
 

9. Maintain equipment in proper operating condition, with drums cleaned 
before charging each batch.  Schedule rates of delivery in order to prevent 
delay of placing the concrete after mixing or holding dry-mixed materials 
too long in the mixer before the addition of water and admixtures. 
 

10. The Contractor shall ensure that the silica fume is uniformly dispersed 
throughout the concrete in accordance with mixing procedures 
recommended by the silica fume supplier. 

 
C. For concrete mixes that include fiber reinforcement: 

 
1. Add fibers into the mixing system at any time, except when the cement is 

being introduced, in accordance with the fiber manufacturer’s 
instructions. 
 

2. Fiber-reinforced concrete shall be mixed in accordance with the fiber 
manufacturer’s instructions for even dispersion of fiber throughout the 
concrete. 

 
3.02 TRANSPORTING CONCRETE 

 
A. Transport and place concrete not more than 90 minutes after water has been 

added to the dry ingredients. 
 

B. Take care to avoid spilling and separation of the mixture during 
transportation. 
 

C. Do not place concrete in which the ingredients have been separated. 
 

D. Do not add any water at the jobsite unless water is withheld at the batch 
plant and the amount of water withheld is recorded on the batch ticket.  
Trucks that do not have amount of water withheld shall not be permitted to 
add water at the jobsite.  
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E. Use suitable and approved equipment for transporting concrete from mixer to 

forms. 
 
3.03 CONCRETE PLACEMENT 
 

A. Inspection of Work Before Placing Concrete: 
 
1. Inspect the area to receive concrete for any deficiencies, which would 

prevent proper placing of concrete.  Do not proceed with placing concrete 
until such deficiencies are corrected. 

 
2. Do not place in the concrete any item that is not required to be in the 

concrete by the Drawings and Specifications.  Insert all the items shown 
on the Drawings or specified properly positioned and secured.  Openings 
other than those which are facilitated by sleeves shall be properly formed 
and positioned only after approval of the Engineer. 

 
3. Remove hardened, or partially hardened, concrete on forms or 

reinforcement before placing concrete. 
 
4. Do not place concrete on earth until the fill or excavation has been 

prepared as set forth under applicable sections of the Specifications for 
that work. 

 
B. Place concrete continuously so that no concrete will be placed on concrete, 

which has hardened sufficiently to cause the formation of seams or planes of 
weakness within the section.  Deposit concrete as nearly as practical in its 
final location to avoid segregation due to rehandling or flowing.  Do not 
subject concrete to any procedure, which will cause segregation. 
 
1. Screed concrete, which is to receive other construction to the proper level 

to avoid excessive skimming or grouting. 
 

2. Do not use concrete which becomes non-plastic and unworkable, or does 
not meet the required quality control limits, or which has been 
contaminated by foreign materials.  Do not use retempered concrete.  
Remove rejected concrete from the job site and dispose of it in an 
acceptable location. 
 

3. Do not place concrete until all forms, bracing, reinforcement, and 
embedded items are in final and position and secure. 
 

4. Unless otherwise approved, place concrete only when Engineer is 
present. 
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C. Concrete Conveying: 
 
1. Handle concrete from the point of delivery and transfer to the concrete 

conveying equipment and to the locations of final deposit as rapidly as 
practical by methods, which will prevent segregation and loss of concrete 
mix materials. 
 

2. Provide mechanical equipment for conveying concrete to ensure a 
continuous flow of concrete at the delivery end.  Provide runways for 
wheeled concrete conveying equipment from the concrete delivery point to 
the locations of final deposit.  Keep interior surfaces of conveying 
equipment, including chutes, free of hardened concrete, debris, water, 
snow, ice and other deleterious materials. 
 

3. Do not use chutes for distributing concrete unless approved in writing by 
the Engineer. 
 

4. Pumping of concrete is permitted, however, do not use aluminum piping to 
convey the concrete. 

 
5. When concrete is pumped and pumping equipment must be primed, flush 

all excess primer from pump line and dispose of contaminated concrete 
before pumping and placing concrete into forms. 

 
D. Placing Concrete into Forms: 

 
1. Deposit concrete in forms in horizontal layers not deeper than 18 inches 

and in a manner to avoid inclined construction joints.  Where placement 
consists of several layers, place concrete at such a rate that concrete, 
which is being integrated with fresh concrete is still plastic with adequate 
vibration. 
 

2. Do not permit concrete to free fall within the form from a distance 
exceeding 4 feet.  Use "elephant trunks" and tremies to prevent free fall 
and excessive splashing on forms and reinforcement. 
 

3. Remove temporary spreaders in forms when concrete placing has 
reached the elevation of such spreaders. 
 

4. Consolidate concrete placed in forms by mechanical vibrating equipment 
supplemented by hand-spading, rodding, or tamping.  Use equipment and 
procedures for consolidation of concrete in accordance with the applicable 
recommended practices of ACI 309.  Vibration of forms and reinforcing will 
not be permitted, unless otherwise accepted by the Engineer. 
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5. Do not use vibrators to transport concrete inside of forms.  Insert and 
withdraw vibrators vertically at uniformly spaced locations not farther than 
the visible effectiveness of the machine.  Place vibrators to rapidly 
penetrate the layer of concrete and at least 6 inches into the preceding 
layer.  At each insertion, limit the duration of vibration to the time 
necessary to consolidate the concrete and complete embedment of 
reinforcement and other embedded items without causing segregation of 
the mix. 
 

6. Force concrete under pipes, sleeves, openings and inserts from one side 
until visible from the other side to prevent voids. 

 
7. For fiber-reinforced concrete, remove and discard visible fiber balls during 

concrete discharge and placement. 
 

E. Placing Concrete Slabs and Sidewalks: 
 
1. Deposit and consolidate concrete slabs in a continuous operation, within 

the limits of expansion joints, until the placing of a panel or section is 
completed. 
 

2. Consolidate concrete during placing operations using mechanical vibrating 
equipment, so that concrete is thoroughly worked around reinforcement 
and other embedded items and into corners. 
 

3. Bring slab surfaces to the correct level.  Smooth the surface, leaving it free 
of humps or hollows.  Do not sprinkle water on the plastic surface.  Do not 
disturb the slab surfaces prior to beginning finishing operations.  
Coordinate applying contraction joint, with finishing operations. 

 
F. Cold Weather Placing: 

 
1. Protect all concrete Work from physical damage or reduced strength, 

which could be caused by frost, freezing actions, or low temperatures, in 
compliance with the requirements of ACI 306.1 and as herein specified. 
 

2. When the air temperature has fallen to or may be expected to fall below 
40 F, provide adequate means to maintain the temperature, in the area 
where concrete is being placed, at between 50° F and 70° F for at least 
seven days after placing.  Provide temporary housings or coverings 
including tarpaulins or plastic film.  Maintain the heat and protection, if 
necessary, to ensure that the ambient temperature does not fall below 30° 
F in the 24 hours following the seven-day period.  Avoid rapid dry-out of 
concrete due to overheating and avoid thermal shock due to sudden 
cooling or heating. 
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3. When air temperature has fallen to or is expected to fall below 40° F 
uniformly heat all water and aggregates before mixing as required to 
obtain a concrete mixture temperature of not less than 55° F and not more 
than 90° F at point of placement. 
 

4. Do not use frozen materials containing ice or snow.  Ascertain that forms, 
reinforcing- steel, and adjacent concrete surfaces are entirely free of frost, 
snow and ice before placing concrete. 
 

5. Do not use salt and other materials containing anti-freeze agents or 
chemical accelerators, or set-control admixtures, unless approved by the 
Engineer, in mix designs. 

 
G. Hot Weather Placing: 

 
1. When hot weather conditions exist that would seriously impair the quality 

and strength of concrete, place concrete in compliance with ACI 305.1 and 
as herein specified. 
 

2. Cool ingredients before mixing to maintain concrete temperature at time of 
placement below 90° F when the temperature is rising and below 85° F 
when the temperature is falling.  Mixing water may be chilled, or chopped 
ice may be used to control the concrete temperature provided the water 
equivalent of the ice is calculated by the Engineer in the total amount of 
mixing water. 
 

3. Cover reinforcing steel with water-soaked burlap if it becomes too hot, so 
that the steel temperature will not exceed the ambient air temperature 
immediately before embedment in concrete. 
 

4. Wet forms thoroughly before placing concrete. 
 

5. Do not place concrete at a temperature so as to cause difficulty from loss 
of slump, flash set, or cold joints. 
 

6. Do not use set-control admixtures unless approved by the Engineer in mix 
designs. 
 

7. Obtain Engineer's approval of other methods and materials proposed for 
use. 

 
H. Minimum Time between Adjacent Placements: 
 

1. Construction or Control Joints: 7 days. 
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2. Construction joint between top of footing or slab, and column or wall: As 
soon as can safely be done without damaging previously cast concrete or 
interrupting curing thereof, but not less than 24 hours. 

 
3. Expansion or Contraction Joints: 1 day. 

 
4. For columns and walls with a height in excess of 10 feet, wait at least 2 

hours before depositing concrete in beams, girders, or slabs supported 
thereon. 

 
5. For columns and walls 10 feet in height or less, wait at least 1 hour prior to 

depositing concrete in beams, girders, brackets, column capitals, or slabs 
supported thereon. 

 
 
3.04 CONCRETE FINISHING 

 
A. Rubbed Stone Finish: 

 
1. Stone rubbed finish shall be applied on a Smooth Form Finish, and by 

rubbing the surfaces with carborundum stone and water.  The rubbing 
shall produce an even and smooth finish of uniform color and texture 
without the addition of any cement to the process, using only the cement 
paste produced by the rubbing of the concrete. 
 

2. Areas to receive this finish shall be rubbed after the moist curing has been 
completed. 
 

3. The following surfaces shall receive a stone rubbed finish surface coating: 
 

a. All exterior wall concrete surfaces to levels not less than 6-inches 
below finish grade. 
 

b. All interior wall concrete surfaces within buildings and other such 
surfaces exposed to view in the finished work (except floor slabs). 
 

c. The interior side of liquid containment structure walls to a level not less 
than 12-inches below normal liquid level, including top of walls. 

 
B. Smooth Form Finish is required for all concrete surfaces exposed to view in 

the completed work whether exposed to view or not in the completed work.  
Accomplish the required patching and the following touch-up: 
 
1. Remove all burrs. 

 
2. Remove all form marks. 
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3. Smooth out lines of indentations. 
 

C. Rough Form Finish shall be produced by filling all tie holes and honeycomb 
and in other respects leaving the surface as formed.  All concrete surfaces 
which will be covered by earth and which will not be visible in the completed 
structure (except as noted above for liquid containment structure walls which 
shall have a Smooth Form Finish), may receive a Rough Form Finish. 

 
3.05 FINISHING FLOORS AND SLABS 

 
A. Scratch Finish: 

 
1. While still plastic, texture concrete surface that has been screeded and 

bull-floated or darbied. 
 

2. Use stiff brushes, brooms, or rakes to produce a profile depth of 1/4 inch 
in one direction. 
 

3. Apply scratch finish to surfaces to receive concrete floor toppings. 
 

B. Float Finish: 
 
1. When bleedwater sheen has disappeared and concrete surface has 

stiffened sufficiently to permit operation of specific float apparatus, 
consolidate concrete surface with power-driven floats or by hand floating if 
area is small or inaccessible to power-driven floats. 
 

2. Repeat float passes and re-straightening until surface is left with a 
uniform, smooth, granular texture and complies with ACI 117 tolerances 
for conventional concrete. 
 

3. Apply float finish to surfaces to receive trowel finish and to be covered with 
fluid-applied or sheet waterproofing. 

 
C. Trowel Finish: 

 
1. After applying float finish, apply first troweling and consolidate concrete by 

hand or power-driven trowel. 
 

2. Continue troweling passes and re-straighten until surface is free of trowel 
marks and uniform in texture and appearance. 
 

3. Grind smooth any surface defects that would telegraph through applied 
coatings or floor coverings. 
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4. Do not add water to concrete surface. 
 

5. Do not apply hard-troweled finish to concrete, which has total air content 
greater than 3 percent. 
 

6. Apply a trowel finish to surfaces exposed to view. 
 

7. Finish surfaces to the following tolerances, in accordance with ASTM 
E1155 (ASTM E1155M), for a randomly trafficked floor surface: 

 
a. Slabs on Ground (Operations Building) 

 
1) Specified overall values of flatness, FF 25; and of levelness, FL 20; 

with minimum local values of flatness, FF 17; and of levelness, FL 
15. 
 

D. Broom Finish 
 

1. Broom finish shall be applied to concrete surfaces for slip resistance in 
the following areas: 
 
a. All exterior sidewalks, walkways and platforms.   
b. All steps, stairs and landings, both interior and exterior. 

2. Immediately after float finishing, slightly roughen trafficked surface by 
brooming with fiber-bristle broom perpendicular to main traffic route. 

 
3.06 CONCRETE CURING 

 
A. Protect freshly placed concrete from premature drying and excessive cold or 

hot temperatures.   
 

B. Comply with ACI 301 and ACI 306.1 for cold-weather protection during 
curing. 

 
C. Comply with ACI 301 and ACI 305.1 for hot-weather protection during curing.  

 
D. Start initial curing as soon as free water has disappeared from concrete 

surface after placing and finishing.  
 
E. Cure concrete by leaving enclosed in forms for at least 7 days, by applying a 

moisture-retaining cover, by applying a liquid curing compound, or by 
combining these methods, as specified. 

 
F. Curing Formed Surfaces: Comply with ACI 308.1 as follows: 
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1. Cure formed concrete surfaces, including undersides of beams, supported 
slabs, and other similar surfaces by moist curing with forms in place for 
the full 7 day curing period or until forms are removed. 
 

2. Cure concrete containing color pigments in accordance with color pigment 
manufacturer's instructions. 
 

3. If forms are removed prior to 7 days of curing, continue curing by covering 
concrete with a moisture-retaining cover or with a liquid curing compound 
as follows: 

 
a. Continuous Fogging: Maintain standing water on concrete surface until 

final setting of concrete. 
 

b. Continuous Sprinkling: Maintain concrete surface continuously wet. 
 

c. Absorptive Cover: Pre-dampen absorptive material before application; 
apply additional water to absorptive material to maintain concrete 
surface continuously wet. 
 

d. Water-Retention Sheeting Materials: Cover exposed concrete surfaces 
with sheeting material, taping, or lapping seams. 
 

e. Membrane-Forming Curing Compound: Apply uniformly in continuous 
operation by power spray or roller in accordance with manufacturer's 
written instructions. 

 
1) Recoat areas subject to heavy rainfall within three hours after initial 

application. 
 

2) Maintain continuity of coating and repair damage during curing 
period. 

 
3.07 EPOXY CRACK INJECTION 

 
A. Clean cracks with oil-free compressed air or low-pressure water to remove 

loose particles. 
 

B. Clean areas to receive capping adhesive of oil, dirt, and other substances that 
would interfere with bond. 

 
C. Place injection ports as recommended by epoxy manufacturer, spacing no 

farther apart than thickness of member being injected. Seal injection ports in 
place with capping adhesive. 
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D. Seal cracks at exposed surfaces with a ribbon of capping adhesive at least 
1/4 inch thick by 1 inch wider than crack. 

 
E. Inject cracks wider than 0.003 inch to a minimum depth of 8 inches. 

 
F. Inject epoxy adhesive, beginning at widest part of crack and working toward 

narrower parts. Inject adhesive into ports to refusal, capping adjacent ports 
when they extrude epoxy. Cap injected ports and inject through adjacent 
ports until crack is filled. 

 
G. After epoxy adhesive has set, remove injection ports and grind surfaces 

smooth. 
 

3.08 CONCRETE SURFACE REPAIRS 
 
A. As determined by the Engineer, any concrete which is out of alignment or 

level, has a defective surface, or has defects which reduce its structural 
adequacy, shall be considered as not conforming with the Drawings and 
Specifications and shall be rejected. 
 

B. Do not take any remedial action on concrete with any defect without the 
permission of the Engineer. 
 

C. Unless the Engineer grants permission to patch the rejected concrete, 
remove the rejected concrete and replace it with concrete that conforms to 
the Drawings and Specifications.  The location of cut lines and the extent of 
removal will be determined by the Engineer. 
 

D. If the Engineer grants permission to patch the rejected concrete, it shall be 
done in accordance with the following: 
 

1. Permission to patch rejected concrete will not be a waiver of the 
Engineer's right to require complete removal of the rejected concrete if the 
patching does not, in the Engineer's judgement, restore the concrete to 
the requirements of the Specifications and Drawings. 
 

2. Patching shall be accomplished after the curing is completed. 
 

3. Repairing Formed Surfaces:  
 

a. Surface defects include color and texture irregularities, cracks, spalls, 
air bubbles, honeycombs, rock pockets, fins and other projections on 
the surface, and stains and other discolorations that cannot be 
removed by cleaning. 
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b. Immediately after form removal, cut out honeycombs, rock pockets, 
and voids more than 1/2 inch in any dimension to solid concrete. 

 
1) Limit cut depth to 3/4 inch. 

 
2) Make edges of cuts perpendicular to concrete surface. 

 
3) Clean, dampen with water, and brush-coat holes and voids with 

bonding agent. 
 

4) Fill and compact with patching mortar before bonding agent has 
dried. 
 

5) Fill form-tie voids with patching mortar or cone plugs secured in 
place with bonding agent. 

 
c. Repair defects on surfaces exposed to view by blending white portland 

cement and standard portland cement, so that, when dry, patching 
mortar matches surrounding color. 

 
1) Patch a test area at inconspicuous locations to verify mixture and 

color match before proceeding with patching. 
 

2) Compact mortar in place and strike off slightly higher than 
surrounding surface. 
 

3) Repair defects on concealed formed surfaces that will affect 
concrete's durability and structural performance as determined by 
Architect. 

 
4. Repairing Unformed Surfaces: 

 
a. Test unformed surfaces, such as floors and slabs, for finish, and verify 

surface tolerances specified for each surface. 
 

1) Correct low and high areas. 
 

2) Test surfaces sloped to drain for trueness of slope and 
smoothness; use a sloped template. 

 
b. Repair finished surfaces containing surface defects, including spalls, 

popouts, honeycombs, rock pockets, crazing, and cracks in excess of 
0.01 inch wide or that penetrate to reinforcement or completely through 
unreinforced sections regardless of width, and other objectionable 
conditions. 
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c. After concrete has cured at least 14 days, correct high areas by 
grinding. 

 
d. Correct localized low areas during, or immediately after, completing 

surface-finishing operations by cutting out low areas and replacing with 
patching mortar. 
 

e. Finish repaired areas to blend into adjacent concrete. 
 

3.09 QUALITY CONTROL TESTING  
 
A. The Independent testing laboratory shall have access to all places where 

concrete materials and concretes are manufactured, stored, proportioned, 
mixed, placed and tested.  Duties shall include, but not necessarily be limited 
to the following: 

 
1. Make, store, transport, cure and test compression specimens made during 

the placing of concrete.   
 

2. Compression test specimens shall be tested in accordance with ASTM 
C39.   

 
3. Test reports shall show all pertinent data, such as: 

 
a. Class of concrete and location of pour.  

 
b. Date and time of pour and when sample was obtained. 

 
c. Truck and batch ticket numbers for sampled concrete. 

 
d. Date and age of specimen which was broken. 

 
e. Compressive strength of specimen. 

 
f. Field test results for concrete slump, air content, concrete temperature, 

and ambient air temperature at time of pour.   
 

4. Electronic copies of all tests shall be sent to the Contractor, Engineer, and 
Owner. 
 

B. Samples for strength tests of each class of concrete placed each day shall 
be taken not less than once a day, nor less than once for each 50 cubic 
yards of concrete, nor less than once for each 5,000 square feet of surface 
area for slabs or walls. 
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C. Each set of samples shall be comprised of a minimum of six (6) 4 x 8 in 
cylinders made from the same sample of concrete, taken in accordance with 
ASTM C172 at the point of delivery, handled and standard cured in 
accordance with ASTM C31, and tested in accordance with ASTM C39 at the 
following intervals, unless otherwise permitted by the Engineer: 

 
1. One (1) cylinder tested at 7 days or less. 

 
2. One (1) cylinder tested at 14 days or less. 

 
3. Three (3) cylinders tested at 28 days. 

 
4. One (1) cylinder held in reserve. 

 
D. Test for unit weight of concrete when the first load of each class of concrete 

is delivered and thereafter at the discretion of the testing laboratory or as 
directed by the Engineer. 

 
E. Test for air content when the first load of each class of concrete is delivered 

and do not place concrete until air content has been verified.  Test for air 
content thereafter at the discretion of the testing laboratory or as directed by 
the Engineer. 

 
F. Test for concrete temperature when the first load of each class of concrete is 

delivered and thereafter at the discretion of the testing laboratory or as 
directed by the Engineer. 

 
 
 
 
3.10 EVALUATION OF COMPRESSION TESTS 

 
A. Evaluation of compression test results shall be as follows:   

 
1. For each class of concrete, compression-strength tests for laboratory-

cured cylinders shall be considered satisfactory if the averages of the 
results of all sets of three consecutive compression-strength tests equal or 
exceed the 28-day design compression-strength specified; and, no 
individual cylinder strength test falls below the required compression 
strength by more than 500 psi.   
 

2. Strength tests of specimens cured under field conditions may be required 
by the Engineer to check the adequacy of curing and protecting of the 
concrete placed.   
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3. Specimens shall be molded by the field-testing laboratory at the same 
time and from the same samples as the laboratory-cured specimens. 

 
B. Failure to comply with any of the specified conditions shall constitute faulty 

concrete.  Unless otherwise directed by the Engineer, faulty concrete shall be 
removed and replaced with concrete as specified, at no expense to the 
Owner. 

 
C. If permitted by the Engineer, additional tests shall be subject to the approval 

of the Engineer at no expense to the Owner.  Load tests, if permitted by the 
Engineer, shall be conducted in accordance with the loading criteria as 
required by the design of the structure, as determined by the Engineer. 

 
D. Neither the results of laboratory verification tests nor any provision in the 

Contract Documents shall relieve the Contractor of the obligation to furnish 
concrete of the class and strength specified. 

 
 

+++ END OF SECTION 03300 +++ 
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SECTION 03410 

PRECAST CONCRETE STRUCTURES 

 
PART 1   GENERAL 

 

1.01 SCOPE 

 
A. This section covers the design, materials, fabrication, erection and related 

operations required to furnish and install precast concrete structures and 
accessory items. Precast concrete structures shall serve as vaults for isolation 
valves, pressure reducing valves, air release and vacuum valves and other 
pipeline appurtenances as shown on the Drawings.   

 
B. Precast concrete structures shall be provided with factory applied waterproofing if 

indicated on the Drawings. 
 
C. Precast vaults for large meters are specified in Section 03460. 

 
1.02  QUALITY ASSURANCE 

 
A. Reference Standards: The Contractor shall comply with the applicable provisions 

and recommendations of the latest editions of the following standards, except as 
otherwise shown on the Drawings or specified herein. 

 
1. ACI 318 - Building Code Requirements for Reinforced Concrete 
 
2. ASTM C31 - Making and Curing Concrete Test Specimens in the Field 
 
3. ASTM C33 - Standard Specification for Concrete Aggregates 
 
4. ASTM C39 - Standard Test Method for Compressive Strength of Cylindrical 

Concrete Specimens 
 
5. ASTM C143 - Standard Test Method for Slump of Hydraulic-Cement 

Concrete 
 
6. ASTM C150 - Standard Specification for Portland Cement 
 
7. ASTM C260 - Standard Specification for Air-Entraining Admixtures for 

Concrete 
 
8. ASTM C478 - Standard Specification for Precast Reinforced Concrete 

Manhole Sections 
 
9. ASTM C494 - Standard Specification for Chemical Admixtures for Concrete 
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10. ASTM C857 - Standard Practice for Minimum Structural Design Loading for 

Underground Precast Concrete Utility Structures 
 
11. ASTM C858 - Standard Specification for Underground Precast Concrete 

Utility Structures 
 
12. ASTM C890 – Standard Practice for Minimum Structural Design Loading for 

Monolithic or Sectional Pre-cast Concrete Water and Wastewater Structures 
 
13. ASTM C913 - Standard Specification for Precast Concrete Water and 

Wastewater Structures 
 
14. AWS D1.4 - Structural Welding Code - Reinforcing Steel 

 
B. Acceptable Manufacturers and Erectors: Manufacturers and erectors shall have a 

minimum of 2 years experience in precast structural concrete work of the quality 
and scope required on this project. The manufacturer shall be PCI Certified and 
have an established quality assurance program in operation.  

 
C. Sampling and Testing: 
 

1. General: Samples and tests required below and other tests are to be made by 
and at the Contractor’s expense. The tests shall be performed by an 
independent commercial testing laboratory or by the manufacturer’s lab 
subject to approval by the Engineer. Certified copies of test reports shall be 
furnished as required in this Section and shall include all test data and results. 

 
2. Concrete Testing: During the progress of the work, plastic concrete, as 

delivered to the casting site, shall be sampled and tested for slump, air 
content and compressive strength in accordance with ACI 381, Part 2, 
Chapter 3, and Part 3, Chapter 4.  No fewer than 6 cylinders shall be made 
during each concreting cycle.  Not more than 1 test in 10 shall fall below the 
specified strength. 

 
3. Slump Tests: Slump tests shall be in accordance with ASTM C143. 
 
4. Failure to Meet Strength Requirements: If compressive strength tests fail to 

meet the above requirements, the Engineer may require load tests to be 
made in accordance with ACI 318. Units failing to meet requirements of the 
load tests shall not be used. Load tests shall be performed at the expense of 
the Contractor. 
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1.03 SUBMITTALS 

 
A. Submittals shall be made in accordance with the requirements of the General 

Conditions of the Contract Documents. In addition, the following specific 
information shall be provided: 

 
1. Shop Drawings: Furnish complete details of design, manufacture, fabrication, 

installation and erection. Location of all inserts and openings shall be shown. 
 
2. Design Calculations: Submit manufacturer’s design calculations used in 

design of the precast concrete structure and certification, signed and sealed 
by a Professional Engineer registered in the State of Georgia that the 
structure design and construction comply with the specified design conditions 
and the referenced ASTM specifications.   

 
3. Certified Test Reports: Before delivery of materials and equipment, four 

certified copies of the reports of all tests required in referenced ASTM 
specifications or specified herein shall be submitted to the Engineer for 
approval. Testing shall have been performed in an independent laboratory 
suitable for performance of the tests and acceptable to the Engineer. Test 
reports shall be accompanied by notarized certificates from the manufacturer 
certifying that the tested material and equipment is of the same type, quality, 
manufacture and make as that proposed to be supplied. 

 
4. Submit evidence of manufacturer’s plant PCI Certification. 
 

B. (Not Used) 
 
1.04 DELIVERY, STORAGE AND HANDLING 

 
A. Delivery and Storage 
 

1. Precast structures and sections shall be inspected upon delivery to the jobsite 
and stored in a manner that will prevent staining and damage. 

 
2. Substantially damaged, cracked or broken structures and sections which are 

deemed unsuitable for the intended use shall be rejected and removed from 
the jobsite. 

 
3. The Engineer’s decision will be final in determining unsuitable structure 

sections. 
 

B. (Not Used) 
 

PART 2   PRODUCTS 
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2.01 PRECAST CONCRETE SECTIONS 

 

A. Design 
 

1. Precast concrete structures shall comply with ASTM C858 except as modified 
herein. 

 
2. The precast structures shall have the inside dimensions and minimum 

thickness of concrete as indicated on the Drawings. Minimum structure wall 
and slab thickness shall be 6-inches if not indicated otherwise. 

 
3. The structural analysis and design of the structures as well as lifting devices 

for all precast concrete structures shall be performed by the manufacturer of 
the precast materials and subject to approval of the Engineer. 

 
4. Design loads 
 

a. Design live and dead loads shall be in accordance with ASTM C857 and 
shall consist of dead load, live load, and impact load, water table 
hydrostatic load, and any other special loads that may be imposed upon 
the structure. Final design shall be based upon the governing live load that 
produces the maximum shear and bending moment in the given structure. 

b. The design and analysis of the structure shall be verified to insure that the 
anticipated field conditions and requirements for design loads are not 
greater than those specified in ASTM C857.   

 
5. Provide openings in precast structures for piping and access. No field coring 

of openings will be allowed. 
 
6. Before shipment, all precast concrete structures shall be inspected to 

determine that materials and workmanship conform to the requirements of 
these specifications. 

 
B. (Not Used) 

 

2.02 MATERIALS 

 
A. Portland Cement 
 

1. Portland cement shall be ASTM C150, Type I.  All cement used shall be 
obtained from a single mill. Type III cement may be used when approved at 
no increase in cost to the Owner. Use regular cement as necessary to meet 
color requirements.  
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2. When precast structures are required to match finish of cast-in-place 
concrete, the cement shall be of the same type, brand name, and source as 
that used in the cast-in-place work. 

 
B. Aggregates 
 

1. Concrete Aggregates shall conform to ASTM C33. 
 
2. Lightweight Concrete Aggregates shall conform to ASTM C330. 
 
3. Fine Aggregate shall be regular sand. 

 
C. Concrete Aggregates: Concrete aggregates shall be clean, hard, strong, and 

durable inert material free from injurious deleterious material. 
 
D. Water used in mixing concrete shall be clean and free from deleterious amounts 

of acids, alkalis or organic materials. 
 
E. Admixtures, including air entraining (if used); ASTM C260 (air entraining); ASTM 

C 494 (chemical). All admixtures shall have prior approval of the Engineer, shall 
be from one source, and shall be certified by the manufacturer to be free of 
chlorides.  All admixtures shall be added at the mixer. 

 
F. Reinforcing 
 

1. Precast structure members shall be reinforced as required for structural 
stresses, temperature changes and handling. 

 
2. Steel Reinforcement shall conform to ASTM A615, ASTM A616, or ASTM 

A617, Grade 40 or Grade 60. 
 
3. Welded Wire Fabric Reinforcement shall conform to ASTM A185. 

 
G. Forms: Forms shall be steel. Concrete forms or wood forms of a quality to 

produce a smooth finished product may also be used, when approved by the 
Engineer. 

 
H. Form oil, or parting compound, shall not impair future coating of the concrete 

surfaces. 
 
I. Miscellaneous Connections: All anchors, dowels, bolts, steel welding inserts and 

connecting plates indicated and/or necessary in connection with the fabrication 
and erection of precast concrete sections shall be provided. They shall be 
positioned and shall be held in position rigidly to prevent displacement while 
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concrete is being placed.  On-site and off-site welding shall be in accordance 
with AWS D1.1 and AWS D12.1, as applicable. 

 
2.03 MIXES 

 
A. Mixing Procedures: Mixing procedure shall be the same as for cast-in-place 

concrete. 
 
B. Concrete Properties 
 

1. Water-cement ratio: maximum 40 pounds of water to 100 pounds of cement. 
 
2. Air-entrainment: 5%. 
 
3. Strength: minimum of 5000 psi compressive strength at 28 days. 
 
4. Do not use calcium chloride or other salts. 

 
2.04 SEALANTS AND MORTAR 

 
A. Sealants and mortar shall be as specified in Section 03300. 
 
B. (Not Used) 

 

2.05 WATERPROOFING   

 
A. Waterproofing shall be as recommended by the structure manufacturer and shall 

be a black bituminous compound of brush or spray consistency for application on 
below grade concrete surfaces.  

 
B. (Not Used) 

 

2.06 SPECIFIED CAST-IN INSERTS 

 
A. Inserts or cast-in attachments as required by other trades shall be purchased and 

furnished to manufacturer by trades involved and supplied to meet production. 
The Contractor shall coordinate with trades and manufacturer to assure inserts 
are provided prior to the manufacture of the precast structure. 

 
B. (Not Used) 

 
2.07 CRACKS IN PRECAST CONCRETE 

 
A. Precast concrete structures containing hairline cracks that are visible but not 

measurable by ordinary means may be accepted provided moist atmospheric 
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conditions are not present. Cracks of width measurable by ordinary means (0.01-
inch wide and over) shall be cause for rejection. 

 
B. (Not Used) 

 

PART 3   EXECUTION 

 

3.01 PRE-INSTALLATION INSPECTION 

 

A. Prior to installation of precast structures, the Engineer shall inspect the structures 
for compliance with the contract documents. Structures shall be free of all form 
marks and shall have all accessories necessary for handling and erection. 

 
B. All structures or sections that are cracked, chipped, stained or which in any way 

fail to comply with the contract requirements shall be subject to rejection. 
 
C. Defective structures or sections which in the Engineer’s judgment are “job site 

repairable” may be repaired at the project site by the Contractor at no cost to the 
Owner. Repairs shall be subject to the Engineer’s approval and rejection of the 
repaired units by the Engineer shall not justify additional cost to the Contractor or 
an extension in the Contract time. 

 

3.02 INSTALLATION 

 
A. Prior to setting the precast concrete structure or sections, provide a base of six 

(6) inches of crushed stone material, compacted and level for a uniform bearing 
surface for precast concrete structure bottom. Extend crushed stone 12-inches 
beyond the edge of the structure base slab. 

 
B. (Not Used) 

 

3.03 ERECTION 

 
A. General 
 

1. Erection of precast structure sections shall be in accordance with the 
approved shop drawings. Prior to fabrication, the method proposed for the 
lifting, transporting, and placing of such members shall be approved by the 
Engineer.   

 
2. Precast structure or sections shall not be shipped from the plant site or 

erected until test cylinders show that the concrete has attained the required 
strength. 
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B. Bearing Surfaces. Bearing surfaces shall be level and free from irregularities.   
Irregularities in bearing surfaces shall be leveled with a stiff cement mortar. 

 
C. Mortar shall be allowed to harden before installing the structure or sections. 

Sections  shall be installed at right angles to bearings, drawn up tight without 
forcing or distortion and with side plumb. 

 
D. Grouting 
 

1. Keyways between structure sections and other spaces shall be cleaned and 
filled solidly with grout. Grout that may have seeped through to surfaces in 
spaces below shall be removed before hardening. 

 
2. Grout shall consist of a mixture of cementitious materials and aggregate as 

specified hereinafter; water shall be added in sufficient quantity to produce a 
fluid mixture. Fine grout shall be provided in grout spaces less than 2-inches 
in any horizontal dimension or in which clearance between reinforcing and 
masonry is less than ¾-inch. Coarse grout shall be provided in grout spaces 
2-inches or greater in any horizontal dimensions or in which clearance 
between members is not less than ¾-inch. 

 
3. Seals, gaskets, sealant and sealant backup shall be placed in vertical and 

horizontal joints between structure sections in accordance with drawing 
details and as specified. 

 
3.04 PLUGGING LIFT HOLES 

 
A. Plug lift holes used for handling, with mortar. Hammer mortar into holes until 

dense and excess of paste appears, then smooth flush with adjoining surface. 
 
B. (Not Used) 

 
3.05 CLEANING 

 
A. After the completion of installation, all precast structures shall be cleaned by 

methods which will not damage the structure, sealants or adjacent materials. 
 

B. (Not Used) 
 

3.06 WATERPROOFING 

 
A. Waterproofing shall be applied to all exterior surfaces of the structure. Apply in 

accordance with the manufacturer’s instructions. Prior to backfilling, field apply 
waterproofing material on joints and damaged surfaces.  
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B. Protect coating from damage during backfilling. 

 

 

+ + + END OF SECTION 03410 + + + 
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SECTION 09900

PAINTING

PART 1 - GENERAL

1.01 SCOPE

A. This Section of the Specifications includes, but is not necessarily limited to, 
standards for cleaning and painting structures and equipment described in the 
Drawings and Specifications. Furnish all materials, equipment, and labor 
necessary to complete the Work.

B. Section includes:

1. Surface preparation to receive finishes.

2. Painting, staining, or otherwise finishing of all surfaces.

C. Related Work Specified Elsewhere

1. Section 05500, Miscellaneous Metal.

1.02 SUBSTITUTIONS

A. To the maximum extent possible, similar coatings shall be the products of one 
manufacturer. Guidelines for determination of acceptability of product 
substitutions are given in Instructions to Bidders.  Contractors intending to 
furnish substitute materials or equipment are cautioned to read and comply 
strictly with these guidelines.

1.03 SUBMITTALS 

A. All submittals and storage and protection provisions shall be in accordance with 
the requirements of the General Conditions, and the following.

1. Product data:

a. Submit complete list of products for use; indicate compliance with:

1) Mercury-free composition limits.

2) VOC limits, when mixed and thinned.

3) Indicate lead content.
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b. Indicate manufacturer, brand name, quality, and type paint for each 
surface to be finished; correlate to specified item if from other 
manufacturer than specified item. Refer to the attached sample Paint 
Submittal Schedule for required submittal format.

c. Include specified manufacturer's data sheets for reference to submitted 
manufacturer's data sheets.

d. Manufacturer's Safety Data Sheets (MSDS) for materials.

e. Intent of Contractor to use products specified does not relieve him from 
responsibility of submitting product line.

2. Samples:

a. Color samples: Submit two sets of color samples from paint 
manufacturers proposed for use for color selections by OWNER.

b. Brush-outs:

1) Prepare actual brush-outs for each color paint, stain, or finish 
following final color schedule issuance.

2) Submit brush-outs in duplicate: minimum size, 120 sq. in.

3) Apply products in number of coats specified for actual Work.

4) Provide following substrates for brush-outs:

a) Concrete unit masonry:  Paint one face to simulate concrete and 
masonry.

3. Quality control submittals:

a. Certificates:

1) Indicate interior paints and stains are mercury-free.

2) Indicate lead content. Lead content in excess of 0.06% by weight of 
nonvolatile content calculated as lead metal is prohibited.

3) Indicate compliance with applicable VOC limits when mixed and 
thinned.

1.04 PAINTING REQUIREMENTS

A. Finish paint all exposed surfaces except anodized or lacquered aluminum, 
fiberglass reinforced plastic, stainless steel and copper surfaces.  Items to be 
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left unfinished or to receive other types of finishes are specifically shown on the 
Drawings or specified.

1. Unpainted Products:  Full field cleaning and priming will be performed in 
accordance with specification requirements for unpainted products. 
Maintain adequate equipment on the site to assure proper cleaning.

2. Shop Primed Products:

a. Manufactured products may be shop cleaned and primed. Shop 
cleaning must equal or exceed cleaning specified in the Painting 
Schedule.  Clean as specified and reprime all abrasions, weld splatter, 
excessive weathering, and other defects in the shop prime coating.

b. Manufacturers furnishing shop primed products shall certify that 
cleaning was performed in accordance with specification requirements 
and that the specified primer was used.

c. Fully field clean and prime any shop primed products which the OWNER 
determines that were not cleaned in accordance with the Specifications 
prior to priming, that the wrong primer was applied, that the primer was 
applied improperly, or has excessively weathered, or the product is 
otherwise unacceptable.

3. Finish Painted Products:

Certain products such as electrical control panels and similar items may be 
furnished finish painted.  Properly protect these products throughout the 
project to maintain a bright and new appearance.  If the finish surfaces are 
defaced, weathered, or not of the selected color, repaint as necessary in 
accordance with the paint system manufacturer's written recommendations.

4. Hardware:

Remove all electrical plates, surface hardware, fittings and fastenings prior 
to painting operations.  These items are to be carefully stored, cleaned and 
replaced upon completion of Work in each area.  Do not use solvent to clean 
hardware that may remove permanent lacquer finish.

1.05 SEQUENCING AND SCHEDULING

A. Schedule and coordinate this Work with other trades; proceeding until other 
Work and job conditions are proper to achieve satisfactory results is prohibited.

B. Examine specification sections for various other trades; be thoroughly familiar 
with Work required in other sections regarding painting.
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PART 2 - PRODUCTS

2.01 MATERIAL SCHEDULE

A. Material schedules list pretreatment coats, wash coats, seal coats, prime coats, 
intermediate coats, finish coats and cover coats that comprise a complete and 
compatible system of surface protection for the particular substrate.  Maintain 
the unity of these systems, making sure all coats applied to any surface are 
from the same system and same manufacturer.  Verify with the manufacturer 
the compatibility of the materials used.

2.02 APPLICATION DATA

A. All applicable data currently published by the paint manufacturer relating to 
surface preparation, coverages, film thickness, application technique, drying 
and overcoating times is included by reference as a part of this Section.  It will 
be the responsibility of the Contractor to obtain and fully understand the 
appropriate data sheets for the coatings specified.

2.03 MATERIALS

A. Paints shall be factory mixed and delivered to the job in unbroken original 
packages bearing the manufacturer's name and brand designation and shall 
be applied in strict accordance with the manufacturer's printed specifications.  
Two-component coatings shall be mixed in accordance with manufacturer’s 
instructions.  All two-component coatings, once mixed, shall be applied within 
the pot-life recommended by the manufacturer.

B. Unless otherwise specified, paints shall be of the best grade.  All thinners, 
driers, varnish, etc., shall be of the best grade and shall be furnished by the 
coating manufacturer for use with the specified paints.

C. Paint thinners and tints:  Products of same manufacturer as paints or approved 
by paint manufacturer for use with paint.

D. Shellac, turpentine, patching compounds, and similar materials required for 
execution of Work:  Pure, best quality products.

E. All paints, finishes, stains, primers, shellacs, sealants and coatings shall comply 
with the requirement of LEED 2009 IEQ Credit 4.2: Low-Emitting Materials - 
Paintings and Coatings.

2.04 COLORS 

A. The OWNER will select the colors to be used on the various portions of the 
Work.  Provide color cards for the coatings proposed.  Where more than one 
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coat of paint is required, job tint the paint for each undercoat off-shade to show 
complete coverage.

B. Review Finish Schedule for color selections that may have already been made 
by the OWNER.

PART 3 - EXECUTION

3.01 GENERAL

A. Adequately protect other surfaces from paint and damage.  Furnish sufficient 
drop cloths, shields and protective equipment to prevent spray or droppings 
from fouling surfaces not being painted.  Repair damage as a result of 
inadequate or unsuitable protection.

B. Protection:  Cover finished Work of other trades, surfaces not being painted 
concurrently, and prefinished items.

C. Application of materials in spaces where dust is being generated is prohibited.

3.02 PRODUCT HANDLING

A. Delivery

1. Deliver materials in original, sealed containers of the manufacturer with 
labels legible and intact.

2. Each container shall be clearly marked or labeled to show paint 
identification, paint type and color, date of manufacture, batch number, 
analysis or contents, identification of all toxic substances, and special 
instructions.

B. Storage

1. Store only acceptable project materials on the project site.

2. Store material in a suitable location and in such a manner as to comply with 
all safety requirements including any applicable federal, state and local 
rules and requirements.  Storage shall also be in accordance with the 
instructions of the paint manufacturer and the requirements of the insurance 
underwriters.

3. Restrict storage area to paint materials and related equipment.

4. Place any materials which may constitute a fire hazard in closed metal 
containers and remove daily from the project site.
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5. Maintain neat, clean conditions in storage area; remove used rags from 
work areas at end of each day's work; store rags in closed containers.

6. Close containers at end of each day's Work.  Leave no materials open.

7. Safety precautions:

a. Provide temporary fire protection equipment in materials storage area. 
Mark fire protection equipment location for quick access.

b. Prohibit smoking in storage area; post signs in visible location adjacent 
to and within storage area. 

3.03 ENVIRONMENTAL CONDITIONS

A. Environmental conditions which affect coating application include, but are not 
necessarily limited to, ambient air temperature, surface temperature, humidity, 
dew point and environmental cleanliness. Comply with the manufacturer's 
recommendations regarding environmental conditions under which coatings 
may be applied.

3.04 SURFACE PREPARATION

A. General:  All surfaces shall be thoroughly clean, dry, and free from oil, grease 
or dust. All fabricated metal products shall have all weld flux and weld spatter 
removed and sharp peaks in weld ground smooth.  The County inspector will 
inspect the surface preparation prior to the application of coatings.  If the 
preparation is found to be satisfactory, a written order will be given to proceed 
with coatings.

B. Ferrous Metals:  Standards for the surface preparation of ferrous metals 
required in the Material Schedules are the standards of the Steel Structures 
Painting Council (SSPC, SP-1 through SP-10).  Inspection of these surfaces 
will be evaluated by field comparison with visual comparator panels.  These 
panels shall be securely wrapped in clear plastic and sealed to protect them 
from deterioration and marring.

E. Galvanized metal:  Wash with xylol to remove grease, oil, and contaminants; 
wipe dry with dry cloth.

F. Aluminum:  Sand to remove oxides.  Wash with xylol to remove grease, oil, and 
contaminants; wipe dry with dry cloth.

G. Cast-In-Place Concrete Surfaces: No Coatings Required.
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3.05   APPLICATION

A. Conditions:  No paint shall be applied upon damp or frosty surfaces, or in wet 
or foggy weather.  No paint shall be applied in temperatures below 400 F. or 
when freezing (320 F.) is predicted within 24 hours of application, or under 
temperature or humidity conditions not recommended by the manufacturer.

B. Surface Preparation:  After specified surface preparation, all surfaces shall be 
brushed free of dust or foreign matter.  Surfaces shall be completely dry before 
any paint is applied.  

1. Apply materials only when moisture content of surfaces is within 
manufacturer's recommended range.

C. Application:  Paint shall be evenly spread in the proper thickness so that there 
shall be no drops, runs or sagging of the coating.  Where runs and drops do 
occur, they shall be removed and the surface re-coated to the satisfaction of 
the OWNER.  Sufficient time, as directed by the manufacturer, shall be allowed 
for the paint to dry before the application of succeeding coats.

1. Apply materials in accord with manufacturer's approved product data to 
achieve specified DFT.

2. Apply materials using clean brushes, rollers, or spray equipment.  Limit 
paint spraying only to those materials recommended by manufacturer to be 
sprayed with no loss of performance, durability, or color.

3. Apply materials at rate not exceeding manufacturer's recommendations for 
surface being coated, less ten percent for losses.

4. Sand and dust between coats to remove defects visible from 5' - 0" distance.  
Tint primer and intermediate coats slightly to provide slight contrast.

5. Finish coats:  Smooth, free of brush marks, streaks, laps or pile-up of paint, 
skips, or missed areas.

6. Make coating edges adjoining other materials or colors sharp and clean 
without overlapping.

7. Primer coats may be omitted for surfaces specified to receive factory 
applied primer if finish coats are compatible with primer.  Substitute bond 
coat recommended by paint manufacturer for specified primer coat if finish 
coats are not compatible.

D. Protection of Work Area:  Use drop cloths or other suitable means to protect 
other surfaces of the structure or equipment in place.  Upon completion of the 
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Work, remove all paint spots from surfaces as directed by the County inspector.

E. Inspection:  The County inspector will inspect each coat prior to the application 
of subsequent coats.  If the work is found to be satisfactory, a written order will 
be given to proceed. Application of additional coats until completed coat has 
been inspected is prohibited. Only inspected coats of paint will be counted in 
determining the number of coats applied.

F. Defective Work:  Remove and replace, at the direction of the County inspector, 
any painting work found to be defective or applied under adverse conditions.

3.06 PAINTING SCHEDULE 

A. Paint construction on roof top; include mechanical and electrical equipment 
except as indicated below.

1. None.

B. Surfaces not requiring painting or coating:

1. Face brick.

2. Cast-in-place concrete and Precast concrete.

3. EIFS.

4. Prefinished surfaces and items.

5. Concealed ductwork, conduit, and piping.

C. The Sample Painting Schedule below is an example schedule. CONTRACTOR 
shall submit a final schedule with the paint submittal for the painting systems 
to be applied to the various surfaces.
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SAMPLE PAINT SUBMITTAL SCHEDULE

System Specification Item Surface Prep Primer Finish & 
Touch Up

Color

A SS 5500 Misc. 
Metals

SSPC 6 for 
Non-
Immersion

Tnemec 
90-97

2 Coats of 
89 Series 
for Non-
Immersion 
at 4-6.0 
mils

Warm 
Gray 
M3759

B SS 5500 Misc. 
Metals

SSPC 10 of 
Immersion

Not 
Required

2 Coats of 
78 Series 
for 
Immersion 
at 4-6.0 
mils

Gray 

C SS 5500 Roof 
Hatch

Mill Finish 
Aluminum

Not 
Required

Not 
Required

Not 
Required

PAINTING SCHEDULE

Surfaces Substrate Materials Paint Material/Schedule 

Galvanized Metal 141*All Other Listed Metal 
Surfaces, Except Dumpsters

Ferrous Metal 141

* Galvanized metal shall not be painted unless called for on the Finish Schedule.

MATERIAL SCHEDULE 141

TYPE:HIGH BUILD EPOXY

USE: PROVIDE THE FOLLOWING COATING SYSTEM FOR FERROUS METAL 
SURFACES ON ALL MECHANICAL EQUIPMENT AND ACCESSORIES 
INCLUDING BUT NOT LIMITED TO: PUMPS, VALVING AND OTHER 
PROCESS EQUIPMENT AND EXTERIOR STRUCTURAL STEEL AND 
EXPOSED STEEL PIPE.
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SURFACE PREPARATION:     SSPC-SP10     NEAR WHITE BLAST-IMMERSION 
SERVICE

SHERWIN-WILLIAMS

PRIMER: ZINC CLAD III - 3.0 MILS*

FIRST COAT:  MACROPOXY 646-100 FC - 4.0 MILS*

SECOND COAT: ACROLON 100 URETHANE - 3.0 MILS*

* MINIMUM DRY FILM THICKNESS

NOTES:

1. IF MINIMUM TOTAL DRY FILM THICKNESS OF 10.0 MILS IS NOT 
ACHIEVED IN THE NUMBER OF COATS SPECIFIED, ADDITIONAL COATS 
SHALL BE APPLIED AT NO ADDITIONAL COST TO THE OWNER.

2. PRODUCTS OF THE FOLLOWING MANUFACTURERS SIMILAR IN TYPE, 
COLOR, SOLIDS AND QUALITY TO THE PRODUCTS SPECIFIED ABOVE 
ARE ACCEPTABLE FOR USE, SUBJECT TO APPROVAL OF PRODUCT 
LIST AND SAMPLES:

a. Koppers.

b. Tnemec.

PIPE AND EQUIPMENT COLORS
STENCIL WORDING SYMBOL COLOR LETTERS & ARROW
Force Main FM TBD by OWNER Yes And Direction of Flow
In-Plant Exposed 
Process Piping SS TBD by OWNER Yes And Direction of Flow

Potable Water PW TBD by OWNER Yes
Non-Potable Water NPW TBD by OWNER Yes

Compressed Air AIR SW4084-          
SAFETY YELLOW Yes

Air Vacuum ARV TBD by OWNER Yes
Vent V TBD by OWNER Yes

END OF SECTION
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# Description

Required 

by NPDES 

Permit?

Required 

by SCWA/ 

or  Stds?

Required 

by OSHA?

Use 

handheld 

probe 

instead?

Tag

Connect

ed to 

Panel

Power Supplied BY Notes

Submersible Pressure Transducer y PT-ISP-1 PCP-ISP-1 Loop powered Pumps vendor

Backup Float Switch High-High y LSHH-ISP-1 PCP-1 N/A Pumps vendor

Backup Float Switch Low-Low y LSLL-ISP-1 PCP-ISP-1 N/A Pumps vendor

Pump #1 Discharge Pressure Transmitter y PIT-D-IPS-1 RTU-IPS-1 Loop Powered System Integrator

Pump #2 Discharge Pressure Transmitter y PIT-D-IPS-2 RTU-IPS-1 Loop Powered System Integrator

Discharge Flow Meter and Sensor y FE/FIT-IPS-1 RTU-IPS-1 120V, 1Ph System Integrator

One (1) Smart Cover controllers with Subsonic sensors y LT-MH-1 N/A Battery powered System Integrator

Influent channel high-high float switch LSH-101 RIO-101 N/A System Integrator

Plant Influent flow meter/Magmenter y FE/FIT-101 RIO-101 120V, 1Ph System Integrator

Influent channel pH Probe AE/AIT-101 RIO-101 120V, 1Ph System Integrator

Mechanical screen upstream level sensor LE-101 FCP-101 N/A Mech Screen Vendor

Mechanical screen downstream level sensor LE-102 FCP-101 N/A Mech Screen Vendor

Influent Sampler y S-101 RIO-101 120V, 1Ph System Integrator

Blowers common header Pressure Transmitter PIT-201 LCP-M Loop Powered Plant Package Vendor

Clarifier #1: High Torque Swirch WSH-211 FCP-211 N/A Clarifier Vendor

Clarifier #1: High-High Torque Switch WSHH-211 FCP-211 N/A Clarifier Vendor

Clarifier #1: Shear Pin Switch XS-211 FCP-211 N/A Clarifier Vendor

Clarifier #2: High Torque Swirch WSH-212 FCP-212 N/A Clarifier Vendor

Clarifier #2: High-High Torque Switch WSHH-212 FCP-212 N/A Clarifier Vendor

Clarifier #2: Shear Pin Switch XS-212 FCP-212 N/A Clarifier Vendor

Aeration Basin #1 DO Probe AE/AIT-201 RIO-101 120V, 1Ph System Integrator

Aeration Basin #1 pH Probe AE/AIT-202 RIO-101 120V, 1Ph System Integrator

Aeration Basin #1 ORP probe AE/AIT-203 RIO-101 120V, 1Ph System Integrator

Aeration Basin #2 DO Probe AE/AIT-211 RIO-101 120V, 1Ph System Integrator

Aeration Basin #2 pH Probe AE/AIT-212 RIO-101 120V, 1Ph System Integrator

Aeration Basin #2 ORP Probe AE/AIT-213 RIO-101 120V, 1Ph System Integrator

Aeration Basin #3 DO Probe AE/AIT-221 RIO-101 120V, 1Ph System Integrator

Aeration Basin #3 pH Probe AE/AIT-222 RIO-101 120V, 1Ph System Integrator

Aeration Basin #3 ORP probe AE/AIT-223 RIO-101 120V, 1Ph System Integrator

Digester Basin #1 DO Probe AE/AIT-231 RIO-101 120V, 1Ph System Integrator

Digester Basin #1 pH Probe AE/AIT-232 RIO-101 120V, 1Ph System Integrator

Digester Basin #1 ORP Probe AE/AIT-233 RIO-101 120V, 1Ph System Integrator

Digester Basin #2 DO Probe AE/AIT-241 RIO-101 120V, 1Ph System Integrator

Digester Basin #2 pH Probe AE/AIT-242 RIO-101 120V, 1Ph System Integrator

Digester Basin #2 ORP Probe AE/AIT-243 RIO-101 120V, 1Ph System Integrator

RAS Flow Meter Y FE/FIT-251 RIO-101 120V, 1Ph System Integrator

WAS Flow Meter Y FE/FIT-252 RIO-101 120V, 1Ph System Integrator

Chlorine Analyzer (Contact Chamber)  AE/AIT-401 LCP-M 120V, 1Ph System Integrator

ORP Probe (at chlorine contact chamber) Y AE/AIT-402 LCP-M 120V, 1Ph System Integrator

Residual Chlorine Analyzer (Manhole) y AE/AIT-403 LCP-M 120V, 1Ph System Integrator

Plant Effluent flow meter y FE/FIT-401 LCP-M 120V, 1Ph Plant Package Vendor

Effluent Sampler S-401 LCP-M 120V, 1Ph System Integrator

Plant Drain PS: High-High Level Float Switch LSHH-701 FCP-701 N/A Pumps vendor

Plant Drain PS: High Level Float Switch LSH-701 FCP-701 N/A Pumps vendor

Spalding County WWTP and IPS Instrument List
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Plant Drain PS: Middle Level Float Switch LSM-701 FCP-701 N/A Pumps vendor

Plant Drain PS: Low Level Float Switch LSL-701 FCP-701 N/A Pumps vendor

Plant Drain PS: Low-Low Level Float Switch LSLL-701 FCP-701 N/A Pumps vendor

Water Tank Low Level Float Switch LSL-801 MS-801 N/A Pumps vendor

System Pressure Low Switch PSL-801 MS-801 N/A Pumps vendor

System Pressure High Switch PSH-801 MS-801 N/A Pumps vendor

Water Tank Low Level Float Switch LSL-802 CP-802 N/A Pumps vendor

System Pressure Low Switch PSL-802 CP-802 N/A Pumps vendor

System Pressure High Switch PSH-802 CP-802 N/A Pumps vendor

Emergency Eyewash High Flow Switgh FSH-601 LCP-M N/A Shower Vendor

Plant Sewer PS: High-High Level Float Switch LSHH-702 FCP-702 N/A Pumps vendor

Plant Sewer PS: High Level Float Switch LSH-702 FCP-702 N/A Pumps vendor

Plant Sewer PS: Middle Level Float Switch LSM-702 FCP-702 N/A Pumps vendor

Plant Sewer PS: Low Level Float Switch LSL-702 FCP-702 N/A Pumps vendor

Plant Sewer PS: Low-Low Level Float Switch LSLL-702 FCP-702 N/A Pumps vendor



# Description I/O Type
Associated 

Equipment Tag

Connected to 

Panel
Notes

Phase loss Alarm DI PCP-IPS-1 RTU-IPS-1

Control Power On DI PCP-IPS-1 RTU-IPS-1

Wetwell High-high Level Alarm DI PCP-IPS-1 RTU-IPS-1

Wetwell Low-Low Level Alarm DI PCP-IPS-1 RTU-IPS-1

Pump #1 Running DI PCP-IPS-1 RTU-IPS-1

Pump #2 Running DI PCP-IPS-1 RTU-IPS-1

Pump #1 Common fault DI PCP-IPS-1 RTU-IPS-1
Combination of Moisture, Temperature and RVSS 

Fault

Pump #2 Common fault DI PCP-IPS-1 RTU-IPS-1
Combination of Moisture, Temperature and RVSS 

Fault

ATS in normal position DI ATS-IPS-1 RTU-IPS-1

ATS in Emergency position DI ATS-IPS-1 RTU-IPS-1

ATS Normal Power Loss DI ATS-IPS-1 RTU-IPS-1

Generator Running DI GEN-IPS-1 RTU-IPS-1

Generator Low Fuel DI GEN-IPS-1 RTU-IPS-1

Generator Common Fault DI GEN-IPS-1 RTU-IPS-1

Wetwell Level AI PCP-IPS-1 RTU-IPS-1

IPS discharge Flow AI FIT-IPS-1 RTU-IPS-1

Pump #1 Discharge Pressure AI PIT-D-1 RTU-IPS-1

Pump #2 Discharge Pressure AI PIT-D-2 RTU-IPS-1

Manhole Level from Smart Cover controllers Comm Link LT-MH-1 N/A Satellite Connection

Bar Screen Call To Run DO FCP-101 RIO-101

Bar Screen Running DI FCP-101 RIO-101

Bar Screen Auto Mode DI FCP-101 RIO-101

Bar Screen Common Fault DI FCP-101 RIO-101

Plant Influent Flow AI FIT-101 RIO-101

Influent Channel pH AI AE/AIT-101 RIO-101

Headworks channel high level DI LSH-101 RIO-101

Influent Sampler Common Fault DI S-101 RIO-101

Influent Sampler Flow Pace AO S-101 RIO-101

Spalding County WWTP and IPS I/O List
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Aeration Basin #1 DO AI AE/AIT-201 RIO-101

Aeration Basin #1 pH AI AE/AIT-202 RIO-101

Aeration Basin #1 ORP AI AE/AIT-203 RIO-101

Aeration Basin #2 DO AI AE/AIT-211 RIO-101

Aeration Basin #2 pH AI AE/AIT-212 RIO-101

Aeration Basin #2 ORP AI AE/AIT-213 RIO-101

Aeration Basin #3 DO AI AE/AIT-221 RIO-101

Aeration Basin #3 pH AI AE/AIT-222 RIO-101

Aeration Basin #3 ORP AI AE/AIT-223 RIO-101

Digester Basin #1 DO AI AE/AIT-231 RIO-101

Digester Basin #1 pH AI AE/AIT-232 RIO-101

Digester Basin #1 ORP AI AE/AIT-233 RIO-101

Digester Basin #2 DO AI AE/AIT-241 RIO-101

Digester Basin #2 pH AI AE/AIT-242 RIO-101

Digester Basin #2 ORP AI AE/AIT-243 RIO-101

Clarifier #1 Call to Run DO FCP-211 RIO-101

Clarifier #1 Running DI FCP-211 RIO-101

Clarifier #1 Auto Mode DI FCP-211 RIO-101

Clarifier #1 Overload DI FCP-211 RIO-101

Clarifier #1 High-High Torque Switch Status DI FCP-211 RIO-101

Clarifier #1 High Torque Switch Status DI FCP-211 RIO-101

Clarifier #1 Shear Pin Switch Status DI FCP-211 RIO-101

Clarifier #2 Call to Run DO FCP-212 RIO-101

Clarifier #2 Running DI FCP-212 RIO-101

Clarifier #2 Auto Mode DI FCP-212 RIO-101

Clarifier #2 Overload DI FCP-212 RIO-101

Clarifier #2 High-High Torque Switch Status DI FCP-212 RIO-101

Clarifier #2 High Torque Switch Status DI FCP-212 RIO-101

Clarifier #2 Shear Pin Switch Status DI FCP-212 RIO-101

RAS Flow AI FE/FIT-251 RIO-101

WAS Flow AI FE/FIT-252 RIO-101

Aeration Blower #1 Call to Run DO VFD-201 LCP-M

Aeration Blower #1 Running DI VFD-201 LCP-M

Aeration Blower #1 Auto Mode DI VFD-201 LCP-M

Aeration Blower #1 VFD Fault DI VFD-201 LCP-M

Aeration Blower #1 Windings High Temp DI VFD-201 LCP-M

Aeration Blower #1 Speed Control AO VFD-201 LCP-M

Aeration Blower #1 Curent Monitoring AI VFD-201 LCP-M

Aeration Blower #2 Call to Run DO VFD-202 LCP-M



Aeration Blower #2 Running DI VFD-202 LCP-M

Aeration Blower #2 Auto Mode DI VFD-202 LCP-M

Aeration Blower #2 VFD Fault DI VFD-202 LCP-M

Aeration Blower #2 Windings High Temp DI VFD-202 LCP-M

Aeration Blower #2 Speed Control AO VFD-202 LCP-M

Aeration Blower #2 Curent Monitoring AI VFD-202 LCP-M

Aeration Blower #3 Call to Run DO VFD-203 LCP-M

Aeration Blower #3 Running DI VFD-203 LCP-M

Aeration Blower #3 Auto Mode DI VFD-203 LCP-M

Aeration Blower #3 VFD Fault DI VFD-203 LCP-M

Aeration Blower #3 Windings High Temp DI VFD-203 LCP-M

Aeration Blower #3 Speed Control AO VFD-203 LCP-M

Aeration Blower #3 Curent Monitoring AI VFD-203 LCP-M

Aeration Blower #4 Call to Run DO VFD-204 LCP-M

Aeration Blower #4 Running DI VFD-204 LCP-M

Aeration Blower #4 Auto Mode DI VFD-204 LCP-M

Aeration Blower #4 VFD Fault DI VFD-204 LCP-M

Aeration Blower #4 Windings High Temp DI VFD-204 LCP-M

Aeration Blower #4 Speed Control AO VFD-204 LCP-M

Aeration Blower #4 Curent Monitoring AI VFD-204 LCP-M

Blowers discharge air pressure AI PIT-201 LCP-M

Effluent Sampler Common Fault DI S-401 LCP-M

Effluent Sampler Flow Pace AO S-401 LCP-M

Plant Effluent Flow AI FIT-401 LCP-M

Chlorine concentraction (Contact Chamber) AI AE/AIT-401 LCP-M

ORP Probe (at chlorine contact chamber) AI AE/AIT-402 LCP-M

Residual Chlorineconcntration (Manhole) AI AE/AIT-403 LCP-M

Plant Drain PS: Pump #1 Common Fault DI FCP-701 LCP-M

Plant Drain PS: Pump #2 Common Fault DI FCP-701 LCP-M

Plant Drain PS: High Level Alarm DI FCP-701 LCP-M

Portable Water Boster Pump: Call to Run DO MS-801 LCP-M

Portable Water Boster Pump: Running DI MS-801 LCP-M

Portable Water Boster Pump: Auto Mode DI MS-801 LCP-M

Portable Water Boster Pump: Common Fault DI MS-801 LCP-M

Non-Portable Water Booster Pump #1: Call to Run DO CP-802 LCP-M

Non-Portable Water Booster Pump #1: Running DI CP-802 LCP-M

Non-Portable Water Booster Pump #1: Auto Mode DI CP-802 LCP-M

Non-Portable Water Booster Pump #1: Common Fault DI CP-802 LCP-M

Skid #1 Chemical Pump #1 Call to Run DO P-601 LCP-M



Skid #1 Chemical Pump #1 Running DI P-601 LCP-M

Skid #1 Chemical Pump #1 Auto Mode DI P-601 LCP-M

Skid #1 Chemical Pump #1 Common Fault DI P-601 LCP-M

Skid #1 Chemical Pump #1 Leak Detector DI P-601 LCP-M

Skid #1 Chemical Pump #1 Speed Control AO P-601 LCP-M

Skid #1 Chemical Pump #1 Speed Indication AI P-601 LCP-M

Skid #1 Chemical Pump #2 Call to Run DO P-602 LCP-M

Skid #1 Chemical Pump #2 Running DI P-602 LCP-M

Skid #1 Chemical Pump #2 Auto Mode DI P-602 LCP-M

Skid #1 Chemical Pump #2 Common Fault DI P-602 LCP-M

Skid #1 Chemical Pump #2 Leak Detector DI P-602 LCP-M

Skid #1 Chemical Pump #2 Speed Control AO P-602 LCP-M

Skid #1 Chemical Pump #2 Speed Indication AI P-602 LCP-M

Skid #2 Chemical Pump #3 Call to Run DO P-603 LCP-M

Skid #2 Chemical Pump #3 Running DI P-603 LCP-M

Skid #2 Chemical Pump #3 Auto Mode DI P-603 LCP-M

Skid #2 Chemical Pump #3 Common Fault DI P-603 LCP-M

Skid #2 Chemical Pump #3 Leak Detector DI P-603 LCP-M

Skid #2 Chemical Pump #3 Speed Control AO P-603 LCP-M

Skid #2 Chemical Pump #3 Speed Indication AI P-603 LCP-M

Skid #2 Chemical Pump #4 Call to Run DO P-604 LCP-M

Skid #2 Chemical Pump #4 Running DI P-604 LCP-M

Skid #2 Chemical Pump #4 Auto Mode DI P-604 LCP-M

Skid #2 Chemical Pump #4 Common Fault DI P-604 LCP-M

Skid #2 Chemical Pump #4 Leak Detector DI P-604 LCP-M

Skid #2 Chemical Pump #4 Speed Control AO P-604 LCP-M

Skid #2 Chemical Pump #4 Speed Indication AI P-604 LCP-M

Skid #3 Chemical Pump #5 Call to Run DO P-605 LCP-M

Skid #3 Chemical Pump #5 Running DI P-605 LCP-M

Skid #3 Chemical Pump #5 Auto Mode DI P-605 LCP-M

Skid #3 Chemical Pump #5 Leak Detector DI P-605 LCP-M

Skid #3 Chemical Pump #5 Common Fault DI P-605 LCP-M

Skid #3 Chemical Pump #5 Speed Control AO P-605 LCP-M

Skid #3 Chemical Pump #5 Speed Indication AI P-605 LCP-M

Skid #3 Chemical Pump #6 Call to Run DO P-606 LCP-M

Skid #3 Chemical Pump #6 Running DI P-606 LCP-M

Skid #3 Chemical Pump #6 Auto Mode DI P-606 LCP-M

Skid #3 Chemical Pump #6 Leak Detector DI P-606 LCP-M

Skid #3 Chemical Pump #6 Common Fault DI P-606 LCP-M



Skid #3 Chemical Pump #6 Speed Control AO P-606 LCP-M

Skid #3 Chemical Pump #6 Speed Indication AI P-606 LCP-M

Emergency Shower Flow detected DI FSH-EW-601 LCP-M

Well Pump Common Fault DI MS-WP LCP-M

ATS in normal position DI ATS-800 LCP-M

ATS in Emergency position DI ATS-800 LCP-M

ATS Normal Power Loss DI ATS-800 LCP-M

Generator Running DI GEN-800 LCP-M

Generator Low Fuel DI GEN-800 LCP-M

Generator Common Fault DI GEN-800 LCP-M

Plant Sewr PS Wetwell High-High Level Alarm DI FCP-702 LCP-M

Plant Sewr PS Wetwell Pump #1 Common Alarm DI FCP-702 LCP-M

Plant Sewr PS Wetwell Pump #2 Common Alarm DI FCP-702 LCP-M
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BVR2T/County Contract #1034381                    version 2024.11.26

SECTION 14650

JIB CRANES

PART 1 - GENERAL

1.01 SCOPE

A. Work included: Furnishing and installing free standing jib cranes, anchorage, 
and foundation.

B. Related Work: 

1. Section 01600 - General Material and Equipment Requirements

2. Section 03300 - Cast-In-Place Concrete

3. Section 05500 - Miscellaneous Metals

1.02 REFERENCES

A. American Institute of Steel Construction (AISC) - Specification for Structural 
Joints Using High-Strength Bolts.

B. American National Standards Institute (ANSI): ANSI B30.11 - Monorails and 
Underhung Cranes.

C. ASTM International (ASTM):

1. ASTM A36 - Carbon Structural Steel.

2. ASTM F3125 – High Strength Structural Bolts and Assemblies, Steel and 
Alloy Steel, Heat Treated, Inch Dimensions 120 ksi and 150 ksi Minimum 
Tensile Strength, and Metric Dimensions 830 MPa and 1040 MPa Minimum 
Tensile Strength.

3. ASTM B221 - Aluminum-Alloy Extruded Bar, Rod, Wire, Shape, and Tube.

D. American Welding Society (AWS) D1.1 - Structural Welding Code.

E. Occupational Safety and Health Administration (OSHA) - Specification 
1910.179 - Overhead and Gantry Cranes.

1.03 DESIGN REQUIREMENTS

A. Design Requirements:
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1. Design jib crane, anchorage and foundation in accordance with the 
governing codes and design criteria as indicated on the Drawings and as 
specified herein.

2. Comply with the wind requirements of ASCE 7.

1.04 SUBMITTALS

A. Product Data: Manufacturer's data sheets on each product to be used, 
including:

1. Describe capacities, performance, operation, and applied forces to 
foundation.

2. Preparation instructions and recommendations.

3. Storage and handling requirements and recommendations.

4. Installation methods.

B. Shop Drawings: Shop drawings showing configuration, dimensions, service 
area, and construction and installation details.

C. Contract Closeout: Jib crane manufacturer shall provide the manufacturer’s 
Warranty prior to the contract closeout.

1.05 QUALITY ASSURANCE

A. Manufacturer Qualifications: Company specializing in designing and 
manufacturing cranes with 25 years successful experience.

B. Installer Qualifications: Company experienced in assembly and installation of 
cranes with 5 years successful experience and acceptable to crane 
manufacturer.

C. Perform welding by certified operators in accordance with AWS D14.1.

D. Bolted connections shall be in accordance with torque tightening procedures 
specified in AISC Specification.

E. Clearly label crane with rated load capacity. Place label at height and location 
easily read from floor level and loading position.

1.06 PRODUCT HANDLING

A. All materials shall be delivered in manufacturer’s original packaging.
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B. Store materials in a dry, protected, well-vented area. The contractor shall 
thoroughly inspect product upon receipt and report damaged material 
immediately to delivering carrier and note such damage on the carrier’s freight 
bill of lading.

C. Remove protective wrapping immediately after installation.

1.07 SUBSTITUTIONS

A. Proposals for substitution products shall be accepted only from bidding 
contractors and not less than (10) working days before bid due date. Contractor 
guarantees that proposed substitution shall meet the performance and quality 
standards of this specification.

1.08 JOB CONDITIONS

A. Verify that other trades with related work are complete before installing jib 
crane.

B. Mounting surfaces shall be straight and secure; substrates shall be of proper 
width.

C. Refer to the construction documents, shop drawings, and manufacturer’s 
installation instructions.

D. Do not install products under environmental conditions outside manufacturer's 
recommended limits.

E. Observe all appropriate OSHA safety guidelines for this work.

1.09 WARRANTY/GUARANTEE

A. Manufacturer's Warranty: On manufacturer's standard form, in which 
manufacturer agrees to repair or replace assemblies and components that fail 
in materials and workmanship within warranty period from date of Substantial 
Completion. 5 years or 10,000 hours warranty for jib crane to cover defects in 
materials and workmanship. Should a part fail to function in normal use within 
this period, manufacturer shall furnish a new part at no charge.

PART 2 - PRODUCTS

2.01 MANUFACTURER

A. Gorbel, Inc.

B. Or a pre-approved equal.
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2.02 JIB CRANES

A. Performance:

1. Crane shall be designed, fabricated, and installed in accordance with ANSI 
B30.11 and OSHA 1910-179.

2. Crane shall be designed for minimum effort manual rotation.

3. Boom shall not drift when at rest.

4. Maximum deflection at boom end: 1/150 span based on capacity plus 15 
percent for hoist and trolley weight.

5. Crane shall be designed to withstand the following:

a. Live load capacity equal to net rated hook load: 1 ton.

b. Base crane structural design on live load capacity plus 15 percent for 
hoist and trolley weight and 25 percent for impact.

B. Free Standing Jib Crane: Crane shall consist of mast requiring foundation 
support and a 360 degree rotating boom. Provide rotating collector assembly 
with service entrance and festoon service support as indicated.

1. Acceptable Manufacturer and Model: Model No. FS300 as manufactured by 
Gorbel, Inc.: Base plate mounted crane.

2. Base plate mounting: Provide hexagonal steel base plate welded to mast 
for anchoring crane to concrete foundation cast flush with floor slab.

3. Construction: Fabricate from ASTM A36 steel sections with finished ends 
and surfaces.

4. Mast: Stationary steel pipe, perpendicular to boom. Equip mast top with 
plate and pivot pin to receive head assembly.

5. Boom: Horizontal, wide flange steel beam bolted to head assembly and 
designed for hoist trolley traveling on bottom flange. Reinforce with cap 
channel as required for lateral stability. Equip boom with stops to limit 
movement of trolley.

6. Head assembly: Welded steel plate and channel fabrication fitted over mast, 
bolted to boom, and designed to transfer boom load to mast and to rotate. 
Assembly shall allow for installation of head prior to boom attachment and 
provide maximum hoist lift.

a. Top pivot bearing assembly: Designed to connect head assembly to 
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mast and transfer load from boom. Weight bearing channel connecting 
sides of head assembly shall contain tapered roller bearings allowing 
easy rotation.

b. Retaining pin: Inserted through mast pivot pin above weight bearing 
channel to prevent accidentally dislodging head assembly. Cranes 
without retaining pin are not acceptable.

c. Trunnion roller assembly: Designed to rotate around mast and transmit 
moment force from boom to mast. Provide trunnion rollers with tapered 
bearings held in steel channel with 1 inch (25 mm) diameter bolts. Masts 
less than 18 inches (457 mm) diameter shall have 2 rollers and larger 
masts shall have 4 rollers. Assembly shall rotate around mast with full 
roller face contact. Roller surface shall be sufficiently large to prevent 
cutting into mast. Cranes with small rollers or cams requiring wear band 
on mast are not acceptable.

2.03 TROLLEY AND HOIST

A. Columbus McKinnon (CM) Lodestar Electric Chain Hoist Model L or pre-
approved equal. Capacity shall match jib crane capacity.

2.04 ANCHORAGE

A. As required by jib crane.

B. Designed by Contractor’s qualified professional engineer, who is a civil or 
structural engineer registered in the in the State of Georgia.

C. Refer to Section 05500 - Miscellaneous Metals.

PART 3 - EXECUTION

3.01 EXAMINATION

A. Do not begin installation until support structures have been properly prepared.

B. Design and construction of reinforced concrete footings and slabs as detailed 
on Drawings and specified in other sections. Verify that accurate crane applied 
forces and anchor bolt patterns are provided for foundation design.

3.02 INSTALLATION

A. Install units and accessories in accordance with manufacturer's instructions 
and approved shop drawings. Do not modify crane components in any manner 
without advance written approval by crane manufacturer.
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B. Clearances for Moving Crane Components:

1. 3 inches (76 mm) minimum vertical clearance from any overhead 
obstruction.

2. 2 inches (51 mm) minimum horizontal clearance from any lateral 
obstruction.

3. Prior to applying proper torque to the bolts, ensure runways are:

a. Level to within plus or minus 1/8 inch in 20 feet (3 mm in 6.1 m).

b. Parallel with opposite runway to within plus or minus (3 mm in 6.1 m).

3.03 FIELD QUALITY CONTROL

A. Perform field quality control testing as recommended by manufacturer. Move 
bridge and hoist trolley through entire travel to ensure crane is clear of 
obstructions and moves freely and smoothly. Inspect installed crane. Verify all 
bolts are tight and lock washers fully compressed.

B. Field test crane and accessories for operating functions. Ensure crane 
movement is smooth and proper. Adjust as required and correct deficiencies.

C. Clean surfaces. If necessary, touch-up paint damage, scratches, and 
blemishes with manufacturer provided matching paint. Protect crane from other 
construction operations.

3.04 DEMONSTRATION AND TRAINING

A. Provide demonstration and training session for Owner's representative 
covering operation and maintenance.

3.05 PROTECTION

A. Protect installed products until completion of project.

B. Touch-up, repair or replace damaged products before Substantial Completion.

END OF SECTION



Spalding County Water Authority     Technical Specifications
PDB Sewer Implementation Project         Basic Mechanical Materials and Methods

15050-1

SECTION 15050
BASIC MECHANICAL MATERIALS AND METHODS

PART 1 - GENERAL

1.01  SCOPE

A. The work described in this Section and/or indicated on the Drawings shall
include, except where otherwise noted, the furnishing of all materials, equipment,
appurtenances, accessories, connections, labor, etc. required and/or necessary
to completely install, clean, inspect, adjust, test, balance and leave in safe and
proper operating condition all mechanical (HVAC and plumbing) systems.

B. Prior to the ordering or purchase of any equipment or materials or the layout or
installation of any work, the Contractor shall visit and examine the site and shall
examine and understand the work shown on the Drawings and described in
these Specifications. If any work involves existing equipment, ductwork, piping,
buildings, etc., the Contractor shall first verify model numbers, electrical
characteristics, sizes, dimensions, etc. to be compatible with the work shown on
the Drawings.

C. Throughout the course of the Project, the Contractor shall schedule and
coordinate work with the Engineer and other trades to optimize space utilization
and avoid conflict or interference with the work of other trades, structural
elements, doors, windows, lights, conduit and other equipment or systems.

D. Unless otherwise shown on the Electrical Drawings, the mechanical work shall
include the following items. These items shall conform with the requirements of
Division 16.

1. All motors, motor starters, disconnect switches, relays and other controls
and control wiring necessary for the proper operation of all mechanical
equipment shall be furnished and installed under Division 15.  Power wiring
to mechanical equipment and a 120-volt source for control power shall be
provided as a part of the electrical work.

2. All controls and control wiring shall be provided and installed under Division
15.  Where control power is not available in the vicinity of mechanical
equipment, a transformer shall be furnished and installed to convert power
voltage to control voltage.  The transformer may be an integral part of the
starter.

3. Starters complete with "hand/off-/automatic" switches, with running
indication lights in an approved enclosure, shall be furnished- and installed
for mechanical equipment automatically started and stopped, or otherwise
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controlled by thermostats, timers, or other devices under Division 15.
Starters for all manually controlled equipment shall include start/stop
pushbuttons with running indication- lights in an approved enclosure.

E. All electrical items provided under Division 15 of the Specifications shall be
provided in accordance with applicable sections of Division 16.  Enclosures shall
be the same NEMA type as specified in Division 16 or on the Electrical Drawings.

F. The Contractor will be held responsible for the satisfactory and complete
execution of all work included.  The Contractor shall produce complete finished
operating systems and provide all incidental items required as part of the work,
regardless of whether such item is particularly specified or indicated.

1.02  QUALITY ASSURANCE

A. Codes and Standards

1. All mechanical work shall be performed in accordance with all applicable
codes, ordinances, rules and regulations of local, state, federal or other
authorities having jurisdiction.  As a minimum, this shall include:

a. International Building Code 2018 with Georgia Amendments.
b. International Mechanical Code 2018 with Georgia

Amendments.
c. International Energy Conservation Code 2015 with Georgia

Amendments.
d. International Plumbing Code 201 with Georgia Amendments.
e. International Fire Code 2018 with Georgia Amendments.
f. National Fire Protection Association Codes.
g. National Electric Code 2023
h. Unless otherwise specified on the Drawings, the latest edition

of all codes, ordinances, etc. shall be followed.  Where code or
other requirements exceed the provisions shown on the
Contract Documents, the Contractor shall notify the Engineer.
Where provisions of the Contract Documents exceed code or
other requirements, the Work shall be performed in accordance
with the Contract Documents.

2. All equipment, products and materials used in mechanical work shall be
listed by Underwriters Laboratories, ARI or AMCA as appropriate.

3. The Contractor shall schedule all required tests and inspections with a
minimum of 72 hours prior notice to the Engineer.

B. Allowable Tolerances: Equipment shall be readily adaptable for installation and
operation in the structures shown on the Drawings.  No responsibility for
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alteration of a planned structure to accommodate other types of equipment will
be assumed by the city.  Equipment which requires alteration of the structures
will be considered only if the Contractor assumes all responsibility for making
and coordinating all necessary alterations.  All such alterations shall be made at
the Contractor's expense.

1.03  SUBMITTALS

A. Submittals shall be made in accordance with the requirements of the General
Conditions of the Contract Documents.

B. Drawings and Specifications:

1. The Drawings are diagrammatic and, unless specifically dimensioned, are
intended to show only the general arrangement of equipment and
accessories, and the general routing of piping, ductwork, etc.  The
Drawings do not specifically show every fitting, offset, contour, etc. required
to accomplish the intended work or to avoid every interference that may be
encountered.  It shall be the responsibility of the Contractor to arrange all
work to fit within the allowed space without modifying any building structure
or property, and to make readily accessible all equipment and accessories
requiring servicing or maintenance.

2. Should any changes be deemed necessary by the Contractor in items
shown on the Contract Drawings, the Contractor shall submit shop
drawings, descriptions, and the reason for the proposed changes to the
Engineer for approval.

 3. Exceptions and inconsistencies in Drawings and Specifications shall be
brought to the Engineer's attention before Bids are submitted.

C. Operation and Maintenance Instructions: Operation and maintenance
instructions shall be provided in accordance with the requirements of the General
Conditions of the Contract Documents.  The Contractor shall instruct the City's
personnel during the adjustment and testing period.  The Contractor shall also,
in the presence of the Engineer, demonstrate the complete operation of each
and every piece of apparatus.

1.04  QUALITY STANDARDS

A. All materials shall be furnished by manufacturers fully experienced, reputable
and qualified in the manufacture of the particular material to be furnished.  All
material shall be designed, constructed and installed in accordance with
standard practices and methods and shall comply with these Specifications as
applicable.
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B. The manufacturer shall provide written certification to the Engineer that all
equipment furnished complies with all applicable requirements of these
Specifications.

1.05  TRANSPORTATION AND DELIVERY

A. As part of the mechanical work, the Contractor shall provide and pay for all
transportation, delivery and storage required for all equipment and materials.

B. The Contractor shall closely coordinate the ordering and delivery of all
mechanical equipment with other trades to assure that equipment will be
delivered in time to be installed in the building without requiring special or
temporary access or building modifications.  Certain equipment may have to be
installed prior to the erection of the building walls or roofs.

1.06  STORAGE AND PROTECTION

A. Equipment and materials shall be properly stored to protect against vandalism,
theft, the elements and other harm or damage.  Any equipment or materials
received in a damaged condition, or damaged after receipt, shall not be installed.
Only new undamaged equipment in first-class operating condition shall be
installed.

B. Provide protection covers, skids, plugs or caps to protect equipment and
materials stored or otherwise exposed during construction.

1.07  WARRANTY

A. All mechanical work described in the Contract Documents shall be warranted in
accordance with the General Conditions of the Contract Documents.

B. This warranty shall apply to all equipment, materials and workmanship.

C. During the warranty period, all defects in mechanical systems shall be corrected
in an acceptable manner, consistent with the quality of materials and
workmanship of original construction, at no expense to the City.

PART 2 - PRODUCTS

2.01  MATERIALS AND CONSTRUCTION

A. General

1. All equipment, materials, accessories, etc. used as part of the mechanical
work shall be new, of the best grade and quality and of current production,
unless specified otherwise.  Equipment not specified in the Contract
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Documents shall be suitable for the intended use and shall be subject to
approval by the Engineer.

2. All equipment, products and materials shall be free of defects and shall be
constructed to operate in a safe manner without excessive noise, vibration,
leakage or wear.

3. Electric motors shall be as specified in Section 16150, Electric Motors,
unless otherwise specified.

B. Piping: See appropriate sections of Division 15 for Specifications on various
piping systems.  See Part 3 of this Section for general stipulations on installation
of piping systems.

C. Valves: See appropriate sections of Division 15 for Specifications and Part 3 of
this Section for general stipulations on valve installation.

D. Unions

1. Provide and install unions between each item of equipment and the valve
controlling and/or the various piping connections to it.

a. Steel Pipe:  Unions 2-1/2-inches and smaller shall have ground
joints.  Unions 3-inches and larger shall have flanged unions.

b. PVC Pipe:  Unions 2-inches and smaller shall be threaded and
have Buna O-rings.  Unions 2-1/2-inches and larger shall be
flanged.

E. Equipment Bases: Each piece of equipment which is motor driven shall be
furnished with an approved base, which shall be in addition to the foundation.
Each base shall be furnished integral with the equipment or apparatus, or shall
be furnished as a separate item, designed to accommodate the equipment or
apparatus.  Submit shop drawings for all foundations and supports for review.

F. Dielectric Isolation

1. Wherever dissimilar metals are used in piping systems, this connection
shall be made with dielectric isolators.  The dielectric isolators shall be so
designed that non-ferrous piping materials shall be isolated by the use of
Teflon or nylon isolating materials made up in the form of screwed type
unions or insulating gaskets and bolt sleeves and washers for standard
flanged connection.  All dielectric isolators shall be selected for the
pressure and contents of the system involved.

2. Dielectric isolators shall be Watts, Epco, Crane, Maloney, or Equal.
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G.  Anchor Bolts

1. All anchor bolts shall be ANSI type 316 stainless steel and must conform
to requirements of Section 01600 and the material articles in the
appropriate Sections in which they are used.

2. All anchor bolts are to be supplied by the manufacturer or fabricator of the
specific material or equipment to be installed.

PART 3 - EXECUTION

3.01  INSTALLATION

A. General

1. All equipment, materials, accessories, etc. used as part of the mechanical
work shall be installed according to the manufacturer's recommendations
and in accordance with the best practice and standards for the work.

2. All work shall be performed by competent personnel satisfactory to the
Engineer.  All work requiring particular skill shall be performed by persons
that have had special training and past experience in that line of work.

B. Equipment Support

1. Major equipment supports (concrete foundations, framed structural
openings, etc.) shall be furnished and installed under other Divisions of the
Contract Documents as shown on the Drawings.  The mechanical work
shall include, however, the furnishing and installation of all miscellaneous
equipment supports, housekeeping pads, structural members, rods,
clamps and hangers required to provide adequate support of all
mechanical equipment.

2. Unless otherwise shown on the Drawings, all mechanical equipment,
piping and accessories shall be installed level, square and plumb.

C. Pipe and Ductwork Penetrations

1. Sleeves or wall pipes shall be installed in all masonry or concrete walls,
floors, roofs, etc. for pipe and ductwork penetrations. Sleeves for ductwork
shall be 20-gauge galvanized steel.  Sleeves shall be sized to provide a
minimum of ¼-inch clearance between the sleeve and pipe or duct.  For
insulated pipes or ducts, the clearance shall be ¼-inch between the sleeve
and the insulation.

2. As far as possible, all pipe and ductwork penetrations shall be made at the
time of masonry or concrete construction.  Where drilling is required, only
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core drills shall be used.  Star drills shall not be used.

D. Welding

1. All welded pipe joints shall be made by the fusion welding process,
employing a metallic arc or gas welding process.  Refer to section 15060
for welding requirements for filter backwash air piping.

2. All welding operations shall conform to the latest recommendations of the
American Welding Society or to the applicable provisions of the Code for
Pressure Piping.  The Contractor shall pay for all electrical energy and/or
gas used in welding.

E. Cutting and Patching: Where cutting or patching becomes necessary to permit
the installation of any work or should it become necessary to repair any defects
that may appear in patching, the Contractor shall make the necessary repair at
no cost to the City.

F. Large Apparatus and Equipment:  All large apparatus and equipment which is
specified or shown to be furnished or installed under this Contract, and which
may be too large to be moved into its final position through the normal building
openings planned, shall be placed by the Contractor in its approximate final
position before any obstructing structure is installed.  All apparatus shall be
cribbed up from the floor and cared for as specified under Paragraph 1.06 or as
directed by the Engineer.

G. Cross Connection and Interconnections

1. No plumbing fixture, device or piping shall be installed which will provide a
cross connection or interconnection between a distributing supply for
drinking or domestic purposes and a polluted supply, such as drainage
system or a soil or waste pipe which will permit or make possible the
backflow of sewage, polluted water or waste into the water supply system.

2. The Contractor shall verify location of all existing utilities and make all
connections to existing facilities as required.

H. Thermal Expansion of Piping

1. The Contractor shall furnish and install all devices required to permit the
expansion and contraction of all work installed by the Contractor,
particularly in water supply and circulating systems.  In the main water and
circulating lines, Contractor shall employ expansion joints where required
or directed by the Engineer.  Swing joints, turns, expansion loops or long
offsets shall be provided wherever shown on the Drawings or wherever
necessary to allow for the expansion of piping within the building.  Broken
pipes or fittings broken due to rigid connections must be removed and
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replaced at the Contractor's expense.

2. Anchor all lines having expansion joints so that expansion and contraction
effect is equally distributed.  Verify exact locations of anchors with the
Engineer prior to making installation.  The lines having expansion joints
shall be accurately guided on both sides of each joint.  These guides shall
consist of saddles and "U" clamps properly arranged and supported.
Submit complete details for approval.

3. In installing expansion members, exercise care to preserve proper pitch on
lines.  Furnish and install all special fittings, connectors, etc., as required.

3.02  SURFACE PREPARATION, SHOP AND FIELD PAINTING

A. Unless otherwise specified herein or shown on the Drawings, general painting of
mechanical equipment shall be in accordance with Division 9.

B. Touchup painting of mechanical equipment shall be part of the mechanical work.
All equipment and materials that are painted or coated by the manufacturer shall
be -touched up prior to completion to conceal any and all scratches or other finish
irregularities and to maintain the integrity of the paint or coating.  -All painting and
coating shall match the original and shall conform to the requirements detailed
in other sections of these specifications.

C. All roof mounted equipment shall be painted with an exterior paint of a type and
color as- specified in Division 9. The painting shall not impair the performance of
the equipment in any manner.

3.03  INSPECTION AND TESTING

A. The mechanical work shall include all materials and labor required to properly
test and balance all mechanical systems as required by codes and as described
herein.

B. Concealed, underground and insulated piping shall be tested in place before
concealing, burying or covering. Tests shall be conducted in the presence of the
Engineer or designated representative.  Equipment, materials and instruments
required for tests shall be furnished without incurring additions to the Contract.
The Contractor shall schedule all required tests and inspections with a minimum
of 72 hours prior notice to the Engineer.

C. Unless otherwise specified herein all mechanical piping shall be tested as
required by Code to 11/2 times the rated system pressure or 100 -psig (modify
as needed), whichever is greater.  Care shall be taken to isolate all equipment
not suitable for this test pressure by installing pipe caps or blank flanges at the
equipment connections.  All valves and fittings shall be tested under pressure.
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Refer to section 15060 for pressure testing requirements for filter backwash air
piping.

D. Soil, waste and vent piping shall be tested with water before installing fixtures.
Water test shall be applied to the system either in its entirety or in sections.  If
the test is applied to the entire system, all openings in the piping shall be closed
except to highest opening, and the system shall be filled with water to the point
of overflow.  If the system is tested in sections, each opening except the highest
opening of the section under test shall be plugged and each section shall be filled
with water and tested with at least a 10 foot head of water.  Each joint or pipe in
the building except the uppermost 10 feet of the system shall be submitted to a
test with at least a 10 foot head of water.  The water shall be kept in the system,
or in the portion under test, for at least 1 hour before the inspection starts; no
substantial drop in the water level will be acceptable.

E. The services of an independent testing and balancing agency shall be used to
balance the air and water distribution systems.

3.04  CLEANING

A. At all times, the premises shall be kept reasonably clean and free of undue
amounts of waste, trash and debris by periodic cleaning and removal.  After
completion, all foreign material, trash and other debris shall be removed from the
site.

B. After all equipment has been installed, but prior to testing and balancing, all
equipment, piping, ductwork, etc. shall be thoroughly cleaned both inside and
out.

C. All air moving equipment operated during construction shall have filters in place
and changed regularly so as to be clean.

 D. After testing and balancing and just prior to Engineer review and acceptance, all
systems shall be finally cleaned and shall be left ready for use.  Air filters shall
be new and piping strainers shall be clean.

E. All water piping shall be cleaned and disinfected in accordance with Section
15060 of these specifications.

                                                 END OF SECTION 15050
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SECTION 15056
PIPE SUPPORTS

PART 1 - GENERAL

1.01 DESCRIPTION

A. Design and provide a complete system of pipe supports with inserts, bolts, nuts,
restraining and hanger rods, washers, miscellaneous steel, sliding Teflon
plates, and accessories as indicated and specified.  The term pipe support
includes hangers, guides, restraints, anchors and saddles

B. Provide all support systems and the design of all support systems for all
piping as specified herein.  The Contractor shall provide pipe support
locations, configurations and details through accepted shop drawing
submittals stamped by a Registered Professional Engineer as specified
herein.

C. The Contractor shall be responsible for the proper design, fabrication, location,
shop drawings and installation of all pipe supports in accordance with the
specified requirements.

D. Pipe support locations and types for piping ½ in. and larger shall be determined
by the Contractor using the guidelines for support spacing specified herein and
other criteria contained in this pipe support specification.  Guidelines for pipe
supports may need to be adjusted based upon field coordination, field routing,
or other considerations outlined herein such as structural load limits.  The
Contractor may revise the pipe support locations and details through accepted
shop drawing submittals stamped by a Registered Professional Engineer as
specified herein.  The Contractor is responsible for the proper design,
installation and fabrication of all pipe supports in accordance with the specified
requirements.  For pipe supports ½ in. and larger pipe support shop drawings
together with a marked-up piping drawing showing support number, location
and typical type shall be submitted by the Contractor for acceptance.

The Contractor shall be responsible for coordinating all pipe support designs
for all trades to ensure compliance with all of the requirements of this
specification, including but not limited to the total limitations specified in
paragraph 2.03 J.

E. Design and provide all temporary pipe supports required during installation and
testing.
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1.02 RELATED WORK

A. Division 1:  General Requirements

B. Section 03300: Cast-in-Place Concrete

C. Section 09900: Painting

D. Section 15060: Piping and Appurtenances

E. Section 15100: Valves and Appurtenances

F. Section 15400: Plumbing

G. Section 15891: Ductwork

1.03  REFERENCES

A. American Institute of Steel Construction (AISC) Manual of Steel Construction.

B. American Society for Testing and Materials (ASTM) Publications:

1. A36:  Specification for Structural Steel.

2. A500:  Cold formed welded and seamless carbon steel structural tubing.

3. E165:  Practice for Liquid Penetrant Inspection Method.

4. E709:  Practice for Magnetic Particle Examination.

5. A307:  Specification for Carbon Steel Bolts and studs, 60,000 psi Tensile.

6. A312:  Seamless and welded austenic stainless steel pipe.

7. A572:  Specification for Steel Plate.

C.  American National Standards Institute (ANSI):

1. ASME/ANSI B31.1:  Power Piping Code.

D. American Welding Society (AWS) Code:

1. Structural Welding Code D1.1.
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E. Manufacturers’ Standardization Society (MSS):

1. MSS SP-58:  Pipe Hangers and Supports - Materials and Design.

2. MSS SP-69:  Pipe Hangers and Supports - Selection and Application.

3. MSS SP-89:  Pipe Hangers and Supports - Fabrication and Installation
Practices.

4. MSS SP-90:  Guidelines on Terminology for Pipe Hangers and Supports

F. National Association of Expansion Joint Manufacturers:  Standards of the
 Expansion Joint Manufacturers Association, Inc.

G. OSHA

1.04 SEISMIC DESIGN REQUIREMENTS

A. Conform to the requirements as indicated on the structural drawings and as
specified herein.

B. It shall be the responsibility of the Contractor to conform to the seismic design
requirements for this project and for the work of this specification section.

C. Provide all pipe supports designed in accordance with the seismic
requirements indicated and specified.

D. Additionally, provide with the Certificate of Design, certification signed by
registered structural engineer stating that computations were performed and
that all components have been sized for the seismic forces specified and
indicated.

1.05 SUBMITTALS
A. Shop Drawings: Submit the following in accordance with the General

Conditions:

1. Pipe support drawings specified in paragraph 1.01 and including data
for accessory items for acceptance prior to fabrication.  The Contractor
shall submit pipe support coordination drawings including all piping and
pipe supports for all trades.

a. Detailed drawing of the device with dimensions.

b. A table of applied forces and moments.



Spalding County Water Authority                                                              Technical Specifications
PDB Sewer Implementation Project                         Pipe Supports

15056-4

c. A complete bill of materials.

d. A unique identification and revision level.

e. Stamp of a Registered Professional Engineer, registered in the State
of Georgia, experienced in pipe support design and pipe stress analysis
as specified in paragraph. 1.06 D.

f. Detailed connections to existing structure.

g. Indicate all welds, both shop and field, by Standard Units of
Measurement as specified in AWS D1.1-1.7.

2. Welding Procedure: Submit description as required to illustrate each
welding procedure to be performed in the specified work.

3. Welding Equipment: Submit descriptive data for welding equipment,
including type, voltage and amperage.

4. Qualification for Welders: Provide certification that welders to be
employed in work have satisfactorily passed AWS or ASME

qualification tests. If recertification of welders is required, retesting is the
Contractor's responsibility at no additional cost to the Owner.

5. Pipe support manufacturers’ qualifications as specified in paragraph 1.06
D.

a. List of at least five (5) successful pipe support projects and current
addresses and telephone numbers of persons in charge of
representing the owner or the owner of those construction projects
during the time of pipe support design, fabrication and installation.

b. Qualification of manufacturers’ Registered Professional Engineer,
registered in the state where this project is being constructed, whom
stamps and seals shop drawings and designs.

6.  Coordination drawings for pipe supports shall include as a minimum the
following information.

a. Coordination drawings shall include all pipe supports covered by
specifications 15060, 15400 and 15891.

b. These coordination drawings will be used by the Contractor to ensure
that the pipe supports do not obstruct access, access for equipment
operation or removal including all mechanical and electrical
equipment, panels, valves, gauges, and instrumentation



Spalding County Water Authority                                                              Technical Specifications
PDB Sewer Implementation Project                         Pipe Supports

15056-5

c. The Contractor shall be responsible for including and coordinating
the work of all subcontractors into the coordination drawings.

d. Prepare reproducible coordination drawings, indicating equipment,
piping, valves, expansion joints, ductwork, conduit, cable trays,
junction boxes, lighting fixtures, sleeves, inserts, embedments,
supports, hangers and appurtenances at not less than 1/4 inch scale.
Drawings shall show beams, columns, ceiling heights, wall, floors,
partitions and structural features as indicated on the contract
drawings.  Individual pipes and conduit 2-in. or less in diameter that
will be field routed need not be shown on coordination drawings.

e. Coordination drawings shall include large-scale details as well as
cross and longitudinal sections as required to fully delineate all
conditions.  Particular attention shall be given to the location, size,
and clearance dimensions of equipment items, shafts, operators and
necessary maintenance access.

f. Make all minor changes in duct, pipe or conduit routings that do not
affect the intended function, but items may not be resized or exposed
items relocated without the approval of the Owner.  No changes shall
be made in any wall locations, ceiling heights, door swings or
locations, window or other openings or other features affecting the
function or aesthetic effect of the building.  If conflicts or interferences
cannot be resolved, the Owner shall be notified.  Any problems of
coordination that require architectural or structural changes of design
shall be submitted to the Owner for resolution.

g. After the reproducible drawings have been coordinated and all
changes have been made, the drawings shall be signed by the
Contractor and all subcontractors indicating that all work on that
drawing has been coordinated with all associated vendors and
subcontractors and all conflicts have been resolved.

h. Relocation of any duct, pipe, conduit or other material that has been
installed without proper coordination among all trades shall be
performed at no additional cost to the owner.

7. Written notification of any deviations from the requirements of this
specification.

8. Support documentation and justification as specified.

9. Certificates of Design signed by a Registered Professional Engineer for
all pipe supports.  See Section 01300 for form.

1.06 QUALITY ASSURANCE

A. Pipe support: All supports and parts shall conform to the latest requirements of
the Code for Pressure Piping ASME/ANSI B31.1 and Manufacturer’s
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Standardization Society (MSS) Standard Practice SP-58, SP-69, SP-89 and
SP-90 except as supplemented or modified by the requirements of this
specification.

B. Structural Concrete: Conform to the requirements of Section 03300.  Concrete
strength: 4,000 PSI unless noted otherwise.

C. Conform to the requirements of the latest edition of the AISC Manual of Steel
Construction for miscellaneous and supplementary steel.  Tube steels are
ASTM A500 Grade B, structural shapes A36, plates A-572 or equal.  Stainless
steel structural members shall conform to ASTM requirement Type 316L.

D. Pipe Support Manufacturer Qualifications:

1. Must possess a written quality assurance program.
2. Have a minimum of five (5) years experience in the design and fabrication

of pipe supports.
3. Have completed the design and fabrication of at least five (5) successful

pipe support projects of equal size, complexity, and systems as this project
within the past 10 years.

4. Retains the services of a Registered Professional Engineer, registered in
the state where this project is being constructed, with a minimum of ten (10)
years’ experience in the design of piping systems and pipe supports.

5. Manufacturers’ Standardization Society (MSS) Member.

6. Have a field service technician on staff with at least five (5) years experience
in resolving field installation, interference and interface problems associated
with the design, installation and manufacture of pipe supporting
components. Hanger inspections shall be performed in accordance with
MSS-SP-89 and ASME B31.1.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Shipping:

1. Ship equipment, material and spare parts complete except where partial
disassembly is required by transportation regulations or for protection of
components.

B. Receiving:

1. Inspection and inventory items upon delivery to site.



Spalding County Water Authority                                                              Technical Specifications
PDB Sewer Implementation Project                         Pipe Supports

15056-7

2. Store and safeguard material in accordance with manufacturers’ written
instructions.

1.08 SPECIAL REQUIREMENTS

A. Refer to applicable specification sections of Division 1 and provide the
following.

1. Foundations, Installations and Grouting.

2. Bolts, Anchor Bolts, and Nuts.

3. Sleeves and inserts.

4. Protection against electrolysis.

PART 2 - PRODUCTS

2.01 MANUFACTURERS

A. Carpenter & Paterson.

B. ITT Grinnell Corporation.

C. Empire Industries Inc.

D. Or equal.

2.02 MATERIALS:

A. Provide materials used in pipe supports, which are compatible with the pipes
to which they are attached.  Provide Type 316L stainless steel supports for all
stainless-steel piping. Copper plated pipe supports are not acceptable.

B. Allowable materials: As indicated in ANSI B31.1 Appendix A and MSS-SP-58
Table 2.

C. Provide Type 316L stainless steel for pipe supports, hangers, guides,
restraints, and anchors that are exterior or interior submerged, in potentially
wetted areas in wet wells, channels, screening and grit removal areas and in
chemically corrosive atmospheres.
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D. Provide only new material.  Previously used and/or scrap material is not
acceptable.

E. Provide tube steels that are ASTM A500 Grade B, Structural shapes A-36,
platesbA-572 or equal.

F. Provide sliding Teflon plates as required.  The sliding surfaces shall be a
nominal 3/8 in. glass filled Teflon bonded to stainless steel backup plate with a
10-gauge minimum thickness.  The bearing pad upper and lower units shall be
as follows: Con-Slide Type CSA elements as manufactured by Con-Serv. Inc.,
Balco TFE Slide Bearing Plates 10N-cs as manufactured by Balco Inc., or
Dynalon Slide Bearings as manufactured by JVI, Inc. or acceptable equivalent
product.

G. The blended TFE material used for this bearing shall be composed of virgin
(unreprocessed) TFE resin tested per ASTM D1457 and reinforcing agents
milled glass fibers. This structural material shall have the following
representative mechanical and physical properties:

1. Tensile strength - 2,000 psi

2. Elongation - 225%

3. Specific Gravity - 2.17 to 2.22

4. The coefficient of friction shall average 0.06 under compressive load of
2,000 psi.

5. The compressive creep shall be a minimum of 2% at 2,000 psi and 70
degrees F.

6. The elements shall be flat, clean and prepared for installation in the
structure.  Slots and holes shall be fabricated in the bearing manufacturer’s
plant.

H. Concrete anchor bolts - Hilti Kwik-Bolt II Stud Anchors, Rawl Bolt, Phillips
Wedge Anchors, or equal.

2.03 DESIGN, LOCATION, AND TYPE OF PIPE SUPPORTS

A. Design and provide pipe supports for piping ½ in. and larger to include the
following loads:
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a. Gravity Force: This force includes the weight of pipe, pipe contents
(hydro load as required), valves, in-line equipment, insulation and any
other weight imposed on the piping and/or pipe support.

b. Thermal Expansion Force: This force is developed by the restraint of
free end displacement of the piping due to thermal growth.

c. Hydrostatic/Dynamic Forces: These forces are developed due to the
internal pressure (positive and negative) during operation of the piping
system. These forces include the forces due to water hammer,
pressure pulses due to rapid valve closure, fluid discharge resulting
from pump startup, operation of positive displacement pumps, etc.

B. Provide supports, guides, anchors, flexible couplings and expansion joints in
accordance with the coupling and joint manufacturers’ specifications and
requirements.

C. Where possible, provide pipe supports, which are the manufacturers’ standard
products.

1. Provide pipe supports with individual means of adjustment for alignment.

2. Furnish pipe supports complete with appurtenances including locking and
adjusting nuts.

3. Hanger rods shall be subjected to tension only.

4. Where lateral or axial pipe movement occurs, provide hangers for the
necessary swing without exceeding 4 degrees.  Provide base supports
designed using pipe slides.  The bearing surfaces: 0.06 coefficient of friction
or less.

5. Provide concrete inserts capable of supporting the design loads.

6. Metal framing systems will be acceptable to support piping 2 in. and smaller.

7. Provide insulated piping supported using rigid load bearing insulation (baton
board type) with 16-gauge shields to fit between the insulation and the
support.  Shields to encompass a minimum 1/3 of the pipe circumference
and be 12 in. in length.

8. Provide load-bearing insulation capable of supporting the load, as a
minimum on the bottom 60 degrees of the pipe support.  Cope insulation
and adjust to avoid interference of steel structures.
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9. Provide supplementary steel as needed.

10. Do not support pipes from other pipe, conduits or metal stairs.

11. Chain, strap, T-bar, perforated bar and/or wire hangers are not acceptable.

12. Contact between piping and dissimilar metals such as hangers, building
structural work or equipment subject to galvanic action is not acceptable.

13. All pipe supports located in fluid flow shall be supplied with double nutting.

D. Provide thrust anchors to resist thrust where required. Wall pipes may be used
as thrust anchors if so designed.  Welded attachments shall be of material
comparable to that of the piping and designed in accordance with governing
codes.

E. Provide expansion joints where indicated and where required based on
Contractor's design of the pipe support system. Indicate expansion joints on
submittal drawings.

F. Pipe supports connected to structural framing and slabs are subject to the
following limitations:
1. Less than 100 lb horizontal load per support.

2. Vertical loads not to exceed an average of 25 P.S.F. for slabs, with a
maximum vertical load per hanger of 1000 lbs.

3. For a maximum of one pipe support per foot of slab width perpendicular to
the span.

4. Vertical loads not to exceed 3,000 lbs. per column or 3,000 lbs. per
support at walls.

5. Piping not supported from floors by metal framing must meet the limitations
as specified above.

G. All outside above ground supports shall be Type 316L stainless steel as
specified in paragraph 2.02(C).

H. Provide pipe supports that do not overload or over stress the piping, equipment,
or structure that they are supporting or to which they are attached.  Allowable
pipe stress to be within ANSI B31.1 code allowable.
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I. The Contractor shall provide the services of a field service technician
(preferably from the pipe support manufacturer) to field coordinate the locations
of supports and resolve interferences and conflicts encountered during
installation.

2.04      FABRICATION

A. Provide pipe supports formed in accordance with paragraph 5.1 of MSS-SP-
58.

B. Providing welding in accordance with Structural Welding Code.
C. Provide dimensional tolerances as specified in MSS-SP-89.
D. Provide threading and tapping in accordance with MSS-SP-89.

2.05   SHOP PAINTING

A. Primer and Finish Paint: Shop apply to all exterior ferrous surfaces.  Refer to
Section 09900 for coating requirements.

B. Color: As specified for piping system of same service or as selected by the
Engineer.

C. Provide similar additional paint for touch-up after installation.

D. Surface preparation, mixing and application and safety requirements shall be
in accordance with the paint manufacturer’s printed instructions.

E. Ferrous surfaces which are not to be painted shall be given a shop applied coat
of grease or rust resistant coating.

PART 3 - EXECUTION

3.01 GENERAL

A. Install items in accordance with manufacturers’ printed instructions and as
indicated and specified herein.

B. Perform welding in accordance with Structural Welding Code:

1. Visually inspect welding while the operators are making the welds and
again after the work is completed in accordance with AWS D1.1 Section
6.0.  After the welding is completed, hand or power wire brush welds,
and clean them before the Qualified Inspector makes the check
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inspection.  The Qualified Inspector shall inspect welds with magnifiers
under light for surface cracking, porosity, and slag inclusions; excessive
roughness; unfilled craters; gas pockets; undercuts; overlaps; size and
insufficient throat and concavity.  The Qualified Inspector shall inspect
the preparation of grove welds for throat opening and for snug
positioning for back-up bars.

2. Nondestructive evaluation of welds connecting structural steel members
subjected to critical stresses: Perform in accordance with the weld
quality and standards of acceptance in AWS D1.1.

3. Magnetic Particle Inspection: Perform in accordance with ASTM E 709.

4. Liquid Penetrant Inspection: Perform in accordance with ASTM E 165.

5. For weld areas containing defects exceeding the standards of
acceptance in accordance with AWS D1.1, Section 3.7.  Provide
additional testing of the repaired area at no additional cost to the Owner.

6. Test Locations: As selected by the Owner. (Specify minimum of pipes
per number of welds and welds linear footage.)

7. Correct any deficiencies detected as directed by the Engineer at no
additional cost to the Owner.

C. Proceed with the installation of the pipe supports only after required building
structural work has been completed and concrete support structure has
reached its 28-day compressive strength as specified in Section 03300.

D. Install pipe supports to comply with MSS-SP-89.  Group parallel runs of
horizontal piping to be supported together on trapeze type hangers.

E. Install pipe supports to provide indicated pipe slopes.  Do not exceed maximum
pipe deflection allowed by ANSI B31.1.

F. For exposed continuous pipe runs, install pipe supports of same type and style
as installed for adjacent similar piping.

G. Install pipe supports to allow controlled movement of piping systems.  Permit
freedom of movement between pipe anchors, and facilitate action of expansion
joints, expansion loops, expansion bends, and similar units.

H. Piping to be free to move when it expands or contracts except where fixed
anchors are indicated or as required by the Contractor's pipe support systems.
Where hanger rod swing length cannot be provided or where pipe movement
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based on expansion of 1 in/ 100 ft, for each 100 deg. F change in temperature
exceed ½ in., provide sliding supports.

I. Prevent contact between dissimilar metals.  Where concrete or metal support
is used, place 1/8 in. thick Teflon, neoprene rubber, or plastic strip under
piping at point of bearing.  Cut to fit entire area of contact between pipe and
pipe support.

J. Prevent electrolysis in support of copper tubing by use of pipe supports which
are plastic coated.  Electrician's tape is not an acceptable isolation method.

K. Apply an anti-seize compound to nuts and bolts on all pipe supports.

L. Locate reinforcing steel in concrete structure with x-ray prior to drilling for
embedment plates and anchor bolts. Avoid contact or interference with
reinforcing steel.

3.02 INSTALLATION OF BUILDING ATTACHMENTS

A. Support piping from structural framing, unless otherwise indicated.

B. Concrete Inserts:

1. Use existing embedded concrete items whenever possible.

2. Use expansion anchors only when existing embedded attachment points
are not available or unsuitable. Attach to hardened concrete or completed
masonry.

3.03  THRUST ANCHORS AND GUIDES

A. Thrust Anchors:

1. Center thrust anchors between expansion joints and between elbows and
expansion joints for suspended piping.  Anchors must hold pipe rigid to force
expansion and contraction movement to take place at expansion joints
and/or elbows and to preclude separation of joints.

2. Restraining rod size and number shall be as indicated and adhere to
manufacturers’ recommendations as a minimum.

B. Pipe guides: Provide adjacent to sliding expansion joints in accordance with
recommendations of the National Association of Expansion Joint
Manufacturers and the specific joint manufacturer.
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3.04 PIPE SUPPORTS

A. Where piping of various sizes is to be supported together, space supports for
the largest pipe size and install intermediate supports for smaller diameter
pipes.

B. Provide minimum of two pipe supports for each pipe piece unless approved by
Engineer.

C. Where pipe connects to equipment, support pipe independently from the
equipment. Do not use equipment to support piping.

D. Provide pipe supports so that there is no interference with maintenance or
removal of equipment.

E. Unless otherwise indicated or authorized by the Engineer, place piping running
parallel to walls approximately 1-1/2 in. out from face of wall and at least 3 in.
below ceiling.

F. Pedestal pipe supports: adjustable with stanchion, saddle, and anchoring
flange. Provide grout between baseplate and floor.

G. Piping supports for vertical piping passing through floor sleeves: use hot dipped
galvanized steel riser clamps.

H. Support piping to prevent strain on valves, fittings, and equipment.  Provide
pipe supports at changes in direction or elevation, adjacent to flexible
couplings, adjacent to non-rigid joints, and where otherwise indicated.  Do not
install pipe supports in equipment access areas or bridge crane runs.

I. Stacked horizontal runs of piping along walls may be supported by metal
framing system attached to concrete insert channels.

J. Do not support piping from other piping.

K. Designs generally accepted as exemplifying good engineering practice, using
stock or production parts, shall be utilized whenever possible.

L. Whenever possible, pipe attachments for horizontal piping shall be pipe
clamps.

M. All rigid rod hangers shall provide a means of vertical adjustment after erection.
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N. Where the piping system is subjected to shock loads, such as disturbances due
to pump discharge or thrust due to actuation of safety valves, hanger design
shall include provisions for rigid restraints or shock absorbing devices.

O. Hanger rods shall be subject to tensile loading only.  At hanger locations where
lateral or axial movement is anticipated suitable linkage shall be provided to
permit rod swing.

P. Hanger spacing shall not exceed the spacing listed below:

1.  In the case of concentrated loads the supports shall be placed as close as
possible to the load to reduce the bending stress.

2.  Where changes in direction of the piping system occur between supports,
the total length between supports shall be kept to less than three-fourths of
the full span.  When practical, a support shall be placed immediately
adjacent to any change in direction of the piping system.

Q. Where practical, riser piping shall be supported independently of the connected
horizontal piping.  Pipe support attachments to the riser piping shall be riser
clamp shear lugs.  Welded attachments shall be of material comparable to that
of the piping, and designed in accordance with governing codes.  If friction is
relied upon to support riser piping proper justification and documentation shall
be submitted to ensure that enough friction force is provided to resist the
applied loading.

R. Hanger components shall not be used for purposes other than for which they
were designed.  They shall not be used for rigging and erection purposes.

S. All threads shall be UNC unless otherwise specified.

T. TFE slide bearing plates with steel backup plates shall be stitch weld
attachments to the structure.  A 1/8 in. fillet weld, ½ in. long every 3 inches
each side of an element shall be used unless otherwise indicated or specified
by the manufacturers’ written recommendations. Bearing elements with slots
or holes shall be stitch welded in place for location.  The TFE surfaces of the
bearings shall be maintained clean and free from grit, dirt or grease.

3.05 INSULATED PIPING

A. Attach clamps, including spacers (if any), to piping with clamps projecting
through insulation; do not exceed allowable pipe stresses.

B. Where vapor barriers are indicated on water piping, install coated protective
shields.
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END OF SECTION 15056
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SECTION 15060
PIPING AND APPURTENANCES

PART 1 - GENERAL

1.01 SCOPE

A. The work covered by this Section includes furnishing all labor, equipment
and materials required to furnish, install and test, complete the plant piping
including all fittings, sleeves, unions and accessories, as specified herein
and/or shown on the Drawings. The materials to be used for piping systems
are listed by service in the Piping Schedule hereinafter.

B. Contract drawings show only functional feature and some of the required
external connections.  They do not show all components required for a
complete installation nor exact dimensions particular to any specific material.
Contractor shall supply all parts, devices and equipment necessary to meet
the requirements of the Contract Documents and shall make all dimensional
adjustments particular to the material being furnished.  All costs associated
with such changes and adjustments shall be considered as being included in
the price bid for the Work shown and specified.

C. Related work specified elsewhere:

1. Section 02200, Excavation and Backfill.

2. Section 09900, Painting.

1.02 SUBMITTALS

A. Submittals shall be made in accordance with the requirements of the
General Conditions of the Contract Documents. In addition, the following
specific information shall be provided:

1. Manufacturer's certification.

2. Manufacturer's data.

3. Drawings and engineering data on fabricated piping including
locations of all piping supports, anchors, expansion joints, mechanical
couplings and all other piping appurtenances.

B. Prior to its incorporation into the work, the Contractor shall submit to the
Engineer written evidence that the pipe furnished under this Specification is
in conformance with the material and mechanical requirements specified
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herein.  Certified copies of independent laboratory test results or mill test
results from the pipe supplier may be considered evidence of compliance
provided such tests are performed in accordance with the appropriate ASTM
testing standards by experienced, competent personnel.  In case of doubt as
to the accuracy or adequacy of mill tests, the Engineer may require that the
Contractor furnish test results from an independent testing laboratory on
samples of pipe materials.

1.03 QUALITY ASSURANCE

A. Reference Standards: Comply with all Federal and State laws or ordinances,
as well as all applicable codes, standards, regulations and/or regulatory
agency requirements including the partial listing below:

1. American National Standards Institute (ANSI).

2. American Society for Testing Materials (ASTM).

1.04 QUALITY STANDARDS

A. All such work shall be done by competent workmen in a thorough
professional manner according to the best practice and in compliance with
all codes and applicable regulations, with proper provisions for uncoupling,
draining, expansion and contraction.

B. See applicable sections of Part 2 - Products for Manufacturer quality
standards.

1.05 STORAGE AND PROTECTION

A. All piping and tubing and accessories shall be stored above ground fully
supported so as not to bend or deflect excessively under their own weight.
Piping shall be stored with slope so as to be free draining.

1.06 WARRANTY

A. Provide a warranty against defective equipment and workmanship in
accordance with the requirements of the General Conditions of the Contract
Documents.
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PART 2 - PRODUCTS

2.01 MATERIALS

A. General

1. No broken, cracked, deformed, imperfectly coated or otherwise
damaged or defective pipe or fittings shall be used.  All such
materials shall be removed from the site.

B. Stainless Steel Pipe, Tubing and Fittings

1. Stainless steel pipe, 3 inches and larger, shall be pickled and
passivated, and shall conform to the requirements of ASTM A 778,
Type 304L and 316L "as welded" grade. The minimum wall thickness
shall be Schedule 10S.

2. Unless otherwise specified or shown, stainless steel pipe 2-½-inches
and smaller shall be screwed: ASTM A312, Type 304 or 316,
Schedule 40S.

3. Fittings 2-½-inch and smaller shall be screwed, stainless steel,
150-pound, rated 1,000-pound CWP, forgings conforming to ASTM A
182, Grade F304 or barstock to ASTM A 276, Type 304, dimensions
conforming to ANSI B16.3.

4. Welded fittings 3-inch and larger shall be of the butt-welded type of
pickled and passivated stainless steel matching the piping and
conforming to ASTM A 774, Type 304L or 316L and ANSI B16.9. All
ells shall be long radius type unless otherwise designated. Elbows 3-
inches to 16 inches inclusive shall be smooth flow type. Elbows 18
inches and larger may be fabricated in mitered sections.

5. Branch connections 2-½-inch and smaller shall be screwed tees as
specified under Paragraph Fittings, or 3,000-pound WOG forged
stainless steel, ASTM A 182, Grade 304L or 316L, commercial
welding branch fittings with threaded outlet, as manufactured by
Bonney Forge Division, Gulf and Western Industrial Division,
Allentown, PA; Allied Piping Products Co., Inc., Norristown, PA; or
equal

6. Branch connections 2-inch and larger, including tees or reducing tees
shall be as specified under Paragraph Fittings or fabricated from pipe.

7. Flanges shall be 150 pound, forged stainless steel conforming to
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ASTM A 182, Grade 304 or 316 matching the pipe material and ANSI
B16.5.  Bolts shall be heavy hex conforming to ASTM A 193, Grade
B8M, Type 316 stainless steel.  Nuts shall be heavy hex conforming
to ASTM A 194, Grade 8M, Type 316 stainless steel. When mating
flange on valves or equipment is cast iron, use ASTM A 307, Grade
B, square head bolts and ASTM A 563, Grade A heavy hex head
nuts. Gaskets shall be red rubber 1/16-inch thick, conforming to ANSI
B16.21.

8. Stainless steel tubing shall conform to ASTM A269, and shall be
Type 316, seamless, and fully annealed. All tubing supplied shall be
standard wall thickness for 200 psi maximum working pressure.
Compression type stainless steel fittings shall conform to ASTM
A182, with Grade F316 forged bodies or ASTM A276, Type 316
barstock bodies. All tubing fittings shall be flareless and
Parker-Hannifin Ferulok or Flodar BA series; or equal.

C. Polyvinyl Chloride Pipe and Fittings (PVC pressure piping)

1. Polyvinyl Chloride Pipe shall be of unplasticized compounds suitable
for use with chemicals and sewage, as shown on the Drawings and
as specified and shall bear the seal of approval to this effect from an
accredited testing laboratory.  Pipe shall conform to the requirements
of ASTM D1784 and D1785, Schedule 80, Type 1, Grade 1, or class
12454-B.

2. Fittings shall conform to the requirements of ASTM Designation
D2467, Class 12454-B for socket type and ASTM Designation D2464
for threaded type.

3. Compounds for pipe and fittings shall conform to the requirements of
ASTM Designation D1784, Class 12454-B.

4. Joints shall be the solvent-welded socket or flanged type.  Flanges,
where shown, shall be 150-pound, and shall be of the same material
as the pipe.

5. Bolts for use with PVC flanges shall be as follows:
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With Flat Ring Gaskets Carbon steel, ASTM A307, Grade B
square head bolts and ASTM A563,
Grade A heavy hex head nuts

With Full Face Gaskets
or in Corrosive Areas or
Buried

Type 316 stainless steel, ASTM A193,
Grade B8M hex head bolts and ASTM
A194, Grade 8M hex head nuts

6. Gaskets shall be EPDM or Viton, full-faced.

7. All socket connections shall be joined with PVC solvent cement
conforming to ASTM D2564. Manufacturer and viscosity shall be as
recommended by the pipe and fitting manufacturer to assure
compatibility. Provide adequate ventilation when working with pipe
joint solvent cement.

8. Provide magnetic tracer tape for all buried PVC piping.

D. Ductile Iron Pipe

1. Unless otherwise specified elsewhere, ductile iron pipe shall have a
minimum wall thickness in accordance with Pressure Class 350,
except for sizes 14" and larger, which shall have a minimum wall
thickness in accordance with Pressure Class 250. All ductile iron pipe
supplied shall conform to the requirements of ANSI/AWWA
Specifications C150/A21.50-81 and C151/A21.51-1981.

2. Fittings in pipelines shall conform to the requirements of ANSI/AWWA
C110/A21.10-82, Pressure Class 350 for 12” and smaller and
Pressure Class 250 for 14” and larger sizes.

3. Ductile iron pipe and fittings furnished for water lines shall be cement
lined Type II per ANSI Specification A21.4 (AWWA C104), unless
otherwise indicated in the Piping Schedule. Ductile iron pipe and
fittings furnished for sewer lines shall be ceramic epoxy.

4. Exposed joints shall be flanged or restrained mechanical joints unless
otherwise shown on the Drawings.  Buried joints shall be push-on or
mechanical joints and shall conform to the following requirements:

Flanged ANSI/AWWA C110 & ANSI B16.1, faced and
drilled 125 lb ANSI Standard

Mechanical Joint ANSI/AWWA C110, ANSI/AWWA C111 and
ANSI/AWWA C151
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Push-On ANSI/AWWA C110, ANSI/AWWA C111 and
ANSI/AWWA C151, American Cast Iron Pipe
Company, or U.S. Pipe and Foundry Tyton joint,
or equal

Restraining of joints shall be as recommended in the Cast Iron Pipe
Research Association (CIPRA) Handbook of Cast Iron Pipe.

5. Mechanical joints with retainer glands are not acceptable.

6. Flanges shall be ductile iron, threaded, rated for 250 psi working
pressure, and conform to ANSI A21.15/AWWA C115 and ANSI 125
lb drilling.

7. For Class 125 FF flanges, carbon steel, ASTM A307, Grade A hex
head bolts and ASTM A563, Grade A hex head nuts shall be used.
For mechanical joints, the manufacturer's standard shall be used.

8. Gaskets for mechanical or push on- joints shall be rubber, conforming
to ANSI A21.11, AWWA C111. Gaskets for flanged joints shall be
1/8" thick, cloth inserted rubber conforming to applicable parts of
ANSI B16.21 and AWWA C207. Gasket material shall be free from
corrosive alkali or acid ingredients and suitable for use in sewage or
potable water lines. Gaskets shall be -full-face- type for 125 lb FF
flanges.

E. Steel Pipe and Fittings

1. Steel pipe supplied shall be schedule 40 carbon steel, black, electric
fusion welded or seamless conforming to the requirements of ASTM
A 53, Grade B, with beveled ends. Pipe joints shall be butt-welded or
flanged, as specified herein. Tees shall be ANSI B16.4 welding tees.

2. Butt-welded flanges shall be carbon steel, to match pipe wall
thickness. Fittings shall be seamless conforming to ASTM A234 and
ANSI B16.9. Use long radius elbow unless otherwise noted.

3. Flanges shall be 150 lb. forged steel, conforming to ASTM A181 and
ANSI B16.5. Carbon steel, ASTM A 307, Grade A hex head bolts
ASTM A 563, Grade A hex head nuts shall be used. Gaskets shall be
1/16" thick high-heat synthetic fluoropolymer, full-face type.

F. Copper and Copper Alloy Pipe, Tubing, and Fittings
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1. Copper tubing shall be seamless, and conform to ASTM B88 (Type K
and L)

2. Fittings shall be commercially pure wrought copper, socket joint, and
conform to ASTM B75 and ANSI Bl6.22.

3. The solder used shall be 95 5 wire solder conforming to ASTM B32,
Grade 95 TA. Do not use cored solder.

4. Piping fabrication and installation shall conform to the requirements of
Chapter V of ANSI B3 1.3.

5. Bends in soft temper tubing shall be long sweep, wherever possible.
Bends shall be shaped with bending tools and shall be made without
appreciable flattening, buckling, or thinning of the tube wall at any
point. Tubing shall be cut square and burrs removed. Inside of fittings
and outside of tubing shall be cleaned with steel wool and muriatic
acid before sweating. Take care to prevent annealing of fittings and
hard drawn tubing when making connections. The qualification of
brazing procedures, brazers, and brazing operators shall be in
accordance with the requirements of Articles XII and XIII, Section IX,
ASME Boiler and Pressure Vessel Code.

6. Buried service air type K copper piping shall be encased in concrete
and concrete O.D. shall be 6-inches greater than pipe O.D.

G. Insulating Flanges, Couplings and Unions. Materials and ratings shall be in
accordance with the applicable piping system as listed by service in the
Piping Schedule. Dielectric flanges and unions shall be as distributed by
Epco Sales, Inc., of Cleveland, OH; Capitol Insulation Unions; or equal.
Insulating couplings shall be Dresser STAB-39; R. H. Baker Series 216; or
equal.

H. Couplings

1. Flexible couplings, flanged coupling adapters, or expansion joints
shall be provided for piping systems at connections to equipment and
where shown. The Contractor may install additional flexible couplings
to facilitate piping installation, provided that it submits complete
details describing location, pipe supports, and hydraulic thrust
protection.

2. Acceptable types of couplings for ductile iron pipe are as follows:

a. Flexible Couplings: Dresser Style 153 or equal, with zinc
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plated bolts and -nuts. Thrust ties shall be provided to sustain
the force developed by 1-½ times the test pressure specified.

b. Transition Couplings: Transition couplings used to connect
pipes with small differences in outside diameter shall be
Dresser Style 162, or equal.

                                       c.   Flanged Adapters:

 1) Flanged coupling adapters shall be used for
joining plain end cast iron or ductile iron pipe to
flanged valves, pumps and fittings. Flanged
adapters shall be suitable for working pressures
to 150 psig.

 2) Flanged coupling adapters in sizes 12" and
smaller shall consist of an ASTM 126, Class B
cast iron flanged body drilled to mate with a 125-
pound cast iron flange per ANSI B16.1, a
cast iron follower ring, a rubber compound,
wedge section gasket, a sufficient number
of track head and electroplated steel bolts to
properly compress the gasket.

 3) Flanged coupling adapters in sizes 12" and
larger shall consist of a high strength steel,
flanged body drilled to mate with a 125 lb cast
iron flange per ANSI B16.1, a high strength steel
follower ring, a rubber compound, wedge section
gasket, a sufficient number of track head and
electroplated steel bolts to properly compress
the gasket.

           4) Rubber gasket shall be composed of a resilient
synthetic rubber compound suitable for use in
wastewater containing oil and grease.

3. Acceptable types of couplings for steel pipe are as follows:

a. Flexible Couplings: Dresser Style 38, or equal. Thrust ties
shall be as specified above for ductile iron pipe couplings.

b. Transition Couplings: Dresser Style 162, or equal.
c. Flanged Coupling Adapters: Dresser Style 128, or equal.

Thrust restraint shall be as specified above for ductile iron
flanged coupling adapters.

d. Flexible Connectors (Bellows Type): Bellows type flexible
connectors shall be Style 1025 (double arched) manufactured
by General Rubber Corporation, South Hackensack, NJ, or
equal. Connectors shall be rated for a working pressure of 50
psi. The maximum operating temperature is 210° F.
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Connectors shall be flanged. Required sizes are shown on the
Drawings. For each connector, provide thrust restraint system
to limit elongation and compression of the flexible connection.

4. All fittings and connections for tubing shall be Swagelok or equal.

I. Pipe Hangers and Supports.

1. General

a. Piping shall be supported, in general, as described hereinafter
and as shown by the pipe support details on the Drawings.
Manufacturers' catalog figure numbers are typical of the types
and quality of standard pipe supports and hangers to be
employed. Special support and hanger details are shown to
cover typical locations where standard catalog supports are
inapplicable.

                   b. No attempt has been made to show all required pipe supports
in all locations, either on the Drawings or in the details. The
absence of pipe supports and details on any drawings shall
not relieve the Contractor of the responsibility for providing
supports for the piping shown on the Drawings at the spacing
specified below.

          c. All submerged piping supports, guides, and fasteners shall be
Type 316 stainless steel unless otherwise shown. Concrete
anchors and anchor bolts shall also be Type 316 stainless
steel.

          d. Where piping connects to equipment it shall be supported by a
pipe support and not by the equipment.

          e. Pipe support system components shall withstand the dead
loads imposed by the weight of the pipes filled with water, plus
any insulation. Commercial pipe supports and hangers shall
have a minimum safety factor of 5.

2. Building Piping:

a. Horizontal piping shall be supported with adjustable swivelring,
split-ring, or Clevis type hangers as shown. Furnish galvanized
protection shield and oversized hangers under all insulated
piping. Pipe hangers for plastic piping shall be coated with a
plastic or neoprene protective cover. No metal portion of a
support or hanger shall contact pipe directly.

b. Stacked vertical and/or horizontal runs of piping along walls
shall be supported by a fiberglass framing system attached
with Type 316 stainless steel anchors or concrete inserts as
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applicable, Unistrut, KinLine, or equal. No pipe shall be
supported from the pipe above or below it.

c. Pedestal pipe supports shall be adjustable, with stanchion,
saddle, and anchoring flange as shown. Provide neoprene
waffle isolation pad under anchoring flanges, adjacent to
equipment or where otherwise required to provide vibration
isolation. Pads shall be Mason Industries, Inc., Korfund
Korpad, or equal.

d. Horizontal piping hanger support rods shall attach to steel
beams with C -clamps or beam clamps; to concrete with
inserts, brackets or flanges fastened with flush shells; to wood
not less than 2-½" thick with lag screws and angle clips.

e. Piping supports for vertical piping passing through floor
sleeves shall be galvanized steel riser clamps, Grinnell Figure
261; or equal.

f. All hangers, rods, clamps, protective shields, metal framing
support components, and hanger accessories shall be hot dip
galvanized.

g. Horizontal pipe support or hanger spacing and hanger rod
sizing shall be as shown on the Drawings.

h. The load rating for universal concrete inserts shall not be less
than that of the hanger rods they support.

i. When supporting ductile iron pipe, locate hanger rods at all
nonrigid joints and at each change of direction.

j. Vertical sway bracing shall be provided where shown, or on
10' maximum centers.

k. All piping shall be supported in a manner which will prevent
undue strain on any valve, fitting, or piece of equipment. In
addition, pipe supports shall be provided at changes in
direction or elevation, adjacent to flexible couplings, and where
otherwise shown.

J. Slab, Floor, Wall, and Roof Penetrations and Closures

1. All piping penetrations of slabs, floors, walls, and roofs shall be
ductile   iron wall pipes with integrally cast seep rings, unless
otherwise noted on the Drawings. It shall be the Contractor's
responsibility to verify the size and location of all building and
structure penetrations prior to pouring concrete.

a.  Ductile Iron Wall Pipes:

1) Provide ductile iron wall pipes where ductile iron piping
passes through concrete walls, floors, slabs and roofs
which are to be watertight and where shown on the
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Drawings. Wall pipe end connections shall be as shown
on the Drawings and as specified herein. Wall pipes
shall be of a thickness equal to or greater than the
remainder of the piping in the line and shall comply with
the requirements for fittings in the applicable
Specifications. All wall pipes shall be provided with
seep rings. Seep rings shall be of ductile iron and cast
integral with the wall pipe where offered or catalogued
by the manufacturer. All wall pipes that cannot be cast
with integral seep rings shall be fabricated by welded
attachment of the seep ring to the pipe. All welds shall
be done in the manufacturer's shop by qualified
welders and shall be electric arc welds of ductile iron to
ductile iron with NI-55 or FC55, -nickel-ironcarbon- weld
rod. The seep ring shall be ductile iron, welded
continuously around the pipe on both sides;
alternatively, the seep ring shall be steel, as shown in
the Standard Details.

2) Flanges set flush with the face of concrete shall be
tapped for stud bolts.

3) Coat outside wall of pipes as specified in Section
09900, Painting. Support wall pipes by formwork to
prevent contact with reinforcing steel.

b.  Pipe Sleeves

1) Piping passing through concrete or masonry shall be
installed through galvanized steel pipe sleeves where
shown on the Drawings. Holes drilled with a suitable
rotary drill will be considered in lieu of sleeves in
existing walls.

2) All sleeves in exterior or water bearing- walls shall have
a center flange for water stoppage. The annular space
between pipes and sleeves in exterior walls shall be
watertight. The joint shall be caulked with rubber
sealant or sealed by a modular mechanical unit
consisting of interlocking synthetic rubber links shaped
to continuously fill the annular space between the pipe
and wall sleeve. The interconnected rubber links shall
be assembled with zinc phosphateplated steel bolts
and nuts and steel pressure plates under each bolt-
head and nut to prevent the nut from turning when the
bolt is tightened. Tightening of the bolts shall cause the
rubber sealing links to expand, resulting in a watertight
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seal between the pipe and wall sleeve opening.
Closures shall be sized according to manufacturer's
instructions for the size of pipes shown on the
Drawings.

3) Wall sleeves shall be coated with the appropriate
system for the intended location as specified in Section
09900, Painting. When placing Non-nsulating- type wall
sleeves in concrete forms, support them by formwork to
prevent contact with the reinforcing steel.

K. Polyvinyl Chloride Pipe and Fittings (PVC Gravity Pipe):

1. Polyvinyl chloride pipe shall be of unplasticized compounds suitable for
use with wastewater.

L. Flexibility:

1. Unless otherwise specified, piping 2" in diameter and larger passing
from concrete to earth or from below a structure to outside of the
structure shall be provided with two pipe couplings or flexible joints. The
first joint shall be within 2' of the face of the structure. The second joint
shall be located 2' or one pipe diameter  (whichever is greater) after the
first joint. Where required for resistance to pressure, mechanical
couplings shall be restrained as specified elsewhere.

M. Expansion Joints:

1. Expansion joints shall be designed in accordance with Expansion Joint
Manufacturer's Association (EJMA) standards for pressure, temperature
and service as specified.

2. Expansion joints shall be multi-ply bellows type designed for
temperatures up to 3000 F and pressures up to 25 psig. Bellows shall be
constructed of 300 series stainless steel. Unless otherwise specified,
end connections shall be flanged. Flanges shall be of stainless steel
construction.

3. The type of expansion joints and schedule is specified on the Drawings.

4. Expansion joints shall be as manufactured by Flexonics, Inc., Hyspan
Precision Products, Inc., American BOA, Inc., or equal.

PART 3 - EXECUTION
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3.01 INSTALLATION

A. General

1. All exposed piping shall be firmly anchored and supported by pipe
supports or anchors as shown or required.  Pipe supports shall be
furnished as shown on the Drawings or in accordance with the
requirements of Paragraph 2.01 M of this section. All pipes shall be
carefully placed to the proper lines and grades as shown on the
Drawings.

2. Full lengths of pipe shall be used wherever possible.  Short lengths of
pipe with couplings will not be permitted.  Pipe shall be cut to exact
measurement and shall be installed without forcing or springing.

3. Lines which slope shall have the right-of-way over lines whose
elevations can be changed.  Offsets, transitions, and changes in
direction in pipes shall be made as required to maintain- proper head
room, slope, etc.

4. Piping shall be installed in such manner and at such times as will
require a minimum of cutting and repairing of building structures.  In
case any such cutting or repairing is necessary, it shall be done only
with the permission of the Engineer.  Cutting and repairing shall be
performed by craftsmen of the trade which originally executed the work,
and repairs shall match the original condition.

5. All changes in direction in piping systems shall be made with suitable
fittings.

6. When storing and installing pipe, care shall be taken to prevent damage
to the pipe coatings. All damaged coatings shall be repaired to the
satisfaction of the Engineer.

7. A liberal number of unions and/or flanged joints shall be used to permit
the ready removal of any section.  Unions shall be installed in all piping
connections to equipment, to regulating valves, and wherever
necessary to facilitate the dismantling of piping and removal of valves
and other items requiring maintenance.  Flanges on equipment may be
considered as unions.

8. Installed piping shall not interfere with the operation of or accessibility to
doors and/or windows, shall not encroach on aisles, passageways and
equipment, and shall not interfere with the servicing or maintenance of
any equipment.
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9. The interior of all piping shall be free from obstructions and protrusions.
All burrs shall be removed from the inside and outside edges of all cut
pipe by reaming.  Cutting shall be done in such a manner so as to leave
a smooth end at right angles to pipe threads.  Tool marks and
unnecessary pipe threads shall be avoided.  Cuttings and other foreign
material shall be removed from the inside of the pipe prior to installation.

 10. After installation, the interior of all piping shall be cleaned as necessary
to remove flux, slag, scale, rust, dirt, oil, and other foreign material.  As
piping is installed, open ends shall be covered or plugged as necessary
to prevent the entrance of foreign matter and to maintain the required
cleanliness.

 11. Changes in pipe size shall be made using reducing fittings, not
bushings.  If centerline elevation is not specified, use eccentric reducers
in horizontal piping.  On liquid lines, eccentricity shall be down with top
of pipe level.  On vapor and gas lines, eccentricity shall be up with
bottom level.

 12. Indicated locations and sizes of equipment connections are
approximate; exact locations and sizes of piping, valves, etc., shall
conform to approved shop drawings.  Connection sizes shall not be
smaller than scheduled size or equipment outlet size, whichever is
larger.

 13. One inch vent and drain valves shall be inserted in all high and low
points of all pipes.

 14. Required straight runs of piping upstream and downstream of flow
measuring devices shall be smooth.

 15. Minimum pipe cover shall be 3', as measured from the pipe barrel,
unless otherwise indicated on the Drawings.

C. Installation of Stainless Steel Pipe, tubing and fittings:

1. Welding electrodes for shielded metal arc process on Type 304L and
316L stainless steel pipe shall be AWS 5.4, E 308L; Gas Tungsten Arc
or Gas Metal Arc process shall be AWS 5.9, ER 308L. The direct
current, reverse polarity, shielded metal arc or gas metal arc processes
or direct current, straight polarity, gas tungsten-arc process shall be
used for all field welding.

2. All welding shall be conducted in accordance with latest editions of
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Section IX, ASME Boiler and Pressure Vessel Code and the American
National standard Code for Pressure Piping, ANSI B31.2 and B31.3, as
applicable.

a. All welders and welding operators shall be qualified at the
Contractor's sole expense by an ASMEapproved testing
laboratory before performing any welding under this section.
Qualification tests shall be in accordance with- Section IX,
Article III of the ASME Boiler and Pressure Vessel Code.
Welders and welding operators shall be qualified for making
groove welds in Type 304, 304L, 316 and 316L stainless
steel pipe in position 6G for each welding process to be
used.

b. Pipe edges shall be prepared preferably by machine shaping
or cutting with an aluminum oxide blade. Oxygen or arc cutting
are acceptable only if the cut is reasonably smooth and true
and all slag is removed either by chipping or grinding. Beveled
ends for butt welding shall conform to ANSI B16.25. Surfaces
to be welded shall be clean and free of paint, oil rust, scale,
slag, or other material detrimental to welding. Prior to welding,
wire brush joints to be welded with stainless steel wire brushes
or stainless steel wool.

          c. No welding shall be performed if there is impingement of any
rain, snow, sleet, or high wind on the weld area, or if the
ambient temperature is below 32° F. If the ambient is less than
32° F, local preheating to a temperature warm to the hand is
required.

         d. Each layer of deposited weld metal shall be thoroughly
cleaned prior to the deposition of each additional layer of weld
metal, including the final pass, with a power driven- stainless
steel wire brush. Surface defects which will affect the
soundness of weld shall be chipped out or ground out.

         e. Welds shall be free of cracks, incomplete penetration, weld
undercutting, excessive weld reinforcement, porosity, slag
inclusions and other defects in excess of the limits prescribed
in Chapter V of ANSI B31.2 and B31.3, as applicable.

D. Installation of PVC Pipe and Fittings:

1. All PVC pipe shall be cut, made up, and installed in accordance with the
pipe manufacturers recommendations. Plastic pipe shall be laid by
snaking the pipe from one side of the trench to the other. Offset shall be
as recommended by the manufacturer for the maximum temperature
variation between time of solvent welding and final use.
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2. Use Schedule 80 threaded nipple where necessary to connect to
threaded valve or fitting. All PVC to metal or PVC to FRP pipe
connections shall be made using flanged connections. Metal piping shall
not be threaded into plastic fittings, valves, or couplings, nor shall PVC
piping be threaded into metal valves, fittings, or couplings.

3. Only strap wrenches shall be used for tightening threaded plastic joints,
and care shall be taken not to overtighten these fittings. Pipe shall not
be laid when the temperature is below 40° F, nor above 90° F when
exposed to direct sunlight. Ends to be joined shall be shielded from
direct sunlight prior to and during the laying operation.

E. Installation of Ductile Iron Pipe:

1. Cut pipe with milling type cutter, rolling pipe cutter, or abrasive saw
cutter. Do not flame cut.

2. Ends of pipe in accordance with the type of joint to be made. Dress cut
ends of mechanical joint pipe to remove sharp edges or  projections
which may damage the rubber gasket. Dress cut ends of pipe for
flexible couplings and flanged coupling adapters, as recommended by
the coupling or adapter manufacturer. Dress cut ends of push-on joint
pipe by beveling, as recommended by the pipe manufacturer.

3. Prior to connecting flanged pipe, the faces of the flanges shall be
thoroughly cleaned of all oil, grease, and foreign material. The rubber
gaskets shall be checked for proper fit and thoroughly cleaned. Care
shall be taken to assure proper seating of the flange gasket. Bolts shall
be tightened so that the pressure on the gasket is uniform. Torque
limiting wrenches shall be used to ensure uniform bearing insofar as-
possible. If joints leak when the hydrostatic test is applied, the gaskets
shall be removed and reset and bolts retightened.

4. Mechanical joint push-on, and restrained joint pipe shall be joined in
accordance with the manufacturer's recommendations. Provide all
special tools and devices such as special jacks, chokers, and similar
items required for proper installation. Lubricant for the pipe gaskets shall
be furnished by the pipe manufacturer, and no substitutes shall be
permitted under any circumstances.

F. Installation of Sanitary and Waste Drain and Vent Piping.

1. Set sanitary and waste drain and vent piping installed above floor slab
true and plumb.
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2. Set exposed risers as close to walls as possible.

3. Make roof penetrations watertight.

4. Extend vents at least 1 foot above roof.

5. Properly slope sanitary and waste drainage piping encased in concrete.

6. Coordinate routing of drains through steel reinforcement with affected
trades.

7. Make changes of direction in waste piping with combination Y and _
bend fittings.

8. Cleanout Fittings and Plugs:
a. Install where shown and where required by plumbing code.
b. T or Y branches or trap hubs shall be of the same   material as

the pipe in which they are installed.

G. Installation of Roof Drainage Piping.

1. Make changes of direction in horizontal roof drainage piping with 45
degree- fittings.

2. Make changes of direction in underground lines with combination Y and
bend fittings.

3. Cleanout Fittings and Plugs:
a. Install where shown and where required by plumbing code.
b. Same material and size as pipe in which they are installed.

H. Buried Piping System Thrust Restraint

1. General: Thrust restraint for all buried ductile iron pressure piping
systems shall be accomplished by the use of restrained joints as
specified hereinbefore.

2. Buried Pressure Pipelines:
a. Thrust restraint shall be capable of restraining the buried

pressure pipelines for pressures up to 1-½ times the
corresponding hydrostatic test pressures listed in the Piping
Schedule.

b. Restrained joint type fittings for ductile iron pipe shall be as
specified hereinbefore.

I. Pipe Dope:
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1. All threaded connections shall be made up using Teflon pipe dope
applied to the male threads only.

2. Virgin Teflon thread tape shall be Hercules Packing Company
"Herculon", 3-M Company "Scotch No.48", Crane Packing Company
"Teflon Thread tape", or equal.

3. Teflon thread paste may be used in place of tape on very large or very
small joints.

J. Wall Pipes and Pipe Sleeves

1. The Contractor shall provide restrained joints for all buried piping,
except RCP, with test pressure higher than 20 psig.

2. Wall pipes and pipe sleeves embedded in concrete walls, floors, and
slabs shall be embedded as specified in Section 03300, CONCRETE
and as shown. Support all pipes embedded ill concrete walls, floors, and
slabs with formwork to prevent contact with the reinforcing steel.

K. Flexible Couplings, Flanged Coupling Adapters, and Service Saddles

1. Prior to installation, thoroughly clean oil, scale, rust, and dirt from the
pipe to provide a clean seat for the gasket. Care shall be taken that the
gaskets are wiped clean before they are installed. If necessary, flexible
couplings and flanged coupling adapter gaskets may be lubricated with
soapy water or manufacturer's standard lubricant before installation on
the pipe ends. Install in accordance with the manufacturer's
recommendations. Bolts shall be tightened progressively, drawing up
bolts on opposite sides a little at a time until all bolts have a uniform
tightness. Workmen tightening bolts shall use torque limiting- wrenches.

2. (Not used)

L. Insulating Flanges, Couplings, and Unions

1. Install insulating flanges, couplings, or unions wherever copper and
ferrous metal piping are connected, wherever submerged metallic piping
is connected to unsubmerged piping, and where shown on the
Drawings. Insulated joints connecting submerged piping to exposed
piping shall be installed above maximum water surface elevation and
before the first pipe support not having coated anchor bolts or adhesive
bonded- concrete anchors. All submerged metallic piping shall be
isolated from the concrete reinforcement.
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2. (Not used)

M. Insulation

1. All piping and equipment shall be insulated in accordance with
manufacturer's instructions including types of insulating cements,
lagging adhesives, and weatherproof mastics if different from those
specified.

2. All insulation shall be applied over clean, dry surfaces with all joints
butted firmly together, but not until piping system has been pressure
tested and any leaks corrected. Insulation shall not extend beyond
flanges nor cover nameplates or code inspection stamps. Insulation
shall run continuous through wall openings, ceiling openings, and pipe
sleeves, unless otherwise noted.

3. Where connection is shown to existing piping, the existing insulation
shall be cut back to remove the portion damaged by the piping
revisions, and new insulation installed. The joint between the old and
new insulation shall be finished as hereinbefore specified.

4. The Contractor shall furnish precut, sized sections of closed cell rigid
insulation with vapor barrier to be inserted under piping and centered at
each hanger location. Provide continuous vapor barrier at all joints
between rigid insulation and pipe insulation.

5. Insulate all valve bodies, flanges, and pipe couplings. Provide
removable insulation sections on all devices that require access for
maintenance of equipment or removal, such as unions, strainer end
plates, etc. Do not insulate flexible pipe couplings.

6. Finished appearance of all insulation shall be smooth and continuous.
Provide coating of insulating cement where needed to obtain this result.
Joints shall be lapped and the integrity of vapor seals maintained in
strict accordance with manufacturer's instructions. Staples and screws
shall not be used to secure components of systems that are vapor
sealed.

7. Care shall be taken to apply the insulation and vapor barrier coating on
exterior piping so that it will not be damaged when the prefabricated
aluminum fitting covers are applied. The prefabricated aluminum covers
shall serve as weatherproof enclosures over fittings. No screws or rivets
shall be used in fastening the fitting covers, as they may puncture the
vapor seal.
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8. Exterior flanges and unions shall have removable prefabricated
aluminum covers.

9. Heat Tracing: Install heat tracing tape in strict accordance with the
manufacturers’ recommendations and make electrical connections.

3.02 SURFACE PREPARATION AND SHOP PAINTING

A. All ferrous piping not specified to be galvanized or otherwise coated shall be
cleaned and shop primed or coated in accordance with the requirements of
Section 09900, Painting.

3.03 FIELD PAINTING

A. Following installation and testing, all exposed piping, including insulated
piping, shall be field primed and painted in accordance with the requirements
of Section 09900, Painting.  Stainless steel pipe and fittings shall not be
painted.

3.04 PIPING IDENTIFICATION

A. Piping Systems.  Identification of piping systems shall conform to ANSI
A13.1, Scheme for the Identification of Piping Systems, unless otherwise
specified herein.

B. Process Piping Code. All exposed pipe shall be identified by color and
labeling to show its function. Stencil-painted labels and arrows showing the
direction of flow shall be installed every 20' or each change of direction at
each valve, and on each side of wall penetrations.  Piping which is not
painted shall be provided with 6" wide color bands as specified. Color bands
of an approved tape may be used on PVC, FRP and stainless steel pipe and
other pipe which does not readily accept painted finish. The color, banding
and labeling shall conform to the schedule in Section 09900, Painting.

C. Process Valve Identification.  After the painting of process piping is complete,
the Contractor shall stencil the tag numbers of all valves numbered on the
Process and Instrumentation Drawings, on the pipe adjacent to the valve for
pipe 2" and over.  Characters shall be 2" high minimum and shall be oriented
to be visible from the valve operating position.  When the valve has extended
operator shaft or chain operator, the number shall be placed at both the
operating position and at the valve, if practicable; this requirement does not
apply if the valve is buried or in a pit.  Valves in pipes under 2" shall have
characters as large as the pipe will permit or at the Engineer's option on an
adjacent surface.  Characters shall be preferably white; however, if this would
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not provide sufficient contrast to the pipe, the Engineer may select another
color.  Paint used shall be of the same type and quality as that used for
painting the pipe.

3.05 TESTING

A. General: Conduct pressure and leakage tests on all newly installed pipelines.
Furnish all necessary equipment and material and make all taps in the pipe,
as required. The Engineer will monitor the tests. Test pressures shall be as
specified in the Piping Schedule.

B. Testing New Pipe Which Connects to Existing Pipe: New pipelines which are
to be connected to existing pipelines shall be tested by isolating the new
Pipe.

C. Preparation and Execution:

1. Buried Pressure Piping:
        a.  Conduct final acceptance tests on buried pressure piping that is

to be hydrostatically tested after the trench has been completely
backfilled. The Contractor may, if field conditions permit, as
determined by the Engineer, partially backfill the trench and
leave the joints open for inspection and conduct an initial service
leak test. The acceptance test shall not, however, be conducted
until all backfilling has been completed.

        b. Buried pressure piping that is to be pneumatically tested or
subjected only to an initial service leak test shall have all joints
exposed for the acceptance test.

2. Exposed Pressure Piping: Conduct the tests on exposed piping after the
piping has been completely installed, including all supports, hangers,
and anchors, but prior to insulation.

3. Hydrostatic Leak Tests:
        a. Equipment: Furnish the following equipment for the hydrostatic

tests:

Amount Description

2 Graduated containers

2 Pressure gauges

1 Hydraulic force pump

Suitable hose and suction pipe as required
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         b. Procedure: Water shall be used as the hydrostatic test fluid
unless otherwise specified. Test water shall be clean and shall
be of such quality as to minimize corrosion of the materials in
the piping system. Vents at all high points of the piping system
shall be opened to purge air pockets while the piping system is
filling. Venting during the filling of the system also may be
provided by the loosening of flanges having a minimum of four
bolts or by the use of equipment vents. All parts of the piping
system shall be subjected to the test pressure specified in the
Piping Schedule. The hydrostatic test pressure shall be
continuously maintained for time duration specified in pipe
schedule and for such additional time as may be necessary to
conduct examinations for leakage. Examination for leakage
shall be made at all joints and connections. The piping system,
exclusive of possible localized instances at pump or valve
packing, shall show no visual evidence of weeping or leaking.
Any visible leakage shall be corrected at the Contractor's sole
expense.

C. Buried Water and Wastewater Pressure Lines:
1. Some leakage is permissible from buried water and wastewater

pressure lines. Consequently, the hydrostatic testing of these pipelines
must be conducted in a different manner, as follows:

2. Where any section of pipe is provided with concrete thrust blocking, do
not make the pressure test until at least 5 days have elapsed after the
thrust blocking is installed. If high early cement is used for thrust
blocking, the time may be reduced to 2 days. When testing -cement
mortar- lined piping, slowly fill the section of pipe to be tested with water
and allow to stand for 24 hours under slight pressure to allow the
cement mortar- lining to absorb water.

3. Expel all air from the piping system prior to testing and apply and
maintain the specified test pressure by means of the hydraulic force
pump. Valve off the piping system when the test pressure is reached
and conduct the pressure test for 2 hours, reopening the isolation valve
only as necessary to restore the test pressure. The pump suction shall
be in a barrel or similar device, or metered so that the amount of water
required to maintain the test pressure may be measured accurately.
This measurement represents the leakage, which is defined as the
quantity of water necessary to maintain the specified test pressure for
the duration of the test period. No pipe installation will be accepted if the
leakage is greater than the number of gallons per hour as determined
by the following formula:
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L =  ND(P)½

 7400

In the above formula:

L = Allowable leakage, in gallons per hour
N = Number of joints in the length of pipe tested
D = Nominal diameter of pipe, in inches
P = Test pressure during the leakage test, in pounds per
 square inch

The Contractor shall correct any leakage greater than the allowance
determined under this formula at the Contractor's sole
expense.

         4. Pneumatic Leak Tests:
        a.  Equipment: Furnish the following equipment for the pneumatic

tests:

Amount Description

1 Pneumatic compressor separator-dryer system capable of
providing oil-free dry air and equipped with one or more full
capacity safety relief valves set at a pressure of not more than
105% of the required primary test pressure

1 Calibrated test gauge

        b.  Procedure:
1) Pneumatic testing shall be performed using accurately

calibrated instruments and oil-free, dry air. Tests shall be
performed only on exposed piping, but only after the
piping has been completely installed, including all
supports, hangers and anchors, and inspected for proper
installation. All parts of the piping system shall be
subjected to the test pressure specified in the Piping
Schedule. The Contractor shall recognize the hazards
associated with air testing and shall take all necessary
precautions to protect test personnel and City's operating
personnel. All piping to be tested shall be secured to
prevent damage to adjacent piping and equipment in the
event of a joint failure. Any appurtenant instruments or
devices that could be damaged by the test shall be
removed from the piping or suitably isolated prior to
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applying the test. Prior to starting the test, the Contractor
shall notify the Engineer.

2) A preliminary pneumatic test not to exceed 25 psig shall
be applied to the piping system prior to final leak testing,
as a means of locating major leaks. Examination for
leakage, detected by soap bubbles, shall be made at all
joints and connections. After all visible leaks have been
corrected, the pressure in the system shall gradually be
increased to not more than ½ of the test pressure, after
which the pressure shall be increased in steps of
approximately 1/10 of the test pressure until the required
test pressure has been reached. The pneumatic test
pressure shall be continuously maintained for a minimum
time of 10 minutes and for such additional time as may be
necessary to conduct a soap bubble examination for
leakage. The piping system, exclusive of possible
localized instances at pump or valve packing, shall show
no evidence of leakage. Any visible leakage shall be
corrected at the Contractor's sole expense.

3) Following pneumatic testing, lines which are to carry
flammable gases shall be thoroughly purged with nitrogen
to assure that no explosive mixtures will be present in the
system during the filling process.

                      5.   Initial Service Leak Tests:
a.  Equipment: Equipment used for initial service leak testing

may be the same as that specified under Paragraphs
Hydrostatic Leak Tests and Pneumatic Leak Tests
hereinbefore.

b.   Procedure: The initial service leak test shall be performed by
gradually bringing the piping system up to normal operating
pressure and holding it there continuously for a minimum
time of 10 minutes. Examination for leakage shall be made
at all joints and connections. Soap bubbles shall be used to
detect leaks in pneumatically tested- systems. The piping
system, exclusive of possible localized instances at pump or
valve packing, shall show no visual evidence of weeping or
leaking. Any visible leakage shall be corrected at the
Contractor's sole expense.

7. Test Records: Records shall be made of each piping system installation
during the test. These records shall include:
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a. Date of test
b. Description and identification of piping tested
c. Test fluid
d. Test pressure

7. Remarks, to include such items as:
a. Leaks (type, location)
b. Repairs made on leaks

3.06 INTERIM CLEANING

A. Care shall be exercised during fabrication to prevent the accumulation of
debris within piping sections. All piping shall be examined to assure removal
of foreign objects prior to assembly. Shop cleaning may employ any
conventional commercial cleaning method if it does not corrode, deform,
swell, or otherwise alter the physical properties of the material being cleaned.

3.07 FINAL CLEANING

A. Following assembly and testing and prior to final acceptance, all pipelines
installed under this section, except plant process air lines and instrument air
lines, shall be flushed with water and all accumulated construction debris and
other foreign matter removed. Flushing velocities shall be a minimum of 2.5
fps. Cone strainers shall be inserted in the connections to attached
equipment and left there until cleaning has been accomplished to the
satisfaction of the Engineer. Accumulated debris shall be removed through
drains 2" and larger or by dropping spools and valves. Immediately following
drainage of flushed lines, the piping shall be air dried with compressed air.

B. Plant process air and instrument air piping shall be blown clean of loose
debris with compressed air.

3.08 CORROSION PROTECTION OF PIPING SYSTEMS

A. All atmospheric exposed piping and piping components including, but not
limited to, pipe hangers, supports, expansion joints, pipe guides, flexible
couplings, vent and drain valves and fasteners shall be painted in
accordance with Section 09900, Painting, as applicable to the base metal
material.

B. Pipe support systems shall be painted No. 70, light gray, as specified in ANSI
Z55.1; Tnemec Co., Inc. No. 2050; or equal.

C. Corrosion protection for buried piping systems, other than copper piping, is
not required.
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3.09 CORROSION PROTECTION FOR COPPER PIPING

A. For Atmospheric Exposed Copper Pipe: Copper piping shall be painted in
accordance with Section 09900, Painting System No. 5.

B. Exterior Coating for Buried Copper Pipe: All buried copper pipe shall be
coated by hand taping with pipe tape. The pipe surface shall be solvent
cleaned, SSPC-SP 1, and wire brushed, SSPC-SP 3, to remove all dirt and
loose rust and mill scale, and immediately primed with the tape
manufacturer's recommended primed in accordance with the manufacturer's
recommendations. The tape shall be spirally applied to the pipe with a 50
percent overlap minimum after the primer has thoroughly dried. Joints shall
be tape wrapped or heat shrink wrapped above grade to permit joint
wrapping without contamination. Tape wrapping and heat shrink wrapped are
specified under Paragraph MATERIALS.

3.10 DISINFECTION

A. Pipelines intended to carry potable water shall be disinfected before placing
in service. Disinfecting procedures shall conform to AWWA C651-86, as
hereinafter modified or expanded.

B. Flushing: Before disinfecting, flush all foreign matter from the pipeline.
Provide hoses, temporary pipes, ditches, etc. as required to dispose of
flushing water without damage to adjacent properties. Flushing velocities
shall be at least 2.5 fps. For large diameter pipe where it is impractical or
impossible to flush the pipe at 2.5 fps velocity, clean the pipeline in place
from the inside by brushing and sweeping, then flush the line at the higher
velocity.

C. Disinfecting Mixture:

1. Disinfecting mixture shall be a chlorine water solution having a free
chlorine residual of 50 ppm, minimum. The disinfecting mixture shall be
prepared by injecting: (1) A liquid chlorine -gas water- mixture; (2) dry
chlorine gas; or (3) a calcium or sodium hypochlorite and water mixture
into the pipeline at a measured rate while fresh water is allowed to flow
through the pipeline at a measured rate so that the combined mixture of
fresh water and chlorine solution or gas is of the specified strength.

2. The liquid chlorine gas-water mixture shall be applied by means of a
standard commercial solution feed chlorinating device. Dry chlorine gas
shall be fed through proper devices for regulating the rate of flow and
providing effective diffusion of the gas into the water within the pipe
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being treated. Chlorinating devices for feeding solutions of the chlorine
gas or the gas itself must provide means for preventing the backflow of
water into the chlorine cylinder.

3. If the calcium hypochlorite procedure is used, first mix the dry powder
with water to make a thick paste, then thin to approximately a 1%
solution (10,000 ppm chlorine). If the sodium hypochlorite procedure is
used, dilute the liquid with water to obtain a 1% solution. The following
proportions of hypochlorite to water will be required:

Product Quantity Water

Calcium Hypochlorite(1)  (65-70% Cl) 1 lb 7.5 gal.

Sodium Hypochlorite(2) (5.25% Cl) 1 gal. 4.25 gal.
(1) Comparable to commercial products known as HTH, Perchloron, and Pittchlor.
(2) Known as liquid laundry bleach Clorox and Purex etc.

4. Point of Application: Inject the chlorine mixture into the pipeline to be
treated at the beginning of the line through a corporation stop or suitable
tap in the top of the pipeline. Clean water from the existing system or
another source shall be controlled so as to flow slowly into the newly
installed piping during the application of chlorine. The rate of chlorine
mixture flow shall be in such proportion to the rate of water entering the
pipe that the combined mixture shall contain 50 ppm of free available
chlorine. Valves shall be manipulated so that the strong chlorine solution
in the line being treated will not flow back into the line supplying the
water. Use check valves if necessary.

5. Retention Period:
a.  Treated water shall be retained in the pipeline long enough to

destroy all non-spore forming- bacteria. With proper flushing
and the specified solution strength, 24 hours is adequate. At
the end of the retention period, the disinfecting mixture shall
have a strength of at least 10 ppm of chlorine.

b.  Operate all valves, hydrants, and other appurtenances during
disinfection to assure that the disinfecting mixture is
dispersed into all parts of the line, including dead ends, new
services, and similar areas that otherwise may not receive the
disinfecting solution.

c.  Do not place concentrated quantities of commercial
disinfectants in the line before it is filled with water.

d.  After chlorination, flush the water from the permanent source
of supply until the water through the line is equal chemically
and bacteriologically to the permanent source of supply.



Spalding County Water Authority  Technical Specifications
PDB Sewer Implementation Project  Piping and Appurtenances

15060-28

e.  Disposal of Disinfecting Water: Dispose of disinfecting water
in an acceptable manner that will protect the public and
publicly used. Do not allow disinfecting water to flow into a
waterway without adequate dilution or other satisfactory
method of reducing chlorine concentrations to a safe level.

6. Collect two samples or sets of samples from each pipe or facility at least
24 hours apart. Submit samples to a state-approved laboratory for
bacteriological (coliform and non-coliform) analysis. Continue
disinfecting and testing until bacteriological clearance is achieved.

END OF SECTION 15060
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SECTION 15100
VALVES AND APPURTENANCES

PART 1 -  GENERAL
1.01  SCOPE

A. The Contractor shall furnish all labor, materials, equipment and incidentals
required and install complete and ready for operation all valves and
appurtenances as shown on the Drawings and as specified herein.

B. Items included under this Section are:

1.  Ball Valves (V1)

2.  Gate Valves (V2)

3.  Plug Valves (V5)

4.  Butterfly Valves (V6)

5.  Check Valves Swing Check (V7)

6.  Valve Boxes

7.  Tapping Sleeves and Gate Valves

8.  Air Release Valves (V9)

9.  Flange Insulating Gasket Kits

10. Electronic Locating and Marking Systems

1.02  DESCRIPTION OF SYSTEMS

A. All of the equipment and materials specified herein are intended to be standard
for use in controlling the flow of water.

1.03  QUALITY ASSURANCE

A. Reference Standards: The design, manufacturing and assembly of elements of
the products herein specified shall comply with the applicable provisions and
recommendations of the latest editions of the following standards, except as
otherwise shown on the Drawings or otherwise specified.

1.  ANSI/AWWA C504 – Rubber-Seated Butterfly Valves
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2.  ANSI/AWWA C509 – Resilient-Seated Gate Valves for Water Supply
Service

3.  ANSI/AWWA C515 – Reduced-Wall, Resilient-Seated Gate Valves for
Water Supply Service.

4.  ANSI/AWWA C550 – Protective Epoxy Interior Coatings for Valves and
Hydrants.

5.  ANSI/AWWA C600 - Installation of Ductile-Iron Water Mains and Their
Appurtenances.

6.  ANSI/NSF Standard 61 – Drinking Water System Components – Health
Effects

1.04  SUBMITTALS

A. Submittals shall be in compliance with the requirements of the General
Conditions of the Contract Documents. In addition, the following specific
information shall be provided:

1.  Complete shop drawings of all valves and appurtenances

2.  Manufacturer’s certificate certifying that the products meet or exceed the
specified requirements.

1.05  TOOLS
A. Special tools, if required for normal operation and maintenance, shall be

supplied with the equipment.

PART 2 -  PRODUCTS

2.01  MATERIALS AND EQUIPMENT

A. All valves and appurtenances shall be of the size shown on the Drawings and
all equipment of the same type shall be from one manufacturer.

B. All valves and appurtenances shall have the name of the maker and the
working pressure for which they are designed cast in raised letters upon some
appropriate part of the body.

2.02  BALL VALVES

A. Rubber Seated ball valves (4-inch and smaller):

1.  Ball valves up to 1-1/2-inch (incl.) in size shall have PVC, stainless steel or
brass with screwed ends for a pressure rating of not less than 600 psi WOG.
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2.  Valves 2-inch to 4-inch in size shall have PVC or stainless steel bodies with
flanged ends for a pressure rating of ANSI 125 psi or 150 psi unless
otherwise indicated. The balls shall be rubber with full port openings.

3.  The valve stems shall be of the blow-out proof design, stainless steel, with
reinforced Teflon seal. The valve seats shall be of Teflon or Buna-N, for bi-
directional service and easy replacement.

4.  Ball valves shall be as manufactured by Conbraco Industries, Inc. (Apollo);
ITT Engineered Valves; Neles-Jamesbury, Inc; NIBCO, Inc.

2.03  GATE VALVES

A. 20 Inches in Diameter and Smaller:

1.  Gate valves shall be resilient seated type conforming to the requirements
of AWWA C509 or AWWA C515.

2.  Valves shall have a minimum working pressure of 250 psi.

3.  Valve manufacturer shall submit an affidavit to the Engineer indicating valve
compliance with all applicable AWWA standards.

4.  Valves less than 4" in diameter shall have threaded ends.  Larger valves
shall be mechanical joints unless shown otherwise on the Drawings.

5.  Valve shall be non-rising stem type with a 2" square operating nut and shall
open right (clockwise).

6.  All internal and external ferrous surfaces shall be coated with epoxy to a
minimum thickness of 4 mils. The epoxy shall conform to ANSI/AWWA
C550 and shall be applied electrostatically prior to assembly. Epoxy shall
be NSF61 approved.

7.  Valve shall have a ductile iron body, bonnet, and stuffing box. All joints
between valve parts, such as body and bonnet, bonnet and bonnet cover,
shall be supplied with O-ring seals.

8.  Valve wedges shall be symmetrical, made of ductile iron and totally
encapsulated in rubber. Rubber shall be permanently bonded to the wedge
per ASTM D429.

9.  Valves shall be manufactured by American Flow Control, Mueller, or M & H
Valve.

B. 24 Inches in Diameter and Larger:
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1.  Gate valves shall be resilient seated type conforming to the requirements
of AWWA C509 or AWWA C515.

2.  Valves shall have a minimum working pressure of 250 psi.

3.  Valve manufacturer shall submit an affidavit to the Engineer indicating valve
compliance with all applicable AWWA standards.

4.  Valves shall be designed for horizontal installation with tracks and rollers,
bypass valves, and bevel gear type operator.

5.  Valve ends shall be mechanical joint type except where restrained joint
ends are shown. Flanged joints shall meet the requirements of ANSI B16.1,
Class 125.

6.  Valve shall be non-rising stem type with a 2" square operating nut and shall
open right (clockwise).

7.  All internal and external ferrous surfaces shall be coated with epoxy to a
minimum thickness of 4 mils. The epoxy shall conform to ANSI/AWWA
C550 and shall be applied electrostatically prior to assembly. Epoxy shall
be NSF61 approved.

8.  Valve shall have a ductile iron body, bonnet, and stuffing box. All joints
between valve parts, such as body and bonnet, bonnet and bonnet cover,
shall be supplied with O-ring seals.

9.  Valve wedges shall be symmetrical, made of ductile iron, and totally
encapsulated in rubber. Rubber shall be permanently bonded to the wedge
per ASTM D429.

10. Valves shall be non-rising stem type with a 2" square operating nut
and shall open right (clockwise).

11. Valves shall be manufactured by American Flow Control, Mueller, or
M & H Valve.

2.04  PLUG VALVES

A. Valves shall be 90-degree turn, nonlubricated, eccentric type with resilient
faced plugs.  Design of the valve shall provide that contact between the seat
and the plug shall only occur in the final degrees of plug movement.  -Valves
shall be suitable for throttling service and service where valve operation is
infrequent.

B. Valves shall provide drip tight- shutoff up to the full pressure rating with
pressure in either direction.  Pressure ratings shall be established by
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hydrostatic tests conducted in accordance with- ANSI B16.1.  Valves shall be
rated at a minimum of 150 psi.

C. Valves shall have a port area equal to at least 80% of the full pipe area.

D. Bodies shall be cast iron-, conforming to ASTM A 126, Class B (carbon steel
for 2-inch valves).

E. Valve ends shall be a mechanical joint type, except where flanged or restrained
joint ends are shown on the Drawings.  Mechanical joint valves shall have bell
ends conforming to applicable requirements of AWWA C111/ANSI A21.11.
Flanged joints shall meet the requirements of ANSI B16.1, Class 125.  Flanged
valves with flange to- -MJ adapters shall not be acceptable in lieu of MJ valves.

F. Valve seats shall be raised, welded in overlay of not less than 90% pure nickel,
machined to mate with the resilient faced plug.  Overlay shall be minimum- of
1/8" thick.

G. The plug shall be semi steel, conforming to ASTM A 126, Class B. The- plug
facing shall be a synthetic rubber compound of approximately 70 durometer
hardness bonded to the plug.  Facing material shall be abrasion resistant and
suitable for service in sewage and sludge applications.

H. Valves shall be furnished with replaceable, sleeve-type bearings in the upper
and lower journals.  Bearings shall comply with applicable requirements of
AWWA C507.  Bearing materials shall have a proven record of service of not
less than five years.

I. The valve body shall be fitted with a bolted bonnet incorporating a stuffing box
and pull-down packing gland.  Packing shall be the split chevron type.  Design
of exposed valves shall allow visible inspection of the shaft seal, adjustment of
the packing, and replacement of the packing, all without disturbing the bonnet
or valve operator.  The shaft seal shall comply with the requirements of AWWA
C517.

J. Actuators

1.  Valves for exposed service, 3" through 8" in diameter, shall be lever
operated.  Hand levers shall be steel with a non-metallic grip.

2.  Actuators for buried service and valves 10" and larger, shall be equipped
with manual operated geared actuators.  Geared actuators shall be totally
enclosed, oil lubricated, worm and gear type.  Shaft seals shall be provided
to prevent entry of dirt and water into the actuator.  All shaft bearings shall
be permanently lubricated bronze bushings.  Actuators shall clearly indicate
valve position and an adjustable stop shall be provided to set closing torque.
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Construction of actuator housing shall be semi steel.  Gear actuators shall
comply with the requirements- of AWWA C517.

3.  Gear actuators for buried valves 10" and larger shall be mounted above
ground on an extended bonnet except when the valve is located in paving
or has 8' or less cover.

4.  Motorized actuators for open/close control shall be provided where shown
on the Drawings and as specified in this Section. Each Actuator shall be
equipped with “Open” and “Close” limit switches, and “Fault” contact rated
for 5 Amp, 120VAC. See Electrical Drawings for additional information.

5.  Valves and operators for submerged or buried service shall have seals on
all shafts and gaskets on valve operator covers to prevent the entry of water.
Operator mounting brackets for submerged service shall be totally enclosed
and shall have gasket seals.

6.  Actuators shall be manufactured by Limitorque; Rotork; Auma; EIM or any
other City approved equal.

K. Operators

1.  Valves for Non buried service, 6' or more above the operating floor shall be
furnished with a chainwheel operator and chain for operation from floor
level.  -All other valves shall be equipped with a handwheel operator.

2.  Valves, 3" through 8", for buried service shall have a nut type operator and
shall be equipped with a valve box and stem extension required to bring the
operation nut within 6" of finished grade.  Valve boxes and extension stems
shall be as specified in this Section.

L. Plug valves shall be manufactured by DeZurik, Pratt, or Valmatic.

2.05  BUTTERFLY VALVES

A. Class 150 Valves:

1.  Class 150 butterfly valves shall be short body design and shall be designed,
manufactured and tested in accordance with the requirements of
ANSI/AWWA C504 for Class 150B butterfly valves.

2.  Valve bodies shall be ductile iron conforming to ASTM A536, Grade 65-45-
12 or ASTM A126, Grade B cast iron. Shafts shall be ASTM A276, Type
304 stainless steel, machined and polished. Valve discs shall be ductile
iron, ASTM A536, Grade 65-45-12 or ASTM A126, Grade B cast iron.

3.  The valve shall have a resilient seat.
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B. Actuators

1.  Valves shall be equipped with traveling nut, self-locking type electric
actuators designed, manufactured and tested in accordance with
ANSI/AWWA C504. Actuators shall be capable of holding the valve disc in
any position between fully open and fully closed without any movement or
fluttering of the disc.

2.  Actuators shall be furnished with fully adjustable mechanical stop-limiting
devices to prevent over travel of the valve disc in the open and closed
positions. Actuators that utilize the sides of the actuator housing to limit disc
travel are unacceptable.

3.  Valve actuators shall be capable of withstanding a minimum of 450 foot
pounds of input torque in either the open or closed position without damage.

C. The valve actuator shall be factory mounted on the valve by the valve
manufacturer and shipped to the project site as a complete operating unit.
Valve shall be designed to open right (counterclockwise).

D. Valve ends shall be mechanical joint type, except where flanged or restrained
joint ends are shown on the Drawings. Flange joints shall meet the
requirements of ANSI B16.1, Class 150.

E. Butterfly valves shall be manufactured by GA, Mueller, Pratt or DeZurik.

2.06  BYPASS VALVES AND PIPING

A. Where shown on the Drawings, valves 24 inches in diameter and larger shall
be installed with bypass piping and valve as specified in the following table:

Valve Diameter
(Inches)

Bypass Valve and Pipe Diameter
(Inches)

24 4
30 4
36 6
42 6
48 8
54 8
60 10

2.07  CHECK VALVES

A. Swing Disc Type, Cushioned
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1.  Check valves shall be hinged disc type with cast iron body and bronze or
bronze fitted disc. Valves shall be designed for the operating head
indicated- and shall not slam shut on pump shutdown.  Valves shall be
equipped with a 1/2" stop cock at the high point of the valve for bleeding air
from the line.

2.  Valves shall be outside weight and lever cushioned type.  The cushion
chamber shall be attached to the side of the valve body externally and
constructed with a piston operating in a chamber that will effectively prevent
water hammer at the pump discharge heads specified.  The cushioning shall
be by air, and the cushion chamber shall be so arranged that the closing
speed will be adjustable to meet the service requirements.

3.  Valve ends shall be flanged, meeting the requirements of ANSI B16.1,
Class 125.

4.  Valves shall be manufactured by APCO.

B. Swing Disk Type, Spring and Lever Type

1.  Check valves shall be hinged disc type with cast iron body and bronze or
bronze fitted disc. Valves shall be designed for the operating head
indicated- and shall not slam shut on pump shutdown.  Valves shall be
equipped with a 1/2" stop cock at the high point of the valve for bleeding air
from the line.

2.  Valves shall be spring and lever type.

3.  Valves shall be manufactured by APCO.

2.08  BLACKFLOW PREVENTER

A. Reduced pressure backflow preventers shall include two check valves with an
independent relief between the valves, NRS isolation gate valves, three leak
proof testing cocks, externally mounted strainer, and manufacturer’s air gap
assembly where shown on the Drawings.  They shall be in accordance with
AWWA C506, shall be rated 175 pounds cold water working pressure, and shall
meet the requirements of USC Cross Connection Control Laboratory and
ASSEE 1013.  Assembly shall be Watts Regulator Co., Inc., Model 909 NRS.

1.   Backflow preventers shall be the reduced pressure type, providing
protection during the emergency conditions of either back-siphonage or
backpressure or a combination of both.  Backflow preventers shall be
certified by a nationally recognized testing laboratory as conforming to
current requirements of ASSE 1013, AWWA C 506, or USC-FCCC.  The
installation shall meet all applicable state and local codes.
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2.  Sizes ¾-inch through 2-inches shall have bronze bodies with threaded
connections, a bronze union on either side and a stainer installed upstream
of the device.  Gate valves shall be installed upstream and downstream of
the device.

3.  Sizes 2½ inches and larger shall be bronze with corrosion resisting moving
parts and trim and flange connections.  Gate valves shall be installed
upstream and downstream of the device.

4.  The device shall be equipped with three (3) leak-proof test cocks.  A fixed
air gap, or funnel, shall be installed at the relief port.  A drain line shall be
piped from the discharge side of the air gap as shown on the Drawings shall
be supported independently from the device.

5.  Backflow preventers shall be manufactured by Watts, Wilkins, Hersey or
equal

2.09  VALVE BOXES AND EXTENSION STEMS

A.  All buried valves shall be equipped with valve boxes and lids unless access to
the valve operator is provided by a manhole or vault.

B. Valve boxes shall be gray cast iron two-piece screw type with drop lids. Valve
boxes shall be adjustable to 6" up or down from the nominal required cover
over the pipe. Valve boxes shall have a 5-1/4" inside diameter. Valve boxes
shall be of sufficient length that the bottom flange of the lower belled portion of
the box is below the valve operating nut. Cast iron risers shall be provided as
necessary. Valve boxes shall be model 8550 as manufactured by East Jordan
Iron Works or equal.

C. Valve box lids shall be gray cast iron and shall have "WATER” cast into the top
of the lid in ¾" (minimum) raised letters. Valve box lids shall weigh a minimum
of 13 lbs. Valve box lids shall be model 6800 as manufactured by East Jordan
Iron Works or equal.

D. Valve boxes, risers, and lids shall be coated with black asphalt.

E. All valves shall be furnished with extension stems if operating nut is greater
than 4' deep, to bring the operating nut to within 24" of the top of the valve box.
Connection to the valve shall be with a wrench nut coupling and a set screw to
secure the coupling to the valve's operating nut. The coupling and square
wrench nut shall be welded to the extension stem. Extension stems shall be
stainless steel and shall be furnished by the valve manufacturer. Extension
stems shall be sized by the valve manufacturer to withstand the maximum valve
operator output.
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F. Where pavement exists, the box shall be adjusted to finished grade. When
valves are located out of pavement, the box shall be adjusted to finished grade
and a concrete pad shall be poured around the box as detailed on the
Drawings.

G. Stem guides shall be fully adjustable stem guides with bronze bushings, and
shall be furnished by the valve manufacturer. Stem guides shall be installed as
shown on the Drawings and shall conform to the extension guide spacing
requirements as specified in AWWA/ANSI C501.

2.10 WRENCHES

A. Four tee handled wrenches of suitable length shall be furnished to operate all
valves.

2.11 VALVE MARKERS (VM)
A. For installed valves, the Contractor shall furnish and install a concrete valve

marker as detailed on the Drawings when directed by the Engineer, except on
hydrant isolation valves.  Valve markers shall be stamped “WATER”.

B.  (Not Used)

2.12    TAPPING SLEEVES AND GATE VALVES

A. Tapping sleeves for mains 12" in diameter and smaller shall be ductile iron of
the split sleeve-, mechanical joint type. Tapping sleeves shall be equal to
Mueller H-615.

B. Tapping sleeves for mains larger than 12" shall be of all stainless steel
construction.

C. The Contractor shall be responsible for determining the outside diameter of the
pipe to be connected prior to ordering the sleeve. The tapping sleeve shall be
rated 250 psi. working pressure.

D. Valves shall be gate valves as specified in Paragraph 2.02 of this Section, with
a flanged connection to the tapping sleeve and a mechanical joint connection
to the branch pipe.  The tapping sleeve shall be supplied by the valve
manufacturer.

2.13 AIR RELIEF VALVE

A. Air release valves (ARV) shall have a small venting orifice to vent the
accumulation of air and other gases with the line or system under pressure.
Size and capacity shall be as specified.
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B. Air release valves shall be float operated, compound lever type, except air
release valves less than 1-inch may be simple lever type.

C. Air and vacuum valves shall be designed to protect the float from direct contact
of the rushing air and water to prevent the float from closing prematurely in the
valve. The set shall be fastened into the valve cover and shall be easily
removed if necessary. The float shall be center or peripheral guided for positive
shut off into the seat.

D. Valves shall be suitable for pressures up to 150 psi.

E. Isolation valves and small-diameter piping to local drain or sump shall be
provided below each air valve.

F. Manufacturers shall be Vent-o-Mat, GA Industries, Valmatic, Apco, or
Approved Equal.

2.14 FLANGE INSULATION GASKET KITS

A. Flange insulating gasket kits shall be installed as required to isolate dissimilar
metals when connecting to pipelines of different metal composition.

B. Flange kits shall consist of insulation gaskets, insulating sleeves and washers,
nuts and bolts.

2.15 ELECTRONIC LOCATING AND MARKING SYSTEMS

C. The Contractor shall furnish and install an electronic locating and marking
system for all buried water main piping. System shall consist of electronic
markers buried above the water main and stand-alone locators.

D. The marker shall contain an antenna or three orthogonal tuned circuits.
Electronic ball markers shall be made of high strength 4 1/2" (maximum)
diameter plastic. Electronic ball markers shall be 3M EMS model 1403-XR as
manufactured by 3M, Omni Markers as manufactured by Tempo or approved
equal.

E. Full range markers shall be equal to EMS model 1252 as manufactured by 3M
or approved equal.

F. The Contractor shall also furnish two (2) 3M Dynatel locators. Locators shall be
3M   model 2250M-ID/UU3W-RT or approved equal.

PART 3 -  EXECUTION
3.01  INSTALLATION
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A. All valves and appurtenances shall be installed in the locations shown, true to
alignment and rigidly supported.  Any damage to the above items shall be
repaired to the satisfaction of the Engineer before they are installed.

B. Buried flanged or mechanical joints shall be made with cadmium plated bolts.

C. Prior to installation, valves shall be inspected for direction of opening clockwise,
number of turns to open, freedom of operation, tightness of pressure containing
bolting and test plugs, cleanliness of valve ports and especially seating
surfaces, handling damage and cracks. Defective valves shall be corrected or
held for inspection by the Engineer. Valves shall be closed before being
installed.

3.02  LAYING AND JOINTING VALVES AND APPURTENANCES

A. Valves, fittings, plugs, and caps shall be set and joined to the pipe in
accordance with the manufacturer’s recommendations for cleaning, laying and
joining pipe. Twelve (12) inch and larger valves shall be provided with special
support, such as crushed stone, concrete pads or a tamped trench bottom so
that the pipe will not be required to support the weight of the valve.

B. In no case shall valves be used to bring misaligned pipe into alignment during
installation. Pipe shall be supported in such a manner as to prevent stress on
the valve.

C. A valve box shall be provided on each buried valve. The valve box shall be set
over the center of the valve operating nut and plumbed. The box shall not
transmit shock or stress to the valve. The bottom portion of the lower belled
portion of the box shall be placed below the valve operating nut. The flange
shall be set on brick, so arranged that the weight of the valve box and
superimposed loads will bear on the base and not on the valve or pipe. The
valve box cover shall be flush with the surrounding surface or such other level
as directed by the Engineer.

D. Underground valves shall be installed in vaults where indicated on the
Drawings. The vault shall be precast, or cast-in-place concrete as indicated on
the Drawings. The valve box shall not transmit shock or stress to the valve and
shall be as detailed on the Drawings. The valve vault cover shall be flush with
the surface of the finished area or such other level as directed by the Engineer.

E. Settlement Joints: The first joint on all pipes connected to and outside of a valve
vault shall be designed to allow differential settlement. The following joints will
be allowed for settlement:
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1.  Steel Pipe shall use a bolted, sleeve style coupling with joint harness as
specified in AWWA M11.

2.  Ductile iron pipe shall use standard gasketed joints if unrestrained or
mechanically restrained gasketed joints if required by thrust restraint
design.

F. Pipe within 20' of each side of a direct-buried butterfly valve shall be protected
from vertical deflection to protect proper function of butterfly valve. Vertical
deflection of pipe shall be limited to butterfly valve manufacturer
recommendations.

3.03  BLOW-OFFS

A. Blow-offs shall be installed in locations as directed by the Engineer and as
shown on the Drawings.  Blow-offs shall not be connected to any sewer,
submerged in any stream or creek, or be installed in any manner that will permit
back siphonage into the water distribution system.

3.04  ELECTRONIC LOCATING AND MARKING SYSTEM

A. The Contractor shall install a ball marker at each bend, tee, valve and 500' of
pipe length installed.

B. Ball markers shall be installed at a maximum depth of 5'.

C. Ball markers shall be secured to the pipe with cable ties as shown on the
Drawings and shall be installed in accordance with the manufacturer’s
instructions.

D. Full range markers shall be installed on bends, tees, valves and pipes with 5'
of cover or greater.

3.05  TESTING

E. After installation, all valves and appurtenances shall be tested at least 1 hour
at 250 psi, unless a different test pressure is specified.  If any joint proves to be
defective, it shall be repaired to the satisfaction of the Engineer.

END OF SECTION 15100
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SECTION 15140
DUCTWORK SUPPORTS AND ANCHORS

PART 1 - GENERAL

1.01 SCOPE

A. Work described in this Section includes furnishing all labor, materials,
equipment, tools and incidentals required for a complete installation of all
supports and anchors.  All equipment shall be installed, adjusted, tested
and placed in operation in accordance with these Specifications, the
manufacturer's recommendations and as shown on the Drawings.

B. Contract drawings show only functional features and some of the required
external connections.  They do not show all components required for a
complete installation nor exact dimensions particular to any
manufacturer's equipment.  Contractor shall supply all parts, devices and
equipment necessary to meet the requirements of the Contract
Documents and shall make all dimensional adjustments particular to the
equipment being furnished. All costs associated with such changes and
adjustments shall be considered as being included in the price bid for the
Work shown and specified.

C. Work Included:

1. Duct, equipment hangers and supports.

2. Equipment bases and supports.

3. Sleeves and seals.

4. Flashing and sealing equipment.

D. Related Work Specified Elsewhere:

1. Section 15050, Basic Mechanical Materials And Methods.

2. Section 15891, Ductwork.

3. Section 15910, Ductwork Accessories.

1.02 SUBMITTALS

A. Submittals shall be made in accordance with the requirements of the
General Conditions.  In addition, the following specific information shall be
provided:
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1. Manufacturer's certification.

2. Manufacturer's data.

3. Shop drawings.

4. Relevant Experience: Provide a list of such installations complete

with installation description contact names, addresses, telephone

numbers.

5. Operation and maintenance manuals.

1.03 QUALITY ASSURANCE

A. Reference Standards: Comply with all Federal and State laws or
ordinances, as well as all applicable codes, standards, regulations and/or
regulatory agency requirements including the partial listing below:

1. NEC, National Electric Code.

2. NEMA, Standards of National Electrical Manufacturers Association.

3. OSHA, Occupational Safety and Health Act.

4. ANSI, American National Standards Institute.

5. ASTM, American Society for Testing Materials.

6. AISI, American Iron and Steel Institute.

7. NFPA, National Fire Protection Association.

B. Experience: Equipment furnished under this Section shall be of a design
and manufacture that has been successfully used in similar applications.
The manufacturer shall have furnished equipment for a minimum of five
similar applications.

1.04 QUALITY STANDARDS

A. The supports and anchors shall be furnished by a single manufacturer
who shall assume sole responsibility for providing a complete, operating
system designed for long life with a minimum of required maintenance
meeting the requirements specified herein and as shown on the Drawings.

B. Manufacturer shall provide written certification that the equipment
provided under this Specification has been amply designed and is a
suitable application for these service conditions.
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1.05 WARRANTY

A. Provide a warranty against defective equipment and workmanship in
accordance with the requirements of the General Conditions of the
Contract Documents.

PART 2 - PRODUCTS

2.01 HANGER RODS

A. Steel Hanger Rods:  Threaded both ends, threaded one end or continuous
threaded.

2.02 INSERTS

  A. Inserts:  Malleable iron case of galvanized steel shell and expander plug
for threaded connection with lateral adjustment, top slot for reinforcing
rods, lugs for attaching to forms; size inserts to suit threaded hanger.

2.03 FLASHING

A. For Flashing see Section 07620, Sheet Metal Flashing and Trim.

2.04 EQUIPMENT CURBS

A. Fabricated curbs shall be provided by equipment manufacturer supplying
the associated equipment.

2.05 SLEEVES

A. Sleeves for round ductwork: Form with galvanized steel.

B. Sleeves for rectangular ductwork: Form with galvanized steel or wood.

C. Fire Stopping Insulation: Glass fiber type, noncombustible.

           D. Caulk: Sealant of type and quality specified in Section 07900, Caulking
and Sealants.
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2.06 FABRICATION

A. Size sleeves large enough to allow for movement due to expansion and
contraction.  Provide for continuous insulation wrapping.

2.07 FINISH

A. Prime coat exposed steel hangers and supports.  Hangers and supports
located in crawl spaces, pipe shafts, and suspended ceiling spaces are
not considered exposed.

PART 3 - EXECUTION

3.01 INSERTS

A. Provide inserts for suspended hangers from reinforced concrete slabs and
sides of reinforced concrete beams.

B. Where concrete slabs form finished ceiling, provide inserts to be flush with
slab surface.

C. Where inserts are omitted, drill through concrete slab from below and
provide thru-bolt with recessed square steel plate and nut flush with top of
slab.

3.02 EQUIPMENT BASES AND SUPPORTS

A.      Provide templates, anchor bolts, and accessories for mounting and
anchoring equipment.

B. Construct support of steel members.  Brace and fasten with flanges bolted
to structure.

3.03 FLASHING

A. Provide flexible flashing and metal counter-flashing where ductwork
penetrates weather or waterproofed walls, floors and roofs.

B. Provide curbs for mechanical roof installations 12 inches minimum high
above roofing surface.  Flash seal watertight.

3.04 SLEEVES

A. Set sleeves in position in formwork.  Provide reinforcing around sleeves.
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B. Extend sleeves through floors one inch above finished floor level.  Caulk
sleeves full depth and provide floor plate.

C. Where ductwork penetrates floor, ceiling, or wall, close off space between
duct and adjacent work with stuffing fire stopping insulation and caulk
seal.  Provide close fitting metal collar or escutcheon covers at both sides
of penetration.

D. Install chrome-plated steel escutcheons at finished surfaces.

END OF SECTION 15140
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SECTION 15150
WATER SUPPLY BACKFLOW PREVENTION ASSEMBLIES

PART 1 - GENERAL

1.01 SCOPE

A. The Contractor shall furnish all labor, materials, equipment and incidental
required and install complete and ready for operation all backflow prevention
assemblies as shown on the Drawings and as specified herein.

B. Items included under this Section include, but not be limited to the following:

1. Double Detector Check Backflow Preventer Assembly

2. Reduced Pressure Zone Backflow Preventer Assembly.

1.02 DESCRIPTION OF SYSTEMS

A. All of the equipment and materials specified herein are intended to be
standard for use in controlling the flow of water.

1.03 QUALITY ASSURANCE

A. Reference Standards: The design, manufacturing and assembly of elements
of the products herein specified shall comply with the applicable provisions
and recommendations of the latest editions of the following standards, except
as otherwise shown on the Drawings or otherwise specified.

1. ANSI/AWWA C600 - Installation of Ductile-Iron Water Mains and Their

Appurtenances

2. ANSI/AWWA C509 – Resilient-Seated Gate Valves for Water Supply

Service

3. ANSI/AWWA C510 – Double Check Valve Backflow Prevention Assembly

4. ANSI/AWWA C511 – Reduced- Pressure Principle Backflow Prevention

Assembly

5. ANSI/AWWA C515 – Reduced-Wall, Resilient-Seated Gate Valves for

Water Supply Service
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1.04 SUBMITTALS

A. Submittals shall be in compliance with the requirements of the General
Conditions of the Contract Documents. In addition, the following specific
information shall be provided:

1. Complete shop drawings of all assembly components

2. Test Reports

3. Manufacturer’s certificate certifying that the products meet or exceed the

specified requirements

1.05 TOOLS

A. Special tools, if required for normal operation and maintenance, shall be
supplied with the equipment.

PART 2 - PRODUCTS

2.01 MATERIALS AND EQUIPMENT

A. All assembly components shall be of the size shown on the Drawings and all
equipment of the same type shall be from one manufacturer.

B. All assembly components shall have the name of the maker and the working
pressure for which they are designed cast in raised letters upon an
appropriate part of the body.

2.02 DOUBLE DETECTOR CHECK BACKFLOW PREVENTER ASSEMBLY

A. Double detector check (DDC) backflow preventer (BFP) assembly shall be
provided in sizes to match that of the required fire line service piping.

B. The DDC-BFP assembly shall be provided with OS&Y gate valves on the inlet
and outlet sides of the assembly.

C. The DDC-BFP assembly shall be provided with three brass ball valve test
cocks fitted with brass or plastic threaded plugs. A fourth test cock shall be
provided on the upstream side of the inlet shut off valve.

D. The DDC-BFP assembly and shut off valve bodies shall be cast iron, coated
inside and outside with an NSF approved, fused epoxy coating and
assembled with bolts that are resistant to electrolysis. All DDC-BFP assembly
interior and exterior components shall be of materials equal in corrosion
resistance to bronze and/or stainless steel to resist electrolysis.
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E. Check valves shall have replaceable seats and shall be accessible by top
entry only for maintenance and repair. The detector bypass line on the DDC-
BFP assembly shall be ¾-inch copper and have a bronze detector meter and
a ¾-inch DCV-BFP complete with unions and shut off valves.

F. The DDC-BFP assembly shall be classified or listed by the Underwriters
Laboratories, Factory Mutual Insurance and bear the ASSE seal (ASSE
Standard 1049). The DDC-BFP assembly shall also have the approval of and
conform to all requirements of the University of Southern California,
Foundation for Cross Connection Control (USC-FCCC). The DDC-BFP
assembly shall be individually factory tested, shipped and installed as a unit.

G. The DDC-BFP assembly shall be tested at the time of installation. A copy of
all test reports shall be submitted to the Engineer.

2.03 REDUCED PRESSURE ZONE BACKFLOW PREVENTER ASSEMBLY

A. Reduced pressure zone (RPZ) backflow preventer (BFP) assemblies shall be
provided in   sizes to match that of line service piping or meter size.

B. The RPZ-BFP assembly shall consist of a pressure differential relief valve
located between two positive seating check valves. The relief valve shall
function automatically by sensing the pressure differential across the first check
valve and discharge the backflow to the atmosphere should the check valve
become damaged of fouled. The relief and check valves shall have replaceable
seats and the check valves shall be provided with captured springs.

C. A full port ball valve in sizes through 2-inches and resilient seated OS&Y gate
valves in sizes over 2-inches shall be on the inlet and outlet sides of the
assembly, with a union, swivel coupling nut or flanges between the assembly
and each valve. Unions and swivel nuts must be integral with the assembly or
the valves.

D. The RPZ assembly shall be provided with three brass valve test cocks fitted
with brass or plastic threaded plugs. A fourth test cock shall be provided on the
upstream side of the inlet shut off valve. Sizes through 2-inches shall have all
test cocks in the vertical position. Relief valve vent ports shall have suitable
connections for an air gap. When a meter or other device with bronze strainer,
integral or attached, is not immediately upstream of the backflow preventer, a
bronze strainer shall be provided between the inlet shut off valve and the RPZ
through size 2-inches.

E. The RPZ assembly and shut off valve bodies shall be cast iron, coated inside
and out with an NSF approved, fused epoxy coating and assembled with bolts
that are resistant to electrolysis. All RPZ assembly interior and exterior
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components shall be of materials equal in corrosion resistance to bronze and/or
stainless steel to resist electrolysis.

F. Check valves shall have replaceable seats and shall be accessible by top entry
only for maintenance and repair. The detector bypass line on the RPZ-BFP
assembly shall be ¾-inch copper and have a bronze detector meter and a ¾-
inch DCV-BFP complete with unions and shut off valves.

G. The RZP-BFP assembly shall be classified or listed by the Underwriters
Laboratories, Factory Mutual Insurance and bear the ASSE seal (ASSE
Standard 1049). The RZP-BFP assembly shall also have the approval of and
conform to all requirements of the University of Southern California, Foundation
for Cross Connection Control (USC-FCCC) and ANSI/AWWA C511, Reduced-
Pressure Principle Backflow Prevention Assembly.

PART 3 - EXECUTION

3.01 TESTING AND INSTALLATION

A. Backflow prevention assemblies shall be installed in the locations shown, true
to alignment and rigidly supported.  Any damage to the assemblies shall be
repaired to the satisfaction of the Engineer before they are installed.

B. DDC-BFP Assembly: The DDC-BFP assembly shall be installed below ground
in a vault, as shown on the Drawings.

C. RZP-BFP Assembly:

1. The RZP-BFP assembly shall be individually factory tested, shipped and
installed as a unit.

2. The RZP-BFP assembly shall be installed above ground in an insulated
enclosure as shown on the Drawings. Enclosure shall be aluminum or
fiberglass construction with insulation designed to protect to -30 degrees
F. Enclosure shall contain drain openings sized to accommodate the
maximum discharge from the RPZ assembly and stainless-steel hasps to
accept a lock. Enclosure shall be Watts Regulator Company Series
Wattsbox or approved equal.

3.02     SHOP PAINTING

A. Ferrous surfaces of valves and appurtenances shall receive a coating of rust-
inhibitive primer.

END OF SECTION 15150
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SECTION 15250
MECHANICAL INSULATION AND HEAT TRACING

PART 1 - GENERAL

1.01 SCOPE

A. Work described in this Section includes furnishing all labor, materials,
equipment, tools and incidentals required for a complete and operable
installation of mechanical insulation.  All equipment shall be installed,
adjusted, tested and placed in operation in accordance with these
Specifications, the Contractor's recommendations and as shown on the
drawings.

B. Contract drawings show only functional features and some of the required
external connections.  They do not show all components required for a
complete installation nor exact dimensions particular to any specific material.
Contractor shall supply all parts, devices and equipment necessary to meet
the requirements of the Contract Documents and shall make all dimensional
adjustments particular to the material being furnished.  All costs associated
with such changes and adjustments shall be included in the price bid for the
Work shown and specified.

C. Related Work Specified Elsewhere:

1. Section 15050, Basic Mechanical Materials and Methods.

2. Section 15060, Piping and Appurtenances.

3. Section 15400, Plumbing

4. Section 15891, Ductwork.

5. Section 15910, Ductwork Accessories.

1.02 SUBMITTALS

A. Submittals shall be made in accordance with the General Conditions of the
Contract Documents.  In addition, the following specific information shall be
provided:

1. Manufacturer's technical product data and installation instructions for
each type of mechanical insulation:

     a. Manufacturer's product number.
b. k-Value and thickness.

 c. Accessories included for each mechanical system requiring
insulation.
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2. Maintenance data and replacement material lists for each type of
mechanical insulation.  Include this data and product data in
maintenance manual.

3.       Submit manufacturer’s installation instructions.

B. (Not used)

1.03 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Firms regularly engaged in manufacture of
mechanical insulation products, of types and sizes required and whose
products have been in satisfactory use in similar service for not less than 5
years.

B. Flame/Smoke Rating: Provide composite mechanical insulation (insulation,
jackets, coverings, sealers, mastics and adhesives) with flame-spread index
of 25 or less, and smoke-developed index of 50 or less, as tested by ASTM E
84, NFPA 255 method.  Outdoor mechanical insulation may have flame
spread index of 75 and smoke developed index of 150.  Industrial mechanical
insulation that will not affect life safety egress of building may have flame
spread index of 75 and smoke developed index of 150.

C. Reference Standards: Comply with all Federal and State laws or ordinances,
as well as the latest edition of all applicable codes, standards, regulations
and/or regulatory agency requirements including the partial listing below:

1. ASTM, American Society for Testing Materials.

2. ASME, American Society of Mechanical Engineers.

3. OSHA, Occupational Safety and Health Act.

4. ANSI, American National Standards Institute.

5. AWWA, American Water Works Association.

6. NFPA, National Fire Protection Association.

7. FM, Factory Mutual Engineering Corporation.

8. UL, Underwriters Laboratories, Inc.

1.04 STORAGE AND PROTECTION

A. Deliver insulation, coverings, cements, adhesives, and coatings to site in
containers with manufacturer's stamp or label, affixed showing fire hazard
indexes of products.

B. Protect insulation against dirt, water, and chemical and mechanical damage.
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 Do not install damaged or wet insulation; remove from project site.

PART 2 - PRODUCTS

2.01 ACCEPTABLE MANUFACTURERS

A. Insulation products shall be manufactured by CertainTeed, Knauf, Johns
Manville, Owens Corning, IMCOA, Pittsburgh-Corning, and Armstrong.

2.02 EQUIPMENT INSULATION

A. Equipment insulation shall be glass fiber board with factory applied foil-skrim-
kraft
vapor barrier.  Thermal conductivity shall not exceed 0.23 BTUin/hr/Ft2/°F at
75 degrees F.

B. Equipment carrying conditioned air located in mechanical rooms or other
service
areas shall be provided with 1-inch thick insulation of the type indicated
below unless insulation has been factory-furnished by equipment
manufacturer.

2.03 DUCTWORK INSULATION

A. Board type insulation material shall be fiberglass, minimum density of
3lbs/cu.ft., with factory applied foil-skrim-kraft 0.02 perm (maximum) vapor
barrier.  Thermal conductivity shall not exceed 0.23 BTUin/hr/Ft2/°F at 75
degrees F.  Board type insulation shall be provided on exposed rectangular
ductwork.

B. Blanket type insulation material shall be fiberglass, minimum denisity 1
lb/cu.ft., and thermal conductivity of 0.27 BTUin/hr/ft2/°F at 75 degrees F
mean temperature.  Facing shall be factory applied 0.02 perm (maximum)
vapor barrier, consisting of glass fiber scrim reinforced laminated facing of
aluminum foil and Kraft paper.  Blanket type insulation shall be provided on
round ductwork and concealed rectangular ductwork.

C. Ductwork carrying conditioned (heated or cooled) or return air located in
ceiling space, attic, mezzanine, concealed, or other non-conditioned areas
shall be insulated with 2-inch thick insulation.

D. Ductwork carrying outside air to heating or air conditioning equipment shall
be insulated with 2-inch thick insulation.
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E. Ductwork carrying exhaust air located in ceiling space or attic shall be
insulated with 1-inch thick insulation.

F. Unless noted otherwise as double wall ductwork on the drawings, the
ductwork carrying conditioned (heated or cooled) air located outdoors or
otherwise exposed to weather shall be insulated with 2-inch thick board type
insulation.  The insulation shall be covered with VentureClad 1579CW jacket
as manufactured by VentureTape or equal.

G.  Ductwork between wall louvers or roof vents and shut-off dampers shall be
insulated with 2-inch thick insulation.

H. Unless noted otherwise on the Drawings, FRP ductwork shall not be
insulated.

I. Unless noted otherwise on the drawings, the heating and ventilating ductwork
located in the space being served by it shall not be insulated.

J. Provide staple, bands, wires, tape, anchors, corner angles, and similar
accessories as recommended by insulation manufacturer for applications
indicated.

K. Provide cements, adhesives, coatings, sealers, protective finishes, and
similar compounds as recommended by insulation manufacturer for
applications indicated.

2.04 DUCT LINER

A. Materials: Duct liner shall be glass fiber mat made from strong glass fiber
bonded with a thermosetting resin.  Side facing airstream shall be smooth,
coated with acrylic coating with a flexible glass mat reinforcement.  Thermal
conductivity shall not exceed 0.24 BTUin/hr/Ft2/°F at 75 degrees F.  The duct
liner shall be fungi and bacteria resistant.

B. Description: Ductwork (supply or return) as indicated on the Drawings shall
be lined with 1-inch thick acoustical duct liner.  The duct dimensions
indicated on the Drawings are clear inside dimensions with liner.  The shop
fabrication cuts of the duct liner shall be coated with edge treatment products
recommended by the manufacturer.

C. The duct liner shall be equal to Linacoustic RC as manufactured by Johns-
Manville.

2.05 PIPE INSULATION

A. Materials (Indoor Hot Water and Tepid Water Piping)
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1. Piping insulation shall be preformed glass fiber molded to cover pipe
in two  pieces with longitudinal joints.  The insulation shall be covered
with factory applied, all-service jacket with self-sealing lap strip.
Thermal conductivity shall not exceed 0.23 BTUin/hr/Ft2/°F at 75
degrees F.

2. Valve and fitting insulation shall be preformed glass fiber, covered
with preformed PVC fitting covers.  Thermal conductivity shall not
exceed 0.23
BTUin/hr/Ft2/°F at 75 degrees F.

B.       Materials (Indoor Refrigerant, Cold Water, and Condensate Drain Piping)

1. Piping insulation shall be flexible elastomeric closed-cell type, slipped
on the pipe prior to connection whenever possible.  Where the slip-on
technique is not possible, the insulation shall be pre-slit and snapped
over the pipe with pre-applied adhesive. Butt joints shall be sealed
with insulation manufacturer’s adhesive or heat fuse method.  Thermal
conductivity shall not exceed 0.27 BTUin/hr/Ft2/°F at 75 degrees F.

2. Fittings shall be insulated using fabricated fitting covers of flexible
elastomeric closed-cell type insulation in accordance with the
manufacturer’s instructions.  Join slit seams and mitered joints with
manufacturer’s adhesive or heat fuse method.

3. Provide PVC jacketing with solvent welded seams over insulation.

4. Insulation products shall be equal to Armaflex as manufactured by
Armacell.

C. Materials (Outdoor Piping Exposed to Weather)

1. Premolded cellular glass thermal insulation shall be furnished in
accordance with ASTM C 552 and C 1639 fabricated for standard pipe
sizes, fittings, and valves.

2. Maximum thermal conductivity of 0.29 BTUin/hr/Ft2/°F at 75 degrees F
in accordance with ASTM C 177 and C 518.

3. Maximum water vapor permeability of 0.00 perm-in when tested in
accordance with ASTM E 96.

4.  Average density of 8.0 pounds per cubic foot.

5. Maximum Flame Spread Rating of 0 and Smoke-Developed Rating of
0 when tested in accordance with ASTM E84.
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6. Utilize installation adhesives and joint sealants as recommended by
the insulation manufacturer.

7.  Furnish 30 gauge smooth Type 316 stainless steel jacketing over
insulation retained by stainless steels bands of the same or thicker
gauge.  All jacketing seams shall be sealed weathertight with sealant
suitable for outdoor installation.

8. Insulation products shall be equal to Pittsburgh Corning FOAMGLAS.

D. Pipe Insulation Thickness: Insulation thickness shall be 1 inch for pipes
below 1.5 inches in diameter, 1.5 inches for pipes 1.5 inches to 3 inches in
diameter, and 2inches for pipes 4 inches and above in diameter.

2.06 ELECTRIC HEAT TRACING FOR PIPING

A. Provide self-limiting heat trace cables where shown on the Drawings or
described in  these Specifications.

B. Cable shall have 16 AWG copper bus wire with self-regulating, semi-
conductive core tinned copper braided shield over bus wire and core.
Overjacket shall be modified polyolefin or fluoropolymer over shield.  Cable
shall provide temperature maintenance up to 150 degrees F.  Cable shall be
equal to Raychem Model BTV.

C. Provide all required electrical accessories, including power connection kits,
splice kits, tee kits, lighted end seals, thermostats, aluminum or glass tape
and other components required for a complete operating system for each
heat trace service as scheduled herein.  Cable and accessories shall be FM
approved for insulation in NEC classified areas where indicated on the Heat
Trace Schedule.  Unless heat trace services are installed in NEC classified
locations, all enclosures for electrical accessories shall be NEMA 4X rated.
All components shall be UL-listed.

D. Thermostats shall be bulb type.  Temperature range shall be adjustable from
25 to 150 degrees F.

E. Ambient-sensing thermostats for non-hazardous locations shall be equal to
Model AMC-1A and hazardous locations shall be equal to Model AMC-1H as
manufactured by Raychem.  Line-sensing thermostats for non-hazardous
locations shall be equal to Model AMC-1B and hazardous locations shall be
equal to Model E507S-LS as manufactured by Raychem.

F. All chemical lines and emergency eye/wash shower lines shall be controlled
by individual line-sensing thermostats.  Potable and non-potable water lines
may be grouped together and controlled by ambient-sensing thermostats.
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G. Lighted end seals shall be equal to Raychem Model E-100-L-A.  Splice or tee
connection kit shall be equal to Raychem Model T-100.  Single entry power
connection kit shall be equal to Raychem, Model JBS-100.  Multiple entry
power/splice-tee connection kit shall be equal to Raychem Model JBM-100.

H.  Outdoor design temperatures shall be 0° F.

I. Coordinate circuit sizing with available electrical circuits shown on the
Electrical Drawings.   All wiring and conduit from the junction boxes to the
heat trace power connection kits shall be provided under this Division and
installed in accordance with Division 16.

J. Provide pipe markers cautioning “ELECTRIC HEAT TRACING – SHOCK
HAZZARD”.

K. Acceptable Manufacturers: Raychem, Thermon, and Chromalox.

PART 3 - EXECUTION

3.01 EXAMINATION

A. Examine areas and conditions under which mechanical insulation is to be
installed.  Work shall not proceed until unsatisfactory conditions have been
corrected in a manner acceptable to Installer.

3.02 INSTALLATION OF PIPING INSULATION

A. Install insulation products in accordance with manufacturer's written
instructions, these specifications and in accordance with recognized industry
practices to ensure insulation serves its intended purpose.

1. Cover valves, fittings and similar items in each piping system with
equivalent thickness and composition of insulation as applied to
adjoining pipe run.  Install factory molded, precut or job fabricated
units (at Installer's option) except where specific form or type is
indicated.

2. Extend piping insulation without interruption through walls, floors and
similar piping penetrations, except where otherwise indicated.

3. Clean and dry pipe surfaces prior to insulating.  Butt insulation joints
firmly together to ensure complete and tight fit over surfaces to be
covered.

4. Install insulation on pipe systems subsequent to installation of heat
tracing, painting, testing and acceptance of tests.

5. Install insulation materials with smooth and even surfaces.  Insulate
each continuous run of piping with full-length units of insulation, with
single cut piece to complete run.  Do not use cut pieces or scraps
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abutting each other.
6. Maintain integrity of vapor-barrier jackets on pipe insulation and

protect to prevent puncture or other damage.
7. Butt pipe insulation against pipe hanger insulation inserts.  For hot

pipes, apply 3" wide vapor barrier tape or band over the butt joints.
For cold piping, apply wet coat of vapor barrier lap cement on butt
joints and seal joints with 3" wide vapor barrier tape or band.

B. Insulate all of the services listed below.  Where domestic service is called
out, it is defined as piping concealed above ceilings and within walls or
exposed in return air plenums and mechanical rooms.

1. Tepid water piping serving emergency fixtures.

2. Domestic potable water piping.

3. Domestic non-potable water piping.

4. Hot water piping.

5. Condensate drain piping.

6. Trap primer lines located in the ceiling space.

7. Refrigerant piping.

C. Insulate all piping, valves, and fittings that are heat traced in addition to those
services specified herein.

3.03 ELECTRIC HEAT TRACING

A. Install heat tracing in accordance with the manufacturer’s instructions prior to
insulation.

B. Apply tracing cable around pipe, valves, and fittings as required to attain
wattage densities specified herein.  Do not spiral wrap pipe dimensions under
2-inches.  Provide additional wattage for valves and fittings in accordance
with the manufacturer’s instructions.

C. Secure heat tracing cable to piping and components with glass tape.  Provide
aluminized Mylar heat transfer tape over and under heater and under
insulation on plastic piping and valves.

D. Coordinate heat tracing installation with electrical and insulation work.

E. Where the multiple heat trace services are installed in a single area, each
service shall be separately powered from an electrical junction box.  Heat
trace cable shall not be used as a means of power supply between separate
heat trace services.  Each heat trace service shall be provided with separate
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power connection kits, end seals, thermostats, and accessories as scheduled
within this Specification.

F.  Do not locate thermostats in the direct sun.

3.04 INSTALLATION OF DUCTWORK INSULATION

A. Install insulation products in accordance with manufacturer's written
instructions, these specifications and in accordance with recognized industry
practices to ensure that insulation serves its intended purpose.

1. Install insulation materials with smooth and even surfaces.

2. Clean and dry ductwork prior to insulating.  Butt insulation joints firmly
together to ensure complete and tight fit over surfaces to be covered.

3. Maintain integrity of vapor-barrier jackets on ductwork insulation and
protect to prevent puncture and other damage.

4. Extend ductwork insulation without interruption through walls, floors
and similar ductwork penetrations, except where otherwise indicated.

5. Omit insulation on lined ductwork where internal insulation or sound
absorbing linings have been installed, except as otherwise indicated.

B. Protect outdoor insulation exposed to weather by installing outdoor protective
finish or jacketing as recommended by manufacturer.

C. Install corner angles on external corners of insulation on ductwork in exposed
finished spaces before covering with jacketing.

D. Insulation on the top surfaces of outdoor rectangular ductwork shall be
sloped in both directions for proper drainage of storm water.

3.05 INSTALLATION OF EQUIPMENT INSULATION

A. Install equipment thermal insulation products in accordance with
manufacturer's written instructions, these specifications and in accordance
with recognized industry practices to ensure that insulation serves its
intended purpose.

1. Install insulation materials with smooth and even surfaces and on
clean and dry surfaces.  Redo poorly fitted joints.  Do not use mastic
or joint sealer as filler for gapping joints and excessive voids resulting
from poor workmanship.
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2. Maintain integrity of vapor-barrier on equipment insulation and protect
to prevent puncture and other damage.

3. Do not apply insulation to equipment, breechings or stacks while hot.

4. Apply insulation using staggered joint method for both single and
double layer construction, where feasible.  Apply each layer of
insulation separately.

5. Coat insulated surfaces with layer of insulated cement, troweled in
workmanlike manner, leaving smooth continuous surface.  Fill in
scored block, seam, chipped edges and depressions, and cover over
wire netting and joints with cement of sufficient thickness to remove
surface irregularities.

6. Cover insulated surfaces with all-service jacketing neatly fitted and
firmly secured.  Lap seams at least 2 inches.  Apply over vapor barrier
where applicable.

7. Do not insulate manholes, handholes, cleanouts, ASME stamp, or
manufacturer's nameplate.  Provide neatly beveled edge at
interruptions of insulation.

8. Provide removable insulation sections to cover parts of equipment
which must be opened periodically for maintenance; include metal
vessel covers, fasteners, flanges, frames and accessories.

B. Protect outdoor insulation exposed to weather by installing weather-barrier
mastic protective finish or jacketing as recommended by manufacturer.

END OF SECTION 15250
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SECTION 15400
PLUMBING

PART 1 - GENERAL

1.01     SCOPE

A. Work described in this Section includes furnishing all labor, materials,
equipment, tools and incidentals required for a complete and operable
installation of all plumbing and associated appurtenances. All equipment
shall be installed, adjusted, tested and placed in operation in accordance
with these Specifications, the manufacturer's recommendations and as
shown on the Drawings.

B. Contract drawings show only functional features and some of the required
external connections.  They do not show all components required for a
complete installation nor exact dimensions particular to any manufacturer's
equipment. Contractor shall supply all parts, devices and equipment
necessary to meet the requirements of the Contract Documents and shall
make all dimensional adjustments particular to the equipment being
furnished.  All costs associated with such changes and adjustments shall
be included in the price bid for the Work shown and specified.

C. Related Work Specified Elsewhere:

1. All earth and rock excavation, backfill, concrete masonry, concrete
reinforcement, and construction joints required for plumbing work
shall conform to the requirements specified under the applicable
sections of the specifications.

2. Section 02200, Earthwork

3. Section 03200, Concrete Reinforcement and Dowelling

4. Section 03250, Concrete Joints

5. Section 04400, Masonry

6. Section 09912, Interior Painting

7. Section 15050, Basic Mechanical Materials and Methods

8. Section 15060, Piping and Appurtenances

9. Section 15530, Refrigeration Piping
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 10. Section 16050: Basic Electrical Materials and Methods

1.02    SUBMITTALS

A. Submittals shall be made in accordance with the requirements of the
General Conditions of the Contract Documents. In addition, the following
specific information shall be provided:

1. Manufacturer's specifications, catalog data, descriptive matter,
illustrations and diagrams.

2. Nameplates.

3. Foundations, installations and grouting.

4. Operating and maintenance instructions and parts lists.

5. Lubricants.

6. Special tools.

7. Bolts, anchor bolts and nuts.

8. Concrete inserts.

9. Sleeves.

B. Submit scaled plans and elevations of piping in areas of tight clearances for
coordination of work by others subject to approval by the Engineer.

1.03    QUALITY ASSURANCE

A. Reference Standards. Comply with all Federal and State laws or
ordinances, as well as the latest edition of all applicable codes, standards,
regulations and/or regulatory agency requirements including the partial
listing below:

1. ANSI, American National Standards Institute.

2. ASTM, American Society for Testing Materials.

3. AWS, American Welding Society.

4. AWWA, American Waterworks Association.

5. UL, Underwriters Laboratory.
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6. NEC, National Electric Code.

7.   ASHRAE, American Society of Heating, Refrigeration and Air
Conditioning Engineers.

8. OSHA, Occupational, Health and Safety Act.

9. NFPA, National Fire Protection Association.

1.04 QUALITY STANDARDS

A. Plumbing accessories of same type shall be furnished by a single
manufacturer who shall assume sole responsibility for providing a complete
and operable system designed for long life with a minimum of required
maintenance meeting the requirements specified herein and as shown on
the Drawings.

B. Contractor shall provide written certification that the accessories provided
under this specification have been designed in accordance with these
specifications and is a suitable application for these service conditions. A
certificate of unit responsibility shall be provided.  Nothing in this provision,
however, shall be construed as relieving the Contractor of his overall
responsibility for this portion of the Work.

C. Unit responsibility certificates provided by suppliers, vendors, or other
second party representatives of the plumbing accessories manufacturer
shall not be accepted.

1.05  WARRANTY

A.  Provide a warranty against defective equipment and workmanship in
accordance with the requirements of the General Conditions of the Contract
Documents.

PART 2 – PRODUCTS

2.01 PIPE AND FITTINGS

A. Domestic water (Copper Piping)

1. Maximum 2-1/2 inches: Copper tubing shall be hard-drawn
conforming to the requirements of ASTM B 88, Type L or Type K.

2. Fittings shall be compression and hard-solder type as required.
Flared type shall be Parker-Hannefin "Triple-Lock,” American Brass
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"Anaconda," Imperial Eastman "High-Seal" or equal. Hard solder
fittings shall be wrought copper or cast brass conforming to the
requirements of ASTM Designation B 62-74.

B. Drain, waste, and vent

1. Drain, waste and vent pipe shall be constructed of cast iron soil pipe
in accordance with Section 15060.

2.02 VALVES

A. 2-inches and smaller shall be threaded or soldered, 2 1/2-inches and larger
shall be flanged.

B. Gate Valves

1. 2-inches and smaller shall be Class 125, Type III, rated for a
hydraulic working pressure of 125 psi.

2. 2 1/2-inches and larger shall be Class 125, Type II, outside-screw-
and yoke type; rated for a hydraulic working pressure of 125 psi.

C. Check Valves

1. 2-inches and smaller shall have bronze trim and either cast iron or
steel body, and be rated for a hydraulic working pressure of 125 psi.

2. 2 1/2-inches and larger shall be weight-loaded, have bronze trim and
either cast iron or steel body and be rated for a hydraulic working
pressure of 125 psi.

a. Buried Lines:  Mechanical joints.
      b. In Valve Chambers, Valve Pits, and Above Ground:

Flanged Joints.

D. Ball Valves

1. 2-inches and smaller shall be bronze body with full port, rated for a
hydraulic working pressure of 150 psi.

2. 2 1/2-inches and larger shall be shall be carbon steel or stainless
steel body, stainless steel trim with full port, rated for a hydraulic
working pressure of 150 psi.

E. Globe Valves
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1. Globe valves 2-inches and smaller shall be bronze body with rising
stem, screwed bonnet, integral bronze seat, renewable PTFE discs
with screwed or solder joint ends.  Valve shall be rated for a non-
shock cold working pressure of 300 psi.

2. Globe valves 2-1/2-inches and larger shall be iron body, Class 125,
flanged ends with bolted bonnet and non-rising stem.  Valves shall
be rated for a hydraulic working pressure of 150 psi.

F. Acceptable Manufacturers:  Crane, Nibco, Stockham, Milwaukee, Watts,
Apollo, Kitz.

.

2.03    PIPING ACCESSORIES:

A. Nipples:  FS WW-N-351; be of same type material as piping on which
installed.

B. Unions for Copper Tubing: Brass or bronze, have either treaded or solder
joint ends and conform to FS WW-U-516.

C. Unions for Steel Piping: FS WW-U-531.

D. Escutcheons:  Polished chromium-plated pressed steel, split-hinged,
locking type held in-place by either an internal tension spring or a set-screw;
encompass sleeve or opening.

E. Bolts and Nuts: Machined brass, stainless steel, or galvanized carbon steel,
and not smaller than 1/4-inch; bolts shall have hexagonal heads and nuts
shall be hexagonal.

F. Solder for Solder-Jointed Tubing: 95 percent tin and 5 percent antimony.
Flux shall be non-corrosive type conforming to NSF 61.

G. Strainers

1. Strainers in water lines shall have standard pattern, stainless steel
baskets with standard perforations.  Bodies shall be bronze for sizes
2-inch and smaller and cast iron for sizes 2-1/2-inch and larger.
Strainers shall be equal to Watts Series 77 unless otherwise
specified in other Sections of Division 22.

2. All strainers shall be of the same size as the piping in which they are
installed.  Provide dielectric union, if necessary, to isolate strainer
from pipe material.
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2.04    INSULATION

A. Insulation shall be in accordance with Sections 15250.

B. Insulate hot and cold-water piping systems per section 15250.

2.05    PIPING SPECIALTIES

A. Gaskets for Flanged Joints: Full-face, either neoprene, asbestos, or rubber:
rubber gaskets: AWWA C302.

B. Vent Caps for Service Weight Soil Pipe: ASTM A 74.

C. Gaskets, Glands, and Bolts for Mechanical Joint Pipe and Fittings: AWWA
C110, AWWA C112, and FS WW-P-421C.

D. Unions for Ferrous Pipe 3-inches in Diameter and Smaller: 150-pound
steam-working-pressure zinc-coated malleable iron ground-joint type.

E. Unions for Ferrous Pipe 3-1/2-Inches in Diameter and Larger: 125-pound
steam-working-pressure forged steel flange type, having cloth-inserted
rubber gaskets 1/16-inch thick.

F. Couplings for Joining Hubless Cast Iron Pipe and Fittings: Cast iron housing
conforming to ASTM A 48, Class 30A, have bitumastic coating, neoprene
gasket conforming to ASTM C564 and 18-8 stainless steel bolts and nuts.

G. Solder for Solder-Jointed Tubing: 95 percent tin and 5 percent antimony;
flux shall be non-corrosive.

H. Joint in Sanitary Lines Immediately Inside Exterior Wall and Joint Between
Pipe of Dissimilar Metal: Dielectric insulating joint, union, or coupling.

I. Threaded joints shall have ANSI taper pipe threads conforming to NBS
Handbook H.

J. Joint Compound: Either graphite, inert filer and oil, or polytetra-
fluoroethylene tape.

K. Joints in cast iron soil pipe and fittings having a double seal, compression-
type molded neoprene gasket shall have a modified hub to provide a
positive seal.
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2.06    FLASHING

A. Either soft-temper or cold-rolled copper weighing not less than 16 ounces
per square foot or sheet lead weighing not less than four pounds per
square foot.

2.07    TRAPS

A. “P” type, unless otherwise indicated; ASTM A 74.  Traps for steel pipes and
copper tubes shall have either recess drainage pattern or brass tube not
less than 17 gauge.

B. Traps for PVC piping shall conform to ASTM D 2665 and shall be approved
by NSF or IAPMO.

2.08    ESCUTCHEON

A. Polished chromium-plated pressed steel, split-hinged, locking type held in
place by either an internal tension spring or a set-screw and encompass
sleeve or opening.

2.09  PAINTING

A.  Painting shall be in accordance with Section 09912, Interior Painting.

PART 3 - EXECUTION

3.01       PREPARATION

A. Early installation of buried drain piping may be required. All measurements
shall be verified at the job site.

B.  Avoid interferences with other trades.

3.02       WATER SUPPLY SYSTEM INSTALLATION

A. Install domestic water systems in accordance with AWWA standards and
local codes applicable to water system installation.

B. Earthwork and trenching shall be in accordance with Division 2 of these
Specifications.
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C. Cut pipe and tubing accurately to measurements established at worksite;
work pipe into place without springing and forcing.  Install pipe with a fall
towards either shut-off valve or lowest fixture.

D. Remove fins and burrs from piping.  Apply lubricant to male threads only;
threads shall be full cut, and not more than three threads on pipe shall
remain exposed after tightening.  Coat installed and tested exposed ferrous
threads with one coat of non-toxic primer and oil paint.

E. Cut end of copper tubing square and remove burrs.  Clean ends of tubing
and apply a rosin type flux to outside surface of tubing ends and on recess
inside of fittings.  Insert tubing to full depth of fitting; then solder joints before
soldering valves.

F. Install piping true to line and grade, and support and guide in a manner
which will ensure indicated alignment. Installed piping shall clear
obstructions, preserve headroom, keep openings and passageways clear,
and not be in same trenches as sewer lines.  Water supply system drawings
are schematic; do not scale.  Install unions on pipe ends immediately
adjacent to valves, equipment, and tanks.

G. Valves shall be accessible for operation and servicing.  Stems of installed
valves shall not be below horizontal position.   Valves which will be in furred
spaces shall be accessible.

H. Make-up soldered-to-threaded connections with male thread-to-solder
adapters.

I. After pipes have been installed, either cap or plug ends of pipes.  Neither
bury, furr-in, nor conceal piping before piping has been inspected and
tested.

J. Provide access panels in finished walls for access to concealed valves,
water hammer arrestors, and other devices requiring periodic maintenance.

K. Install insulation in accordance with Section 15250 of these Specifications.

L. Install backflow preventers in accordance with the manufacturer’s directions
and AWWA M14.

M. Dielectric Isolation

1. Wherever copper, brass, or bronze piping systems are connected to
steel or iron piping systems, this connection shall be made with
dielectric isolators.  The dielectric isolators shall be so designed that
non-ferrous piping materials shall be isolated by the use of Teflon or
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nylon isolating materials made up in the form of screwed type unions
or insulating gaskets and bolt sleeves and washers for standard
flanged connection.  All dielectric isolators shall be selected for the
pressure of the system involved.

2. Dielectric isolators shall be Watts, Epco, Crane, or Maloney.

3.03    WATER SUPPLY SYSTEM TESTING

A. Test installed building water supply system in accordance with the
International Plumbing Code.

B. Test piping that will be buried prior to concealment.

3.04    WATER SUPPLY SYSTEM DISINFECTING

A. Disinfect water systems in accordance with AWWA C651 and local codes
applicable to water system disinfecting.

B. Before disinfecting system, flush line in a manner which will remove all
extraneous materials.

C. Disinfect each section of new line before seeking acceptance of water
supply system.

D. Either directly apply chlorine or mix water with calcium hypochlorite, chlorine
gas, or calcium chloride.  Retain solution in pipe for not less than 24 hours,
then measure residual chlorine at ends of section and at other
representative points; residual chlorine content is similar to that obtained
from the source.

3.05 DRAINAGE SYSTEM INSTALLATION

A. Horizontal soil and waste pipe grades shall not be less than 1/4-inch per
foot for 2-1/2-inch size and smaller, and not less than 1/8-inch per foot for
3-inch size and larger.

B. Changes in soil, waste, and drain pipe sizes shall be made with reducing
fittings. Changes in direction shall be with either 45 degree wyes; long or
short sweep 1/4, 1/6, 1/8, or 1/16 bends, or elbows.

C. Install trap at each fixture and piece of equipment connecting to the sanitary
sewer system.  Place trap as near to the fixture and equipment as possible;
do not double-trap fixture.
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D. Slip joints will be permitted only in trap seals or on inlet side of traps.  Union
connections shall be made with either tucker or hub drainage fittings.

E. Install and connect products in accordance with product manufacturer’s
printed installation instructions.  Apply joint compound to threaded joints and
tighten joints to a degree which will prevent leaks.

F. Interior of pipe, pipe fittings, drains, and cleanouts shall be clean before
being installed and foreign substances on interior surfaces shall have been
removed.

G. Cut ends of copper tube square and remove burrs.  Clean outside of tube,
where tube engages fittings and inside of fitting contacting tube, with an
abrasive material before soldering.   Tube and fittings shall not be annealed
when making connections.  Core solder will not be permitted.  Apply heat
uniformly around the tube and fitting joints in copper tube 2-1/2-inches and
larger; use multiflame torch.

H. Join sections of hubless pipe with cast iron assemblies.  Tighten threaded
assemblies to 60 inch-pounds torque on each joint with a torque wrench
specifically designed for the purpose.  Retorque each screw not less than
24 hours after initial tightening.

I. Extend main vertical soil and waste stacks full size to roofline and above as
vents, except where otherwise specifically indicated.  Install vent pipes in
roof spaces as close as possible to roof underside without forming traps in
pipes; use fittings as required.   If a circuit vent pipe from fixture, or line of
fixtures, will be connected to a vent line serving other fixtures, connect at
least 6-inches above floor level rim of highest fixture served.  Grade vent
and branch-vent pipe in a manner which will ensure that condensate will
drain to vertical stack.

J. Services and structures to, and on, which sewer products will be affixed,
place, and erected shall be capable of supporting those products.

K. Set pipe and fittings to line and grade before making-up joints.

L. Angular deflection of joints shall not exceed the recommendations of the
pipe and fitting manufacturer.  Should alignment require deflections to
exceed those recommended, achieve indicated deflection with either
special bends or short lengths of pipe.

M. Products to be buried shall rest on excavation bottom; recess lower
quadrant of pipe and fittings and ends thereof into excavation bottom.  Bells
shall face upstream.   Space between inside of bells and outside of spigots
shall be even all around.  Ring joints shall be made-up only after retaining



Spalding County Water Authority                                            Technical Specifications
PDB Sewer Implementation Project                                            Plumbing

15400-11

groove has been cleaned and only after ring and groove have been
lubricated.

N. Excavations shall be free from water and extraneous material immediately
before sewer products to be buried are placed therein.  Bottoms of trenches
shall have been shaped to support bottom quadrant of pipe and fittings and
ends thereof.  Should rock and material unsuitable to support product exist
at design elevation, excavate 8-inches below design elevation and backfill
additionally excavated space with sand.

O. Secure products not to be buried to hangers, supports, and anchors.
Tighten bolts and nuts of flanged joints to a degree which will prevent leaks.

P. Seal open ends of products at end of work period and in a manner which
will prevent water and foreign materials from entering; remove seals when
work resumes.

Q. Install escutcheons where exposed piping, bare or insulated, passes
through floors, wall, and ceilings.  Fasten escutcheons to pipe or pipe
covering.

R. Pipe sleeves for pipes passing under footings or through foundation walls
shall be Schedule 40 ductile iron pipe extending one foot beyond either face
of the footing or wall.

S. Solvent-Welded PVC Joints:  All solvent-welded PVC joints shall be
installed in accordance with ASTM 2855.

3.06    FLOOR DRAIN INSTALLATION

A. Coordinate floor drain locations and installation elevations with the
Structural and Architectural Drawings.

B. Install floor drains at the local low point in the floor slab.

C. Install floor drains with membrane clamping rings if the floor slab contains a
membrane.

D. Protect the floor drain during the floor slab pour to prevent extraneous
material from entering the drain or waste piping.  Cover during the
remainder of the construction to prevent blockage with construction debris.

3.07    CLEANOUT INSTALLATION

A. Install cleanout tee with screw plug on each building drain.



Spalding County Water Authority                                            Technical Specifications
PDB Sewer Implementation Project                                            Plumbing

15400-12

B. Install outside cleanouts at grade centered in an 18 x 18 x4-inch thick
concrete pad.  Top of pad shall be at grade elevation unless otherwise
noted.

3.08    DRAINAGE SYSTEM INSPECTION AND TESTING

A. Test installed sanitary drainage and building sewer systems with water and
air in accordance with the International Plumbing Code.

B. If system exhibits leaks, repair leaks and retest system until system exhibits
no leaks.

C. Test piping that will be buried prior to concealment.

3.09    DRAINAGE SYSTEM CLEANING

A. Remove foreign material from product surfaces, but do not remove
manufacturers’ labels until Project has been accepted by the Engineer; then
remove labels.

B. Repair pipe coating that may have been damaged during pipe insulation.

END OF SECTION 15400
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SECTION 15430  

HYDROPNEUMATIC TANKS 

 

PART 1 - GENERAL 

1.01    SUMMARY 

A.  This Section includes the requirements for the design, fabrication, delivery,  
installation, and testing of hydropneumatic tanks for the domestic water 
system, as shown on the Drawings and described in these Specifications.  

B.   Related Sections:  

1. 09900 - Painting 

2. 15050 – Basic Mechanical Materials and Methods 

3. 15060 Piping and Appurtenances 

4. 15100-Valves and Appurtenances.  

1.02   REFERENCES 

A.   American Society of Mechanical Engineers (ASME): 

 1.        ASME Boiler and Pressure Vessel Code  

 B.   NSF International: 

 1.         NSF/ANSI-61: Drinking Water System Components 

 2.         NSF-61 Annex G: Lead Content  

C.  Other relevant codes and standards as required by local authorities having   
jurisdiction.  

1.03   SUBMITTALS 

A.   Manufacturer's Data: Provide manufacturer's cut sheets and specifications for 
the hydropneumatic tanks, including tank dimensions, volume, working 
pressure rating, material of construction, ASME certification, and NSF 
certification.  

B.   Shop Drawings: Provide shop drawings detailing the tank's dimensions, 
connection locations, accessories, and installation instructions.  

C.   Manufacturer's U-1 Report: Provide U-1 report if ASME plate does not 
indicate minimum wall thickness. The U-1 report is used to determine the 
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original head and shell thickness. The measured thickness is compared to the 
U-1 indications.  

D.   Product Certifications: Provide copies of ASME and NSF certifications.  

E.   Operating and Maintenance Manuals: Provide complete operating and 
maintenance instructions for the hydropneumatic tanks.  

PART 2 - PRODUCTS  

2.01  HYDROPNEUMATIC TANKS 

A.   Manufacturer: The basis of design for hydropneumatic tanks is  Wessel Model 

FXA-4000. Hanson Tank and Highland Tanks are acceptable alternate 

manufacturers. 

B.   General: 

  1.        Provide ASME rated, pre-charged, vertical style bladder tanks with 

bottom system (water) connection. 

  2.        Tanks shall be designed, constructed, and tested in accordance with   

ASME Boiler and Pressure Vessel Code. 

  3.        Tanks shall be certified to meet NSF/ANSI-61 and NSF-61 Annex G 

for drinking water use. 

 C.  Materials: 

1.         Steel shell with red oxide exterior primer. 

2.         FDA approved liner of polypropylene or epoxy. 

3.         Replaceable butyl bladder, minimum 0.10 inch thick.  

          D.  Performance & Configuration: 

1. Tank rated pressure: 125 PSIG 

2. Tank rated temperature: 240°F 

3. Maximum working pressure: 80 PSIG 

4. Minimum working pressure: 40 PSIG 
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5. Acceptance volume: 430 gallons 

6. Total tank volume: 1,018 gallons 

7. Maximum tank diameter: 6’-0” 

8. Maximum tank height including pedestal: 7’-6” 

E.  Accessories: 

1. Tire valve style charging connection.  

2. Bronze or malleable iron water connection. 

3. Auxiliary gauge/pressure switch connection. 

4. Lifting ring(s). 

5. Steel floor support skirt. 

6. Flanged manway 

  

PART 3 - EXECUTION 

3.01  INSTALLATION 

A.   Install hydropneumatic tanks according to manufacturer's written instructions 
and the approved shop drawings.  

B.   Ensure tank is installed on a suitable support structure and anchored 
securely.  

C.   Connect piping to the tank in accordance with applicable plumbing codes and 
standards.  

 

3.02  TESTING 

A.  Test the hydropneumatic tank and associated piping system for leaks in 
accordance with applicable codes and standards.  

B.  Verify the tank's pre-charge pressure and adjust, as necessary.  
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3.03  CLEANING AND DISINFECTION 

A.  Clean and disinfect the tank and associated piping system in accordance with     
applicable codes and standards.  

3.04 PAINTING 

A.  Prepare unfinished tank for finish painting and provide finish coating in 
accordance with Section 09900. 

3.05 FINAL ACCEPTANCE 

A.  Upon completion of installation and testing, demonstrate to the Owner or 
Owner's representative that the hydropneumatic tanks are functioning correctly 
and meeting the specified requirements.  

 

 

END OF SECTION 15430 
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SECTION 15440
SHOWER AND EYEWASH FIXTURES

PART 1 - GENERAL

1.01 SCOPE

A. Work described in this Section includes furnishing all labor, materials,
equipment, tools and incidentals required for a complete installation of all
emergency shower and eyewash fixtures.  All equipment shall be installed,
adjusted and tested in accordance with these Specifications, the
manufacturer's recommendations and as shown on the Drawings.

B. Contract drawings show only functional features and some of the required
external connections.  They do not show all components required for a
complete installation nor exact dimensions particular to any manufacturer's
equipment. Contractor shall supply all parts, devices and equipment
necessary to meet the requirements of the Contract Documents and shall
make all dimensional adjustments particular to the equipment being
furnished.  All costs associated with such changes and adjustments shall
be included in the price bid for the Work shown and specified.

C. Related Work Specified Elsewhere:

1. Section 15050 Basic Mechanical Materials and Methods

2. Section 15250 Plumbing Insulation and Heat Tracing

3. Section 15400 Plumbing

1.02 SUBMITTALS

A. Submittals shall be made in accordance with the requirements of the
General Conditions of the Contract Documents. In addition, the following
specific information shall be provided:

1. Manufacturer's certification.

2. Manufacturer's data and installation instructions.

1.03 QUALITY ASSURANCE

A. Reference Standards. Comply with all Federal and State laws or
ordinances, as well as the latest edition of all applicable codes, standards,
regulations and/or regulatory agency requirements including the partial
listing below:
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1. ANSI, American National Standards Institute.

2. NEC, National Electric Code.

3. OSHA, Occupational Safety and Health Act.

4. NFPA, National Fire Protection Association.

1.04 QUALITY STANDARDS

A. The emergency shower and eyewash fixtures shall be furnished by a single
manufacturer who shall assume sole responsibility for providing a
complete, operating system designed for long life with a minimum of
required maintenance meeting the requirements specified herein and as
shown on the Drawings.

B. Manufacturer shall provide written certification that the equipment provided
under this Specification has been amply designed and is a suitable
application for these service conditions. A certificate of unit responsibility
shall be provided.  Nothing in this provision, however, shall be construed
as relieving the Contractor of his overall responsibility for this portion of the
work.

C. Unit responsibility certificates provided by suppliers, vendors, or other
second party representatives of the pump manufacturer shall not be
accepted.

D. Acceptable Manufacturers:

1. Speakman, Bradley, Haws, and Guardian

1.05 WARRANTY

A. Provide a warranty against defective equipment and workmanship in
accordance with the requirements of the General Conditions of the
Contract Documents.

PART 2 - PRODUCTS

2.01 EMERGENCY SHOWER AND EYEWASH FIXTURES

A. Drench Shower/Eyewash – Heat Traced and Insulated

1. Provide heat traced and insulated combination drench
shower/eyewash units with 8-inch diameter plastic shower, 2 plastic
spray outlets with automatic flow control and flip-top dust caps, stay-
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open shower valve with triangular pull rod, eye/face wash valve
activation with push handle, 1-1/4 IPS inlet and drain, and floor flange.

2. Heat trace cable shall be self-regulating type with braided metal
shield, NEMA 4X water-tight and dust-tight junction box, 120 VAC.

3. The unit shall have closed cell rubber foam insulation.

4. ANSI/ISEA Z358.1 certified.

5. Provide the identification sign designed for wall mounting to read
“EMERGENCY SHOWER AND EYE WASH”.

6. Shower/eyewash shall be equal to Speakman model SE-7000 for
bottom supply.

2.02 EMERGENCY FIXTURE – FLOW SWITCH – THERMAL DISPERSION TYPE

A. Provide thermal dispersion type flow switch in the emergency fixture water
supply loop.

B. The process connection shall be 3/4-inch MNPT with a standard “U” length
suitable for mounting in a 3/4-inch threaded tee.  The unit shall be designed
to mount in horizontal piping in a side mounted configuration.

C. Contacts:  SPDT 5 amp resistive at 120 VAC.

D. Response Time:  Unit shall guarantee less than 10 seconds response time
for the line sizes, flow rates, and other conditions as installed in this
application.

E.  Power:  120 VAC.

F. Materials of Construction

1. Wetted Parts:  316 stainless steel.

2. Electronics Enclosure:  Cast aluminum with epoxy coating, suitable
for outdoor service.

G. Calibrate the flow switches to generate alarm based on eyewash flow.  See
Division 16 for remote reporting of flow activation alarm.

H. Acceptable Manufacturers:  FCI (Series FLT) or Magnetrol (Thermatel
Model TD2)
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PART 3 - EXECUTION

3.01 EXAMINATION

A. Verify all dimensions by field measurements.  Verify that all plumbing
fixtures may be installed in accordance with pertinent codes and
regulations, the original design and the referenced standards.

B. Examine rough-in for potable water and waste piping systems to verify
actual locations of piping connections prior to installation of fixtures.

C. Examine walls and floors for suitable conditions where fixtures are to be
installed.

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

3.02 INSTALLATION

A. Install fixtures level and plumb, in accordance with fixture manufacturer's
written instructions, rough-in drawings, and the pertinent codes and
regulations, the original design, and the referenced standards.

B. Fasten plumbing fixtures securely to the supports or building structure.
Secure supplies behind or within wall construction to provide rigid
installation.

C. Seal fixtures to floors using silicone sealant as specified in Division 7.
Match sealant color to fixture color.

3.03 FIELD QUALITY CONTROL

A. Test fixtures to demonstrate proper operation upon completion of
installation and after units are water pressurized.  Replace malfunctioning
units, then retest.

B. Inspect each installed unit for damage.  Replace damaged fixtures.

3.04 ADJUSTING

A. Adjust water pressure at shower valves, and flush valves to provide proper
flow and stream.

B. Clean fixtures using manufacturer's recommended cleaning methods and
materials.
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END OF SECTION 15440
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SECTION 15530
REFRIGERATION PIPING

PART 1 - GENERAL

1.01 SCOPE

A. Work described in this Section includes furnishing all labor, materials,
equipment, tools and incidentals required for a complete and operable
installation of refrigeration piping system.  All equipment shall be installed,
adjusted, tested and placed in operation in accordance with these
Specifications, the Contractor's recommendations and as shown on the
drawings.

B. Contract drawings show only functional features and some of the required
external connections.  They do not show all components required for a complete
installation nor exact dimensions particular to any specific material. Contractor
shall supply all parts, devices and equipment necessary to meet the
requirements of the Contract Documents and shall make all dimensional
adjustments particular to the material being furnished.  All costs associated with
such changes and adjustments shall be included in the price bid for the Work
shown and specified.

C. The refrigerant piping is used for air conditioning applications and includes the
following:

1. Pipes, tubing, fittings and specialties.

2. Special duty valves.

3. Refrigerants.

D. Related Work Specified Elsewhere:

1. Section 02000, Site Work.

2. Section 15050, Basic Mechanical Materials and Methods.

3. Section 15740, Ductless Split Systems.

4. Section 15250, Mechanical Insulation and Heat Tracing.

E. Products installed but not furnished under this Section include pre-charged
tubing, refrigerant specialties, and refrigerant accessories furnished as an
integral part of or separately with packaged air conditioning equipment.
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1.02 SUBMITTALS

A. Submittals shall be made in accordance with the General Conditions of the
Contract Documents.  In addition, the following specific information shall be
provided:

1. Product data for the following products:
a. Each type valve specified.
b. Each type refrigerant piping specialty specified.

2. Maintenance data and replacement material lists for each type of
mechanical insulation.  Include this data and product data in maintenance
manual.

3. Shop Drawings showing layout of refrigerant piping, specialties, and
fittings including, but not necessarily limited to, pipe and tube sizes, valve
arrangements and locations, slopes of horizontal runs, wall and floor
penetrations, and equipment connection details.  Show interface and
spatial relationship between piping and equipment

4. Brazer's Certificates signed by Contractor certifying that brazers comply
with requirements specified under paragraph 1.03 below.

B. (Not used)

1.03 QUALITY ASSURANCE

A. Qualify brazing processes and brazing operators in accordance with ASME
Boiler and Pressure Vessel Code, Section IX, Welding and Brazing
Qualifications.

B. Reference Standards: Comply with all Federal and State laws or ordinances, as
well as the latest edition of all applicable codes, standards, regulations and/or
regulatory agency requirements including the partial listing below:

1. ASTM, American Society for Testing Materials.

2. ASME, American Society of Mechanical Engineers.

3. OSHA, Occupational Safety and Health Act.

4. ANSI, American National Standards Institute.

5. ASHRAE, American Society of Heating and Refrigeration Architectural

Engineers.

6. NFPA, National Fire Protection Association.
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7. FM, Factory Mutual Engineering Corporation.

8. UL, Underwriters Laboratories, Inc.

9. ARI, Air Conditioning and Refrigeration Institute.

PART 2 - PRODUCTS

2.01 PIPING AND TUBING MATERIALS

A. Refer to Part 3 for identification of systems where the below specified pipe and
fitting materials are used. Refrigerant piping shall be in accordance with ANSI
B31.5 and ANSI/ASHRAE Standard 15 Safety Code for Refrigeration.

1. Copper Tubing:  ASTM B 280, Type ACR, hard-drawn straight lengths,
and soft-annealed coils, seamless copper tubing.  Tubing shall be factory
cleaned, ready for installation, and have ends capped to protect
cleanliness of pipe interiors prior to shipping.

2. Copper Tubing: ASTM B 88, Type L, hard-drawn straight lengths, and soft-
annealed coils, seamless copper tubing.

B. Fittings shall be wrought-copper in accordance with ANSI B16.22, streamlined
pattern.  Brazing filler materials shall be in accordance with AWS A5.8,
Classification BAg-1, Silver.

C. Complete valve assembly shall be UL-listed and designed to conform to ARI
760.

1. Globe: 450 psig maximum operating pressure, 275o F maximum operating
temperature; cast bronze body, with cast bronze or forged brass wing cap
and bolted bonnet; replaceable resilient seat disc; plated steel stem.
Valve shall be capable of being repacked under pressure.  Valve shall be
straight through pattern, with solder-end connections.

2. Check Valves smaller than 7/8 inch: 500 psig maximum operating
pressure, 300o F maximum operating temperature; cast brass body, with
removable piston, Teflon seat and stainless steel spring; straight through
globe design.  Valve shall be straight through pattern, with solder-end
connections.

3. Check Valves 7/8 inch and larger: 450 psig maximum operating pressure,
300o F maximum operating temperature; cast bronze body, with cast
bronze or forged brass bolted bonnet; floating piston with mechanically
retained Teflon seat disc.  Valve shall be straight through or angle pattern,
with solder-end connections.
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4. Solenoid Valves:  250o F temperature rating, 400 psig working
pressure; forged brass with Teflon valve seat, two-way straight
through pattern, and solder-end connections.  Provide manual
operator to open valve.  Furnish complete with NEMA 1 solenoid
enclosure with 1/2 inch conduit adapter, and 24 volt, 60 Hz normally
closed holding coil.

5. Evaporator Pressure Regulating Valves:  Pilot-operated, forged brass
or case bronze; complete with pilot operator, stainless steel bottom
spring, pressure gage tappings, 24 volts DC, 50/60 Hz, standard coil;
and wrought-copper fittings for solder-end connections.

6. Thermal Expansion Valves:  Thermostatic adjustable, modulating
type; size as required for specific evaporator requirements, and
factory set for proper evaporator superheat requirements.  Valves
shall have copper fittings for solder end connections; complete with
sensing bulb, a distributor having a side connection for hot gas bypass
line, and an external equalizer line.

2.02 REFRIGERANT PIPING SPECIALTIES

A. Complete refrigerant piping specialty assembly shall be UL-listed and designed
to conform to ARI 760.

1. Strainers:  500 psig maximum working pressure; forged brass body
with monel 80-mesh screen, and screwed cleanout plug; Y-pattern,
with solder-end connections.

2. Moisture/liquid Indicators:  500 psig maximum working pressure, 200o

F maximum operating temperature; forged brass body with
replaceable polished optical viewing window and solder-end
connections.

3. Filter-driers:  500 psig maximum working pressure; steel shell, flange
ring and spring, ductile iron cover plate with steel cap screws, and
wrought copper fittings for solder-end connections.  Furnish complete
with replaceable filter-drier core kit, including gaskets as follows:

a. Standard capacity desiccant sieves to provide micronic
filtration.

b. High capacity desiccant sieves to provide micronic filtration and
extra drying capacity.
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4. Suction Line Filter-Drier:  350 psig maximum working pressure, 225o F
maximum operating temperature; steel shell and wrought copper
fittings for solder-end connections.  Permanent filter element shall be
molded felt core surrounded by a desiccant for removal of acids and
moisture for refrigerant vapor.

5. Suction Line Filters:  500 psig maximum working pressure; steel shell,
flange ring and spring, ductile iron cover plate with steel cap screws,
and wrought copper fittings for solder-end connections.  Furnish
complete with replaceable filter core kit, including gaskets as follows:

a. Flanged unions shall be rated for 400 psig maximum working
pressure, 330o F maximum operating temperature; two brass
tailpiece adapters for solder-end connections to copper tubing;
flanges for 7/8 inch through 1-5/8 inch unions shall be forged
steel, and for 2-1/8 inch through 3-1/8 inch shall be ductile iron;
four plated steel bolts, with silicon bronze nuts and fiber
gasket.  Flanges and bolts shall have factory-applied rust-
resistant coating.

b. Flexible connectors shall be rated for 500 psig maximum
working pressure; seamless tin bronze or stainless steel core,
high tensile bronze braid covering, solder-end connections,
and synthetic covering; dehydrated, pressure tested, minimum
7 inch in length.

6. Refrigerant shall be R-32 or R-454B.

PART 3 - EXECUTION

3.01 EXAMINATION

A. Examine rough-in for refrigerant piping systems to verify actual locations of
piping connections prior to installation.

B. (Not used)

3.02 PIPE APPLICATIONS

A. Use Type L or Type ACR drawn copper tubing with wrought copper fittings and
brazed joints above ground, within building.  Use Type K, annealed temper
copper tubing for 2 inch and smaller without joints, below ground and within
slabs.  Mechanical fittings of the crimp or flair type are not permitted.

B. Install annealed temper tubing in pipe duct.  Vent pipe duct to the outside.
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C. If other than Type ACR tubing is used, clean and protect inside of tubing as
specified in Cleaning article below.

3.03 PIPING INSTALLATIONS

A. Install refrigerant piping in accordance with ASHRAE Standard 15- The Safety
Code for Mechanical Refrigeration.

B. Install piping in as short and direct arrangement as possible to minimize
pressure drop.

1. Exposed piping shall be installed at right angles or parallel to building
walls.  Diagonal runs are not permitted, unless expressly indicated.

2. Conceal all pipe installations in walls, pipe chases, utility spaces,
above ceilings, below grade or floors, unless indicated to be exposed
to view.

C. Install piping for minimum number of joints using as few elbows and other
fittings as possible.

1. Make reductions in pipe sizes using eccentric reducer fittings installed
with the level side down.

2. (Not used)

D. Arrange piping to allow normal inspection and servicing of compressor and
other equipment.  Install valves and specialties in accessible locations to allow
for servicing and inspection.

1. Unions shall be provided to allow removal of solenoid valves, pressure
regulating valves, expansion valves and at connections to
compressors and evaporators.

2. Flexible connectors shall be provided at the inlet and discharge
connection of compressors.

E. Provide adequate clearance between pipe and adjacent walls and hanger, or
between pipes for insulation installation.  Use sleeves through floors, walls or
ceilings, sized to permit installation of full thickness insulation.

1. Install piping free of sags or bends and with ample space between
piping to permit proper insulation applications.

2. Install piping tight to slabs, beams, joists, columns, walls and other
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permanent elements of the building.  Provide space to permit
insulation applications, with 1 inch clearance outside the insulation.
Allow sufficient space above removable ceiling panels to allow for
panel removal.

3. Locate groups of pipe parallel to each other, spaced to permit
applying insulation and servicing of valves.

F. Insulate suction lines.  Liquid lines are not required to be insulated, except
where they are installed adjacent and clamped to suction lines, where both
liquid and suction lines shall be insulated as a unit.

1. Do not install insulation until system testing has been completed and
all leaks have been eliminated.

2. (Not used)

G. Install branch tie-in lines to parallel compressor equal length, and pipe
identically and symmetrically.

H Install copper tubing in rigid or flexible conduit in locations where copper tubing
will be exposed to mechanical injury.

I. Slope refrigerant piping as follows:

1. Install horizontal hot gas discharge piping with 1/2" per 10 feet
downward slope away from the compressor.

2. Install horizontal suction lines with 1/2 inch per 10 feet downward
slope to the compressor, with no long traps or dead ends which may
cause oil to separate fro the suction gas and return to the compressor
in damaging slugs.

3. Install traps and double risers where indicated, and where required to
entrain oil in vertical runs.

4. Liquid lines may be installed level.

J. Penetrations shall be as follows:

1. Seal pipe penetrations through exterior walls using sleeves and
mechanical sleeve seals.  Pipe sleeves smaller than 6 inch shall be
steel; pipe sleeves 6 inch and larger shall be sheet metal.

2. Where pipes pass through fire rated wall, partitions, ceilings and
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floors, maintain the fire rated integrity.

K. Install strainers immediately ahead of each expansion valve, solenoid valve, hot
gas bypass valve, compressor suction valve, and as required to protect
refrigerant piping system components.

L. Install moisture/liquid indicators in liquid lines between filter/driers and
thermostatic expansion valves and in liquid line to receiver.

1. Install moisture/liquid indicators in lines larger than 2-1/8-inch OD,
using a bypass line.

2. (Not used)

3.04 HANGERS AND SUPPORTS

A. Hanger, supports, and anchors are specified in Section 15060, Piping and
Appurtenances. Conform to the table below for pipe attachments and maximum
spacing of supports:

1. Adjustable steel clevis hanger for individual horizontal runs less than
20 feet in length.

2. Roller hangers and spring hangers for individual horizontal runs 20
feet or longer.

3. Pipe rollers compete supports for multiple horizontal runs, 20 feet or
longer supported by a trapeze.

4. Spring hangers to support vertical runs.  Support vertical runs at each
floor.

5. Hangers shall be provided with the following minimum rod sized and
maximum spacing:

Nom. Pipe Size Max. Span - Ft. Min.Rod Size - Inches
 Up to 1” 7 1/2

1-½” 9 1/2
2” 10 1/2

B. (Not used)
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3.05 PIPE JOINT CONSTRUCTION

A. Brazed joints shall comply with the procedures contained in the AWS Brazing
Manual.

1. Fill the pipe and fittings during brazing, with an inert gas (i.e., nitrogen
or carbon dioxide) to prevent formation of scale.

2. Heat joints using oxy-acetylene torch.  Heat to proper and uniform
brazing temperature.

3.06 VALVE INSTALLATIONS

A. Install refrigerant valves where indicated and in accordance with manufacturer's
instructions.

1. Install globe valves on each side of strainers and driers, in liquid and
suction lines at evaporators and elsewhere as indicated.

2. Install a full sized, 3-valve bypass around each drier.

3. Install solenoid valves ahead of each expansion valve and hot-gas
bypass valve.  Install solenoid valves in horizontal lines with coil at the
top.

a. Electrical wiring for solenoid valves is specified in Division 16,
Electrical.

4. Thermostatic expansion valves my be mounted in any position, as
close as possible to the evaporator.

a. Where refrigerant distributors are used, mount the distributor
directly on the expansion valve outlet.

b. Install the valve in such a location so that the diaphragm case
is warmer that the bulb.

c. Secure the bulb to a clean, straight, horizontal section of the
suction line using two bulb straps.  Don not mount bulb in a
trap or at the bottom of the line.

d. Where external equalizer lines are required make the
connection where it will clearly reflect the pressure existing in
the suction line at the bulb location.

5. Install pressure regulating and relieving valves as required by
ASHRAE Standard 15.
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3.07 FIELD QUALITY CONTROL

A. Inspect, test and perform corrective action of refrigerant piping in accordance
with ASME Code B31.5, Chapter VI.

1. Repair leaking joints using new materials and retest for leaks.

3.08 CLEANING

A. Before installation of copper tubing other than Type ACR tubing, clean the
tubing and fittings using the following cleaning procedure:

1. Remove coarse particles of dirt and dust by drawing a clean, lint-less
cloth through the tubing by means of a wire or an electrician's tape.

2. Draw a clean, lint-less cloth saturated with trichloroethylene through
the tube or pipe.  Continue this procedure until cloth is not discolored
by dirt.

3. Draw a clean, lint-less cloth saturated with compressor oil, squeezed
dry, through the tube or pipe to remove remaining lint.  Inspect tube or
pipe visually for remaining dirt and lint.

4. Finally, draw a clean, dry, lint-less cloth thorough the tube or pipe.

3.09 ADJUSTING AND CLEANING

A. Verify actual evaporator applications and operating conditions, and adjust
thermostatic expansion valve to obtain proper evaporator superheat
requirements.

B. Clean and inspect refrigerant piping system in accordance with the
requirements of Section 15050.

C. Adjust controls and safeties.  Replace damaged or malfunctioning controls and
equipment with new materials and products.

3.10 CHARGING

A. Charge system using the following procedure

1. Install core in filter dryer after leak test but before evacuation.

2. Evacuate refrigerant system with vacuum pump; until temperature of
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35o F is indicated on vacuum dehydration indicator.

3. During excavation, apply heat to pocket, elbows and low spots piping.

4. Maintain vacuum on system for minimum of 5 hours after closing

valve between vacuum pump and system.

5. Break vacuum with refrigerant gas, allow pressure to build up to 2 psi.

6. Complete charging of system, using new filter dryer core in charging

line.  Provide full operating charge.

                                                   END OF SECTION 15530
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SECTION 15740
DUCTLESS SPLIT SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes ductless split system air conditioner and accessories.

1.2 SUBMITTALS

A. Shop Drawings: Indicate assembly, unit dimensions, weight loading,
required clearances, construction details, field connection details, and
electrical characteristics and connection requirements.

B. Product Data, Submit the following:

1. Published Literature: Indicate capacities, ratings, gages and finishes
of materials, and electrical characteristics and connection
requirements.

2. Filters: Data for filter media, filter performance data, filter assembly,
and filter frames.

3. Fans: Performance and fan curves with specified operating point
plotted, power, RPM.

4. Sound Power Level Data: Fan outlet and casing radiation at rated
capacity.

5. Electrical Requirements: Power supply wiring including wiring
diagrams for interlock and control wiring. Indicate factory installed
and field installed wiring.

1.3 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: Submit instructions for lubrication, filter
replacement, motor and drive replacement, spare parts lists, and wiring
diagrams.
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1.4 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in
this section with minimum three (3) years’ experience.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Accept units and components on site in factory protective containers, with
factory shipping skids and lifting lugs. Inspect for damage.

B. Protect units from weather and construction traffic by storing in dry, roofed
location.

1.6 WARRANTY

A. Furnish five-year manufacturer warranty.

1.7 QUALITY ASSURANCE

A. The units shall be listed by Electrical Laboratories (ETL) and bear the ETL
label.

B. All wiring shall be in accordance with the National Electrical Code (N.E.C.).

C. The units shall be rated in accordance with Air Conditioning Refrigeration
Institute’s (ARI) Standard 210 and bear the ARI label.

1.8 EXTRA MATERIALS

A. Furnish one set of filters for each unit.

PART 2 – PRODUCTS

2.1 PACKAGED OUTDOOR UNITS

A. Manufacturers:

1. Carrier or equal by Mitsubishi or Trane. See Drawings for design
basis model number.

2.2 INDOOR UNIT

A. General:
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1. The indoor unit shall be factory assembled, wired and run tested.
Contained within the unit shall be all factory wiring, piping, control
circuit board and fan motor. The unit shall have a self-diagnostic
function, 3-minute time delay mechanism, an auto restart function,
an emergency operation function and a test run switch. Indoor unit
and refrigerant pipes will be charged with dry air instead of R-32 or
R-454B  before shipment from the factory.

B. Unit Cabinet:

1. The casing shall have a white finish.

2. Multi directional drain and refrigerant piping offering four (4)
directions for refrigerant piping and two (2) directions for draining
shall be standard.

3. Furnish a separate back plate that secures the unit firmly to the wall.

C. Fan:

1. The evaporator fan shall be an assembly with a line-flow fan direct
driven by a single motor.

2. The fan shall be statically and dynamically balanced and run on a
motor with permanently lubricated bearings.

3. A manual adjustable guide vane shall be provided with the ability to
change the airflow from side to side (left to right).

4. A motorized air sweep flow louver shall provide an automatic change
in airflow by directing the air up and down to provide for uniform air
distribution.

5. The indoor fan shall consist of three (3) speeds, High, Medium and
Low.

D. Filter:

1. Return air shall be filtered by means of an easily removable
washable filter.

E. Coil:

1. The evaporator coil shall be of nonferrous construction with smooth
plate fins on copper tubing.
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2. The tubing shall have inner grooves for high efficiency heat
exchange.

3. All tube joints shall be brazed with phoscopper or silver alloy.

4. The coils shall be pressure tested at the factory.

5. A condensate pan and drain shall be provided under the coil.

F. Electrical:

1. The unit electrical power shall be 115 volts, 1 phase, 60 hertz.

2. The system shall be capable of satisfactory operation within voltage
limits of 103 volts to 127 volts.

3. The indoor unit shall not have any supplemental electrical heat
elements.

G. Control:

1. The unit shall have a wireless controller to perform input functions
necessary to operate the system.

2. The controller shall consist of a Power On/Off switch, Mode Selector,
Temperature Setting, Timer Control, Fan Speed Select and Auto
Vane selector.

3. The indoor unit shall perform Self-diagnostic Function, Test Run
switching and Check Mode switching.

4. Temperature changes shall be by 2°F increments with a range of 65
- 87°F.

5. The microprocessor located in the indoor unit shall have the
capability of sensing return air temperature and indoor coil
temperature, receiving and processing commands from the wireless
controller, providing emergency operation and controlling the
outdoor unit.

6. The control voltage between the indoor unit and the outdoor unit shall
be 12 volts, DC.

7. The system shall be capable of automatically restarting when power
is restored after power interruption.
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8. Control system shall control the continued operation of the air sweep
louvers, as well as provide On/Off and System/Mode function
switching.

2.3 OUTDOOR UNIT

A. General:

1. The outdoor unit is designed specifically for use with indoor units.
These units are equipped with a circuit board that interfaces with
indoor unit and perform all functions necessary for operation. The
unit must have a powder coated finish. The outdoor unit shall be
completely factory assembled, piped and wired. Each unit shall be
run tested at the factory.

B. Unit Cabinet:

1. The casing shall be fabricated of galvanized steel, bonderized and
finished with a powder coated baked enamel.

C. Fan:

1. The unit shall be furnished with a direct drive propeller type fan.

2. The motor shall have inherent protection, be permanently lubricated
bearings.

3. The fan motor shall be mounted for quiet operation.

4. The fan shall be provided with a raised guard to prevent contact with

moving parts.

5. The outdoor unit shall have a horizontal discharge airflow.

D. Coil:

1. The condenser coil shall be of nonferrous construction with lanced
or corrugated plate fins on copper tubing.

2. The coil shall be protected with an integral metal guard.

3. Refrigerant flow from the condenser shall be controlled by means of
a metering orifice.
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E. Compressor:

1. The compressor shall be of a high performance hermetic, inverter
driven type.

2. The outdoor unit shall have an accumulator.

3. The compressor will be equipped with an internal thermal overload.

4. The outdoor unit must have the ability to operate with a maximum
height difference of 25 feet and have refrigerant tubing length of 49
feet between indoor and outdoor units without the need for line size
changes, traps or additional oil.

5. The compressor shall be mounted to avoid the transmission of
vibration.

6. Heat pump units shall have reversing valve for auto cool/heat
changeover.

F. Electrical:

1. The unit electrical power shall be per the equipment schedules on
the drawings.

2. The unit shall be controlled by the BACNET compatible
microprocessor.

3. The control voltage between the indoor unit and the outdoor unit shall
be 12 volts, DC.

PART 3 – EXECUTION

3.1 EXAMINATION

A. Verify concrete pad for condensing unit is ready for unit installation.

3.2 INSTALLATION - AIR HANDLING UNIT

A. Install condensate piping with trap and route from drain pan through wall for
disposal.
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B.  Install components furnished loose for field mounting.

3.3 INSTALLATION - CONDENSING UNIT

A. Install units on concrete pads.

B. Install refrigerant piping from indoor unit to condensing unit. Install
refrigerant specialties furnished with unit.

C. Evacuate refrigerant piping and install initial charge of refrigerant.

D. Install electrical devices furnished loose for field mounting.

E. Install control wiring between indoor unit, condensing unit, and field installed
accessories.

F. Install connection to electrical power wiring.

3.4 CLEANING

A. Vacuum clean coils and inside of unit cabinet.

B. Wash filter media at Substantial Completion.

END OF SECTION 15740
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SECTION 15830
HVAC FANS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:
1. Propeller fans.

2. Inline fans.

1.2 SUBMITTALS

A. Shop Drawings: Indicate size and configuration of fan assembly, mountings,
weights, ductwork and accessory connections.

B. Product Data: Submit data on each type of fan and include accessories, fan
curves with specified operating point plotted, power, RPM, sound power
levels for both fan inlet and outlet at rated capacity, electrical characteristics
and connection requirements.

C. Manufacturer's Installation Instructions: Submit fan manufacturer’s
instructions.

D. Manufacturer's Certificate: Certify products meet or exceed specified
requirements.

1.3 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: Submit instructions for lubrication, motor
and drive replacement, spare parts list, and wiring diagrams.

1.4 QUALITY ASSURANCE

A. Performance Ratings: Conform to AMCA Publication 211

1.5 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in
this section with minimum three years of experience.
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B. Installer: Company specializing in performing Work of this section with
minimum three years of experience.

1.6 PRE-INSTALLATION MEETINGS

A. Convene minimum one week prior to commencing work of this section.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Protect motors, shafts, and bearings from weather and construction dust.

1.8 FIELD MEASUREMENTS

A. Verify field measurements prior to fabrication.

1.9 WARRANTY

A. Furnish one-year manufacturer’s warranty for fans.

PART 2 - PRODUCTS

2.1 PROPELLER FANS

A. Manufacturers:  Equal to Greenheck.

B. Construction:
1. Impeller:   Shaped steel or steel reinforced aluminum blade with hub,

statically and dynamically balanced, keyed and locked to shaft,
directly connected to motor or furnished with V-belt drive.

C.  Accessories:  OSHA Safety Guard, backdraft damper.

2.2 INLINE EXHAUST FANS

A. Manufacturers:   Equal to Greenheck.

B.  Direct drive inline centrifugal fan with non-overloading, backward inclined
wheel constructed of aluminum. AMCA Standard 204, 211 and 311 certified.
Blades shall be securely riveted or welded to a heavy gauge back plate and
wheel cone. Motor shall be electronically commutated with mounted
potentiometer dial. Motor shall be speed controllable down to 20 percent of
full speed. Motor shall be a minimum of 85% efficient at all speeds. Housing
shall be constructed of galvanized steel.



Spalding County Water Authority         Technical Specifications
PDB Sewer Implementation Project                                                                HVAC Fans

15830-3

C.        Accessories:  NEMA 1, toggle, junction box mounted and wired, backdraft
            damper.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Verify roof curbs are installed and dimensions are as instructed by
manufacturer.

3.2 INSTALLATION

A. Secure curb cap with stainless steel lag screws to roof curb.

B. Suspended Inline Fans: Install flexible connections between fan and
ductwork. Ensure metal bands of connectors are parallel with minimum one-
inch flex between ductwork and fan while running.

C. Install backdraft dampers on discharge of exhaust fans as indicated on
Drawings.

3.3 CLEANING

A. Vacuum clean inside of fan cabinet.

3.4 PROTECTION OF FINISHED WORK

A. Do not operate fans until ductwork is clean, and fan has been test run under
observation.

END OF SECTION 15830
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SECTION 15890
AIR DISTRIBUTION DEVICES

PART 1 – GENERAL

1.01 DESCRIPTION

A. Work Included:

1. Grilles

2. Registers

3. Diffusers

1.02 RELATED WORK

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to
this Section.

1.03 REFERENCES

A. Standards:

1. National Fire Protection Association (NFPA):
a. Standard 255, Test Methods for Surface Burning

Characteristics of Building Materials.

2. American Society of Heating, Refrigerating and Air Conditioning
Engineers (ASHRAE):

a. ASHRAE Std 70, Method of Testing for Rating the
Performance of Air Outlets and Inlets; 1991

3. Sheet Metal and Air Conditioning Contractors' National Association
(SMACNA).

4. SMACNA HVAC Duct Construction Standards - Metal and Flexible;
1995, Second Edition with Addendum No. 1.

1.04 SUBMITTALS

A. All submittals shall comply with the requirements of Division 1   GENERAL
REQUIREMENTS and Section 15050 BASIC MECHANICAL MATERIALS
AND METHODS.



Spalding County Water Authority       Technical Specifications
PDB Sewer Implementation Project                                       Air Distribution Devices

15890-2

B. Product Data: Data shall be submitted on the following items:

1. Grilles

2. Registers

3. Diffusers

C. Equipment to Owner:

1. Two special tools for security screws and attachments.

1.05 QUALITY ASSURANCE

A. Manufacturers:

1. Products scheduled on the drawings are the basis of design to
establish performance criteria and size.  Subject to compliance with
these specifications and the drawings, the products of the following
manufacturers are acceptable.

a. Carnes
b. Krueger
c. Metal Aire
d. Price
e. Titus
f. Tuttle & Bailey
g. Or equal

1.06 DELIVERY, STORAGE AND HANDLING

A. Shipping:

1. Ship equipment, material and spare parts complete except where
partial disassembly is required by transportation regulations or for
protection of components.

2. Pack spare parts in containers bearing labels clearly designating
contents and pieces of equipment for which intended.

3. Deliver spare parts to the Owner after completion of work.

B. Receiving:

1. Inspect and inventory items upon delivery to site.

2. Store and safeguard equipment, material and spare parts in
accordance with manufacturers’ written instructions.
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PART 2 – PRODUCTS

2.01 GENERAL

A. Finish:

1. Grilles, registers, and diffusers shall be provided with a factory
applied white baked enamel finish unless indicated otherwise,
herein or on the drawings.  Aluminum grilles and registers which
are so scheduled shall be factory etched to a satin finish and
coated with a clear lacquer.

B. Mounting:

1. Coordinate mounting with surface/assembly in which mounted and
provide manufacturer’s standard frame and border to application.

C.     Grilles, Registers, and Diffusers:

1. Ceiling Supply Diffusers:  Supply air diffuser shall be aluminum or
steel (see air device schedule) with 3-cone louvered face; 12”x12”
or 24”x24” frame (see air device schedule) and border for lay-in
ceiling mounting; aluminum back pan with integrally drawn neck for
flexible duct connection (size as noted).

2. Double Deflection Registers: Supply air register shall be aluminum
with double deflecting individually adjustable horizontal and vertical
vanes and flat margin with gasket.  Vertical vanes shall be in front;
vane spacing shall be 3/4" on center.  Provide with steel opposed
blade dampers key operated from face of register.

3. Eggcrate Grilles: Grilles shall be aluminum with 1/2" x 1/2" x 1/2"
eggcrate grid, 1” W border and frame.  Eggcrate grilles installed in
24”x24” lay-in ceilings shall have 24”x24” border with 22”x22” face
and neck.  Surface and sidewall mounted grilles shall have neck
size as noted on plans.

PART 3 – EXECUTION

3.01 STORAGE

A. Air distribution devices shall be stored on wooden pallets or rails, covered
by 6-mil polyethylene cover, taped in place, until ready for installation.
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3.02 INSTALLATION

A. Air distribution devices installation shall be per manufacturer’s instructions
for specific application and these Construction Documents.  Coordinate
frame and border type with assembly in which installed.

B. Air distribution devices mounted in walls shall be secured to ductwork with
sheet metal screws.

C. Air distribution devices sized to fit ceiling grid system shall be supported
from grid system.  Air distribution devices not sized to fit ceiling grid
systems shall be secured to ductwork with sheet metal screws.

D. Provide spin-in fitting with manual balancing damper, less extractor scoop,
at take-off for each new air device.

END OF SECTION 15890
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SECTION 15891
DUCTWORK

PART 1 - GENERAL

1.01 SCOPE

 A. Work described in this Section includes furnishing all labor, materials, equipment,
tools and incidentals required for a complete and operable installation of
rectangular, round and flat-oval ducts and plenums.  The ducts shall be supplied for
heating, ventilating and air conditioning systems in pressure classes from minus 2
inches to plus 10 inches water gage.  All systems shall be installed, adjusted,
tested and placed in operation in accordance with these Specifications, the
Fabricator's recommendations and as shown on the Drawings.

 B. Contract drawings show only functional features and some of the required external
connections.  They do not show all components required for a complete installation
nor exact dimensions particular to any specific material. Contractor shall supply all
parts, devices and equipment necessary to meet the requirements of the Contract
Documents and shall make all dimensional adjustments particular to the material
being furnished.  All costs associated with such changes and adjustments shall be
included in the price bid for the Work shown and specified.

 C. Related Work Specified Elsewhere:

 1.       Section 07920, Joint Sealants.

 2.       Section 15050, Basic Mechanical Materials and Methods.

 3.       Section 15250, Mechanical Insulation.

 4.       Section 15910, Ductwork Accessories.

 5.       Section 15890, Air Distribution Devices.

 6.       Section 15990, Testing, Adjusting and Balancing of HVAC Systems.

 D. Definitions:

1. Sealing Requirements: For the purposes of duct system sealing
requirements specified in this Section the following definitions apply:

a. A seam is defined as joining of two longitudinally (in the direction
of airflow) oriented edges of duct surface material occurring
between two joints.  All other duct surface connections made on
the perimeter are deemed to be joints.

b. Joints include girth joints; branch and sub-branch intersections;
so-called duct collar tap-ins; fitting subsections; louver and air
terminal connections to duct; access door and access panel
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frames and jambs; duct, plenum, and casing abutments to
building structures.

1.02 SUBMITTALS

A. Submittals shall be made in accordance with the General Conditions of the
Contract Documents.  In addition, the following specific information shall be
provided:

 1.      Product data including details of construction relative to material, dimensions
of individual components, profiles, and finishes for the following items:

a. Duct liner.
b. Sealing materials.
c. Fire-stopping materials.

 2.  Shop drawings from duct fabrication shop, drawn to scale not smaller than
¼ inch equals 1 foot, on drawing sheets same size as the Contract
Drawings detailing:

a.    Fabrication, assembly and installation details for metal and glass
fiber ducts, including plans, elevations, section, details of
components and attachments to other Work.

b. Duct layout, indicating pressure classifications and sizes in plan
view.  For exhaust ducts systems, indicate the classification of the
materials handled.

c. Fittings.
d. Reinforcing details and spacing.
e. Seam and joint construction details.
f. Penetrations through fire-rated and other partitions.
g. Terminal unit, coil and humidifier installations.
h. Hangers and supports, including methods for building attachment,

vibration isolation and duct attachment.

 3.  Coordination drawings for ductwork installation shall show the following:
      a. Coordination with ceiling suspension members.

b. Spatial coordination with other systems installed in the same
space with the duct systems.

c. Coordination of ceiling and wall mounted access doors and
panels required to provide access to dampers and other operating
devices.

d. Coordination with ceiling-mounted lighting fixtures and air outlets
and inlets.

4.  Record drawings including duct systems routing, fittings, details, reinforcing,
support and installed accessories and devices.

      5.  Maintenance data for volume control devices, fire dampers and smoke
dampers.
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1.03 QUALITY ASSURANCE

A.   Reference Standards: Comply with all Federal and State laws or ordinances, as
well as the latest edition of all applicable codes, standards, regulations and/or
regulatory agency requirements including the partial listing below:

1.     ASTM, American Society for Testing Materials.

 2.      ASME, American Society of Mechanical Engineers.

 3.      OSHA, Occupational Safety and Health Act.

 4.      ANSI, American National Standards Institute.

 5.      NFPA, National Fire Protection Association.

 6.      UL, Underwriters Laboratories, Inc.

 7. ASHRAE, American Society of Heating, Refrigerating and Air

Conditioning Engineers.

 8.  SMACNA, Sheet Metal and Air Conditioning Contractors' National

     Association.

 9.      TIMA, Thermal Insulation Manufacturer's Association.

          10.      ICBO, International Conference of Building Officials.

1.04 QUALITY STANDARDS

A. The duct system design, as indicated, has been used to select and size air
moving and distribution equipment and other components of the air system.
Changes or alterations to the layout or configuration of the duct system must be
specifically approved in writing.  Accompany requests for layout modifications
with calculations showing that the proposed layout will provide the original
design results without increasing the system total pressure.

B. Manufacturer shall provide written certification that the equipment provided
under this Specification has been designed in accordance with these
specifications and is suitable for these service conditions.

1.05 STORAGE AND HANDLING

A. Deliver sealant and fire-stopping materials to site in original unopened
containers or bundles with labels identifying manufacturer, product name and
designation, color, expiration period for use, pot life, curing time and mixing
instructions for multi-component materials.
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B. Store and handle sealant fire-stopping materials in compliance with
manufacturer's recommendations to prevent their deterioration or damage due
to moisture, high or low temperature, contaminants or other causes.

C. Deliver and store stainless steel sheet with mill-applied adhesive protective
paper, maintained through fabrication and installation.

1.06 WARRANTY

A. Provide a warranty against defective equipment and workmanship in
accordance with the requirements of the General Conditions of the Contract
Documents.

PART 2 - PRODUCTS

2.01 METAL DUCT MATERIALS

A. Provide sheet metal in thicknesses indicated, packaged and marked as
specified in ASTM A 700.

1.      Galvanized Sheet Steel: Lock-forming quality, ASTM A 527, Coating
Designation G 90.  Provide mill phosphatized finish for exposed surfaces
of ducts exposed to view.

2.      Aluminum: ASTM B209 Aluminum Sheet Alloy 3003-H14 with connection
and bar stock constructed of Aluminum Alloy 6061-T6 or equal.

3.      Carbon Steel Sheets: ASTM A 366, cold-rolled sheets, commercial
quality, with oiled, exposed matte finish.

4.      Stainless Steel: ASTM A 480, Type 316, sheet form, with No. 4 finish on
exposed surface for ducts exposed to views; Type 304, sheet form, with
No. 1 finish for concealed ducts.

B. Reinforced shapes and plates, unless otherwise indicated, shall be galvanized
steel reinforcing where installed on galvanized sheet metal ducts.  For
aluminum and stainless-steel ducts provide reinforcing of compatible materials.

C. Tie-rods shall be galvanized steel, 1/4-inch minimum diameter for 36-inch
length or less; 3/8-inch minimum diameter for lengths longer that 36 inches.

2.02 DUCT LINER FOR METAL DUCT

A. Duct liners shall comply with NFPA Standard 90A and TIMA Standard AHC-
101.
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1. Materials: ASTM C 1071, Type II, with coated surface exposed to air
stream to prevent erosion of glass fibers.

2. Thickness: 1- inch.

3. Density: 3 pounds.

4. Thermal Performance: K-Factor shall be equal to 0.28 or better, at a mean
temperature of 75oF.

5. Fire Hazard Classification: Flame spread rating of not more than 25
without evidence of continued progressive combustion and a smoke
developed rating of no higher than 50, when tested in accordance with
ASTM C 411.

6. Liner Adhesive: Comply with NFPA Standard 90A and ASTM C 916.

7. Mechanical Fasteners: Galvanized steel, suitable for adhesive attachment,
mechanical attachment, or welding attachment to duct.  Provide fasteners
that do not damage the liner when applied as recommended by the
manufacturer, that do not cause leakage in the duct and will indefinitely
sustain a 50-pound tensile dead load test perpendicular to the duct wall.

   a. Fastener pin length shall be as required for thickness of insulation
and without projecting more that 1/8-inch into the air stream.

   b. Adhesive for attachment of mechanical fasteners shall comply with
Fire Hazard Classification of duct liner system.

2.03 SEALING MATERIALS

A. Joint and Seam Sealants: The term sealant used in this Section is not limited to
material of adhesive or mastic, but also includes tapes and combinations of
open weave fabric strips and nature mastics.

1. Joint and Seam Tape: 2-inch wide, glass-fiber-fabric reinforced.

2. Joint and Seam Sealant: One-part, non-sag, solvent-release-curing,
polymerized butyl sealant; formulated with a minimum of 75 percent solids.

3. Flanged Joint Mastics:  One-part, acid-curing, silicone elastomeric joint
sealants, complying with ASTM C 920, Type S, Grade NS, Class 25, Use
O.

4.    Fire-Resistant Sealant: Provide two-part, foamed-in-place, fire-stopping
silicone sealant formulated for use in a through-penetration fire-stop system
for filling openings around duct penetrations through walls and floors having
fire-resistance ratings indicated as established by testing identical
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assemblies per ASTM E 814 by UL or other testing and inspecting agency
acceptable to authorities having jurisdiction.

2.04 HANGERS AND SUPPORTS

A. Building Attachments: Concrete inserts, powder actuated fasteners or structural
steel fasteners appropriate for building materials.  Do not use powder actuated
concrete fasteners for lightweight aggregate concrete or for slabs less than 4-
inch thick.

B. Hangers: Galvanized sheet steel or round, uncoated steel, threaded rod.

C. Hangers Installed in Corrosive Atmospheres: Electro-galvanized, all-thread rod
or hot-dipped-galvanized rods with threads painted after installation.

D. Straps and Rod Sizes: Conform with Table 4-1 SMACNA HVAC Duct
Construction Standards for sheet steel width and gage and steel rod diameters.

E. Inserts:  Malleable iron case of galvanized steel shell and expander plug for
threaded connection with lateral adjustment, top slot for reinforcing rods, lugs
for attaching to forms; size inserts to suit threaded hanger.

F. Sleeves:

1. Sleeves for round ductwork:  Form with galvanized steel.

2. Sleeves for rectangular ductwork:  Form with wood or galvanized steel.

3. Size sleeves large enough to allow for movement due to expansion and
contraction.

G. For galvanized steel ducts provide hot-dipped galvanized steel support
materials.  For stainless steel provide stainless steel support materials.  For
aluminum provide aluminum support materials, except where materials are
electrolytically separated from ductwork.

2.05 RECTANGULAR DUCT FABRICATION

A.    Except as otherwise indicated, fabricate rectangular ducts in accordance    with
SMACNA HVAC Duct Construction Standards.  Conform to the requirements in
the referenced standard for metal thickness, reinforcing types and intervals, tie
rod applications and joint types and intervals.

B. Fabricate rectangular ducts in lengths appropriate to reinforcement and rigidity
class required for pressure classification.

C. Provide materials that are free from visual imperfections such as pitting, seam
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marks, roller marks, stains and discoloration.

D. Static Pressure Classifications:  Except where otherwise indicated, construct
duct systems to the following pressure classifications:

      1.    Supply Ducts: 3 inches water gage.

  2. Return Ducts:  2 inches water gage, negative pressure.

  3. Exhaust Ducts: 2 inches water gage, negative pressure.

 E. Crossbreaking or Cross Beading: Crossbreak or bead duct sides that are 19
inches and larger and are 20 gage or less, with more than 10 sq. ft. of unbraced
panel area, as indicated in SMACNA HVAC Duct Construction Standards,
unless they are lined or are externally insulated.

2.06 RECTANGULAR DUCT FITTINGS

A. Fabricate elbows, transitions, offsets, branch connections and other duct
construction in accordance with SMACNA HVAC Duct Construction Standard.

B. (Not used)

2.07 SHOP APPLICATION OF LINER IN RECTANGULAR DUCTS

A. Adhere a single layer of indicated thickness of duct liner with 90 percent
coverage of adhesive at liner contact surface area.  Multiple layers of insulation
to achieve necessary thickness is prohibited.

B. Apply a coat of adhesive to liner facing in direction of airflow not receiving metal
nosing.

1. Butt transverse joints without gaps and coat joint with adhesive.

2.  Fold and compress liner in corners of rectangular ducts or cut and fit to
assure butted edge overlapping.

C. Longitudinal joints in rectangular ducts shall not occur except at corners of
ducts, unless the size of the duct and standard liner product dimensions make
longitudinal joints necessary.

D. Secure liner with mechanical fasteners 4 inches from corners and at intervals
not exceeding 12 inches transversely around perimeter; at 3 inches from
transverse joints and at intervals not exceeding 18 inches longitudinally.

E. Secure transversely oriented liner edges facing the air stream with metal
nosings that are either channel or "Z" profile or are integrally formed from the
duct wall at the following locations:
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  1. Fan discharge.

  2. Intervals of lined duct preceding unlined duct.

2.08 ROUND DUCT FABRICATION

A. Fabricate round supply ducts with spiral lock seam construction, except where
diameters exceed 72 inches.  Fabricate ducts having diameters greater that 72
inches with longitudinal butt-welded seams. Comply with SMACNA HVAC Duct
Construction Standards for galvanized steel gages.

B. Double-Wall (Insulated) Ducts:  Fabricate double-wall insulated ducts with an
outer shell, insulation and an inner liner as specified below.  Dimensions
indicated on internally insulated ducts are nominal inside dimensions

1. Thermal Conductivity: 0.27 Btu/sq.ft./F/inch thickness at 75oF mean
temperature.

  2. Outer Shell: Base outer shell gage on actual outer shell dimensions.
Provide outer shell lengths 2 inches longer than inner shell and insulation
and in gages specified above for single-wall duct.

C. Insulation: Unless otherwise indicated, provide 1-inch thick fiberglass insulation.
 Provide insulation ends where internally insulated duct connects to single-wall
duct or non-insulated components.  The insulation end shall terminate the
insulation and reduce the outer shell diameter to the inner liner diameter.

D. Solid Inner Liner: Construct round and flat oval inner liners with solid sheet
metal of the gages listed below.

2.09  ROUND DUCT FITTINGS

A. 90-Degree Tees and Lateral and Conical Tees:  Fabricate to conform to
SMACNA HVAC Duct Construction Standards with metal thicknesses specified
for longitudinal seam straight duct.

B. Diverging-Flow Fittings:  Fabricate with a reduced entrance to branch taps with
no excess material projecting form the body onto branch tap entrance.

C. Elbows: Fabricate in die-formed, gored, pleated or mitered construction with
bend radius of 1.5 times the elbow diameter.  Unless elbow construction type is
indicated, provide elbows meeting the following requirements:

1. Mitered Elbows: Fabricate mitered elbows with welded construction in gages
specified below.
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2. Mitered Elbows Radius and Number of Pieces:  Unless otherwise indicated,
construct elbow to comply with SMACNA HVAC Duct Construction
Standards Table 3-1.

  3. Round Mitered Elbows:  Solid welded and with metal thickness listed below
for pressure classes from minus 2 inches to plus 2 inches:

   a.   3 to 26 inches: 24 gage.
   b. 27 to 36 inches: 22 gage.
   c. 37 to 50 inches: 20 gage.
   d. 52 to 60 inches: 18 gage.

  4. Round Mitered Elbows:  Solid welded and with metal thickness listed for
pressure classes from 2 inches to 10 inches:

   a.   3 to 14 inches: 24 gage.
   b. 15 to 66 inches: 22 gage.
   c. 27 to 50 inches: 20 gage.
   d. 52 to 60 inches: 18 gage.
   e. 62 to 84 inches: 16 gage.

5. Round Elbows - 8 inches and smaller:  Die-formed elbows for 45o and 90o

elbows and pleated elbows for 30,45,60 and 90 degrees only.  Fabricate
non-standard bend angle configurations or 1/2-inch diameter (e.g. 3-1/2 and
4-1/2 inch) elbows with gored construction.

6. Round Elbows- 9 through 14 inches:  Gored or pleated elbows for 30, 45, 60
and 90 degrees, except where space restrictions require a mitered elbow.
Fabricate non-standard bend angle configurations or 1/2-inch diameter (e.g.
9-1/2 and 10-1/2 inch) elbows with gored construction.

7. Round Elbows- Larger than 14 inches and All Flat Oval Elbows:  Gored
elbows, except where space restrictions require a mitered elbow.

8. Die-Formed Elbows for Sizes Through 8 inches and All Pressures:  20 gage
with 2-piece welded construction.

9. Round Gored Elbows Gages:  Same as non-elbow fittings specified above.

  10. Flat Oval Elbows Gages: Same as longitudinal seam flat oval duct.

  11. Pleated Elbows Sizes Through 14 inches and Pressures Through 10
inches:26 gage.

D. Double-Wall (Insulated) Fittings:  Fabricate double-wall insulated fittings with an
outer shell, insulation, and an inner liner as specified below.  Dimensions
indicated on internally insulated ducts are nominal inside dimensions.
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1. Thermal Conductivity: 0.27 Btu/sq.ft./F/inch thickness at 75oF mean
temperature.

  2. Outer Shell: Base outer shell gage on actual outer shell dimensions.
Provide outer shell lengths 2 inches longer than inner shell and insulation
and in gages as specified above for uninsulated fittings.

E. Insulation: Unless otherwise indicated, provide 2-inch thick fiberglass insulation.
 Provide insulation ends where internally insulated duct connects to single-wall
duct or non-insulated components.  The insulation end shall terminate the
insulation and reduce the outer shell diameter to the nominal single-wall size.

F. Solid Inner Liner:  Construct round and flat oval inner liners with solid sheet
metal of the gages listed below.  For flat oval ducts, the diameter indicated in
the table below is the basic round diameter.

1.  3 to 34 inches: 24 gage.

2. 35 to 58 inches: 22 gage.

3. 60 to 88 inches: 20 gage.

4. Maintain concentricity of liner to outer shell by mechanical means.  Retain
insulation form dislocation by mechanical means.

PART 3 - EXECUTION

3.01    INSTALLATION

A. Construct and install each duct system for the specific duct pressure
classification

   indicated.  Provide openings in ductwork where required to accommodate
   thermometers and controllers.

B. Install ducts with fewest possible joints.

C. Use fabricated fittings for all changes in directions, changes in size and
shape and connections.

D. Install couplings tight to duct wall surface with projections into duct at
connections

   kept to a minimum.

E. Locate ducts, except as otherwise indicated, vertically and horizontally, parallel
and perpendicular to building line; avoid diagonal runs.  Install duct systems in
shortest route that does not obstruct usable space or block access for servicing
building and its equipment.
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1. Conceal ducts from view in finished and occupied spaces by locating in
mechanical shafts, hollow wall construction, or above suspended ceilings.
Do not encase horizontal runs in solid partition, except as specifically
shown.

2. Coordinate layout with suspended ceiling and lighting layouts and similar
finished work.

  3. Route ductwork to avoid passing through transformer vaults and electrical
equipment spaces and enclosures.

F. Install ducts close to walls, overhead construction, columns, and other structural
and permanent enclosure elements of building.

G. Provide clearance of 1-inch where furring is shown for enclosure or
concealment of ducts, plus allowance for insulation thickness, if any.

H. Install insulated ducts with 1-inch clearance outside of insulation.

I.  Non-Fire-Rated Partition Penetrations: Where ducts pass interior partitions and
exterior walls and are exposed to view, conceal space between construction
opening and duct or duct insulation with sheet metal flanges of same gage as
duct.  Overlap opening on 4 sides by at least 1-1/2 inches.

3.02 SEAM AND JOINT SEALANT

A. Seal duct seams and joints as follows:

1. Pressure Classifications Greater than 3 Inches Water Gage:  All transverse
joints, longitudinal seams and duct penetrations.

2. Pressure Classification 2- and 3-Inches Water Gage:  All transverse joints and
longitudinal seams.

3. Pressure Classification Less than 2 Inches Water Gage:  Transverse joints only.

4. Seal externally insulated ducts prior to insulation installation.

3.03      HANGING AND SUPPORTING

A. Install rigid, round, rectangular and flat oval duct with support systems indicated in
SMACNA HVAC Duct Construction Standards.

1. Support horizontal ducts within 2 feet of each elbow and within 4 feet of each
branch intersection.
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2. Support vertical ducts at a maximum interval of 16 feet and at each floor.

 B. Upper attachments to structures shall have an allowable load not exceeding 1/4 of
the failure (proof test) load but are not limited to the specific methods indicated.

 C. Install concrete insert prior to placing concrete.

 D. Install powder actuated concrete fasteners after concrete is placed and  completely
cured.

3.04     CONNECTIONS

 A. Connect equipment with flexible connectors in accordance with Section 15910
Ductwork Accessories.

B. All duct connections shall comply with SMACNA HVAC Duct Construction
Standards.

3.05  ADJUSTING AND CLEANING

 A. Adjust volume control devices as required by the testing and balancing procedures
to achieve required air flow.  Adjustments shall be in accordance with Section
15990 Testing, adjusting and balancing air systems.

 B. Vacuum ducts systems prior to final acceptance to remove dust and debris.

END OF SECTION 15891
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SECTION 15910
DUCTWORK ACCESSORIES

PART 1 - GENERAL

1.01 SCOPE

A. Work described in this Section includes furnishing all labor, materials,
equipment, tools and incidentals required for a complete and operable
installation of all ductwork accessories.  All equipment shall be installed,
adjusted, tested and placed in operation in accordance with these
Specifications, the manufacturer's recommendations and as shown on the
Drawings.

B. Contract drawings show only functional features and some of the required
external connections.  They do not show all components required for a
complete installation nor exact dimensions particular to any manufacturer's
equipment. Contractor shall supply all parts, devices and equipment
necessary to meet the requirements of the Contract Documents and shall
make all dimensional adjustments particular to the equipment being
furnished.  All costs associated with such changes and adjustments shall be
considered as being included in the price bid for the Work shown and
specified.

C. Types of ductwork accessories required for project include the following:

1. Low Pressure manual dampers.

2. Fire and smoke dampers.

3. Turning vanes.

4. Duct hardware.

5. Duct access doors.

6. Flexible connections.

7. Counter Balanced relief dampers.

D. Related Work Specified Elsewhere:

1. Section 15050, Basic Mechanical Materials and Methods.

2. Section 15891, Ductwork.

3. Section 15990, Testing, Adjusting and balancing of HVAC Systems.
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1.02 SUBMITTALS

A. Submittals shall be made in accordance with the requirements of the
General Conditions of the Contract Documents. In addition, the following
specific information shall be provided:

1. Product Data.  Submit manufacturer's technical product data for each
type of ductwork accessory, including dimensions, capacities, and
materials of construction, and installation instructions.

a. Schedule of air outlets and inlets indicating drawing
designation, room location, number furnished, model number,
size, and accessories furnished.

b. Data sheet for each type of air outlet and inlet, and accessory
furnished, indicating construction, finish, and mounting
details.

c. Performance data for each type of air outlet and inlet
furnished, including aspiration ability, temperature and
velocity traverses, throw and drop, and noise criteria ratings.
Indicate selections on data.

2. Manufacturer's assembly-type drawings for each type of ductwork
accessory showing interfacing requirements with ductwork, method of
fastening or support, and methods of assembly of components.

B. Maintenance Data.  Submit manufacturer's maintenance data including parts
lists for each type of duct accessory. Include this data, product data, and
shop drawings in maintenance manual, in accordance with requirements of
General Conditions of the Contract Documents.

1.03 QUALITY ASSURANCE

A. Reference standards. Comply with all Federal state laws or ordinances, as
well as all applicable codes, standards, regulations and/or regulatory agency
requirements including the partial listing below:

1. SMACNA Compliance.  Comply with applicable portions of SMACNA
"HVAC Duct Construction Standards, Metal and Flexible".

2. Industry Standards.  Comply with ASHRAE recommendations
pertaining to construction of ductwork accessories, except as otherwise
indicated.

3. UL Compliance.  Construct, test, and label fire dampers in accordance
with UL Standard 555 "Fire Dampers and Ceiling Dampers".
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4. NFPA Compliance.  Comply with applicable provisions of NFPA 90A
"Air conditioning and Ventilating Systems", pertaining to installation of
ductwork accessories.

5. ADC Compliance.  Test and rate air outlets and inlets in certified
laboratories under requirements of ADC 1062 "Certification, Rating and
Test Manual".

6. ADC Seal.  Provide air outlets and inlets bearing ADC Certified Rating
Seal.

7. AMCA Compliance.  Test and rate louvers in accordance with AMCA
500 Test Method for louvers, Dampers and Shutters."

8. AMCA Seal.  Provide louvers bearing AMCA Certified Rating Seal.

1.04 QUALITY STANDARDS

A. All ductwork accessories shall be furnished by a single manufacturer who
shall assume sole responsibility for providing a complete, operating system
designed for long life with a minimum of required maintenance meeting the
requirements specified herein and as shown on the Drawings.

B. Manufacturer shall provide written certification that the equipment provided
under this Specification has been designed in accordance with these
specifications and is a suitable application for these service conditions.

C. Manufacturer's offering products that comply with these specifications
include:

1. Dampers:
a. Air Balance, Inc.
b. Airguide Corp. American Warming & Ventilating, Inc.
c. Arrow Louver and Damper; Div. of Arrow United Industries,

Inc.
d. Louver & Dampers, Inc.
e. Penn Ventilator Co.
f. Ruskin Mfg. Co.
g. Or equal.

2. Fire Dampers:
a. Air Balance, Inc.
b. American Warming & Ventilating, Inc.

 c. Arrow Louver and Damper; Div. of Arrow United Industries,
Inc.
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       d. Louvers and Dampers, Inc.
       e. Penn Ventilator Co.

f. Phillips-Aire.
g. Ruskin Mfg. Co.

               h. Or equal.

3. Turning Vanes:
       a. Aero Dyne Co.
       b. Airson Corp.
       c. Barber-Colman Co.
       d. Duro Dyne Corp.
       e. Environmental Elements Corp.; Subs. Koppers Co., Inc.
       f. Souther, Inc.
       g. Hart & Cooley Mfg. Co.

               h. Or equal.

4. Duct Hardware:
a. Ventfabrics, Inc.
b. Young Regulator Co.
c. Or equal.

5. Duct Access Doors:
a. Air Balance Inc.
b. Duro Dyne Corp.
c. Register & Grille Mfg. Co., Inc.
d. Ruskin Mfg. Co.
e. Ventfabrics, Inc.
f. Zurn Industries, Inc.; Air Systems Div.

       g. Or equal.

6. Flexible Connectors:
a. American/Elgen Co.; Energy Div.
b. Duro Dyne Corp.
c. Flexaust (The) Co.
d. Ventfabrics, Inc.
e. Or equal.

7. Counterbalanced Relief Dampers:
a. Air Balance, Inc.
b. Airguide Corp.
c. American Warming & Ventilating, Inc.

        d.   Arrow Louver and Damper; Div. of Arrow United Industries.
        e. Louvers & Dampers, Inc.

                f. Penn Ventilator Co.
               g. Ruskin Mfg. Co.
               h. Or equal.
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1.05 WARRANTY

A. Provide a warranty against defective equipment and workmanship in
accordance
with the requirements of the General Conditions of the Contract Documents.

PART 2 - PRODUCTS

2.01 DAMPERS

A. Low Pressure Manual Dampers.  Provide dampers of single blade type or
multiblade
type, constructed in accordance with SMACNA "HVAC Duct Construction
Standards." Volume dampers shall be provided with recommended size
quadrants per SMACNA standard.  Where ductwork is externally insulated
provide quadrants on a stand off so that they are accessible.

2.02 FIRE DAMPERS

A. Fire Dampers.  Provide fire dampers, of types and sizes indicated.
Construct casings
of 10-ga galvanized steel with bonded red acrylic enamel finish.  Provide
fusible link rated at 160 to 165 degrees F unless otherwise indicated.
Provide damper with positive lock in closed position, and with the following
additional features:

1. Damper Blade Assembly.  Curtain type.
2. Blade Material.  Steel, match casing.

2.03 TURNING VANES

A. Fabricated Turning Vanes: Provide fabricated turning vanes and vane
runners,
constructed in accordance with SMACNA "HVAC Duct Construction
Standards".

B. Manufactured Turning Vanes: Provide turning vanes constructed of 1-½-inch
wide
curved blades set at ¾-inch o.c., supported with bars perpendicular to
blades set at 2-inches o.c., and set into side strips suitable for mounting in
ductwork.

C. Acoustic Turning Vanes: Provide acoustic turning vanes constructed of
airfoil
shaped aluminum extrusions with perforated faces and fiberglass fill.
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2.04 DUCT HARDWARE

A. General.  Provide duct hardware, manufactured by one manufacturer for all
items on project, for the following:

B. Quadrant Locks.  Provide for each damper, quadrant lock device on one end
of shaft; and end bearing plate on other end for damper lengths over 12".
Provide extended quadrant locks and end extended bearing plates for
externally insulated ductwork.

C. Test holes. Provide in ductwork at fan inlet and outlet and elsewhere as
required,
duct test holes, consisting of slot and cover for instrument tests.

2.05 DUCT ACCESS DOORS

A. General.  Provide access doors where fire dampers or motorized dampers
are installed in ductwork.

B. Construction.  Construct of same or greater gage as ductwork served,
provide insulated doors for insulated ductwork.  Provide flush frames for
uninsulated ductwork, extended frames for externally insulated duct.
Provide one size hinged, other side with one handle-type latch for doors 12"
high and smaller, 2 handle-type latches for larger doors.

2.06 FLEXIBLE CONNECTIONS

A. General.  Provide flexible duct connections wherever ductwork connects to
vibration isolated equipment.  Construct flexible connections of neoprene-
coated flameproof fabric crimped into duct flanges for attachment to duct
and equipment.  Make airtight joint.  Provide adequate joint flexibility to allow
for thermal, axial, transverse, and torsional movement, and also capable of
absorbing vibrations of connected equipment.

2.07 COUNTERBALANCED RELIEF DAMPERS

A. Provide dampers with parallel blades, counterbalanced and factory set to
relieve at indicated static pressure. Construct blades of 16ga. aluminum,
provide ½-inch diameter ball bearings, ½-inch diameter steel axles spaced
on 9-inch centers. Construct frame of 2" x 1/2" x 1/8" steel channel for face
areas 25 sq. ft. and under; 4" x 11/4" x 16ga. channel for face ares over 25
sq. ft. Provide galvanized steel finish on frame with aluminum touchup.
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PART 3 - EXECUTION

3.01 INSPECTION

A. Examine areas and conditions under which ductwork accessories will be
installed.

B. Do not proceed with work until unsatisfactory conditions have been
corrected in manner acceptable to Installer.

3.02 INSTALLATION OF DUCTWORK ACCESSORIES

A. Install ductwork accessories in accordance with manufacturer's installation
instructions, with applicable portions of details of construction as shown in
SMACNA standards, and in accordance with recognized industry practices
to ensure that products serve intended function.

B. Install turning vanes in square or rectangular 45- and 90-degree elbows in
supply and
exhaust air systems, and elsewhere as indicated.

C. Install access doors with operable latches.

D. Coordinate with other work, including ductwork, as necessary to interface
installation of ductwork accessories properly with other work.

E.  Locate diffusers, registers, and grilles, as indicated on Mechanical
 Drawings.

3.03 SPARE PARTS

A. Furnish to Engineer, with receipt, 3 operating keys for each type of air outlet
and inlet that require them.

3.04 FIELD QUALITY CONTROL

A. Operate installed ductwork accessories to demonstrate compliance with
requirements. Test for air leakage while system is operating.  Repair or
replace faulty accessories, as required to obtain proper operation and
leakproof performance.

3.05 ADJUSTING AND CLEANING

A. Adjusting.  Adjust ductwork accessories for proper settings, install fusible
links in fire dampers and adjust for proper action.  Final positioning of
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manual dampers is specified in Division 15, Section 15990, Testing,
Adjusting, and Balancing.

B. Cleaning.  Clean factory-finished surfaces.  Repair any marred or scratched
surfaces
with manufacturer's touch-up paint.

    END OF SECTION 15910
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SECTION 15950
HVAC CONTROLS

PART 1 - GENERAL

1.01 SCOPE

A. Extent of electric control systems work required by this Section is indicated
on drawings and schedules, and by requirements of this Section.  Control
sequences are specified in this Section.

B. Refer to other Division 15 Sections for installation of manual volume
dampers in
mechanical systems.

C. All work shall be in compliance with the National Electrical Code.

D. Refer to Division-16 Sections for the following work:

1. Power supply wiring for power source to control panels, starters,
disconnects, and required electrical devices, except where specified as
furnished, or factory-installed, by manufacturer.

E. Furnish control and interlock wiring under this section between field
installed controls, indicating devices, motorized damper operators and unit
control panels in compliance with the requirements of Division 16.

F. Control panel enclosures, starters, and disconnect switches shall be
furnished under this section in accordance with the requirements of Division
16.

1.02 SUBMITTALS

A. Submittals shall be made in accordance with the requirements of the
General
Conditions of the Contract Documents. In addition, the following specific
information shall be provided:

1. Product Data. Manufacturer's technical product data for each control
device furnished, indicating dimensions, capacities, performance
characteristics, electrical characteristics, finishes of materials, and
including installation instructions and start-up instructions.

2. Schematic flow diagram of system showing fans, dampers, and control
devices.
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3. Label each control device with setting or adjustable range of control.

4. Control interlock wiring diagrams. Clearly differentiate between
portions of wiring that are factory-installed and portions to be field-
installed.

5. Details of faces of control panels, including controls, instruments, and
labeling.

6. Written description of sequence of operation.

7. Wiring diagrams.

8. Operation and maintenance manuals.

1.03 QUALITY ASSURANCE.

A. Manufacturer's Qualifications.  Only firms regularly engaged in the
manufacture of electric control equipment of types and sizes required,
whose products have been in satisfactory use in similar service for not less
than 5 years shall be eligible to provide and install the equipment specified
herein.

B. Codes and Standards.

1. Electrical Standards.  Provide electrical products which have been
tested, listed and labeled by UL and comply with NEMA standards.

2. NEMA Compliance.  Comply with NEMA standards pertaining to
components and devices for electric control systems.

 3. NFPA Compliance.  Comply with NFPA 90A "Standard for the
Installation of Air Conditioning and Ventilating Systems" where
applicable to controls and control sequences.

1.04 QUALITY STANDARDS

A. Manufacturer.  Subject to compliance with requirements, provide electric
control systems of one of the following.

1. Honeywell, Inc.

2. Johnson Controls, Inc.
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3. Siemens

4. Or equal.

1.05 DELIVERY, STORAGE, AND HANDLING

A. Provide factory shipping cartons for each piece of equipment, and control
device. Maintain cartons through shipping, storage and handling as
required to prevent equipment damage, and to protect equipment from dirt
and moisture. Store equipment and materials inside and in original shipping
packaging.

PART 2 - PRODUCTS

2.01 MATERIALS AND EQUIPMENT.

A. General.  Provide electric control products in sizes and capacities indicated,
consisting of dampers, thermostats, sensors, controllers, and other
components as required for a complete installation.  Except as otherwise
indicated, provide manufacturer's standard control system components as
indicated by published product information, designed and constructed as
recommended by manufacturer.  Provide electric control systems with the
following functional and construction features as indicated.

B. Dampers.  Provide automatic control low leakage dampers as indicated,
with damper frames not less than formed 13-ga galvanized steel.  Provide
mounting holes for duct or louver mounting as required.  Provide damper
blades not less than formed 16-ga galvanized steel, with maximum blade
width of 8".  Equip dampers with motors, with proper rating for each
application. Damper section widths shall not exceed 48 inches.

1. Secure blades to ½" diameter zinc-plated axles using zinc-plated
hardware.  Seal off against spring stainless steel blade bearings.
Provide blade bearings of nylon and provide thrust bearings at each
end of every blade.  Construct blade linkage hardware of zinc plated
steel and brass.  Submit leakage and flow characteristics, plus size
schedule for controlled dampers.

2. For standard applications as indicated, provide parallel or opposed
blade design (as selected by manufacturer's sizing techniques) with
optional closed-cell neoprene edging.

3. For outside air dampers applications as indicated, provide parallel or
opposed blade design (as selected by manufacturer's sizing
techniques) with inflatable seal blade edging, or replaceable rubber
seals, rated for leakage at less than 10 cfm/sq. ft. of damper area, at
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differential pressure of 4" w.g. when damper is being held by torque of
50 inch-pounds.

C. Damper Motors. Size each electric damper motor to operate dampers or
valves with sufficient reserve power to provide 2-position action as
specified. Damper motors shall be suitable for 120-volt, single phase power
and each motor shall be arranged to fail to its last position.

D. Room Thermostats. Provide room thermostats with locking covers, and with
concealed or readily accessible adjustment devices and dead band, as
indicated.

1. Provide thermostats with spiral bimetallic thermometers.

2. Thermostats.  Provide 24 VAC thermostats of the bimetal actuated
open contact, or bellows actuated enclosed snap-switch type, or
equivalent solid-state type. Thermostat shall be UL-listed at electrical
rating comparable with application. Provide bimetal thermostats which
employ heat anticipation.

3. Thermostat for split system air-conditioning unit shall be by the unit
manufacturer.

E. Electric Contactors. Provide contactors for operating or limit control of
electric heating loads which are UL-listed for 100,000 cycles of resistive
loads.  Equip with replaceable molded coils and replaceable silver cadmium
oxide contacts.  Coat core laminations with heat-resistant inorganic film to
reduce core losses.  Provide line and load terminals on contactors with
higher-than-35-amp rating, or provide one-piece formed-and-welded
pressure type.  Provide screw-type contactors for 35-amp-or-lower rating.
Equip field-mounted contactors with suitable steel enclosures; and provide
open-type mounting for those installed in factory-fabricated panels.

F. Fan Switches: Provide fan switches where indicated on the Drawings.
Switches shall be factory sealed, shall be rated 600 VAC heavy duty and
shall have indicating lights. Selector switches shall be two or three position
as indicated on the Drawings:

1. START/STOP

2. HAND/OFF/AUTO

G. Control Wiring: All control, interlock and starting circuit wiring, except where
otherwise specified or noted on the plans, is to be furnished under this
Section.
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1. Line voltage wiring shall not be smaller than #14, 600 volt wire. All wire
shall be run in conduit with outlet boxes and fittings in compliance with
the requirements of Division 16, Electrical.

2. 24 volt wiring shall be not less than #18 gauge, with 600 volt insulation.
Wiring run in partitions or above ceilings shall be run in plenum rated
cable.

3. Control voltage shall not exceed 120 volts. Provide transformers and
relays to comply with this requirement.

PART 3 - EXECUTION

3.01 INSPECTION

A. Examine areas and conditions under which electric control systems are to
be installed.  Do not proceed with work until unsatisfactory conditions have
been corrected in manner acceptable to Installer.

3.02 INSTALLATION OF ELECTRIC CONTROL SYSTEMS

A. General.  Install systems and materials in accordance with manufacturer's
instructions and roughing-in drawings, and details on drawings.  Install
electrical components and use electrical products complying with
requirements of applicable Division-16 Sections of these specifications.
Mount controllers at convenient locations and heights.

B. Control Wiring.  The term "control wiring" is defined to include provision of
wire, conduit and miscellaneous materials as required for mounting and
connecting electric control devices.

C. Wiring System.  Install complete control wiring system for electric control
systems. Conceal wiring, except in mechanical rooms and areas where
other conduit and piping are exposed.  Provide multi-conductor instrument
harness (bundle) in place of single conductors where number of conductors
can be run along common path.  Fasten flexible conductors bridging
cabinets and doors, neatly along hinge side, and protect against abrasion.
Tie and support conductors neatly.

D. Number-code or color-code conductors, excluding those used for local
individual room controls, appropriately for future identification and servicing
of control system.
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3.03 ADJUSTING AND CLEANING.

A. Start-Up.  Start-up, test, and adjust electric control systems in presence of
manufacturer's authorized representative. Demonstrate compliance with
requirements. Replace damaged or malfunctioning controls and equipment.

B. Cleaning.  Clean factory-finished surfaces.  Repair any marred or scratched
surfaces with manufacturer's touch-up paint.

C. Final Adjustment. After completion of installation, adjust thermostats,
damper operators, motors and similar equipment provided as work of this
Section.  Final adjustment shall be performed by specially trained personnel
in direct employ of the manufacturer of primary temperature control system.

3.04 CLOSEOUT PROCEDURES

A. City's Instructions.  Provide services of manufacturer's technical
representative for four hours to instruct City's personnel in operation and
maintenance of electric control systems.  Schedule instruction with
Engineer, provide at least 7 days of notice to Contractor and Engineer for
training date.

B. (Not used)

3.05 SEQUENCE OF OPERATION

A. Maintenance Room Heating and Ventilation (Exhaust Fans EF-2/Wall
Louver WL-1, Electric Unit Heaters EUH-1 and EUH-2)

1. When the exhaust fan’s HAND/OFF/AUTO switch is OFF, the exhaust
fan shall be off and the intake air wall louver interlocked with that fan
shall be closed.

2. When the switch is in HAND mode, the exhaust fan shall run and the
intake air wall louver interlocked with that fan shall be open.

3. When the fan is in AUTO mode and the temperature sensed by the
space thermostat rises above its set point (85 deg F – adjustable), the
exhaust fan shall run and the intake air wall louver interlocked with that
fan shall open.

4. The set points of space thermostats interlocked with exhaust fans EF-2
shall be staggered by 5 deg F (adjustable). And their set points to be
alternated manually on a periodic basis to achieve equal wear of the
exhaust fan.
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5. The electric unit heaters controlled by their own integral thermostats (set
at 55 deg F – adjustable) will provide heating in the space

B. Office Area Air Conditioning (Split System Heat Pump AC-1/HP-1)

1. Unit supply fan shall run continuously when the space is occupied, and
the compressor shall cycle to maintain the space temperature
setpoint.

2. Unit supply fan and compressor shall cycle to maintain the
temperature setpoint during the unoccupied mode.

3. The space shall be provided with a programmable thermostat with
night and weekend setback capability for both heating and cooling
modes.

C. Electric Room Air Conditioning (Split System Heat Pump Unit AC-2/HP-2
and AC-3/HP-3)

1. When the unit’s ON/OFF switch is in OFF position, the unit shall be off.

2. When the switch is in ON position, the AC unit shall run in alternating
lead/lag mode to maintain the space cooling temperature set point of
85o F (adjustable).

3. Both AC units shall run simultaneously if needed to meet the space
cooling load demands.

                        4.    When the space temperature goes above the space high temperature
set point limit of 88o F (adjustable), a high temperature alarm shall be
activated for remote reporting. See P&ID drawings.

D. Toilet Exhaust (Exhaust Fan EF-1)

1. The toilet exhaust fan shall be interlocked with the light switch. When
 the light switch is ON, the exhaust fan shall run. When the light
      switch is OFF, the exhaust fan shall be off.

E. Microwave Exhaust (Exhaust Fan EF-3)

1.   The exhaust fan shall be controlled by wall mounted ON/OFF switch

with timer.

                                                END OF SECTION 15950
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SECTION 15990
TESTING, ADJUSTING AND BALANCING OF HVAC SYSTEMS

PART 1 - GENERAL

1.01 SCOPE

A. Work described in this Section specifies the requirements and procedures for
HVAC systems testing, adjusting and balancing.  Requirements include
measurement and establishment of the fluid quantities of the HVAC systems as
required to meet design specifications, and recording and reporting the results.

B. The Contractor shall procure the services of an independent air balance and
testing agency, who is a current member in good standing of the Associated Air
Balance Council (AABC) or the National Environmental Balancing Bureau
(NEBB) in those testing and balancing disciplines required for this project and
having at least one technician certified by AABC or NEBB as a Test and
Balance Engineer.

C. Test and balance all HVAC systems including the following:

1. Supply air systems, all pressure ranges; including variable volume and
double duct systems.

2. Return air systems.

3. Exhaust air systems.

4. Verify temperature control system operation.

D. Test systems for proper sound and vibration levels.

E. Related work specified elsewhere:

1. Section 15950, HVAC Controls.

F. Definitions:

1. Systems testing, adjusting and balancing is the process of checking and
adjusting all the building environmental systems to produce the design
objectives.  It includes:

a. The balance of air distribution.
b. Adjustment of total system to provide design quantities.
c. Electrical measurement.
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d. Verification of performance of all equipment and automatic
controls.

e. Sound and vibration measurement.

2. Test: To determine quantitative performance of equipment.

3. Adjust: To regulate the specified fluid flow rate and air patterns at the
terminal equipment.

4. Balance: To proportion flows within the distribution system (submains,
branches and terminals) according to specified design quantities.

5. Procedure: Standardized approach and execution of sequence of work
operations to yield reproducible results.

6. Report forms: Test data sheets arranged for collecting data in logical order
for submission and review.  This data should also form the permanent
record to be used as the basis for required future testing, adjusting and
balancing.

7. Terminal: The point where the controlled fluid enters or leaves the
distribution system.  There are supply outlets on air terminals and exhaust
or return inlets on air terminals such as registers, grilles, diffusers, louvers
and hoods.

1.02 SUBMITTALS

A. Submittals shall be made in accordance with the General Condition of the
Contract Documents.  In addition, the following specific information shall be
provided:

1. Submit testing agency's name for approval; include resume of at least ten
similar projects including testing dates, project name, system description
and contractor.

2. Name of certified Test and Balance Engineer assigned to supervise the
procedure and the technicians proposed to perform the procedures.

3. Submit a synopsis of the testing, adjusting and balancing procedures and
agenda proposed for the project.

4. Maintenance and operating data that includes how to test, adjust and
balance the building systems.

5. Copies of test reports intended for use.
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B. Preconstruction Plan Check and Construction Review.

1. The Contractor is to insure that the testing agency is provided with up-to-
date Contract Documents and all Contractor submittals related to the Work
required by this Section.

2. Provide a preconstruction plan check in accordance with the procedure
specified in the referenced standards.  Submit a written report of the plan
check to the Engineer for review prior to commencement of HVAC
Systems installation.

3. Provide periodic construction review during the progress of related HVAC
systems installation in accordance with the procedures specified in the
referenced National Standards.

C. Pre-TAB Checklist

1. Prior to the Testing, Adjusting and Balancing (TAB) Work for any HVAC
system, submit a completed AABC "Systems Ready to Balance Checklist"
to the Engineer for records.  The Contractor is to insure that all work is
complete and ready for TAB.

D. Certified Reports: Submit testing, adjusting and balancing reports bearing the
seal and signature of the Test and Balance Engineer.  The reports shall be
certified proof that the systems have been tested, adjusted and balanced in
accordance with referenced standards; are an accurate representation of how
the systems have been installed; are a true representation of how the systems
are operating at the completion of the testing, adjusting and balancing
procedures; and are an accurate record of all final quantities measured, to
establish normal operating values of the systems.  Follow the procedures and
format specified below:

1. Draft Reports: Upon completion of testing, adjusting and balancing
procedures, prepare draft reports on the approved forms.  Organize and
format draft reports in the same manner specified for the final reports
(drafts may be handwritten).  Submit 2 complete sets of draft reports.
Only 1 complete set of draft reports will be returned.

2. Final Reports: Upon verification and approval of draft reports, prepare final
reports, type written and organized and formatted as specified in
paragraph 2.01.  Submit 2 complete sets of final reports.

3. Calibration reports: Submit proof that all required instrumentation has
been calibrated to tolerances specified in the referenced standards, within
a period of six months prior to starting the project.
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1.03 QUALITY ASSURANCE

A. Reference Standards: Comply with all Federal and State laws or ordinances, as
well as the latest edition of all applicable codes, standards, regulations and/or
regulatory agency requirements including the partial listing below:

1. ASHRAE, American Society of Heating, Refrigerating and Air Conditioning
Engineers- Fundamental Handbook, Ch. 13; System and Application
Handbook, Ch. 57.

2. SMACNA, Sheet Metal and Air Conditioning Contractors' National
Association- Testing, Balancing and Adjusting of Environmental Systems;
HVAC Systems.

3. AABC, Associated Air Balance Council- National Standards for Total
System Balance.

4. NEBB, National Environmental Balancing Bureau- Procedural Standards
for Testing, Adjusting and Balancing of Environmental Systems.

B. The testing agency shall be the single source of responsibility to test, adjust and
balance the HVAC systems and produce the design objectives.

1.04 SEQUENCING AND SCHEDULING

A. Test, adjust and balance air conditioning systems before refrigerant systems.

B. Test, adjust and balance air conditioning systems during summer season and
heating systems during winter season, including at least a period of operation at
outside conditions within 5o F wet bulb temperature of maximum summer design
condition, and within 10oF dry bulb temperature of minimum winter design
condition.  Take final temperature readings during seasonal operation.

PART 2 - PRODUCTS

2.01 MATERIALS

A. Provide all necessary TAB devices, instrumentation, test equipment, electricity,
HVAC system accessories and specialties required to accomplish the Work
specified in this Section.  The Contractor is responsible for the proper placement
of such items in the HVAC system.

B. Certified TAB Report.

1. Report forms shall be standard forms as prepared by the referenced
standard for each respective item and system to be tested, adjusted and
balanced.  Bind report forms, complete with schematic systems diagrams
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and other data in reinforced, vinyl, three-ring binders.  Provide binding
edge labels with the project identification and a title descriptive of the
contents.  Divide the contents of the binder into the following divisions:

a. General Information and Summary
b. Air Systems
c. Temperature Control Systems
d. Sound and Vibration Systems

2. Certification Form shall include most current date on Contract Documents.

3. The certified test report shall include, but not be limited to, the following
Forms and Test Reports:

a. Instrument list form.
b. Air moving equipment test report shall include the additional

information:
1) Design and operating motor brake-horsepower.
2) Manufacturer's fan curve with design and operating

points plotted.
3) Operating voltage and amperage.
4) Motor starter heater element sizes.

        c. Static pressure profile form.
        d. Air terminal test forms.
        e. Rectangular duct traverse report.

                              f. Round duct traverse report.

PART 3 – EXECUTION

3.01 PRELIMINARY PROCEDURES FOR AIR SYSTEM BALANCING

A. Before operating the system perform the following steps:

1. Obtain design drawings and specifications and become thoroughly
acquainted with the design intent.

2. Obtain copies of approved shop drawings of all air handling equipment,
outlets (supply, return and exhaust) and temperature control diagrams.

3. Compare design to installed equipment and field installations.

4. Walk the system from the system air handling equipment to terminal units
to determine variations of installation from design.

5. Check filter for cleanliness.

6. Check dampers (both volume and fire) for correct and locked position and
temperature control for completeness of installation before starting fans.
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7. Prepare report test sheets for both fans and outlets.  Obtain
manufacturer's outlet factors and recommended procedures for testing.
Prepare a summation of required outlet volumes to permit a cross-check
with required fan volumes.

8. Determine best locations in main and branch ductwork for most accurate
duct traverses.  Place outlet dampers in the full open position.

9. Prepare schematic diagrams of system "as-built" ductwork and piping
layouts to facilitate reporting.

3.02  MEASUREMENTS

A. Provide all required instrumentation to obtain proper measurements, calibrated
to the tolerances specified in the referenced standards.  Instruments shall be
properly maintained and protected against damage.  Take all measurements in
the system where best suited to the task.

1. Instruments shall meet the specifications of the referenced standards.

2. Use only those instruments which have the maximum field measuring
accuracy and are best suited to the function being measured.

3. Apply instrument as recommended by the manufacturer.

B. When averaging values, take a sufficient quantity of readings which will result in
a repeatability error of less than 5 percent.  When measuring a single point,
repeat readings until 2 consecutive identical values are obtained.

C. Take all readings with the eye at the level of the indicated value to prevent
parallax.

D. Use pulsation dampeners where necessary to eliminate error involved in
estimating averages of rapidly fluctuating readings.

3.03  TESTING, ADJUSTING AND BALANCING

A. Perform testing and balancing procedures on each system identified, in
accordance with the detailed procedures outlined in the referenced standards.

1. Cut insulation, ductwork and piping for installation of test probes to the
minimum extent possible to allow adequate performance of procedures.

2. Patch insulation, ductwork and housings using materials identical to those
removed.
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3. Seal ducts and piping, and test for and repair leaks.  Seal insulation to re-
establish integrity of the vapor barrier.

4. Mark equipment settings, including damper control position, valve
indicators, fan speed control levers, and similar controls and devices, to
show final settings.  Mark with paint or other suitable, permanent
identification materials.

5. Retest, adjust and balance systems subsequent to significant system
modifications and resubmit test results.

B. Test and adjust mechanical systems for sound and vibration in accordance with
the detailed instructions of the referenced standards.

C. Adjust all HVAC systems to deliver the specified air quantities within the
following tolerances:

1. Equipment (fans, heat transfer equipment, and air terminal units). ±10%.

2. Air outlets. ±10%.

3.04  RECORD AND REPORT DATA

A. Record all data obtained during testing, adjusting and balancing in accordance
with, and on the forms recommended by the referenced standards, and as
approved on the sample report forms.

B. Prepare report of recommendations for correcting unsatisfactory performances
when system cannot be successfully balanced.

3.05  DEMONSTRATION

A. Submit the final TAB report for review along with Contractor's completed
checklist of recommendations for correcting unsatisfactory areas identified by
testing agency.

B. Pre-test all systems prior to inspection and acceptance tests required by
referenced standards.  Provide detailed documentation of the referenced
standard inspection tests by the Contractor and include test procedures,
participants, dates and times, instruments used, test data and a summation of
test results.  Submit test reports prior to system commissioning tests conducted
by the City.

C. System Commissioning Tests.

1. Tests shall demonstrate that capacities  and general performance of air
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systems comply with Contract requirements.

2. At the time of system commissioning, recheck, in the presence of the
Engineer, random selections of data (air quantities and air motion)
recorded in the certified TAB test report.

3. Selections for checks in general will not exceed 25 percent of the total
number tabulated in the report.

D. Train the City's maintenance personnel on troubleshooting procedures and
testing, adjusting and balancing procedures.  Review with the City personnel the
information contained in the Operating and Maintenance Manual.

E. Schedule training with City with at least 7 days prior notice.

3.06   SERVICES

A. Retests.  If random tests elicit a measured flow deviation exceeding the
specified tolerances, the TAB report will automatically be rejected.  In the event
the report is rejected, readjust and test all systems, record new data, submit
new certified Reports and perform new rechecks at no additional cost to the
City; including time required by the Engineer.

B. Reinspection.  TAB Agency shall make 2 return inspection trips to the project,
one during heating design conditions and one during air conditioning design
conditions for the purpose of checking out the entire system or group of
systems.

C. Readjustments.  Balancing agency shall make additional adjustments required
during the reinspection.

                                                 END OF SECTION 15990
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SECTION 16489

LOW VOLTAGE VARIABLE FREQUENCY DRIVES

PART 1 - 

1.1 SCOPE

A. The Contractor shall furnish and install complete and operable low voltage variable 
frequency drives (VFDs), by-pass motor starters, and isolation phase shifting transformers 
as described in this specification and as detailed on the applicable drawings.

B. Work included in this Section.

1. Variable Frequency Drives (VFDs)

2. By-Pass Motor Starters

3. Isolation / phase shifting transformers

C. Related Sections include but are not limited to:

1. Section 16010 � General Electrical Requirements.

2. Section 16060 � Grounding and Bonding.

3. Section 16150 � Low Voltage Induction Motors.

4. Section 16473 � Low Voltage Surge Protection Devices.

5. Section 16481 � Low Voltage Motor Control Centers.

D. The Contractor shall be responsible for the installation, and start-up of the equipment 
covered by this specification.

E. The Contractor shall be responsible for coordinating the drive requirements with the 
manufacturer of the load which the AFD shall operate in order to ensure that the correct 
type of drive (i.e. constant torque or variable torque) is provided for each application. In 
order to ensure that the Contactor has properly coordinated the specific type of drive to be 
provided for each particular process, the submittals for all adjustable frequency drives shall 
include a letter from the manufacturer of the specific load that will be energized from the 
AFD to indicate if the specific application requires a constant torque drive or a variable 
torque drive.

F. The Contractor shall be responsible for coordinating with the AFD manufacturer on the 
actual feeder distances required in order to ensure that the appropriate type of output filters, 
or dv/dt filters, are provided, where required. In order to ensure that the Contactor has 
properly coordinated with the AFD manufacturer, all submittals for AFDs shall include a 
letter from the AFD manufacturer that indicates that they have coordinated with the 
Contractor on the actual feeder lengths required and that the appropriate type of output 
filters, or dv/dt filters, are provided as proposed within the submittal.

G. Complete drawings shall be furnished for approval and shall consist of master wiring 
diagrams, elementary or control schematics, including coordination with 
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other electrical control devices operating in conjunction with each VFD.  Suitable outline 
drawings showing details necessary to locate conduit stub ups and field wiring shall be 
furnished for approval before proceeding with manufacturer.

H. The VFDs shall be UL certified and shall comply with the latest applicable standards of 
ANSI, IEEE and NEMA.  The VFDs shall be rated as shown on the Drawings.  As a 
minimum the full load output current of the controller shall be equal to the equivalent motor 
horsepower as listed by National Electrical Code Table 430-150.

I. The manufacturer shall furnish to the Engineer a factory test report for each VFD.  Refer to 
Part 3 - Execution, of this section.

J. Line voltage notching limits shall be as specified in Table 1 below during normal operation.  
The points of voltage measurement shall be at the main switchboard.

Table 1

Class Notch Depth AN DFVN

General System 20% 22,800 5%

Notch Depth = Z1/ (Z1 + Z2) where Z2 is the impedance between the converter 
and point of common-coupling (PCC) and Z1 is the short circuit impedance at 
PCC.  This is equivalent to 1/p.

DFVN  = Voltage distortion factor from notching

AN = Notch Area (Voltmicroseconds)

K. Electromagnetic Interference Limitations.

1. EMI (electromagnetic interference) and FRI (Radio frequency interference) 
created by the specified VFDs shall be limited as far as possible to allow proper 
operation of all project equipment as well as to prevent interference with any 
equipment utilized beyond the boundaries of the treatment plant.

2. EMI and RFI produced by the specified VFDs shall be limited by all means 
possible including filters to limits defined in Federal Communications 
Commission (FCC) Rules and Regulations Volume 2, Part 15, Subpart J, Class A.

L. Powerline disturbances shall be limited per requirements of IEEE Standard 519 latest edition 
including harmonic currents at the high voltage side of utility transformers (point of 
common coupling - PCC) and Harmonic Voltage distortion at PCC.  Point of analysis 
(POA) shall be the service entrance MCC.

M. Contractor shall evaluate all system components, and provide calculations showing 
dominant harmonics and line notching depths.  Contractor shall provide necessary 
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isolation transformers, and other necessary components to comply with IEEE-519, latest 
edition.

N. All VFDs shall be pulse width modulated Active Front End (AFE) type for motors 50 HP 
and larger. VFD drives for motors less than 50 HP can be of the 6-pulse type, subject to 
compliance with IEEE-519 recommended interference limitations. 

O. VFD manufacturers/suppliers shall coordinate the application of the VFDs with the driven 
mechanical equipment and motors manufacturer/supplier.  However, requirement is that the 
driven equipment manufacturers supply the VFDs in accordance with this Section.

P. Based on specific application(s), drive manufacturer shall provide output line reactors, as 
required.  

Q. To the extent possible, VFDs rated for control of motors 150 HP and less shall be located in 
a motor control center.  See Section 16481 � Low Voltage Motor Control Centers.

1.2 REFERENCES

A. Publications listed below form a part of this Section to the extent referenced.  The 
publications are referred to in the text by basic designations only.

1. American National Standards Institute (ANSI).

a. ANSI 61 � Drinking Water system Components.

2. Underwriters Laboratories Inc. (UL).

3. Institute of Electrical and Electronics Engineers (IEEE).

a. IEEE 519 � Recommended Practices and Requirements for Harmonic 
Control in Electrical Power Systems.

4. National Electrical Manufacturers Association (NEMA).

5. Federal Communications Commission (FCC).

a. FCC � Rules and Regulations Volume 2.

6. National Electrical Code (NEC).

a. NEC Table 430-150 � Full Load Current � Three Phase AC Motors.

7. Department of Defense (DOD).

a. DOD MIL-I-45208 � Inspection Systems Requirements.

8. Military Specification (MIL).

a. MIL-STD-C45662 � Calibration Systems Requirements.

b. MIL-STD-45208 � Inspection.

c. MIL-STD-105D � Sampling Plan.
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1.3 SUBMITTALS

A. Submittals shall conform to the requirements of Section 01300 � Submittals.

B. Materials List.  The materials list shall be complete and include all products in this 
section, including the equipment that shall have shop drawings.  The list shall include 
only one manufacturer for each type of product.

C. Shop Drawings.  The shop drawings for the automatic variable frequency drive equipment 
shall be complete and shall include the following:

1. Plans showing the floor space requirements, clearance, conduit, and anchor bolt 
locations.

2. Details showing the required enlarged views of small parts.

3. Diagrams showing the equipment, equipment locations, wiring circuits 
schematics, voltage, wire numbers, and identified terminals.

4. Connection and schematic wiring diagrams for each equipment showing 
numbered terminal points and wires and interconnections to other units and/or 
remote devices.

5. A complete bill of materials and complete catalog information of all components 
contained in the equipment including manufacturer's name and model numbers.

6. Panel layouts including elevation of front, elevation of front with cover open, and 
nameplate inscriptions. Layout drawings shall be of sufficient size to determine 
adequacy of equipment.

7. Dimensions of the equipment.

8. Weights of the equipment.

9. Nameplate data including the nameplate material, height of letters, number of 
lines, inscriptions, and dimensions.

D. Technical Data.  Submit complete system and equipment description including detailed 
draft theory of operation and operation data to the Engineer with shop drawings.  To be 
included in the final version in the Operation and Maintenance Manuals.

E. Parts Lists.  Submit to Engineer with the shop drawings a complete, priced list of parts 
that would be necessary to maintain and service the equipment.

F. Factory Test Reports.  Submit manufacturer's certified factory test reports to the Engineer.

G. Manufacturer's Certified Reports.  Submit a notarized written report from the equipment 
manufacturer with respect to his equipment certifying that (1) the 
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equipment has been properly installed, wired, and connected under his supervision, (2) the 
equipment is in accurate alignment, (3) he was present when the equipment was placed in 
operation, (4) he has checked, inspected, and adjusted the equipment as necessary, (5) the 
equipment has been operated satisfactorily under all system conditions and (6) the 
equipment is fully covered under the terms of the guarantee.  The manufacturer shall also 
furnish a certified report indicating compliance with Paragraph 1.01E, F, and G.

H. Furnish (10) Operation and Maintenance Manuals in accordance with Section 01700 � 
Contract Closeout.

1.4 QUALITY ASSURANCE

A. VFD supplier shall have responsibility for the compatibility of the variable frequency 
drives, motors and isolation / phase shifting transformers (as applicable).  The VFD 
supplier must confirm that his equipment is completely compatible with the pump or fan 
driven equipment and motors and with the electrical power system at each location. The 
VFD supplier shall coordinate with the mechanical equipment supplier to determine 
whether constant torque, variable torque, or other type is the most satisfactory application.

B. The manufacturer of the VFD shall have a permanent fully factory authorized and trained, 
service agent employed with a technical staff and an equipped service facility within a 100 
mile radius of the project site, having all personnel and all equipment required to 
maintain, repair, or overhaul the VFD and associated systems supplied herein.

C. The manufacturer of the VFD system shall use components and subsystems (i.e., circuit 
breakers, relays, control transformers, etc.) conforming to this specification as listed 
elsewhere.

1.5 INDIVIDUAL EQUIPMENT REQUIREMENTS

A. Verification.  Verify that the variable frequency drive equipment output speed, 
horsepower and torque range are adequate and compatible with the motor and driven 
equipment requirements.

B. Motors.  All Motors run by the VFDs shall be Inverter Duty rated.

C. Wiring.  Wiring for variable speed equipment shall comply with requirements shown on 
the Drawings.

D. Instrumentation Equipment.  Instrumentation equipment provided and/or required under 
this Section shall comply with requirements specified herein and Sections of Division 13.

E. Codes and Standards.  Equipment, materials and installation shall conform to the codes 
and standards that are listed in Section 16010 - General Electrical Requirements, and 
IEEE 519, latest version.  The Variable Frequency Drive shall be UL listed.
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1.6 OVERALL SYSTEM REQUIREMENTS

A. In addition to operating adequately and properly as individual equipment, the drives must 
operate together as a system such that they do not affect each other or other systems 
(including the power service company electrical system, programmable logic controllers, 
control panels, radio and electronics devices, etc.) adversely.  To this end the harmonic 
voltage and current distortions, and line voltage notching, produced by the variable 
frequency drives at the point of common coupling (PCC) which will be the point of 
analysis (POA), shall be limited per requirements of IEEE Standard 519 latest edition.

1.7 WARRANTY

A. With respect to equipment, guarantee shall cover (1) faulty or inadequate design; (2) 
improper assembly or erection; (3) defective workmanship or materials; and (4) incorrect 
or inadequate operation, or other failure.  For equipment bearing a manufacturer's 
warranty in excess of 1 year, furnish a copy of the warranty to the Engineer with Owner 
named as beneficiary.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. When mounted in the MCC, the VFDs shall be furnished by MCC manufacturer.

B. For standalone VFD shall be furnished by manufacturer who has actively been 
manufacturing variable frequency drives for a period of at least five (5) years.  The VFDs 
shall be by Allen-Bradley, ABB / GE, Schneider Electric, Eaton, Danfoss, or approved 
equal.

2.2 CONSTRUCTION and characteristics

A. Each low voltage VFD shall provide constant volts per hertz excitation for its respective 
motor up to 60 Hertz.

B. The VFDs shall have a 110% current rating for one minute.

C. The VFDs shall be capable of converting incoming three phase, 480 V (+10% to -10%), 60 
hertz (±2 hertz) power to a fixed potential dc bus level.  The dc voltage shall be inverted to 
an adjustable frequency output.  The controller shall maintain displacement power factor at 
95% or greater at any speed or load.  The VFDs shall have a minimum efficiency of 96% at 
rated load.

D. The VFDs shall operate in an ambient temperature of 0oC to 40oC, and humidity of 0 to 
95%.

E. Each VFD enclosure shall be NEMA 1A gasketed unless otherwise indicated on the 
Drawings, and the VFDs shall be MCC mounted or floor mounted (stand-alone) as defined 
herein and/or shown on the Contract Drawings.
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F. All enclosures shall be not less than 16-gauge steel with surfaces thoroughly cleaned and 
phosphatized prior to painting.  They shall be primed with a corrosion-resisting coating.  
Cabinet finish paint to be ANSI 61 Gray. Provide barriers as required to prevent entrance of 
vermin and rodents.

G. The operating handle of the disconnect shall always remain connected to the disconnect and 
shall not be mounted on the door.  The position handle shall indicate On or Off.  The handle 
shall have provisions for padlocking in the off position with at least three padlocks.  
Interlock provisions shall prevent unauthorized opening or closing of the VFD door with the 
disconnect handle in the on position.

H. The following standard basic control features shall be provided on each VFD:

1. Terminations for all required door and/or remote mounted devices.

2. Linear independent time acceleration and deceleration adjustments.

3. Output frequency range of 4-60 hertz, factory set.

4. Frequency stability of 0.5% for 24 hours with voltage regulation of ±2% of 
maximum rated output voltage.

5. Control power transformer, 480-120 volt for operator devices.

6. All terminals necessary for customer permissive contacts and required 
interlocking as required by the drawings.

7. Fully digital regulator with microprocessor control of frequency, voltage, and 
current.

8. The drive shall be designed to protect itself against instantaneous current levels 
above 150% of its rating.  

9. The drive shall not be sensitive to line notching from other drives.

10. The drive shall be capable of riding through a momentary power outage of 5 
cycles without causing the drive to shut down.

11. The drive shall actively monitor its output current and frequency and if the motor 
is in a stall condition the drive will shut down.  A stall condition is defined as 
operating in current limit at or below 10 Hertz for 10 seconds.  This definition of 
stall shall be field adjustable to match the applications.

12. The minimum acceptable efficiency shall be 96% at full load.

13. The deceleration rate shall be constant and independent of motor speed.

14. The inrush current shall be limited to 150% of the full load current.

I. The following independent adjustments shall be provided on each VFD:

1. Minimum speed - 4 to 40 hertz.
2. Maximum speed - 40 to 90 hertz (factory set for 60 hertz).
3. Acceleration - 5 to 30 hertz per second with ranges of 2-120 seconds for 0-60 Hz.
4. Deceleration - 5 to 30 hertz per second with ranges of 2-120 seconds for 0-60 Hz.
5. Low frequency boost - up to 60 Volts at 4 hertz.
6. Volts per hertz - Adjustable from 3.83 to 11.5 volts per hertz.
7. Stability.
8. Output signal of 4-20 ma dc, proportional to VFD output frequency including 

gain and bias adjustments.
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9. Controller status relay with two Form C relay pairs, rated 2 amps resistive at 115 
Volt ac for indication of running condition.

10. Laminated plastic nameplate engraved with customer's identifying name or 
number of each VFD.

J. The following features shall be furnished with each VFD:

1. Full time adjustable current limit shall sense an overload on the motor when current 
exceeds a preset limit.  Output frequency and therefore motor speed shall be 
reduced.  If current decreases with speed, the speed shall decrease until current 
drops below the limit.  Once current is reduced to normal, the frequency shall return 
to the original setting.

2. AC output contactor and interposing control logic.

3. Motor overcurrent relay, wired to stop unit upon trip, manually reset.

4. Isolated signal follower for use with grounded input signal (4-20 madc) for control 
of VFD output frequency. 

5. Output load ammeter, voltmeter and speed indicating meters.

6. Door-mounted NEMA 1A gasketed or as indicated operator controls with heavy 
duty industrial rated devices as shown on drawings.

7. "Hand-Off-Remote" reference selector switch to enable operator to select the speed 
control means from the plant control system computer (remote) or from the drive 
(hand).

8. Digital display for monitoring the following functions:

a. Drive output frequency.

b. Motor Load calibrated in amps.

c. Drive output power in Kw.

d. Drive output voltage in volts.

e. Over current.

f. Under voltage

g. Over voltage.

h. Fault diagnostic messages (system, board, component level).

K. The following protective features shall be provided on each VFD:

1. Suitability for use on an electrical system with fault current as shown on the 
drawings.

2. Input ac circuit breaker or fused switch disconnect with an interlocked, 
padlockable handle mechanism.

3. AC input line current limiting fuses for fault current protection of ac to dc 
converter section, if required to meet short circuit requirements.
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4. Electronic overcurrent trip for instantaneous overload protection.

5. AC input line undervoltage and phase loss protection.

6. Over frequency protection.

7. Over temperature protection.

8. Over voltage protection.

9. Low logic supply protection.

10. Electrical isolation between the power and logic circuits, as well as between the 
115 Volt ac control power and the static digital sequencing.

11. Ability to withstand output terminal line-to-line short circuits without component 
failure.

12. Supply voltage phase loss.

13. For any protective condition, the VFD shall trip and an internal fault relay contact 
shall close for remote indication.

L. RFI and EMI.  RFI filters as required.  The adjustable frequency drive system shall contain 
all necessary filters and devices, and be constructed and installed in manner, to eliminate 
significant levels of conducted and radiated electrical noise.  The EMI and RFI emissions 
from the variable frequency drive system shall not exceed the levels specified in FCC Rules 
and Regulations, Volume 2, Part 15, Subpart J, Class A.  If after installation, any 
interference or noise occurs, the supplier shall take corrective action by installing whatever 
additional equipment or corrective measures that may be required, at no additional cost to 
the Owner.

M. Replaceable Parts.  One each of each replaceable part such as printed circuit boards, plug-in 
modules, module assemblies, etc., and three each of each type of diode, IGBT, SCR or 
transistor, fuse, light, etc., not mounted on a provided assembly shall be supplied in the 
manufacturer's original cartons, clearly marked by name and part number as referenced in 
the maintenance manual.  A list of such parts with prices shall be submitted with the shop 
drawings.  The above shall exclude such items as power transformers, chokes, contactors, 
etc., which shall have a mean time between failures (MTBF) of 100,000 hours minimum.

N. The drive shall have surge and lightning protection using transient voltage surge 
suppressors, or approved equal. See section 16473 � Low Voltage Surge Protection Devices, 
for details. 

O. Parameter Settings

1. The following system configuring settings, shall be provided, without exception, 
field adjustable through the keypad/display unit or via the serial communication 
port only.
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a. Motor Nameplate Data:

i. Motor frequency.

ii. Number of poles.

iii. Full load speed.

iv. Motor volts.

v. Motor full load amps.

vi. Motor KW.

vii. Current limit, min.

viii. Current limit, max.

b. VFD Limits:

i. Independent accel/decel rates.

ii. Motor flux build-up delay: time/amount.

iii. Vmin, Vmax, V/Hz.

iv. I boost.

v. Overload trip curve select (inverse or constant).

vi. Min/Max speed (frequency).

vii. Auto reset for load or voltage trip select.

viii. Slip compensation.

ix. Catch-A Spinning-Load select.

x. Overload trip time set.

c. VFD Parameters:
i. Voltage loop gain.

ii. Voltage loop stability.

iii. Current loop stability.

d. Controller Adjustments:
i. PID control enable/disable.

ii. Setpoint select.

iii. Proportional band select.

iv. Resent time select.

v. Rate time select.

vi. Input signal scaling.

vii. Input signal select (4-20 mA/0-5 Volts).

viii. Auto start functions: On/Off, Delay On/Off, Level Select On/Off.

ix. Speed Profile:  Entry, Exit, Pointer Select.

x. Min, Max Speed Select.

xi. Inverse profile select (allows VFD speed to vary directly or inversely 

with input signal).

2. All drive setting adjustments and operation parameters shall be stored in a 
parameter log which lists allowable maximum and minimum points as well as the 
present set values.  This parameter log shall be accessible via a 
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RS232 serial port and an Ethernet IP communication port as well as on the 
keypad display.

P. Diagnostic Features and Fault Handling

1. The VFD shall include a comprehensive microprocessor based digital diagnostic 
system which monitors its own control functions and display faults and operating 
conditions.  Microprocessor systems must be products of the same manufacturer 
as the VFD (to assure single source responsibility, availability of service and 
access to spare parts).

2. A "FAULT LOG" shall record, store, display and print upon demand, the 
following for the 10 most recent events:
a. VFD mode (Auto/Manual).
b. Elapsed time (since previous fault).
c. Type of fault.
d. Reset mode (Auto/Manual).

3. A "HISTORIC LOG" shall record, store, display and print upon demand, the 
following control variables at 2 to 8 M/Sec. intervals for the 50 intervals 
immediately proceeding a fault trip:
a. VFD mode (manual/auto/inhibited/tripped/etc.).
b. Speed demand.
c. VFD output frequency.
d. Demand (output) Amps.
e. Feedback (motor) Amps.
f. VFD output volts.
g. Type of fault:

i. Br Over Current.

ii. Br Under voltage.

iii. Br Phase Rotation.

iv. Br Fuse Failure.

v. Sustained Overload.

vi. Manual Trip Test.

vii. Power Supply Fail.

viii. Output Over Voltage.

ix. Inverter Over Temperature.

x. Thermistor Trip.

xi. Ground Fault.

Br Over Current Power Supply Fail

Br Under voltage Output Over Voltage

Br Phase Rotation Inverter Over Temperature

Br Fuse Failure Thermistor Trip

Sustained Overload Ground Fault

Manual Trip Test
h. Drive inhibit (On/Off).

4. The fault log record shall be accessible via a RS232 serial link and an Ethernet IP 

communications port as well as line by line on the keypad display.
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Q. Communications

1. Provide each VFD with Ethernet communication module. Interface of data 
between the VFD and the site-wide control system shall be Ethernet IP.  The 
connection to the VFD shall be an integral option to the VFD and shall be provided by 

the VFD manufacturer.

R. Drives for blowers, positive displacement pumps and other constant torque loads shall be the 
constant torque type, subject to supplier obtaining confirmation from the mechanical 
equipment manufacturer. 

S. See Electrical Drawings for additional requirements.

PART 3 - EXECUTION

3.1 GENERAL

A. Install the variable speed equipment complete, including wiring installations, and conduct 
test for the electrical controls as indicated, specified, and required.  Assure proper clearance 

for all equipment and materials in the layout shown on Contract Drawings.

B. Equipment shall be installed level and securely attached to the concrete floors and 
foundations with anchor bolts or attached to sills.  The sections shall be joined together 
with bolts, nuts, and washers to form a complete unit assembly.

C. Wiring Installations shall be complete as indicated and specified.

D. Nameplates shall be laminated plastic and attached to clean surfaces of the metal 
enclosures with stainless steel screws.

E. Grounding shall be provided as shown on the Drawings, and specified in Section 16060 - 
Grounding and Bonding.

3.2 FACTORY TESTING

A. The VFD manufacturer shall provide the following quality assurance steps within his factory:

1. Incoming inspection of all components.

2. In-process inspection of assemblies.

3. Quality Assurance program that meets or exceeds DOD Standard Audit MIL-I-45208.

4. MIL STD-105D AWL 1% sampling.

5. MIL STD-C45662 calibration.

6. 100% test and inspection of power devices.

B. The VFD manufacturer shall provide certification that the tests have been completed.

C. The VFD printed circuit boards shall be tested at 50�C for 50 hours.
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D. The completed VFD shall be operated on an unloaded motor of suitable horsepower rating.

3.3 START-UP

A. Perform sequence of operations test to assure proper function of logic, as described.

B. Site Testing of Each Variable Frequency Drive

1. Each VFD shall be functionally tested with its designated motor after installation 
at the site.  All VFD parameters including the following shall be tested:

a. Input Current - (2 and 3 apply).

b. Input voltage - (2 and 3 apply).

c. Input Frequency - (3 applies).

d. Output Current - (2 and 3 apply).

e. Output Voltage - (2 and 3 apply).

f. Output Frequency - (3 applies).

g. Acceleration Rate.

h. Deceleration Rate.

i. Power factor at VFD Input.

2. Each phase shall be tested.

3. Test at 15 Hz, 30 Hz, 45 Hz, and 60 Hz...

4. Miscellaneous field tests or check shall include as a minimum, the following:

a. Check all terminations.

b. Check grounding.

c. Bump motor to verify rotation.

d. Check all run lights, switches, fail lights, alarm lights, reset buttons, 
meters, speed potentiometers, etc.

e. Check to determine if protective devices and features are functioning.

5. A typed and signed report of all tests and checks performed shall be provided.

6. Tests shall be performed by a representative of the VFD manufacturer.

3.4 HARMONICS TESTING OF POWER SYSTEMS

A. The harmonics analysis shall be provided by an independent firm or the manufacturer�s field 
service division specializing in this type of analysis.

B. Testing
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1. After installation of VFDs and associated equipment, the 480V power systems 
shall be tested for harmonics, for line notching and for RFI/EMI in cable circuits 
and in air.

2. Test shall be performed during normal plant operation.

3. Test shall be performed with each VFD operating at 0 Hz, 30 Hz, and 60 Hz.

4. Test shall be performed with all VFDs operating 0 Hz, 30 Hz, and 60 Hz.

C. Test Data.  The following test data shall be provided for each test condition.  Data shall be in 
the form of copies of printouts from the testing unit.  Test data required is:

1. VFD output voltage for each phase of each drive.

2. VFD output current for each phase of each drive.

3. Distribution switchboard, voltage for each phase.

4. VFD input voltage for each phase (for one VFD of each size) in each location.

5. VFD input current for each phase (for one VFD of each size) in each location.

6. Isolation transformer input current for each phase (for one VFD for each size).

7. Voltage and current for each phase at the input side of the utility transformer.

D. Special Data

1. Total harmonic distortion of each current and voltage listed above shall be 
calculated, listed and compared to IEEE Std. 519 requirements.

2. Line notch parameters for each voltage waveform shall be calculated, listed and 
compared to IEEE Std. 519 requirements.

3. Measurements of EMI/RFI in air and in power cables shall be measured and 
listed.

E. Data submission.  All test data and special data shall be submitted for review by the 
Engineer.

3.5 FIELD QUALITY CONTROL

A. Make the following field tests and checks after installation:

1. Check all terminations.

2. Check all grounding.

3. Verify motor rotation.

4. Check all run lights, switches, fail lights, alarm lights, reset buttons, meters, speed 
potentiometers, etc.

5. Check protective devices are functioning.

B. Perform system validation tests as specified in other Sections of the Contract Documents.
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3.6 FIELD PAINTING

A. Touch-up field damaged factory finishes with paint that matches the original equipment finish.

3.7 TRAINING

A. After the equipment has been installed, tested, adjusted and placed in satisfactory 
operating conditions, provide the services of a qualified representative of the manufacturer 
to instruct the operating and maintenance personnel of the Owner in the use and 
maintenance of the equipment.  Schedule the content, duration, and dates of instruction in 
consultation with the Owner.  Include the cost of instruction in the price of the equipment.

3.8 SPARE PARTS

A. A spare parts list including original device manufacturer's part numbers for cross-
referencing purposes shall be furnished.  Lists containing only the VFD manufacturer's 
part numbers are not acceptable.

END OF SECTION
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	A. The Drawings provide the location of principal components of the Project. The Engineer may order changes to the location of some of the components of the Project or provide clarification to questions regarding the correct alignment.
	B. The Engineer will provide the following:
	1.  One vertical control point on the Project site with its elevation shown on the Drawings.
	2.  A minimum of two horizontal control points on the Project site with their coordinates shown on the Drawings.

	3.02 GENERAL
	A. From the information shown on the Drawings and the information to be provided as indicated in paragraph 3.01 above, the Contractor shall:
	1.  Be responsible for establishing GPS control coordinate control system, setting reference points and/or offsets, establishment of baselines, and all other layout, staking, and all other surveying required for the construction of the Project.
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	3.03 STAKING PRECISION
	A. The precision of construction staking shall match the precision of components location indicated on the Drawings. Staking of utilities shall be done in accordance with standard accepted practice for the type of utility.
	B. The precision of construction staking required shall be such that the location of the water main or sewer or storm drain can be established for construction and verified by the Engineer. Where the location of components of the water main or sewer or storm drain, (i.e. fittings, valves, manholes, road crossings, etc.) are not dimensioned, the establishment of the location of these components shall be based upon scaling these locations from the Drawings with relation to readily identifiable land marks, i.e. survey reference points, power poles, manholes etc.
	C. Paved Surfaces: The Contractor shall establish a reference point for establishing and verifying the paving subgrade and finished grade elevations. Any variance with grades shown on the Drawings shall be identified by the Contractor and confirmed by the Engineer prior to constructing the base.

	3.04 RECORD DRAWINGS
	A. Water Mains
	1.  The Contractor shall submit record drawings which show the final installed location of the water main and survey data for all installed pipe, valves and fittings, tunnel and casing limits and service connections 3-inches in diameter and greater. Survey data shall consist of final coordinates for all valves, fittings, tunnel and casing limits and main tap locations for service connections 3-inches in diameter and greater and center line of pipe at points every 500 feet along the length of pipe installed.
	2.  In addition, the location of all valves and fittings and main tap location for service connections 3-inches in diameter and greater shall be indicated by at least 2 ties (measured distances) from permanent fixed objects within the public right of way, as accepted by the Engineer, to allow the Owner to locate the water main and components in the future without the use of GPS instruments.
	B. Sewers and Storm Drains
	1.  The Contractor shall submit record drawings which show the final installed location of storm and sanitary pipes and structures.  The information shall include coordination, pipe and structure size and type, rim elevations, and inverts of each influent and effluent line.
	2.  Record drawing information provided shall include pipe sizes, slope percentage, and materials.  Lateral tie-ins and alignments to the served facilities shall also be included.
	C. The record drawings shall also indicate the horizontal and vertical location, dimensions and materials of all utilities encountered during excavation.
	D. Record drawings must be georeferenced to the U.S. State Plane Coordinate System, NAD 83 GA West Zone, US Survey Feet.  All drawings must contain two reference pins which are labeled and tied to the Spalding County GPS Monument Network.
	E. Two full size hard copies of record drawings shall be furnished to the Engineer for review. Each record drawing shall be stamped with the name of the Contractor, signed and dated by the Contractor’s Project Manager and signed, sealed and dated by the Surveyor.  Record Drawings, once approved by the Engineer, shall be scanned and saved as PDF’s.
	F. The Contractor shall provide an electronic copy of the record drawings in AutoCAD Civil 3D 2015 (.DWG) format.
	G. Final submittal of record drawings shall be provided by two compact disks containing the signed and sealed PDF’s and DWG files referenced above.



	01060 Regulatory Requirements
	01300 Submittals
	01380 Photographic Documentation
	D. Recording shall be done with adequate lighting. Written authorization by the Owner to proceed with video documentation at any areas shall be done with consideration of existing environmental conditions.
	C. A record of the contents of each recording shall be provided on a run sheet, identifying each chapter segment of the recording. The run sheet shall be provided in paper copy as well as on the flash dive or hard drive.
	A. Upon their creation, the photographs, prints, DVDs, and videos resulting from the Work under this Contract shall become the exclusive property of the Owner.
	B. Neither the Contractor nor the photographer nor the video recording firm shall retain any rights pertaining to the photographs, prints, CDs/DVDs, or videos, nor shall they reproduce or otherwise publish or disseminate any of the photographs, aerials, prints, CDs/DVDs, or videos taken under this Contract without the prior written approval of the Owner.
	C. The photographs, prints, CDs/DVDs, and videos shall be considered “Work made for hire” under applicable provisions of the Copyright Act, and the Owner shall be the copyright owner thereof and of the aspects, elements, and components thereof in which copyright protection might subsist. To the extent that such materials do not qualify as “Work made for hire,” the Contractor hereby irrevocably transfers, assigns, and conveys exclusive copyright ownership in and to such materials to the Owner, free and clear of any liens, claims, or other encumbrances. The agreements between the Contractor and the photographer and videotaping firm shall include a provision containing these requirements.
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	01450 Special Inspection, Observation and Testing
	01540 Security and Safety
	A. DRUG AND ALCOHOL POLICY
	Contractor and their Subcontractor shall have a Competent Person on the project for all operations as required by OSHA Standards.
	1. A competent person identified and on-site before any scaffold erection may begin and/or modified.
	2. A competent person identified and on-site before any excavation may begin and/or modified.
	3. A competent person identified and on-site before any Confined Space may begin.
	4. A competent person identified and on-site before any rigging operation may begin.
	5. A competent person identified to erect and inspect concrete formwork.
	OSHA defines a competent person as one who is capable of identifying existing and predictable hazards in surroundings or working conditions that are unsanitary, hazardous or dangerous to employees, and who has the authority to take prompt corrective measures to eliminate them.
	Contractors are required to have on file with Owner and project job trailer, a copy of their company's Hazard Communication Program. Hazard Communication programs must include an inventory list of hazardous materials, explanation of their labeling system, and all corresponding safety data sheets (SDS) and name of the program coordinator. Contractor shall make the inventory list of hazardous materials available upon request by the Owner.
	A. The Contractor shall be responsible for the safety of the Contractor’s and Owner’s employees, the Owner’s personnel and other personnel at the Work site. The Contractor shall identify a Project Safety Coordinator (PSA) on the job with an appropriate office on the job site to maintain and keep available safety records and up-to-date copies of pertinent safety rules and regulations.
	D. All employees will be required to sign in and out on a designated log sheet.
	E. No one under age sixteen is permitted at work sites after normal working hours. Contractor’s employees are allowed on work sites only during the specified hours and only when working on this contract.  No Contractor employee will be allowed on sites when not specifically working on this Contract’s predetermined times and dates.
	F. All employees and agents of the Contractor must read the Project Site Rules statement and sign a log acknowledging understanding of project site rules provided in (Sections A & C).
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	DIVISION 2
	02000 Site Work
	02020 Use of Explosives
	02050 Demolition
	02060 Crushed Stone Aggregate
	02110 Clearing and Grubbing
	02112 Route Clearing
	02125 Temporary and Permanent Erosion and Sediment Control
	PART 3 - EXECUTION
	+++ END OF SECTION 02125 +++

	02140 Dewatering
	02200 Earthwork
	02223 Excavation Below Grade and Crushed Stone Refill
	02230 Guided Pipe Boring and Jacking
	02231 Tree Protection and Trimming
	02324 Trenching and Trench Backfilling
	PART 1 - GENERAL

	02371 RipRap
	+++ END OF SECTION 02371 +++

	02405 Blasting
	02485 Seeding
	02486 Sodding
	02510 Asphalt Paving
	02521 Concrete Sidewalks, Curbs and Gutters.doc
	02534 HDPE Pipe
	02535 Gravity Flow Sanitary Sewers
	02536 Reinforced Concrete Storm Drain Pipe
	02537 Ductile Iron Sanitary Sewer Pipe and Fittings
	02545 Polyvinyl Chloride Gravity Sewer Pipe
	02641 Precast Concrete Manholes
	PART 1 - GENERAL
	PART 2 – PRODUCTS
	PART 3 - EXECUTION
	+++ END OF SECTION 02641 +++



	02650 Testing for Acceptance of Sanitary Sewers
	02711 Chain Link Fence and Gates
	02920 Site Restoration

	DIVISION 3
	03100 Concrete Formwork
	03150 Concrete Joints & Accessories
	03200 Concrete Reinforcing
	03300 Cast-in-Place Concrete
	03410 Precast Concrete

	DIVISION 5
	05095 Post-Installed Anchors
	05500 Misc Metals
	PART 1 - GENERAL
	PART 2 - PRODUCTS
	PART 3 - EXECUTION

	05510 Metal Stairs
	PART 1   - General
	1.01 summary
	A. Section includes requirements for Contractor designed galvanized steel and aluminum stair systems, including but not limited to landings, stairs stringers, stair treads, abrasive nosings, and railing.

	1.02 related sections
	A. This section contains specific references to the following related sections. Additional related sections may apply that are not specifically listed below:

	1.03 references
	A. The references listed below are a part of this section. Where a referenced document contains references to other standards, those documents are included as references under this section as if referenced directly. In the event of conflict between the requirements of this section and those of the listed documents, the requirements of this section shall prevail.

	1.04 definitions
	A. Galvanize: Hot dip galvanize per ASTM A123 or ASTM A153.

	1.05 submittals
	A. Action Submittals:

	1.06 quality assurance
	A. Qualifications:
	B. Certificates:
	C. Regulatory Requirements:

	1.07 delivery, storage and handling
	A. Deliver all materials to job site properly marked to identify the structure for which they are intended and at such intervals to insure uninterrupted progress of the work. Marking shall correspond to markings indicated on the shop drawings. Avoid damage during delivery and handling of fabrications.
	B. Store all members off the ground using pallets, platforms, or other supports.
	C. Do not store materials on the structure in a manner that might cause distortion or damage to the members or the supporting structure.


	PART 2   - ProductS
	2.01 PERFORMANCE/DESIGN CRITERIA
	A. Comply with IBC requirements, including but not limited to means of egress requirements, stair treads and riser configuration, handrail and guard layout and design, headroom, and stairway landing configuration.
	B. Structural Requirements:
	C. Deflections:
	D. LEED Material Requirements:

	2.02 materials
	A. Materials for stair systems are specified in Table A.
	B. Concrete:

	2.03 fabrication
	A. General:
	B. Stairs–Galvanized Steel:
	C. Stairs–Aluminum:
	D. Safety Nosings at Concrete Stairs:

	2.04 FINISHES
	A. Galvanizing:
	B. Aluminum Surfaces:


	PART 3   - Execution
	3.01 examination
	A. Verify measurements at the site. Include field dimensions in shop drawings.
	B. Examine and accept existing conditions before beginning work.

	3.02 installation
	A. Install items plumb, level and square, accurately fitted, and free from distortion or defects. Install rigid, substantial, and neat in appearance.
	B. Allow for erection loads and provide temporary bracing to maintain true alignment until completion of erection and installation of permanent attachments.
	C. Fieldwork shall not be permitted on galvanized items. Drilling of bolts or enlargement of holes to correct misalignment will not be allowed.
	D. Set steel stair baseplates on wedges, or shims. After stairs have been positioned and aligned, tighten anchor bolts. Do not remove wedges or shims but, if protruding, cut off flush with edge of bearing plate before packing with grout.
	E. Railing: Adjust railing systems before anchoring to ensure matching alignment at abutting joints. Space posts at spacing required by design loads. Plumb posts in each direction.
	F. Safety Nosings: Unless otherwise specified, safety stair nosing shall be installed on all concrete stairs. Nosing shall be secured to concrete with suitable anchors at 15 inches on centers and not more than 4 inches from the ends. 1/8-inch rubber tape, 1/8 inch thick, shall be provided at both ends and cut to fit shape of nosing prior to concrete placement.
	G. Concrete: Pan-filled stairs to be constructed in accordance with Section 03300. Finish concrete with a “nonslip” finish with “very flat” tolerance as specified in ACI 301.
	H. Fastening To Construction-In-Place: Provide anchorage devices and fasteners where necessary for fastening fabricated items to construction-in-place. Anchor bolts to be in accordance with Section 05095.

	3.03 repair/restoration
	A. Galvanized:

	3.04 Field quality control
	A. Electrolytic Protection: Dissimilar metals shall be protected from galvanic corrosion by means of pressure tapes, or coatings. Aluminum in contact with concrete, grout, masonry, or dissimilar metals, shall be protected with a heavy coat of bituminous paint.
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	DIVISION 9
	DIVISION 11
	11000 General Requirements for Equipment
	11240 Chemical Metering Pumps
	SECTION 11240
	CHEMICAL METERING PUMPS
	PART 2 - PRODUCTS
	PART 3 - EXECUTION

	11303 Submersible Solids-Handling Pumps
	11350 Non-Potable and Potable Water Booster Pumps
	11500 WRF Performance Requirements
	11550 Mechanical Screen and Screw Conveyor
	PART 1 - GENERAL
	1.01 SCOPE

	11600 - Rotary Press Package
	11900 Water Well
	PART 1 – GENERAL
	1.01  SCOPE


	DIVISION 13
	13000 - ICMS General Requirements
	SECTION 13000
	instrumentation, control and monitoring system general requirements
	PART 1 -  GENERAL
	A. Requirements
	B. System Responsibility
	C. Certification of Intent:
	D. Documentation of Instrumentation Subcontractor Qualifications:
	E. Contract Drawings
	F. Related Sections include but are not necessarily limited to:
	A. Publications listed below form a part of this Section to the extent referenced.  The publications are referred to in the text by basic designations only.
	A. General.
	B. Shop Drawings
	C. Design Related Submittals
	D. Test Related Submittals
	E. Testing
	F. Operation & Maintenance Manuals.
	G. Final Record Documentation’s
	H. Training Requirements.
	I. Post�Contract System Support.
	J. Guarantee and Warranties

	PART 2 -  PRODUCTS
	A. Job Conditions.
	B. Materials and Standard Specifications.
	C. Product Delivery, Storage, and Handling.
	D. Mountings.
	E. Instrument Identification.
	F. Electronic Equipment.
	G. Equipment Operating Conditions.
	H. Power Supplies.
	I. Signal Isolators, Converters and Conditioners.
	J. Auxiliary Contacts by Others.
	K. Painting.
	L. Electrical.
	M. Process Connections.
	N. Electrical Transient Protection.
	O. Spares and Maintenance Materials.

	PART 3 -  EXECUTION
	A. Shipping Precautions:  After completion of shop assembly, factory test, and acceptance, all equipment, cabinets, panels, and consoles shall be packed in protective crates and enclosed in heavy duty polyethylene envelopes or secured sheeting to provide complete protection from damage, dust, and moisture.  Dehumidifiers shall be placed inside the polyethylene coverings.  The equipment shall then be skid-mounted for final transport.  Lifting rings shall be provided for moving without removing protective covering.  Boxed weight shall be shown on shipping tags together with instructions for unloading, transporting, storing, and handling at the job site.
	B. Special Instructions:  Special instructions for proper field handling, storage, and installation required by the Manufacturer shall be securely attached to each piece of equipment before packaging and shipment.
	C. Tagging:  Each component shall be tagged to identify its location, instrument tag number, and function in the system.  A permanent stainless steel or other non-corrosive material tag firmly attached and permanently and indelibly marked with the instrument tag number, as given in the tabulation, shall be provided on each piece of equipment in the ICM system. Identification shall be prominently displayed on the outside of the package.
	D. Storage:  Equipment shall not be stored outdoors.  Equipment shall be stored in dry permanent shelters, including in-line equipment, and shall be adequately protected against mechanical injury.  If any apparatus has been damaged, such damage shall be repaired by the Contractor at no additional cost to the Owner.  If any apparatus has been subject to possible damage by water, it shall be thoroughly dried out and put through tests as directed by the Engineer.  Such tests shall be at no additional cost to the Owner, and if the equipment fails the tests, it shall be replaced at no additional cost to the Owner.
	E. Protection during Construction:  Instrumentation and Controls shall at all times during construction be adequately protected against mechanical injury, water damage, corrosion, dirt, dust and foreign material.  Equipment equipped with internal electrical heaters shall have them energized to keep the equipment dry.  Doors to control panels and cabinets shall be kept closed at all times when work on them is not being done.  Control Panels, Analyzers, sensitive electronic or computer equipment and/or controls or other materials not sealed and/or suitable for continuous outdoors storage shall not be stored out-of-doors.  Such Instrumentation and Controls shall be stored in dry permanent shelters.
	F. Paint Finish:  Any damage to factory applied paint finish shall be repaired using touch-up paint furnished by the instrument or equipment manufacturer, in conformance with the requirements of Section 09900 – Painting and Protective Coatings.
	A. Furnish the following Manufacturer's services for all instrumentation provided:
	A. General:
	B. Conduit, Cables, and Field Wiring
	C. Instrumentation Tie-Downs:  All instruments, control panels, and equipment shall be anchored by methods that comply with seismic requirements that apply to the site.
	D. Existing Instrumentation:  Each existing instrument to be removed and reinstalled shall be cleaned, reconditioned and recalibrated by an authorized service facility of the instrument Manufacturer.  Provide certification of this Work before reinstallation of each instrument. Provide replacement for interim period as required.
	E. Ancillary Devices:  The Contract Documents show all necessary conduit and instruments required to make a complete instrumentation system.  The Contractor shall be responsible for providing any additional or different type connections as required by the instruments and specific installation requirements at no additional cost to the Owner.  All such additions and all such changes, including the proposed method of installation, shall be submitted to the Engineer for acceptance before commencing the Work.  Such changes shall not be a basis of claims for extra work or delay.
	F. Installation Criteria and Validation:  All field-mounted components and assemblies shall be installed and connected according to the requirements below:
	A. General:  All devices provided under the instrumentation Sections shall be calibrated according to the manufacturer's recommended procedures to verify operational readiness and ability to meet the indicated functional and tolerance requirements.
	B. Calibration Points:  Each instrument shall be calibrated at 20, 40, 60, 80 and 100% of span using test instruments to simulate inputs.  The test instruments shall have accuracies traceable to National Institute of Testing Standards.
	C. Bench Calibration:  Instruments that have been bench-calibrated shall be examined in the field to determine whether any of the calibrations are in need of adjustment.  Such adjustments, if required, shall be made only after consultation with the Engineer.
	D. Field Calibration:  Instruments that were not bench-calibrated shall be calibrated in the field to insure proper operation in accordance with the instrument loop diagrams or specification data sheets.
	E. Analyzer Calibration:  Each analyzer system shall be calibrated and tested as a workable system after installation.  Testing procedures shall be directed by the manufacturers' technical representatives.  All samples and sample gases shall be furnished by the manufacturers.
	F. Calibration Tags:  A calibration and testing tag shall be attached to each piece of equipment or system at a location determined by the Engineer.  Have the Instrumentation Supplier sign the tag when calibration is complete.  The Engineer will sign the tag when the calibration and testing has been accepted.
	A. General:  Individual instrument loop diagrams per ISA Standard S5.4 - Instrument Loop Diagrams, expanded format, shall be submitted to the Engineer for review before the loop tests.  The Contractor shall notify the Engineer of scheduled tests a minimum of 30 days before the estimated completion date of installation and wiring of the ICM.  After the Engineer’s review of the submitted loop diagrams for correctness and compliance with the specifications, loop testing shall proceed.  The loop check shall be witnessed by the Engineer.
	B. Control Valve Tests:  All control valves, cylinders, drives and connecting linkages shall be stroked from the operator interface units as well as local control devices and adjusted to verify proper control action, hand switch action, limit switch settings, torque settings, remote control actions, and remote feedback of valve status and position.  Control valve actions and positioner settings shall be checked with the valves in place to ensure that no changes have occurred since the bench calibration.
	C. Interlocks:  All hardware and software interlocks between the instrumentation and the motor control circuits, control circuits of variable-speed controllers and packaged equipment controls shall be checked to the maximum extent possible.
	D. Instrument and Instrument Component Validation:  Each instrument shall be field tested, inspected, and adjusted to its indicated performance requirement in accordance its Manufacturer's specifications and instructions.  Any instrument that fails to meet any Contract requirement, or, in the absence of a Contract requirement, any published manufacturer performance specification for functional and operational parameters, shall be repaired or replaced, at the direction of the Engineer at no additional cost to the Owner.
	E. Loop Validation:  Controllers and electronic function modules shall be field tested and exercised to demonstrate correct operation.  All control loops shall be checked under simulated operating conditions by impressing input signals at the primary control elements and observing appropriate responses of the respective control and monitoring elements, final control elements, and the graphic displays associated with the SCADA and PLC.  Actual signals shall be used wherever available.  Following any necessary corrections, the loops shall be retested.  Specified accuracy tolerances for each analog network are defined as the root�mean�square�summation of individual component accuracy requirements.  Individual component accuracy requirements shall be as indicated by Contract requirements or by published manufacturer accuracy specifications, whenever Contract accuracy requirements are not indicated.  Each analog network shall be tested by applying simulated analog or discrete inputs to the first element of an analog network. For networks that incorporate analog elements, simulated sensor inputs corresponding to 20, 40, 60, 80 and 100% of span shall be applied, and the resulting element outputs monitored to verify compliance to calculated root�mean�square�summation accuracy tolerance requirements. Continuously variable analog inputs shall be applied to verify the proper operation and setting of discrete devices. Provisional settings shall be made on controllers and alarms during analog loop tests. All analog loop test data shall be recorded on test that include calculated root�mean�square�summation system accuracy tolerance requirements for each output.
	F. Loop Validation Sheets:  Prepare loop confirmation sheets for each loop covering each active instrumentation and control device except simple hand switches and lights.  Loop confirmation sheets shall form the basis for operational tests and documentation.  Each loop confirmation sheet shall cite the following information and shall provide spaces for sign-off on individual items and on the complete loop provided by the CSI:
	G. Loop Certifications:  When installation tests have been successfully completed for all individual instruments and all separate analog control networks, a certified copy of all test forms signed by the Engineer as a witness, with test data entered, shall be submitted to the Engineer together with a clear and unequivocal statement that all instrumentation has been success�fully calibrated, inspected, and tested.
	A. General: Pre-commissioning shall start after acceptance of all wire test, calibration tests and loop tests, and all inspections have demonstrated that the instrumentation and control system complies with all Contract requirements. Pre-commissioning shall demonstrate proper operation of all systems with process equipment operating over full operating ranges under conditions as closely resembling actual operating conditions as possible.
	B. Pre-commissioning Procedures and Documentation:  All pre-commissioning and test activities shall follow detailed test procedures and check lists accepted by the Engineer as submitted by the CSI.  All test data shall be acquired using equipment as required and shall be recorded on test forms accepted by the Engineer, that include calculated tolerance limits for each step.  Completion of all system pre-commissioning and test activities shall be documented by a certified report, including all test forms with test data entered, delivered to the Engineer with a clear and unequivocal statement that all system pre-commissioning and test requirements have been satisfied.
	C. Operational Validation:   Where feasible, system pre-commissioning activities shall include the use of water to establish service conditions that simulate, to the greatest extent possible, normal final control element operating conditions in terms of applied process loads, operating ranges, and environmental conditions. Final control elements, control panels, and ancillary equipment shall be tested under start�up and steady�state operating conditions to verify that proper and stable control is achieved using motor control center and local field mounted control circuits.  All hardwired and software control circuit interlocks and alarms shall be operational.  The control of final control elements and ancillary equipment shall be tested using both manual and automatic (where provided) control circuits.  The stable steady�state operation of final control elements running under the control of field mounted automatic analog controllers or software based controllers shall be assured by adjusting the controllers as required to eliminate oscillatory final control element operation.  The transient stability of final control elements operating under the control of field mounted, and software based automatic analog controllers shall be verified by applying control signal disturbances, monitoring the amplitude and decay rate of control parameter oscillations (if any) and making necessary controller adjustments as required to eliminate excessive oscillatory amplitudes and decay rates.
	D. Loop Tuning:  All electronic control stations incorporating proportional, integral or differential control circuits shall be optimally tuned, experimentally, by applying control signal disturbances and adjusting the gain, reset, or rate settings as required to achieve a proper response.  Measured final control element variable position/speed set point settings shall be compared to measured final control element position/speed values at 20, 40, 60, 80 and 100% of span and the results checked against indicated accuracy tolerances.
	E. Pre-commissioning Validation Sheets:  Pre-commissioning shall be documented on one of two types of test forms as follows:
	F. Pre-commissioning Certification:  Submit an ICM system pre-commissioning completion report that shall state that all Contract requirements have been met and shall include a listing of all instrumentation and control system maintenance and repair activities conducted during the pre-commissioning testing. Acceptance of the instrumentation and control system pre�-commissioning testing must be provided in writing by the Engineer before the performance testing may begin.  Final acceptance of the control system shall be based upon plant completion as stated in the General Conditions.
	A. Furnish the services of an on-site service engineer to supervise and coordinate installation, adjustment, testing, and start-up of the ICM system.  The Engineer will be present during the total period required to affect a complete operating system. A qualified team of the Instrumentation Subcontractor personnel shall be on site as required to check all equipment, perform the tests indicated in this Section, and furnish startup services.
	A. The entire ICM system shall operate for 30 days without failure.
	B. Furnish all necessary support staff as required to maintain the system and to satisfy the repair or replacement requirements.
	C. If any component fails during the performance test, it shall be repaired or replaced within 4 hours and the ICM system shall be restarted.  If the system is not repaired and running within four (4) hours or more than six component failures within the four (4) hour repair period, the system shall be restarted and operate for an additional 30 days without failure.
	A. Test entire ECM system in accordance with the requirements of Section 13450 – Instrumentation, Control and Monitoring System Testing Requirements.
	B. General: Train the Owner's personnel on the maintenance, calibration and repair of all instruments provided under this Contract.
	C. Instructions:  The training shall be performed by qualified representatives of the equipment manufacturers and shall be specific to each piece of equipment.
	D. Duration: Each training class shall be a minimum of 8 hours in duration and shall cover, as a minimum, operational theory, maintenance, troubleshooting/repair, and calibration of instruments.  Include a minimum of 4 hours training per instrument or control device; for PLC, and software include 8 hours for each type supplied.
	E. Schedule:  Training shall be performed during the pre-commissioning phase of the project and 30 days after acceptance.  The training sessions shall be scheduled a minimum of 3 weeks in advance of when the courses are to be initiated.  The Owner and Engineer will review the course outline and the training manual as submitted by the CSI for suitability and provide comments that shall be incorporated.
	F. Agenda:  The training shall include operation and maintenance procedures, trouble shooting with necessary test equipment, and changing set points, and calibration for that specific piece of equipment.
	G. Documentation:  Within 10 days after the completion of each session the Contractor shall submit the following:
	A. For the purpose of this Section, the following conditions shall be fulfilled before the Work is considered substantially complete:
	A. Supplier shall warrant design, materials, and workmanship for customary period applicable for the equipment involved, but in no case for less than 24 months from date of acceptance, in accordance with the requirements of Paragraph 1.03, J, 1.
	B. During warranty period, if mechanical defects occur, or equipment fails to perform in accordance with specified performance requirements under conditions of normal use within the design limitations of the equipment, supplier shall, upon request of the company, repair or replace equipment or parts as required and shall place equipment in proper working condition, assuming all expenses involved.
	C. A written prepaid maintenance contract executed by the CSI shall be provided to the Owner for on-site warranty and travel maintenance services, in accordance with the requirements of paragraph 1.03, H, and Paragraph I, 1.  This maintenance contract shall include all travel and living expenses, labor, parts, and emergency calls providing on-site response within 4 hours, to provide complete system maintenance for a period of one year after the date of final acceptance of the system.
	D. The maintenance contract shall include a minimum of 4 (quarterly) preventive maintenance visits by a qualified serviceman of the Supplier who is familiar with the type of equipment and software provided for this project.  Each preventive maintenance visit shall include routine adjustment, calibration, cleaning, and lubrication of system equipment and written verification of calibration and correct software operation.
	E. An annual fee shall be quoted 90 days before completion of the first year maintenance contract for annual maintenance subsequent to the first year of operation.  Standard per diem rates for providing breakdown service shall be set forth in the contract.  Such rates shall be fair and reasonable and reflect the lowest rates offered to most favored customers.  The fee quoted shall be firm for a minimum of 90 days from day of issue.



	13200 - ICMS Panels
	SECTION 13200
	INSTRUMENTATION, CONTROL AND MONITORING SYSTEM PANELS
	PART 1 -  GENERAL
	A. Requirements specified in Division 1 of these Specifications form a part of this Section.  Panel(s) shall be fabricated, instruments installed, and wired in the manufacturer's factory.  Wiring shall be completed and tested prior to shipment. External connections shall be by way of numbered terminal blocks.
	B. Contractor shall receive, set, and connect system panels furnished by others.
	C. Where required Contractor shall rework existing control panel(s) to add or eliminate functionality as shown on the Contract Documents.
	D. Related Sections include but are not limited to:
	A. Publications listed below form a part of this Section to the extent referenced.  The publications are referred to in the text by basic designations only.
	A. Shop drawings shall be submitted in accordance with Section 01300 – Submittals, and Section 13000 – Instrumentation, Control and Monitoring System General Requirements.
	B. Control Panel Engineering Submittal:  The Contractor shall submit a control panel engineering submittal for each control panel and enclosure provided and/or existing control panel to be reworked.  The submittal shall completely define and document the construction, finish, layout, power circuits, signal and safety grounding circuits, fuses, circuit breakers, signal circuits, internally mounted instrumentation and SCADA system components, face plate mounted instrumentation components, internal panel arrangements, and external panel arrangements.  All panel drawings shall be "B" size, and all data sheets and manufacturer specification sheets shall be "A" size. The submittal shall be in conformance with NEMA Standard ICS�1�1.01, shall be submitted as a singular complete bound volume or multi�volume package and shall have the following content:
	A. Control panel spare parts and special tools shall be provided in accordance with Section 13000 – Instrumentation, Control and Monitoring System General Requirements. Additional manufacturer recommended spare parts or special tools required for normal operation and/or maintenance of the components supplied with the control panels shall be included.
	B. All spare parts and special tools shall be submitted before startup commences, and delivered suitably wrapped and identified prior to equipment final acceptance.

	PART 2 -  Products
	A. Furnish, fabricate, test, and make ready for operation the control panels and cabinets required to complete the Instrumentation and Controls design per the Contract Specifications including Contract Specification 13000 “Instrumentation and Controls – General Provisions” and as shown on the Contract Drawings.
	B. Unless otherwise specified on the Contract Drawings, all control panels and cabinets shall be of the fully enclosed type suitable for the mounting of the instrumentation and control devices as listed in the Contract Documents and as shown on the Contract drawings.
	C. All control panel and cabinets shall be fully lockable with a lock installed in the door handle or by padlocking using a hasp and staple for padlocking.  Locks for each panel or cabinet provided under this Contract shall be keyed alike.
	D. All panel components shall be mounted in a manner that shall permit servicing, adjustment, testing and removal without disconnecting, moving or removing any other component.  Components mounted on the inside of panels shall be mounted on removable plates, in such a manner that the component may be removed without removing the plate, and shall not be directly mounted to the enclosure.  Mounting shall be rigid and stable unless shock mounting is required otherwise by the manufacturer to protect equipment from vibration.  Mounting orientation shall be in accordance with the requirements of each component.
	E. Front of panel devices (indicating lights, pushbuttons, selector switches, etc.) shall be grouped together by associated equipment/function.  Layout of the control devices shall be in accordance with the sequence of operations proceeding from left to right across the front of the control panel.
	F. The instruments designated for rear�of�panel mounting shall be arranged within the panel in a manner to allow for ease of maintenance and adjustment.
	G. Instruments to be mounted inside panels that require rear access for wiring, calibration, or testing and that cannot be surface mounted on interior back plates while still providing access to all wiring (even if pre-wired to external terminal strips), calibration or testing functions shall be mounted on swing-out sub-panels to facilitate such maintenance, troubleshooting, or testing activities without requiring one to physically stand inside the panel.
	H. All exterior panel mounted equipment shall be installed with suitable gaskets, faceplates, etc. required to maintain the NEMA rating of the panel.
	I. Front of panel instruments that are more than 6-inches deep, weight more than 10 pounds, or exert more than 4 ft-lb moment force on the face of the panel shall be supported underneath by at least 1-inch x 1/8-inch thick steel angle to prevent wrapping or damage to the panel and/or instrument.  Front of panel instruments shall be designed to be flush or semi-flush mounted.
	J. Conductors running from the field to the panels shall be continuous without splices, except at Engineer reviewed and accepted junction boxes.  The junction boxes shall have terminal blocks with at least 20 percent spare terminals. Special care shall be exercised to pass all grounding and shield conductors through such junction boxes with the least possible resistance.  Conduit and cables entering panels shall be sealed to prevent the intrusion of gases or moisture.
	K. The internal framework of each panel shall permit panel lifting without racking or distortion.  Provide removable lifting rings designed to facilitate simple, safe rigging and lifting of the control panels during installation.  Plugs shall be provided and shall unobtrusively fill the panel lifting ring holes when substituted for the lifting rings after installation is complete.  The control panel framework and instrument supports associated with each Control Panels shall be designed in accordance with the Seismic Zone as noted on structural notes of the Contract Drawings.
	L. Where applicable, also provide a nameplate, which reads as follows "CAUTION - THIS PANEL CONTAINS A VOLTAGE FROM AN EXTERNAL SOURCE."  Engraving shall be approximately 3/16-inch in height, consisting of black lettering on a high visibility yellow background.  Nameplates shall be beveled and attached to panels by self-tapping stainless-steel screws or No. 10/32 Type 304 stainless-steel machine screws with nuts and flat and lock washers. Adhesive bonded or glued on nameplates shall not be accepted.
	M. Provide control panels as indicated on Contract Drawings. Refer to Sections 13000: Instrumentation, Control and Monitoring System General Requirements; 13300 - Instrumentation, Control, and Monitoring System Components; 13400 - Instrumentation, Operator Workstations, Human Machine Interface Terminals, and Programmable Logic Controllers for complete panel requirements.
	N. Note: Motor Control Centers shall be tied in to the nearest SCADA control panels as shown on the drawings.
	A. Nameplates
	B. Power Supplies
	C. Relays
	D. Timers
	E. Signal Conditioning and Converters
	F. Front of Panel Devices
	G. Corrosion Inhibitors
	A. Circuit Schematics
	B. Power Distribution
	C. Transient Protection for Instruments and Equipment.
	D. Control Voltages
	E. Internal Panel Wiring
	F. Service Receptacles and Lights
	G. Wire Markers and Color Coding
	H. Wire Duct
	I. Terminals Blocks
	J. Intrinsic Safety (IS) Barriers
	A. Panels shall permit continuous operation of all components with ambient temperatures of up to 105 degrees F.
	B. Panels shall be provided with louvers and/or forced ventilation as required to prevent temperature buildup.  Except for panels with their backs directly adjacent to a wall, louvers shall be in the rear of the panels, top and bottom, and shall be stamped sheet metal construction.  For panels mounted with their backs directly adjacent to a wall, louvers shall be on the sides.  Forced air ventilation fans, where used, shall be provided with washable or replaceable filters.  Fan motors shall operate on 120 VAC, 60-Hz power.
	C. When required, space heaters shall be provided to raise interior temperatures to 45oF whenever ambient temperatures fall below 32oF  Space heaters and thermostats shall be rated for 120V ac and shall be wired to terminal blocks to facilitate the connection of an external power source.
	D. Should sufficient heat be generated within a panel where dissipation cannot be adequately accomplished with natural convection or forced air ventilation, a heat exchanger or air conditioner shall be provided.  Air conditioners that require cooling water supply shall only be provided where accepted by Engineer.  Pneumatic panel coolers shall only be supplied where sufficient excess instrument quality air is available and only then when accepted by Engineer.
	E. Control panels that are exposed to sunlight shall be equipped with adequate sunshields.  The sunshield shall consist of one or more pieces of stainless steel, FRP, or other suitable material of sufficient size to cover the top, sides, and rear of the panel (where applicable), and to hang over the front of the panel to shade any instruments mounted there.  Sunshield pieces shall be secured to the panel by bolts and shall have no less than 1 inch of clearance from the panel and from one another, to allow for air circulation over the sunshield surfaces and access to panel door(s).
	A. Piping, in conformance with the requirements of Section 15060 – Piping and Appurtenances, and wiring, in conformance with the requirements of Section 16120 – Wire and Cable (600V), within each panel shall be done in a good workmanlike manner, grouped, and rigidly supported to give a neat appearance.  Control components not flush mounted on the front of the panel shall be mounted on fully accessible subpanels or racks within the panels for easy removal.  Signal lines leaving the panels shall terminate at bulkhead fittings or terminal blocks and shall be tagged to facilitate field connections.
	A. Panels shall be of sufficient size to adequately enclose indicated instruments plus ample interior clearance to allow for installation, general servicing, and mainte�nance of the instruments.  Weight of instruments shall be supported by channel supports.
	A. Methods for securing panels shall be detailed on panel fabrication drawing submittals.
	A. The instruments and controls to be located on each panel will be shown on the instrumentation drawings, electrical schematics, and/or in the individual specification.  Cut out for devices shall be made using manufacturer's supplied templates and instructions.
	B. Where so indicated, the instruments mounted in the panels shall have the nominal size and general arrangement shown.  Panel layouts and nameplates shall conform to the accepted submittal.
	C. Panel face mounted equipment shall consist of pilot-lights, pushbuttons, selector switches, meters, indicating timers, analyzers and name tags.  Spacing between horizontal rows of components shall be 1 1/2-inches center to center minimum; spacing between vertical columns of components shall be 1 7/8-inches center to center minimum.
	D. The distance from the bottom row of components to the floor shall be not less than 36-inches.  The top row of recording and indicating instruments shall be centered approximately 60-inches above the floor.  The maximum height for annunciator windows shall be 85-inches above the floor.  In general, indicating lights, pushbuttons, indicators and hand switches shall be mounted in accordance with the sequence of operation from left to right and top to bottom.
	E. Filler pieces, bolt on plates, and caps to cover unused holes on panel front shall not be used.  Unused holes in panel will not be acceptable.  Trim plates or brackets supplied with front of panel devices may be used as instructed by the device manufacturer, to fill gaps around a device cut out.
	A. Equipment installed on each panel subplate, shall be provided with a minimum spacing between the component and the wireduct of 1 1/2-inches above and 1-inch below.  Minimum spacing between adjacent components shall be 1/4-inch.
	B. A minimum of 2-inches shall be provided between terminal strips and wireducts or terminal strips and terminal strips.  In general, terminal strips shall be mounted on the vertical edges of the subplate.
	C. Subplates shall have a minimum of 25% spare mounting space, and terminal strips shall have a minimum of 20% spare terminal blocks.

	PART 3 -  EXECUTION
	A. Fabrication of panels shall not begin until shop drawing acceptance by the Engineer has been obtained.
	A. General
	B. Finish
	C. Access Doors
	D. Free-standing Cabinets
	A. Panels shall be constructed to NEMA 4X standards and shall be stainless steel.
	B. Panel cutouts for instruments and other devices shall be cut, punched, or drilled and smoothly finished with rounded edges.  NEMA 4X integrity shall be maintained.  Provide any necessary mounting kits or access doors.
	C. The rear of panel mounted components shall be mounted on removable subpans and not directly to the enclosures.
	D. Print storage pockets shall be provided on the inside of each panel.  Its size shall be sufficient to hold all of the prints required to service the equipment.
	E. Doors shall be rubber-gasketed with continuous hinge.
	F. Stainless steel panels shall be made of Type 304 stainless steel and shall have a brushed polished finish.  Construction requirements are the same as for steel panels except painting is not required.  Mounting brackets and hinges shall also be Type 304 stainless steel.
	A. Enclosures shall be as manufactured by Hoffman or equal.
	A. Preparation and Shipping:
	B. Control panels shall be installed in accordance with Section 13000 – Instrumentation, Control and Monitoring System General Requirements.
	A. General:  Calibration and instruction shall be performed in accordance with Section 13000 – Instrumentation, Control and Monitoring System General Requirements.
	B. Testing shall conform to the requirements of Section 13450 – Instrumentation, Control and Monitoring System Testing Requirements.
	C. Inspection and Approval:



	13300 - ICMS Components
	SECTION 13300
	INSTRUMENTATION, CONTROL AND MONITORING SYSTEM COMPONENTS
	PART 1 -  GENERAL
	A. Requirements of Division 1 of these Specifications and Section 13000 – Instrumentation, Control and Monitoring System General Requirements form a part of this Section. This Section specifies primary and secondary elements of process instrumentation, auxiliary equipment, and supplies directly related to the installation of and operation of these elements, to perform the required functions in conjunction with information and equipment specified in other Sections of Division 13.
	B. Related Sections include but are not limited to:
	A. Publications listed below form a part of this Section to the extent referenced. The publications are referred to in the text by basic designations only.
	A. Contractor shall make submittals in accordance with Section 01300 – Submittals, and Section 13000 – Instrumentation, Control and Monitoring System General Requirements.
	B. The following information shall be submitted:
	A. A factory testing, field testing and final acceptance testing of system components shall conform to the requirements of Section 13450 – Instrumentation, Control and Monitoring System Testing Requirements.
	A. Conform to warranty requirements of Section 13000 – Instrumentation, Control and Monitoring System General Requirements.
	B. The equipment manufacturers and warrant and guarantee against defective equipment, workmanship and materials under normal use, operation and service, shall be for a period of 2 years after acceptance from the final date or resolution of the Owner accepting Work as substantially complete.
	A. Manufacturer
	B. Maintainability
	C. Materials and Installation

	PART 2 -  PRODUCTS
	A. Flow Element and Transmitter, Electromagnetic
	B. pH Element and Transmitter:
	C. Dissolved Oxygen Element and Transmitter, Non-membrane Luminescent (LDO):
	D. Level Transmitter (Submersible Head-Type)
	E. Liquid Level Transmitter (Ultrasonic)
	F. Level Switch, Float
	G. Pressure Transmitter, Electronic:
	H. Pressure and Vacuum Gauges
	I. In-Line Pressure Seal
	A. UPS -  Uninterruptable Power Supplies

	PART 3 -  EXECUTION
	A. Field mounted elements shall be installed, calibrated, and started up in compliance with the manufacturer’s requirements and recommendations. Conflicts between the manufacturer’s requirements and recommendations and these Contract Documents or the Contract Drawings shall be presented to the Engineer for resolution before any affected work is started.
	B. Connections of instruments to process piping shall include, as close as practical to the point of connection, a tight closing block valve suitable for the maximum process pressure and temperature and for the material involved. If connections are of threaded or welded pipe there shall be a union or flanged connection located in the piping to facilitate disassembly of the connection and removal of the instrument without interrupting process operation.
	C. Unless specifically intended for such service, instruments shall be protected and isolated from vibration, temperature extremes, radiant heat, rain or falling water, and similar adverse conditions.
	D. Impulse lines of pressure or pressure differential instruments shall be as short as practical and shall be installed with a minimum slope of 1-inch per foot (1:12) downward toward the instrument in liquid system and upward toward the instrument in gaseous systems. If this preferred direction of slope cannot be maintained, the Contractor shall submit for review and acceptance an installation configuration utilizing traps, drains, and/or vents at high and low points which will ensure freedom from mixed phase offset effects and provide ease of purging or draining.  Exterior liquid filled lines shall be heat traced to prevent freezing.
	E. Field mounted elements shall be marked with data required for calibration such as location of adjustments, span, off-set, zero suppression, and test voltages. If such data are not provided in permanent markings or on the manufacturer’s nameplate, a durable tag or label shall be affixed in a protected location which will become readily visible in the normal course of servicing the instrument.
	A. Factory Tests and Calibration. All field mounted elements shall be factory-tested by the manufacturer to assure satisfactory performance prior to shipment to the job site. Whenever possible, this shall include calibration to the actual range and conditions of use.  Calibration shall be traceable to the national Bureau of Standards with an uncertainty not more than 1/2 of the specified or claimed accuracy of the instruments.



	Spalding WWTP - Instrument IO list
	Spalding WWTP - IO list
	13400 - Instrumentation, Operator Workstations, HMI, and PLC
	SECTION 13400
	INSTRUMENTATION, operator workstations, HUMAN MACHINE INTErFACE TERMINALS, AND PROGRAMMABLE LOGIC CONTROLLERS
	PART 1 -  GENERAL
	A. General - This section describes the Programmable Logic Controller (PLC), Input/Output (I/O) equipment, Operator Interface Terminal (OIT), fiber optic industrial Gigabit Ethernet and associated network communication equipment, and associated hardware and equipment, PLC programming software, Human Machine Interface (HMI) SCADA application software including all engineering and programming and development required for monitoring and control.  All devices, accessories, programming, and appurtenances required for proper operation of a complete and functional Instrumentation Control and Monitoring (ICM) system shall be provided.
	B. Related Sections include but are not necessarily limited to:
	A. 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.
	A. The Contractor shall make submittals in accordance with Section 01300 - Submittals, and 13000 – Instrumentation, Control and Monitoring System General Requirements.
	B. The following information shall be provided:
	A. Factory testing, field testing, and final acceptance testing of computers and programmable logic controllers shall conform to the requirements of Section 13450 – Instrumentation, Control and Monitoring Systems Testing Requirements.
	A. Conform to warranty requirements of Section 13000 – Instrumentation, Control and Monitoring System General Requirements.
	B. The equipment manufacturers shall warrant and guarantee against defective equipment, workmanship, and materials under normal use, operation and service, for a period of 2 years after acceptance from the final date or resolution of the Owner accepting Work as substantially complete.
	A. Tools, supplies and spare parts shall be provided as required.  In addition, the following specific spare parts items shall be provided:

	PART 2 -  PRODUCTS
	A. Provide Programmable Logic Controller including necessary equipment and appurtenances as manufactured by the following acceptable manufacturer:
	A. General
	B. Programmable Logic Controller (PLC)
	A. The PLC programming and configuration software shall be the manufacturer's latest version, and compatible with the Windows 10 operating system. The software package shall consist of all programming, configuration, and documentation software needed to place the control and information system in satisfactory operation.  The software shall allow on-line and off-line program development and documentation.  Programming shall be accomplished through the use of ladder logic and other IEC 1131.3 languages.  PLC programming software shall include electronic documentation.
	B. Third-party programming software shall be acceptable if recommended by the manufacturer and if that software exceeds the capabilities of the PLC manufacturer's standard software package.
	C. All configuration and programming software necessary shall be provided on each operator workstation computer specified, including the Portable Laptop Programming Terminal, for connection to any PLC processor on the Ethernet network or via direct connection to the processor communications port.  All necessary hardware drivers required to perform PLC configuration and programming shall be provided.
	D. If available, the configuration and programming software shall support communication over the network to implement its functions remotely from an operator workstation.  All configuration and programming software necessary to implement this functionality shall be provided on the SCADA System Operator Workstations.  All necessary hardware and software drivers required to allow the operator workstation to perform PLC configuration and programming shall be provided.
	E. The ladder logic instruction set for the PLC shall include the following, as a minimum:
	F. The PLC programming & configuration software shall be the latest version of RSLogix as required.
	A. Control Room SCADA Operator WorkStation (OWS) with Dual 27” Monitors Hardware
	A. Provide an operator interface software package that, when combined with the operator station computer hardware, will gather, display, and store real-time operating information.  The operator interface software package shall be sized according to the appropriate I/O point count and shall be able to accommodate 20% additional I/O in the future, but as a minimum shall accommodate 10,000 I/O.
	B. HMI Application Software
	A. The managed Ethernet switch will be IEEE 802.3 compliant.
	B. The switch shall be powered by a nominal 24VDC supply.
	C. The switch will have a permissible voltage range of 18.5 VDC to 30.2 VDC
	D. Switch will support redundant power inputs that allow immediate switchover without switch operation interruption.
	E. The switch shall have an operating temperature range of 0°C to +55°C.
	F. The permissible storage temperature range for the switch will be -20°C to +70°C.
	G. The switch will withstand a maximum continuous operating humidity of 95% without condensation.
	H. Units should be of fan-less design to increase reliability
	I. Switching Capabilities:
	J. Diagnostics:
	K. Internal Switch Functions:
	L. Managed Ethernet switches shall be Allen Bradley, N-Tron, Cisco, Phoenix Contact, Hirschman, or accepted equal.
	A. Ethernet Interfacing & Switching Capabilities
	B. Diagnostics.
	C. Installation Requirements.
	D. Environmental Specifications & Agency Approvals.
	E. Unmanaged Ethernet switches shall be Allen-Bradley, N-Tron, Hirschman, Phoenix Contact, Weidmuller, or accepted equal.
	A. General

	PART 3 -  EXECUTION
	A. Provide programming to produce completely annotated application programs.  Application programs shall be produced on equipment supplied by the Contractor as part of the work.  The application programming shall be developed as follows:
	B. The manufacturer's license agreements for software packages shall be made out to the Owner.
	A. Data Management.
	B. Graphic Display Organization - General
	C. Graphic Screen Navigation
	D. Process Overview Display(s)
	E. Functional Area Display (s)
	F. Alarm & Event configuration
	G. System Security
	H. Trend Configuration
	I. Historical Data Management Configuration
	J. Reports Configuration
	A. The system shall provide an on-line installation and configuration program for configuring the various computers on the network.  This configuration software shall allow assigning unique node names to each computer as well as selecting the functions that the machine will perform.
	B. The system shall allow additional computers to be added to the network while on-line, without disrupting the operations of the other machines.
	A. The system shall provide on-line diagnostics that display the current status and operation of the local area network and its nodes.  The diagnostic display shall include the LAN adapter status for the machine showing the display, as well as the current number of messages, errors and retries.
	B. An additional display shall show the current session status (established, pending, offline) of all stations on the network.  A session monitor program that automatically monitors and recovers communications shall be supplied with the system.
	A. The manufacturer's license agreements for software packages shall be made out to the Owner.
	B. Contractor developed application programs shall become the property of the Owner at the conclusion of the contract.  There shall be no license agreements of any kind for these programs.
	C. The Owner shall be provided with passwords required to access the PLC application programs and operator interface configuration data.  There shall be no Contractor programmed security schemes that prevent access to the application programs or configuration data.



	13450 - ICMS Testing Requirements
	SECTION 13450
	INSTRUMENTATION, CONTROL AND Monitoring SYSTEM TESTING Requirments
	PART 1 -  GENERAL
	A. The Contractor shall test the Instrumentation, Control and Monitoring (ICM) System as specified herein to demonstrate compliance with the Contract Documents.
	B. Related Sections include but are not necessarily limited to
	A. All system start�up and test activities shall follow detailed test procedures; check lists, etc., previously accepted by the Engineer.  The Engineer shall be notified at least 21 days in advance of any system tests and reserves the right to have the Engineer or the Owner in attendance.
	B. The Contractor shall provide the services of experienced factory trained technicians, tools and equipment to field calibrate, test, inspect, and adjust all equipment in accordance with manufacturer's specifications and instructions.
	C. The Contractor shall maintain master logbooks for each phase of installation, startup and testing activities specified herein.  Each logbook shall include signal, loop or control strategy tag number, equipment identification, description and space for sign�off dates, Contractor signature and Engineer signature.  Example test documentation specific to each phase of testing shall be accepted prior to initiation of that testing, as specified hereinabove.
	D. All test data shall be recorded on test forms, previously accepted by the Engineer.  When each test has been successfully completed, a certified copy of all test results shall be furnished to the Engineer together with a clear and unequivocal statement that all specified test requirements have been met and that the system is operating in accordance with the Contract Documents.
	E. The Engineer will review test documentation in accordance with the Contract Documents and will give written notice of the acceptability of the tests within 10 days of receipt of the test results.
	A. The Instrumentation, Control and Monitoring System equipment shall not be shipped until the Contractor receives written notice of acceptability of the factory tests.
	B. Each item of equipment shall be fully factory inspected, calibrated and tested for function, operation and continuity of circuits.  Exceptions shall be accepeted in writing by the Engineer.
	C. Each subsystem shall be fully factory tested for function and operation.  As a minimum, all tests shall conform to "Hardware Testing of Digital Process Computers", recommended practice RP55.1.  Instrument Society of America.
	D. System performance shall be tested using a fully integrated system, including all software and hardware.  To achieve this, the entire control system, including all peripheral devices and all interconnecting cables (field instruments are not included in this requirement), shall be assembled on the factory test floor and the complete operational program loaded and simulated inputs applied.
	E. The contractor shall perform a 100�hour full system test, during which the entire system shall operate continuously without failure in accordance with the requirements of the Contract Documents.  If a system component fails during the test, the 100�hour test period shall be restarted after its operation is restored.
	F. The factory testing shall demonstrate all aspects of system sizing and timing including:
	G. The overall system shall be tested at maximum and minimum input power voltage variation. Noise shall be imposed on the lines connected to the equipment to demonstrate that the units can operate in a noisy environment.
	H. Operator Workstation Operation � This demonstration shall provide proof of system operation on an individual subsystem basis first, and then in the expected operating environment.  Both normal and abnormal operating modes shall be demonstrated.  Operator workstation testing shall include the following:
	I. PLC Operation � All functions comparable to those demonstrated for the operator workstations shall be demonstrated on the PLC's.  This shall include the following:
	J. Process I/O Simulation - Process input/output simulation for PLC's shall be performed with a manual simulation control panel, a separate programmable logic controller, network-based simulation software, analog signal generators, and/or jumpering of discrete signals between outputs and associated inputs, or some combination of these.  Alternate process I/O systems such as plug�in circuit cards or I/O test modules may be utilized subject to acceptance by the Engineer to provide the specified simulation functions.  The simulation system shall provide analog and discrete I/O hardware devices in sufficient quantity to allow complete and thorough testing of the control strategies and functions of the system.  The process I/O simulation system shall be used in several ways as follows:
	K. Control Strategy Testing � Provision shall be made to test all control strategies to prove the integrity of each strategy and the process control language in which it is implemented.  For each control strategy, all functions shall be tested individually (where possible) and collectively to verify that the control strategy performs as described herein and as required for overall functionality within the control system.
	A. General Requirements
	B. Contractor’s Responsibilities
	C. Final Control Element Testing
	D. Loop Checkout
	E. Control System Startup and Testing
	F. Facility Startup Coordination
	A. Upon completion of all control system startup activities and prior to final system acceptance, the Contractor shall demonstrate that the availability of the entire control system, including operation under conditions of digital equipment fail�over, initiated either automatically or manually, shall be not less than 99.8 percent during a 30-day availability test period.  The Emgomeer shall be given two (2) weeks notice of the starting date of the 30-day availability test.
	B. For purposes of determining availability figures, downtime of each system or portions of each system resulting from the causes specified hereunder will not be considered system failures.
	C. If the system fails the 30-day availability test, the 30-day test period shall be restarted after the failed component or software is repaired/replaced and full operation is restored.
	D. The Contractor shall submit an availability demonstration report that shall state that all system availability requirements have been met.

	PART 2 -  PRODUCTS (NOT USED)
	PART 3 -  EXECUTION (NOT USED)
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	16060 - Grounding and Bonding
	PART 1.   GENERAL
	A. This Section includes grounding of electrical systems and equipment and basic requirements for grounding for protection of life, equipment, circuits, and systems.  Grounding requirements specified in this Section may be supplemented in other Sections of these Specifications.
	B. Documents and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.
	C. Related Sections include but are not limited to:
	A. Publications listed below form a part of this Section to the extent referenced.  The publications are referred to in the text by basic designations only.
	A. General:  Submit each item in this Article per the requirements of Section 01300 - Submittals.
	B. Product Data for grounding rods, connectors and connection materials, and grounding fittings.
	C. Qualification data for firms and persons specified in the “Quality Assurance” Article to demonstrate their capabilities and experience.  Include lists of completed projects with project names and addresses, names and addresses of architects and owners, and other information specified.
	D. Field tests and observation reports certified by the testing organization and indicating and interpreting the test reports for compliance with performance requirements.
	A. Testing Agency Qualifications:  A “Nationally Recognized Testing Laboratory” (NRTL) as defined in OSHA Regulation 1910.7, or a full member company of the international Electrical Testing Association (NETA).
	B. Comply with NFPA 70.
	C. Comply with UL 467.
	D. Listing and Labeling:  Provide products specified in this Section that are UL listed and labeled.
	E. See Also Spec 16010 – General Electrical Requirements, Part 1 for listing of applicable reference standards.

	PART 2.   PRODUCTS
	A. Acceptable Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	A. Governing Requirements:  Where types, sizes, ratings, and quantities indicated are in excess of National Electrical Code (NEC) requirements, the more stringent requirement and the greater size, rating, and quantity indications shown shall be adhered.
	A. Comply with Section 16120 - Wire and Cable (600V).  Conform to NEC Table 8, except as otherwise indicated, for conductor properties, including stranding.
	B. Equipment Grounding Conductors:  Insulated with green color insulation.
	C. Grounding-Electrode Conductors:  Stranded copper cable.
	D. Underground Conductors:  Bare, tinned, stranded copper except as otherwise indicated.
	E. Bare Copper Conductors:  Conform to the following:
	A. Grounding Bus:  Bare, annealed-copper bars of rectangular cross section.
	B. Braided Bonding Jumpers:  Copper tape, braided No. 3/0 AWG bare copper wire unless indicated otherwise, terminated with copper ferrules.
	C. Bonding straps:  Soft copper, 0.05-inch thick and 2-inches wide, except as indicated.
	A. Pressure connectors:  High-conductivity-plated units.
	B. Bolted Clamps:  Heavy-duty type.
	C. Exothermic-Welded Connections:  Provided in kit form and selected per manufacturer’s written instructions for specific types, sizes, and combination of conductors and connected items.
	A. Grounding Rods:  Copper-clad steel.

	PART 3.   EXECUTION
	A. Equipment grounding Conductors:  Comply with NEC Article 250 for types, sizes, and quantities of equipment grounding conductors, except where specific types, larger sizes, or more conductors than required by NEC are indicated.
	B. Signal and Communication Systems: For telephone, alarm, voice and data, and other communication systems, provide a No. 4 AWG minimum insulated grounding conductor in raceway from grounding-electrode system to each service location, backboard, terminal cabinet, wiring closet, and central equipment location.
	C. Separately Derived Systems:  Where NEC requires grounding, ground according to NEC.
	D. Grounding and Bonding for Piping and Metallic Parts:
	E. Grounding and Bonding Metal Air Ducts: Ground and Bond metal air ducts to equipment grounding conductors of associated fans, blowers, heaters and air cleaners. Install tinned bonding jumper to bond across flexible duct connections to achieve continuity.
	A. General:  Ground electrical systems and equipment according to NEC requirements, except where Drawings or Specifications exceed NEC requirements.
	B. Grounding Electrode System:  Each building or structure with electric service and with a metal underground water pipe, the metal frame of the building or structure, concrete encased electrodes, any ground ring encircling the building or structure and all made electrodes (ground rods, etc.) shall be bonded together to form the grounding electrode system.  The main bonding jumper and the grounding electrode conductor shall be installed and sized per NEC except where larger sizes than required by NEC are indicated.
	C. Electrical Room Grounding Bus:  Space 2-inch from wall and support from wall 6-inches above finished floor, except as otherwise indicated.
	D. Grounding Rods:  A minimum of two (2) ground rods shall be installed where the ground rod serves as the grounding electrode per NEC.  Locate a minimum of 1-rod length from each other and at least the same distance from any other grounding electrode.
	E. Grounding Conductors:  Route along the shortest and straightest paths possible, except as otherwise indicated.  Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
	F. Underground Grounding Conductors:  Use bare, soft-drawn copper wire:  Bury at least 30-inches below ground.
	G. Test Wells: Minimum of two at each building/ structure ground loop, except as otherwise indicated on the Drawings.  Set top of well flush with finished grade or floor.  Fill the well bottom with 1-inch maximum-size crushed stone or gravel.
	A. General:  Make connections so possibility of galvanic action or electrolysis is minimized.  Select connectors, connection hardware, conductors, and connection methods so metals in direct contact will be galvanically compatible.
	B. Exothermic-Welded Connections:  Use for connections to structural steel and for underground connections, except those at test wells.  Comply with manufacturer written instructions.  Welds that are puffed up or that show convex surfaces indicating improper cleaning are not acceptable.
	C. Equipment Grounding-Wire Terminations:  For No. 8 AWG and larger, use pressure-type grounding lugs.  No. 10 AWG and smaller grounding conductors may be terminated with winged pressure-type connectors.
	D. Non-contact metal Raceway Terminations:  Where metallic raceways terminate at metal housings without mechanical and electrical connection to housing, terminate each conduit with a grounding bushing.  Connect grounding bushings with a bare grounding conductor to grounding bus or terminal in housing.  Bond electrically non-continuous conduits at both entrances and exits with the grounding conductors, except as otherwise indicated.
	E. Tighten screws and bolts for grounding and bonding connectors and terminals according to manufacturer’s published torque-tightening values.  Where these requirements are not available, use those specified in UL 486A and UL 486B.
	F. Compression-Type Connections:  Use hydraulic compression tools to provide correct circumferential pressure for compression connectors.  Use tools and dies recommended by manufacturer of connectors.  Provide embossing die code or other standard method to make a visible indication that a connector has been adequately compressed on grounding conductor.
	G. Moisture Protection:  Where insulated grounding conductors are connected to grounding rods or grounding buses, insulate entire area of connection and seal against moisture penetration of insulation and cable.
	A. Each underground ductbank shall have a continuous ground wire as shown on the Drawings. All ductbank ground wires shall be exothermically connected in Manholes and Handholes to create continuous uninterrupted path for the ground cable.
	B. Connections to Manhole Components:  Connect exposed metal parts, such as inserts, cable racks pulling irons, ladders, and cable shields within each manhole or handhole, to grounding rod or grounding conductor.  Make connections with minimum No. 4 AWG stranded, hard-drawn copper wire.  Train conductors plumb or level around corners and support to manhole walls.  Connect to cable armor and cable shields as recommended by manufacturer of splicing and termination kits.
	C. Grounding System:  Ground Pad-mounted equipment and noncurrent-carrying metal items associated with substations by connecting them to underground cable and grounding electrodes.
	A. Testing Agency:  Engage an electrical testing organization to perform tests described below.
	B. Test:  Subject the completed grounding system to a resistance test at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal, and at ground test wells.  Measure ground resistance not less than 2 full days after the last trace of precipitation, and without the soil being moistened by any means other than natural drainage or seepage and without chemical treatment or other artificial means of reducing natural ground resistance.  Perform tests by the 2-point method according to IEEE 81
	C. Maximum grounding to resistance values are as follows:
	D. Excessive Ground Resistance:  Where resistance to ground exceeds specified values, notify Owner promptly and include recommendations to reduce ground resistance and to accomplish recommended work.
	E. Grounding:  Test manhole grounding to ensure electrical continuity of bonding and grounding connections.  Measure ground resistance at each ground rod and report results.  Use an instrument specifically designed for ground-resistance measurements.
	F. Report:  Prepare test reports, certified by the testing organization, or ground resistance at each test location.  Include observations of weather and other phenomena that may affect test results.  Describe measures taken to improve test results.
	A. Restore surface features, including vegetation, at areas disturbed by work in this Section.  Reestablish original grades, except as otherwise indicated.  Where sod has been removed, replace it as soon as possible after backfilling is completed.  Restore areas disturbed by trenching, storing of dirt, cable laying, and other activities to their original condition.  Include topsoil, fertilizer, lime, seed, sod, sprigs, and mulch.  Comply with Section 02222 – Excavation, Trenching and Backfill.  Maintain restored surface.  Restore disturbed paving to the original condition.
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	16130 - Electrical Boxes and Fittings
	PART 1.  GENERAL
	A. Work includes furnishing, labor, materials and equipment, tools and incidentals for complete electrical boxes and fittings
	B. Work in this Section includes:
	C. Related Sections include but are not limited to:
	A. Publication listed below form a part of this Section to the extent referenced.  The publications are referred to in the text by basic designations only.
	A. Submit product data.

	PART 2.  PRODUCTS
	A. Outlet Boxes:  Appleton, Crouse Hinds, Raco, Steel City, Thomas & Betts or accepted equal.
	B. Pull and Junction Boxes:  Appleton, Crouse Hinds, Hoffmann, Weigmann or accepted equal.
	A. Sheet Metal Outlet Boxes:  NEMA OS�1; galvanized steel, with 1/2-inch male fixture studs where required.
	B. Cast Boxes:  Cast feralloy with galvanized or corro-free epoxy finish, deep type, gasketed cover, threaded hubs.
	A. Sheet Metal Boxes:  NEMA OS�1; galvanized steel.  Boxes larger than 12-inches in any dimension are hinged enclosure as specified under Section 16160 � Cabinets and Enclosures.
	B. Cast Metal Boxes:  NEMA 250; Type 4, galvanized cast iron box and cover, neoprene gasket, stainless steel cover screws, UL listed as raintight.  Provide flat�flanged type for surface mounting and outside flange recessed cover type for underground use.  Boxes for sidewalk or other traffic areas to have appropriate duty cover with non�skid finish.
	C. Corrosion Resistant (NEMA 4X) Boxes:  Stainless steel, gasketed screw cover.  For boxes larger than 12�inches in any dimension provide hinge on one (1) side and trunk latches on the other three (3) sides.
	D. PVC Coated Rigid Steel Boxes:  Galvanized rigid steel with Factory applied external 40 mil PVC coating and urethane interior coating.
	A. Boxes in hazardous areas shall be cast iron with galvanized or corro-free epoxy finish, threaded hubs and cover, and shall comply with UL 886, ANSI C 33.27 and with NEC Class I, Div. 1 and Div. 2, Group D hazardous locations.

	PART 3.  EXECUTION
	A. Provide boxes as shown on Drawings, and as required for splices, taps, wire pulling, and equipment connections.
	B. Box locations shown on the Drawings are approximate unless dimensioned.  Verify box locations prior to rough�in.   Locate outlet boxes to permit handicap access per ANSI A117.1.  Any outlet may be relocated by up to 10-feet horizontally before it is permanently installed without incurring additional cost to the Owner.
	A. Support boxes independently of conduit.
	B. Use multiple-gang boxes where more than one (1) device is mounted together; do not use sectional boxes.  Provide barriers to separate wiring of different voltage systems.
	C. Align wall-mounted outlet boxes for switches, thermostats, and similar devices. Align adjacent devices at different elevations in one (1) vertical line.  Set floor boxes level and flush with finish flooring material.
	D. Provide cast outlet boxes in exposed, exterior, hazardous and wet locations.
	E. Use PVC coated rigid steel boxes wherever PVC coated conduit is indicated.
	F. Box covers shall be of the same material and construction as the box.


	16141 - Wiring Devices
	PART 1.  GENERAL
	A. Work described in this Section includes furnishing labor, materials and equipment, tools and incidentals for complete and operable wiring devices.
	B. Work in this Section includes:
	C. Related Sections include, but are not limited to:
	A. Publications listed below form a part of this Section to the extent referenced.  The publications are referred to in the text by basic designations only.
	A. Submit product data, in accordance with the requirements of Section 01300 - Submittals.

	PART 2.  PRODUCTS
	A. Switches and Receptacles:  Arrow Hart, Bryant, Hubbell, Leviton SpecMaster, Pass and Seymour, Sierra, Crouse-Hinds, Appleton, TayMac or accepted equal.
	B. Wall Plates:  TayMac; Specification Grade, or accepted equal.
	C. For acceptable manufacturers in hazardous areas, see Paragraph 2.04.
	A. Wall Switches:  NEMA WD�1; FS W�S�896; 20 amp, 120/277 volt, specification grade; horsepower rated; quiet type; back and side wiring provisions; toggle handle.
	B. Convenience Receptacles:  NEMA WD�1; FS W�C�596; 20 amp, 125 volt, specification grade; impact resistant nylon face; back and side wiring provisions; grounding screw.
	C. Specific Use Receptacles:  NEMA WD�1 or WD�5; type as indicated.  For branch circuits serving a single device, match device rating to branch circuit rating.
	D. Device Colors:  Brown in unfinished areas and ivory in finished office areas.  Isolated ground circuits shall be orange.
	A. Interior Finished Areas Device Plates:  Type 302 stainless steel, 0.030-inch thick minimum, satin finish.
	B. Interior Unfinished Areas Device Plates:  Cast Iron Cover with Gasket and with galvanized finish.
	C. Weatherproof Cover Plate:  Receptacles in wet locations shall be installed with a hinged outlet cover/enclosure clearly marked Suitable For Wet Locations While In Use.  Cover shall be UL listed.  There must be a gasket between the enclosure and the mounting surface, and between the hinged cover and mounting plate/base to assure proper seal.
	A. Switches:  Factory sealed enclosure, cast iron alloy body, single gang 3-way or 4-way, 20 amperes, 120 volt suitable for Class I, Div. 1 & Div. 2, Group D.  Crouse-Hinds type EDS or accepted equal.
	B. Convenience Receptacles and Plugs:  Dead front, factory sealed, delayed action circuit breaking angle type, 2-wire, 3-pole rated 20 ampere, 125 volt, complying with UL1010 and suitable for Class I, Div. 1 & Div. 2, Group D hazardous areas.  Crouse-Hinds CPS 152 with mating plug CPP, or accepted equal.
	C. Power Receptacles and Plugs:  Dead front interlocked with built-in rotary switch, 3-wire, 4 pole, 60 ampere, 480 volt, complying with UL 886, UL 1010 and suitable for Class I, Div. 1 & Div. 2 , Group D hazardous areas.  Russell Stolls Cat. # 4264BC with mating plug Cat. # 4268BC, or accepted equal.

	PART 3.  EXECUTION
	A. Secure devices to outlet boxes without depending on device plates to pull them tight.  Install a bonding jumper between all devices and outlet boxes.
	B. Install switches with off position down; and receptacles with grounding pole on bottom.
	C. For cord and plug connected equipment, coordinate receptacle configuration with equipment supplied.
	D. Install device plates on switch, receptacle, and blank outlets.  Use jumbo size plates for devices installed in masonry walls.
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	16195 - Electrical Identification
	SECTION 16195
	ELECTRICAL IDENTIFICATION
	PART 1 -  GENERAL
	A. This Section includes identification of electrical materials, equipment, and installations.
	B. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.
	C. Related Sections include but are not limited to:
	A. Publications listed below form a part of this Section to the extent referenced.  The publications are referred to in the text by basic designations only.
	A. General:  Submit each item in this Section according to Section 01300 - Submittals.
	B. Product Data for each type of product specified.
	A. Comply with NFPA 70.
	A. Coordinate installing electrical identification after completion of finishing where identification is applied to field-finished surfaces.

	PART 2 -  PRODUCTS
	A. Acceptable Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated in the Work:
	A. Manufacturer’s Standard Products:  Where more than one type is listed for a specified application, selection is Installer’s option, but provide single type for each application category.  Use colors prescribed by ANSI A13.1, NFPA 70, and these Specifications.
	B. Engraving stock, melamine Plastic laminate, 1/16-inch minimum thickness for signs up to 20 sq. in., 1/8-inch thick for larger sizes.
	C. Metallic signs for Exterior Use:  Preprinted brass or aluminum signs, punched for fasteners, with colors, legend, and size as indicated or as otherwise required for the application.  1/4-inch grommets in corners for mounting.
	D. Fasteners for Plastic-Laminated and Metal Signs:  Self-tapping stainless-steel screws or No. 10/32 stainless-steel machine screws with nuts and flat and lock washers.
	A. Each power and control conductor shall be identified at each terminal to which it is connected. Conductors size No. 10 AWG or smaller shall have identification sleeves. The letters and numbers that identify each wire shall be machine printed on sleeves with permanent black ink. The figures shall be 1/8-inch high. Sleeves shall be yellow or white tubing, sized to fit the conductor insulation. The sleeves shall be shrunk to fit the conductor with hot air after installation. They shall be TMS Thermofit Marker System by Raychem Co., W. H. Brady Co., or approved equal. Adhesive strips are not acceptable. Conductors No. 8 AWG and larger shall use cable markers of the locking tab type. Tabs shall be white plastic with conductor identification number permanently embossed.
	A. Raceway markers shall be 0.036-inch minimum thickness, solid metal tags with raceway number stamped in 3/16-inch minimum height characters. Such tags shall be attached to the raceway with heavy duty tie wraps. Alternatively, aluminum wrapped bands, approved for the purpose, may be employed

	PART 3 -  EXECUTION
	A. Install identification devices according to manufacturer’s written instructions.
	B. Install labels at locations for best convenience of viewing without interference with operation and maintenance of equipment.
	C. Lettering, colors, and Graphics:  coordinate names, abbreviations, colors, and designations used for electrical identification with corresponding designations used in the Contract Documents or required by codes and standards.  Use consistent designations throughout the Project.
	D. Sequence of Work:  Where identification is to be applied to surfaces that require finish, install identification after completion of finish work.
	E. Self-Adhesive Identification Products:  Clean surfaces of dust, loose material and oily films before applying.
	F. Install circuit identification labels on faceplates of receptacles, outlet, telephone/data outlets, etc. Use pressure sensitive, self-adhesive plastic labels. Identify supply panel and circuit on the label.
	G. Install Circuit Identification Labels on Boxes:  Label externally as follows:
	H. Identify Paths of Underground Electrical Lines:  During trench backfilling, for exterior underground power, control, signal, and communications lines, install continuous underground plastic line marker located directly above line at 6-inch to 8-inch below finished grade.  Where multiple lines installed in a common trench or concrete envelope do not exceed an overall width or 16-inches, use a single line marker.
	I. The followingcolor codes shall be used for plastic line markers installed directly above underground lines:
	J. Color-Code Conductors:  Primary service, secondary service, feeder, and branch circuit conductors throughout the electrical system.
	K. Power Circuit Identification:  Use plastic laminated for cables, feeders, and power circuits in vaults, pull boxes junction boxes, manholes, and switchboard rooms.
	L. Apply identification to conductors as follows:
	M. Wire and Cable Identification
	N. Apply warning, caution, and instruction signs and stencils as follows:
	O. Nameplates:
	P. Identification Labels



	16231 - Generator and ATS
	PART 1 – GENERAL
	1.1 REFERENCES
	1.2 Related Sections
	1.3 Work Included
	1.4 Manufacturers
	1.5 Submittals
	1.6 Warranty
	1.7 Parts and Service Qualifications

	PART 2 - ProductS
	2.1 General Requirements
	2.2 Diesel Engine
	2.3 Generator
	2.4 Circuit Breaker
	2.5 Controls
	2.6 Installation
	2.7 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain packaged engine generators.  Refer to Division 1 Section "Demonstration and Training."



	16440 - Disconnect Switches
	PART 1.  GENERAL
	A. Work includes furnishing labor, materials, and equipment, tools and incidentals for complete and operable disconnect switches.
	B. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.
	C. This Section includes individually mounted switches used for the following:
	D. Related Sections include but are not limited to:
	A. Publications listed below form a part of this Section to the extent referenced.  The publications are referred to in the text by basic designations only.
	A. General:  Submit each item in this Section according to Section 01300 – Submittals.
	B. Product Data for disconnect switches and accessories specified in this Section.
	C. Wiring diagrams detailing wiring for power and control systems and differentiating between manufacturer-installed and field-installed wiring.
	D. Qualification data for firms and persons specified in the “Quality Assurance” Article to demonstrate their capabilities and experience.  Include lists of completed projects with project names and addresses, names and addresses of engineers and owners, and other information specified.
	E. Field test reports indicating and interpreting test results.
	F. Maintenance data for tripping devices to include in the operation and maintenance manual specified in Section 01700 – Contract Closeout.
	A. Testing Agency Qualifications:  In addition to the requirements specified in Section 01400 - Quality Control, an independent testing agency shall meet OSHA criteria for accreditation of testing laboratories, Title 29, Part 1907, or shall be a full member company of the InterNational Electrical testing Association (NETA).
	B. Source Limitations:  Obtain disconnect switches from one source and by a single manufacturer.
	C. Comply with NFPA 70 for components and installation.
	D. Listing and Labeling:  provide disconnect switches specified in this Section that are UL listed and labeled.
	E. See also Section 16010 – General Electrical Requirements, Part 1 for listing of applicable reference standards.

	PART 2.  PRODUCTS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering disconnect switches that may be incorporated into the Work include, but are not limited to, the following:  Eaton, ABB / GE, Siemens, or Schneider Electric, or accepted equal.
	B. Motor rated starting switches shall be as manufactured by Eaton, ABB / GE, Siemens, or Schneider Electric, or accepted equal.
	A. Enclosed, Non-fusible Switch:  600 volt, heavy duty, single throw safety switch, with lockable handle.  Quantity of poles and ampere rating shall be as required to meet the application.  Also, switches for motor applications shall be horsepower rated to meet or exceed the connected motor load.  Square D Class 3110, or accepted equal.
	B. Enclosed, Fusible Switch: 600 volt, heavy duty, and single throw safety switch with lockable handle and with clips to accommodate specified fuses.  Fuse size shall be per Contract Drawings and/or to match protected equipment manufacturers recommendation. Quantity of poles and ampere rating shall be as required to meet the application. Also, switches for motor applications shall be horsepower rated to meet or exceed the connected motor load.  Square D Class 3110, or accepted equal.
	C. Enclosure:  As specified or required to meet environmental conditions of installed location:
	D. Switches shall have handles lockable with two padlocks and shall have a dual cover interlock.
	E. Disconnect switches used on single phase, three wire or three phase, four wire applications shall have a factory installed neutral assembly.
	A. Motor rated starting switches shall conform to UL 508.
	B. Motor rated starting switches shall only be used on single pole fractional horsepower motors.
	C. Motor rated starting switches shall have thermal overload protection sized per the motor nameplate.
	D. Enclosure shall be compatible with the environment where located.

	PART 3.  EXECUTION
	A. Install switches in locations as follows.
	B. Install switches level and plumb and accessible.
	C. Connect disconnect switches and components to wiring system and to ground as indicated and instructed by manufacturer. Tighten electrical connectors and terminals according to manufacturer’s published torque-tightening values.  Where manufacturer’s torque values are not indicated, use those specified in UL 486A and UL 486B.
	D. Identify each disconnect switch according to requirements specified in Section 16195 - Electrical Identification.
	E. Install such that clear working space per NEC Art 110 provided at the disconnect switch.
	F. Conduit terminations at disconnect switches shall be compatible with the NEMA rating of the enclosure. NEMA 4 enclosures shall use watertight hubs.
	A. Testing:  After installing disconnect switches and after electrical circuitry has been energized, demonstrate product capability and compliance with requirements.  Perform each visual and mechanical inspection and electrical test stated in NETA ATS, Section 7.5 for disconnect switches.  Certify compliance with test parameters.
	B. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, remove and replace with new units and retest.
	A. After completing system installation, including outlet fittings and devices, inspect exposed finish.  Remove burrs, dirt, and construction debris and repair damaged finish including chips, scratches, and abrasions.


	16461 - Low Voltage Dry Type Transformers
	PART 1.  GENERAL
	A. This Section includes general-purpose and specialty dry type transformers and voltage regulators with windings rated 600 V or less.
	B. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.
	C. Related Sections include but are not limited to:
	A. Publications listed below form a part of this Section to the extent referenced.  The publications are referred to in the text by basic designations only.
	A. General:  Submit the following according to Section 01300 – Submittals.
	B. Product data for each product specified, including dimensioned plans, sections, and elevations.  Show minimum clearances and installed features and devices.
	C. Wiring diagrams of products differentiating between manufacturer-installed and field-installed wiring.
	D. Product certificates signed by manufacturers certifying that their products comply with the specified requirements.
	E. Qualification data for firms and persons specified in the “Quality Assurance” Article to demonstrate their capabilities and experience.  Include a list of relevant completed projects with project names and addresses, and points of contacts with telephone numbers.
	F. Operation and maintenance data for materials and products to include in Section 01700 – Contract Closeout.
	G. Field test reports of tests and inspections conducted according to Part 3 of this Section.
	A. Manufacturer Qualifications:  experienced in manufacturing components that comply with the requirements of these Specifications and that have a record of successful in-service performance.
	B. Field-Testing Agency Qualifications:  To qualify for acceptance, an independent testing agency must demonstrate, based on evaluation of agency-submitted criteria conforming to ASTM E 699, that it has the experience and capability to satisfactorily conduct the testing indicated.
	C. Comply with NFPA 70 “National Electrical Code.”
	D. Listing and Labeling:  Products shall be UL listed and labeled.
	E. See also Spec 16010 – General Electrical Requirements, Part 1 for listing of applicable reference standards.
	A. Temporary Heating:  Apply temporary heat according to manufacturer’s recommendations within the enclosure of each ventilated type unit throughout periods during which equipment is not energized and is not in a space that is continuously under normal control of temperature and humidity.

	PART 2.  PRODUCTS
	A. Manufacturer shall be ABB, ACME, Eaton, Siemens, Schneider Electric or accepted equal.
	A. Transformers:  Factory-assembled and tested, air-cooled units of types specified, designed for 60-Hz service.
	B. Cores:  Grain-oriented, non-aging silicon steel.
	C. Coils:  Continuous copper windings without splices except for taps.
	D. Internal Coil Connections:  Brazed or pressure.
	E. Insulation Class:  185oC temperature class with 115oC temperature rise for transformers 25 kVA or smaller. 220oC temperature class with 150oC temperature rise for larger than 25 KVA.
	F. Taps:  For transformers 15 KVA through 300 KVA, full capacity taps in high-voltage winding are as follows: Six 2.5% taps, 2 above and 4 below rated high voltage.
	G. Transformers intended for installation outdoors shall have manufacturer supplied weather shields.
	H. Transformers intended for installation in chemical or corrosive areas shall have stainless steel enclosed resin encapsulated core and coil. Such transformers shall be manufacturer certified as suitable for harsh and corrosive environments.
	I. Transformers shall have floor and wall mounting brackets as required for secure fastening.
	J. Unless noted otherwise, transformers furnished shall be high efficiency transformers meeting DOE standards.
	A. Comply with NEMA Standard ST 1, “Specialty Transformers,” and UL Standard 506, “Specialty Transformers.”
	B. Ratings:  Continuous duty.  Where ratings is not indicated, provide capacity exceeding peak load by 50% minimum.
	C. Type:  Self-cooled, 2-winding, dry type.
	D. Enclosure:  Suitable for the location where installed.
	A. Indoor Units:  Manufacturer’s standard paint over corrosion-resistant pretreatment and primer.
	B. Outdoor Units:  Manufacturer’s premium paint over corrosion resistant pretreatment and primer.
	A. Factory tests:  Design and routing tests conform to referenced standards.

	PART 3.  EXECUTION
	A. Arrange equipment to provide adequate spacing for access and for cooling air circulation.
	B. Identify transformers and install warning signs according to Section 16195 - Electrical Identification.
	C. Tighten electrical connectors and terminals according to manufacturer’s published torque-tightening values.  Where manufacturer’s torque values are not furnished, use those specified in UL 486A and UL 486B.
	D. If installed on the floor or grade, the contractor shall include 4” high concrete housekeeping pad.
	A. Ground transformers and systems served by transformers according to Section 16060 - Grounding and Bonding.
	A. Testing Agency:  Provide services of and independent electrical testing agency according to the requirements of Division 1 Section 01400 - Quality Control, to perform tests on installations made under this Section.
	B. Test Objectives:  To ensure transformer installation is operational within industry and manufacturer’s tolerance, install according to Contract Documents, and suitable for energizing.
	C. Test Labeling:  Upon satisfactory completion of tests for each unit, attach a dated and signed “Satisfactory Test” label to the tested component.
	D. Schedule tests and provide notification at least one week in advance of test commencement.
	E. Report:  Submit a written report of observations and tests.  Report defective materials and workmanship.
	F. Tests:  Include the following minimum inspections and tests according to the manufacturer’s instructions.  Conform to IEEE Standard Test Code C57.12.91 for dry-type units, test method, and data correction factors.
	G. Test Failures:  Correct Deficiencies identified by tests and retest.  Verify that equipment meets the specified requirements.
	A. After completing installation, cleaning, and testing, touch up scratches and mars on finish to match original finish.
	B. Adjust transformer taps to provide optimum voltage conditions at utilization equipment throughout the normal operating facility.  Record voltages and tap settings to submit with test results.


	16470 - Panelboards
	PART 1 GENERAL
	1.1 SCOPE
	1.2 SUBMITTALS

	PART 2 PRODUCTS
	2.1 ACCEPTABLE MANUFACTURERS
	2.2 PANELBOARDS

	PART 3 EXECUTION
	3.1. INSTALLATION
	3.2. FIELD QUALITY CONTROL


	16473 - Low Voltage Surge Protection Devices
	PART 1 -  GENERAL
	A. Work described in this Section includes furnishing labor, materials, and equipment, tools, and incidentals for complete and operable surge protective devices for electrical power panels, motor control centers, and switchboards.
	B. Provide a surge protective device for each Service Entrance and Main Distribution panelboard/switchboard.  Other Branch panelboards, switchboards, and motor control centers shall have a surge protective device only when called for on the Contract Drawings.
	C. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.
	D. Related Sections include but are not limited to:
	1.2 REFERENCES
	A. Publications listed below form a part of this Section to the extent referenced.  The publications are referred to in the text by basic designations only.

	1.3 SUBMITTALS
	A. Shop drawings, product data, and manufacturer’s installation instructions, and shall be submitted for review ten days prior to the bid date for all non-approved manufacturers.  Submittals shall be in accordance with the Conditions of Section 01300 - Submittals.
	B. The submittals shall include:

	1.4 QUALITY ASSURANCE
	A. Comply with NFPA 70 “National Electrical Code” Article 285 for components and installation.
	B. Listing and Labeling:  Provide products specified in this Section that are listed and labeled.
	C. Comply with NECA “Standard of Installation.”
	D. Comply with UL 1449 latest edition IEEE C62.41, UL standard for safety for transient voltage surge suppressors.
	E. Comply with NEMA LS1 Low Voltage Surge Protective Devices.
	F. Test per IEEE C62.45, 8 x 20 microsecond current wave test.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Acceptable Manufacturers:  Subject to compliance with requirements, manufacturers offering Products that may be incorporated in the Work:

	2.2 DESIGN
	A. The unit shall consist of metal oxide varistors (MOV’s) connected together such that all components shall share surge currents in a seamless, low stress manner.  All internal components shall be hardwired utilizing low impedance connections.
	B. The unit shall include a high performance EMI/RFI noise rejection filter.  The noise attenuation shall be no less than 45 dB at 100 KHz.
	C. The unit shall have internal fusing, rated at 200 KiloAmperes interrupting capacity for each suppression element.  Where indicated, provide integrally mounted disconnect switch.
	D. The unit shall have phase failure indication light emitting diode indicators on the front of the enclosure door. Dry contacts, 10 Amperes at 120 Volts, for remote alarm.
	E. Enclosure shall be a rated enclosure suited for the environment. Reference section on enclosure ratings.

	2.3 ELECTRICAL REQUIREMENTS
	A. The operating voltage shall be as shown on Contract Drawings.
	B. Maximum continuous operating voltage shall be greater than 115% of the nominal operating voltage.
	C. The unit shall have either a Delta or Wye configured projection mode.
	D. Provide units with rated surge current capacity as follows for the types of switchboards/motor control centers/panelboards shown.  For purposes of this section, “Service Entrance” is defined as a switchboard or panelboard which receives its supply from a utility service, utility transformer, or substation transformer; “Main Distribution” is defined as a non-utility powered switchboard or panelboard which has multiple branch feeder circuits of 100 amperes or larger; “Branch” is defined as any other switchboard or panelboard.
	E. KiloAmpere Phase and Mode ratings shall meet or exceed the following standards:
	F. The surge rating per UL 1449, shall not exceed:
	G. The maximum let through voltage shall not exceed:
	H. Provide a five (5) year replacement warranty for all materials.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine equipment for compliance with contract documents and other conditions affecting performance of the transient voltage surge suppression system.  Do not proceed with installation until unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install raceways, boxes, enclosures, and cabinets as indicated, according to manufacturer written instructions.
	B. Install as close as physically possible to panel for maximum protection and optimum performance.

	3.3 PROTECTION
	A. Provide final protection and maintain conditions, in a manner acceptable to manufacturer and installer, to ensure that coatings, finishes, and cabinets are without damage or deterioration at Substantial Completion.

	3.4 CLEANING
	B. Upon completion of installation of system, inspect exposed finish.  Remove burrs, dirt, and construction debris and repair damaged finish, including chips, scratches, and abrasions.



	16484 - Contactors
	SECTION 16484
	CONTACTORS
	PART 1 -  GENERAL
	A. Work described in this Section includes furnishing labor, materials, and equipment, tools, and incidentals for complete and operable contactors.
	B. Work in this Section includes:
	C. Related Sections include but are not limited to:
	A. Publications listed below form a part of this Section to the extent referenced.  The publications are referred to in the text by basic designations only.
	A. Submit product data.  Include outline drawings with dimensions, and equipment ratings for voltage, capacity, and poles.

	PART 2 -  PRODUCTS
	A. General Electric.
	B. Square D.
	C. Westinghouse.
	D. Siemens
	E. Or accepted equal.
	A. Contactors: NEMA ICS�2; mechanically held, unless otherwise indicated.
	B. Coil Operating Voltage: 120 volts, 60 Hertz.
	C. Contacts: as indicated.
	D. Enclosure: NEMA ICS�6; Type 1.
	E. Controls:
	F. Provide solderless pressure wire terminals.

	PART 3 -  EXECUTION
	A. Install in accordance with manufacturer's instructions.



	16489 - Low Voltage Variable Frequency Drives
	PART 1 - 
	1.1 SCOPE
	1.2 REFERENCES
	1.3 Submittals
	1.4 Quality Assurance
	1.5 Individual Equipment Requirements
	1.6 Overall System Requirements
	1.7 Warranty
	PART 2 -  PRODUCTS
	2.1 ACCEPTABLE MANUFACTURERS
	2.2 CONSTRUCTION and characteristics
	PART 3 -  Execution
	3.1 GENERAL
	3.2 FACTORY TESTING
	3.3 Start-Up
	3.4 Harmonics Testing of Power systems
	3.5 Field Quality Control
	3.6 Field Painting
	3.7 Training
	3.8 Spare Parts

	16491 - Fuses
	PART 1.  GENERAL
	A. Work described in this Section includes furnishing labor, materials, and equipment, tools, and incidentals for complete and operable fuses.
	B. This Section includes the following:  Low Voltage Fuses.
	C. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.
	D. Related Sections include but are not limited to:
	A. Publications listed below form a part of this Section to the extent referenced.  The publications are referred to in the text by basic designations only.
	A. General:  Submit each item in this Article according to the Conditions of the Contract and Division 1 Specification Sections.
	B. Product Data for each fuse type specified.
	C. Product Data for each fuse type specified.  Include the following:
	D. Field test reports indicating and interpreting test results.
	E. Maintenance data for indicating and interpreting test results.
	A. Source Limitations:  Obtain fuses from one source and by a single manufacturer.
	B. Comply with NFPA 70 for components and installation.
	C. Listing and Labeling:  Provide fuses specified in this Section that are UL listed and labeled.
	D. See also Spec 16010 – General Electrical Requirements, Part 1 for listing of applicable reference standards.
	A. Furnish spare materials and parts described below that match products installed, are packaged with protective covering for storage, and are identified with labels describing contents.

	PART 2.  PRODUCTS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering fuses that may be incorporated into the Work include, but are not limited to, the following:
	A. Characteristics:  NEMA FU 1, nonrenewable cartridge fuse; class as specified or indicated; current rating as indicated; voltage rating consistent with circuit voltage.
	A. Cabinet:  Wall-mounted, 0.05-inch thick steel unit with full-length, recessed piano-hinged door with key-coded cam lock and pull. Mount cabinet in main electrical or mechanical room.

	PART 3.  EXECUTION
	A. Examine utilization equipment nameplates and installation instructions to verify proper fuse locations, sizes, and characteristics.
	B. Do not proceed with installation until unsatisfactory conditions have been corrected.
	A. Main Service:  Class RK1, time delay.
	B. Main Feeders:  Class RK1, time delay.
	C. Motor Branch Circuits:  Class RK1, time delay.
	D. Other Branch Circuits:  Class RK5, non-time delay.
	A. Install fuses in fusible devices as indicated.  Arrange fuses so fuse ratings are readable without removing fuse.
	A. Install typewritten labels on inside door of each fused switch to indicate fuse replacement information.


	16670 - Lightning Protection System
	16960 - Control Circuits and Pilot Devices
	section 16960
	CONTROL CIRCUITS AND PILOT DEVICES
	PART 1 -  GENERAL
	A. This Section includes furnishing, unless otherwise indicated, and installing all materials and providing all labor and supervision pertaining to control circuits and pilot devices.
	B. Unless otherwise indicated, all pilot devices, such as push-button stations, selector switches, thermostats, firestats, smoke switches, pressure switches, limit switches, float switches, flow switches, pneumatic-electric switches, recorder controllers, and the like, shall be furnished by the supplier of each item or group of items of driven equipment specified in other Divisions of Contract Documents.  The Contractor shall refer to the appropriate Divisions under which driven equipment, or control system applicable thereto, is to be furnished for all specific requirements which may have a bearing on work under this Section, and shall provide the proper services and other electrical work required to make the equipment operable.
	C. In general, all “line” voltage (120 volts and higher) control wiring shall be provided under this Section and lower voltage wiring, such as for low voltage temperature control systems and the like, shall be furnished under the requirements of other Sections.
	D. Related Sections include but are not limited to:
	A. Control devices shall comply with the following requirements.
	A. Submittals shall include catalog cuts, electrical ratings, adjustment ranges, enclosure types and dimensions, necessary internal and interconnection diagrams, etc., in conformance with the requirements of Section 01300 – Submittals.

	PART 2 -  PRODUCTS
	A. Pilot devices shall generally be oil-tight, heavy-duty industrial type with adequately rated precious metal contacts and with enclosures suitable for the type and class of area and for the environment in which they are to be installed.
	B. Specific requirements for pilot devices to be provided under Division 16 – Electrical, shall be as indicated on Contract drawings or as called for under other Sections of Division 16 - Electrical.

	PART 3 -  EXECUTION
	A. Pilot devices and wiring thereto shall be properly supported.
	B. Control circuits shall be provided and connected in accordance with diagrams indicated on the drawings and/or in accordance with diagrams to be furnished by the supplier of the driven equipment or by the supplier of the control system involved therewith.
	C. All required device adjustments and settings and all required re-connections shall be provided to make all systems and equipment operate in a satisfactory manner.



	16999 - Acceptance Testing and Calibration
	PART 1.  GENERAL
	A. This Section includes a Thermographic survey and the field testing, inspection and adjusting of all material and equipment installed.  Other Electrical Sections covering individual types of equipment may have additional testing requirements.
	B. The purpose of these specifications is to assure that all tested electrical equipment and systems are operational and within applicable standards and manufacturer’s tolerances and that the equipment and systems are installed in accordance with design specifications.
	A. Publications listed below form a part of this Section to the extent referenced.  The publications are referred to in the text by basic designations only.
	A. All field testing shall conform to the latest edition of “Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems” as published by the International Electrical Testing Association (NETA) and shall be performed by an independent testing firm certified by NETA.
	B. Items not passing test will be rejected and shall be repaired or replaced with acceptable new items.

	PART 2.  PRODUCTS (NOT USED)
	PART 3.  EXECUTION
	A. Inspect, test and calibrate in accord with manufacturer's instructions supplemented by this Specification.
	B. Institute and maintain rigorous precautions for all test procedures requiring application of potentials above 30 volts, erect barricades around danger areas, post suitable warning signs and station watchman as necessary to ensure that unauthorized persons do not approach energized conductors. Maintain telephone or voice radio contact between potential source location and energized remote locations during any potential testing operations.
	A. Preparatory Work:  Prior to testing, remove each breaker from its compartment.  Clean, lubricate, inspect and adjust each breaker in accord with manufacturer's published maintenance instructions. Inspect contacts, arc quenchers, primary and secondary disconnects, current sensors, small wiring and trip devices.  Examine contacts for condition, clearance, pressure and wipe.
	B. Tests and data:  Determine and record the following data:
	A. Test automatic molded case circuit breakers for acceptance prior to installation in circuit. Quantity to be tested is indicated below.
	A. Inspect and test motors and motor wiring, power and control for proper connection, circuit continuity, wire identification, insulation resistance and proper functioning or operation.  Test insulation resistance from line to line and from each line to ground with a test instrument.  Make tests prior to energizing circuits.  Test motors for correct rotation.  Test proper operation of starters and control devices.  Record the nameplate data of motors for the selection of the proper overload relay heater size.  Overload relay heaters furnished with equipment shall not be considered correct by virtue of the fact that heaters were so furnished and installed.
	B. Test and inspect power distribution equipment for damage, defects and for proper functioning of all electrical and mechanical components.  Test line and load bus, connections and conductors for test circuit breakers for proper electrical and mechanical operation.
	C. Place motor circuit protectors in service at the minimum position which permits motor starting, based on motor nameplate data and following MCP manufacturer's instructions.
	A. Exercise care in the testing of electrical systems so as not to damage special, electronic or instrumented circuits.  Do not undertake to check or test special electronic or instrumented circuits beyond the manufacturer's instructions included with the equipment and performed for equipment installation.  Test the continuity only for alarm, instrumentation, or similar special wiring systems prior to the final equipment connections.
	A. Furnish the necessary test equipment and labor to test the insulation of electrical equipment and circuits before they are energized.  Use a 500 volt "Megger" or other accepted instrument, to test the insulation resistance of circuits insulated for 600 volts, associated motors and transformers, low-voltage motor control centers and low voltage switchboard.
	B. Insulation Tests:  Include, but are not limited to, the following:
	C. Control power transformers, potential transformers and other devices connected phase to phase or phase to ground and any devices not designed to withstand the test voltages must be disconnected when testing insulation resistance in switchboard, motor control centers and other apparatus.
	D. Keep written record of tests performed on forms accepted for the purpose and turned over to Owner upon request, or at the termination of the Work. Identify each circuit or piece of apparatus tested, the date of the test, the temperature at the time of testing, the instrument used, the test voltage applied, the resistance values found and the name of the person in charge of and witnessing the test.
	A. Visual and Mechanical Inspection
	B. Equipment to be inspected shall include MCCs, switchboards, transformers and panelboards.
	C. Provide report including the following:
	D. Test Parameters
	E. Test Values
	A. Upon completion of the various phases of the project, or at convenient times during progress of the Work, check and/or test as herein specified all equipment and wire installed.
	B. Under no circumstances shall any part of the installation be operated by construction personnel without prior written acceptance of the Engineer.  This restriction includes the checking of electrical motors for rotation.
	C. Upon receipt of written notice that the work has been completed, including tests herein specified, Engineer will give the entire work a thorough inspection.  Any defects or omissions noted shall be corrected before acceptance of the work.
	D. The inspections and tests to be made shall include, but are not limited to, the following:




