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The 3rd Edition of Denver Water’'s Capital Projects Construction Standards (CPCS) establishes
the minimum standard requirements for constructing Denver Water’s capital projects. It includes
General Conditions, Standard Technical Specifications, and Standard Details that are no longer
produced in the individual project Contract Documents. Project-specific changes and additions

to the CPCS, in the form of the Supplementary Technical Specifications, along with bidding and

other contract requirements and detailed drawings, will be prepared separately for each project.

Denver Water is not responsible for the use of any portion of this document by any public
agency or private entity. No representation or warranty of any kind is made concerning the
accuracy, completeness, suitability, or utility of any information or product referenced in this

document, and Denver Water assumes no liability arising from such use.

Denver Water may issue periodic revisions or may revise and reprint the entire document at its
discretion. The CPCS is available online:

http://www.denverwater.org/DoingBusinesswithUs/EngineeringOverview/CPCS/
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General Abbreviations:

°C
°F
ABS
AC
ACQ
ADA
AHJ
AMR
ANS
AO
ARMS
AT
ATS
AWG

Degrees Celsius

Degrees Fahrenheit

Acrylonitrile Butadiene Styrene

Alternating Current

Alkaline Copper Quaternary

Americans with Disabilities Act

Authority Having Jurisdiction

Automatic Meter Reading System; Automatic Reading System
Aquatic Nuisance Species

Analog Output

Arc Flash Reduction Maintenance System

Acrylic-Tie

Acceptance Testing Specifications; Automatic Transfer Breaker Switch
American Wire Gauge
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BF
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BIL
BSSTC
BSTC
Btu
BUR
CAC
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CBD
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CCT
CCTV
cf
CFC
cfm

Cl
CLCST
CLDI
CLS
CLSM
cm
CM/GC
CMAR
CML
CMU
CNA
CcP
CPE
CPM
cps
CPVC
CRF
CSE
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CT
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CWP
cy

dB

DC
DCP
DFT
DI

DO
DPDT
dPF
DR
ds
DSL
DW
EASE
ECP
EDMS
EHH
EHSP
El&C
EMI
EMT
EPDM
EPO

Balled and Burlapped

Beam Bolster Upper

Ballast Factor

Backflow Prevention Assembly

Basic Impulse Insulation Level

Bolted Split Sleeve Type Coupling

Bolted Sleeve Type Coupling

British Thermal Unit

Buried

Ceiling Attenuation Class

Category

Complex Steel Building Structures

Major Steel Bridges

Correlated Color Temperature

Closed Circuit Television

Cubic Feet

Chlorofluorocarbon

Cubic Feet per Minute

Cast Iron

Cement-Lined Carbon Steel
Cement-Lined Ductile Iron

Cost Loaded Schedule

Cementitious Low Strength Material; Controlled Low Strength Material
Centimeter

Construction Manager/General Contractor
Construction Manager At Risk

Cement Mortar Lining

Concrete Masonry Unit

Colorado Nursery Act

Carrier Pipe; Cathodic Protection
Chlorinated Polyethylene

Construction Project Manager; Critical Path Method
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Chlorinated Polyvinyl Chloride
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Carbon Steel — General Service

Current Transformer
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Direct Current

Distribution Control Panel

Dry Film Thickness
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Electronic Document Management System
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Emergency Power Off



EPR Ethylene Propylene Rubber

ER Evaluation Report
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ESD Emergency Shut Down

ESR Evaluation Service Report

EUH Electric Unit Heater

EVT Equiviscous Temperature
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FDT Factory Demonstration Test
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F'm Compressive Strength of Masonry
FOB Freight on Board
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FRP Fiberglass Reinforced Plastic
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g Grams

GBR Geotechnical Baseline Report
GCP Generator Control Panel
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GICSs Generator Instrumentation and Control System
GP Poorly Graded Gravel
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GPS Global Positioning System; Generator Protection System
GTAW Gas Tungsten Arc Welding

GUI Graphical User Interface

GW Well Graded Gravel

HBP Hot Bituminous Pavement

HCI Hydrochloric Acid

HDCLPE High Density Cross Laminated Polyethylene Film
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L Liter

LA Lightning Arrestor
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LS Low Level Switch

LVDT Linear Variable Differential Transformer
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MARV Minimum Average Roll Value
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MCC Motor Control Center
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MDFTPC Minimum Dry Film Thickness per Coat
MDI Methylene Diphenyl Diisocyanate
MGS Magnetic Guidance System

MHz Megahertz

MIG Metal Inert Gas
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MLDT Magneto-Restrictive Linear Displacement Transmitter
mm Millimeter

MOC Mechanism Operated Cell

MOP Method of Procedure

MOV Metal Oxide Varistor

MPR Motor Protection Relay

MS Material Specification

MSA Mine Safety Appliance

MSDS Material Safety Data Sheet

MTBF Mean Time Between Failure
MTTR Mean Time to Repair

MUTCD Manual on Uniform Traffic Control Devices
MVA Megavolt Amperes

N Nitrogen

NA Numerical Aperture

NCR Non-Conformance Report

NHT National Hose Thread

No. Number

NPT National Pipe Thread

NRC Noise Reduction Coefficient

NST National Standard Thread

OBD Opposed Blade Damper

ODP Open Drip-Proof Enclosure

OEL Over-Excitation Limiter

o&M Operations and Maintenance

OCR Optical Character Recognition
OPS Overcurrent Protection System
ORT Operational Readiness Test
OTDR Optical Time Domain Reflectometer
oz Ounce

P205 Phosphate

P&ID Process and Instrumentation Diagram
PA Paint Application

PAT Performance Acceptance Test
PCB Polychlorinated Biphenyl

PCC Point of Common Coupling

PCCS Piping Color Code Schedule

pcf Pounds per Cubic Foot

PDS Product Data Sheets

PE Polyethylene

PEI Pulse Endurance Index

pF Pico Farad

PF Power Factor



PFCC Power Factor Correction Capacitor

pH Measure of the acidity or basicity of an aqueous solution
PI Point of Intersection; Polarization Index
PLC Programmable Logic Controller

PLS Pure Live Seed

PLSS Public Land Survey System

PMS Pantone Matching System

PP Polypropylene

PPDS Paint Product Data Sheet

ppm Parts per Million

PPT Polypropylene Tubing

PRE Permanent Reference Electrode

PRS Pressure Regulating Stems

PS Pressure Switch

PSDS Paint System Data Sheet

psf Pounds per Square Foot

psi Pounds per Square Inch

psig Pounds per Square Inch Gauge

PSwW Plastic Space Wheels

PT Potential Transformer

PTFE Polytetrafluoroethylene

PTI Propiconazole Tebuconazole Imidacloprid
PV Process Variable

PVC Polyvinyl Chloride

PVC-T Polyvinyl Chloride Tubing

PVDF Polyvinylidene Fluoride

PWM Pulse Width Modulation

QA/QC Quality Assurance and Quality Control
QP Quialification Procedure

RAP Reclaimed Asphalt Pavement

RAT Reliability Acceptance Test

RE Reynolds Number; Removability Modulus
RFI Request for Information

RGS Rigid Galvanized Steel

RMP Risk Management Plan

rms Root Mean Square

ROM Read Only Memory

ROW Right of Way

rpm Revolutions per Minute

RPTFE Reinforced Polytetrafluoroethylene
RTD Resistance Temperature Detector
RTFE Reinforced Tetrafluoroethylene

RTU Remote Terminal Unit

S4S Surfaced Four Sides

SAD Silicon Avalanche Diode

SAL Site Access Log

SAM Seal-A-Matic

SBD Conventional Steel Building Structures
SBR Styrene Butadiene Rubber
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SCADA Supervisory Control and Data Acquisition
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SDL Site Delivery Log

SDR Standard Dimensional Ratio

SDS Safety Data Sheet

SDT Site Demonstration Test
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SF Service Factor

sfpg Square Feet per Gallon
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SPD Surge Protective Device
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Synchronous Motor Protection and Control
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Safety Shower Eye/Face Wash
Stainless Steel

Sound Transmission Class
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Stormwater Management Plan

Safe Working Pressure
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PART 1

SECTION 22 00 00
PLUMBING
GENERAL

1.1 SUMMARY

A.
B.

Section includes general information, products, and execution for plumbing.
Related Sections:

1. SECTION 09 90 00 — PAINTING AND COATING

2. SECTION 33 05 24.23 — STEEL PIPING FOR WATER TRANSMISSION

1.2 REFERENCES

A.

American Society of Mechanical Engineers (ASME):

1. B16.5 - Pipe Flanges and Flanged Fittings: NPS 1/2 through NPS 24 Metric/Inch Standard

2. B16.11 — Forged Fittings, Socket-Welding and Threaded

3. B16.22 — Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings

4. B16.24 — Cast Copper Alloy Pipe Flanges and Flanged Fittings: Classes 150, 300, 600, 900, 1500, and 2500
American Water Works Association (AWWA):

1. C111 — Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings

2. Cbh09 — Resilient-Seated Gate Valves for Water Supply Service

3. C515 - Reduced-Wall, Resilient-Seated Gate Valves for Water Supply Service

4. C550 - Protective Interior Coatings for Valves and Hydrants

5. C800 — Underground Service Line Valves and Fittings

ASTM International (ASTM):

1. A 153 - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware

2. A 182 - Standard Specification for Forged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged Fittings, and
Valves and Parts for High-Temperature Service

A 194 — Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High Pressure or High Temperature
Service, or Both

A 276 — Standard Specification for Stainless Steel Bars and Shapes

A 312 — Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainless Steel Pipes
A 320 - Standard Specification for Alloy-Steel and Stainless Steel Bolting for Low-Temperature Service

A 774 — Standard Specification for As-Welded Wrought Austenitic Stainless Steel Fittings for General Corrosive
Service at Low and Moderate Temperatures

8. A 778 - Standard Specification for Welded, Unannealed Austenitic Stainless Steel Tubular Products

9. B 32 - Standard Specification for Solder Metal

10. B 75 — Standard Specification for Seamless Copper Tube

11. B 88 — Standard Specification for Seamless Copper Water Tube

12. B 584 — Standard Specification for Copper Alloy Sand Castings for General Applications

Denver Water (DW):

1. Engineering Standards, MS-5 — Resilient Seated Gate Valves

2. Engineering Standards, MS-23 — Brass and Bronze Goods

Manufacturers Standardization Society (MSS):

1. SP-43 — Wrought and Fabricated Butt-Welding Fittings for Low Pressure, Corrosion Resistant Applications

2. SP-58 — Pipe Hangers and Supports — Materials, Design, and Manufacture, Selection, Application, and Installation
3. SP-69 — Pipe Hangers and Supports — Selection and Application

w

No ok

1.3 SUBMITTALS

A.  Product Data:
1. Manufacturer.
2. Material.
3. Equipment drawings and data.
4. Valve actuator power and control wiring diagrams, including terminals and numbers.
5. Complete motor nameplate data.
6. Open/close and throttling valve actuators sizing calculations.
7. Maximum torque capabilities of the valve operator mechanism and the operating torque requirement for each
valve under the specified operation condition.
8. Color and finish.
B.  Shop Drawings:
1. Drawings showing changes in the location of fixtures or equipment that are advisable in the opinion of the
CONTRACTOR.
2. Changes in the location of equipment or piping that affects connecting or adjacent Work, before proceeding with
Work.
3. Drawings of the piping support system that locate each support, brace, hanger, guide, component, and anchor.
Identify support, hanger, guide, and anchor type by catalog number and Shop Drawing detail number.
4. Revisions to support systems resulting from changes in the related piping system layout or the addition of flexible
joints.
C. Testrecords produced during testing.
D. Leakage Test Plan: Submit prior to testing and include at least the following:
1. Testing dates.
2. Piping systems and sections to be tested.
EFFECTIVE JANUARY 2017 1 SECTION 22 00 00
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Test type.
Method of isolation.

Certifications of calibration: Testing equipment.
. Acertified test report following testing.

Noukw

A calculation of the maximum allowable leakage for the sections to be tested.

1.4 QUALITY ASSURANCE
A. Design Requirements:
1. Design, size, and locate piping support systems throughout the facility, whether or not shown on the Drawings.
2. Piping, smaller than 30-inches: Pipe supports are shown on the Drawings only where specific types and locations
are required; provide additional supports as required.
3. Piping, 30-inches and larger: Support systems are designed for the piping shown on the Drawings.
4. In accordance with MSS SP-58 and MSS SP-69.
PART2 PRODUCTS
2.1 APPROVED MANUFACTURERS
A. Insulating Dielectric Unions and Flanges:
1. Capitol Insulation Unions
2. Epco Sales, Inc.
B. Channel Type Support Systems:
1. Cooper B-Line, Traditional Strut System
2. Unistrut, Series P3200
C. Pipe Sleeve Modular Mechanical Seal:
1. Thunderline Link-Seal
D. Hose Valves and Hydrants — HB-1, Hose Valve:
1. Jenkins, Figure 106-BJ
E. Gate Valves:
1. Type V125 resilient-seated gate valve:
a. American AVK (C509 and C515)
b. American Flow Control (C515 Only)
c. Clow (C509 and C515)
d. EJ(C515 only)
e. Kennedy (C509 and C515)
f.  Mueller (C509 and C515)
g. United States Pipe and Foundry Company (C509 and C515)
F. Ball Valves:
1. Type V300 ball valve: Apollo, 82 series
2. Type V301 ball valve: Dezurik, FPB
3. Type V464 corporation stop: Ford Meter Box Co.
G. Globe Valves:
1. Type V200 globe valve:
a. Crane Co., 7TF, threaded end
b. Stockham, B-22T, threaded end
c. Stockham, B-24, soldered end
H. Check Valves:
1. Type V605 check valve:
a. Milwaukee
b. Stockham
. Buried Operator:
1. EIM WB Series
2. Limitorque HBC
J. Pressure Gauge:
1. Ashcroft, Model 1009SW
K.  Gauge Cock Valves:
1. Ernst Gage Co.
2. Lunkenheimer
L.  Rubber Water Hose:
1. B.F. Goodrich, BFG General Service Black Cover Hose
2. Boston Industrial Hose
M. Hose Nozzles:
1. Akron Brass
2. Potter Roemer, Figure 2971
2.2 MATERIALS
A.  Support and Hanger Materials:
1. Wetted and submerged: Stainless steel.
2. Atmospheric exposed: Galvanized.
B. Joints: Tight fitting, watertight, and without imperfections; furnish only the Manufacturer’'s recommended lubricants.
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C. Insulating Dielectric Unions and Flanges:
1. As specified in SECTION 33 05 24.23.
2. Furnish between ferrous and non-ferrous piping and where otherwise required for electrically insulated
connection, as shown on the Drawings.
3. Materials: Galvanically compatible with piping to which it is attached and pressure ratings suitable for system
working pressures.
4. Unions, 2-inches and smaller: Screwed or solder-joint type.
5. Unions, 2 1/2-inches and larger: Flanged type, complete with bolt insulators, dielectric gasket, bolts, and nuts.
D. Channel Type Support Systems:
1. Galvanized: Pre-galvanized in accordance with ASTM B 584, Class G90, or hot-dip galvanized after fabrication.
2. Stainless steel: ASTM A 276 Type 304 stainless steel.
3. Channel size: 12 gauge, 1 5/8-inch wide series.
4. Members and connections: Designed for loads with a safety factor of 5.
E. Anchoring Systems:
1. Wetted and submerged: Stainless steel.
2. Atmospheric exposed: Galvanized; coat as specified in SECTION 09 90 00, System No. 29, fusion-bonded
coating.
3. Size: Sized by the Equipment Manufacturer.
F.  PVC Piping, Valves, and Fittings: Schedule 80 pipe and fittings, true union ball valves with lever operator.
G. Pipe Sleeves:
1. Steel pipe sleeve:

a. Material: Steel pipe, 3/16-inch minimum thickness.

b. Seepring:

1) Center steel flange, 3/16-inch minimum thickness, for water stoppage on sleeves in exterior or
water-bearing walls.

2) Outside diameter: 3-inches greater than the outside diameter of the pipe sleeve.

3) Continuously fillet weld on each side all around.

c. Factory finish:

1) Galvanizing:
a) Hot-dip applied, in accordance with ASTM A 153.
b) Electroplated zinc and cadmium plating are not acceptable.

2. Modular mechanical seal:

a. Type: Interconnected synthetic rubber links shall be shaped and sized to continuously fill the annular space
between pipe and the wall sleeve opening.

b. Fabrication: Assemble interconnected rubber links with ASTM A 276, Type 316 stainless steel bolts and
nuts.

c. Pressure plates shall be reinforced nylon polymer.

d. Size: According to the Manufacturer's instructions for the size of pipes shown on the Drawings to provide a
watertight seal between pipe and the wall sleeve opening and to withstand a hydrostatic head of 40-feet of
water.

H. Hose Valves and Hydrants — HB-1, Hose Valve:
1. Cast bronze globe valve, with NPT screwed ends, union bonnet, rising stem, PTFE disc, bronze seat, handwheel,
and NPT by 3/4-inch NST hose thread adapter outlet connection.
2. Valve shall be rated 150 psi SWP, 300 psi WOG.
. Valves and Operators:
1. Each unit shall have the name of the Manufacturer and the size of the valve cast on the body or bonnet or shown
on a permanently attached plate in raised letters.
2. Epoxy lining and coating:

a. Inaccordance with AWWA C550.

b. 2-part liquid material or heat-activated (fusion) material, except only heat-activated material if specified as
fusion or fusion-bonded epoxy.

c. Minimum 7-mil DFT except where limited by valve operating tolerances.

J.  Gate Valves:
1. Type V125 resilient-seated gate valve, 3-inches and larger for water service:

a. Inaccordance with DW Engineering Standards MS-5.

b. Except as modified or supplemented herein, resilient-seated gate valves shall be in accordance with AWWA
C509 or AWWA C515.

c. Mechanical joints in accordance with AWWA C111; Tee head bolts and nuts shall be fabricated from a
high-strength, low-alloy steel known as Cor-Ten, Usalloy or shall be DI Durabolt.

d. Provide handwheel for exposed valves and 2-inch operating nuts for buried valves.

K.  Globe Valves: Type V200 globe valve, 3-inches and smaller shall be all-bronze, union bonnet, inside screw, rising
stem, PTFE disc, rated 150 psi SWP, 300 psi WOG.

L. Ball Valves:
1. Type V300 ball valve, 4-inches and smaller for general water and air service: Bronze, 3-piece, full port, blow-out

proof stem, soldered or threaded ends, RPTFE seats and packing, hand lever operation, rated 150 psi SWP, 600

psi WOG.
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V.
W.

2. Type V301 ball valve, 4-inches and smaller for general water service: Type 316 stainless steel body, full port,
stainless steel ball, stainless steel seat with satellite overlay, PTFE Chevron packing, stainless steel shaft, flanged
ANSI Class 150.

Plug Valves:

1. Type V462 gauge cock: 1/4-inch bronze body, hexagon end pattern, tee head, female ends, rated 125 psi SWP.

2. Type V464 corporation stop: In accordance with DW Engineering Standards MS-23 and AWWA C800, tapered
threaded inlet, except when connecting to tapped fittings which require IPS tapered threads, outlet compression
connection, or IPS threads to suit connecting pipe, rated 150 psi.

Check Valves: Type V605 check valve, 2-inches and smaller shall be all-bronze, screwed ends and cap, swing type

replaceable Buna-N disc, rated 150 psi SWP, 200 psi WOG.

Operators:

1. General:

a. Valves shall be equipped with operators. Valve operator types specified herein describe only the general
characteristics of the operator.

b. The operator shall be compatible with the valve with which it will be used; it shall be of the same Manufacturer
or a product that is recommended by the Valve Manufacturer.

c. The operator shall be sized to operate the valve for the full range of pressures and velocities imposed by
service.

2. Manual operator:

a. Operator force shall not exceed 40 pounds under any operating condition, including initial breakaway. Use a
gear reduction operator when force exceeds 40 pounds.

b. The operator shall be self-locking or equipped with a self-locking device.

c. Position indicator on quarter-turn valves.

d. Worm and gear operators shall be one-piece design made of bronze material. They shall be hardened alloy
steel with the threads ground and polished. Traveling nut type operators shall be threaded steel reach rods
with an internally threaded bronze or DI nut.

3. Exposed operator: Painted handwheels.

4. Buried operator:

a. Buried service operators on valves larger than 2 1/2-inches shall have a 2-inch AWWA operating nut. Buried
operators on valves 2-inches and smaller shall have a cross handle for operation by forked key. Enclose the
moving parts of the valve and the operator in housing to prevent contact with soil.

b. Design buried service operators for quarter-turn valves to withstand 450 foot-pounds of input torque at fully
open or fully closed positions; they shall be grease-packed and gasketed to withstand submersion in water to
10 psi.

c. Buried valves shall have extension stems, bonnets, and valve boxes.

d. Buried service operators shall be open right or clockwise rotation.

Valve Accessories:

1. Tagging: A 1 1/2-inch heavy brass or stainless steel tag for each valve operator bearing the valve tag number
shown on the valve schedule.

Gauge Cock Valves, 1/8-inch to 3/8-inch:

1. Bronze body, hexagon male and female ends and tee head.

2. Rated for 125 psi SWP.

Rubber Water Hose: Furnish one, 50-foot, 3/4-inch hose. Furnish with brass male and female NST hose thread

couplings to fit the hose nozzle(s) and the pipe corporation stop specified.

Hose Nozzles: Furnish 5, one-inch cast brass, adjustable, fog-straight stream type, with female NST hose thread.

Hose Rack: Fabricated from steel, hot-dip galvanized. The size of the rack shall be adequate to hold 50-feet of 3/4-

inch hose. Mount the rack in the vault at a location determined by the OWNER.

Pressure Gauge:

1. 2 1/2-inch dial size, Type 316L stainless steel tube and socket material. 1/4-inch NPT lower connection.

2. Liquid filled with glycerin.

3. Bourdon tube: Type 316L stainless steel C-Shaped, 1.5% full scale accuracy with liquid filled gauge.

4. NEMA 4x/IP 65 plug sealed.

5. Dial range: Dial face and range sized for process pressure.

Copper Piping: As specified in Supplement A.

Stainless Steel Piping: As specified in Supplement B.

2.3 FABRICATION

A. Use end products of one Manufacturer and similar materials to achieve standardization in appearance and for
maintenance and replacement.

B.  Where diagrams show piping connections, the CONTRACTOR is cautioned that these diagrams shall not be used for
obtaining material quantities.

C. The valve shall include the operator, actuator, handwheel, chain wheel, extension stem, floor stand, worm and gear
operator, operating nut, chain, wrench, and accessories for a complete operation.

D. The valve shall be suitable for its intended service. Renewable parts shall not be of a lower quality than specified.

E. The valve shall be the same size as adjoining pipe unless otherwise noted.

F.  Valve ends shall suit adjacent piping.

G. Size the operator to operate the valve for the full range of pressures and velocities.

H.  Factory-mount the operator, actuator, and accessories.
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Bolt holes for flanges for valves having flange insulation kits shall be as specified in SECTION 33 05 24.23and over-
drilled for insulating sleeves.

J.  When specified items are not available, fabricate pipe supports of the correct material and to the general configuration
indicated by catalogs.
K.  Special support and hanger details are shown on the Drawings for cases where standard catalog supports are not
applicable.
PART 3  EXECUTION
3.1 GENERAL
A. Field Obstructions:
1. Drawings do not show exact details of all piping. Extra compensation will not be allowed for obstruction caused by
the Work of other trades or local obstructions to Work under this Section that require offsets.
2. The preparation of structural components required for fixtures, equipment, and material to be installed under this
Section shall be performed by the particular affected trade.
B. Sleeves:
1. Pipe sizes shown on the Drawings are nominal.
2. Furnish piping passing through walls, floors, or ceilings with standard weight pipe sleeves.
3. Pipe sleeves installed in water-holding structures shall have a 1/4-inch steel seep ring that is 4-inches larger in
diameter than the outer diameter of the sleeve. Continuously weld the ring to the sleeve.
4. Make the joint between the pipe and the sleeve watertight with a mechanical link seal.
5. Dry pack sleeves in existing walls; provide a finished appearance.
6. Pack holes left by the removal of existing piping with grout and finish.
C. Install unions in the piping system at the connection to equipment.
D. Pipe air release valves, pressure relief valves, strainer waste, water-lubricated bearings, and other appurtenances
having water effluent to the nearest drain with copper tubing.
E. Equipment:
1. Drawings do not show all integral piping and accessories for the equipment to be installed.
2. Install equipment in accordance with the Manufacturer's piping diagrams and written instructions.
3.2 INSTALLATION
A.  Copper Tubing:
1. Cut tubing square and remove burrs.
2. Clean the inside of fittings and the outside of tubing with steel wool before sweating or brazing.
3. Prevent annealing of fittings and hard-drawn tubing when making connections. Wipe off excess solder from the
joint to leave a neat appearance.
4. The mitering of joints for elbows and the notching of straight runs of pipe for tees is not permitted.
B. Piping Transition:
1. Applications:
a. Provide complete closure assembly where pipes meet other pipes or structures.
b. Pressure pipeline closures: Plain end pieces with double flexible couplings.
c. Restrained joint pipe closures: Install with thrust tie rod assemblies.
d. Gravity pipe closures: As specified for pressure pipelines or concrete closures.
e. Concrete closures: Use to make connections between dissimilar pipe where standard rubber gasketed joints
or flexible couplings are impractical, as approved.
f.  Elastomer sleeves bonded to pipe ends are not acceptable.
2. Installation of flexible transition couplings: Install in accordance with the Coupling Manufacturer's instructions to
connect dissimilar pipe and pipes with a small difference in the outside diameter.
C. Tapping Sleeves, Service Saddles, and Thrust Ties:
1. Installation procedures:
a. Install in accordance with the Manufacturer’s instructions.
b. Before coupling, clean the pipe holdback area of oil, scale, rust, and dirt.
c. Remove pipe coating if necessary to present a smooth surface.
d. Repair or replace pipe coating or wrapping following installation.
D. Insulating Flanges, Couplings, and Unions:
1. Applications:
a. Copper to ferrous metal piping connections.
b. Cathodically protected piping penetration to buildings and watertight structures.
c. Where required for electrically insulated connection.
2. Installation of insulating kits:
a. As specified in SECTION 33 05 24.23.
b. Drill oversized flange bolt holes to accommodate insulating sleeves through the bolt holes, assuming
standard bolt and stud sizes.
3. Pipe installation:
a. Insulating joints connecting immersed piping to non-immersed piping shall be installed above the maximum
water surface elevation.
b. Submerged carbon steel, DI, or galvanized piping in reinforced concrete basins shall be isolated from
concrete reinforcement steel.
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E. Valve Installations:

1.

5.

Flange ends:

a. Flanged valve bolt holes shall straddle the vertical centerline of pipe.

b. Clean flanged faces, insert gasket and bolts, and tighten nuts progressively and uniformly.

Screwed ends:

a. Clean threads by wire brushing or swabbing.

b. Apply joint compound.

Valve orientation:

a. |Install the operating stem vertical when the valve is installed in horizontal runs of pipe having centerline
elevations 4-feet 6-inches or less above the finished floor.

b. Install the operating stem horizontal in horizontal runs of pipe having centerline elevations between 4-feet 6-
inches and 6-feet 9-inches above the finished floor.

c. Orient the butterfly valve shaft so that unbalanced flows or eddies are equally divided to each half of the disc,
i.e., the shaft is in the plane of rotation of the eddy.

d. |If the plug valve seat position is not shown on the Drawings, locate it as follows:
1) Horizontal flow: The flow shall produce an unseating pressure and the plug shall open into the top half of

the valve.

2) Vertical flow: Install the seat in the highest portion of the valve.

Extension stem for operator: Where the depth of the valve is such that its centerline is more than 3-feet below

grade, furnish an operating extension stem with a 2-inch operating nut to bring the operating nut to a point 6-

inches below the surface of the ground or box cover.

Torque tube: Where the operator for a quarter-turn valve is located on a floor stand, furnish an extension stem

torque tube of a type properly sized for the maximum torque capacity of the valve.

3.3 QUALITY CONTROL
A. Valve Tests and Inspection:

1.
2.

3.
4.

5.

6.

The valve may be tested while testing pipelines or as a separate step.

Test valves to ensure they open and close smoothly with operating pressure on one side and atmospheric
pressure on the other; test in both directions for 2-way valves and applications.

Inspect air and vacuum valves as the pipe is being filled to verify that venting and seating are fully functional.
Count and record the number of turns to open and close the valve. Account for any discrepancies with the
Manufacturer's data.

Set, verify, and record set pressures for relief and regulating valves.

The automatic valve shall be tested in conjunction with control system testing.

B. Field Tests: Prior to operational startup, inspect and test piping systems for leaks in accordance with the test plan.
3.4 CLEANING
A. Interim Cleaning: Keep piping systems clean and free of debris during installation. Use compressed air to blow
through copper and steel piping. Swab out lubricating or cutting oil used on steel piping threads.
B. Final Cleaning: Clean potable water piping by filling and flushing the system with a trisodium phosphate solution.
Rinse the system to remove cleaning residue.
C. Disinfect pipelines intended to carry potable water before placing them in service.
3.5 SUPPLEMENTS
A. Supplement A — Copper and Copper Alloy Pipe, Tubing, and Fittings
B. Supplement B — Stainless Steel Pipe and Fittings — General Service

END OF SECTION
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SUPPLEMENT A
COPPER AND COPPER ALLOY PIPE, TUBING, AND FITTINGS

Item Description
Seamless, in accordance with ASTM B 88 as follows:
Tubing No. 1 water (buried)  Type K, soft or hard temper
No. 1 water (exposed) Type L, hard drawn
Fittinas Commercially pure wrought copper, socket joint, in accordance with ASTM B 75,
9 dimensions in accordance with ASME B16.22.
Flanges Commercially pure wrought copper, socket joint, in accordance with ASTM B 75, faced
9 and drilled 150 pound in accordance with ASME B16.24.
Type 304 or Type 316 stainless steel, Grade B8M hex head bolts or threaded studs in
Bolting accordance with ASTM A 320 and Grade 8M hex head nuts in accordance with
ASTM A 194.
1/16-inch thick non-asbestos compression type, full face, red rubber gasket, Johns
Gaskets ]
Manville.
Solder J.W. Harris, bridges, lead free solder; in accordance with ASTM B 32.
Brazing Joints 2 1/2-inches and greater shall be brazed.
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SUPPLEMENT B
STAINLESS STEEL PIPE AND FITTINGS — GENERAL SERVICE

Item Size Description

Schedule 40S: Type 304 or Type 316 seamless, pickled, and

2-Inch and Smaller passivated in accordance with ASTM A 312.

Schedule 10S: Rev A as-welded grade, Type 304L or Type

Pipe 2 1/2-Inch thru 6-Inch 316L in accordance with ASTM A 778.

Schedule 5S: Rev A as-welded grade, Type 304L or Type 316L

8-Inch and Larger in accordance with ASTM A 778.

2-inch and Smaller Butt-v_velded, threaded, or flanged as required or shown on the
Joints Drawings.

2 1/2-Inch and Larger Butt-welded or flanged as required or shown on the Drawings.

Threaded Forged: 1,000 CWP, Rev C Grade F304L or Grade
F316L in accordance with ASTM A 182.

Fittings Butt-Welded: Grade 304L or Grade 316L in accordance with
MSS SP-43, as-welded grade, pickled, and passivated; fitting
wall thickness to match adjoining pipe; long radius elbows in
accordance with ASTM A 774.

2-Inch and Larger

Branch Butt-welding tee or reducing tee in accordance with fittings
. 2-Inch and Larger
Connections above.

Forged Stainless Steel: Rev C Grade F304L or Grade F316L in
Flanges All accordance with ASTM A 182, slip-on weld neck in accordance
with ASME B16.5 Class 150 or Class 300.

Threaded Forged: Rev C Grade F304 or Grade F316, 2,000 psi
or 3,000 psi WOG, integral ground seats in accordance with

Unions 2-Inch and Smaller ASTM A 182, AAR design in accordance with ASME B16.11,
bore to match pipe.
Forged Flanges: Type 304 or Type 316 stainless steel,

Boltin All Grade B8M hex head bolts or threaded studs in accordance with

9 ASTM A 320 and Grade 8M hex head nuts in accordance with

ASTM A 194.
1/8-inch thick neoprene rubber, durometer hardness No. 80,

Gaskets All Elandes 1,500 psi minimum tensile strength, 125% minimum elongation;

9 flat ring type for raised face flanges and full face type for flat face

flanges, Garlock Style 7797.

Thre_ad 2-Inch and Smaller 2-part lubricant/sealant by Loc-Tite.

Lubricant
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SECTION 22 45 13
EMERGENCY SHOWERS
PART1 GENERAL
1.1 SUMMARY
A.  Section includes general information, products, and execution for emergency showers.
1.2 REFERENCES
A. American National Standards Institute (ANSI):
1. Z358.1 - Emergency Eyewash and Shower Equipment
1.3 SUBMITTALS
A. Product Data: Catalog information and rough-in dimensions for plumbing fixtures, products, and specialties.
1.4 QUALITY ASSURANCE
A. Regulatory Requirements: In accordance with ADA and local and state requirements.
PART 2 PRODUCTS
2.1 APPROVED MANUFACTURERS
A. Emergency Showers and Eye/Face Washes:
1. Bradley Corporation
2. Guardian Equipment
3. Haws Corporation
4. Speakman Company
5. Western Safety Products
B. Tube Type Water Gauge:
1. Haws Drinking Faucet Co., Model 9010
2.2 MATERIALS
A.  Safety equipment shall be in accordance with ANSI Z358.1.
B. Combination SSH:
1. Pipe and fittings: Schedule 80 PVC with factory-applied, corrosion-resistant coating.
2. Showerhead and eye/face wash bowl: Yellow, impact-resistant plastic.
3. Valves: Stay-open ball valves; shower valve, chrome-plated brass one-inch NPT; eye/face wash valve,
chrome-plated brass 1/2-inch NPT.
4. Supply: 1 1/4-inch NPT female top or side inlet.
5. Flow control: Provide showerhead and eye/face wash with integral self-regulating flow-control to allow both parts
of the emergency equipment to be used simultaneously.
6. Alarm: Provide a remote flow switch alarm on each combination safety shower.
7. Sign: Furnish each unit with ANSI-compliant identification sign.
C. SSH, Barrier-Free Combination:
1. Pipe and fittings: Schedule 80 PVC with factory-applied, corrosion-resistant coating.
2. Showerhead and eye/face wash bowl: Yellow, impact-resistant plastic.
3. Valves: Stay-open ball valves; shower valve, chrome-plated brass one-inch NPT; eye/face wash valve,
chrome-plated brass 1/2-inch NPT.
4. Supply: 1 1/4-inch NPT female top or side inlet.
5. Flow control: Provide showerhead and eye/face wash with integral self-regulating flow-control to allow both parts
of the emergency equipment to be used simultaneously.
6. Alarm: Provide a remote flow switch alarm on each combination safety shower.
7. The unit shall be in accordance with ADA requirements.
8. Sign: Furnish each unit with ANSI-compliant identification sign.
D. SSH, Combination, Exterior:
1. Pipe and fittings: Schedule 40 stainless steel.
2. Showerhead: Yellow, impact-resistant plastic.
3. Valves: Stay-open ball valves; shower valve, chrome-plated brass one-inch NPT; eye/face wash valve,
chrome-plated brass 1/2-inch NPT; water supply freeze protection valve 1 1/4-inch NPT.
Supply: 1 1/4-inch NPT top supply.
Flow control: Provide showerhead and eye/face wash with integral self-regulating flow control to allow both parts
of the emergency equipment to be used simultaneously.
6. Alarm: Provide a remote flow switch alarm on each combination SSH.
7. Heat trace: Provide self-regulated heat trace cable rated at 5 watts/foot, regulated to -50°F, 120 V service and
temperature control thermostat.
8. Insulation: Provide 3/4-inch PE pipe insulation.
9. Shell: Safety yellow, removable plastic cover for SSH unit; ABS plastic with flexible vinyl trim.
10. Junction box: Aluminum junction box with multiple hubs that accepts 3/4-inch IPS conduit.
11. Sign: Furnish each unit with ANSI-compliant identification sign.
PART 3  EXECUTION
3.1 GENERAL
A. Drawings do not show exact details of fixtures.
B. Extra compensation will not be allowed for obstruction caused by the Work of other trades or local obstructions to Work
as specified in this Section that require offsets.
C. The preparation of structural components required for fixtures, equipment, and material to be installed as specified in
this Section shall be performed by the particular affected trade.

o s
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D.

E.

Where diagrams show fixture locations, the CONTRACTOR is cautioned that diagrams shall not be used for obtaining
material quantities.

Changes in the locations of fixtures, if advisable in the opinion of the CONTRACTOR, shall be submitted to the
ENGINEER for review before proceeding with the Work.

3.2 INSTALLATION

A.

Safety Equipment:
1. System shutoff valves shall:
a. Give visual indication of position, open or closed.
b. Be lockable valves and locked in open position.
2. Each SSH, and combination safety shower shall have a red safety signoff tag. The CONTRACTOR and the
OWNER shall sign the red safety signoff tag after:
a. Visually check safety eyewash piping for leaks.
b. Verifying that upon operation, stay-open valves remain open.

3.3 QUALITY CONTROL

A. Perform visual inspection for physical damage, blocked access, cleanliness, and missing items.
B. Notify the ENGINEER 2 days prior to shower testing. The ENGINEER reserves the right to witness tempered water
and safety shower testing.
C. Test safety shower and eye/face wash units. Water flow shall be tested at both showerhead and eyewash/face ring.
1. The minimum flow rate for eyewashes shall be 3 gpm.
2. The minimum flow rate for safety showers shall be 20 gpm.
3. Log, date, and initial the inspection upon successful flow tests.
D. Verify alarm operation both locally and system-wide. Notify the ENGINEER prior to testing if the alarm is connected
system-wide.
END OF SECTION
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SECTION 23 05 00
COMMON WORK RESULTS FOR MECHANICAL

PART1 GENERAL
1.1 SUMMARY
A.  Section includes general information and execution for common work results for mechanical.
B. Related Sections:
1. SECTION 01 40 00 — QUALITY REQUIREMENTS
2. SECTION 01 77 00 — CLOSEOUT PROCEDURES
1.2 REFERENCES
A.  American National Standards Institute (ANSI):
1. B 9.1 - Safety Code for Mechanical Refrigeration
2. B 31.1.0 — Code for Pressure Piping, Power Piping
B. American Society of Mechanical Engineers (ASME):
1. Boiler and Pressure Vessel Code, Section IX — Welding and Brazing Qualifications
C. American Welding Society (AWS):
1. Welding Handbook
D. National Fire Protection Association (NFPA):
1. 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems
1.3 SUBMITTALS
A.  Quality Control Submittals:
1. Provide welder’s certificates, 3 copies of the welder qualifications, and welding procedures.
2. Provide information on the millwright’s qualifications, certifications, and applicable experience.
B. Contract Closeout Submittals: Provide Record Documents as specified in SECTION 01 77 00.
C. Warranty Documentation:
1. Sample warranty.
2. Warranty.
1.4 QUALITY ASSURANCE
A. Welding Qualifications and Requirements:
1. A minimum of 5 years of documented experience in the Work of this Section.
2. Approved by the Manufacturer.
3. Qualified in accordance with ASME Boiler and Pressure Vessel Code, Section IX, Welding and Brazing
Qualifications.
4. Welding procedures and testing: In accordance with ANSI B 31.1.0 and the AWS Welding Handbook.
5. Soldering and brazing procedures: In accordance with ANSI B 9.1.
6. Pipe identification: Mark on the pipe, including size, ASTM material, class, ASTM specification, and pressure
rating.
B. Regulatory Requirements: In accordance with NFPA 90A.
C. Provide quality control as specified in SECTION 01 40 00.
D. Comply with qualification requirements.
1.5 DELIVERY, STORAGE, AND HANDLING
A Provide proper storage of materials and equipment and assume complete responsibility for losses. Follow the

B.
C.

Manufacturer’s instructions for storage.
Store equipment and materials out of the elements.
An item rusted from exposure to the elements shall not be used in the Work.

1.6 SITE CONDITIONS
A. Examine site and staging areas. Become familiar with existing local conditions affecting Work, such as access,
obstructions, altitude, weather conditions, necessary cutting, and excavating or filling. Allowances will not be made for
reasons of misunderstanding with respect to existing site conditions.
B. Scaffolding, Rigging, and Hoisting: Furnish scaffolding, rigging, hoisting, and services necessary for the erection and
delivery of equipment and apparatus into the premises, and remove items when they are no longer required.
C. Quiet Operation:

1. Equipment shall operate under all conditions of loading without objectionable sound or vibration as determined by
the ENGINEER.

2. In the case of moving machinery, sound or vibration that is noticeable inside of an occupied space or excessive
noise or vibration inside the equipment room will be considered objectionable and require correction at no
additional cost to the OWNER.

D. Accessibility:

1. Sufficiently size shafts and chases for adequate clearance and proper installation of Work.

2. Cooperate with the CONTRACTOR and the Subcontractors whose Work is in the same space, and advise the
CONTRACTOR of requirements. Such spaces and clearances shall be to the size required.

3. Locate equipment that needs to be serviced, operated, or maintained in fully accessible positions. If required for
accessibility, furnish access doors, etc. for this purpose. Minor accessibility and any changes for accessibility shall
be approved by the ENGINEER prior to making the change.

4. Provide the CONTRACTOR with exact locations of access panels for each concealed valve, control damper, or
other device requiring service. Locations of access panels shall be submitted in sufficient time to be installed in
the normal course of Work.
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E.

Altitude Correction:

1. The air moving equipment operating altitude shall be as shown on the Drawings.

2. The Manufacturer and Supplier shall make necessary adjustments to deliver the specified cfm.

3. The Manufacturer and Supplier shall furnish the sheaves or motors required to produce the specified capacities at
the operating altitude at no additional cost to the OWNER.

1.7 WARRANTY

A.

B.

C.

PART 2
PART 3

Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the
mechanical system and associated appurtenances.

Provide a warranty to repair or replace, at no cost to the OWNER, any part of the apparatus that may show defects
during the one year warranty period, provided such defects are due to imperfect material or workmanship and not due
to carelessness or improper use in the opinion of the OWNER.

Provide longer periods of warranty where it is customary for the piece of equipment or the system installed. If the
Manufacturer’s warranty is longer than one year, it shall be used. Provide copies of the warranty to the OWNER.
PRODUCTS (NOT USED)

EXECUTION

3.1 INSTALLATION

A.  Workmanship:

1. Workmanship shall be first-rate. The finished appearance of mechanical Work is as important as the mechanical
efficiency.

2. Perform Work in accordance with good commercial practices.

3. Install materials in accordance with the Manufacturer's instructions and applicable governing codes.

B. Rough-In:
1. Field verify final locations for rough-ins with the requirements of actual equipment to be connected.
2. Include rough-in requirements in equipment criteria in the technical sections of manuals.

C. Clearance from Electrical Equipment:

1. Provide clearance above equipment and do not locate mechanical equipment or piping within 3-feet of:

a. Transformers.

b. Equipment control panels and disconnects.

c. Switchgear.

d. Switchboards.

e. GCPs.

f.  Battery system equipment.

g. MCGCs.

h. Standby power plant.

i.  Motors, except for branch piping to driven equipment.

2. Provide working clearances in accordance with the NEC for electrical panels, controllers, MCCs, disconnects, and
similar equipment that can be opened to expose energized parts.

3. Configure, route, and locate piping, ductwork, equipment, and auxiliary items installed to maintain the required
clearances.

D. Supervision: The mechanical foreman or superintendent shall be responsible for the Work of his/her Subcontractors
and have questions or directions routed through him/her.
E. Preparation:

1. The ends of pipes and tubes shall be reamed to remove burrs; the plain ends of steel pipe shall be beveled.

2. Scale, slag, dirt, and debris shall be removed from the inside and the outside of piping and fittings before
assembly.

F.  Sequence, coordinate, and integrate the various elements of mechanical systems, materials, and equipment. Comply
with the following requirements:

1. Coordinate mechanical systems and material installation with other building components and systems.

2. Coordinate interface between mechanical and electrical Work before submitting equipment for review or beginning
installation.

3. Field verify dimensions.

4. Coordinate installation during the construction of required support devices and sleeves that are to be cut into
concrete and other structural components.

5. Maintain an efficient flow of Work during installations of mechanical materials and equipment.

6. Where mounting heights are not specifically detailed or dimensioned, install systems, materials, and equipment to
provide the maximum headroom possible.

7. Coordinate the connection of mechanical systems with underground utilities and services.

8. Systems, materials, and equipment installation shall be in accordance with the approved submittal data to the
greatest extent possible. Conform to arrangements shown on the Drawings recognizing that portions of Work are
shown only in diagrammatic form. Where coordination requirements conflict with individual system requirements,
request clarification from the ENGINEER.

9. Where exposed in finished spaces, install systems, materials, and equipment level and plumb, and parallel and
perpendicular to other building systems and components.
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G. Pipe Installation:

1.

2.

3.

The Drawings show the general location and arrangement of the piping systems. The location and arrangement of
piping layout shall take into consideration pipe sizing and friction loss, expansion, pump sizing, and other design
considerations.

Installed piping shall be free of sags or bends. There shall be ample space between piping to permit proper
insulation applications.

Piping shall be installed in shoes, and guides mounted tight to support steel, beams, joists, columns, walls, and
other permanent elements of the structure.

H.  Fittings and Specialties:

1.
2.
3.

4.

Fittings are required for changes in direction and branch connections.

New materials shall be furnished for remaking leaking joints.

Unions are required adjacent to each control valve, at the final connection to each piece of equipment and
plumbing fixture having 2-inch and smaller connections, and elsewhere as dictated by good practice.

Flanges are required in 2 1/2-inch and larger pipe, where required, adjacent to each valve, and at the final
connection to each piece of equipment.

l. Cutting and Patching:

1.
2.

During cutting and patching operations, the protection of adjacent installations shall be required.

Cutting, fitting, and patching of mechanical equipment and materials shall be required to:

a. Uncover Work to provide for the installation of Work.

b. Remove and replace defective Work.

c. Remove and replace Work that fails to conform to the requirements of the Contract Documents.

d. Uncover and restore Work to provide for observation of concealed Work upon written instructions from the
ENGINEER.

3.2 SYSTEM STARTUP

A. Commissioning: Complete Work and ensure systems are in proper working order and placed in operation.
3.3 CLEANING

A. Clean equipment and remove debris and construction materials from the premises.

END OF SECTION
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SECTION 23 05 93
HVAC SYSTEMS TESTING, ADJUSTING, AND BALANCING
PART1 GENERAL
1.1 SUMMARY
A.  Section includes general information and execution for HVAC systems testing, adjusting, and balancing.
1.2 REFERENCES
A.  Air Movement and Control Association International (AMCA):
1. 203 - Field Performance Measurement of Fan Systems
B. Sheet Metal and Air Conditioning Contractors National Association (SMACNA):
1. HVAC Testing, Adjusting, and Balancing Manual
1.3 SUBMITTALS
A.  Quality Control Submittals:
1. Provide the qualifications and experience record of the air balancing and test agency.
2. Provide verification of the calibration of testing and balancing equipment.
3. Provide a balancing log report following completion of system adjustments including test results, adjustments, and
rebalancing procedures.
4. Recommend to the ENGINEER dampers that should be added or replaced to obtain proper air control.
14 QUALITY ASSURANCE
A. Provide a qualified Professional Engineer registered in the State of Colorado or firm specializing in testing and
balancing to adjust and balance the system.
B.  Air Balancing and Test Agency Qualifications:
A corporately and financially independent organization functioning as an unbiased testing authority.
Professionally independent of Manufacturers, Suppliers, and Installers of the HVAC equipment being tested.
Certified by a national balancing association.
Have a proven record of at least 5 similar projects.
An employer of engineers and technicians regularly engaged in testing and inspecting HVAC equipment and
systems.
Approved test agencies:
a. Air-Right, Inc.
b. TAB Services, Inc.
PART 2  PRODUCTS (NOT USED)
PART 3 EXECUTION
3.1 GENERAL
A. Calibrate test instruments to a recognized standard before beginning the Work.
B. Adjust and balance the systems in accordance with SMACNA's HVAC Testing, Adjusting, and Balancing Manual.
3.2 QUALITY CONTROL
A. Adjusting and Balancing Air Side:
1. Measure fan system performance in accordance with AMCA 203.
2. In each system, test the system for both opened access hatches/manholes and closed access hatches/manholes.
3. Adjust fan air volumes, if not constant speed and direct drive:

a. Adjust fan speeds and motor drives for required equipment air volumes. Allowable variation: +10%, -0%.

b. After final adjustments, do not operate the motor above the nameplate amperage on any phase.

c. Provide and make drive and belt changes on motors or fans as required to adjust equipment to specified
conditions. Provide notice to the Air Handling Unit Manufacturer and the ENGINEER if a drive or a belt
changes was made.

4. Read and record static pressures at unit inlet and discharge, filters, coils, dampers, on supply duct, return duct,
and exhaust fan. Record the operating point on each fan curve.
5. Airflow adjustments:
a. Correct fan and airflow adjustments for the Work site elevation.
b. Final adjustments:
1) Mark final positions of balancing dampers with a red felt pen.
2) When adjustments are made to a portion of the fan system, reread other portions of that same system to
determine the effects imposed by the adjustments.
B. EHHs: Measure forced air performance and heater output; compare to the Manufacturer’s stated performance outputs.
C. Balancing Log Report Requirements:
1. Log and record information from every test, reading, and adjustment necessary to accomplish the services
described. In addition, record:

a. Equipment identification number.

b. Equipment nameplate data including Manufacturer, model, size, type, and serial number.

c. Motor data (frame, hp, volts, FLA, and rpm).

d. Starter and heater data.

2. Include a 1/2 size set of drawings in the balance log showing the final flow readings for each system.
3. Indicate the recorded Work site values and the velocity and mass correction factors used to provide equivalent
standard air quantities.
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4. Include a separate section in the log, if necessary, that describes operating difficulties in the systems that could not
be eliminated by the specified procedures. Identify problems by system and location. Include an outline of a
summary of the condition and its effect on the system, and describe corrective actions attempted.

5. After readjustment for vibration, measure and record the displacement only of the readjusted equipment to
determine its conformance with the design.

D. Quality Control Verification: After adjustments are completed and balance logs submitted, the balancing and testing
agency shall be available to demonstrate the air and water balancing procedures and vibration tests and verify the test
results.

1. Perform spot tests on a maximum of 20% of the air and 20% of the water balance points, with measuring
equipment used in the original tests, at random points selected by the ENGINEER.

2. Results of spot tests shall agree with the balance logs within £10%. Where this accuracy cannot be verified,
rebalance portions of the system as requested by the ENGINEER.

3. At completion of the rebalance procedures, perform another spot test to verify results.

END OF SECTION
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SECTION 23 09 00
HVAC CONTROLS

PART1 GENERAL

1.1 SUMMARY

A.  Section includes general information, products, and execution for HVAC controls.

B. Related Sections:

1. SECTION 01 44 33 — MANUFACTURER’S SERVICES

2. SECTION 01 91 00 — COMMISSIONING

1.2 REFERENCES

A. International Organization for Standardization (1SO):

1. 9001 — Quality Management Systems — Requirements

B. National Electrical Manufacturers Association (NEMA):

1. 250 - Enclosures for Electrical Equipment (1000 Volts Maximum)

1.3 SUBMITTALS

A. Product Data: Specifications, descriptive drawings, catalog data, and descriptive literature. Include the make, model,
dimensions, weight, and electrical schematics for control system components.

B.  Shop Drawings:

1. Complete system power, interlock, control, and data transmission wiring diagrams that are 11-inches by 17-inches
at a minimum.

2. Complete drawings and schematics of the proposed control system, including panel power requirements.

3. Integrate the HVAC controls and wiring diagrams with the control diagrams provided by the 1&C Subcontractor.
Provide a written statement, signed by both integrators, attesting to the fact that both the HVAC controls provider
and the 1&C Subcontractor have reviewed and approved the interfaces between their systems.

C. Quality Control Submittals:

1. Certificates: The Manufacturer's certificate of proper installation (COPI).

a. Preliminary submittals shall include the proposed COPI form(s), a list of companies providing Manufacturers
services and the scope of their responsibilities.

b. Submit signed COPIs with the final Submittals.

2. Recommended procedures for the protection and handling of equipment and materials prior to installation.

3. Experience and qualifications of the Controls Supplier.

4. Detailed information on structural, mechanical, electrical, or other changes or modifications that are necessary to
adapt the arrangement or details shown on the Drawings to the equipment and materials furnished.

5. HVAC control system commissioning and startup Submittals: Submit plans and procedures for testing, verification,
and documentation of the entire HVAC control system with the facility commissioning and startup plan and the
facility commissioning and startup procedures as specified in SECTION 01 91 00.

D. Contract Closeout Submittals:

1. Record Documents: Complete As-Built wiring diagrams.

2. O&M manuals.

3. Recommended spare parts list:

a. Quantities and replacement frequency.

b. Current list prices that are valid for 90 days after the Substantial Completion date.

c. Availability and nearest distributor.

4. Record of system adjustments.

E. Extra Materials Submittals: Furnish the box and tag and clearly mark on the exterior the Manufacturer's name,
description, and part number for shipment and long-term storage, and deliver the following items prior to the
Substantial Completion date:

1. Spare light bulbs: Furnish one for each 4 pilot lights, a minimum of one per panel.

F.  Warranty Documentation:

1. Sample warranty.

2. Warranty.

1.4 QUALITY ASSURANCE

A.  System Description:

1. Furnish a complete, functional HVAC control system with supplementary electric or electronic devices, as required,
to perform the sequence of operations as defined in the Contract Documents.

2. Design requirements:

a. Furnish the controls necessary for the entire system to have fail-safe operation.

b. Interface controls properly with factory-supplied components of mechanical systems.

c. Coordinate special control interfacing requirements.

d. For equipment requiring special interfacing with the control system, furnish equipment with the integral
controls necessary to operate properly with the control system or furnish accessory devices required for the
operation of the total mechanical system.

e. Control components:

1) Field or computer adjustable to the actual set point or ranges as required; also furnish adjustability to
other settings that will provide proper operation of the entire control system.

2) Of proper sensitivities to preclude cycling and to maintain control points that are adequately close to set
points for acceptable offset.

3. Performance requirements: In accordance with the Contract Documents.
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4. Control types:

a. Environmental control system: Furnish control of equipment and devices in accordance with the Contract
Documents.

b. Packaged control system: Furnish the complete packaged control system, with interface for 1/0.

c. Motorized damper control: Furnish a motor operator for each adjustable motorized damper that is arranged to
open damper blades when energized.

5. General sequence of operation: In accordance with ECP drawings and associated logic.

B. Controls Supplier Qualifications: Capable of providing factory trained technicians, competent to provide instruction,
routine maintenance, and emergency service on-site within 2 days after receipt of request.
C. Manufacturer Qualifications:

1. A minimum of 10 years of documented experience in the Work of this Section.

2. Certificate of ISO 9001 Compliance.

D. UL Compliance: Materials manufactured within the scope of UL shall conform to UL Standards and have applied

UL listing mark.

1.5 SITE CONDITIONS
A.  Environmental Requirements: Materials and equipment shall be designed and constructed for continuous operation, at
rated current and voltage, at 104°F ambient and 95% relative humidity.
1.6 WARRANTY
A.  Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the
HVAC controls system and associated appurtenances.
PART 2 PRODUCTS
2.1 APPROVED MANUFACTURERS
A. HVAC Equipment and Devices:
1. Differential PSs with range suitable for filter bank pressure drop:
a. Dwyer, 1910 Series
2. Damper actuators with spring return:
a. Honeywell
b. Johnson Controls
B. ECP:
1. Hoffman
2.2 MATERIALS
A.  Electrical, Instrumentation, and Control: The Contract Documents expand on the electrical, instrumentation, and
control requirements of the HVAC system and this Section:

1. Furnish the functions and components necessary for the complete operational system of controls that provide
specified performance and functionality in accordance with the Contract Documents and as recommended by the
Manufacturer.

2. Furnish items of incidental nature that are necessary for proper system operation and performance.

3. Furnish the ECP and devices as shown on the Drawings. The ECP shall be furnished and installed by the 1&C
Subcontractor.

4. The HVAC Subcontractor shall furnish a recommended sequence of operation in automatic and manual modes
and coordinate with the 1&C Subcontractor to furnish an ECP and the control requirements required for a complete
operational system, as intended by the Contract Documents and approved by the ENGINEER.

5. The Manufacturer shall review the sequence of operation and equipment and certify proper operation and
compliance with the HVAC Subcontractor's recommendations.

6. Alarms and control instruments:

a. Suitable to perform the indicated function directly or through auxiliary devices.
b. Furnish the following devices at a minimum and mount on HVAC system equipment as listed below:

1) PS.
2) TS.
3) LS.

4) dPF across filters.
B. HVAC Equipment and Devices:
1. Temperature sensors: In accordance with the Contract Documents.
2. Humidity sensors: In accordance with the Contract Documents.
3. Differential PSs: Furnish tubing and tips for air filter application.
4. Damper actuators: Sized for damper requirements.
C. ECP:
1. General: The ECP shall be furnished and installed by the Instrumentation and Control Systems Subcontractor and
shall be in accordance with the Contract Documents.
2. Construction:
a. Inaccordance with NEMA 250.
b. Hinged front door with locking handle.
c. Flush mount manual switches, pilot lights, and direct-reading gauges on the front panel face.
d. Identify front panel mounted devices and ECP by engraved laminated plastic nameplates with black letters on
a white background.
e. Furnish a system schematic for mechanical equipment using laminated labels and symbols.
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3. Control devices:
Mount inside ECP.
Prewired internally.
Terminate wires leaving ECP at separately numbered terminal strips (one terminal pair per circuit).
Furnish individual connectors for every item of mechanical equipment, integral and remote pilot lights, and
other devices described for each panel.
Identify wires by color coding or numerical tags at both ends.
Wire control devices without splices to terminal strip.
. Furnish integral circuit protection for panel mounted control devices.
erminal blocks:
One-piece molded plastic blocks with screw type terminals and barriers rated for 300 V.
Double-sided and supplied with removable covers to prevent accidental contact with live circuits.
Furnish permanent, legible identification, clearly visible with the protective cover removed.
Terminate wires at terminal blocks with crimp type, pre-insulated, ring-tongue lugs.
Size lugs for terminal block screws and for the number and size of wires terminated.
chematic diagrams:
Furnish a multi-colored graphic of smooth or engraved laminated plastic.
b.  Mount on the inside of ECP showing equipment within respective systems.
6. Miscellaneous accessories:
a. Furnish As-Built electrical wiring diagrams for ECP and controlled equipment, and secure to the inside of the
panel door or enclose in plastic jackets placed inside each panel.
b. Furnish plastic or stick-on labels on interior control devices to identify them in conjunction with wiring
schematics.
c. The description shall include the device and its normal operation.
PART 3  EXECUTION
3.1 INSTALLATION
A.  Control System:
1. Mount ECPs level, plumb, and securely to a wall or a column. Verify that adequate clearance is provided to allow
for full front panel swing.
2. Conceal control wiring where possible; exposed wiring shall be unobtrusive.
3. Mount room thermostats level with the bottom 5-feet above the floor.
4. Nameplates: Furnish engraved, laminated plastic adjacent to control devices, and for equipment whose function is
not readily apparent in accordance with the Drawings.
3.2 QUALITY CONTROL
A. Manufacturer's Field Services: Provide a Manufacturer's Representative at the site for installation assistance, the
inspection and certification of proper installation, equipment testing, startup assistance, and the training of the
OWNER's personnel and as specified in SECTION 01 44 33.
1. Manufacturer's COPI: Provide one COPI for each piece of equipment or packaged system.
a. Provide a signed draft of the COPI to the ENGINEER prior to proceeding with equipment commissioning and
further operation of the equipment or packaged system.
3.3 ADJUSTING
A. Adjust and calibrate the entire control system.
B. Calibrate control devices at the time of installation to ensure measuring and reading accuracy. Provide calibration
reports to the ENGINEER.
C. Inspection:
1. Prior to the Substantial Completion date, thoroughly demonstrate the entire control system by simulating each
control function in the presence of the ENGINEER to determine if the system performs in accordance with the
Contract Documents.
2. Correct deficiencies and demonstrate that the system performs as specified in presence of the ENGINEER.
3. Provide a final report to the ENGINEER describing the actions taken.
4. Upon notice from the ENGINEER, assist the ENGINEER in making a review and an operating check of the control
system.
D. Provide a complete Record Document of system adjustments and indicate deviations from specified temperatures, flow
rates, and pressures.
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SECTION 23 31 00
DUCTWORK AND ACCESSORIES
PART1 GENERAL
1.1 SUMMARY
A.  Section includes general information, products, and execution for ductwork and accessories.
1.2 REFERENCES
A. ASTM International (ASTM):
1. A 36 - Standard Specification for Carbon Structural Steel
2. B 209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate
B. International Code Council (ICC):
1. International Mechanical Code (IMC), Chapter 6 — Duct Systems
C. Sheet Metal and Air Conditioning Contractors National Association (SMACNA):
1. HVAC Duct Construction Standards
1.3 SUBMITTALS
A.  Product Data:
1. The Manufacturer's data and descriptive literature for duct accessories.
2. Detailed information on structural, mechanical, electrical, or other modifications necessary to adapt the
arrangement or details shown on the Drawings to the ductwork installation.
B. Shop Drawings: Provide dimensioned layout drawings of ductwork showing joint locations and details, sizes, and
material thicknesses, include hanger support locations and details.
C. Spare Parts: Provide 2 sets of spare filters for each aluminum filter box.
PART 2 PRODUCTS
2.1 APPROVED MANUFACTURERS
A. Low and Medium Pressure, Round or Flat Oval Ductwork:
1. Spiral duct:
a. Hranec Sheet Metal, Inc.
b. McGill AirFlow LLC, Spiral Uni-Seal
2. Fittings:
a. Joint seal material:
1) Hardcast, Type DT tape and HD-20 adhesive
2) McGill AirFlow LLC, duct sealer
b. Fitting:
1) Hranec Sheet Metal, Inc.
2) McGill AirFlow LLC, Uni-Seal
B.  Mechanical Joint Option:
1. Transverse joints:
a. Ductlok, J/E duct connector systems
b. Ductmate, 25/35 duct connector systems
c. WDCI, Heavy/Lite duct connector systems
C. Duct Accessories:
1. Rectangular elbows:
a. Duro-Dyne
b. Elgen
2. Flexible connections to non-internally spring-isolated rotating fan equipment:
a. Duro-Dyne, Durolon
b. Ventfabrics, Ventglas
3. PVC butterfly damper:
a. Ruskin, PVC 12 with electric actuator, used with PVC vent piping
4. Round control butterfly damper:
a. Ruskin, CDR 25 with seals
D. Joint Tape:
1. Interior ductwork:
a. Hardcast, Lag-Rite Tape and Bonder
b. RayChem, Shrink Tape
2. Exterior ductwork:
a. Hardcast, Outdoor Tape and Rosin
2.2 MATERIALS
A.  Metal Ductwork:

1. Material: Aluminum in accordance with ASTM B 209, Alloy 3003.

2. Fabricate in accordance with the SMACNA HVAC Duct Construction Standards and ICC IMC, Chapter 6.

3. Furnish wye or conical tee fittings for round duct takeoffs from round mains.

4. Furnish bellmouth or conical tee fittings for round duct takeoffs from rectangular mains.

5. Provide 45 degree entry fittings in accordance with SMACNA's requirements for rectangular takeoffs from
rectangular or round mains.

6. The duct sizes shown on the Drawings are inside clear dimensions. For lined ducts, maintain sizes inside lining.

7. Balancing dampers: 90% unobstructed free area.

8. Increase duct sizes gradually, not to exceed 15 degrees divergence, maximum 30 degrees divergence upstream
of equipment and 45 degrees convergence downstream.
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B. Hanger Rod, Straps, Half and Full Rounds: ASTM A 36 galvanized steel and applicable to attaching method and
supports.
C. Low and Medium Pressure Ductwork:
1. Medium pressure ductwork (2-inch to 6-inch WC) includes ductwork between the air supply units and the air
terminal devices.
2. Round or flat oval ductwork:
a. Fittings: Furnish a complete separate fitting for branch takeoffs from spiral ducts.
b. Branch takeoffs: Conical laterals, conical tees, or as shown on the Drawings.
D. Mechanical Joint Option:
1. Fabricate ducts and joints, including gauge and reinforcing, in accordance with the SMACNA Manual.
2. When using the WDCI Heavy/Lite system, construct ductwork in accordance with the Manufacturer’s instructions.
3. When using Ductlok J/E duct connector systems, construct ductwork in accordance with the Manufacturer's
instructions.
4. For longitudinal seams, use the Pittsburgh lock seam sealed internally with a permanently elastic sealant.
5. In accordance with the SMACNA Manual’s Class A sealing requirements.
E. Duct Accessories:
1. Butterfly dampers: Size as shown on the Drawings.
2. Elbows:
a. Rectangular:
1) Fit square-turn elbows with vane side rails.
2) Shop fabricate double-blade turning vanes of the same material as the ductwork.
3) Fabricate with equal inlet and outlet sizes.
4) Rectangular radius elbows with an inside radius of 3/4 of duct width in the direction of the turn.
b. Round: Furnish 5-piece segmented type elbows with centerline radius of 1.5 times the duct diameter.
c. Fabricate elbows from aluminum material used for ductwork.
3. Flexible connections to non-internally spring-isolated rotating fan equipment:
a. Furnish neoprene-coated, fire-resistant glass fabric, with 2-inches of clearance between the casing and the
ductwork at a minimum.
b. Coat outdoor flexible connectors with Hypalon.
4. Sheet metal plenums:
a. Fabricate from 18 gauge metal at a minimum of the same material as the ductwork. Use standing seam
construction.
b. Brace with an angle frame for rigidity.
5. Aluminum filter box: Fabricate from 18 gauge aluminum sheet metal and brace with stainless steel V-channels.
PART 3  EXECUTION
3.1 INSTALLATION
A.  General:
1. Install sheet metalwork and flexible ductwork in accordance with SMACNA HVAC Duct Construction Standards.
2. Cross-break horizontal surfaces of rectangular metal ducts.
3. Install additional bracing as required to prevent ballooning or breathing.
4. Tape joints in accordance with the following table:
Pressure Class Sealing Required
2-inch WC or less Transverse joints
More than 2-inch WC | Transverse joints and longitudinal seams
5. Seal joints of ductwork in accordance with the Manufacturer's instructions.
6. Furnish balancing dampers for grilles and diffusers in the branch duct as close to the main as possible. Add or
remove balancing dampers as requested by the air balancing firm for the necessary control of air.
7. Make duct size transitions with the maximum inclusive angle of 30 degrees.
8. Make offsets with a maximum angle of 45 degrees.
B. Mechanical Joint Option: Install specified transverse duct joints in accordance with the Manufacturer's instructions
and installation manuals.
END OF SECTION
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SECTION 23 34 00
HVAC FANS
PART1 GENERAL
1.1 SUMMARY
A.  Section includes general information, products, and execution for HVAC fans.
1.2 REFERENCES
A.  Air Movement and Control Association International (AMCA):
1. Standard 210 — Laboratory Methods of Testing Fans for Rating
B. National Fire Protection Association (NFPA):
1. 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems
2. 90B - Standard for the Installation of Warm Air Heating and Air-Conditioning Systems
1.3 SUBMITTALS
A. Product Data: Provide specifications, descriptive drawings, catalog data, and descriptive literature. Include the make,
model, dimensions, weight, fan noise data, and electrical schematics for the products specified.
B.  Quality Control Submittals:
1. Certificates of conformance: Motors, premium efficiency type and fans.
2. Recommended procedures for the protection and handling of products prior to installation.
3. Detailed information on structural, mechanical, electrical, or other modifications necessary to adapt the
arrangement or details shown on the Drawings to the equipment furnished.
C. Closeout Submittals: O&M manuals for the equipment specified.
D. Material Submittals:
1. Furnish, tag, and box for shipment and storage the following spare parts:
a. Belts: One complete set per unit.
PART2 PRODUCTS
2.1 APPROVED MANUFACTURERS
A. Exhaust Fans (EF Series):
1. As shown on the Drawings.
2.2 MATERIALS
A. General:
1. Fanunits: Furnish fused disconnects.
2. Shafts and drive belts:
a. Furnish multiple drive belts where motor hp is 2 or greater.
b. Belt guards: Meet federal and State of Colorado OSHA requirements for safety protection, and be easily
removable by one person.
c. Tachometer access holes: Large enough to accept a standard tachometer drive shaft.
d. Shall have a center punch fan shaft to accommodate tachometer readings.
3. Fan equipment: Rated and tested in accordance with AMCA Standard 210 for Class | service.
4. Ball bearings:
a. For forward-curved fans: Size for a minimum life L-10 of over 100,000 hours.
b. For airfoil and backward inclined fans: Size for a minimum life L-10 of over 40,000 hours, with an average life
L-50 of over 200,000 hours.
5. Drives for belt-driven fans:
a. Sheaves capable of providing 150% of motor hp.
b. Mount motors on adjustable motor brackets.
c. Furnish motors 10 hp and less with adjustable speed sheaves that allow for 20% speed variation.
d. Furnish belt-driven fans with CI or flanged steel sheaves.
6. Coordinate selection (size, voltage, and configuration) of motor operators for dampers with HVAC controls as
shown on the Drawings.
7. Airfilters, fans, air handlers, and air conditioners: In accordance with NFPA 90A and NFPA 90B.
8. Provide lifting lugs for fan equipment that weighs more than 100 pounds.
B. Exhaust Fans, EF Series:
1. Nameplate with cfm, static pressure, and maximum fan rpm.
2. Capacity at given altitude: In accordance with the Contract Documents.
PART 3  EXECUTION
3.1 INSTALLATION
A. Fans:
1. Isolate sheet metal duct connections from non-internally spring-isolated fan units or other rotating equipment.
2. Locate units to provide for access spaces that are required for filter changing, motor, drive, and bearing servicing,
and fan shaft and coil removal.
3.2 ADJUSTING
A. Fans: Lubricate nonsealed bearings prior to startup.
3.3 CLEANING
A. Do not operate units until filters are installed. If operated without filters, completely clean the coils and the interior of
units.
END OF SECTION
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SECTION 23 82 00
CONVECTION HEATING AND COOLING UNITS
PART1 GENERAL
1.1 SUMMARY
A.  Section includes general information, products, and execution for convection heating and cooling units.
1.2 REFERENCES
A. American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE):
1. 90.1 - Energy Standard for Buildings Except Low-Rise Residential Buildings
1.3 SUBMITTALS
A.  Product Data:
1. Specifications, descriptive drawings, catalog data, and descriptive literature. Include the make, model,
dimensions, weight, mounting requirements, and electrical schematics for the products specified.
2. The Manufacturer's standard finish color selections for cabinet finishes.
3. Detailed information on structural, mechanical, electrical, or other modifications necessary to adapt the
arrangement or the details shown on the Drawings to the equipment furnished.
B. Closeout Submittals: O&M manuals.
14 QUALITY ASSURANCE
A. Heating Equipment: Meet the minimum operating efficiencies in accordance with ASHRAE 90.1, Chapter 6.
PART2 PRODUCTS
2.1 APPROVED MANUFACTURERS
A. EUH Series:
1. As shown on the Drawings.
2.2 MATERIALS
A. EUH Series:
1. Characteristics:
. Multiblade propeller fan.
. Direct-drive motor.
Heating coil.
. Cabinet mounted.
. Power disconnect.
2. Cabinet:
. Steel, 18 gauge, arranged for wall mounting with bracket.
. Baked enamel finish; color to be selected by the OWNER from the Manufacturer's standard colors.
lectric heating coil:
. Low surface temperature type with sheath element inserted in finned-tube coil.
. Factory wiring to include operating and safety controls required by UL and NEC, and carry UL label.
c. Control wiring to include control transformer.
4. Chromalox, LUH Series.
5. Capacity: As shown on the Drawings.
2.3 ACCESSORIES
A.  Equipment Identification Plates:
1. Furnish and securely mount identification plates on each separate equipment component in a readily visible

a
c
d
e
a
a

b
b
E
b

location.
2. Material: Stainless steel, 16 gauge.
3. Lettering:

a. Height: 1/4-inch.
b. Engraved block type, black enamel filled.
c. Include the equipment identification number and letters as specified in this Section.
B. Lifting Lugs: Furnish and suitably attach lifting lugs for equipment assemblies and components weighing over
100 pounds.
PART 3  EXECUTION
3.1 INSTALLATION
A. Heating and Cooling Equipment:
1. Install in accordance with the Manufacturer's instructions and applicable governing codes.
2. Furnish the specialties needed for roof piping penetrations.
3.2 QUALITY CONTROL
A. Factory Tests and Adjustments: Test equipment identical to that furnished.
B. Functional Test: Perform the Manufacturer's standard test on equipment.
END OF SECTION
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PART 1
SUMMARY
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SECTION 26 05 00
COMMON WORK RESULTS FOR ELECTRICAL
GENERAL

Section includes general information, products, and execution for common work results for electrical.
Related Sections:

1. SECTION 27 00 00 — COMMUNICATIONS SYSTEMS

2. SECTION 28 00 00 — SECURITY SYSTEM

3. SECTION 40 41 00 — HEAT TAPE SYSTEMS

4. SECTION 40 50 00 — INSTRUMENTATION AND CONTROL SYSTEMS

REFERENCES

A.

B.

National Electrical Contractors Association (NECA):

1. 1 - Standard for Good Workmanship in Electrical Construction
National Fire Protection Association (NFPA):

1. 70 - National Electrical Code (NEC)

2. 70B — Recommended Practice for Electrical Equipment Maintenance
3. 70E - Standard for Electrical Safety in the Workplace

DEFINITIONS

A.

w
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A.

Authority Having Jurisdiction: An organization, office, or individual responsible for enforcing the requirements of a
code or standard in accordance with NFPA 70, Articles 90 and 100.

BF: The measure of light output from a lamp operated by commercial ballast as compared to a laboratory standard
reference ballast.

CCT: Scientific scale to describe how warm or how cool the light source is; measured in Kelvin.

Crest Factor: Ratio of peak lamp current to rms or average lamp operating current.

Efficacy: Lumen output per unit of power supplied to ballast, lumens per W.

EMI: Electrical interference or noise generated by electrical and electronic devices.

EU: Electric utility that owns the system.

Field Interconnection: Conductor or cable from equipment, device, or enclosure to another enclosure, device, or
equipment. Conductors and cables between equipment sections included in one overall enclosure (e.g., switchgear
cubicles in one section) shall be considered field interconnection conductors and cables.

fc: The measure of light level on a surface being illuminated.

Ground Grid: Synonymous with Ground System.

Ground System: Synonymous with Ground Grid.

HID: A lamp containing a filled arc tube in which the active element becomes vaporized and is discharged into the arc
stream to produce light.

Instant Start: A lamp starting method in which lamps are started by high voltage input without the preheating of lamp
filaments.

Low-Voltage Conductors: Applies to conductors and cables 600 V and below, including conductors and cables for
power, instrumentation, control, communications, security, SCADA, and fire alarm systems.

Luminaire: Lighting unit or lighting fixture.

Medium-Voltage Cables: Power conductors and cables 600 V through 69 kV.

PAR: Parabolic aluminized reflector.

PU: Phone utility that owns the system.

Pulse Start: A HID ballast with a high voltage igniter that provides high voltage pulses to ionize the gas within the
lamp.

Rapid Start: A lamp starting method in which lamp filaments are heated while open circuit voltage is applied to
facilitate lamp ignition.

SPD: Synonymous with TVSS.

THD: The combined effect of harmonic distortion on the AC waveform produced by ballast or other device.

TVSS: Synonymous with SPD.

OORDINATION

Utilities:

1. Electric utility electrical equipment, overhead power lines, metering, and TOS equipment Work and modifications
shall be coordinated with and approved by the ENGINEER and the electric utility. Meet electric utility
requirements for new and existing equipment installation, modifications, and demolition.

2. Materials, methods, sizes, ratings, and settings shall be coordinated and approved by the electric utility. The point
of interconnection and service interface shall meet requirements of the electric utility. Provide and install
materials and equipment required by the electric utility to provide a point of interconnection and service as
required by the electric utility and as intended in the Contract Documents.

3. Coordinate power outages with the ENGINEER, the OWNER, and the electric utility.

4. Communications equipment, the communications incoming service lines Work, and modifications shall be
coordinated with and approved by the ENGINEER and the phone utility. Meet the phone utility’s requirements for
new and existing equipment installation, modifications, and demolition.

5. Cooperate with the CONTRACTOR and the Subcontractors whose Work is in the same space; advise the
CONTRACTOR of requirements. Such spaces and clearances shall be to the size required.

6. Coordinate Work with other utilities within Work site limits. Notify applicable utilities in writing prior to
commencing Work, if damage occurs, or if conflicts or emergencies arise during Work.
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Existing Equipment to be Reused: Existing equipment (e.g., conduits, junction boxes, terminal boxes, equipment,

devices, and instrumentation) to be reused shall be cleaned and repaired. Cleaning plugs (pigs) and steel brushes

shall be pulled through existing conduits to thoroughly clean the inside of the conduits. Verify the existing raceway

system intended to be reused is safe to install conductors and cables without damaging them. Verify the mechanical

integrity of any existing raceway system intended to be reused and submit an evaluation report for each conduit to be

reused with details on the cleaning to the ENGINEER.

Load Balance:

1. The Contract Documents indicate circuiting to electrical loads and distribution equipment. Balance the electrical
load between phases as nearly as possible on distribution equipment.

2. When loads must be reconnected to different circuits to balance phase loads, obtain the ENGINEER'’s approval,
maintain accurate record of changes made, and provide a circuit directory that lists the final circuit arrangement.

3. Service continuity: Maintain continuity of electric service to functioning portions of the process or buildings during
hours normally in use, generally 24 hours a day, 7 days a week. Temporary outages will be permitted during
cutover Work at such times and places as can be pre-arranged and scheduled with the OWNER and the
ENGINEER. Such outages shall be kept to a minimum number and length of time. Remove temporary materials
prior to the Substantial Completion date.

SUBMITTALS

ocow>

m

Quality Assurance Submittals: A written report on the condition of the conduits.
Provide complete detailed Submittals for temporary power, including MOP for transfer to and from temporary power.
Submittals from other Sections and equipment shall not be combined.
Include a complete itemized Bill of Material, including complete model number with options. The Bill of Material shall
be provided after the Submittal table of contents and shall be in the format specified in Supplement A.
Provide 2 hard copies in quality, hard, 3-ring binders, fully indexed with permanent numbered tabbed Section dividers
and sequentially numbered pages. Section dividers with slide in paper tabs will not be accepted.
Report to the ENGINEER Submittal review comments in written format and include original review comment. Provide
documentation with responses in the resubmittal or as a supplemental information document on Submittal dispositions
of Final for Construction or Final for Construction as Corrected.
Label Submittals binders on front and ends/binds with a minimum of Submittal number, Specification Section,
Description, type of Submittal, and date.
Submittal drawings shall be 11-inches by 17-inches and not folded.
Include the complete Manufacturer’s descriptive information and Shop Drawings for equipment, material, and devices,
including certified outline drawings, arrangement drawings, dimensional layout drawings, elementary (schematic)
diagrams, interconnection and connection diagrams, literature, capacity, special features required, schematic
(elementary) control diagrams, equipment schedules, and characteristic curves for protective devices in accordance
with provisions elsewhere in the Contract Documents.
Equipment, models, options, extraneous text, etc. not being furnished and that do not apply shall be neatly crossed
out.
No more than 2 Manufacturers of specified materials such as raceway systems, conductors, cables, etc. shall be
provided and included in a Submittal.
An Equipment Manufacturer certified letter stating that the equipment provided meets the site environmental
conditions.
Provide additional information listed under individual Section items. Submittal information, including Shop Drawing
Submittals, shall be included in the O&M manuals.
As-Built Drawings, including dimensioned locations and GPS points of raceways, grounding, layout, equipment, and
devices. As-Builts shall legibly indicate number, size, tag numbers and type of equipment, devices, conductors and
cables. Where clarity of raceway locations cannot be established on floor plans, elevations shall be provided. As-
Built Drawings shall include, but not be limited to, conduit/conductor schedules (including lengths), nameplates with
exact text, schematic connection diagrams, control schematics, wiring diagrams, P&IDs, connection diagrams, wire
tags, terminal numbers, and equipment tags.
1. CONTRACTOR-acquired GPS points:
a. Provide GPS points accurate to within 10-cm of the true location of the asset. GPS points shall be taken for
underground or concrete embedded raceways, ductbanks, grounding, equipment, and devices.
Include time, date, technician, asset name, and location reference as separate fields for each GPS point.
Incorporate GPS data/locations into As-Builts.
Provide GPS data as a shapefile and a csv file.
Provide a report detailing the processing of each GPS point. Show either real-time correction or post-
processing of GPS data, and detail specific calculations or conversions used.
Collect data in World Geodetic System 1984 Coordinate System, unless otherwise approved by the
ENGINEER.
g. Submit GPS data, including corrections and processing information, as part of the As-Built Drawing
Submittals at 30%, 60%, 90%, and 100%
h. Submit GPS hardware and software for approval.
Provide complete Submittals for temporary power and communications.
Submit electronically current As-Built Drawings, including conduit/conductor schedule and the photo album at 25%,
50%, 75%, and 100% of the Final Completion date. As-Built Drawings shall be provided in .pdf and .dwg formats.
Photos shall be individually labeled with descriptions and dates and shall be in jpg format.
1. Drawings shall be provided in electronic media on standard IBM computer compatible hi-speed USB flash drives
and in quality hardcopy media. AutoCAD Drawings shall be in accordance with DW Design Drafting Standards
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and shall include, but not be Ilimited to, the Standards located online in DW’'s CPPM:
http://www.denverwater.org/DoingBusinesswithUs/EngineeringOverview/CapitalProjectsProceduresManual/.
CONTRACTOR-provided EI&C As-Built Drawings shall be on a DW standard title block and have Drawing
numbers in the format E-# and EIl-#, starting 10 numbers past the last Drawing E-# & EI-#. The first
CONTRACTOR-provided EI&C As-Built E-# and EI-# drawing(s) shall be the drawing index for the
CONTRACTOR-provided EI&C As-Built Drawings. Drawing numbers shall be unique and approved by the
ENGINEER.

1.6 QUALITY ASSURANCE
A. The CONTRACTOR shall provide OWNER contact information to Equipment Manufacturers as “owner of record” for
warranties, recalls, updates (including software and firmware), notices, etc.
B. General Requirements:

1.

Electrical Subcontractors shall provide documentation that includes the following information with the Bid or the

Proposal Form at the Bid or the Proposal time:

a. Subcontractors that will be used.

b. Verification that the Electrical Subcontractor will provide and install all raceways and conductors for complete
project and systems including, but not limited to, HVAC and Cathodic Protection as specified in SECTION
27 00 00, SECTION 28 00 00, SECTION 40 41 00, and SECTION 40 50 00.

c. Aletter describing what is considered the most difficult electrical parts of the Work.

d. Organization chart: Showing the organizational structure for the company and this Project. Identify key
personnel who will be assigned to do the Work.

e. Qualification of personnel:

1) Provide resumes of management personnel and technical qualifications of the Project manager, the
Project Foreman, and key personnel shown on the organizational chart.

2) Electrical Work shall be performed or supervised by an Electrical Foreman who is a Colorado Licensed
Journeyman or Master Electrician. The Electrical Foreman shall not be replaced without written notice to
the ENGINEER except under extraordinary circumstances. The ratio of Electrical Apprentices to
Colorado Licensed Journeymen (or Masters) shall be no greater than 2 to 1.

3) The Electrical Subcontractor shall submit current copies of Colorado Journeyman Electrician’s licenses,
Master Electrician’s licenses, or Apprentice registration information/licenses, for Foreman, Electricians,
and Apprentices that perform Work.

f.  Provide a complete cost breakdown for equipment, materials, and Work including quantities and pricing in
sufficient detail to serve as the basis to be used in conjunction with the CLS for progress payments during
construction. Prices shall include an appropriate amount of overhead and profit.

g. Indicate that EI&C Contractors shall be Subcontractors to the Electrical Subcontractor including, but not
limited to, the 1&C Systems Subcontractor, Systems Integrator, Communication Systems Subcontractor,
Electrical Systems Commissioning Subcontractor, Electrical Systems Analysis Subcontractor, Security
System Subcontractor, Cathodic Protection Subcontractor, and Fire Alarm Systems Subcontractor.

Submit documents required to obtain permits and pay fees required by the OWNER, the governmental agency

having jurisdiction over the Work, and the authority having jurisdiction. Arrange and notify the ENGINEER in

writing of inspections required by the agencies. Furnish satisfactory evidence to the ENGINEER that Work is
acceptable to the regulatory authorities having jurisdiction.

C. Responsibility:

1.

5.

6.

Equipment shall not exceed the sizes shown on the Contract Documents without written approval from the
ENGINEER. Costs incurred (structural analysis and modifications) due to an increase in equipment size shall be
the responsibility of the CONTRACTOR.

Complete systems in accordance with the Contract Documents.

Coordinate the details of facility equipment and construction that affect the Work covered in the Contract
Documents.

Provide incidental items not actually shown on the Drawings or specified but which are required by good practice
to provide complete functional systems.

Complete electrical installation in accordance with the applicable codes, ordinances, and regulations including,
but not limited to: NFPA 70, NFPA 70B, NFPA 70E, and NECA 1.

The exact fitting of materials and equipment shall be the responsibility of the CONTRACTOR.

D. Intent of Drawings:

1.

Drawings typically show only general locations of structures, piping, equipment, devices, and raceways. Properly

route and install raceways, equipment, etc., and provide Submittals and As-Built Drawings with locations of

raceways and equipment.

Enclosure sizes shown on the Drawings are the minimum acceptable size. Provide enclosures sized for actual

equipment to meet clearance, cooling, raceway interface, and equipment operation requirements.

Control schematics and wiring diagrams:

a. Controls are shown de-energized; valves and gates are shown closed.

b. Control schematics and wiring diagrams show control function only. Incorporate other necessary functions
for proper operation and protection of the system.

c. Add auxiliary relays, where required, to provide proper control system operation and interface.

d. Devices shown on control schematics and wiring diagrams shall be in equipment enclosures.

e. Conduits and conductors shall be provided for circuits indicated in new panelboard schedules.

Overcurrent protection device sizes and types are estimated; provide and install the sizes and types required for

the actual equipment ratings that are approved by the ENGINEER.
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1.7 SITE CONDITIONS

A.

PART 2

Materials and equipment shall be designed and constructed for continuous operation, at rated current and voltage, at
the Project elevation of 6,000 feet, 104°F ambient and 95% relative humidity. The Equipment Manufacturer shall
submit a certified letter in the Shop Drawing Submittal stating the equipment provided meets this requirement.

Outdoor Equipment: Provide equipment and devices to be installed outdoors or in unheated enclosures capable of

continuous operation within an ambient temperature range of -30°F to 104°F.

Inspection:

1. Drawings were developed from past As-Builts. Prior to submitting Bids or Proposals, verify dimensions and
existing conditions including, but not limited to, structures, equipment, devices, conduits, etc.

2. Before submitting a Bid or a Proposal, the CONTRACTOR is required to determine conditions at the site and at
existing structures to become familiar with existing conditions and electrical systems that will, in any way or
manner, affect the Work required under the Contract. No subsequent increase in Contract Price will be allowed
for additional Work required because of the CONTRACTOR's failure to fulfill this requirement.

3. Carry out any Work involving the shutdown of the existing services to any piece of equipment now functioning in
existing areas at such time as to provide the least amount of inconvenience to the OWNER. Do such Work when
approved by the ENGINEER.

4. During pre-construction activities, confer with the ENGINEER to verify, at each area of construction activity, the
location of existing utilities, equipment, and structures and the requirements for adequately protecting them. Pay
for required repairs if damage occurs during the Work.

PRODUCTS

2.1 MATERIALS

A.

B.

In accordance with provisions elsewhere in the Contract Documents, the Manufacturer's names and catalog numbers

stated herein are intended to indicate the type and quality of equipment or materials desired.

Provide first quality, new materials and equipment, free from any defects, in first-class condition, and suitable for the

space provided. Provide materials and equipment listed by UL wherever standards have been established by that

agency.

Standard Products:

1. Where 2 or more units of the same class of material or equipment are required, provide products of a single
Manufacturer.

2. Provide materials and equipment that are the standard products of Manufacturers regularly engaged in the
production of such materials and equipment. Provide the latest standard design that conforms to the Contract
Documents.

2.2 FINISHES

A.

PART 3

Electrical and I&C equipment shall be provided with ANSI 61, light gray finish color.
EXECUTION

3.1 GENERAL

A.

B.

C.

Install materials and equipment in a workmanlike manner utilizing craftsmen skilled and licensed in the electrical trade.

Provide Work that has a neat and finished appearance.

Coordinate electrical Work with the ENGINEER, the OWNER, EU, PU, and the Work of other trades to avoid conflicts,

errors, delays, and unnecessary interference with operation of the plant during construction.

Check the approximate locations of raceways, light fixtures, devices, equipment, and other electrical system

components shown on the Drawings for conflicts with openings, structural members, and components of other

systems and equipment having fixed locations. In the event of conflicts, notify the ENGINEER in writing. The

ENGINEER’s decision shall govern. Make modifications and changes required to correct conflicts.

Cutting, Patching, and Dirilling:

1. Layout Work carefully in advance. Do not cut or notch any structural member or building surface without specific
approval of the ENGINEER. Carefully carry out any cutting, channeling, chasing, or drilling of floors, walls,
partitions, ceiling, paving, or other surfaces required for the installation, support, or anchorage of conduit,
raceways, or other electrical materials and equipment. Following such Work, restore surfaces neatly to original
condition. Use skilled craftsmen of the trades involved.

2. Prior to core drilling or cutting existing structures, floors, walls, concrete slabs, etc., the proposed location shall be
x-rayed, or by other ENGINEER-approved method, to ensure existing rebar, conduits, and utilities are not
damaged. Provide photos or layout drawings of rebar, conduits, and utilities in the areas x-rayed. Repair existing
damaged structures, conduits, and utilities.

3.2 PREPARATION

A. Temporary Power, Communications, Signals, and Telephone:

1. Obtain permits, submit documents, and pay fees required for temporary power.

2. Provide and install equipment and devices necessary to provide required temporary power, controls, and
communications.

3. Provide and install equipment and devices necessary to maintain power, controls, and communications to existing
services and equipment.

4. Provide and install equipment, materials, and devices required for temporary power including, but not limited to,
overcurrent protection devices, disconnects, transformers, conduit, conductors, poles, overhead power lines,
terminations, and distribution equipment.

B. Demolition or Relocation of Materials and Equipment:

1. Existing exposed raceways and raceway components that are not to be reused or reworked shall be demolished.
Where existing raceways are embedded in building construction, they shall be cut flush with finished surfaces,
plugged with a suitable and compatible plate, and abandoned in place. Existing wiring shall be removed.
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2. Existing equipment, devices, materials, and components that are not to be reused or reworked shall be
demolished. Existing wiring and raceways shall be removed. Demolished area surfaces shall be repaired and
restored to new condition.

3. Where required, the existing raceway system shall be matched and extended to new outlet or device locations as
required or as shown on the Drawings. In general, new raceways in finished areas shall be run concealed in
building construction, above hung ceilings, in stud walls, etc. Obtain approval from the ENGINEER regarding the
location and routing of any exposed raceways prior to installing the same.

4. Where existing materials and equipment are removed or relocated, remove materials no longer used such as
studs, straps, conduits, and wires. Remove or cut off concealed or embedded conduit, boxes, or other materials
and equipment to a point at least 3/4-inch below the final finished surface when directed by the ENGINEER.

a. The OWNER reserves the right to salvage and retain removed electrical equipment. Coordinate with facility
personnel prior to disposing of any removed electrical equipment.

5. Repair affected surfaces to conform to the type, quality, and finish of the surrounding surface in a neat and
workmanlike manner. Follow any specific instructions provided elsewhere in the Contract Documents. Utilize
skilled craftsmen of the trades involved.

6. Demolition and temporary construction sequence:

a. The temporary power, control, and communications installation and materials shall be pre-approved by the
ENGINEER.

b. Demolish electrical, I&C equipment, and materials in accordance with the Contract Documents or by the
ENGINEER. The ENGINEER will notify the CONTRACTOR of existing equipment and materials the OWNER
wants salvaged and retained. Equipment retained by the OWNER shall be protected from damage and
delivered, FOB, to 1600 West 12th Ave, Denver, CO 80204 by the CONTRACTOR. Equipment shall be
separated only at original factory shipping split points.

3.3 INSTALLATION

A.

B.

Follow the Manufacturer’s installation instructions explicitly. Wherever any conflict arises between the Manufacturer’s
instructions, codes, and regulations, and the Contract Documents, follow the ENGINEER’s decision. Keep a copy of
the Manufacturer’s installation instructions on the jobsite and available for review.

Use appropriate conduit and conductor entry fittings with enclosures that maintain the specified enclosure
environmental capability after proper installation.

3.4 PROTECTION

A.

B.

C.

Protect enclosures and other equipment containing electrical and 1&C devices, including spare parts, from corrosion
using corrosion-inhibiting vapor capsules.

Periodically replace capsules in accordance with the Capsule Manufacturer's recommendations. Replace capsules
just prior to the Substantial Completion date.

Provide protection for materials and equipment against loss or damage in accordance with provisions in the Contract
Documents. Follow the Manufacturer's recommendations for storage. Protect Work from the effects of weather. Prior
to installation, store items in clean, dry, indoor locations. Items subject to corrosion under damp conditions and items
containing electrical insulation, such as equipment, transformers, conductors, motors, and controls shall be stored in
heated locations. Energize space heaters furnished with equipment. Provide temporary heating, sufficient to prevent
condensation in equipment, transformers, switchgear, switchboards, valve operators, motors, and MCCs that do not
have space heaters.

Following installation, protect materials and equipment from corrosion, physical damage, and the effects of moisture
on insulation. When equipment intended for indoor installation is installed at the CONTRACTOR’s convenience in
areas where it is subject to dampness, moisture, dirt, or other adverse atmosphere until the Final Completion date,
ensure that adequate protection is provided that is acceptable to the ENGINEER. Cap conduit runs during
construction with manufactured seals. Keep openings in boxes or equipment closed during construction. Energize
space heaters furnished with equipment.

Protect existing equipment and facilities during construction from dirt, dust, moisture, and temperature conditions
detrimental to equipment. This shall include, but not be limited to, protection of the facility floors with plywood or other
ENGINEER-approved method.

3.5 QUALITY CONTROL

A. Inspection: Allow materials, equipment, and workmanship to be inspected at any time by the ENGINEER. Correct
Work, materials, or equipment not in accordance with the Contract Documents or that is found to be deficient or
defective in a manner satisfactory to the ENGINEER.

B. Tests:

1. Carry out tests specified hereinafter and as specified in other Sections.

2. After the electrical system’s installation is complete and at the time coordinated with the ENGINEER, perform an
electrical system operating test for approval. Demonstrate that equipment operates in accordance with the
requirements of the Contract Documents. Demonstrate that protective functions are operating properly and are
properly incorporated in control and distribution system operation. Perform the test in the presence of the
ENGINEER. Furnish instruments and personnel required for the tests.

3. Voltage:

a. When the installation is essentially complete and the facility is in operation, check the voltage at electrical
distribution equipment. Check voltage amplitude and balance between phases for loaded and unloaded
conditions.

b. Record the voltage and balance between phases (all 3 phases simultaneous on the same graph) for one day
(during a normal working day). Submit the recording with a letter of transmittal to the ENGINEER within 10
days of the date the test.
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c. If an unbalance exceeds 3% or if the voltage varies throughout the day and from loaded to unloaded
conditions more than 5% of nominal, determine the cause of the problem and submit it in writing to the
ENGINEER.

4. Equipment line current: Check the line current in each phase for each piece of equipment. If any phase current in
any piece of equipment is above the rated nameplate current, determine the cause of the problem and submit it in
writing to the ENGINEER.

3.6 STARTUP

A. Provide skilled craftsmen to checkout, troubleshoot, and startup various systems. Be available and coordinate with
other crafts to checkout, troubleshoot, and startup various systems. Be available outside normal working hours when
necessary.

B. CONTRACTOR employees working in areas with energized equipment and arc flash boundaries exceeding 1.2
cal/cmz shall be trained as NFPA 70E qualified personnel and wear required PPE.

3.7 CLEANING

A. Clean debris, dirt, dust, etc. from equipment.

B. Keep the premises free from the accumulation of waste material or rubbish. Remove materials, scraps, and debris
from the premises and from the interior and exterior of devices and equipment. Touch up scratches, scrapes, or chips
in interior and exterior surfaces of devices and equipment with finishes matching the type, color, and consistency of
the surface of the original finish. If extensive damage to equipment paint surfaces occurs, refinish the entire piece of
equipment in a manner that provides a finish equal to or better than the factory finish, that meets the requirements of
the Contract Documents, and that is acceptable to the ENGINEER.

3.8 ADJUSTING
A. Motor Rotation: After final service connections are made, check and correct the rotation of motors. Coordinate
rotation checks with the ENGINEER and the CONTRACTOR responsible for the driven equipment.
3.9 SUPPLEMENTS
A.  Supplement A — Example Bill of Material
END OF SECTION
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SECTION 26 05 10
BASIC ELECTRICAL MATERIALS AND METHODS
PART 1 GENERAL
1.1 SUMMARY
A.  Section includes general information, products, and execution for basic electrical materials and methods.
B. Related Sections:
1. SECTION 26 05 00 —- COMMON WORK RESULTS FOR ELECTRICAL
2. SECTION 26 08 00 — COMMISSIONING OF ELECTRICAL SYSTEMS
1.2 REFERENCES
A. ASTM International (ASTM):

1. A 36 - Standard Specification for Carbon Structural Steel

2. A 123 - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products

3. A 153 - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware

4. A 240 - Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for
Pressure Vessels and for General Applications

5. A 283 - Standard Specification for Low and Intermediate Tensile Strength Carbon Steel Plates

6. A 575 - Standard Specification for Steel Bars, Carbon, Merchant Quality, M-Grades

7. A 576 — Standard Specification for Steel Bars, Carbon, Hot-Wrought, Special Quality

8. A 635 — Standard Specification for Steel, Sheet and Strip, Heavy-Thickness Coils, Hot-Rolled, Alloy, Carbon,

Structural, High-Strength Low-Alloy, and High-Strength Low-Alloy with Improved Formability,

Requirements for

9. A 653 - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-lIron Alloy-Coated

(Galvannealed) by the Hot-Dip Process

10. A 1011 - standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon, Structural, High-Strength Low-

Alloy, High-Strength Low-Alloy with Improved Formability, and Ultra-High Strength
11. B 633 — Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel

12. D 635 — Standard Test Method for Rate of Burning and/or Extent and Time of Burning of Plastics in a Horizontal

Position
B. Federal Specifications (FS):
1. W-C-596 — General Specification for Connector, Electrical, Power
2. W-S-896F — General Specification for Switches, Toggle (Toggle and Lock), Flush Mounted
C. Institute of Electrical and Electronics Engineers, Inc. (IEEE):
1. Cb57.12.01 — Standard General Requirements for Dry-Type Distribution and Power Transformers
2. C57.12.91 - Standard Test Code for Dry-Type Distribution and Power Transformers
3. C57.96 — Guide for Loading Dry-Type Distribution and Power Transformers
4. (C62.11 — Standard for Metal-Oxide Surge Arresters for AC Power Circuits (>1 kV)
D. National Electrical Manufacturers Association (NEMA):
250 — Enclosures for Electrical Equipment (1000 Volts Maximum)
ICS 2 — Controllers, Contactors and Overload Relays Rated 600 Volts
KS 1 — Heavy Duty Enclosed and Dead-Front Switches (600 Volts Maximum)
PB 1 — Panelboards
WD 1 — General Color Requirements for Wiring Devices
tlonal Fire Protection Association (NFPA):
70 — National Electrical Code (NEC)
nderwriters Laboratories, Inc. (UL):
20 — General-Use Snap Switches
67 — Panelboards
98 — Enclosed and Dead-Front Switches
248 — Low Voltage Fuses
489 — Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures
506 — Specialty Transformers
508 — Industrial Control Equipment
943 — Ground-Fault Circuit-Interrupters
1561 — Dry-Type General Purpose and Power Transformers
1.3 SUBMITTALS
A.  As specified in SECTION 26 05 00.

KOPO_\I_OSJ'IPPO!\J!—'C!—'ZU"PPO[\)!—‘

B. ENGINEER's Review: The ENGINEER will act upon the CONTRACTOR's Submittal and transmit a response to the

CONTRACTOR no later than 30 days after receipt. Resubmittals will be subject to the same review time.
C. Shop Drawings:
1. Itemized Bill of Material including Manufacturer, complete model number, and options included.
2. Descriptive information.
3. Catalog cuts for components, electrical devices, and mechanical devices:
a. Catalog information.
b. Descriptive literature.
c. External power and signal connections.
d

Scaled, legible drawings showing exterior dimensions and locations of the electrical and mechanical

interfaces.

EFFECTIVE JANUARY 2017 1 SECTION 26 05 10
BASIC ELECTRICAL
MATERIALS AND METHODS



1.4

15

1.6

Dimensional drawings.
Protective devices:
a. Copies of time-current characteristics.
b. Protective device trip settings.
Anchoring instructions and details.
One-line diagrams.
Schematic (elementary) diagrams.
. Outline diagrams.
0. Interconnection diagrams.
1. Installation details: Include mounting methods, size and detail of supports, channels, and steel; provide weights
from which supports, channels, and steel are to carry. Include modifications or further details required.
12. Spares, expendables, and test equipment.
D. Quality Control Submittals:
1. Testing related Submittals.
2. O&M manuals:
a. Legend abbreviation lists.
b. See this Section for the following items:
1) Iltemized Bill of Material including Manufacturer, complete model number, and options included.
2) Catalog cuts.
3) Component data sheets.
4) Final As-Built Drawings and wiring diagrams in both hardcopy and electronic formats (.dwg or .dxf).
Provide electronic copies on 3 jump disks to the OWNER.
5) Factory and field certified test reports.
c. Device O&M manuals for components, electrical devices, and mechanical devices shall include:
1) Operations procedures.
2) Installation requirements and procedures.
3) Maintenance requirements and procedures.
4) Troubleshooting procedures.
5) Internal schematic and wiring diagrams.
d. List of spares and expendables required and recommended.
e. Provide 3 hardcopies and 3 electronic copies (.pdf with sections tabbed/linked) on jump disks to the OWNER.
E. Extra Materials: Furnish, box, tag, and clearly mark on exterior, identify each item with the Manufacturer's name,
description, and part number for shipment and long-term storage, and deliver prior to 75% of the Final Completion
date the following extra materials:
1. Fuses, 0to 600 V: A minimum of 10 of each type and each current rating installed.
2. Lamps and LEDs for indicating lights: 5 boxes.
3. Enclosure touchup paint of each kind and color used: 2 spray cans.
F.  Warranty Documentation:
1. Sample warranty.

ok

2. Warranty.

QUALITY ASSURANCE

A. Equipment Manufacturer Qualifications: A minimum of 10 years of documented experience in the Work of this
Section.

B. UL Compliance: Materials manufactured within the scope of UL shall conform to UL Standards and have an applied
UL listing mark.

C. The Manufacturer shall provide a certificate of ISO 9001 compliance.

SITE CONDITIONS

A. Materials and equipment shall be designed and manufactured for continuous operation, site conditions as specified in
SECTION 26 05 00.

WARRANTY

A. Manufacturer: Warranty for one year from the Substantial Completion date for the satisfactory performance and
installation of the basic electrical materials and methods system and associated appurtenances.

PART 2 PRODUCTS

2.1 APPROVED MANUFACTURERS
A. Outlet and Device Boxes:
1. Cast metal:
a. Appleton, Type FS or FD
b. Crouse-Hinds, Type FS or FD
2. PVC-coated cast metal:
a. Ocal, Inc.
b. Robroy Industries
B. Junctions and Pull Boxes:
1. Large cast metal box:
a. Crouse-Hinds, Series W
b. 0.Z./Gedney, Series Y
2. Large stainless steel box:
a. Hoffman Engineering Co.
EFFECTIVE JANUARY 2017 2 SECTION 26 05 10

BASIC ELECTRICAL
MATERIALS AND METHODS



b. Robroy Industries
3. Large steel box:
a. Hoffman Engineering Co.
b. Robroy Industries
C. Wiring Devices:
1. Toggle switches:

a. Hubbell
b. Leviton
2. Receptacle, single and duplex:
a. Hubbell
b. Leviton
3. Receptacle, ground fault circuit interrupter:
a. Hubbell
b. Leviton

D. Device Plates:
1. While-in-use weatherproof covers:
a. Hubbell, WP8M, WP8MH
2. Weatherproof — for receptacles — gasketed, cast metal, or stainless steel, with an individual cap over each
receptacle opening:
a. Crouse-Hinds, Type WLRD or WLRS
b. General Electric
c. Hubbell
d. Weatherproof — for switches — gasketed, cast metal incorporating external operator for internal switch:
1) Appleton, FSK-1VTS or FSK-1VS
2) Crouse-Hinds, DS-181 or DS-185
E. Lighting and Power Distribution Panelboard:
1. Cutler-Hammer
2. General Electric
3. Square D
F.  Mini Power-Zone:
1. Square D Mini Power-Zone
G. Circuit Breaker, Individual, 0 to 600 V:
1. Cutler-Hammer
2. General Electric
3. Square D
H. Separately Mounted Molded Case Switch, Individual, 0 to 600 V:
1. Cutler-Hammer
2. General Electric
3. Square D
. Disconnect/Safety Switches, Individual, 0 to 600 V:
1. Cutler-Hammer
2. General Electric
3. Square D
J. Fuse, 0 to 600 V:
1. Motor and transformer circuits, 0 V to 600 V:
a. Bussmann, Type LPS-RK
b. Littelfuse, Type LLS-RK
2. Feeder and service circuits, 0 V to 600 V:
a. Bussmann, Type LPS-RK
b. Littelfuse, Type LLS-RK
3. Feeder and service circuits, 0 V to 600 V:
a. Bussmann, Type KRP-C
b. Littelfuse, Type KLPC
4. Branch circuits and control circuits, 0 V to 600 V:
a. Bussmann, Type FNQ-R
b. Littelfuse, Type KLDR or CCMR
K.  Push Button, Indicating Light, and Selector Switches:
1. Allen-Bradley, Bulletin 800T
2. Eaton, 10250T
3. General Electric, CR104P
L. Terminal Block, 0 V to 600 V:
1. General purpose, #8 AWG to #4 AWG:
a. General Electric, EB series
2. Terminal block, general purpose:
a. General Electric, CR151A2
3. Terminal block, fuse/disconnect plug:
a. Phoenix Contact, V10K 1, 5-D/TG/D/PE with Type ST

EFFECTIVE JANUARY 2017 3 SECTION 26 05 10
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M. Elapsed Time Meter:
1. General Electric, Type 240, 2 1/2-inch Big Look
N. Industrial Control Relays:
1. Potter & Brumfield, KUEP series
0. Magnetic Control, Machine-Tool and Industrial Relays:
1. General Electric, Type CR120B
P.  Magnetic Contactor:
1. Allen-Bradley
2. General Electric, CR 305
Q. Alternator Relay:
1. Time Mark, 261-D-T-120
Dry Type Transformer, 0 V to 600 V Primary:
1. Cutler Hammer
2. General Electric
3. Square D
S. Level Switch, Float Type, Water on Floor:
1. ITT Centripro, A2D Series
T.  Support and Framing Channels:

1. B-Line
2. Unistrut
U. EUH:

1. Chromalox, Model LUH
2.2 MATERIALS
A. Outlet and Device Boxes:
1. Furnish and install as a part of the raceway system the outlet and device boxes required for the proper installation
of electrical system components.
2. Outlet and device boxes:
a. Exposed, surface and pendant-mounted outlet and device boxes installed in or near wet locations shall be of
the PVC-coated cast metal type with threaded hubs.
b. Exterior-mounted outlet and device boxes not subject to wet location conditions shall be of the cast metal
type with threaded hubs.
c. Recessed drywall outlet boxes serving interior dry locations shall be of the pressed sheet steel, zinc-coated,
cadmium-plated type.
d. Outlet and device boxes shall not be less than 1 1/2-inches deep unless shallower boxes are required by
structural conditions and are approved by the ENGINEER.
e. Ceiling and bracket outlet and device boxes shall not be less than 4-inches octagonal except that smaller
boxes may be used where required by the particular fixture to be installed.
3. Cast metal:
a. Box: Malleable iron.
b. Cover. Gasketed, weatherproof, malleable iron, with stainless steel screws.
c. Hubs: Threaded.
d. Lugs: Cast mounting.
4. Boxtype, steel raceway system:
a. Outdoor locations — exposed raceways: Cast metal.
b. Interior dry locations — exposed rigid conduit: Cast metal.
5. PVC-coated cast metal:
a. Type: FS or FD with PVC coating.
b. Coating: Surfaces; 40-mil PVC.
B.  Junction and Pull Boxes:
1. Large sheet steel box:
a. Inaccordance with NEMA 250, Type 1.
b. Box: Code-gauge, galvanized steel.
c. Cover: Full access, screw type.
d. Machine screws: Corrosion-resistant.
2. Large cast metal box:
a. In accordance with NEMA 250, Type 4.
b. Box: Cast malleable iron, with drilled and tapped conduit entrances.
c. Cover: Hinged with clamps.
d. Hardware and machine screws: In accordance with ASTM A 240, Type 316 stainless steel.
3. Large stainless steel box:
a. Inaccordance with NEMA 250, Type 4X.
b. Box: 14 gauge, in accordance with ASTM A 240, Type 304 stainless steel, with white enamel painted interior
mounting panel.
c. Cover: Hinged with clamps.
d. Hardware and machine screws: In accordance with ASTM A 240, Type 304 stainless steel.
4. Large steel box:
a. Inaccordance with NEMA 250, Type 4.
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6.

b. Box: 14 gauge steel, with white enamel painted interior and gray primed exterior over phosphated surfaces,
with final ANSI 61 gray enamel on exterior surfaces.

c. Cover: Hinged with clamps.

d. Hardware and machine screws: In accordance with ASTM A 240, Type 316 stainless steel.

Large steel box:

a. In accordance with NEMA 250, Type 3R.

b. Box: 14 gauge steel, with ANSI 61 gray enamel on interior and exterior surfaces. Integral drip shield top with
seam-free sides, front, and back.

c. Cover: Hinged with clamps.

d. Hardware and machine screws: In accordance with ASTM A 240, Type 316 stainless steel.

e. Options: Padlockable hasp and staple.

Mounting hardware: Stainless steel.

C. Wiring Devices:

1.

2.

Light switches and receptacles shall be labeled to indicate the panelboard and circuit number(s) connected to the

device.

Toggle switches:

a. Inaccordance with NEMA WD 1, UL 20, and FS W-S-896F.

b. Specification grade, totally-enclosed, AC type, with quiet tumbler switches and screw terminals.

c. Capable of controlling 100% tungsten filament and fluorescent lamp loads. Capable of controlling up to one
hp motor load at 120 V.

d. Rating: 20 amperes, 120/277 V.

e. Color: Brown.

f.  Where 2 or more switches are shown at one location, they shall be installed under a common wall plate.
Switches shall be mounted approximately 4-feet above the finished floor and shall be located on the knob
side of doors.

Receptacle, single and duplex:

In accordance with NEMA WD 1 and FS W-C-596.
Specification grade, 2-pole, 3-wire grounding type with screw type wire terminals suitable for #10 AWG.
High-strength, thermoplastic base color.
Color: Brown.
Contact arrangement: Contact to be made on 2 sides of each inserted blade without detent.
Rating: 125V, in accordance with NEMA WD 1, configuration 5-20R, 20 amperes.
Mounting height: 18-inches above the floor.
eceptacle ground fault circuit interrupter:
Duplex, specification grade, tripping at 5 mA:
In accordance with NEMA WD 1.
Specification grade, 2-pole, 3-wire grounding type with screw type wire terminals suitable for #10 AWG, and
provisions for testing.
High-strength, thermoplastic base color.
Color: Brown.
Contact arrangement: Contact to be made on 2 sides of each inserted blade without detent.
Rating: 125V, in accordance with NEMA WD 1, configuration 5-20R, 20 amperes, capable of interrupting
5,000 amperes without damage.
h. Mounting height: 18-inches above the floor.

copme@Tmoo0Te
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D. Device Plates:

1. General: Sectional type plates not permitted.
2. Metal:
a. Material: Specification grade, one-piece, 0.040-inch nominal thickness stainless steel.
b. Finish: In accordance with ASTM A 240, Type 302/304, satin.
c. Mounting screw: Oval-head, finish matched to plate.
3. Cast metal:
a. Material: Malleable ferrous metal, with gaskets.
b. Screw: Oval head stainless steel.
4. Engraved:
a. Panelboard and circuit number.
b. Character height: 1/8-inch.
c. Filler: Red.
5. While-in-use weatherproof covers:
a. Forreceptacles: Gasketed, cast metal or stainless steel.
6. Weatherproof:
a. Forreceptacles: Gasketed, cast metal or stainless steel, with individual cap over each receptacle opening.
1) Mounting screw: Stainless steel.
2) Cap spring: Stainless steel.
b. For switches: Gasketed, cast metal incorporating external operator for internal switch.
1) Mounting screw: Stainless steel.
7. Raised sheet metal: 1/2-inch high zinc-plated or cadmium-plated steel designed for one-piece drawn type sheet
steel boxes.
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E. Panelboard and Distribution Panelboard:

1. In accordance with NEMA PB 1, NFPA 70, and UL 67, including panelboards installed in motor control center
when shown on the Drawings.

2. Panelboards and circuit breakers:

a. Suitable for use with 75°C wire at full NFPA 70, 75°C ampacity.
b. Rated for 277/480 V or 120/208 V, 3-phase, 4-wire operation as shown on the Drawings.

3. Short-circuit current equipment rating: Fully rated; series connected unacceptable. Minimum of 22,000 amperes
rms symmetrical. Rating shall apply to the panelboard as a complete unit with short-circuit current rating equal to
or greater than the integrated equipment rating shown on the panel schedule or on the plans.

4. Cabinet:

a. Inaccordance with NEMA 250, Type 12, industrial use.
b. Material: Code-gauge, hot-dip galvanized sheet steel, with reinforced steel frame.
c. Wiring gutter: Minimum 4-inches square; both sides, top, and bottom.
d. Front: Fastened with adjustable clamps.

1) Trim size: Same as box.

2) Finish: Rust inhibitor prime, with the Manufacturer's standard baked enamel or lacquer.

e. |Interior:

1) Factory assembled, complete with circuit breakers.
2) Capable of circuit breaker replacement without disturbing adjacent circuit breakers or removing main
bus.
3) Spaces: Cover openings with an easily removable metal cover.
f.  Door hinges: Concealed.
g. Locking device:
1) Flush type.
2) Doors over 30-inches in height: Multipoint.
3) Identical key locks, with 2 milled keys for each lock.

h. Circuit directory: Metal frame with transparent plastic face and enclosed card on the interior of the door. A
neatly typed directory properly identifying each circuit shall be provided in the directory holder with the date of
installation.

5. Bus bar:

a. Material: Tin-plated copper full sized throughout length.

b. Provide for the mounting of future circuit breakers along the full length of bus regardless of the number of
units and spaces shown. Machine, drill, and tap as required for current and future positions.

c. Neutral: Insulated, rated the same as phase bus bars with at least one terminal screw for each branch circuit.

d. Ground: Copper, installed on the panelboard frame, bonded to the box with at least one terminal screw for
each circuit.

e. Lugs and connection points:

1) Suitable for either copper or aluminum conductors.
2) Solderless main lugs for main, neutral, and ground bus bars.

f.  Bolt together and rigidly support bus bars and connection straps on molded insulators.
6. Circuit breakers:

a. In accordance with UL 489.

b. Thermal-magnetic, quick-make, quick-break, molded case, of the indicating type showing on/off and tripped
positions of operating handle.
Non-interchangeable, in accordance with NFPA 70.
Locking: Provisions for handle padlocking.
Type: Bolt-on circuit breakers in panelboards.
Multi-pole circuit breakers designed to automatically open all poles when an overload occurs on one pole.
Do not substitute single-pole circuit breakers with handle ties for multi-pole breakers.
Do not use tandem or dual circuit breakers in normal single-pole spaces.
Ground fault interrupter:
1) Equip with a conventional thermal-magnetic trip and a ground fault sensor rated to trip in 0.025 second

for a 5 mA ground fault in accordance with UL 943, Class A sensitivity.
2) Sensor with the same rating as the circuit breaker and a push-to-test button.
. Circuit breakers with trip sizes larger than 100 ampere rating shall have interchangeable trips.
7. Nameplates:

a. Indicate equipment disconnecting means remote location.

b. Indicate complete panelboard rating information and identification tag.

s@~oao0

F.  Mini Power-Zone:
1. Panelboards and circuit breakers: Suitable for use with 75°C wire at full NFPA 70, 75°C ampacity.
2. Rating: 3-phase, 480 VAC primary, 15 kVA transformer, 120/208 VAC secondary.
3. Integral copper wound transformer, 115°C rise, and epoxy-resin encapsulated.
4. Provided with 2, 5% FCBN taps, primary main circuit breaker, and secondary main circuit breakers.
5. Short-circuit current equipment rating: Fully rated; series connected not acceptable. Rating: 22,000 amperes rms
symmetrical.
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Cabinet:
a. NEMA 3R with drip shield.
b. Material: Code-gauge, hot-dip galvanized sheet steel, with reinforced steel frame.
c. Wiring gutter: Minimum 4-inches square; both sides, top, and bottom.
d. Front: Fastened with adjustable clamps.
1) Trim size: Same as the box.
2) Finish: Rust inhibitor prime, with the Manufacturer's standard baked enamel or lacquer.
e. Interior:
1) Factory assembled, complete with circuit breakers.
2) Capable of circuit breaker replacement without disturbing adjacent circuit breakers or without removing
main bus.
3) Spaces: Cover openings with an easily removable metal cover.
f.  Door hinges: Concealed.
g. Locking device:
1) Flush type.
2) Identical key locks with 2 milled keys for each lock.
h. Circuit directory: Metal frame with transparent plastic face and enclosed card on the interior of the door.
Bus bar:
a. Material: Tin-plated copper full sized throughout length.
b. Provide for the mounting of future circuit breakers along the full length of bus regardless of the number of
units and spaces shown. Machine, drill, and tap as required for current and future positions.
c. Neutral: Insulated, rated the same as phase bus bars with at least one terminal screw for each branch circuit.
d. Ground: Copper, installed on the panelboard frame, bonded to the box with at least one terminal screw for
each circuit.
e. Lugs and connection points:
1) Suitable for either copper or aluminum conductors.
2) Solderless main lugs for main, neutral, and ground bus bars.
f.  Bolt together and rigidly support bus bars and connection straps on molded insulators.
Circuit breakers:
a. Inaccordance with UL 489.
b. Thermal-magnetic, quick-make, quick-break, molded case, of the indicating type showing on/off and tripped
positions of operating handle.
Non-interchangeable, in accordance with NFPA 70.
Locking: Provisions for handle padlocking.
Type: Bolt-on circuit breakers.
Multi-pole circuit breakers designed to automatically open all poles when an overload occurs on one pole.
Do not substitute single-pole circuit breakers with handle ties for multi-pole breakers.
Do not use tandem or dual circuit breakers in normal single-pole spaces.
Ground fault interrupter:
1) Equip with a conventional thermal-magnetic trip and a ground fault sensor rated to trip in 0.025 second
for a 5 mA ground fault, UL 943, Class A sensitivity.
2) Sensor with the same rating as the circuit breaker and a push-to-test button.

—s@moao

G. Circuit Breaker, Individual, 0 V to 600 V:

1. UL 489 listed for use at location of installation.

2. Minimum interrupt rating: 65,000 amperes.

3. Thermal-magnetic, quick-make, quick-break, indicating type, showing on/off and tripped indicating positions of the
operating handle.

4. Suitable for use with 75°C wire at full NFPA 70, 75°C ampacity.

5. Locking: Provisions for padlocking the handle.

6. Multi-pole breakers to automatically open all poles when an overload occurs on one-pole.

7. Enclosure: In accordance with NEMA 250, Type 12, industrial use.

8. Interlock: Enclosure and switch shall interlock to prevent opening the cover with the switch in the on position.

9. Do not provide single-pole circuit breakers with handle ties where multi-pole circuit breakers are shown on the
Drawings.

H.  Separately Mounted Molded Case Switch, Individual, 0 V to 600 V:

1. UL 489 listed for use at location of installation.

2. Minimum interrupt rating: 65,000 amperes.

3. Discriminator instantaneous trip, quick-make, quick-break, indicating type, showing on/off and tripped indicating
positions of the operating handle.

4. Suitable for use with 75°C wire at full NFPA 70, 75°C ampacity.

5. Locking: Provisions for padlocking the handle in the open position.

6. Multi-pole breakers to automatically open all poles when the handle is operated or an overload occurs.

7. Enclosure: NEMA 250, Type 12, industrial use.

8. Interlock: Enclosure and switch shall interlock to prevent opening the cover with the switch in the on position.

9. Do not provide single-pole circuit breakers with handle ties where multi-pole circuit breakers are shown on the
Drawings.
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10.

Nameplates:
a. Indicate equipment disconnecting means remote location.
b. Indicate complete rating information and identification tag.

l. Disconnect/Safety Switches, Individual, 0 V to 600 V:

1.

2.

10.
11.
12.

Disconnects shall be provided with NEMA 3R secondary enclosed circuit breaker disconnect/safety switches.
Circuit breakers shall be provided with adjustable LSIG electronic trip units when indicated on the Drawings.

In accordance with NEMA KS 1, UL listed and hp rated. Each switch shall be heavy duty, 3-pole, 600 V with
continuous current rating as shown on the Drawings.

Enclosure: In accordance with NEMA 250 and UL 98, the switch enclosure type shall be suitable for use at the
location of installation.

In accordance with NEMA KS 1 and UL 98 for application to the system with available short-circuit current as
shown on the Drawings.

Thermal-magnetic, quick-make, quick-break, the on/off positions of the operating handle shall be clearly marked.
Locking: Provisions for padlocking the handle in the off position.

Switches shall have high conductivity copper, visible blades; non-teasible, positive, quick-make, quick-break
mechanisms; and the switch assembly plus the operating handle as an integral part of the enclosure base.
Switches shall be fused or non-fused as shown on the Drawings. Switches shall have fuse clips suitable for the
required fuse type.

Interlock: Enclosure and switch shall interlock to prevent opening the cover with the switch in the on position.
Switches shall have defeatable door interlocks.

Suitable for use with 75°C wire at full NFPA 70, 75°C ampacity.

Fuse mountings shall reject Class H fuses and accept only the current-limiting fuses specified.

Nameplates:

a. Indicate equipment disconnecting means remote location.

b. Indicate complete rating information and identification tag.

J. Fuse, 0 V to 600 V:

1. Current-limiting, with 200,000 ampere rms interrupting rating.

2. Provide to fit the mountings specified with the switches and the features to reject Class H fuses.

3. Motor and transformer circuits, 0 V to 600 V:

a. Amperage: 0 to 600.
b. In accordance with UL 248, Class RK-1, dual element, with time delay.

4. Feeder and service circuits, 0 V to 600 V:

a. Amperage: 0 to 600.
b. Inaccordance with UL 248, Class RK-1, dual element, with time delay.

5. Feeder and service circuits, 0 V to 600 V:

a. Amperage: 601 to 6,000.
b. In accordance with UL 248, Class L, double O-rings, and silver links.

6. Branch circuits and control circuits, 0 V to 600 V:

a. Amperage: 1/2to 30.
b. UL listed, Class CC, rejection type, current limiting, with time delay.

7. Semiconductor type fuses shall be provided for valve actuator protection as recommended by the Actuator
Manufacturer.

8. Transformer, motor, and actuator circuits, 0 V to 600 V: Disconnect switch fuses shall be Class-J, current limiting,
time delay fuses unless the Equipment Manufacturer indicates otherwise.

K. CTs:

1. CTs shall be selected so that full load secondary currents will lie between 2.5 and 4.0 amperes and be
coordinated with indicating meters so they read 1/2 to 3/4 scale at full load.

2. CTs shall have the mechanical and electrical ratings to withstand short-circuit current, stresses, and the heating
effect imposed by their load. Transformers shall have the polarity identified, shall be capable of carrying rated
current continuously, and have ample capacity for connected burden.

3. 15kV CT rating:

a. Wound primary, bar type. Vacuum cast in polyurethane resin rated for 15 kV applications.
b. BIL: 150 kV full wave.
c. Metering accuracy: ANSI accuracy Class 0.3, BO.1 through B1.8.

4. 5KV CT rating:
a. Wound primary, bar type. Vacuum cast in polyurethane resin rated for 5 kV applications.
b. BIL: 60 kV full wave.
c. Metering accuracy: ANSI accuracy Class 0.3, BO.1 through B1.8.

5. 600V CT rating:
a. Instrument grade, toroid type.
b. BIL: 10 kV.
c. Metering accuracy: ANSI accuracy Class 0.3 through BO0.9.

6. Provide as a Shop Drawing Submittal, the complete burden calculations for CTs.

L. Potential Transformers:

1. PTs shall be designed and manufactured for metering and protective relay applications. The primary voltage
rating shall not be exceeded under normal service by more than 10%, yet capable under emergency conditions to
withstand and function successfully at temporary system overvoltages of 1.25 times the primary voltage rating.
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Primary and secondary current-limiting fuses shall be provided for each PT. Thermal ratings shall be such that, at
rated voltage, the burden imposed does not cause the transformer to exceed the allowable temperature rise.
2. 15kV PT rating:
a. BIL: 150 kV full wave.
b. ANSI accuracy class:
1) 0.3 WXMY, 1.2 Z at 100% rated voltage with 120 V based ANSI burden.
2) 0.3WX,0.6M,1.2Y at58% rated voltage with 69.3 V based ANSI burden.
c. The PT insulation class shall be rated 15 kV. The primary fuses shall have a minimum interrupting current
rating of 25 kA SYM.
3. 5kV PT rating:
a. BIL: 60 kV full wave.
b. ANSI accuracy class:
1) 0.3WXMY, 1.2 Z at 100% rated voltage with 120 V based ANSI burden.
2) 0.3WX, 0.6 M, 1.2Y at 58% rated voltage with 69.3 V based ANSI burden.
c. The PT insulation class shall be rated 5.5 kV. The primary fuses shall have a minimum interrupting current
rating of 45 kA SYM.
4. 600V PT rating:
a. BIL: 10 kV.
b. Metering accuracy: +1%.
5. Provide as a Shop Drawing Submittal, the complete burden calculations for potential transformers.
M.  Push Button, Indicating Light, and Selector Switches:
1. General:
a. Function: Select, initiate, and display discrete control functions.
b. Type: Heavy duty, watertight, oil-tight, industrial.
c. Mounting: 30.5-mm single round hole. Panel thickness 1/16-inch to 1/4-inch.
d. Legend plate: Large size square style aluminum field and black markings. Minimum letter and number
height: 7/64-inch. Markings as shown on the Drawings and as approved by the ENGINEER.
e. Configuration: Light, push button, or switch as shown on the Drawings.
2. Light features:
a. Lights: Full voltage 120 VAC, high-visibility LED, push-to-test type.
b. Lens color: Color as specified and shown on the Drawings.
3. Push button and switch features:
a. Guard: Full guard with flush button.
b. Push button color:
1) Off, emergency stop, stop, reset: Red.
2) All others: Black.
c. Switches shall be maintained or spring-return to center position as required and as approved by the
ENGINEER.
d. Push buttons and selector switches shall be lockable in the off position where shown on the Drawings.
4. Signal interface:
a. Contact block:
1) Type: Silver-coated butting.
2) Rating: 10 amperes continuous at 125 VDC.
3) Sequence: Break-before-make.
4) Arrangement: Normally open or normally closed as indicated and to perform the functions required.
5) Terminals: Screw with strap clamp.
6) Switches and push buttons shall have a minimum of one spare contact in addition to the required
contacts.
7) Contactrating: In accordance with NEMA ICS 2, Type A600.
5. NEMA rating: NEMA 4, watertight and dust-tight and NEMA 13, oil-tight.
N.  Terminal Junction Box:
1. Cover: Hinged.
2. Terminal blocks:
a. Provide a separate connection point for each conductor entering or leaving box.
b. Spare terminal points: 25%.
3. Interior finish: Paint with white enamel or lacquer.
O. Terminal Block (0 V to 600 V):
1. General:
a. Accommodate present and spare indicated needs.
b. One wire per terminal.
c. Wire spare and unused panel-mounted elements to their panels’ terminal block.
d. Spare terminals: 20% of the connected terminals, but no less than 10 per terminal block.
2. General purpose, #8 AWG to #4 AWG:
a. Connection type: Washer head blinding screws into molded one-piece terminal boards, conductors and
cables terminated with heavy duty ring terminals.
3. Terminal block, general purpose:
a. Use for conductor and cable terminations.
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Rated voltage: 600 VAC.

Rated current: 30 amperes.

Wire size: #18 AWG to #10 AWG.

Connection type: Washer head binding screws, conductors and cables terminated with heavy duty ring
terminals.

f.  Provide the Manufacturer’s mounting kit and marking strip. Marking shall be permanent machine produced.
Terminal block, fuse/disconnect plug:

a. Use: Provide one for each analog I/O field interface cable.

b. Rated voltage: 300 VAC.

c. Rated current: 15 amperes.

d. Wire size: #30 AWG to #14 AWG.

cooo

P. Elapsed Time Meter:

1.
2.
3.

Drive: Synchronous motor.
Range: 0 hours to 99,999.9 hours, non-reset type.
Mounting: Semi-flush, panel.

Q. Industrial Control Relays:

BOooNOTOA~LONE

0.

120 VAC relays.

Contact arrangement: As shown on the Drawings, 2 Form C contacts minimum.

Contact rating: 3A at 150 VDC load switching.

Contact material: Silver cadmium oxide alloy.

Coil voltage: 110 VDC or 120 VAC.

Coil power: 1.8 W.

Provide with indicator lamps.

Expected mechanical life: 100,000 operations minimum.

Expected electrical life at rated load: 100,000 operations minimum.

Provided and installed with the Manufacturer’'s recommended and provided surge suppressors across the coil
terminals. The surge suppressor shall be designed to absorb energy surges that appear on the line.

R.  Magnetic Control, Machine-Tool and Industrial Relays:

1.

2.

In accordance with NEMA ICS 2, Class A 600 (600 V, 10 amperes continuous, 7,200 VA make, 720 VA break),
industrial control with, a minimum of 4, field convertible contacts.

Time delay relay attachment:

a. Solid-state type, timer adjustable range available from 0.1 to 180 seconds as required.

b. Field convertible from on delay to off delay and vice versa.

Latching attachment: Mechanical latch having unlatching coil and coil clearing contacts.

Magnetic control relays shall be provided and installed with the Manufacturer’'s recommended and provided surge
suppressors across the coil terminals. The surge suppressor shall be designed to absorb energy surges that
appear on the line.

S.  Magnetic Contactor:

1.
2.
3.

4.
5.
6.

7.
8.

Al
1
2.
3.
4
5
6
7

In accordance with NEMA ICS 2 and UL 508.

Electrically operated, electrically held.

Have UL certification to achieve IEC 947, Type 2 coordination when subjected to 100,000 ampere short-circuit
fault currents.

Main contacts:

a. Power driven in one direction with gravity dropout.

b. Silver alloy with wiping action and arc quenchers.

c. Continuous-duty, rated at a minimum of 20 amperes, 600 V.

Control: As shown on the Drawings.

Provided and installed with the Manufacturer’'s recommended and provided surge suppressors across the coil
terminals. The surge suppressor shall be designed to absorb energy surges that appear on the line.

One normally open and one normally closed auxiliary contacts rated 10 amperes at 480 V shall be provided.
Enclosure: In accordance with NEMA 250, Type 12, dust-tight, drip-tight, industrial use, suitable for outdoor
installations.

lternator Relay:

Contact arrangement and wired as shown on the Drawings, 2 Form C contacts minimum.

Contact rating: 10 A minimum at 120 VAC.

Coil voltage: 125 VDC or 120 VAC.

Coil power: 1.2 W.

Expected mechanical life: 10,000,000 operations.

Expected electrical life at rated load: 100,000 operations.

Provided and installed with the Manufacturer’'s recommended and provided surge suppressors across the coil
terminals. The surge suppressor shall be designed to absorb energy surges that appear on the line.

U. Dry Type Transformer (0 V to 600 V Primary):

1. Panelboard transformers TX | shall be totally enclosed non-ventilated NEMA 3R type with copper windings.
Transformers shall be provided weathershield kits and insulation pads to reduce noise.
2. In accordance with UL 1561. Transformers shall be UL listed and bear the UL label.
3. Transformers shall be the low loss type, self-cooled, 2-winding with minimum efficiencies when operated at 35%
of full load capacity.
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10.
11.

12.

13.
14.
15.

16.
17.

18.

19.

Transformers shall be tested in accordance with IEEE C57.12.91, dry type transformers for general applications.
Transformers shall be designed for continuous operation at rated kVA, for 24 hours a day, 365 days a year
operation, with normal life expectancy in accordance with IEEE C57.96.
Required performance shall be obtained without exceeding the maximum temperature rise in a 104°F maximum
ambient.
Insulation materials shall be flame retardant and shall not support combustion in accordance with ASTM D 635.
Insulation class and temperature rise: 220°C insulation system designed for full load operation at a maximum
temperature rise of 115°C above 40°C ambient.
Transformer core shall be constructed with high grade, non-aging, grain-oriented silicon steel with high magnetic
permeability and low hysteresis and eddy current losses. Maximum magnetic flux densities shall be substantially
below the saturation point. The transformer core volume shall allow efficient transformer operation at 10% above
the highest tap voltage. The core laminations shall be tightly clamped and compressed.
Transformer coils shall be wound of electrical grade copper with continuous wound construction.
The core and coil assembly shall be impregnated with non-hydroscopic, thermosetting varnish and cured to
reduce hot spots and seal out moisture. The assembly shall be installed on vibration-absorbing pads.
The transformer enclosure shall be made of heavy gauge steel and finished utilizing a continuous process of de-
greasing, cleaning, and phosphatizing, followed by electrostatic deposition of a polymer polyester powder coating
and baking. The enclosure construction shall be ventilated, NEMA 2 drip-proof, with lighting holes. Ventilation
openings shall be protected against falling dirt and debris. Provide enclosure weathershield(s) where located
either outdoors or within the vicinity of a moisture prone area.
3-phase transformers sized between 15 kVA to 30 kVA shall be provided with and mounted on a wall bracket.
Provide terminal lug kit(s) as needed for a complete installation.
Voltage taps:
a. 3-phase, 3 kVAto 15 kVA: 4, 2 1/2%, full capacity; 2 above and 2 below normal voltage rating.
b. 3-phase, 30 kVA and above: 4, 2 1/2%, full capacity; 2 above and 2 below normal voltage rating.
Impedance: 4.5% minimum on units 75 kVA and larger.
Sound levels shall be warranted by the Manufacturer.
a. Maximum sound level:
1) 40dB for 0 kVA to 9 kVA.
2) 45dB for 10 kVA to 50 kVA.
3) 50dB for 51 kVA to 150 kVA.
Vibration isolators:
a. Rated for the transformer's weight.
b. Isolation efficiency: 99%, at fundamental frequency of sound emitted by transformer.
c. Lessthan 30 kVA: Isolate the entire unit from the structure with external vibration isolators.
d. 30kVA and above: Isolate the core and the coil assembly from the transformer enclosure with an integral
vibration isolator.
Nameplates:
a. Indicate equipment disconnecting means remote location.
b. Indicate complete transformer nameplate information and identification tag.

V. Encapsulated Transformers (0 V to 600 V Primary):

1. In accordance with UL 1561, UL 506, and IEEE C57.12.01.

2. Transformers shall be tested in accordance with IEEE C57.12.91, dry type transformers for general applications.
Transformers shall be UL listed and bear the UL Label.

3. Transformers shall be designed for continuous operation at rated kVA, for 24 hours a day, 365 days a year
operation, with normal life expectancy in accordance with IEEE C57.96.

4. Required performance shall be obtained without exceeding the maximum temperature rise in a 104°F maximum
ambient.

5. Insulation materials shall be flame retardant and shall not support combustion in accordance with ASTM D 635.

6. Insulation class and temperature rise: 180°C to 185°C insulation system designed for full load operation at a
maximum temperature rise of 115°C above 40°C ambient.

7. Transformer core shall be constructed with high grade, non-aging, grain-oriented silicon steel with high magnetic
permeability and low hysteresis and eddy current losses. Maximum magnetic flux densities shall be substantially
below the saturation point. The transformer core volume shall allow efficient transformer operation at 10% above
the highest tap voltage. The core laminations shall be tightly clamped and compressed.

8. Transformer coils shall be wound of electrical grade aluminum with continuous wound construction.

9. The core and coil assembly shall be completely encapsulated in resin with the intent to provide a moisture proof,
shock-resistant seal.

10. The transformer enclosure shall be made of heavy gauge steel and finished utilizing a continuous process of de-
greasing, cleaning, and phosphatizing, followed by electrostatic deposition of a polymer polyester powder coating
and baking. The coating shall be UL recognized for outdoor use.

11. Sound levels shall be warranted by the Manufacturer.

a. Maximum sound level:
1) In accordance with IEEE C57.12.01.
2) 45dB for 0 kVA to 9 kVA.
3) 50 dB for 10 kVA to 50 kVA.
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12. Vibration isolators:
a. Rated for the transformer's weight.
b. Isolation efficiency: 99%, at fundamental frequency of sound emitted by transformer.
c. Less than or equal to 37.5 kVA: Isolate the entire unit from the structure with external vibration isolators.
13. Nameplates:
a. Indicate equipment disconnecting means remote location.
b. Indicate complete transformer nameplate information and identification tag.
W. Low Voltage, Secondary Surge Protective Equipment:
1. In accordance with NEMA LA 1, IEEE C62.11.
2. Surge capacitor:
a. Impregnated with non-PCB, biodegradable dielectric fluid.
b. Integral discharge resistor that will drain residual voltage to 50V crest in less than one minute after
disconnection from the circuit.
3. Arrestor: High-strength metal oxide valve elements enclosed in high-strength, corrosion-resistant, molded resin
housing.
4. Equip the capacitor and the arrestor with a mounting nipple, a flat washer, and a nut suitable for knockout or
bracket mounting.
X. Level Switch, Float Type, Water on Floor:
1. General:
a. Function: Actuate contact at the preset liquid level.
b. Type: Float-actuated mounted directly to the wall.
2. Service:
a. Liquid: Water.
b. Pressure: Atmospheric.
c. Temperature: 0°F to 120°F.
3. Performance:
a. Setpoint: As shown on the Drawings.
b. Deadband: 1/16-inch maximum.
4. Features:
a. Entire assembly: Watertight and impact-resistant.
b. Cable: Length as noted or as necessary per the mounting requirements.
c. Materials:
1) Float, stem, and guide connected to a switch enclosure.
2) Insertion length: As required to achieve the noted setpoint.
3) Materials: Stem and float Type 304 stainless steel. Slosh shield lucite.
4) Float size: 2-inch maximum.
d. Signal interface:
1) Switch: SPDT, arrangement.
2) Contact: Rated 10 A continuous and 85 A starting minimum at 120 VAC.
Y.  Support and Framing Channels:
1. Channel members shall be fabricated from structural grade steel in accordance with one of the following ASTM
Specifications: A 36, A 575, A 576, or A 635.
2. Fittings shall be fabricated from steel in accordance with one of the following ASTM Specifications: A 36, A 575,
A 576, or A 635.

3. Channel:
a. Cold-formed, manufactured from low carbon strip steel.
1) Finish:

a) HDG: 2.6-mil in accordance with ASTM A 123 and ASTM A 153.
b) Type 304 stainless steel.
c) Raceway support channel, hardware, and fittings anchored to the floor or equipment pads shall be
Type 304 stainless steel.
d) Exterior cable and raceway support channel, hardware, and fittings shall be Type 304 stainless
steel, including vaults, handholes, surge tanks, and switchyard.
4. Nuts and hardware:

a. Manufactured from mild steel bars, case hardened with positive biting action.

b. Finish: Electro-galvanized in accordance with ASTM B 633 Type lll SC1 or S stainless steel based on
location.

5. General fittings:

a. Manufactured from hot-rolled, pickled, and oiled steel plates, strip or coil, and in accordance with ASTM
Specifications: A 36, A 575, A576, or A 635.

b. Finish: HDG in accordance with ASTM A 123 and ASTM A 153 or stainless steel based on location.

6. Concrete inserts:

a. Cold-formed manufactured from standard 12 gauge in accordance with ASTM A 1011 stainless steel GR33 or
ASTM A 653 GR33. Hot-rolled inserts, where indicated shall be manufactured from carbon steel in
accordance with ASTM A 283 Grade D.

b. Finish: HDG in accordance with ASTM A 123 and ASTM A 15 stainless steel based on location.
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Z. Nameplates:

1. Material: Laminated plastic.
2. Attachment screws: Stainless steel.
3. Color:
a. General labels: White surface, engraved to a black core, white with black letters.
b. Special labels: Red surface, engraved to a black core, red with black letters. Letter height shall be 3/8-inch.
4. Engraving:

a. Push buttons/selector switches: Name of the drive controlled on one, 2, or 3 lines, as required.

b. Panelboards: Panelboard designation, service voltage, and phases.

c. Control panels: Control panel designation.

d. Separately mounted circuit breakers: General label — name of associated equipment.

e. Terminal junction boxes: Terminal junction boxes shall generally indicate the circuit or circuits installed and
the associated voltage level on a general label. Specific wording will be provided by the ENGINEER or the
OWNER.

f.  Pull and junction boxes: Pull and junction box general labels shall generally indicate the circuits installed.
Specific wording will be provided by the ENGINEER or the OWNER.

5. Letter height:

a. Push buttons/selector switches: 1/8-inch.

b. Panelboards: 1/2-inch.

c. Junction, terminal, and pull boxes: 1/2-inch.

d. Separately mounted circuit breakers and control panels: 1/2-inch.

e. Separately mounted safety switches: 1/2-inch.

f.  Remote disconnecting means: 1/2-inch.

6. Where equipment disconnecting means is in a remote location, the disconnecting means shall be lockable and its
location shall be field marked.
AA. EUH:
1. Characteristics:
a. Multiblade propeller fan.
b. Direct-drive motor.
c. Heating caoil.
d. Integral thermostat.
e. Cabinet-mounted.
2. Cabinet:

a. 16 gauge steel arranged for wall mounting with bracket.

b. Baked enamel finish of a color selected by the OWNER from the Manufacturer's standard color chart.
3. Electric heating coil:

a. Low surface temperature type with sheath element inserted in finned-tube coil.

b. Factory wiring shall include operating and safety controls required by UL and NEC, and carry the UL label.

c. Control wiring shall include 120 V control transformer.

4. Capacity, EUH 5 kW electric coil, arranged for 480 V, 3-phase elements.

PART 3  EXECUTION
3.1 GENERAL
A. Refer to the Drawings associated with the Project, prior to the installation or roughing-in of the electrical outlets,
conduit, and equipment, to determine the exact location of the outlets.
B. Determine and ensure that electrical equipment shall be accessible, such as junction boxes, pull boxes, panelboards,
switches, controls, and such other apparatus as may require maintenance and operation from time to time.
C. After installation, electrical equipment shall be protected to prevent damage during the construction period. Openings
in conduits and boxes shall be closed to prevent the entrance of foreign materials.
3.2 PREPARATION
A.  Demolition:

1.

2.

Demolition work shall be performed by the electrical Subcontractor. Demolished items shall be removed from the
premises by the CONTRACTOR.

Existing lighting fixtures, devices, switches, wiring, etc. in the renovation shall be demolished. Care shall be taken
during demolition work to maintain the integrity of existing raceway systems which may be reused as shown on
the Drawings.

Care shall be taken to maintain any existing feeder, branch circuit, and auxiliary systems wiring/raceways passing
through renovated areas which serves existing equipment or areas to remain in present or future operation.

The electrical Subcontractor shall be responsible for verifying the mechanical integrity of any existing raceway
system intended to be reused. Where the existing raceway system does not meet the requirements of the
Contract Documents, the raceway system shall be repaired or replaced before any new wiring is installed.

Existing exposed raceways and raceway components that are not to be reused shall be demolished. Where
existing raceways are embedded in building construction, they shall be cut flush with finished surfaces, plugged
with a suitable and compatible plate and abandoned in place. Existing wiring shall be removed.

Where required, the existing raceway system shall be matched and extended to new outlet/device locations as
shown on the Drawings. In general, new raceways in finished areas shall be run concealed in building
construction, above hung ceilings, in stud walls, etc. Obtain approval from the OWNER regarding the location
and the routing of any exposed raceways prior to installing the same.
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3.3 INSTALLATION
A. Testing as specified in SECTION 26 08 00.
B. Outlet and Device Boxes:

1.

2.

Install suitable for the conditions encountered at each outlet or device in the wiring or raceway system, sized in

accordance with NFPA 70.

Locations:

a. Drawing locations are approximate. The electrical Subcontractor shall study the Project plans in relating to
the spaces and equipment surrounding each outlet so that receptacles, switches, or other electrical devices
are symmetrically located and mounted in or on the walls, ceiling, and floor.

b. Outlet and device boxes that interfere with the installation of mechanical equipment, structural, or
architectural features or that will be inaccessible due to the work of other trades shall be relocated
accordingly as a part of construction conditions encountered during the course of the construction program at
no cost to the OWNER. Notify the ENGINEER prior to any relocation.

c. Light switch: Install on the lock side of doors.

d. Light fixture: Install in a symmetrical pattern according to the room layout.

Mounting height:

a. General:

1) Measured to the centerline of the box.
2) Where specified heights do not suit the building construction or the finish, mount as directed by the
ENGINEER.

b. Devices: 48-inches above floor, or match existing.

c. Thermostat: 54-inches above floor, or match existing.

Install plumb and level.

Flush-mounted:

a. Install with concealed conduit.

b. Install proper type extension rings or plaster covers to make the edges of boxes flush with the finished
surface.

c. Holes in the surrounding surface shall be no larger than required to receive the box.

Support boxes independently of the conduit by attachment to the building structure or the structural member.

Install bar hangers in the frame construction, or fasten the boxes directly with wood screws on wood, bolts, and

expansion shields on concrete or brick, toggle bolts on hollow masonry units, and machine screws threaded into

steelwork.

Threaded studs driven in by powder charge and provided with lock washers and nuts shall be acceptable in lieu of

expansion shields.

Provide plaster rings where necessary.

. Boxes embedded in concrete or masonry do not need to be additionally supported.
. Install galvanized mounting hardware in industrial areas.
. Install separate junction boxes for flush or recessed lighting fixtures where required by fixture terminal

temperature.

. Boxes supporting fixtures: Provide the means of attachment with the adequate strength to support the fixture.
. Open no more knockouts in sheet steel device boxes than are required; seal unused openings.
. All locations shall be cast metal.

C. Junction and Pull Boxes:

1. Install where shown on the Drawings and where necessary to terminate, tap-off, or redirect multiple conduit runs.

2. Install pull boxes where necessary in the raceway system to facilitate conductor installation.

3. Install in conduit runs at least every 150-feet or after the equivalent of 3 right-angle bends.

4. Use outlet boxes as junction and pull boxes wherever possible and allowed by applicable codes.

5. Installed boxes shall be accessible.

6. Do not install on finished surfaces.

7. Install plumb and level.

8. Support boxes independently of the conduit by attachment to the building structure or the structural member.

9. Install bar hangers in the frame construction, or fasten the boxes directly with wood screws on wood, bolts, and
expansion shields on concrete or brick, toggle bolts on hollow masonry units, and machine screws or welded
threaded studs on steelwork.

10. Threaded studs driven in by powder charge and provided with lock washers and nuts shall be acceptable in lieu of
expansion shields.

11. Boxes embedded in concrete or masonry do not need to be additionally supported.

12. Mounting hardware:

a. Noncorrosive areas: Galvanized.
b. Corrosive areas: PVC-coated steel.
13. Location/type:
a. Indoor, dry: In accordance with NEMA 250, Type 12.
b. Indoor and outdoor, wet: In accordance with NEMA 250, Type 4.
c. Indoor and outdoor, wet and corrosive: In accordance with NEMA 250, Type 4X.
d. Indoor and outdoor, wet, dust, or oil: In accordance with NEMA 250, Type 13.
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D. Wiring Devices:
1. Switches:
a. Mounting height: As specified in this Section.
b. Install with the switch operation in vertical position.
c. Install single-pole, 2-way switches such that the toggle is in the up position when the switch is on.
2. Receptacles:
a. Install with the grounding slot up except where horizontal mounting is shown, in which case install with the
neutral slot up.
b. Ground receptacles to the boxes with grounding wire only.
c. Weatherproof receptacles:
1) Install in a cast metal box.
2) Install such that the hinge for the protective cover is above the receptacle opening.
d. Ground fault interrupter: Install a feed-through model at locations where ground fault protection is specified
for downstream conventional receptacles; use only when approved by the ENGINEER.
e. Special-purpose receptacles: Install in accordance with the Manufacturer's instructions.
E. Device Plates:
1. Securely fasten to the wiring device; ensure a tight fit to the box.
2. Flush-mounted: Install with the 4 edges in continuous contact with finished wall surfaces without the use of mats
or similar materials. Plaster fillings shall not be acceptable.
3. Surface-mounted: Plate shall not extend beyond the sides of the box unless plates have no sharp corners or
edges.
Install with an alignment tolerance to the box of 1/16-inch.
Engrave with designated titles, when shown on the Drawings.
Types:
a. Outdoor: Weatherproof.
b. Indoor: Surface-mounted, cast metal boxes.
F.  Panelboard and Distribution Panelboard:
1. Install securely, plumb, in-line, and square with walls.
2. Install the top of cabinet 6-feet above the floor.
3. Provide a typewritten circuit directory for each panelboard.
G. Disconnects, Safety Switches, Separately Mounted Circuit Breakers, Molded Case Switches, and Lighting Contactors:
Install in accordance with the Manufacturer’s instructions and recommendations.
Install equipment as shown on the Drawings and in accordance with NFPA 70.
Install equipment so that it is readily accessible for inspection, operation, and maintenance.
Location/type:
a. Indoor, dry: In accordance with NEMA 250, Type 12.
b. Indoor and outdoor, wet: In accordance with NEMA 250, Type 4.
c. Indoor and outdoor, wet and corrosive: In accordance with NEMA 250, Type 4X.
d. Indoor and outdoor, wet, dust, or oil: In accordance with NEMA 250, Type 13.
H. Dry Type Transformer, 0 V to 600 V Primary:
1. Load external vibration isolator such that no direct transformer unit metal is in direct contact with the mounting
surface.
Provide moisture proof, flexible conduit for electrical connections.
Connect voltage taps to achieve (approximately) rated output voltage under normal plant load conditions.
Provide wall brackets for single-phase units, 15 kVA to 167 1/2 kVA, and 3-phase units, 15 kVA to 112 kVA.
Adhere to the Manufacturer's recommended installation clearances with the intent to prevent any unforeseen
accidental contact with flammable or combustible materials. Ensure that airflow is not restricted through the
bottom of the transformer.
6. Isolation transformer: Ground isolation shields to unit enclosure with conductor of the same material, and the
same size minimum, as shield ground lead provided with unit.
. Control Stations:
1. Heavy duty, watertight, and corrosion-resistant type:
a. Locations: Nonhazardous, outdoor, or normally wet areas.
b. Mounting: In accordance with NEMA 250, Type 4X enclosure.
c. Mounting height: 4-feet above floor or finished grade.
2. Do not install on finished outdoor surfaces.
J.  Terminal Junction Box:

ook
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1. Install as specified in this Section.
2. Label each block and terminal with a permanently attached, non-destructible tag.
3. Do not install on finished outdoor surfaces.
4. Location:
a. Indoor, dry: In accordance with NEMA 250, Type 12.
b. Indoor and outdoor, wet: In accordance with NEMA 250, Type 4.
c. Indoor and outdoor, wet and corrosive: In accordance with NEMA 250, Type 4X.
d. Indoor and outdoor, wet, dust, or oil: In accordance with NEMA 250, Type 13.
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K. EUH:

1.
2.
3.

Install in accordance with the Manufacturer's instructions.
Attach securely and permanently to prevent objectionable operating noise.
Provide liquid-tight metal flexible conduit for electrical connections.

L.  Support and Framing Channel:

1.

2.

3.

Furnish zinc-rich primer; paint cut ends prior to installation. Provide caps on the ends from the floor, the walkway,
or the pad to 7-feet above. Provide caps on bolts and all-thread on the bottom of the channel.

Furnish and install the supplementary steel, channels, and supports required for the proper installation, mounting,
and support of the lighting fixtures and electrical equipment to be installed as required.

Supplementary steel, channels, and supports shall be furnished, installed and secured with the fittings, support
rods, and appurtenances required for a complete support or mounting system.

Supplementary steel and channels shall be firmly connected to the building construction in a manner approved by
the ENGINEER prior to the installation of the same. Submit to the ENGINEER the locations proposed for using
supplementary steel and channels for the support of equipment, fixtures and raceways.

The type and size of the supporting channels and steel shall be of sufficient strength and size to allow only a
minimum deflection in accordance with the channel and Steel Manufacturer’s requirements for loading.
Supplementary steel and channels shall be installed in a neat and workmanlike manner parallel to the walls, floor
and ceiling construction. Turns shall be made with 90 degree and 45 degree fittings, as required to suit the
construction and installation conditions.

3.4 PROTECTION
A.  Motor Surge:

1.
2.

Ground in accordance with NFPA 70.
Low-voltage: Ground terminals to equipment bus.

3.5 CLEANING
A. Upon completion of the installations, thoroughly inspect exposed portions of the electrical installation and completely
remove exposed labels, markings, and foreign materials.
B. The interior of boxes and cabinets shall be left clean; exposed surfaces shall be cleaned and plated surfaces polished.
C. Repair damage to finish surfaces resulting from Work under this Section.

END OF SECTION
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PART 1

SECTION 26 05 13
MEDIUM-VOLTAGE CABLES
GENERAL

11 SUMMARY

A.
B.

Section includes general information, products, and execution for medium-voltage cables.
Related Sections:

1. SECTION 26 05 00 —- COMMON WORK RESULTS FOR ELECTRICAL

2. SECTION 26 08 00 — COMMISSIONING OF ELECTRICAL SYSTEMS

1.2 REFERENCES

A.

B.

C.

American National Standards Institute (ANSI):

1. C119.1 - Electric Connectors-Sealed Insulated Underground Connector Systems Rated 600 Volts

American National Standards Institute/InterNational Electrical Testing Association (ANSI/NETA):

1. ATS - Standard for Acceptance Testing Specifications for Electrical Power Equipment and Systems

Association of Edison llluminating Companies (AEIC):

1. CS8 - Specification for Extruded Dielectric, Shielded Power Cables Rated 5 through 46 kV

ASTM International (ASTM):

1. B 496 - Standard Specification for Compact Round Concentric-Lay-Stranded Copper Conductors

Institute of Electrical and Electronics Engineers (IEEE):

1. 48 - Standard for Test Procedures and Requirements for Alternating-Current Cable Terminations Used on
Shielded Cables Having Laminated Insulation Rated 2.5 kV through 765 kV or Extruded Insulation Rated 2.5 kV
through 500 kV
400 — Guide for Field Testing and Evaluation of the Insulation of Shielded Power Cable Systems Rated 5 kV and
Above
400.3 — Guide for Partial Discharge Testing of Shielded Power Cable Systems in a Field Environment
404 — Standard for Extruded and Laminated Dielectric Shielded Cable Joints Rated 2.5 kV to 500 kV
1202 - Standard for Flame-Propagation Testing of Wire and Cable - Corrigendum 1

sulated Cable Engineers Association/National Electrical Manufacturers Association (ICEA/NEMA):

S-93-639/WC74 — 5-46kV Shielded Power Cable for Use in the Transmission and Distribution of Electric Energy

Underwriters Laboratories (UL):

1. 486A/486B — Standard for Wire Connectors

2. 1072 - Standard for Medium-Voltage Power Cables

N

=

1.3 SUBMITTALS

A.
B.

C.

As specified in SECTION 26 05 00.
ENGINEER's Review: The ENGINEER will act upon the CONTRACTOR's Submittal and transmit a response to the
CONTRACTOR no later than 30 days after receipt. Resubmittals will be subject to the same review time.
Shop Drawings:
1. Manufacturer's literature:
Cable descriptive product information.
Cable accessories descriptive product information.
Wiring systems descriptive product information.
Wire systems rating information.
Wire systems dimensional drawings.
Wire systems special fittings.
2. Method and equipment for installing conductors.
3. Cable identification spreadsheet (in .xls/.xIsx format) and As-Built Drawings of cable in hardcopy and electronic
formats; spreadsheet cell columns shall include:
Conductor/conduit number.
Complete conductor and cable circuit identification.
Source end.
Source terminal (device, terminal, line/phase).
Load end.
Load terminal (device, terminal, line/phase).
4, Condunt/conductor schedule spreadsheet (in .xIs/.xlsx format) and As-Built Drawings of cable in hardcopy and
electronic formats, include approximate cable lengths.
5. Cable samples with cable marking system identification.
6. Pulling tension calculations and sidewall pressure calculations:
a. Submit for approval before raceway installation.
b. Show that maximum tension will not exceed the Manufacturer's recommendations.
c. For cables and conductors larger than #2 AWG and pulling lengths longer than 100-feet.
d. For cables and conductor sizes for pulling lengths longer than 200-feet.
Quality Control Submittals:
1. Testing related Submittals.
2. O&M manuals:
a. Shop Drawing Submittal information.
b. Factory and field certified test reports.
c. Final As-Built conduit/conductor schedule with exact lengths.
d. Certified warranty documentation.

~oooop
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E.

e. Final As-Built identification cable spreadsheet (in .xls/.xIsx format) and As-Built Drawings of cable in hardcopy
and electronic formats.
f.  Final As-Built conduit/conductor schedule spreadsheet (in .xls/.xIsx format) and As-Built Drawings of cable in
hardcopy and electronic formats, include exact cable lengths.
Warranty Documentation:
1. Sample warranty.
2. Warranty.
3. As specified in SECTION 26 05 00.

1.4 QUALITY ASSURANCE

A.

B.

C.

D.

The Medium-Voltage Cable Manufacturer shall have a minimum of 10 years of experience in manufacturing
medium-voltage cables; cable shall be made in the United States of America.

UL Compliance: Materials manufactured within the scope of UL shall conform to UL Standards and have an applied
UL listing mark.

The Manufacturer shall have available for audit detailed descriptions of the method by which the various manufacturing
processes and production test are recorded, thus enabling the traceability of the completed cable. Steps in the
manufacturing process, from receipt of raw material to the final tests, shall be included. Where multiple records are
used, the method for cross-referencing shall be noted.

Terminating shall be performed by electricians having at least 80 hours of formal training and a minimum of 5 years of
field experience in the Work of this Section.

1.5 DELIVERY, STORAGE, AND HANDLING

A.
B.
C.
D

1.6 SITE
A.

Check for reels not completely restrained, reels with interlocking flanges or broken flanges, damaged reel covering, or
any other indication of damage. Do not drop reels.

Unload reels using a sling and spreader bar. Roll reels in the direction of the arrows shown on the reel and on
surfaces free of obstructions that could damage the cable.

Store cable on a solid, well-drained location. Unjacketed armored cable shall be stored indoors. Cover cable reels
with plastic sheeting or tarpaulin. Do not lay reels flat.

Seal cable ends with heat-shrinkable end caps. Do not remove end caps until cables are ready to be terminated.
CONDITIONS

Materials and equipment shall be designed and manufactured for continuous operation, site conditions as specified in
SECTION 26 05 00.

1.7 WARRANTY

A. Warranty for 20 year from the Substantial Completion date for the satisfactory performance and installation of the
medium-voltage cables system and associated appurtenances.
PART2 PRODUCTS
2.1 APPROVED MANUFACTURERS:
A. Cable:
1. General Cable
2. Okonite
B. Cable Termination Boot and LA Connection Boot:
1. Plastic Dip Moldings, Inc., Insulboot Cable Termination Boot and LA Connection
C. Cable Termination:
1. Interior (5 kV):
a. 3M, Quick Term I, 5620K Series
b. Raychem Corp., HVT Series
2. Exterior:
a. 3M, Quick Term I, 5630K Series
3. 15kV:
a. 3M, QuickTerm Il, 5630K Series
D. Pulling Compounds:
1. Cable Grip Co.
2. ldeal Company
3. Polywater, Inc.
E. Cable-To-Bus Bar Connection Kits:
1. Raychem Corp., Type HVBC
F. Cable End Caps — Heat-Shrinkable Polyolefin:
1. 3M, Type EC
G. Electrical Grounding Braid:
1. 3M
2. Scotch Brand 25
H. Cable Phase Identification:
1. 3M
2. Scotch Brand 35 Tape
. Cable Ties:
1. Thomas & Betts, Ty-Rap UV-Resistant Nylon 6.6
J.  Electric Arc and Fire Proofing Tape:
1. Scotch Brand 77 Electric Arc and Fireproofing Tape
2. Scotch Brand 69 Glass Electrical Tape
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2.2 MATERIALS

A.

B.

C.

The Manufacturer’'s name, voltage class, type of insulation, thickness of insulation, conductor size, UL listing, and date
of manufacture shall be printed on the jacket.

Cables shall be suitable for use in partially submerged wet locations, in nonmetallic or metallic conduits, underground
duct systems, and direct-buried installation.

Cables shall be able to operate continuously at 105°C conductor temperature, with an emergency rating of 140°C and
a short-circuit rating of 250°C. Emergency overloads shall be possible within the lifetime of the cable.

Cable shall be UL listed as Type MV-105 and UV-resistant in accordance with UL 1072.

Medium-voltage cables shall have the following physical characteristics:

1. Conductors: Annealed copper, Class B concentric lay, stranded in accordance with ASTM B 496.

2. EPRinsulated cable shall meet or exceed ICEA/NEMA S-93-639/WC 74 and AEIC CS8.

a. Insulation: Thermosetting EPR compound over an extruded, non-conducting high dielectric stress control
layer, with a semi-conducting shield applied directly over the primary insulation. The base elastomer shall
have a maximum ethylene content of 72% by weight. The semi-conducting layers and insulation shall be
applied using a triple extrusion process.

Cable Rating and Type:
1. 5KkVcable:

a. Cable type: EPR Single conductor shielded MV-105.

b. Insulation level: 5 kV — 133%, 8 kV — 100%, 95 kV BIL.

Insulation shield: Thermoset semi-conducting polymeric layer free stripping insulation shield shall consist of a
layer of black material extruded directly over the insulation.

Shield: Metallic 5-mil annealed copper tape with a 25% overlap.

Jacket: CPE.

Operating voltage: 4.16 kV, 3-phase, 60 Hz, high-resistance grounded distribution system.

5 kV Cable:

Cable type: EPF Single conductor shielded MV-105.

Insulation level: 15 kV — 133%, 95 kV BIL.

Shield: Metallic 5 mil annealed copper tape with an overlap of 25%.

Jacket: Chlorinated polyethylene, CPE.

e. Operating voltage: 13.2 kV, 3-phase, 60 Hz.

Pulling Compound: Non-toxic, nonflammable, noncombustible, and noncorrosive. The material shall be UL listed and
compatible with the cable insulation and the jacket.

Cable Identification:

1. Medium-voltage cables in EHH and manholes shall be wrapped in high voltage warning tape.

2. ldentify each medium-voltage cable with a tag at terminations, splices, EHHs, manholes, and pullboxes.

a. Assign a cable name where the load end shall be the originating location.

1) Examples:
a) 52L1-TB3-1A/MPT1-TB-X1 where:
52L1 = Load end equipment
TB3 = Device (terminal block) in load end equipment
1A = Device termination point, usually line/phase
MPT1 = Source end equipment
TB = Device (terminal block) in source end equipment, if applicable
X1 = Device termination point or line/phase
b. Parallel cables shall be the same length and have the same tag.
Cable Termination Boot and LA Connection Boot:
1. Plastic Dip Moldings, Inc., Insulboot Cable Termination Boot and LA Connection.

o

d
e
f.
1
a
b
c
d

2.3 ACCESSORIES

A. Cable:

1. Material used in terminating and splicing medium-voltage cables shall be as recommended by the Cable
Manufacturer. Cables shall be terminated and spliced in accordance with the Kit Supplier's drawings. Cable
splices shall be wrapped and shall be in accordance with ANSI C119.1 and IEEE 404. Cable slicing locations,
methods, and materials shall be approved by the ENGINEER.

2. Cable terminations shall be in accordance with IEEE 48, Class I.

3. Cable accessories shall be by one Manufacturer to assure adequate installer training and application assistance.

4. The Manufacturer shall be able to document a minimum of 5 years successful field experience as well as
demonstrating technical life assessment as requested. The Manufacturer shall establish and document a quality
assurance program implementing suitable procedures and controls for activities affecting quality. The program
shall provide documentation that verifies the quality of production joint kits and traceability back to inspection
records, raw material, and the original designs and design proof tested joints.

B. Cable Termination Boot and LA Connection Boot:

1. Boots shall be capable of insulating bus bars 2-inches to 6-inches wide and for connection of one to 4 cables.
Boots shall electrically insulate and environmentally seal the connection and be easily re-enterable.

2. Boots shall be rated 15 kV class with a nominal thickness of at least 0.090-inch.
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PART 3
GENERAL

3.1

3.2

3.3

A.

B.
C.

Cable Termination:
1. Interior:
a. Single conductor shielded cable terminations for indoor applications shall be one-piece, track-resistant EPDM
rubber with top seal and ground strap assemblies.
b. Termination shall have a current rating equal to or greater than the cable ampacity.
c. Termination shall accommodate any form of cable shielding or construction without the need for special
adapters.
2. Exterior:
a. Single conductor shielded cable terminations for exterior applications shall be one-piece, track-resistant
EPDM rubber with top seal and ground strap assemblies.
b. Termination shall have a current rating equal to or greater than the cable ampacity.
c. Termination shall accommodate any form of cable shielding or construction without the need for special
adapters.
d. Exterior stress cones, not inside the pump station, shall be 4-skirt type.
Lugs and Connectors: Copper lugs and connectors shall be crimped with standard industry tooling. Connections of
copper stranded wire in size #6 AWG through 1,000-kcmil shall be made electrically and mechanically secured. The
lugs and connectors shall have a current carrying capacity equal to the conductors for which they are rated and be in
accordance with UL 486A/486B. Lugs larger than #4/0 AWG shall be 2-hole with NEMA spacing. Lugs and
connectors shall be rated for operation through 35 kV. Lugs shall be of closed end construction to exclude moisture
migration into the cable conductor.
Electrical Grounding Braid: Conducting metal braid shall be woven from 240 strands of #30 AWG tinned copper wires
and be capable of carrying fault current comparable to that of #6 AWG copper wire.
Cable Identification:
1. A 7-mil, flame retardant, cold- and weather-resistant vinyl plastic electrical tape shall be used for phase
identification.
2. Laser-engraved, 2-ply, 1.6-mm microsurfaced impact acrylic tags, secured by PP, plenum rated, UV-resistant
cable ties.
EXECUTION

Determine the cutting lengths, reel arrangements, and total lengths of cable required. Provide this data to the Cable
Manufacturer as soon as possible to assure on-time delivery of the cable.

Parallel power conductors shall be of equal length.

Make use of the field engineering services available from the Cable Manufacturer.

INSTALLATION

A.

Cable Installation:

1. When ambient temperature is below 32°F cable shall not be installed. When ambient temperature is below 50°F,
cable reels shall be stored at 70°F for at least one day before installation.

2. Do not exceed the Manufacturer's recommendations for maximum pulling tensions and minimum bending radii.

3. Pull cables from the direction that requires the least tension.

4. Feed cables into raceway with zero tension and without cable crossover at raceway entrance.

Terminating:

Cables shall be terminated with stress cones.

Cables shall be installed without splices.

The Work area shall be kept warm, dry, and ventilated during cable splicing and terminating.

Prepare cables in accordance with Splice or Termination Kit Manufacturer’s installation details.

Bond cable shield at each terminal location.

Insulate and seal each cable-to-bus termination with heat-shrinkable bus connector kits.

Exterior stress cones shall be 4-skirt type.

Electrlc Arc and Fire Proofing: In EHHs, manholes, pullboxes, cable trays, and exposed locations where threat of fire

exists or communicated fault can occur, wrap medium-voltage cables with one half-lapped layer of Scotch Brand 77

Electric Arc and Fireproofing Tape. Tape shall be secured with a 2-layer band of Scotch Brand 69 Glass Electrical

Tape over the last wrap.

Marking and Identification:

1. Medium-voltage feeders in each EHH and manhole shall be wrapped in high voltage warning tape.

2. Plastic nameplates shall be installed in each EHH, manhole, pullbox, and at splice and terminating points. These
nameplates shall show the phase and feeder designations and the date when the cable was installed or when the
splice or termination was made.

NoO oA wN e

QUALITY CONTROL

A.

Shop Testing:

. Perform the Manufacturer’s standard production testing and inspection in accordance with ICEA/NEMA S-93-639/
WC74, Section 6. If requested by the ENGINEER, the Manufacturer shall submit certified proof of compliance with
ICEA design and test standards.

2. Provide certified test reports indicating that the cable has passed the following tests:
a. Partial corona discharge test in accordance with AEIC CS8, Section G.
b. Vertical tray flame test in accordance with IEEE 1202.
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3. After completion of the factory tests, individual pulling eyes shall be installed on a single or triplexed conductor
length of cable. Pulling eyes shall be suitable for maximum allowable pulling tension on the conductors and shall
be sealed against the entrance of water.

B. Field Testing:
1. Visual and mechanical inspection:

a. Inspect each individual exposed power cable for:
1) Physical damage.
2) Proper connections in accordance with single-line diagram.
3) Cable bends not in conformance with Manufacturer's minimum allowable bending radius, where

applicable.

4) Color coding in accordance with the Contract Documents.
5) Proper circuit identification.

b. Inspect mechanical connections for:
1) Proper lug type for conductor material.
2) Proper lug installation.
3) Bolt torque level in accordance with ANSI/NETA ATS, unless otherwise specified by Manufacturer.

c. Inspect shielded instrumentation cables for:
1) Proper shield grounding.
2) Proper terminations.
3) Proper circuit identification.

2. Equipment testing and inspection shall be performed in accordance with ANSI/NETA ATS and shall include:

a. Shield continuity test.

b. Insulation resistance test.

c. DC Hipot test in accordance with IEEE 400.

d. Partial Discharge Testing in accordance with IEEE 400.3.

3. Testing as specified in SECTION 26 08 00.

4. Immediately notify the ENGINEER and do not energize the cables if any of the following conditions occur:

a. Cable damage.

b. Improper installation and grounding.

c. Shield discontinuity or high resistance.

d. Dielectric absorption ratio and Pl below 1.5.

e. Abnormal plot of leakage current versus voltage.
D

a.

5. efective and damaged cables:
The ENGINEER shall make the sole determination of the acceptability of the cables based on the submitted
test reports. Do not energize cables until the test reports have been reviewed and approved by the
ENGINEER.
b. If, in the opinion of the ENGINEER, the cables or terminations are determined to be damaged or defective,
provide the following remedial actions at no additional cost:
1) Remove terminations and completely retest the cables to determine whether the cables are damaged or
defective.
2) Remove and replace damaged or defective cables as directed by the ENGINEER.
3) Remake terminations with new kits.
4) Completely retest cable and terminations.
END OF SECTION
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PART 1

A.
B.

SECTION 26 05 19
LOW-VOLTAGE CONDUCTORS

GENERAL
1.1 SUMMARY

Section includes general information, products, and execution for low-voltage conductors.
Related Sections:
1.
1.
1.2 REFERENCES

SECTION 26 05 00 - COMMON WORK RESULTS FOR ELECTRICAL
SECTION 26 08 00 — COMMISSIONING OF ELECTRICAL SYSTEMS

A.  American National Standards Institute/InterNational Electrical Testing Association (ANSI/NETA):
1. ATS - Standard for Acceptance Testing Specifications for Electrical Power Equipment and Systems
B. ASTM International (ASTM):
1. B 8- Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard, or Soft
C. Institute of Electrical and Electronics Engineers (IEEE):
1. 118 - Standard Test code for Resistance Measurement
2. 383 - Standard for Qualifying Electric Cables and Splices for Nuclear Facilities
D. Insulated Cable Engineer’s Association and National Electrical Manufacturers' Association (ICEA/NEMA):
1. S-73-532/WC 57 — Standard for Control, Thermocouple Extension, and Instrument Cables
2. S-95-658/WC 70 — Power Cables Rated 2000 Volts or Less for the Distribution of Electrical Energy
E. International Organization for Standardization (ISO):
1. 9001 - Quality Management Systems — Requirements
F.  National Electrical Contractors Association (NECA):
1. 1 - Standard for Good Workmanship in Electrical Construction
G. National Electrical Manufacturers Association (NEMA):
1. CC 1 - Electric Power Connection for Substations
H. National Fire Protection Association (NFPA):
1. 70 - National Electrical Code (NEC)
. Underwriters Laboratories, Inc. (UL):
1. 13 - Standard for Power-Limited Circuit Cables
2. 44 — Standard for Thermoset-Insulated Wires and Cables
3. 62 - Standard for Flexible Cord and Fixture Wire
4. 486A/486B — Standard for Wire Connectors
5. 510 - Standard for Polyvinyl Chloride, Polyethylene and Rubber Insulating Tape
6. 854 — Standard for Service-Entrance Cables
7. 1277 - Standard for Electrical Power and Control Tray Cables with Optional Optical-Fiber Members
8. 1581 - Reference Standard for Electrical Wires, Cables, and Flexible Cords
9. 1681 - Standard for Wiring Device Configurations
1.3 SUBMITTALS
A.  As specified in SECTION 26 05 00.
B. ENGINEER's Review: The ENGINEER will act upon the CONTRACTOR's Submittal and transmit a response to the
CONTRACTOR no later than 30 days after receipt. Resubmittals will be subject to the same review time.
C. Shop Drawings:
1. Itemized Bill of Material.
2. Manufacturer's literature:
a. Wire and cable descriptive product information.
b. Wire and cable accessories descriptive product information.
c. Wiring systems descriptive product information.
d. Wire systems rating information.
e. Wire systems dimensional drawings.
f.  Wire systems special fittings.
3. Conductor spreadsheet (in .xIs/.xlsx format) and drawings of conductor and cable field interconnection in
hardcopy and electronic formats. Spreadsheet cell columns shall include:
a. Conductor/conduit number.
b. Complete conductor and cable circuit identification.
c. Source end.
d. Source terminal (device, terminal, wire number).
e. Load end.
f.  Load terminal (device, terminal, wire number).
4. Conduit/conductor schedule spreadsheet (in .xls/.xlsx format) and As-Built Drawings of cable in hardcopy and
electronic formats, include approximate cable lengths.
5. Cable samples with cable marking system identification.
6. Sample of conductors and cables with identification tags.
7. Method and equipment for installing conductors.
8. Connection types and locations.
9. Provide conductor and cable tag and identification labels in field interconnection drawings for systems, cables,
and conductors.
10. Pulling tension calculations:
a. Submit for approval before raceway installation.
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1.4

15

1.6

. Show that the maximum tension will not exceed the Manufacturer’s recommendations.
. For cables and conductors larger than #2/0 AWG and pulling lengths longer than 100-feet.
. For cable and conductor sizes for pulling lengths longer than 200-feet.
. Fiber cable pulling calculations for pulling lengths longer than 100-feet.
usway:
Complete Bill of Materials and descriptive product information.
Drawings: Complete plan, elevation, and isometric of busway and equipment, busway transitions to
equipment, and busway support system.
D. Quality Control Submittals:
1. Testing related Submittals.
2. O&M manuals:
Shop Drawing information.
Factory and field certified test reports.
Final As-Built conduit/conductor schedule with exact lengths.
Fiber optic power meter test results.
Fiber optic OTDR test results.
A detailed map showing fiber optic network with numerical and color assignment to each fiber strand and
termination panel.
. Final As-Built Drawings of the busway.
E. Warranty Documentation:
1. Sample warranty.

b
c
d
e
11. B
a
b
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2. Warranty.

QUALITY ASSURANCE

A. Equipment Manufacturer Qualifications: A minimum of 10 years of documented experience in the Work of this
Section.

B. UL Compliance: Materials manufactured within the scope of UL shall conform to UL Standards and have an applied
UL listing mark.

C. The Manufacturer shall provide a certificate of ISO 9001 compliance.

SITE CONDITIONS

A. Materials and equipment shall be designed and manufactured for continuous operation, site conditions as specified in
SECTION 26 05 00.

WARRANTY

A.  Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the
low-voltage conductors system and associated appurtenances.

PART 2  PRODUCTS

2.1 APPROVED MANUFACTURERS
A.  Pulling Compound:
1. Ideal Co.; Yellow 77
2. Polywater, Inc.
B. 600V Rated Cable:
1. Typel:
a. General Cable
b. Lake Cable
c. Okonite Co.
d. Omni Cable
2. Type2:
a. General Cable
b. Lake Cable
c. Okonite Co.
d. Omni Cable
3. Type 3:
a. Belden 1118A
b. General Cable 247620
c. Lake Cable V162S
4. Type 4:
a. Belden 1119A
b. General Cable 261160
c. Lake Cable V163S
5. Typeb5:
a. Belden 1055A, 1039A, 1041A, 1042A, 1043A, 1044A, 1045A
b. General Cable 237180, 237160, 235750, 242870, 237130, 277820, 242860
c. Lake Cable V164SPOS
6. Type 6:
a. Belden 3064A, 1093A, 1094A, 1095A, 3066A, 1096A
b. Lake Cable V1812STOS
C. Conductors 600 V and Below:
1. Tape:
a. Scotch Brand 77 with Scotch Brand 69 glass cloth tape binder
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G.

b. Plymouth Plyarc 53with Plymouth Plyglas glass cloth tape binder
2. Identification devices for conductors 600 V and below:

a. Burndy, Insulink

b. ILSCO

c. Thomas & Betts, Sta-Kon
3. Nylon, insulated, heavy duty, ring connectors:

a. Burndy, Insulink

b. ILSCO
c. Thomas & Betts, Sta-Kon
4. Cable lugs:

a. Insulated, locking-fork, compression lugs:
1) ILSCO, ILSCONS
2) Thomas & Betts, Sta-Kon
b. Uninsulated crimp connectors and terminators:
1) ILSCO
2) Square D, Versitide
3) Thomas & Betts, Color-Keyed
c. Uninsulated, bolted, 2-way connectors and terminators:
1) Burndy, Quiklug
2) ILSCO
3) Thomas & Betts, Locktite
5. Cable ties: Nylon, adjustable, self-locking, reusable, and plenum rated:
a. Thomas & Betts, TY-RAP
6. Heat-shrinkable insulation: Thermally stabilized, cross-linked polyolefin:
a. Thomas & Betts, SHRINK-KON
Communications Cable:
1. CAT-6E:
a. Belden, 7927
b. Systimax, PowerSum 2061
2. Data cable (RS-485):
a. Belden, 3107A
Busway:
1. Eaton
2. GE, Spectra Series
3. Square D
Tape:
1. General purpose, flame retardant tape:
a. Scotch Brand Super 33
2. Flame retardant, cold-resistant, and weather-resistant tape:
a. Scotch Brand Super 88
Identification Tag:
1. Thomas & Betts, Ty-Rap UV-Resistant Nylon 6.6

2.2 MATERIALS

A. Pulling Compound:
1. Non-toxic, noncorrosive, noncombustible, nonflammable, wax-based lubricant; UL listed.
2. Suitable for rubber, neoprene, PVC, PE, hypalon, CPE, and lead-covered wire and cable.
3. Suitable for zinc-coated steel, aluminum, PVC, bituminized fiber, and fiberglass raceways.
B. Conductors 600 V and Below:
1. In accordance with ICEA/NEMA S-95-658/WC 70; conductors shall be rated 600 V.
2. Conductor Type:
a. 120V and 277V lighting, #10 AWG and smaller: Solid copper.
b. 120 V receptacle circuits, #10 AWG and smaller: Solid copper.
c. Other circuits: Stranded copper.
3. Insulation: Type XHHW-2.
4. Flexible cords and cables:
a. Use only where indicated in the Contract Documents.
b. Type SOW-A with EPR insulation in accordance with UL 62.
c. In accordance with ICEA/NEMA S-95-658/WC 70.
C. 600V Rated Cable:
1. Conductors for general wiring:
a. Type: TC, in accordance with UL 1277, including vertical tray flame test at 20,000 Btu/hr, and NFPA 70,
Avrticle 340, or UL 13 in accordance with NFPA 70, Article 725.
b. Permanently and legibly marked with the Manufacturer's name, maximum working voltage for which cable
was tested, type of cable, and UL listing mark.
c. Suitable for installation in open air, in cable trays, or conduit.
d. Minimum temperature rating: 90°C dry locations; 75°C wet locations.
e. Overall outer jacket: Flame retardant, UV-resistant and oil-resistant.
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f.  Color code:
1) Smaller than #8 AWG: ICEA Method 1, Table E-2.
2) #8 AWG and larger: ICEA Method 4.
2. Type 1 — XLP/CPE multi-conductor control and power cable:
a. Conductors:
1) Class B stranded, tinned, soft copper conforming to Part 2 of ICEA.
2) Insulation: XLP with CPE jacket.
3) Insulation thickness: 30-mil.
4) #14 AWG through #10 AWG, 7-strand.
5) UL 1277 listed as Type XHHW-2 rated VW-1, wet or dry locations, 90°C.
6) Flame resistance rated UL 1581, VW-1.
7) Conductor group bound with spiral wrap of barrier tape.
b. Individual conductors and complete cables shall be tested in accordance with UL requirements for TC power
and control tray cables having XHHW-2, VW-1 insulated conductors, and ICEA/NEMA S-73-532/WC 57.
c. Cable: Passes the ribbon burner cable tray flame test requirements in accordance with UL and IEEE 383.
3. Type 2 — FREP/CPE multi-conductor power cable:
a. Conductors:
1) In accordance with ICEA/NEMA S-73-532/WC 57.
2) Class B stranded, tinned, soft copper in accordance with Part 2 of ICEA/NEMA S-95-658/WC 70.
3) Insulation: Flame retardant EPR, with CPE jacket.
4) Insulation thickness: 30-mil.
5) #14 AWG through #10 AWG, 7-strand.
6) UL 1277 listed as Type XHHW-2 rated VW-1, wet or dry locations 90°C.
7) Conductor group bound with spiral wrap of barrier tape.
b. Individual conductors and complete cables shall be tested in accordance with UL requirements for TC power
and control tray cables having XHHW-2, VW-1 insulated conductors, and ICEA/NEMA S-95-658/WC 70.
c. Cable assembly is UL 1581/ UL 1681 VF flame resistance rated.

4. Type 3 — #16 AWG, twisted, shielded pair, instrumentation cable: Single pair, designed for noise rejection for
process control, computer, or data log applications in accordance with ICEA/NEMA S-73-532/WC 57.

a. Outer jacket: 45-mil nominal thickness.
b. Individual pair shield: 1.35-mil, double-faced aluminum/synthetic polymer overlapped to provide 100%
coverage.
c. Dimension: 0.3-inch nominal OD.
d. Conductors:
1) Bare, soft, annealed copper, Class B, 7-strand concentric, in accordance with ASTM B 8.
2) #18 AWG, 7-strand tinned copper drain wire.
3) Insulation: 15-mil nominal PVC.
4) Jacket: 4-mil nominal nylon.
5) Color code: Pair conductors black and red.

5. Type 4 — #16 AWG, twisted, shielded triad instrumentation cable: Single triad, designed for noise rejection for
process control, computer, or data log applications in accordance with ICEA/NEMA S-73-532/WC 57.

a. Outer jacket: 45-mil.
b. Individual pair shield: 1.35-mil, double-faced aluminum/synthetic polymer, overlapped to provide 100%
coverage.
c. Dimension: 0.32-inch nominal OD.
d. Cable assembly is UL 1581/UL 1681 VF flame resistance rated.
e. Conductors:
1) Bare, soft, annealed copper, Class B, 7-strand concentric, in accordance with ASTM B 8.
2) #18 AWG, 7-strand, tinned copper drain wire.
3) Insulation: 15-mil nominal PVC.
4) Jacket: 4-mil nylon.
5) Color code: ICEA Method 1, Table E-2, triad conductors black, red, and blue.

6. Type 5 —#16 AWG, multi-twisted, shielded pairs with a common, overall shield instrumentation cable: Designed
for use as instrumentation, process control, and computer cable, in accordance with
ICEA/NEMA S-73-532/WC 57:

a. Cable assembly is 1581/UL 1681 flame resistance rated.
b. Conductors:
1) Bare, soft, annealed copper, Class B, 7-strand concentric, in accordance with ASTM B 8.
2) Tinned copper drain wires.
3) Pair drain wire size #18 AWG; group drain wire size #16 AWG.
4) Insulation: 15-mil PVC.
5) Jacket: 4-mil nylon.
6) Color code: ICEA Method 1, Table E-1, pair conductors black and white with conductors numerically
printed for group identification.
7) Individual pair shield: 1.35-mil, double-faced aluminum/synthetic polymer.
8) 600V, 90°C rating.
c. Cable shield: 2.35-mil, double-faced aluminum/synthetic polymer, overlapped for 100% coverage.
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d. Cable sizes:

No. of Pairs M_aximum Qutside quinal Jack_et
Diameter (inches) Thickness (mils)

2 0.584 45

4 0.600 60

8 0.760 60

12 0.935 60

16 1.07 80

20 1.175 80

24 1.350 80

7. Type 6 — #18 AWG, multi-twisted, shielded triads with a common, overall shield instrumentation cable: Designed
for use as instrumentation, process control, and computer cable, in accordance with ICEA/NEMA S-73-532/WC
57:

a. Conductors:
1) Bare, soft, annealed copper, Class B, 7-strand concentric, in accordance with ASTM B 8.
2) Tinned copper drain wires.
3) Pair drain wire size #20 AWG, group drain wire size #18 AWG.
4) Insulation: PVC/nylon.
5) Jacket: PVC.
6) Color code: ICEA Method 1, Table E-1, pair conductors black, white, and red with conductors
numerically printed for group identification.
7) Individual pair shield: 100% coverage, aluminum foil-polyester tape.
8) 600 V rating.
b. Cable shield: 100% coverage, aluminum foil-polyester tape.
c. Cable sizes:

No. of Triads Estimat_ed Maxir_num Outside Estimat_ed Nomina_l
Diameter (inches) Jacket Thickness (mils)
2 0.493 48
4 0.577 63
8 0.745 63
12 0.944 84
16 1.046 84
24 1.284 84

D. Grounding Conductors:

1. Equipment: Stranded copper with green, Type XHHW-2, insulation.

2. Direct-buried: Bare, stranded copper, hand-drawn, minimum #4/0 AWG.
E. Communications Cable:

1. CAT-6E:

a. Telephone and data cable shall be industrial Ethernet cable with the following features:

1) 4 twisted pairs shielded, #24 AWG solid bare, annealed copper conductors.

2) Insulation: Polyolefin.

3) Outer jacket: Industrial grade PVC.

4) Suitable applications: Industrial Ethernet cable, harsh environments, 100 MHz CAT-6E, RJ-45
compatible, noisy environments, 100BaseTX.

5) Each cable shall be labeled in visible locations at both ends using the materials and nomenclature
specified.

2. Data cable (RS-485):

a. Data cable shall have the following features:

1) 2 twisted pairs, overall 100% shielded, #22 AWG stranded, tinned copper conductors.
2) Each cable shall be labeled in visible locations at both ends using the materials and nomenclature
specified.
F.  Busway:

1. Provide a totally enclosed low impedance busway system with necessary fittings, power takeoffs, hanging
devices, and accessories. The busway shall have dead-front hinged cover type plug outlets positioned for feeders
to the MCC.

2. Rated 3,000 amperes continuous, 3-phase, 4-wire, 600 V, internal ground. The minimum available short-circuit
current at the input end shall be 65,000 amperes rms symmetrical.

3. Components:

a. Busway housing shall be extruded aluminum for maximum protection against corrosion from water and other
contaminants normally encountered during construction. Housing shall be totally enclosed for protection
against mechanical damage and dust accumulation. Hardware shall be plated to prevent corrosion.

b. Bus bar insulation material shall be epoxy NEMA Class B, 130°C. Insulation shall be UL rated as
self-extinguishing and shall be impervious to acids, alkalis, acetones, machine oils and lubricants commonly
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8.
9.

found in industrial environments. The Manufacturer shall provide test data documenting the insulation's
impact resistance, chemical resistance, and expected life of 50 years.

c. Busway shall be rated as in accordance with the Contract Documents.

d. Bus bars shall be copper:

1) Copper bus bars shall be tin-plated.
2) Temperature rise at any point in the busway shall not exceed 55°C above ambient when operating at
rated load current.

Hanger system: Horizontal busway runs shall be UL listed to hang on 10-foot centers in any position. Horizontal

busway runs shall have support hangers a maximum of 5-feet apart. Vertical busway riser runs shall be

supported with spring hangers as shown on the Drawings and as recommended by the Manufacturer.

Joints shall have +1/2-inch adjustability and be the one-bolt removable type. Joints shall be able to be made from

one side when the busway is installed against a wall or ceiling. Plug-in and feeder shall use identical parts.

Multi-stacks shall be phase collected.

Plug-in busway shall be identical to feeder construction and performance except it shall have dead-front hinged

cover type plug outlets positioned for feeders to the VFDs, and the MCC1. Outlets shall be usable

simultaneously.

Plug-in unit safety device:

a. Busway plugs shall be of the types and rating listed in the Contract Documents. Switching devices shall be
completely enclosed in a sheet steel housing.

b. Shields shall protect stabs and ground plug body before stabs make contact. A grounding terminal shall be
inside plug body and shielding to prevent access to live parts when the cover is open. A ground stab shall
engage the ground tab on the busway and internal ground bus shall be provided when required.

c. The cover and operating handle shall have provision to padlock in the off position. The operating handle

shall be easily moved from end to side or vice versa.

A releasable cover interlock shall prevent the opening of the cover except when the switch is off.

e. Operating switch type plugs shall have a positive quick-make, quick-break interrupter. Circuit breaker plugs
shall have true rms electronic sensing and an interrupting rating of at least 65,000 amperes rms, with
interchangeable rating plugs.

Testing: Each busway item shall pass a dielectric withstand test of 5,000 VDC for 5 seconds.

Finish: ANSI 61 gray enamel.

e

2.3 ACCESSORIES
Conductors 600 V and Below:

A.

B.

PART 3

1. Tape:
a. General purpose, flame retardant: 7-mil, vinyl plastic, rated for 90°C minimum, in accordance with UL 510.
b. Flame retardant, cold-resistant, and weather-resistant: 8.5-mil, vinyl plastic.
c. Arc and fireproofing: 30-mil, elastomer.
2. Identification devices:
a. Sleeve: White identification heat-shrink sleeves with legible, machine printed, permanent black ink letters
and numbers; figures shall be a minimum of 1/8-inch high.
b. Tag: Round phenolic white surface with black core engraved tags matching conduit tags dimensions secured
by PPE, plenum rated, UV-resistant, cable ties, Thomas & Betts Ty-Rap UV-Resistant Nylon 6.6.
c. Grounding conductor: Permanent green heat-shrink sleeve, 2-inches minimum.
3. Connectors and terminations: Nylon, insulated, heavy duty, ring connectors.
4. Cable lugs:
a. Inaccordance with NEMA CC 1.
b. Rated 600 V of the same material as the conductor metal.
Busway:
1. Furnish nameplates for each device as shown on the Drawings. Color schemes shall be as shown on the
Drawings.
2. Thermal expansion fittings for:
a. Runs longer than 150-feet when busway is not free to move at ends of run.
b. When busway run crosses building expansion joint.
c. Reducer cubicles and special adapter cubicles as shown on the Drawings.
EXECUTION

3.1 GENERAL

A.  Conductor installation shall be in accordance with NECA 1.

B. Conductor and cable sizing shown on the Drawings is based on copper conductors.

C. Do not exceed the Cable Manufacturer's recommendations for maximum pulling tensions and minimum bending radii.

D. Parallel power conductors shall be of equal length.

E. Tighten screws and terminal bolts in accordance with UL 486A/486B for copper conductors.

F.  Provide cable lugs with the correct number of holes, bolt size, and center-to-center spacing as required by equipment
terminals.

G. Bundling: Where single conductors and cables in equipment, panels, terminal boxes, wireways, and other locations
are not wrapped together by some other means, bundle conductors from each conduit throughout their exposed length
with cable ties placed at intervals not exceeding 12-inches on center.

H. Ream, remove burrs, and clear the interior of installed conduit before pulling wires or cables.

. Concrete-Encased Raceway Installation: Prior to the installation of conductors, pull a mandrel approximately 1/4-inch
smaller than the inside diameter of the raceway through each raceway.
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3.2 PREPARATION
A. Busway:
1. Verify that busways are ready to install.
2. Verify field measurements are as shown on the Drawings and as instructed by the Manufacturer.
3. Verify that required utilities are available, in proper location, and ready for use.
4. Beginning of installation means the installer accepts conditions.
3.3 INSTALLATION
A. Power Conductor Color Coding:
1. #6 AWG and larger: Apply general purpose, flame retardant tape at each end, and at accessible locations
wrapped at least 6 full overlapping turns, covering an area 1 1/2-inches to 2-inches wide.
2. #8 AWG and smaller: Provide colored conductors.
3. Colors:
System Conductor Color
All Systems Equipment Grounding Green
240/120 V Grounded Neutral White
Single-Phase, 3-Wire | One Hot Leg Black
Other Hot Leg Red
208Y/120 V Grounded Neutral White
3-Phase, 4-Wire Phase A Black
Phase B Red
Phase C Blue
480Y/277 V Grounded Neutral Gray
3-Phase, 4-Wire Phase A Brown
Phase B Orange
Phase C Yellow
Note: Phase A, B, C implies direction of positive phase rotation
4. Tracer: Outer covering of white with an identifiable colored strip other than green in accordance with NFPA 70.
B.  Circuit Identification:
1. Identify power, instrumentation, control, communications, security, SCADA and fire alarm, cables, and conductors
at each termination, splice, EHH, and manhole.
a. Assign a circuit name where the load end shall be originating location.
1) Examples:
a) 52-2-TB-48-21/GCP-NGT-XXX where:
52-2 = Load end equipment
TB = Device (terminal block) in load end equipment
48-21 = Device terminal (normally the same as wire number)
GCP = Source end equipment
NGT = Device (terminal block) in source end equipment
XXX = Device terminal, if different than wire number
b. Conductors and cables that are in parallel or in series between equipment shall have the same circuit name.
Terminal/conductor numbers shall be the same as the terminal to which it connects.
2. Method:
a. Conductors #3 AWG and smaller cables with small conductors: Identification sleeves shall be sized to fit the
conductor insulation and shrunk to fit the conductor with hot air.
b. Cables, and conductors #2 AWG and larger fiber optic cables: Each cable and conductor identification tag
shall be secured by cable ties.
c. Taped-on markers or tags relying on adhesives are not permitted.
d. Provide conductor and cable tag and identification labels in field interconnection drawings for systems,
cables, and conductors.
C. Conductors 600 V and Below:
1. Do not splice incoming service conductors and branch power distribution conductors #8 AWG and larger unless
shown on the Drawings or approved by the ENGINEER.
2. Connections and terminations:
a. Install wire nuts only on solid conductors of 120 V and 277 V lighting and 120 V receptacle circuits only.
b. Install nylon self-insulated crimp connectors and terminators for instrumentation, control, and power circuit
conductors #6 AWG and smaller.
c. Install uninsulated crimp connectors and terminators for instrumentation, control, and power circuit
conductors #4 AWG through #2/0 AWG.
d. Install uninsulated, bolted, 2-way connectors and terminators for power circuit conductors #4/0 AWG and
larger.
e. Install uninsulated, bolted, 2-way connectors for motor circuit conductors No. 12 and larger.
f.  Tape insulate uninsulated connections.
g. Place no more than one conductor in any single-barrel pressure connection.
h. Install crimp connectors with tools approved by the Connector Manufacturer.
i. Install terminals and connectors acceptable for the type of material used.
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j-  Compression lugs:
1) Attach compression lugs with a tool specifically designed for that purpose.
2) The tool shall provide complete, controlled crimp and shall not release until crimp is complete.
3) Do not use plier type crimpers.
3. Do not use soldered mechanical joints.
4. Splices and terminations:
a. Indoors: Use general purpose, flame retardant tape.
b. Outdoors: Use flame retardant, cold-resistant, and weather-resistant tape.
5. Cap spare conductors and cables with UL listed end caps.
6. Cabinets, panels, and MCCs:
a. Remove surplus wire; bridle and secure.
b. Where conductors pass through openings or over edges in sheet metal, remove burrs, chamfer edges, and
install bushings and protective strips of insulating material to protect the conductors.
7. Control and instrumentation wiring:
a. Where terminals provided will accept such lugs, terminate control and instrumentation wiring, except solid
thermocouple leads, with insulated, locking-fork compression lugs.
b. Terminate with methods consistent with the terminals provided, and in accordance with the Terminal
Manufacturer's instructions.
c. Locate splices in readily accessible cabinets or junction boxes using terminal strips.
d. Cable protection:
1) Install individual wires, pairs, or triads into bundles at least 1/2-inch in diameter.
2) Maintain integrity of shielding of instrumentation cables.
3) Ensure grounds do not occur because of damage to jacket over the shield.
8. Extra conductor length: For conductors to be connected by others, install a minimum of 6-feet of extra conductor
in freestanding panels and a minimum of 2-feet in other assemblies.
9. Busway:
a. Install in accordance with the Manufacturer's instructions.
b. Install required safety labels.

3.4 CLEANING:
A.  Busway:
1. Clean the interiors of switchboards, panels, and separate enclosures to remove construction debris, dirt, and
shipping materials.
2. Repaint scratched or marred exterior surfaces to match the original finish.
3.5 ADJUSTING:
A. Busway:
1. Adjust circuit breakers, switches, access doors, and operating handles for free mechanical and electrical
operation as described in Manufacturer's instructions.
2. Adjust circuit breaker trip and time delay settings to the values specified by the coordination study.
3.6 QUALITY CONTROL
A.  Conductors 600 V and Below: Test in accordance with UL 44 and UL 854.
B. Visual and Mechanical Inspection:
1. Inspect each individual exposed power cable for:
a. Physical damage.
b. Proper connections in accordance with the single-line diagram.
c. Cable bends not in conformance with Manufacturer's minimum allowable bending radius, where applicable.
d. Color coding conformance with specifications.
e. Proper circuit identification.
2. Inspect mechanical connections for:
a. Proper lug type for conductor material.
b. Proper lug installation.
c. Bolttorque level in accordance with ANSI/NETA ATS.
3. Inspect shielded instrumentation cables for:
a. Proper shield grounding.
b. Proper terminations.
c. Proper circuit identification.
4. Inspect Control cables for:
a. Proper termination.
b. Proper circuit identification.
5. Cables terminated through window type CTs: Verify that neutrals and grounds are terminated for correct
operation of protective devices.
C. Electrical Tests for Conductors No. 6 and Larger:
1. Insulation resistance tests:
a. Utilize 1,000 VDC megohmmeter for 600 V insulated conductors.
b. Test each conductor with respect to ground and to adjacent conductors in accordance with |IEEE 118
procedures for one minute.
c. Evaluate ohmic values by comparison with conductors of same length and type.
d. Investigate values less than 50 megohms.
2. Continuity test by ohmmeter method to ensure proper cable connections.
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D. Busway:
1. Inspect installed busways for anchoring, alignment, grounding, and physical damage.
2. Check the tightness of accessible mechanical and electrical connections with a calibrated torque wrench. The
minimum acceptable values are specified in the Manufacturer's instructions.
3. Megger busways using 2,500 VDC Megger. Check phase to phase, phase to ground. Individual lengths shall be
at least 3 megohms. Entire run shall be at least one megohm. Divide runs over 100-feet long.
E. Testing as specified in SECTION 26 08 00.
END OF SECTION
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SECTION 26 05 26
GROUNDING AND BONDING
PART1 GENERAL
1.1 SUMMARY
A.  Section includes general information, products, and execution for grounding and bonding.
B. Related Sections:
1. SECTION 26 05 00 - COMMON WORK RESULTS FOR ELECTRICAL
2. SECTION 26 05 19 — LOW VOLTAGE CONDUCTORS
1. SECTION 26 08 00 — COMMISSIONING OF ELECTRICAL SYSTEMS
1.2 REFERENCES
A. Institute of Electrical and Electronics Engineers (IEEE):
1. C2 - National Electrical Safety Code
2. 81 - Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface Potentials of a Grounding
System
B. National Fire Protection Association (NFPA):
1. 70 - National Electrical Code (NEC)
C. Underwriters Laboratories (UL):
1. 467 - Grounding and Bonding Equipment
1.3 SUBMITTALS
A.  As specified in SECTION 26 05 00.
B. ENGINEER's Review: The ENGINEER will act upon the CONTRACTOR's Submittal and transmit a response to the
CONTRACTOR no later than 30 days after receipt. Resubmittals will be subject to the same review time.
C. Product Data:
1. Exothermic weld connectors:
a. Installation manual for the exothermic process used.
b. A copy of training certifications for installers.
2. Ground rods.
D. Shop Drawings:
1. ltemized Bill of Material.
2. Descriptive information.
3. Ground grid and ground system layout drawings shall include:
a. Dimensioned locations and depths.
b. Connection types and locations.
c. Ground Enhancement Materials Manufacturer’s literature and installation instructions.
4. Compression connectors: Compression tools including die details.
5. Mechanical connectors.
E. Quality Control Submittals:
1. Testing related Submittals.
2. O&M manuals:
a. Shop Drawing Submittal information.
b. Final As-Built Drawings, schedules, lists, and photographs in hardcopy and electronic media.
c. Factory and field certified test reports.
F.  Warranty Documentation:
1. Sample warranty.
2. Warranty.
1.4 QUALITY ASSURANCE
A. Manufacturer Qualifications: A minimum of 10 years of documented experience in the Work of this Section.
B. UL Compliance: Materials manufactured within scope of UL shall conform to UL Standards and have an applied
UL listing mark.
1.5 SITE CONDITIONS
A. Materials and equipment shall be designed and manufactured for continuous operation, site conditions as specified in
SECTION 26 05 00.
1.6 WARRANTY
A. Warranty for one year from the Substantial Completion date for the satisfactory performance and installation of the
grounding and bonding system and associated appurtenances.
PART 2 PRODUCTS
2.1 APPROVED MANUFACTURERS:
A. Connectors — Exothermic Weld Type:
1. Cadweld
2. Cadweld Exolon
3. Erico Products, Inc.
B. Connectors — Compression Type:
1. Burndy Corp.
C. Connectors — Mechanical Type:
1. Burndy Corp.
2. Thomas and Betts Co.
D. Ground Enhancing Materials:
1. Erico Products, Inc.
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E.

Ground Rods:
1. Erico Products, Inc.

2.2 MATERIALS

A.

PART 3

Ground Rod:
1. Material: Copper-clad steel.
2. Diameter: Minimum 3/4-inch.
3. Length: 10-feet.
Ground Conductors: As specified in SECTION 26 05 19.
Connectors:
1. Exothermic weld type:
a. Outdoor weld: Suitable for exposure to elements or direct burial.
b. Indoor weld: Utilize low-smoke, low-emission process.
c. Current carrying capacity greater than or equal to that of the conductor.
d. Permanent molecular bond that will not loosen, corrode, or deteriorate.
2. Compression type:
Compress-deforming type; wrought copper extrusion material.
Manufactured of high copper alloy specifically for the particular grounding application.
Suitable for direct burial in earth and concrete.
Identifying compression die number inscription shall be impressed on compression fitting.
Single indentation for conductors #6 AWG and smaller.
Double indentation with extended barrel for conductors #4 AWG and larger.
. Barrels pre-filled with oxide-inhibiting and anti-seizing compound and sealed.
echanical type:
Split-bolt, saddle, or cone screw type only when approved by the ENGINEER.
Copper alloy material.
round enhancing materials:
Ground enhancement material in its set form shall have a resistivity of not more than 2 ohm-cm.
Ground enhancement material shall be permanent and maintenance-free, no recharging with salts or
chemicals which may be corrosive, and maintain its earth resistance with time. It shall set up firmly and not
dissolve, decompose, or otherwise pollute the soil or the local water table.
c. The ground enhancement material shall be suitable for installation in a dry or slurry form.
d. The ground enhancement material shall not depend on the continuous presence of water to maintain its
conductivity.
EXECUTION

» w
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3.1 GENERAL
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The main ground electrode system resistance to ground shall be no greater than 5 ohms. Install additional ground

cable and ground rod electrodes to achieve specified resistance to ground.

Grounding shall be in accordance with NFPA 70 and IEEE C2.

Provide and extend existing grounding grid as shown on the Drawings. Provide individual ground pigtails for

equipment and bonding as shown on the Drawings.

Ground cable shall have a minimum cover of 30-inches below finished grade.

Ground cable near the base of a structure shall be installed no closer than 24-inches to the structure.

Ground cable through exterior walls shall be prepared with a waterstop that shall include filling the space between the

strands with solder and soldering a 12-inch copper disc over the cable.

Exposed ground cables shall be securely fastened every 36-inches at a minimum, utilizing fasteners with corrosion

resistance equal to that of the conductor.

Ground electrical service neutral at service entrance equipment to the existing ground grid.

Ground each separately derived system neutral to ground grid.

Bond together system neutrals, service equipment enclosures, exposed noncurrent-carrying metal parts of electrical

equipment, metal raceways, ground conductor in raceways and cables, receptacle ground connections, and metal

piping systems.

Connections between dissimilar metals shall be made with tinned copper or tinned bronze equipment.

Provide a separate, green insulated, grounding conductor in each raceway independent of raceway material:

1. Multi-conductor power and control cables shall include an integral green insulated grounding conductor.

2. Provide a separate grounding conductor in each individual raceway for parallel feeders.

Ductbanks:

1. Provide a bare copper grounding conductor the entire length of each ductbank, embedded in the concrete of the
ductbank.

2. Bond ductbank ground conductors together in each EHH or where ductbanks join, merge, intersect, or split.

Shielded Instrumentation Cables:

1. Ground shield to ground bus at power supply for analog signal.

2. Expose shield a minimum of one-inch at termination to field instrument and apply heat-shrink tube.

3. Do not ground instrumentation cable shield at more than one point. The grounding point shall be at the control
panel or at the power source end of the signal carried by the cable.

3.2 INSTALLATION

A.  Wire Connections:
1. Install ground conductors in conduit containing power conductors and control circuits.
2. Connect ground conductors to raceway grounding bushings.
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Extend and connect ground conductors to ground bus in equipment containing a ground bus.
Connect the enclosure of equipment containing ground bus to that bus.
Bolt connections to equipment ground bus. Cable connections to bus bar shall be made with compression
one-hole or 2-hole lugs.
Bond grounding conductors to metallic enclosures at each end and to intermediate metallic enclosures.
Furnish junction box materials and connect to the equipment grounding system.
Ground conductors on equipment shall be formed to the contour of the equipment and firmly supported.
Ground connection hardware, bolts, and nuts shall be in accordance with UL 467, high-strength, high-conductivity
copper alloy.
B. Motor Grounding: Extend equipment ground bus by grounding conductor installed in motor feeder raceway; connect
to motor frame.
C. Ground Rods:
1. Install full length with conductor connection at upper end.
2. Install with connection point below finished grade.
3. Conductor connection shall be exothermic weld.
D. Connections:
1. General:
a. Above grade connections: Exothermic weld type or compression type where approved by the ENGINEER.
b. Below grade connections, splices, and joints: Exothermic weld type.
c. Connections, splices, and joints that will be inaccessible upon completion of construction: Exothermic weld
type.
d. Remove paint, dirt, moisture, or other surface coverings at connection points to allow good metal-to-metal
contact.
e. Notify the ENGINEER prior to concealing or covering ground connections. Do not conceal or cover ground
connections until the ENGINEER or the authorized Representative has approved the ground connections.
2. Exothermic weld type:

aprw
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a. Wire brush or file the contact point to bare metal surface.

b. Use welding cartridges and molds in accordance with the Manufacturer's recommendations.

c. Avoid using badly worn molds.

d. Molds shall be completely filled with metal when making welds.

e. After completed welds have cooled, remove slag from the weld area and thoroughly clean the joint.
3. Compression type:

a. Install in accordance with the Connector Manufacturer's recommendations.

b. Install connectors of proper size for grounding conductors specified.

c. Install using the Connector Manufacturer's compression tool having properly sized dies.
4. Mechanical type:

a. Apply a homogeneous blend of colloidal copper and rust and corrosion inhibitor before making the

connection.
b. Install in accordance with the Connector Manufacturer's recommendations.
c. Mechanical connections shall not be concealed.
d. Use only when approved by the ENGINEER.
E. Metal Structure Grounding:

1. Bond electrical and 1&C equipment supported by metal platforms to the platforms. Bond metal platforms or steps
to the grounding grid.

2. Provide electrical contact between metal frames and railings supporting push button stations, receptacles,
instruments, control panels, and raceways carrying circuits to these devices.

3. The following shall be permanently and effectively bonded to the ground grid with a #6 AWG copper conductor:
Equipment, enclosures, metallic structures, metal sheathing, exposed metal vertical structures, stairs, railings,
hand rails, fences, fence/wall poles, gates, door frames, window frames, tanks, vessels, skids, etc.

F. EHH, Manhole, and Vault Grounding:

1. Make connections of grounding conductors fully visible and accessible, with exothermic weld.

2. Connect noncurrent-carrying metal parts, hatches, stairs, and any metallic raceway grounding bushings with
#6 AWG copper conductor.

G. Transformer Grounding:

1. Bond neutrals of transformers within buildings to the system ground network and to any additional grounding
electrodes shown on the Drawings.

2. Bond neutrals of pad-mounted transformers to 4 locally driven ground rods and buried ground wire encircling
transformer and system ground network.

H.  Surge Protection Equipment Grounding: Connect surge arrestor ground terminals to equipment ground bus.
3.3 QUALITY CONTROL
A. Visual and Mechanical Inspection:

1. Inspect equipment and circuit grounds in switchgear, MCCs, and panelboards assemblies for proper connection
and tightness.

2. Inspect ground bus connections in switchgear, MCCs, and panelboards assemblies for proper termination and
tightness.

3. Ensure effective transformer core and equipment grounding.
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B. Electrical Tests:
1. Fall-of-potential test:
a. Measurement of main ground system resistance: In accordance with IEEE 81.
b. Main ground electrode system resistance to ground shall be no greater than 5 ohms.
2. 2-point direct method test:
a. Measurement of ground resistance between main ground system, equipment frames, and system neutral and
derived neutral points: In accordance with IEEE 81.
b. Equipment ground resistance shall not exceed main ground system resistance by 0.50 ohm.
3. Verify and measure high resistance system ground connection to the ground grid.
4. Testing as specified in SECTION 26 08 00.
END OF SECTION
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SECTION 26 05 33
RACEWAYS

PART1 GENERAL

1.1 SUMMARY
A.  Section includes general information, products, and execution for raceways.
B. Related Sections:

1. SECTION 03 30 00 — CAST-IN-PLACE CONCRETE

2. SECTION 26 05 00 - COMMON WORK RESULTS FOR ELECTRICAL

3. SECTION 31 23 33 - TRENCH BACKFILL

1.2 REFERENCES
A. American National Standards Institute (ANSI):
1. C80.1 — American National Standard for Electric Rigid Steel Conduit (ERSC)
B. ASTM International (ASTM):
1. F 2160 - Standard Specification for Solid Wall High Density Polyethylene (HDPE) Conduit Based on Controlled
Outside Diameter (OD)
C. International Organization for Standardization (1ISO):
1. 9001 — Quality Management Systems — Requirements
D. National Electrical Manufacturers Association (NEMA):

1. RN 1 — Polyvinyl Chloride (PVC) Externally Coated Galvanized Rigid Steel Conduit and Intermediate Metal
Conduit

2. TC 2 — Electrical Polyvinyl Chloride (PVC) Tubing and Conduit

3. TC 3 - Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and Tubing

E. National Fire Protection Association (NFPA):

1. 70 - National Electrical Code (NEC)

F.  Underwriters Laboratories, Inc. (UL):

1. 6 — Electrical Rigid Metal Conduit — Steel

2. 360 - Liquid-Tight Flexible Metal Conduit

3. 514B - Conduit, Tubing and Cable Fittings

4. 651 — Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings

5. 870 — Wireways, Auxiliary Gutters, and Associated Fittings

1.3 SUBMITTALS
A.  As specified in SECTION 26 05 00.
B. ENGINEER's Review: The ENGINEER will act upon the CONTRACTOR's Submittal and transmit a response to the

CONTRACTOR no later than 30 days after receipt. Resubmittals will be subject to the same review time.

C. Shop Drawings:

1. Conduit and ductbank layout:

a. Dimensioned plans and sections, showing arrangement, routing, depths, locations, penetrations, tags and
labels of raceways, conduits, equipment, pull boxes, condulets, supports, expansion/deflection fittings, etc.
b. Layout drawings shall be provided in hardcopy and electronic media.

2. Equipment and machinery proposed for bending, threading, and handling metal conduit.

3. Method for bending PVC conduit less than 30 degrees.

4. PVC-coated RGS Manufacturer's certificate of completion from the Manufacturer's conduit training course for
personnel installing PVC-coated conduit.

5. Method and equipment for cleaning existing conduits.

6. EHHSs, including complete dimensioned drawings, calculations, concrete mix design, component cut-sheets and
information.

7. Concrete encased, steel reinforced ductbank, including complete dimensioned drawings, steel data and
configuration, concrete mix design, component cut sheets and information.

8. Preliminary As-Built conduit/conductor schedule in hardcopy and electronic media (.xIsx) with power conductor
lengths used in ESA.

9. Means and methods for repairing PVC-coated RGS conduit.

10. Raceway supporting methods and calculations including, but not limited to, dimensioned drawing, calculated
weight per foot, conduit attachment, support anchoring, materials and methods. Calculations shall be provided to
demonstrate that the raceway support systems are capable of handling at least twice the installed loading.

D. Quality Control Submittals:
1. Testing related Submittals: For each existing conduit, provide information including:
a. Condition of removed conductors or cables.
b. Materials removed from existing conduit when cleaned.
2. O&M manuals:
a. Shop Drawing Submittal information.
b. As-Built Drawings, schedules, lists, and photographs in hardcopy and electronic media.
c. As-Built conduit/conductor schedule in hardcopy and electronic media (.xIsx).
d. Manufacturer’s certificate of warranty.
E. Warranty Documentation:

1. Sample warranty.

2. Warranty.
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1.4 QUALITY ASSURANCE
A. Equipment Manufacturer's Qualifications:
1. A minimum of 10 years of documented experience in the Work of this Section.
2. Approved by the Manufacturer.

B. UL Compliance: Materials manufactured within the scope of UL shall conform to UL Standards and have an applied

UL listing mark.
C. The Manufacturer shall provide a certificate of ISO 9001 compliance.
1.5 SITE CONDITIONS

A. Materials and equipment shall be designed and manufactured for continuous operation, site conditions as specified in

SECTION 26 05 00.
1.6 WARRANTY

A. Manufacturer: Warranty for 18 months from the Substantial Completion date for the satisfactory performance and

installation of the raceway system and associated appurtenances.
PART 2 PRODUCTS
2.1 APPROVED MANUFACTURERS
A.  Conduit and Tubing:

1. Allied
2. Republic
B. PVC-Coated RGS Conduit:
1. Ocal
2. Robroy

C. Polyolefin Polymer-Coated RGS Conduit:
1. Gafco Green
D. PVC Schedule 40 and Schedule 80 Conduit:
1. Arnco
E. Bushing:
1. Thomas & Betts
2. 0.Z./Gedney, Type HB
F.  Grounding Bushing:
1. Appleton, Series GIB
2. 0.Z./Gedney, Type HBLG
G. Conduit Hub:
1. Crouse-Hinds, Type Myers SCRU-TITE
H. Conduit Bodies (For Normal Conditions):
1. Appleton, Form 35 threaded unilets
2. Crouse-Hinds, 8 threaded condulets
. Conduit Sealing Fitting:
1. Appleton, Type EYF, EYM, or ESU
2. Crouse-Hinds, Type EYS or EZS
3. Killark, Type EY or EYS
J.  Drain Seal:
1. Appleton, Type SF
2. Crouse-Hinds, Type EYD or EZD
K.  Drain/Breather Fitting:
1. Appleton, Type ECDB
2. Crouse-Hinds, ECD
L.  Expansion Fitting:
1. Deflection/expansion movement:
a. Appleton, Type DX
b. Crouse-Hinds, Type XD
c. Gafco Green, AF Series
2. Expansion movement only:
a. Appleton, Type XJ
b. Crouse-Hinds, Type XJ
c. Gafco Green, AF Series
M.  Cable Sealing Fittings:
1. Appleton, CG-S
2. Crouse-Hinds, CGBS
N. PVC-Coated RGS Conduit:
1. Ocal Type STG
2. Robroy, Type STG
O. Flexible Metal, Liquid-Tight Conduit:
1. Appleton, Series STB
2. Crouse-Hinds, Series LTB
3. Thomas & Betts, Series 5300
P. HDPE Ribbed Conduit:
1. Couplings:
a. Arnco, Shur-lock coupler
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Q. Watertight Entrance Seal Device:

1.

2.

New construction:

a. 0.Z./Gedney, Type FSK or WSK
Cored-hole application:

a. Link Seal, type LS

b. 0.Z./Gedney, Series CSM

R.  Wireways:

1.
2.
3.

B-Line Systems, Inc.
Hoffman
Square D

S.  Aluminum EHH Frames and Covers:

1.

BILCO, J-AL-H20

T.  Electrical Handholes:

1.
2.

Oldcastle Precast, AMCOR or Utility Vault Co.
Vaughn Concrete Products, Inc.

U. Conduit Support Stands:

1.

Unistrut, Type P2072A SQ

V. Duct Bank Spacers:

1.
2.

Carlon, Type SNAP-LOC, Snap-N-Stac
Underground Devices, Inc., Type WUNPEECE

W. Corrosion Inhibiting Compound:

1.

Thomas & Betts, Kopr-Shield

X.  Knockout/Cap-Off Seals:

1.

Crouse-Hinds, Style STC

Y. Fire-Stops and Seals:

1.
2.

3M, Fire Barrier Composite Sheets CS195
Dow Corning, Fire-Stop Series 2000

Z. ldentification Devices:

1.

2.

3.

4.

Warning tape:

a. Brady, Catalog #91601
Fiber optic warning tape:

a. ldeal Industries, #42-104
Wraparound duct band:

a. Raychem, Type TWDB
Tracer wire:

a. Copperhead Industries, LLC

AA. Floor Support Along Conduits:

1.

Unistrut, stainless steel floor stands

BB. Metallic Conduit Enclosure Terminations:

1.

2.

Interior hubs:
a. Crouse-Hinds Myers, Scru-Tite
Exterior hubs:
a. Crouse-Hinds Myers, Scru-Tite

CC. CP Warning Tape:

1.

Brady Catalog #91601

2.2 MATERIALS
A. Precast EHHSs:

1. Sump:
a. Slope floors toward drain points, leaving no pockets or other non-draining areas.
b. Provide sump at low point of floor constructed with a heavy, Cl, slotted or perforated hinged cover.
2. Raceway entrances: For raceways to be installed under this Contract, provide knockout panels or precast
individual raceway openings.
3. Embedded pulling iron:
a. Material: 3/4-inch diameter stock, fastened to overall steel reinforcement before concrete is placed.
b. Location: Wall opposite each raceway entrance.
4. Cable racks:
a. Arms and insulation: Adjustable, of sufficient number to accommodate cables for each raceway entering or
leaving manhole, including spares.
1) Wall attachment:
a) Adjustable inserts in concrete walls. Bolts or embedded studs are not permitted.
b) Insert spacing: Maximum 3-foot on center on the entire inside perimeter.
c) Arrange so that the spare raceway ends are clear for future cable installation.
5. EHH frames and covers:
a. Material: Aluminum.
1) Cover type: Solid, lockable, hinged, of diamond plate pattern design.
2) Vault and lid design loading: AASHTO H-20-44, with impact.
3) Cover lock assembly: Recessed lock assembly with a flush, gasketed, removable brass screw plug
machine engraved with the EHH’s Drawing designation, e.g., EHH1. The cover and lock assembly shall
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6.

be provided with a Best Lock Core matching the cores and keys of each EHH. Keys shall be provided to
the OWNER at Final Completion.
4) Cover lifting assist: The cover shall include provisions so that its weight is not borne by the lock
assembly when opening or closing the cover.
5) Stainless steel hardware.
Hardware: Steel, hot-dip galvanized.

B.  Granular Fill for Direct Buried Raceways: Squeegee bedding as specified in SECTION 31 23 33.
2.3 COMPONENTS
A.  Conduit and Tubing:

1. RGS conduit:

a. Inaccordance with ANSI C80.1 and UL 6.

b. Material: Hot-dip galvanized, inside and outside.
2. PVC-coated RGS conduit:

a. In accordance with NEMA RN 1.

b. UL listed.

c. Factory-cut threads shall be protected with hot-dip and a clear urethane coating.

d. Install in accordance with the Manufacturer's instructions. For PVC-coated RGS conduits, provide and install
with a sufficient amount of the Manufacturer’s touch-up compound to the end of the conduit in the area
normally covered by the sleeve, just prior to assembling joints to create a seal between the sleeve and the
conduit coating to keep moisture out.

e. Provide the Manufacturer's touch-up material as needed to ensure a fully complete, sealed, undamaged
conduit system.

f. PVC-coated RGS conduit shall be resistant to UV damage and shall not deteriorate when exposed outdoors.

g. PVC-coated conduit, fittings, and accessories shall be supplied by the same Manufacturer.

h. Couplings and fittings shall be provided with PVC sleeves and seals.

i. Material:

1) Conduit: In accordance with ANSI C80.1 and UL 6.
2) PVC Coating:
a) Minimum 40-mils nominal thickness, exterior coating bonded to metal.
b) Minimum 2-mils nominal thickness, interior coating bonded to metal.
Conduit cutting, threading, and installation/joining tools: Only tools approved by the Manufacturer and the
ENGINEER.
3. Polyolefin polymer-coated RGS conduit:

a. Conduit shall be hot-dipped galvanized inside and out with hot-dipped galvanized factory-cut threads.

b. The zinc coating shall be intact, uncoated, and shall not impede electrical ground conductivity.

c. Provide the necessary Manufacturer material as may be needed to endure a fully complete, continuously
sealed, undamaged conduit system.

d. Provide additional polymer and repair any abrasions to polymer coating.

e. Polymer-coated RGS conduit shall be resistant to UV damage and deterioration when exposed outdoors.

f.  Polyolefin polymer-coated conduit, fittings, and accessories shall be supplied by the same Manufacturer.

g. Couplings and fittings shall be provided with polyolefin polymer-coated sleeves and seals.

h. Material:

1) Conduit: In accordance with ANSI C80.1 and UL 6.
2) Polyolefin polymer coating:
a) Minimum 40-mils nominal thickness, exterior coating bonded to metal.
b) Minimum 2-mils nominal thickness, interior coating bonded to metal.
4. PVC Schedule 80 conduit:

a. In accordance with NEMA TC 2 and UL 651.

b. UL listed for concrete encasement, underground direct burial, concealed, or direct sunlight exposure, and
90°C insulated conductors.

5. PVC Schedule 40 conduit for CP systems only:

a. In accordance with NEMA TC 2 and UL 651.

b. UL listed for concrete encasement, underground direct burial, concealed, or direct sunlight exposure, and
90°C insulated conductors.

6. Flexible metal, liquid-tight conduit:

a. UL 360 listed for 105°C for dry locations.

b. Material: Galvanized steel, with an extruded PVC jacket.
7. HDPE-ribbed conduit:

a. Smooth exterior.

b. Manufactured in accordance with ASTM F 2160.

c. UL listed for direct burial applications.

d. Diameter: 2-inches.

e. Wall thickness: Schedule 80, 0.218-inch.

f.  Color: Orange.

B. Wireways:
1. Inaccordance with UL 870.
2. Type: Steel or stainless steel, with removable, hinged cover.
3. Rating: NEMA 3R or NEMA 4X.
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C.

4. Finish:
a. NEMA 3R: Gray, baked enamel.
b. NEMA 4X: None.

Fittings:
1. RGS:
a. General:
1) In accordance with UL 514B.
2) Type:

a) Threaded, galvanized.
b) Set screw fittings not permitted.
b. Bushing:
1) Material: Malleable iron with integral insulated throat, rated for 150°C.
c. Grounding bushing:
1) Material: Malleable iron with integral insulated throat rated for 150°C, with solderless lugs.
d. Conduit hub:
1) Material: Zinc or stainless steel with lexan insulated throat and integral grounding lug on the locknut.
e. Conduit bodies:
1) Material: Malleable iron, sized in accordance with NFPA 70.
2) Threaded holes in condulet body type only.
3) Pulling elbows not permitted.
f.  Couplings: As supplied by the Conduit Manufacturer.
g. Cable sealing fittings:
1) To form watertight, non-slip cord or cable connection to conduit.
2) For conductors with OD of 1/2-inch or less: Neoprene bushing at connector entry.
2. PVC-coated RGS conduit:
In accordance with UL 514B.
General: Set screw fittings are not permitted.
Type: RGS, PVC-coated by the Conduit Manufacturer to the same coating specifications as the conduit.
Overlapping pressure sealing sleeves.
Conduit hangers, attachments, and accessories: PVC-coated.
PVC-coated RGS conduit shall be installed using the PVC Coating Manufacturer's recommended fittings,
hangers, attachments, and accessories.
g. Male threads on elbows and nipples, and female threads on fitting or conduit couplings shall be protected by
a urethane coating.
h. Conduit hub:
1) Material: PVC-coated malleable iron with insulated throat and integral grounding lug on the locknut.
3. PVC conduit and tubing:
a. Inaccordance with NEMA TC 3.
b. Type: PVC, slip-on.
4. Flexible metal, liquid-tight conduit:
a. Metal insulated throat connectors with integral nylon or plastic bushing rated for 105°C.
b. Insulated throat and sealing O-rings.
c. Long design type extending outside of box or other device at least 2-inches.
d. When connecting to PVC-coated RGS, use the Conduit Manufacturer’'s coated fitting.
5. Watertight entrance seal device:
a. New construction:
1) Material: Oversized sleeve, malleable iron body with sealing ring, pressure ring, grommet seal, and
pressure clamp.
b. Cored-hole application:
1) Material: Assembled dual pressure disks, neoprene sealing ring, and membrane clamp.

~oooop

2.4 ACCESSORIES

A.  Conduit Support Stands:
1. Material: Stainless Steel.
2. Shape: Square.
B. Duct Bank Spacers:
1. Type: Nonmetallic, interlocking, for multiple conduit sizes.
2. Suitable for all types of conduit.
C. Corrosion inhibiting compound: Homogenized blend of polished colloidal copper.
D. Knockout/Cap-Off Seals:
1. Zinc finish with threaded hub and sealing O-ring.
2. For use to seal abandoned conduit penetrations in sheet metal cabinets and boxes.
E. Fire-Stops and Seals:
1. Fire-stops shall be applied in accordance with the Manufacturer’'s recommendations.
2. Products which are affected by water are not acceptable.
F. Identification Devices:
1. Raceway tags:
a. Material: Stainless steel.
b. Shape: 1 1/2-inch diameter round.
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c. Raceway designation: Laser engraved.
d. Three rows of text centered on tag:
1) 0.188-inch header: Conduit #.
2) 0.11-inch text:
a) Source.
b) Destination.

e. Affix to conduits with 48-mil stainless steel wire and zinc clamps.

f.  Identify in accordance with the conduit/conductor schedule.
2. Warning tape:

a. Material: Detectable polyester.

b. Color: Red.

c. Width: Minimum 2-inches.

d. Designation: Warning on tape shall read: Caution: Buried Electrical Lines.
3. Fiber optic warning tape:

a. Material: PE, 4-mil gauge.

b. Color: Orange.

c. Width: Minimum 3-inches.

d. Designation: Warning on tape shall read: Fiber optic line is located below tape.
4. CP warning tape:

a. Material: Detectable polyester; color: red.

b. Width: Minimum 2-inches.

c. Designation: Warning on tape shall read: Caution: Buried CP Electrical Lines.
5. Wraparound duct band:

a. Material: Heat-shrinkable, cross-linked polyolefin, pre-coated with hot-melt adhesive.
6. Pull string:

a. 1/4-inch diameter braided or twisted nylon cordage.

b.  Minimum tensile strength: 1,000 pounds.

c. Provide with distance markings.
7. Tracer wire:

a. #12 AWG.

b. Copper clad steel wire with HDPE coating.

c. UL listed for direct burial.
EXECUTION

Crushed or deformed raceways are not permitted.

Conduit and tubing sizes shown are based on the use of copper conductors.

Raceways 1 1/4-inch and larger shall use conduit bodies and condulets at least one size larger than the raceway and
shall be sized in accordance with NFPA 70 at a minimum.

Each conduit run shall be identified on each end, at pull points, wall penetration, floor penetrations, and grade
penetrations by a stainless steel tag corresponding to the identification listed in the conduit and conductor schedule.
Request additional conduit and conductor schedule numbers from ENGINEER.

Group raceways installed in same area.

Follow structural surface contours when installing exposed raceways.

Two or more conduits in the same general routing shall be parallel with symmetrical bends. Run exposed raceways
parallel or perpendicular to walls, structural members, or intersections of vertical planes.

Avoid passageway and access obstructions. Conduits installed horizontally shall allow headroom of at least 7-feet
except in areas where headroom cannot be maintained because of other considerations, as determined by the
ENGINEER.

Install concealed, embedded, and buried raceways so that they emerge at right angles to surface and have no curved
portion exposed.

Conduits shown on the Drawings shall be provided and installed at a minimum. Conductors and cables shall not be
consolidated into conduits unless shown on the Drawings or approved by the ENGINEER.

Metal conduits shall be reamed, burrs removed, the thread degreased, cleaned, and dried before installation.

Paint threads, after removing cutting oil, and before assembling RGS conduit, with corrosion inhibiting compound.
Conduits shall be installed in such a manner as to keep exposed threads to an absolute minimum and in no case shall
more than 3 threads be left exposed.

Maintain raceway entirely free of obstructions and moisture.

Immediately after installation, plug or cap raceway ends with watertight and dust-tight seals until time for pulling in
conductors.

Spare conduits shall be plugged with metal threaded plugs or capped with steel threaded caps.

Sealing Fittings: Provide drain seal in raceways where condensate may collect above sealing fitting.

Avoid moisture traps where possible. When unavoidable in exposed conduit runs, provide junction box and drain
fitting at conduit low point.

Seal raceways in exterior devices, EHHs, condulets, pull boxes, and enclosures with oakum to prevent the entrance of
gases or liquids from one area to another. Conduit terminations at sheet steel boxes shall be sealed by forcing a non-
hardening sealing compound into the conduit for a distance at least equal to the conduit diameter.

1. Seal raceways at the first access point where they enter structures with oakum.

2. Seal raceways into interior chemical process areas a non-hardening sealing compound.
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3. Seal raceways subject to temperature variations to avoid condensation forming in raceway with oakum.
4. Seal outdoor raceways entering equipment with oakum.

T. Do not install raceways in concrete equipment pads, foundations, or beams.

U. Horizontal raceways installed under slabs shall lay a minimum of 6-inches below the slab, with no part embedded

within slab.

V.  Proximity to Heated Piping: Install raceways a minimum of 12-inches from parallel runs.

W. Block Walls: Do not install raceways in the same horizontal course with reinforcing steel.

X.  Exterior raceways that enter a below grade structure and terminate in a below grade panel, cabinet, or enclosure shall

enter the panel, cabinet, or enclosure in the bottom third of the panel, cabinet, or enclosure.
3.2 INSTALLATION

A.  Application:

1. Conduit:
Diameter: Minimum 3/4-inch and minimum one-inch, for underground conduits.
Conduit applications apply.
Exterior, exposed: PVC-coated RGS.
Interior, exposed:
1) RGS in dry, non-corrosive areas.
2) PVC-coated RGS in below grade vaults, handholes, wet, or corrosive areas.

e. Interior, concealed, not embedded in concrete: PVC-coated RGS or RGS.

f.  Above ground, embedded in concrete walls, masonry walls, ceilings, or floors: PVC-coated RGS or RGS.

g. Direct earth burial: PVC-coated RGS.

h. Concrete-encased raceways, except in underground ductbanks: PVC-coated RGS or RGS with approved
concrete coverage.

i.  Under slabs-below-grade: PVC-coated RGS.

j.  Concrete-encased, steel reinforced ductbanks, PVC Schedule 80, RGS or PVC-coated RGS.

B. In Cast-In-Place Concrete:

1. Minimum cover one-inch.

2. Provide support during placement of concrete to ensure raceways remain in position.

3. RGS conduits embedded in duct banks, concrete encasement and concrete floor, wall and ceiling slabs shall be
coated with a factory-installed PVC coating, when required by governmental agency having jurisdiction over the
Work or to meet code compliance.

4. Floor slabs:

a. Outside diameter of conduit not to exceed 1/3 of the slab thickness.

b. Separate conduit by minimum 4 times conduit outside diameter, except at crossings.

C. Connections:

1. For motors, fans, unit heaters, dry type transformers, electrically operated valves, instrumentation, and other
equipment, with rotating or moving parts where flexible connection is required to minimize vibration:

a. Conduit size 4-inches or less: Flexible metal, liquid-tight conduit.

b. Conduit size over 4-inches: Nonflexible.

c. Length: 18-inches minimum, 24-inches maximum, of sufficient length to allow movement or adjustment of
equipment.

2. Outdoor areas, process areas exposed to moisture, and areas required to be oil-tight and dust-tight: Flexible
metal, liquid-tight conduit.

3. Transition from concrete-embedded to exposed:

a. PVC-coated rigid steel conduit.

b. PVC-coated conduit shall extend at least 6-inches above and below the floor.

4. Transition from underground to exposed:

a. PVC-coated RGS conduit.

b. PVC conduit shall extend at least 6-inches above and below the floor.

5. Under equipment mounting pads: PVC-coated RGS conduit.

6. In exterior light pole foundations: PVC-coated RGS conduit.

D. Penetrations:

1. Make at right angles.

2. Notching or penetration of structural members, including footings and beams, not permitted.

3. Fire-rated walls, floors, or ceilings: Fire-stop openings around penetrations to maintain fire-resistance rating.
PVC-coated RGS conduit protruding through concrete floor slabs to a point 12-inches above and 12-inches below
concrete surface.

4. Above ground concrete walls, floors, or ceilings: Provide non-shrink grout dry-pack when approved by the
ENGINEER, or use watertight seal device.

5. Entering structures:

a. Below grade conduits entering structures shall be provided with C-condulets one-foot to 3-feet inside the wall
or LB-condulets. The C-condulet covers shall be faced down and the conduit shall be identified at the
condulet.

b. Watertight entrance seal devices are required at structure entrances.

coop

c. Seal raceways at first condulet, box, or outlet with oakum.
d. Concrete roof or membrane waterproofed wall or floor:
1) Provide a watertight seal.
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2) Securely anchor malleable iron body of watertight entrance seal device into construction with one or
more integral flanges.
3) Secure membrane waterproofing to watertight entrance seal device in a permanent, watertight manner.
4) Seal penetration with silicone type sealant.
e. HVAC equipment:
1) Penetrate equipment in the area established by the Manufacturer.
2) Terminate conduit with flexible metal liquid-tight conduit at the junction box or the condulet attached to
exterior surface of equipment prior to penetrating equipment.
3) Seal penetration with expandable plastic compound.
4) Seal raceways in exterior equipment with oakum.
f.  Corrosive-sensitive areas:
1) Seal conduits passing through room walls or floors.
2) Seal penetration expandable plastic compound.
3) Seal raceways at first condulet, box, or outlet with expandable plastic compound.
g. Underground penetrations: Core drill wall and install a watertight entrance seal device.
h. Manholes and handholes:
1) Metallic raceways: Provide insulated grounding bushings.
2) Nonmetallic raceways: Provide bell ends flush with wall.
3) HDPE conduit: Install such that raceways enter at nearly right angles and as near as possible to one
end of wall.

6. Concrete equipment pads: Provide non-shrink grout dry-pack in blockout areas and around conduits.
7. Core-drilled penetrations:
a. The extents of core-drilled holes in concrete slabs or walls shall:

1) Not exceed 10-inches in diameter.

2) Not be located within 6-inches from any edge of slab or wall.

3) Not be located within a beam or column cross section.

4) When placed in groups shall be placed with at least one hole diameter clear between them. The largest
adjacent hole in the group will not control the spacing. At a minimum, adjacent holes shall not be spaced
with less than 3-inches clear between them.

b. Prior to core-drilling, locate slab and wall reinforcement by an approved non-destructive method (X-ray, GPR,
etc.). No reinforcement may be cut without written approval from the ENGINEER.

c. Prior to core-drilling, submit dimensioned plans and elevations of core-drilled hole sizes and layout relative to
walls, columns, and slab edges to the ENGINEER for review and approval.

d. Avoid interference found. Repair existing damaged conduits, structures, and utilities.

e. Coordinate additional requirements for wall and floor slab penetrations in accordance with the Contract

Documents.

E. Support:

1. Provide floor support along conduits at 5-foot intervals using stainless steel Unistrut floor stands. Conduits shall
be a minimum of 12-inches off the finished floor. Support from structural members only, at intervals not
exceeding NFPA 70 requirements, and in any case not exceeding 10-feet. Do not support from piping, pipe
supports, or other raceways. No drilling into roof decking without written approval from the ENGINEER.

2. Multiple adjacent raceways: Provide ceiling trapeze. For trapeze-supported conduit, allow 30% extra space for
future conduit.

3. Provide and attach wall brackets, strap hangers, or ceiling trapeze as specified in the Contract Documents and as
approved by the ENGINEER. Typical methods:

a. Hollow masonry units: Toggle bolts or hollow set drop-in expansive anchors.

b. Concrete or brick: Expansion shields, or threaded studs driven in by powder charge, with lock washers and
nuts.

c. Wood: Wood screws.

d. Steelwork: Machine screws.

4. Nails or wooden plugs inserted in concrete or masonry for attaching raceway are not permitted. Do not weld
raceways or pipe straps to steel structures. Do not use wire in lieu of straps or h