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OWNER (name, address, telephone)

MAGISTERIAL DISTRICT(S)

NAME OF DEVELOPMENT

I,                                                                                           

AM AWARE OF THE SITE DESIGN REQUIREMENTS IMPOSED BY THIS SITE

DEVELOPMENT PLAN AND OTHER APPLICABLE ROANOKE COUNTY CODES.

I HEREBY CERTIFY THAT I AGREE TO COMPLY WITH THESE REQUIREMENTS

AND THE THIRTY (30) POINTS SHOWN ON THIS COVER SHEET UNLESS

COUNTY OF ROANOKE, VA

WATER NOTES

SURVEY INFORMATION

Horizontal and vertical control surveys were performed in year:

All vertical elevations must be referenced to the National Geodetic Vertical Datum of 1929 or 1988.

Source of topographic mapping is dated

Boundary was performed by                                            dated:

The professional seal and signature certifies the boundary survey and topographic mapping to

GENERAL NOTES

LEGEND

Proposed Water Main

Proposed Sanitary Sewer

Proposed Storm Sewer

Proposed Limits of Clearing

Proposed Drainage Divide

Proposed Contour

Existing Contour

Existing Water Main

Existing Sanitary Sewer

Existing Storm Sewer

Minimum Building Line

Centerline

Right-of-way

Property Line

SEWER NOTES

OWNER/DEVELOPER,

be accurate and correct.

By:

All horizontal elevations must be referenced to the North American Datum of 1927 or 1983.

Benchmark Information: 

PRE-CONSTRUCTION MEETING AND CONSTRUCTION COMMENCEMENT:

VIRGINIA DEPARTMENT OF TRANSPORTATION:

MODIFIED IN ACCORDANCE WITH LOCAL LAW.

PRIVATE UTILITIES

The notes on this sheet shall not be modified.

Horizontal Datum:                                             Vertical Datum:

1.  All construction methods and materials shall conform to the Construction

Standards and Specifications of Roanoke County, the Western Virginia Water

Authority, and the Virginia Department of Transportation.

2.  Stormwater Management Agreements with an attached 8 1/2" x 11" or 8 1/2" x

14" plat must be approved and recorded prior to the pre-construction meeting.

3.  Once all required items are submitted to the County of Roanoke, the developer

must contact the Development Review Coordinator to indicate that a

pre-construction meeting needs to be scheduled.  The pre-construction meeting will

be scheduled with the owner/developer two (2) working days later.

4.  All land disturbing projects that require approval of an erosion and sediment control

plan, grading or clearing permit shall require that the applicant provide the name of an

individual who will be responsible for land disturbing activities and that this individual

hold a Responsible Land Disturber (RLD) Certificate from the Department of

Environmental Quality.  The Responsible Land Disturber can be anyone from the

Project team that is certified by the Commonwealth of Virginia to be in charge of

carrying out the land disturbing activity for the project.

5.  It is the responsibility of the owner/developer to notify the certified Responsible Land

Disturber and the Utility Contractor to attend the pre-construction meeting.

6.  The Development Review Coordinator will schedule the pre-construction meeting with

the County Review Engineer, the County Inspector, and the Western Virginia Water

Authority and the Town of Vinton Public Works Department if applicable.

7.  An approved set of plans, Storm Water Pollution Prevention Plan (SWPPP), VSMP

coverage letter, and all permits must be available at the construction site at all times.

8.  The developer and/or contractor shall supply all utility companies with copies of

approved plans, advising them that all grading and installation shall conform to

approved plans.

9.  The project engineer will inform the owner/developer verbally and in writing of the

County's obligation to perform inspections on site.  Everyone in the meeting will be

required to sign a pre-construction checklist indicating their knowledge of Roanoke

County's obligation to perform inspections on site.

10.  The Erosion Control Permit or Combined Erosion Control & VSMP Permit  is given to

the developer at this pre-construction meeting.

11.  Notify the County of Roanoke prior to beginning installation of ESC measures.  The

County will inspect initial installations to ensure compliance with approved plan prior

to start of grading. The developer SHALL contact the project inspector 24 hours

before beginning any grading or construction on the property.

12.   County inspectors must inspect storm drain / stormwater management / BMP

installations during the process of installation.  Please contact the site inspector 24

hours in advance.

13.  All work shall be subject to inspection by Roanoke County, the Western Virginia Water

Authority and the Virginia Department of Transportation Inspectors.

14.  Contractors shall notify utilities of proposed construction at least two (2), but not more

than ten (10) working days in advance.  Area public utilities may be notified thru "Miss

Utility": 1-800-552-7001 or VA 811.

15.  The 100 year Floodway shall be staked prior to any construction.

16.  Grade stakes shall be set for all curb and gutter, culvert, sanitary sewer and storm

sewer at all times of construction.

17.  The Department of Community Development shall be notified when a spring is

encountered during construction.

18.  Construction debris shall be containerized in accordance with the Virginia Litter

Control Act.  No less than one litter receptacle shall be provided on site.

19.  The contractor shall provide adequate means of cleaning mud from trucks and/or

other equipment prior to entering public streets or rights of ways.  It is the contractors

responsibility to insure that the streets are in a clean, mud and dust free condition at

all times.

20.  Plan approval in no way relieves the developer or contractors of the responsibilities

contained within the erosion and sediment control or stormwater management policies.

21.  Field construction shall honor proposed drainage divides as shown on plans.

22.  Field corrections shall be approved by the Roanoke County Engineering Division

and/or the Western Virginia Water Authority and the Professional of Record, prior to

such construction.

23.  The developer or contractor shall supply the County and the Western Virginia Water

Authority with correct As-Built plans before final acceptance.

24.  Plan approval by Roanoke County does not guarantee issuance of any permits by the

Virginia Department of Transportation.

25.  A permit must be obtained from the Virginia Department of Transportation, Salem

Residency Office prior to construction in the highway right-of-way.

26.  The preliminary pavement designs should be based on a predicted sub-grade CBR

value of 7.0 and with a Resiliency Factor (RF) of 2.0 as shown in Appendix I of the

2000 Virginia Department of Transportation Pavement Design Guide for Subdivision

and Secondary Roads. The sub-grade soil is to be tested by an independent

laboratory and the results submitted to the Virginia Department of Transportation prior

to base construction.  Should the sub-grade CBR value and/or the RF value be  less

than the predicted values, additional base material will be required in accordance with

Departmental specifications.  Refer to the  same manual as the number and locations

of the required soil samples to be tested.  All pavement designs shall be submitted to

the Department for review and approval.  The sub-grade shall be approved by the

Virginia Department of Transportation prior to placement of the base. Base shall be

approved by the Virginia Department of Transportation for depth, template, and

compaction before the surface is applied.

27.  Standard guardrail with safety end sections may be required on fills or in areas where

hazards exist as deemed necessary.  After completion of rough grading operations,

the County Engineer and Virginia Department of Transportation shall be contacted to

schedule a field review.  Where guard rail is warranted, the standard shoulder width

shall be provided and the guard rail shall be installed in accordance with the 2001

VDOT Road and Bridge Standards as part of this development.

28.  Standard street and traffic control signs shall be erected at each intersection by the

developer prior to final street acceptance.

29.  All traffic devices shall be in accordance with current edition of the "Manual on Uniform

Traffic Control Devices" (MUTCD).

30.  All unsuitable material shall be removed from the construction limits of the roadway

before placing embankment.

See Sheet          for Stormwater Site Statistics Table.

See Sheet          for New BMP Information Table.

The Project Engineer shall provide electronic copies of the approved plans to the

Development Review Coordinator within 5 working days of the pre-construction

meeting.

All water facilities shall be constructed according to the Western

Virginia Regional Design and Construction Standards (Latest Edition).

A minimum cover of three (3) feet is required over proposed lines.

Contractor shall be responsible for locating and uncovering valve

vaults after paving and adjustment to final grade if necessary.

All existing utilities may not be shown in their exact location.

The contractor shall comply with the (State Water Works

Regulations, Section 12VAC5-590-1150, where lines cross.

All trenches in existing or future highway right-of-ways shall be

compacted according to Virginia Department of Transportation

standards.

Lines shall be staked prior to construction.

Water main shall be minimum Class 350 Ductile Iron in accordance to

AWWA C151 or DR-14 PVC in accordance with AWWA C-900.

Ductile Iron Pipe in accordance with the Western Virginia Regional

Design and Construction Standards shall be required for all pipe with

a  working pressure equal to or greater than 100 p.s.i.

All sanitary sewer facilities shall be installed according to the Western Virginia

Regional Design and Construction Standards. (Latest Edition).

A minimum cover of three (3) feet is required over proposed lines.

Contractor shall be responsible for locating and uncovering all manholes after

paving.  Manhole tops shall be adjusted to grade if necessary.

All existing utilities may not be shown in their exact location. The contractor shall

comply with (State Water Works Regulations, Section 12VAC5-590-1150, where

lines cross.)

All trenches in existing or future rights-of-way shall be compacted according to

Virginia Department of Transportation standards.

Lines shall be staked prior to construction.

Underground utilities installed on private property or in private utility easements

and  building related storm drains shall be designed and installed per the current

edition of the  Virginia Uniform Statewide Building Code. Design and installation

requirements issued  by the Western Virginia Water Authority that meet or exceed

the USBC requirements are  acceptable for private utilities. All private utilities are

to be permitted through and inspected by the Roanoke County Inspections Office.

Vaults, valves and other devices  installed by or under the control of the Western

Virginia Water Authority may not  substituted for the code required devices.

Western Virginia Water Authority

Availability letter number:

N/A

To Be Removed

Suite 200

Phone: 540/381-4290

Christiansburg, Virginia 24073

FAX: 540/381-4291

448 Peppers Ferry Road

Midlothian, Virginia 23113

15871 City View Drive

Phone: 804/794-0571

FAX: 540/772-8050

1208 Corporate Circle
Roanoke, Virginia 24018
Phone: 540/772-9580

www.balzer.cc

Phone: 540/248-3220

Verona, Virginia 24482

1561 Commerce Road

Suite 401

FAX: 540/248-3221

FAX: 804/794-2635

PLANNERS

ENGINEERS

ARCHITECTS

SURVEYORS

VICINITY MAP

SMH

N/A

N/A

10" TYPE S HDPE PIPE

COST
BONDABLEUNIT

C.Y.

C.Y.

ACRES

EACH

QUANTITY UNIT PRICE

LUMP SUM

S.F.

S.Y.

EACH

LIN. FT.

LIN. FT.

S.Y.

S.Y.

S.Y.

C.Y.

C.Y.

S.Y.

EACH

EACH

EACH

EACH

EACH

EACH

LUMP SUM

LUMP SUM

ITEM

CLEARING AND GRUBBING

S.W.M. EXCAVATION

S.W.M. EMBANKMENT

NYLOPLAST DROP INLET

8" TYPE S HDPE PIPE

BOX CULVERT

RIPRAP - CLASS

SODDED SWALE

      -IN. CONCRETE ENDWALL  EW-

PAVED DITCH

CURB & GUTTER   CG-6

SURFACE TREATMENT

    -IN. BIT. CONC.: TYPE B-

    -IN. BIT. CONC.: TYPE S-

    -IN. BASE MATERIAL

    -IN. SUBBASE MATERIAL

GRAVEL SHOULDER

FIRE HYDRANT ASSEMBLIES

BLOW OFFS W/VAULT, FRAME & COVER

6" SANITARY SEWER LATERAL & SAMPLING MANHOLE

LANDSCAPING (SEE SHEET C-08)

SUB-TOTAL

10% CONTINGENCY

ESTIMATED TOTAL

8 -IN. GATE VALVE, W/VAULT, FRAME & COVER

  -IN. GATE VALVE, W/VAULT, FRAME & COVER

BY SEALING THE PLANS, THE DESIGN PROFESSIONAL HEREBY CERTIFIES THAT THE FOREGOING ESTIMATE REFLECTS THE CURRENT

QUANTITY & COST ESTIMATE

AS-BUILT PLANS - STORM SEWER 

LIN. FT.
15" TYPE S HDPE PIPE

LIN. FT.
8" PVC SANITARY SEWER MAIN

EACH
SANITARY SEWER MANHOLE

LIN. FT.
12" TYPE S HDPE PIPE

PAVEMENT (INCLUDING SUB-BASE)

ALL QUANTITIES AND PRICES FOR BIDDING PURPOSES SHALL BE THE RESPONSIBILITY OF THE BIDDER.*

*NOTE: THIS COST ESTIMATE TABLE IS PROVIDED FOR BONDING PURPOSES ONLY.  VERIFICATION OF

EACHCOMMERCIAL WATER METER (1") & Lateral
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ENVIRONMENTAL & SOIL SCIENCE

WETLAND DELINEATIONS & STREAM EVALUATIONS

Roanoke

New River Valley
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Staunton

Harrisonburg

Balzer and Associates, Inc.

1208 Corporate Circle

Roanoke, VA 24018
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17,0000.4

TOTAL DISTURBED AREA = _____________AC.=____________SQ. FT.

GENERAL EROSION AND SEDIMENT CONTROL NOTES

*NOTE: ALL COSTS GIVEN ARE COMPLETE IN PLACE.*

COST ESTIMATE

EROSION & SEDIMENT CONTROL

ALL QUANTITIES AND PRICES FOR BIDDING PURPOSES SHALL BE THE RESPONSIBILITY OF THE BIDDER.*

*NOTE: THIS COST ESTIMATE TABLE IS PROVIDED FOR BONDING PURPOSES ONLY.  VERIFICATION OF
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CONSTRUCTION ENTRANCE

TEMPORARY GRAVEL

CE

CONCRETE TRUCK WASHOUT DETAIL

NTS

FERTILIZER SPECIFICATIONS AND

RATES FOR MANAGEMENT

PERMANENT SEEDING

SPECIFICATIONS

PS

TEMPORARY SEEDING

SPECIFICATIONS

TS

SF
CONSTRUCTION  OF  A  SILT  FENCE

SOIL STABILIZATION

BLANKET

B/M

CULVERT INLET

PROTECTION

CIP

DD

OUTLET PROTECTION
OP



FOUNDATION PAD PLAN

SCALE = 1/4"=1'-0"

FOOTING SECTION

SCALE = 1"=1'-0"
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LIGHTING FIXTURE SCHEDULE

TYPE

A

B

1

2

3

MANUFACTURER

METALUX

SPAULDING LIGHTING

CONTRACTOR SHALL VERIFY THAT FIXTURES SPECIFIED ARE SUITABLE FOR CEILING TYPE AND REVISE IF NECESSARY PRIOR TO ORDERING.

CONTRACTOR SHALL USE 4100K COLOR CHARACTERISTICS FOR LIGHTING OR CLOSEST EQUIVILENT 

ALL FIXTURES ARE BASIS FOR DESIGN EQUIVILENT FIXTURES MAY BE USED. CONTRACTOR SHALL SUBMIT ALTERNATE FIXTURES TO ENGINEER SO EQUIVALENCY CAN BE VERIFED 

CATALOG NUMBER

4VT2-LD4-4-DR-UNV-L840-CD-1 WL

LCC-12LU-2-PC1

VOLTS

120/277

120/277

VOLT-

AMPS

38

12.8

FIXT

EFF

LAMPS

QTY

N/A

N/A

TYPE

LED

LED

DESCRIPTION

4' SURFACE MOUNTED, SEALED AND GASKETED FIXTURE 

SUITABLE FOR WET LOCATIONS. 

WALL MOUNTED FULL CUT-OFF EXTERIOR LED FIXTURE

WITH 820 NOMINAL LUMENS. FIXTURE IS CONTROLLED BY 

INTEGRAL PHOTO-EYE.

REMARKS

PROVIDE WITH STAINLESS STEEL MOUNTING

BRACKETS CAT# VT2-SS-MBK.

CKT.

NO.

3

9

15

21

27

31

33

35

37

39

41

4

10

14

16

18

20

22

24

26

28

30

32

34

36

38

40

42

PANEL PSH SCHEDULE

PANELBOARD CHARACTERISTICS:

VOLTS:   480/277V

PHASES:   3

WIRES:   4

SOLID NEUTRAL, GROUND BAR

POLE

NO.

1

3

5

7

9

11

13

15

17

19

21

23

25

27

29

31

33

35

37

39

41

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

40

42

DESCRIPTION

PUMP #1, STAGE 1 VIA CONTROL PANEL

PUMP #1, STAGE 2 VIA CONTROL PANEL

PSL VIA 30 KVA XFMR

UH-1

TVSS

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

PUMP #2, STAGE 1 VIA CONTROL PANEL

PUMP #2, STAGE 2 VIA CONTROL PANEL

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

TOTALS

SIZING CALCULATIONS

CONNECTED LOADS

RECEPTACLE

LIGHTING

MECHANICAL

EQUIPMENT

TOTAL KVA CONNECTED

FEEDER DEMAND AMPS

FEEDER SIZE AT 80%

25% SPARE CAPACITY

LOAD

TYPE

E

E

E

E

E

0.90

0.27

0.5

254.8

256.5

308.5

385.6

482

CONN.

KVA

43.23

79.81

2.88

7.5

43.23

79.81

256.46

DEMAND FACTOR

FIRST 10 KVA @ 100%, REMAINDER@50%

100%

100%

100%

TOTAL KVA DEMAND

AMPS

AMPS

AMPS

PHASE TO PHASE VOLTS:

PHASE TO NEUT. VOLTS:

MAIN  LUGS:  600A

MINIMUM SHORT CIRCUIT RATING:  65K  RMS SYM AMPS

SERIES RATED WITH UPSTREAM DEVICE

A

52.0

96.0

3.5

9.0

0.0

0.0

0.0

52.0

96.0

0.0

0.0

0.0

0.0

0.0

308.5

CONN.  AMPS

B

52.0

96.0

3.5

9.0

0.0

0.0

0.0

52.0

96.0

0.0

0.0

0.0

0.0

0.0

308.5

C

52.0

96.0

3.5

9.0

0.0

0.0

0.0

52.0

96.0

0.0

0.0

0.0

0.0

0.0

308.5

BREAKER

P

3

3

3

3

3

3

3

480

277

AT

90

125

50

20

60

90

125

PHASE

3#6

3#2

SEE RISER DIAGRAM

3#12

3#6

3#6

3#2

0.9

0.27

0.51

254.78

256.46

NO. & WIRE SIZE

NEUT.

#12

#6

GND

#8

#6

#12

#6

#8

#6

COND.

SIZE

1"

1-1/2"

3/4"

3/4"

1"

1-1/2"

CKT.

NO.

1

3

5

7

9

11

13

15

17

19

21

23

2

4

6

8

10

12

14

16

18

20

22

24

PANEL PSL SCHEDULE

PANELBOARD CHARACTERISTICS:

VOLTS:  120/208

PHASES:   3

WIRES:   4

SOLID NEUTRAL, GROUND BAR

POLE

NO.

1

3

5

7

9

11

13

15

17

19

21

23

2

4

6

8

10

12

14

16

18

20

22

24

DESCRIPTION

BLOCK HEATER 

BATTERY CHARGER 

CONTROL PANEL 

RECEPTACLES 

RECEPTACLES 

MOTORIZED LOUVER

EXHAUST FAN EF-1

LIGHTING 

SPACE

SPACE

SPACE 

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

SPACE

TOTALS

LOAD

TYPE

E

E

E

R

R

M

M

L

CONN.

KVA

1

0.1

0.1

0.36

0.54

0.1

0.41

0.27

2.88

PHASE TO PHASE VOLTS:

PHASE TO NEUT. VOLTS:

MAIN CIRCUIT BREAKER: 100A

MINIMUM SHORT CIRCUIT RATING:  65K  RMS SYM AMPS

SERIES RATED WITH UPSTREAM DEVICE

A

8.3

3.0

3.4

14.8

CONN.  AMPS

B

0.8

4.5

2.3

7.6

C

0.8

0.8

1.7

BREAKER

P

1

1

1

1

1

1

1

1

208

120

AT

20

20

20

20

20

20

20

20

PHASE

1#12

1#12

1#12

1#12

1#12

1#12

1#12

1#12

NO. & WIRE SIZE

NEUT.

#12

#12

#12

#12

#12

#12

#12

#12

GND

#12

#12

#12

#12

#12

#12

#12

#12

COND.

SIZE
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SECTION 26 0519
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1  GENERAL
1.01 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate sizes of raceways, boxes, and equipment enclosures installed under

other sections with the actual conductors to be installed, including adjustments
for conductor sizes increased for voltage drop.

2. Coordinate with electrical equipment installed under other sections to provide
terminations suitable for use with the conductors to be installed.

3. Notify Engineer of any conflicts with or deviations from the contract documents.
Obtain direction before proceeding with work.

1.02 SUBMITTALS
A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for

conductors and cables, including detailed information on materials, construction,
ratings, listings, and available sizes, configurations, and stranding.

B. Field Quality Control Test Reports.
C. Manufacturer's Installation Instructions:  Indicate application conditions and

limitations of use stipulated by product testing agency. Include instructions for
storage, handling, protection, examination, preparation, and installation of product.

D. Project Record Documents:  Record actual installed circuiting arrangements. Record
actual routing.

1.03 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.
B. Product Listing Organization Qualifications:  An organization recognized by OSHA

as a Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities
having jurisdiction.

PART 2  PRODUCTS
2.01 CONDUCTOR AND CABLE APPLICATIONS

A. Do not use conductors and cables for applications other than as permitted by NFPA
70 and product listing.

B. Provide single conductor building wire installed in suitable raceway unless otherwise
indicated, permitted, or required.

C. Nonmetallic-sheathed cable is not permitted.
D. Underground feeder and branch-circuit cable is not permitted.
E. Service entrance cable is not permitted.
F. Armored cable is not permitted.
G. Metal-clad cable is not permitted.
H. Manufactured wiring systems are permitted only as follows:

2.02 CONDUCTOR AND CABLE GENERAL REQUIREMENTS
A. Provide products that comply with requirements of NFPA 70.
B. Provide products listed, classified, and labeled as suitable for the purpose intended.
C. Provide new conductors and cables manufactured not more than one year prior to

installation.
D. Unless specifically indicated to be excluded, provide all required conduit, boxes,

wiring, connectors, etc. as required for a complete operating system.
E. Comply with NEMA WC 70.
F. Thermoplastic-Insulated Conductors and Cables:  Listed and labeled as complying

with UL 83.
G. Thermoset-Insulated Conductors and Cables:  Listed and labeled as complying with

UL 44.
H. Conductors for Grounding and Bonding:  Also comply with Section 26 0526.
I. Conductor Material:

1. Provide copper conductors only. Aluminum conductors are not acceptable for
this project. Conductor sizes indicated are based on copper.

2. Copper Conductors:  Soft drawn annealed, 98 percent conductivity, uncoated
copper conductors complying with ASTM B3, ASTM B8, or ASTM
B787/B787M unless otherwise indicated.

3. Tinned Copper Conductors:  Comply with ASTM B33.
J. Minimum Conductor Size:

1. Branch Circuits:  12 AWG.
2. Control Circuits:  16 AWG.

K. Where conductor size is not indicated, size to comply with NFPA 70 but not less
than applicable minimum size requirements specified.

L. Conductor Color Coding:
1. Color code conductors as indicated unless otherwise required by the authority

having jurisdiction. Maintain consistent color coding throughout project.
2. Color Coding Method:  Integrally colored insulation.

a. Conductors size 4 AWG and larger may have black insulation color coded
using vinyl color coding electrical tape.

3. Color Code:
a. 480Y/277 V, 3 Phase, 4 Wire System:

1) Phase A:  Brown.
2) Phase B:  Orange.
3) Phase C:  Yellow.
4) Neutral/Grounded:  Gray.

b. 208Y/120 V, 3 Phase, 4 Wire System:
1) Phase A:  Black.
2) Phase B:  Red.
3) Phase C:  Blue.
4) Neutral/Grounded:  White.

c. Equipment Ground, All Systems:  Green.
d. For modifications or additions to existing wiring systems, comply with

existing color code when existing code complies with NFPA 70 and is
approved by the authority having jurisdiction.

e. For control circuits, comply with manufacturer's recommended color code.
2.03 SINGLE CONDUCTOR BUILDING WIRE

A. Description:  Single conductor insulated wire.
B. Conductor Stranding:

1. Feeders and Branch Circuits:
a. Size 10 AWG and Smaller:  Solid.
b. Size 8 AWG and Larger:  Stranded.

2. Control Circuits:  Stranded.
C. Insulation Voltage Rating:  600 V.
D. Insulation:

1. Copper Building Wire:  Type XHHW-2.
2.04 MANUFACTURED WIRING SYSTEMS

A. Description:  Manufactured wiring assemblies complying with NFPA 70 Article 604,
and listed and labeled as complying with UL 183.

B. Provide components necessary to transition between manufactured wiring system
and other wiring methods.

C. Branch Circuit Cables:
1. Conductor Stranding (Size 10 AWG and Smaller):  Solid.
2. Insulation Voltage Rating:  600 V.
3. Insulation:  Type THHN.
4. Grounding:  Full-size integral equipment grounding conductor.
5. Armor:  Steel, interlocked tape.

D. Connectors:  Keyed and color-coded to prevent interconnection of different voltages.
E. Fixture Leads:  Type TFN insulation.

2.05 WIRING CONNECTORS
A. Description:  Wiring connectors appropriate for the application, suitable for use with

the conductors to be connected, and listed as complying with UL 486A-486B or UL
486C as applicable.

B. Connectors for Grounding and Bonding:  Comply with Section 26 0526.
C. Wiring Connectors for Splices and Taps:

1. Copper Conductors Size 8 AWG and Smaller:  Use twist-on insulated spring
connectors.

2. Copper Conductors Size 6 AWG and Larger:  Use mechanical connectors or
compression connectors.

D. Wiring Connectors for Terminations:
1. Provide terminal lugs for connecting conductors to equipment furnished with

terminations designed for terminal lugs.
2. Where over-sized conductors are larger than the equipment terminations can

accommodate, provide connectors suitable for reducing to appropriate size, but
not less than required for the rating of the overcurrent protective device.

3. Copper Conductors Size 8 AWG and Larger:  Use mechanical connectors or
compression connectors where connectors are required.

4. Stranded Conductors Size 10 AWG and Smaller:  Use crimped terminals for
connections to terminal screws.

5. Conductors for Control Circuits:  Use crimped terminals for all connections.
E. Do not use insulation-piercing or insulation-displacement connectors designed for

use with conductors without stripping insulation.
F. Do not use push-in wire connectors as a substitute for twist-on insulated spring

connectors.
G. Twist-on Insulated Spring Connectors:  Rated 600 V, 221 degrees F for standard

applications and 302 degrees F for high temperature applications; pre-filled with
sealant and listed as complying with UL 486D for damp and wet locations.

H. Mechanical Connectors:  Provide bolted type or set-screw type.
I. Compression Connectors:  Provide circumferential type or hex type crimp

configuration.
J. Crimped Terminals:  Nylon-insulated, with insulation grip and terminal

configuration suitable for connection to be made.
2.06 WIRING ACCESSORIES

A. Electrical Tape:
1. Vinyl Color Coding Electrical Tape:  Integrally colored to match color code

indicated; listed as complying with UL 510; minimum thickness of 7 mil;
resistant to abrasion, corrosion, and sunlight; suitable for continuous temperature
environment up to 221 degrees F.

2. Vinyl Insulating Electrical Tape:  Complying with ASTM D3005 and listed as
complying with UL 510; minimum thickness of 7 mil; resistant to abrasion,
corrosion, and sunlight; conformable for application down to 0 degrees F and
suitable for continuous temperature environment up to 221 degrees F.

3. Rubber Splicing Electrical Tape:  Ethylene Propylene Rubber (EPR) tape,
complying with ASTM D4388; minimum thickness of 30 mil; suitable for
continuous temperature environment up to 194 degrees F and short-term 266
degrees F overload service.

4. Electrical Filler Tape:  Rubber-based insulating moldable putty, minimum
thickness of 125 mil; suitable for continuous temperature environment up to 176
degrees F.

5. Varnished Cambric Electrical Tape:  Cotton cambric fabric tape, with or without
adhesive, oil-primed and coated with high-grade insulating varnish; minimum
thickness of 7 mil; suitable for continuous temperature environment up to 221
degrees F.

6. Moisture Sealing Electrical Tape:  Insulating mastic compound laminated to
flexible, all-weather vinyl backing; minimum thickness of 90 mil.

B. Heat Shrink Tubing:  Heavy-wall, split-resistant, with factory-applied adhesive;
rated 600 V; suitable for direct burial applications; listed as complying with UL
486D.

C. Wire Pulling Lubricant:  Listed; suitable for use with the conductors or cables to be
installed and suitable for use at the installation temperature.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that interior of building has been protected from weather.
B. Verify that work likely to damage wire and cable has been completed.
C. Verify that raceways, boxes, and equipment enclosures are installed and are properly

sized to accommodate conductors and cables in accordance with NFPA 70.
D. Verify that field measurements are as shown on the drawings.
E. Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION
A. Clean raceways thoroughly to remove foreign materials before installing conductors

and cables.
3.03 INSTALLATION

A. Circuiting Requirements:
1. Unless dimensioned, circuit routing indicated is diagrammatic.
2. When circuit destination is indicated and routing is not shown, determine exact

routing required.
3. Arrange circuiting to minimize splices.
4. Include circuit lengths required to install connected devices within 10 ft of

location shown.
5. Maintain separation of wiring for emergency systems in accordance with NFPA

70.
6. Circuiting Adjustments:  Unless otherwise indicated, when branch circuits are

shown as separate, combining them together in a single raceway is not permitted.
7. Common Neutrals:  Unless otherwise indicated, sharing of neutral/grounded

conductors among up to three single phase branch circuits of different phases
installed in the same raceway is not permitted. Provide dedicated
neutral/grounded conductor for each individual branch circuit.

B. Install products in accordance with manufacturer's instructions.
C. Perform work in accordance with NECA 1 (general workmanship).
D. Installation in Raceway:

1. Tape ends of conductors and cables to prevent infiltration of moisture and other
contaminants.

2. Pull all conductors and cables together into raceway at same time.
3. Do not damage conductors and cables or exceed manufacturer's recommended

maximum pulling tension and sidewall pressure.
4. Use suitable wire pulling lubricant where necessary, except when lubricant is not

recommended by the manufacturer.
E. Paralleled Conductors:  Install conductors of the same length and terminate in the

same manner.
F. Secure and support conductors and cables in accordance with NFPA 70 using

suitable supports and methods approved by the authority having jurisdiction. Provide
independent support from building structure. Do not provide support from raceways,
piping, ductwork, or other systems.

G. Install conductors with a minimum of 18 inches of slack at each outlet.
H. Neatly train and bundle conductors inside boxes, wireways, panelboards and other

equipment enclosures.
I. Group or otherwise identify neutral/grounded conductors with associated

ungrounded conductors inside enclosures in accordance with NFPA 70.
J. Make wiring connections using specified wiring connectors.

1. Make splices and taps only in accessible boxes. Do not pull splices into
raceways or make splices in conduit bodies or wiring gutters.

2. Remove appropriate amount of conductor insulation for making connections
without cutting, nicking or damaging conductors.

3. Do not remove conductor strands to facilitate insertion into connector.
4. Clean contact surfaces on conductors and connectors to suitable remove

corrosion, oxides, and other contaminates. Do not use wire brush on plated
connector surfaces.

5. Mechanical Connectors:  Secure connections according to manufacturer's
recommended torque settings.

6. Compression Connectors:  Secure connections using manufacturer's
recommended tools and dies.

K. Insulate splices and taps that are made with uninsulated connectors using methods
suitable for the application, with insulation and mechanical strength at least
equivalent to unspliced conductors.
1. Dry Locations:  Use insulating covers specifically designed for the connectors,

electrical tape, or heat shrink tubing.
a. For taped connections, first apply adequate amount of rubber splicing

electrical tape or electrical filler tape, followed by outer covering of vinyl
insulating electrical tape.

b. For taped connections likely to require re-entering, including motor leads, first
apply varnished cambric electrical tape, followed by adequate amount of
rubber splicing electrical tape, followed by outer covering of vinyl insulating
electrical tape.

2. Damp Locations:  Use insulating covers specifically designed for the connectors,
electrical tape, or heat shrink tubing.
a. For connections with insulating covers, apply outer covering of moisture

sealing electrical tape.
b. For taped connections, follow same procedure as for dry locations but apply

outer covering of moisture sealing electrical tape.
3. Wet Locations:  Use heat shrink tubing.

L. Insulate ends of spare conductors using vinyl insulating electrical tape.
M. Field-Applied Color Coding:  Where vinyl color coding electrical tape is used in lieu

of integrally colored insulation as permitted in Part 2 under "Color Coding", apply
half overlapping turns of tape at each termination and at each location conductors are
accessible.

N. Identify conductors and cables in accordance with Section 26 0553.
O. Install firestopping to preserve fire resistance rating of partitions and other elements.
P. Unless specifically indicated to be excluded, provide final connections to all

equipment and devices, including those furnished by others, as required for a
complete operating system.

3.04 FIELD QUALITY CONTROL
A. Inspect and test in accordance with NETA ATS, except Section 4.
B. Perform inspections and tests listed in NETA ATS, Section 7.3.2. The insulation

resistance test is required for all conductors. The resistance test for parallel
conductors listed as optional is not required.
1. Disconnect surge protective devices (SPDs) prior to performing any high

potential testing. Replace SPDs damaged by performing high potential testing
with SPDs connected.

C. Correct deficiencies and replace damaged or defective conductors and cables.
END OF SECTION 26 0519

SECTION 26 0526
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Verify exact locations of underground metal water service pipe entrances to

building.
2. Coordinate the work with other trades to provide steel reinforcement complying

with specified requirements for concrete-encased electrode.
3. Notify Engineer of any conflicts with or deviations from the contract documents.

Obtain direction before proceeding with work.
B. Sequencing:

1. Do not install ground rod electrodes until final backfill and compaction is
complete.

1.02 SUBMITTALS
A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for

grounding and bonding system components.
B. Field quality control test reports.
C. Project Record Documents:  Record actual locations of grounding electrode system

components and connections.
1.03 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.
B. Product Listing Organization Qualifications:  An organization recognized by OSHA

as a Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities
having jurisdiction.

PART 2  PRODUCTS
2.01 GROUNDING AND BONDING REQUIREMENTS

A. Do not use products for applications other than as permitted by NFPA 70 and
product listing.

B. Unless specifically indicated to be excluded, provide all required components,
conductors, connectors, conduit, boxes, fittings, supports, accessories, etc. as
necessary for a complete grounding and bonding system.

C. Where conductor size is not indicated, size to comply with NFPA 70 but not less
than applicable minimum size requirements specified.

D. Grounding System Resistance:
1. Achieve specified grounding system resistance under normally dry conditions

unless otherwise approved by Engineer. Precipitation within the previous 48
hours does not constitute normally dry conditions.

2. Grounding Electrode System:  Not greater than 5 ohms to ground, when tested
according to IEEE 81 using "fall-of-potential" method.

3. Between Grounding Electrode System and Major Electrical Equipment Frames,
System Neutral, and Derived Neutral Points:  Not greater than 0.5 ohms, when
tested using "point-to-point" methods.

E. Grounding Electrode System:
1. Provide connection to required and supplemental grounding electrodes indicated

to form grounding electrode system.
a. Provide continuous grounding electrode conductors without splice or joint.
b. Install grounding electrode conductors in raceway where exposed to physical

damage. Bond grounding electrode conductor to metallic raceways at each
end with bonding jumper.

2. Metal Underground Water Pipe(s):
a. Provide connection to underground metal domestic and fire protection (where

present) water service pipe(s) that are in direct contact with earth for at least
10 feet at an accessible location not more than 5 feet from the point of
entrance to the building.

b. Provide bonding jumper(s) around insulating joints/pipes as required to make
pipe electrically continuous.

c. Provide bonding jumper around water meter of sufficient length to permit
removal of meter without disconnecting jumper.

3. Metal In-Ground Support Structure:
a. Provide connection to metal in-ground support structure that is in direct

contact with earth in accordance with NFPA 70.
4. Concrete-Encased Electrode:

a. Provide connection to concrete-encased electrode consisting of not less than
20 feet of either steel reinforcing bars or bare copper conductor not smaller
than 4 AWG embedded within concrete foundation or footing that is in direct
contact with earth in accordance with NFPA 70.

5. Ground Rod Electrode(s):
a. Provide three electrodes in an equilateral triangle configuration unless

otherwise indicated or required.
b. Space electrodes not less than 10 feet from each other and any other ground

electrode.
c. Where location is not indicated, locate electrode(s) at least 5 feet outside

building perimeter foundation as near as possible to electrical service
entrance; where possible, locate in softscape (uncovered) area.

6. Provide additional ground electrode(s) as required to achieve specified
grounding electrode system resistance.

7. Ground Bar:  Provide ground bar, separate from service equipment enclosure,
for common connection point of grounding electrode system bonding jumpers as
permitted in NFPA 70. Connect grounding electrode conductor provided for
service-supplied system grounding to this ground bar.
a. Ground Bar Size:  1/4 by 2 by 12 inches unless otherwise indicated or

required.
b. Where ground bar location is not indicated, locate in accessible location as

near as possible to service disconnect enclosure.
c. Ground Bar Mounting Height:  18 inches above finished floor unless

otherwise indicated.
F. Service-Supplied System Grounding:

1. For each service disconnect, provide grounding electrode conductor to connect
neutral (grounded) service conductor to grounding electrode system. Unless
otherwise indicated, make connection at neutral (grounded) bus in service
disconnect enclosure.

2. For each service disconnect, provide main bonding jumper to connect neutral
(grounded) bus to equipment ground bus where not factory-installed. Do not
make any other connections between neutral (grounded) conductors and ground
on load side of service disconnect.

G. Grounding for Separate Building or Structure Supplied by Feeder(s) or Branch
Circuits:
1. Provide grounding electrode system for each separate building or structure.
2. Provide equipment grounding conductor routed with supply conductors.
3. For each disconnecting means, provide grounding electrode conductor to

connect equipment ground bus to grounding electrode system.
4. Do not make any connections and remove any factory-installed jumpers between

neutral (grounded) conductors and ground.
H. Separately Derived System Grounding:

1. Separately derived systems include, but are not limited to:
a. Transformers (except autotransformers such as buck-boost transformers).
b. Generators, when neutral is switched in the transfer switch.

2. Provide grounding electrode conductor to connect derived system grounded
conductor to nearest effectively grounded metal building frame. Unless
otherwise indicated, make connection at neutral (grounded) bus in source
enclosure.

3. Provide bonding jumper to connect derived system grounded conductor to
nearest metal building frame and nearest metal water piping in the area served
by the derived system, where not already used as a grounding electrode for the
derived system. Make connection at same location as grounding electrode
conductor connection.

4. Outdoor Source:  Where the source of the separately derived system is located
outside the building or structure supplied, provide connection to grounding
electrode at source in accordance with NFPA 70.

5. Provide system bonding jumper to connect system grounded conductor to
equipment ground bus. Make connection at same location as grounding electrode
conductor connection. Do not make any other connections between neutral
(grounded) conductors and ground on load side of separately derived system
disconnect.

6. Where the source and first disconnecting means are in separate enclosures,
provide supply-side bonding jumper between source and first disconnecting
means.

I. Bonding and Equipment Grounding:
1. Provide bonding for equipment grounding conductors, equipment ground busses,

metallic equipment enclosures, metallic raceways and boxes, device grounding
terminals, and other normally non-current-carrying conductive materials
enclosing electrical conductors/equipment or likely to become energized as
indicated and in accordance with NFPA 70.

2. Provide insulated equipment grounding conductor in each feeder and branch
circuit raceway. Do not use raceways as sole equipment grounding conductor.

3. Where circuit conductor sizes are increased for voltage drop, increase size of
equipment grounding conductor proportionally in accordance with NFPA 70.

4. Unless otherwise indicated, connect wiring device grounding terminal to branch
circuit equipment grounding conductor and to outlet box with bonding jumper.

5. Terminate branch circuit equipment grounding conductors on solidly bonded
equipment ground bus only. Do not terminate on neutral (grounded) or
isolated/insulated ground bus.

6. Provide bonding jumper across expansion or expansion/deflection fittings
provided to accommodate conduit movement.

7. Provide bonding for interior metal piping systems in accordance with NFPA 70.
This includes, but is not limited to:
a. Metal water piping where not already effectively bonded to metal

underground water pipe used as grounding electrode.
b. Metal process piping.

8. Provide bonding for interior metal air ducts.
9. Provide bonding for metal building frame.
10. Provide bonding for metal siding not effectively bonded through

attachment to metal building frame.
J. Pole-Mounted Luminaires:  Also comply with Section 26 5600.

2.02 GROUNDING AND BONDING COMPONENTS
A. General Requirements:

1. Provide products listed, classified, and labeled as suitable for the purpose
intended.

2. Provide products listed and labeled as complying with UL 467 where applicable.
B. Conductors for Grounding and Bonding, in Addition to Requirements of Section 26

0526:
1. Use insulated copper conductors unless otherwise indicated.

a. Exceptions:
1) Use bare copper conductors where installed underground in direct contact

with earth.
2) Use bare copper conductors where directly encased in concrete (not in

raceway).
C. Connectors for Grounding and Bonding:

1. Description:  Connectors appropriate for the application and suitable for the
conductors and items to be connected; listed and labeled as complying with UL
467.

2. Unless otherwise indicated, use exothermic welded connections for
underground, concealed and other inaccessible connections.

3. Unless otherwise indicated, use mechanical connectors, compression connectors,
or exothermic welded connections for accessible connections.
a. Exceptions:

1) Use exothermic welded connections for connections to metal building
frame.

D. Ground Bars:
1. Description:  Copper rectangular ground bars with mounting brackets and

insulators.
2. Size:  As indicated.
3. Holes for Connections:  As indicated or as required for connections to be made.

E. Ground Rod Electrodes:
1. Comply with NEMA GR 1.
2. Material:  Copper-bonded (copper-clad) steel.
3. Size:  3/4 inch diameter by 10 feet length, unless otherwise indicated.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that work likely to damage grounding and bonding system components has
been completed.

B. Verify that field measurements are as shown on the drawings.
C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Perform work in accordance with NECA 1 (general workmanship).
C. Ground Rod Electrodes:  Unless otherwise indicated, install ground rod electrodes

vertically. Where encountered rock prohibits vertical installation, install at 45 degree
angle or bury horizontally in trench at least 30 inches (750 mm) deep in accordance
with NFPA 70 or provide ground plates.
1. Outdoor Installations:  Unless otherwise indicated, install with top of rod 12

inches below finished grade.
D. Make grounding and bonding connections using specified connectors.

1. Remove appropriate amount of conductor insulation for making connections
without cutting, nicking or damaging conductors. Do not remove conductor
strands to facilitate insertion into connector.

2. Remove nonconductive paint, enamel, or similar coating at threads, contact
points, and contact surfaces.

3. Exothermic Welds:  Make connections using molds and weld material suitable
for the items to be connected in accordance with manufacturer's
recommendations.

4. Mechanical Connectors:  Secure connections according to manufacturer's
recommended torque settings.

5. Compression Connectors:  Secure connections using manufacturer's
recommended tools and dies.

E. Identify grounding and bonding system components in accordance with Section 26
0553.

3.03 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect and test in accordance with NETA ATS except Section 4.
C. Perform inspections and tests listed in NETA ATS, Section 7.13.
D. Perform ground electrode resistance tests under normally dry conditions.

Precipitation within the previous 48 hours does not constitute normally dry
conditions.

E. Investigate and correct deficiencies where measured ground resistances do not
comply with specified requirements.

F. Submit detailed reports indicating inspection and testing results and corrective
actions taken.

END OF SECTION 26 0526

SECTION 26 0529
HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate sizes and arrangement of supports and bases with the actual

equipment and components to be installed.
2. Coordinate the work with other trades to provide additional framing and

materials required for installation.
3. Coordinate compatibility of support and attachment components with mounting

surfaces at the installed locations.
4. Coordinate the arrangement of supports with ductwork, piping, equipment and

other potential conflicts installed under other sections or by others.
5. Notify Engineer of any conflicts with or deviations from the contract documents.

Obtain direction before proceeding with work.
1.02 SUBMITTALS

A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for
metal channel (strut) framing systems.

B. Shop Drawings:  Include details for fabricated hangers and supports where materials
or methods other than those indicated are proposed for substitution.

C. Manufacturer's Instructions:  Indicate application conditions and limitations of use
stipulated by product testing agency.  Include instructions for storage, handling,
protection, examination, preparation, and installation of product.

1.03 QUALITY ASSURANCE
A. Comply with NFPA 70.
B. Comply with applicable building code.

1.04 DELIVERY, STORAGE, AND HANDLING
A. Receive, inspect, handle, and store products in accordance with manufacturer's

instructions.
PART 2  PRODUCTS
2.01 SUPPORT AND ATTACHMENT COMPONENTS

A. General Requirements:
1. Provide all required hangers, supports, anchors, fasteners, fittings, accessories,

and hardware as necessary for the complete installation of electrical work.
2. Provide products listed, classified, and labeled as suitable for the purpose

intended, where applicable.
3. Where support and attachment component types and sizes are not indicated,

select in accordance with manufacturer's application criteria as required for the
load to be supported with a minimum safety factor of 4. Include consideration
for vibration, equipment operation, and shock loads where applicable.

4. Do not use products for applications other than as permitted by NFPA 70 and
product listing.

5. Do not use wire, chain, perforated pipe strap, or wood for permanent supports
unless specifically indicated or permitted.

6. Steel Components:  Use corrosion resistant materials suitable for the
environment where installed.
a. Indoor Dry Locations:  Use zinc-plated steel unless otherwise indicated.
b. Outdoor and Damp or Wet Indoor Locations:  Use fiberglass, stainless steel or

approved equivalent unless otherwise indicated.  All treatment areas shall be
considered wet locations.

c. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633.
d. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with

ASTM A123/A123M or ASTM A153/A153M.
B. Conduit and Cable Supports:  Straps, clamps, etc. suitable for the conduit or cable to

be supported.
1. Conduit Straps:  One-hole or two-hole type; steel or malleable iron for indoor

dry locations.  Stainless steel for outdoor, damp or wet locations.  This includes
all treament buildings and structures.

2. Conduit Clamps:  Bolted type unless otherwise indicated.
C. Outlet Box Supports:  Hangers, brackets, etc. suitable for the boxes to be supported.
D. Metal Channel (Strut) Framing Systems:  Factory-fabricated continuous-slot metal

channel (strut) and associated fittings, accessories, and hardware required for
field-assembly of supports.
1. Comply with MFMA-4.
2. Channel (Strut) Used as Raceway (only where specifically indicated):  Listed

and labeled as complying with UL 5B.
3. Channel Material:

a. Indoor Dry Locations:  Use galvanized steel.
b. Glass Reinforced Polyurethane
c. Outdoor and Damp or Wet Indoor Locations:  Use fiberglass or stainless steel.

All fittings and hardware for stainless steel channel shall be stainless steel.
All fitting and hardware for fiberglass channel shall be Glass Reinforced
Polyurethane, except that components that must be metal (springs) shall be
stainless steel.

4. Minimum Channel Thickness:  Steel sheet, 12 gage, 0.1046 inch.
5. Minimum Channel Dimensions:  1-5/8 inch width by 13/16 inch height.

E. Hanger Rods:
1. Rod Material:

a. Indoor Dry Locations:  Threaded zinc-plated steel unless otherwise indicated.
b. Outdoor and Damp or Wet Indoor Locations:  Use fiberglass or stainless steel.

All fittings and hardware for stainless steel channel shall be stainless steel.
All fitting and hardware for fiberglass channel shall be Glass Reinforced
Polyurethane, except that components that must be metal (springs) shall be
stainless steel.

2. Minimum Size, Unless Otherwise Indicated or Required:
a. Equipment Supports:  1/2 inch diameter.
b. Busway Supports:  1/2 inch diameter.
c. Single Conduit up to 1 inch (27 mm) trade size:  1/4 inch diameter.
d. Single Conduit larger than 1 inch (27 mm) trade size:  3/8 inch diameter.
e. Trapeze Support for Multiple Conduits:  3/8 inch diameter.
f. Outlet Boxes:  1/4 inch diameter.
g. Luminaires:  1/4 inch diameter.
h. Non-Penetrating Rooftop Supports for Low-Slope Roofs:  Steel pedestals with

thermoplastic or rubber bases that rest on top of roofing membrane, not
requiring any attachment to the roof structure and not penetrating the roofing
assembly, with support fixtures as specified.
1) Base Sizes:  As required to distribute load sufficiently to prevent

indentation of roofing assembly.
2) Attachment/Support Fixtures:  As recommended by manufacturer, same

type as indicated for equivalent indoor hangers and supports.
3) Mounting Height:  Provide minimum clearance of 6 inches under

supported component to top of roofing.

i. Anchors and Fasteners:
1) Unless otherwise indicated and where not otherwise restricted, use the

anchor and fastener types indicated for the specified applications.
2) Concrete:  Use preset concrete inserts, expansion anchors, or screw

anchors.
3) Solid or Grout-Filled Masonry:  Use expansion anchors or screw anchors.
4) Hollow Masonry:  Use toggle bolts.
5) Hollow Stud Walls:  Use toggle bolts.
6) Steel:  Use beam clamps.
7) Sheet Metal:  Use sheet metal screws.
8) Wood:  Use wood screws.
9) Plastic and lead anchors are not permitted.
10) Powder-actuated fasteners are not permitted.
11) Hammer-driven anchors and fasteners are not permitted.
12) Preset Concrete Inserts:  Continuous metal channel (strut) and spot inserts

specifically designed to be cast in concrete ceilings, walls, and floors.
(a) Comply with MFMA-4.
(b) Channel Material:  Use galvanized steel.
(c) Manufacturer:  Same as manufacturer of metal channel (strut) framing

system.
13) Post-Installed Concrete and Masonry Anchors:  Evaluated and recognized

by ICC Evaluation Service, LLC (ICC-ES) for compliance with applicable
building code.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as shown on the drawings.
B. Verify that mounting surfaces are ready to receive support and attachment

components.
C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Perform work in accordance with NECA 1 (general workmanship).
C. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC

(ICC-ES) evaluation report conditions of use where applicable.
D. Provide independent support from building structure. Do not provide support from

piping, ductwork, or other systems.
E. Unless specifically indicated or approved by Engineer, do not provide support from

suspended ceiling support system or ceiling grid.
F. Unless specifically indicated or approved by Engineer, do not provide support from

roof deck.
G. Do not penetrate or otherwise notch or cut structural members without approval of

Engineer.
H. Equipment Support and Attachment:

1. Use metal fabricated supports or supports assembled from metal channel (strut)
to support equipment as required.

2. Use metal channel (strut) secured to studs to support equipment surface-mounted
on hollow stud walls when wall strength is not sufficient to resist pull-out.

3. Use metal channel (strut) to support surface-mounted equipment in wet or damp
locations to provide space between equipment and mounting surface.

4. Unless otherwise indicated, mount floor-mounted equipment on properly sized 3
inch high concrete pad constructed in accordance with Section 03 3000.

5. Securely fasten floor-mounted equipment. Do not install equipment such that it
relies on its own weight for support.

I. Conduit Support and Attachment:  Also comply with Section 26 0534.
J. Box Support and Attachment:  Also comply with Section 26 0537.
K. Interior Luminaire Support and Attachment:  Also comply with Section 26 5100.
L. Exterior Luminaire Support and Attachment:  Also comply with Section 26 5600.
M. Preset Concrete Inserts:  Use manufacturer provided closure strips to inhibit concrete

seepage during concrete pour.
N. Secure fasteners according to manufacturer's recommended torque settings.
O. Remove temporary supports.
P. Identify independent electrical component support wires above accessible ceilings

(only where specifically indicated or permitted) with color distinguishable from
ceiling support wires in accordance with NFPA 70.

3.03 FIELD QUALITY CONTROL
A. Inspect support and attachment components for damage and defects.
B. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended

by manufacturer. Replace components that exhibit signs of corrosion.
C. Correct deficiencies and replace damaged or defective support and attachment

components.
END OF SECTION 26 0529

SECTION 26 0534
CONDUIT

PART 1  GENERAL
1.01 REFERENCE STANDARDS

A. ANSI C80.1 - American National Standard for Electrical Rigid Steel Conduit
(ERSC); 2005.

B. ANSI C80.3 - American National Standard for Steel Electrical Metallic Tubing
(EMT); 2005.

C. ANSI C80.6 - American National Standard for Electrical Intermediate Metal Conduit
(EIMC); 2005.

D. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
E. NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT); 2013.
F. NECA 111 - Standard for Installing Nonmetallic Raceways (RNC, ENT, LFNC);

2003.
G. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit,

Electrical Metallic Tubing, and Cable; 2012.
H. NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Conduit; 2013.
I. NEMA TC 3 - Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit

and Tubing; 2015.
J. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority

Having Jurisdiction, Including All Applicable Amendments and Supplements.
K. UL 1 - Flexible Metal Conduit; Current Edition, Including All Revisions.
L. UL 6 - Electrical Rigid Metal Conduit-Steel; Current Edition, Including All

Revisions.
M. UL 360 - Liquid-Tight Flexible Steel Conduit; Current Edition, Including All

Revisions.
N. UL 514B - Conduit, Tubing, and Cable Fittings; Current Edition, Including All

Revisions.
O. UL 651 - Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings; Current

Edition, Including All Revisions.
P. UL 797 - Electrical Metallic Tubing-Steel; Current Edition, Including All Revisions.
Q. UL 1242 - Electrical Intermediate Metal Conduit-Steel; Current Edition, Including

All Revisions.



www.balzer.cc

New River Valley
Richmond
Roanoke

Shenandoah Valley

Balzer and Associates, Inc.

448 Peppers Ferry Road

Chirstiansburg, VA 24073

540-381-4290

FAX 540-381-4291

William R Jennings, Jr.
Consulting Engineering, PC

316 Brook Park Place, Suite A3
Forest, VA 24551
Phone:   (434) 525-7099
Fax:       (757) 282-2636

Email:     bjennings@jenningspe.com

EX
PL

O
R

E 
PA

R
K

 L
IF

T 
ST

A
TI

O
N

EX
PL

O
R

E 
PA

R
K

VI
N

TO
N

 D
IS

TR
IC

T
R

O
AN

O
KE

 C
O

U
N

TY
, V

IR
G

IN
IA

E2.2

SP
EC

IF
IC

A
TI

O
N

S

1.02 ADMINISTRATIVE REQUIREMENTS
A. Coordination:

1. Coordinate minimum sizes of conduits with the actual conductors to be installed,
including adjustments for conductor sizes increased for voltage drop.

2. Coordinate the arrangement of conduits with structural members, ductwork,
piping, equipment and other potential conflicts installed under other sections or
by others.

3. Verify exact conduit termination locations required for boxes, enclosures, and
equipment installed under other sections or by others.

4. Coordinate the work with other trades to provide roof penetrations that preserve
the integrity of the roofing system and do not void the roof warranty.

5. Notify Engineer of any conflicts with or deviations from the contract documents.
Obtain direction before proceeding with work.

B. Sequencing:
1. Do not begin installation of conductors and cables until installation of conduit is

complete between outlet, junction and splicing points.
1.03 SUBMITTALS

A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for
conduits and fittings.

B. Shop Drawings:
1. Include proposed locations of roof penetrations and proposed methods for

sealing.
C. Project Record Documents:  Record actual routing for conduits installed

underground and conduits 2 inch (53 mm) trade size and larger.
1.04 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.
B. Product Listing Organization Qualifications:  An organization recognized by OSHA

as a Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities
having jurisdiction.

1.05 DELIVERY, STORAGE, AND HANDLING
A. Receive, inspect, handle, and store conduit and fittings in accordance with

manufacturer's instructions.
PART 2  PRODUCTS
2.01 CONDUIT APPLICATIONS

A. Do not use conduit and associated fittings for applications other than as permitted by
NFPA 70 and product listing.

B. Unless otherwise indicated and where not otherwise restricted, use the conduit types
indicated for the specified applications. Where more than one listed application
applies, comply with the most restrictive requirements. Where conduit type for a
particular application is not specified, use galvanized steel rigid metal conduit.

C. Underground:
1. Under Slab on Grade:  Use galvanized steel rigid metal conduit, intermediate

metal conduit (IMC), or rigid PVC conduit.
2. Exterior, Direct-Buried:  Use galvanized steel rigid metal conduit.
3. Where rigid polyvinyl (PVC) conduit is provided, transition to galvanized steel

rigid metal conduit where emerging from underground.
D. Embedded Within Concrete:

1. Within Slab on Grade:  Not permitted.
2. Within Slab Above Ground:  Not permitted.
3. Within Concrete Walls Above Ground:  Use galvanized steel rigid metal conduit.

E. Concealed Within Masonry Walls:  Use galvanized steel rigid metal conduit or
intermediate metal conduit (IMC).

F. Concealed Within Hollow Stud Walls:  Use galvanized steel rigid metal conduit,
intermediate metal conduit (IMC), or electrical metallic tubing (EMT).

G. Concealed Above Accessible Ceilings:  Use galvanized steel rigid metal conduit,
intermediate metal conduit (IMC), or electrical metallic tubing (EMT).

H. Interior, Damp or Wet Locations:  Use galvanized steel rigid metal conduit or
intermediate metal conduit (IMC).

I. Exposed, Interior, Not Subject to Physical Damage:  Use galvanized steel rigid metal
conduit or intermediate metal conduit (IMC).

J. Exposed, Interior, Subject to Physical Damage:  Use galvanized steel rigid metal
conduit or intermediate metal conduit (IMC).
1. Locations subject to physical damage include, but are not limited to:

a. Where exposed below 8 feet.
K. Exposed, Exterior:  Use galvanized steel rigid metal conduit or intermediate metal

conduit (IMC).
L. Concealed, Exterior, Not Embedded in Concrete or in Contact With Earth:  Use

galvanized steel rigid metal conduit.
M. Connections to Luminaires Above Accessible Ceilings:  Use flexible metal conduit.

1. Maximum Length:  6 feet.
N. Connections to Vibrating Equipment:

1. Dry Locations:  Use flexible metal conduit or liquidtight flexible metal conduit.
2. Damp, Wet, or Corrosive Locations:  Use liquidtight flexible metal conduit.
3. Maximum Length:  3 feet unless otherwise indicated.
4. Vibrating equipment includes, but is not limited to:

a. Transformers.
b. Motors.

O. Connections to Process Instrumentation or Control Equipment:.
1. Dry Locations:  Use liquidtight flexible metal conduit.
2. Damp, Wet, or Corrosive Locations:  Use liquidtight flexible metal conduit.
3. Minimum Length:  18 inches unless otherwise indicated.
4. Maximum Length:  3 feet unless otherwise indicated.

2.02 CONDUIT REQUIREMENTS
A. Fittings for Grounding and Bonding:  Also comply with Section 26 0526.
B. Provide all conduit, fittings, supports, and accessories required for a complete

raceway system.
C. Provide products listed, classified, and labeled as suitable for the purpose intended.
D. Minimum Conduit Size, Unless Otherwise Indicated:

1. Branch Circuits:  3/4 inch (21 mm) trade size.
2. Branch Circuit Homeruns:  3/4 inch (21 mm) trade size.
3. Control Circuits:  3/4 inch (21 mm) trade size.
4. Flexible Connections to Luminaires:  1/2 inch (16 mm) trade size.
5. Underground, Exterior:  1 inch (27 mm) trade size.

E. Where conduit size is not indicated, size to comply with NFPA 70 but not less than
applicable minimum size requirements specified.

2.03 GALVANIZED STEEL RIGID METAL CONDUIT (RMC)
A. Description:  NFPA 70, Type RMC galvanized steel rigid metal conduit complying

with ANSI C80.1 and listed and labeled as complying with UL 6.
B. Fittings:

1. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed
and labeled as complying with UL 514B.

2. Material:  Use steel or malleable iron.
a. Do not use die cast zinc fittings.

3. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw
and compression (gland) type fittings are not permitted.

2.04 INTERMEDIATE METAL CONDUIT (IMC)
A. Description:  NFPA 70, Type IMC galvanized steel intermediate metal conduit

complying with ANSI C80.6 and listed and labeled as complying with UL 1242.
B. Fittings:

1. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed
and labeled as complying with UL 514B.

2. Material:  Use steel or malleable iron.
a. Do not use die cast zinc fittings.

3. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw
and compression (gland) type fittings are not permitted.

2.05 FLEXIBLE METAL CONDUIT (FMC)
A. Description:  NFPA 70, Type FMC standard wall steel flexible metal conduit listed

and labeled as complying with UL 1, and listed for use in classified firestop systems
to be used.

B. Fittings:
1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as

complying with UL 514B.
2. Material:  Use steel or malleable iron.

2.06 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC)
A. Description:  NFPA 70, Type LFMC polyvinyl chloride (PVC) jacketed steel

flexible metal conduit listed and labeled as complying with UL 360.
B. Fittings:

1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as
complying with UL 514B.

2. Material:  Use Stainless Steel.
2.07 ELECTRICAL METALLIC TUBING (EMT)

A. Description:  NFPA 70, Type EMT steel electrical metallic tubing complying with
ANSI C80.3 and listed and labeled as complying with UL 797.

B. Fittings:
1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as

complying with UL 514B.
2. Material:  Use steel or malleable iron.
3. Connectors and Couplings:  Use compression (gland) or set-screw type.

a. Do not use indenter type connectors and couplings.
2.08 RIGID POLYVINYL CHLORIDE (PVC) CONDUIT

A. Description:  NFPA 70, Type PVC rigid polyvinyl chloride conduit complying with
NEMA TC 2 and listed and labeled as complying with UL 651; Schedule 40 unless
otherwise indicated, Schedule 80 where subject to physical damage; rated for use
with conductors rated 90 degrees C.

B. Fittings:
1. Manufacturer:  Same as manufacturer of conduit to be connected.
2. Description:  Fittings complying with NEMA TC 3 and listed and labeled as

complying with UL 651; material to match conduit.
2.09 ACCESSORIES

A. Conduit Joint Compound:  Corrosion-resistant, electrically conductive; suitable for
use with the conduit to be installed.

B. Solvent Cement for PVC Conduit and Fittings:  As recommended by manufacturer
of conduit and fittings to be installed.

C. Pull Strings: Use nylon cord with average breaking strength of not less than 200
pound-force.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as shown on drawings.
B. Verify that mounting surfaces are ready to receive conduits.
C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Perform work in accordance with NECA 1 (general workmanship).
C. Install galvanized steel rigid metal conduit (RMC) in accordance with NECA 101.
D. Install intermediate metal conduit (IMC) in accordance with NECA 101.
E. Install rigid polyvinyl chloride (PVC) conduit in accordance with NECA 111.
F. Conduit Routing:

1. Unless dimensioned, conduit routing indicated is diagrammatic.
2. When conduit destination is indicated and routing is not shown, determine exact

routing required.
3. Conceal all conduits unless specifically indicated to be exposed.
4. Conduits in the following areas may be exposed, unless otherwise indicated:

a. Electrical rooms.
b. Mechanical equipment rooms.
c. Within joists in areas with no ceiling.
d. Process areas.

5. Unless otherwise approved, do not route conduits exposed:
a. Across floors.
b. Across roofs.
c. Across top of parapet walls.
d. Across building exterior surfaces.

6. Conduits installed underground or embedded in concrete may be routed in the
shortest possible manner unless otherwise indicated. Route all other conduits
parallel or perpendicular to building structure and surfaces, following surface
contours where practical.

7. Arrange conduit to maintain adequate headroom, clearances, and access.
8. Arrange conduit to provide no more than the equivalent of three 90 degree bends

between pull points.
9. Arrange conduit to provide no more than 150 feet between pull points.
10. Route conduits above water and drain piping where possible.
11. Arrange conduit to prevent moisture traps. Provide drain fittings at low

points and at sealing fittings where moisture may collect.
12. Maintain minimum clearance of 6 inches between conduits and piping for

other systems.
13. Maintain minimum clearance of 12 inches between conduits and hot

surfaces. This includes, but is not limited to:
a. Heaters.
b. Hot water piping.
c. Flues.

G. Conduit Support:
1. Secure and support conduits in accordance with NFPA 70 and Section 26 0529

using suitable supports and methods approved by the authority having
jurisdiction.

2. Provide independent support from building structure. Do not provide support
from piping, ductwork, or other systems.

3. Installation Above Suspended Ceilings:  Do not provide support from ceiling
support system. Do not provide support from ceiling grid or allow conduits to
lay on ceiling tiles.

4. Use conduit strap to support single surface-mounted conduit.
a. Use clamp back spacer with conduit strap for damp and wet locations to

provide space between conduit and mounting surface.
5. Use metal channel (strut) with accessory conduit clamps to support multiple

parallel surface-mounted conduits.
6. Use conduit clamp to support single conduit from beam clamp or threaded rod.
7. Use trapeze hangers assembled from threaded rods and metal channel (strut)

with accessory conduit clamps to support multiple parallel suspended conduits.
8. Use of spring steel conduit clips for support of conduits is not permitted.
9. Use of wire for support of conduits is not permitted.
10. Where conduit support intervals specified in NFPA 70 and NECA

standards differ, comply with the most stringent requirements.
H. Connections and Terminations:

1. Use approved zinc-rich paint or conduit joint compound on field-cut threads of
galvanized steel conduits prior to making connections.

2. Where two threaded conduits must be joined and neither can be rotated, use
three-piece couplings or split couplings. Do not use running threads.

3. Use suitable adapters where required to transition from one type of conduit to
another.

4. Provide drip loops for liquidtight flexible conduit connections to prevent
drainage of liquid into connectors.

5. Terminate threaded conduits in boxes and enclosures using threaded hubs or
double lock nuts for dry locations and raintight hubs for wet locations.

6. Provide insulating bushings or insulated throats at all conduit terminations to
protect conductors.

7. Secure joints and connections to provide maximum mechanical strength and
electrical continuity.

I. Penetrations:
1. Do not penetrate or otherwise notch or cut structural members, including

footings and grade beams, without approval of Structural Engineer.
2. Make penetrations perpendicular to surfaces unless otherwise indicated.
3. Provide sleeves for penetrations as indicated or as required to facilitate

installation. Set sleeves flush with exposed surfaces unless otherwise indicated
or required.

4. Conceal bends for conduit risers emerging above ground.
5. Seal interior of conduits entering the building from underground at first

accessible point to prevent entry of moisture and gases.
6. Where conduits penetrate waterproof membrane, seal as required to maintain

integrity of membrane.
7. Make penetrations for roof-mounted equipment within associated equipment

openings and curbs where possible to minimize roofing system penetrations.
Where penetrations are necessary, seal as indicated or as required to preserve
integrity of roofing system and maintain roof warranty. Include proposed
locations of penetrations and methods for sealing with submittals.

8. Install firestopping to preserve fire resistance rating of partitions and other
elements, using materials and methods specified in Section 07 8400.

J. Underground Installation:
1. Minimum Cover, Unless Otherwise Indicated or Required:

a. Underground, Exterior:  36 inches.
b. Under Slab on Grade:  12 inches to bottom of slab.

2. Provide underground warning tape in accordance with Section 26 0553 along
entire conduit length for service entrance where not concrete-encased.

K. Embedment Within Structural Concrete Slabs No Permitted:
L. Concrete Encasement:  Where conduits not otherwise embedded within concrete are

indicated to be concrete-encased, provide concrete with minimum concrete cover of
3 inches on all sides unless otherwise indicated.

M. Conduit Movement Provisions:  Where conduits are subject to movement, provide
expansion and expansion/deflection fittings to prevent damage to enclosed
conductors or connected equipment. This includes, but is not limited to:
1. Where conduits cross structural joints intended for expansion, contraction, or

deflection.
2. Where conduits are subject to earth movement by settlement or frost.

N. Condensation Prevention:  Where conduits cross barriers between areas of potential
substantial temperature differential, provide sealing fitting or approved sealing
compound at an accessible point near the penetration to prevent condensation. This
includes, but is not limited to:
1. Where conduits pass from outdoors into conditioned interior spaces.
2. Where conduits pass from unconditioned interior spaces into conditioned interior

spaces.
O. Provide grounding and bonding in accordance with Section 26 0526.

3.03 FIELD QUALITY CONTROL
A. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended

by manufacturer. Replace components that exhibit signs of corrosion.
B. Correct deficiencies and replace damaged or defective conduits.

3.04 CLEANING
A. Clean interior of conduits to remove moisture and foreign matter.

3.05 PROTECTION
A. Immediately after installation of conduit, use suitable manufactured plugs to provide

protection from entry of moisture and foreign material and do not remove until ready
for installation of conductors.

END OF SECTION 26 0534

SECTION 26 0537
BOXES

PART 1  GENERAL
1.01 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work with other trades to avoid placement of ductwork, piping,

equipment, or other potential obstructions within the dedicated equipment spaces
and working clearances for electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and
clearance requirements of the actual equipment to be installed.

3. Coordinate minimum sizes of boxes with the actual installed arrangement of
conductors, clamps, support fittings, and devices, calculated according to NFPA
70.

4. Coordinate minimum sizes of pull boxes with the actual installed arrangement of
connected conduits, calculated according to NFPA 70.

5. Coordinate the placement of boxes with millwork, furniture, devices, equipment,
etc. installed under other sections or by others.

6. Coordinate the work with other trades to preserve insulation integrity.
7. Coordinate the work with other trades to provide walls suitable for installation

of flush-mounted boxes where indicated.
8. Notify Engineer of any conflicts with or deviations from the contract documents.

Obtain direction before proceeding with work.
1.02 SUBMITTALS

A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for
cabinets and enclosures, boxes for hazardous (classified) locations, floor boxes, and
underground boxes/enclosures.

B. Project Record Documents:  Record actual locations for outlet and device boxes, pull
boxes, cabinets and enclosures, floor boxes, and underground boxes/enclosures.

C. Maintenance Materials:   Furnish the following for Owner's use in maintenance of
project.
1. See Section 01 6000 - Product Requirements, for additional provisions.
2. Keys for Lockable Enclosures:  Two of each different key.

1.03 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.
B. Product Listing Organization Qualifications:  An organization recognized by OSHA

as a Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities
having jurisdiction.

PART 2  PRODUCTS
2.01 BOXES

A. General Requirements:
1. Do not use boxes and associated accessories for applications other than as

permitted by NFPA 70 and product listing.
2. Provide all boxes, fittings, supports, and accessories required for a complete

raceway system and to accommodate devices and equipment to be installed.
3. Provide products listed, classified, and labeled as suitable for the purpose

intended.
4. Where box size is not indicated, size to comply with NFPA 70 but not less than

applicable minimum size requirements specified.
5. Provide grounding terminals within boxes where equipment grounding

conductors terminate.
B. Outlet and Device Boxes Up to 100 cubic inches, Including Those Used as Junction

and Pull Boxes:
1. Use sheet-steel boxes for dry locations unless otherwise indicated or required.
2. Use cast iron boxes for damp or wet locations unless otherwise indicated or

required; furnish with compatible weatherproof gasketed covers.
3. Use cast iron boxes where exposed galvanized steel rigid metal conduit is used.

Cast boxes shall be NEMA 4X where utilized with PVC coated Rigid Steel
Conduit.

4. Use suitable concrete type boxes where flush-mounted in concrete.
5. Use suitable masonry type boxes where flush-mounted in masonry walls.
6. Use raised covers suitable for the type of wall construction and device

configuration where required.
7. Use shallow boxes where required by the type of wall construction.
8. Do not use "through-wall" boxes designed for access from both sides of wall.

9. Sheet-Steel Boxes:  Comply with NEMA OS 1, and list and label as complying
with UL 514A.

10. Cast Metal Boxes:  Comply with NEMA FB 1, and list and label as
complying with UL 514A; furnish with threaded hubs.

11. Boxes for Supporting Luminaires and Ceiling Fans:  Listed as suitable for
the type and weight of load to be supported; furnished with fixture stud to
accommodate mounting of luminaire where required.

12. Boxes for Ganged Devices:  Use multigang boxes of single-piece
construction. Do not use field-connected gangable boxes.

13. Minimum Box Size, Unless Otherwise Indicated:
a. Wiring Devices:  4 inch square by 1-1/2 inch deep (100 by 38 mm) trade size.

14. Wall Plates:  Comply with Section 26 2726.
C. Cabinets and Enclosures, Including Junction and Pull Boxes Larger Than 100 cubic

inches:
1. Comply with NEMA 250, and list and label as complying with UL 50 and UL

50E, or UL 508A.
2. NEMA 250 Environment Type, Unless Otherwise Indicated:

a. Indoor Clean, Dry Locations:  Type 1, painted steel.
b. Outdoor Locations, Damp or Wet Locations and All Process Areas:  Type 4X,

stainless steel or fiberglass.
3. Junction and Pull Boxes Larger Than 100 cubic inches:

a. Provide hinged-cover enclosures unless otherwise indicated.
b. Boxes 6 square feet and Larger:  Provide sectionalized screw-cover or

hinged-cover enclosures.
4. Cabinets and Hinged-Cover Enclosures, Other Than Junction and Pull Boxes:

a. Provide lockable hinged covers, all locks keyed alike unless otherwise
indicated.

b. Back Panels:  Painted steel, removable.
c. Terminal Blocks:  Provide voltage/current ratings and terminal quantity

suitable for purpose indicated, with 25 percent spare terminal capacity.
D. Boxes for Hazardous (Classified) Locations:  Listed and labeled as complying with

UL 1203 for the classification of the installed location.
1. NEMA 250 Environment Type, Unless Otherwise Indicated:

a. Outdoor Locations, Damp or Wet Locations and All Process Areas:  Type 4X,
stainless steel.

E. Underground Boxes/Enclosures:
1. Description:  In-ground, open bottom boxes furnished with flush, non-skid

covers with legend indicating type of service and stainless steel tamper resistant
cover bolts.

2. Size:  As indicated on drawings.
3. Depth:  As required to extend below frost line to prevent frost upheaval, but not

less than 12 inches.
4. Applications:

a. Sidewalks and Landscaped Areas Subject Only to Occasional Nondeliberate
Vehicular Traffic:  Use polymer concrete enclosures, with minimum SCTE
77, Tier 8 load rating.

b. Parking Lots, in Areas Subject Only To Occasional Nondeliberate Vehicular
Traffic:  Use polymer concrete enclosures, with minimum SCTE 77, Tier 15
load rating.

c. Do not use polymer concrete enclosures in areas subject to deliberate
vehicular traffic.

5. Polymer Concrete Underground Boxes/Enclosures:  Comply with SCTE 77.
a. Combination fiberglass/polymer concrete boxes/enclosures are acceptable.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as shown on drawings.
B. Verify that mounting surfaces are ready to receive boxes.
C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Install boxes in accordance with NECA 1 (general workmanship) and, where

applicable, NECA 130, including mounting heights specified in those standards
where mounting heights are not indicated.

C. Arrange equipment to provide minimum clearances in accordance with
manufacturer's instructions and NFPA 70.

D. Provide separate boxes for emergency power and normal power systems.
E. Unless otherwise indicated, provide separate boxes for line voltage and low voltage

systems.
F. Flush-mount boxes in finished areas unless specifically indicated to be

surface-mounted.
G. Unless otherwise indicated, boxes may be surface-mounted where exposed conduits

are indicated or permitted.
H. Box Locations:

1. Locate boxes to be accessible.
2. Unless dimensioned, box locations indicated are approximate.
3. Locate boxes as required for devices installed under other sections or by others.

a. Switches, Receptacles, and Other Wiring Devices:  Comply with Section 26
2726.

4. Locate boxes so that wall plates do not span different building finishes.
5. Locate boxes so that wall plates do not cross masonry joints.
6. Unless otherwise indicated, where multiple outlet boxes are installed at the same

location at different mounting heights, install along a common vertical center
line.

7. Do not install flush-mounted boxes on opposite sides of walls back-to-back.
Provide minimum 6 inches horizontal separation unless otherwise indicated.

8. Acoustic-Rated Walls:  Do not install flush-mounted boxes on opposite sides of
walls back-to-back; provide minimum 24 inches horizontal separation.

9. Fire Resistance Rated Walls:  Install flush-mounted boxes such that the required
fire resistance will not be reduced.

10. Locate junction and pull boxes as indicated, as required to facilitate
installation of conductors, and to limit conduit length and/or number of bends
between pulling points in accordance with Section 26 0534.

11. Locate junction and pull boxes in the following areas, unless otherwise
indicated or approved by the Architect:
a. Concealed above accessible suspended ceilings.
b. Within joists in areas with no ceiling.
c. Electrical rooms.
d. Mechanical equipment rooms.
e. Process and Mechanical Spaces.

I. Box Supports:
1. Secure and support boxes in accordance with NFPA 70 and Section 26 0529

using suitable supports and methods approved by the authority having
jurisdiction.

2. Provide independent support from building structure except for cast metal boxes
(other than boxes used for fixture support) supported by threaded conduit
connections in accordance with NFPA 70. Do not provide support from piping,
ductwork, or other systems.

3. Installation Above Suspended Ceilings:  Do not provide support from ceiling
grid or ceiling support system.

J. Install boxes plumb and level.
K. Flush-Mounted Boxes:

1. Install boxes in noncombustible materials such as concrete, tile, gypsum, plaster,
etc. so that front edge of box or associated raised cover is not set back from
finished surface more than 1/4 inch or does not project beyond finished surface.

2. Install boxes in combustible materials such as wood so that front edge of box or
associated raised cover is flush with finished surface.

3. Repair rough openings around boxes in noncombustible materials such as
concrete, tile, gypsum, plaster, etc. so that there are no gaps or open spaces
greater than 1/8 inch at the edge of the box.

L. Floor-Mounted Cabinets:  Mount on properly sized 3 inch high concrete pad
constructed in accordance with Section 03 3000.

M. Install boxes as required to preserve insulation integrity.

N. Underground Boxes/Enclosures:
1. Install enclosure on gravel base, minimum 6 inches deep.
2. Flush-mount enclosures located in concrete or paved areas.
3. Mount enclosures located in landscaped areas with top at 1 inch above finished

grade.
4. Provide cast-in-place concrete collar constructed in accordance with Section 03

3000, minimum 10 inches wide by 12 inches deep, around enclosures that are
not located in concrete areas.

5. Install additional bracing inside enclosures in accordance with manufacturer's
instructions to minimize box sidewall deflections during backfilling. Backfill
with cover bolted in place.

O. Install permanent barrier between ganged wiring devices when voltage between
adjacent devices exceeds 300 V.

P. Close unused box openings.
Q. Install blank wall plates on junction boxes and on outlet boxes with no devices or

equipment installed or designated for future use.
R. Provide grounding and bonding in accordance with Section 26 0526.
S. Identify boxes in accordance with Section 26 0553.

3.03 CLEANING
A. Clean interior of boxes to remove dirt, debris, plaster and other foreign material.

3.04 PROTECTION
A. Immediately after installation, protect boxes from entry of moisture and foreign

material until ready for installation of conductors.
END OF SECTION 26 0537

SECTION 26 0553
IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Verify final designations for equipment, systems, and components to be

identified prior to fabrication of identification products.
B. Sequencing:

1. Do not conceal items to be identified, in locations such as above suspended
ceilings, until identification products have been installed.

2. Do not install identification products until final surface finishes and painting are
complete.

1.02 SUBMITTALS
A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for

each product.
B. Shop Drawings:  Provide schedule of items to be identified indicating proposed

designations, materials, legends, and formats.
C. Manufacturer's Instructions:  Indicate application conditions and limitations of use

stipulated by product testing agency.  Include instructions for storage, handling,
protection, examination, preparation and installation of product.

1.03 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

1.04 FIELD CONDITIONS
A. Do not install adhesive products when ambient temperature is lower than

recommended by manufacturer.
PART 2  PRODUCTS
2.01 IDENTIFICATION REQUIREMENTS

A. Identification for Equipment:
1. Use identification nameplate to identify each piece of electrical distribution and

control equipment and associated sections, compartments, and components.
a. Panelboards:

1) Identify ampere rating.
2) Identify voltage and phase.
3) Identify power source and circuit number. Include location when not

within sight of equipment.
4) Identify main overcurrent protective device. Use identification label for

panelboards with a door. For power distribution panelboards without a
door, use identification nameplate.

5) Use typewritten circuit directory to identify load(s) served for panelboards
with a door. Identify spares and spaces using pencil.

6) For power panelboards without a door, use identification nameplate to
identify load(s) served for each branch device. Do not identify spares and
spaces.

b. Transformers:
1) Identify kVA rating.
2) Identify voltage and phase for primary and secondary.
3) Identify power source and circuit number. Include location.
4) Identify load(s) served. Include location.

c. Enclosed switches and Control Panels:
1) Identify voltage and phase.
2) Identify power source and circuit number. Include location.
3) Identify load(s) served. Include location.

d. Enclosed Contactors:
1) Identify ampere rating.
2) Identify voltage and phase.
3) Identify configuration, e.g., E.O.E.H. (electrically operated, electrically

held) or E.O.M.H. (electrically operated, mechanically held).
4) Identify coil voltage.
5) Identify load(s) and associated circuits controlled. Include location.

2. Use voltage marker to identify highest voltage present for each piece of
electrical equipment.

3. Use identification nameplate to identify equipment utilizing series ratings, where
permitted, in accordance with NFPA 70.

4. Use identification nameplate to identify disconnect location for equipment with
remote disconnecting means.

5. Use identification label or identification nameplate on inside of door at each
fused switch to identify required NEMA fuse class and size.

6. Use identification label or identification nameplate for all equipment with more
than one voltage source over 24 volts (including control I/O to the device).
Identify each source and the disconnect location of that source.

7. Use identification label or identification nameplate on inside of door at each
motor controller to identify nameplate horsepower, full load amperes, code
letter, service factor, voltage, and phase of motor(s) controlled.

8. Use field-painted floor markings or floor marking tape to identify required
equipment working clearances where indicated or where required by the
authority having jurisdiction.
a. Field-Painted Floor Markings:  Alternating black and white stripes, 3 inches

wide, painted in accordance with Section 09 9123 and 09 9113.
9. Available Fault Current Documentation:  Use identification label to identify the

available fault current and date calculations were performed at locations
requiring documentation by NFPA 70, including but not limited to the following.

a. Service equipment.
b. Industrial control panels.

10. Arc Flash Hazard Warning Labels:  Comply with Section 26 0573.

B. Identification for Conductors and Cables:
1. Color Coding for Power Conductors 600 V and Less:  Comply with Section 26

0519.
2. Use identification nameplate or identification label to identify color code for

ungrounded and grounded power conductors inside door or enclosure at each
piece of feeder or branch-circuit distribution equipment when premises has
feeders or branch circuits served by more than one nominal voltage system.

3. Use wire and cable markers to identify circuit number or other designation
indicated for power, control, and instrumentation conductors and cables at the
following locations:
a. At each source and load connection.
b. Within boxes when more than one circuit is present.
c. Within equipment enclosures when conductors and cables enter or leave the

enclosure.
4. Use underground warning tape to identify direct buried cables.

C. Identification for Boxes:
1. Use voltage markers to identify all systems.
2. Use identification labels to identify circuits enclosed.

D. Identification for Devices:
1. Wiring Device and Wallplate Finishes:  Comply with Section 26 2726.
2. Use identification label or engraved wallplate to identify serving branch circuit

for all receptacles.
3. Use identification label or engraved wallplate to identify load controlled for

wall-mounted control devices controlling loads that are not visible from the
control location and for multiple wall-mounted control devices installed at one
location.

E. Identification for Luminaires:
1. Use permanent red dot on luminaire frame to identify luminaires connected to

emergency power system.
2.02 IDENTIFICATION NAMEPLATES AND LABELS

A. Identification Nameplates:
1. Materials:

a. Indoor Clean, Dry Locations:  Use plastic nameplates.
b. Outdoor Locations:  Use plastic nameplates suitable for exterior use.

2. Plastic Nameplates:  Two-layer or three-layer laminated acrylic or electrically
non-conductive phenolic with beveled edges; minimum thickness of 1/16 inch;
engraved text.
a. Exception:  Provide minimum thickness of 1/8 inch when any dimension is

greater than 4 inches.
3. Mounting Holes for Mechanical Fasteners:  Two, centered on sides for sizes up

to 1 inch high; Four, located at corners for larger sizes.
B. Identification Labels:

1. Materials:  Use self-adhesive laminated plastic labels; UV, chemical, water, heat,
and abrasion resistant.

2. Text:  Use factory pre-printed or machine-printed text. Do not use handwritten
text unless otherwise indicated.

C. Format for Equipment Identification:
1. Minimum Size:  1 inch by 2.5 inches.
2. Legend:

a. Equipment designation or other approved description.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:

a. Equipment Designation:  1/2 inch.
5. Color:

a. Normal Power System:  White text on black background.
D. Format for General Information and Operating Instructions:

1. Minimum Size:  1 inch by 2.5 inches.
2. Legend:  Include information or instructions indicated or as required for proper

and safe operation and maintenance.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  1/4 inch.
5. Color:  Black text on white background unless otherwise indicated.

a. Exceptions:
1) Provide white text on red background for general information or

operational instructions for emergency systems.
E. Format for Receptacle Identification:

1. Minimum Size:  3/8 inch by 1.5 inches.
2. Legend:  Power source and circuit number or other designation indicated.

a. Include voltage and phase for other than 120 V, single phase circuits.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  3/16 inch.
5. Color:  Black text on clear background.

F. Format for Control Device Identification:
1. Minimum Size:  3/8 inch by 1.5 inches.
2. Legend:  Load controlled or other designation indicated.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  3/16 inch.
5. Color:  Black text on clear background.

2.03 WIRE AND CABLE MARKERS
A. Markers for Conductors and Cables:  Use wrap-around self-adhesive vinyl cloth,

wrap-around self-adhesive vinyl self-laminating, heat-shrink sleeve, plastic sleeve,
plastic clip-on, or vinyl split sleeve type markers suitable for the conductor or cable
to be identified.

B. Markers for Conductor and Cable Bundles:  Use plastic marker tags secured by
nylon cable ties.

C. Legend:  Power source and circuit number or other designation indicated.
D. Text:  Use factory pre-printed or machine-printed text, all capitalized unless

otherwise indicated.
1. Do not use handwritten text.

E. Minimum Text Height:  1/8 inch.
F. Color:  Black text on white background unless otherwise indicated.

2.04 VOLTAGE MARKERS
A. Markers for Boxes and Equipment Enclosures:  Use factory pre-printed self-adhesive

vinyl or self-adhesive vinyl cloth type markers.
B. Minimum Size:

1. Markers for Equipment:  1 1/8 by 4 1/2 inches.
2. Markers for Pull Boxes:  1 1/8 by 4 1/2 inches.
3. Markers for Junction Boxes:  1/2 by 2 1/4 inches.

C. Legend:
1. Markers for Voltage Identification:  Highest voltage present.
2. Markers for System Identification:

D. Color:  Black text on orange background unless otherwise indicated.
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2.05 UNDERGROUND WARNING TAPE
A. Materials:  Use foil-backed detectable type polyethylene tape suitable for direct

burial, unless otherwise indicated.
B. Foil-backed Detectable Type Tape:  6 inches wide, with minimum thickness of 5 mil,

unless otherwise required for proper detection.
C. Legend:  Type of service, continuously repeated over full length of tape.
D. Color:

1. Tape for Buried Power Lines:  Black text on red background.
2. Tape for Buried Communication, Alarm, and Signal Lines:  Black text on orange

background.
2.06 FLOOR MARKING TAPE

A. Floor Marking Tape for Equipment Working Clearance Identification:  Self-adhesive
vinyl or polyester tape with overlaminate, 3 inches wide, with alternating black and
white stripes.

2.07 WARNING SIGNS AND LABELS
A. Comply with ANSI Z535.2 or ANSI Z535.4 as applicable.
B. Warning Signs:

1. Materials:
2. Minimum Size:  7 by 10 inches unless otherwise indicated.

C. Warning Labels:
1. Materials:  Use factory pre-printed or machine-printed self-adhesive polyester or

self-adhesive vinyl labels; UV, chemical, water, heat, and abrasion resistant;
produced using materials recognized to UL 969.

a. Do not use labels designed to be completed using handwritten text.
2. Machine-Printed Labels:  Use thermal transfer process printing machines and

accessories recommended by label manufacturer.
3. Minimum Size:  2 by 4 inches unless otherwise indicated.

PART 3  EXECUTION
3.01 PREPARATION

A. Clean surfaces to receive adhesive products according to manufacturer's instructions.
3.02 INSTALLATION

A. Install products in accordance with manufacturer's instructions.
B. Install identification products to be plainly visible for examination, adjustment,

servicing, and maintenance. Unless otherwise indicated, locate products as follows:
1. Surface-Mounted Equipment:  Enclosure front.
2. Flush-Mounted Equipment:  Inside of equipment door.
3. Free-Standing Equipment:  Enclosure front; also enclosure rear for equipment

with rear access.
4. Elevated Equipment:  Legible from the floor or working platform.
5. Branch Devices:  Adjacent to device.
6. Interior Components:  Legible from the point of access.
7. Boxes:  Outside face of cover.
8. Conductors and Cables:  Legible from the point of access.
9. Devices:  Outside face of cover.

C. Install identification products centered, level, and parallel with lines of item being
identified.

D. Secure nameplates to exterior surfaces of enclosures using stainless steel screws and
to interior surfaces using self-adhesive backing or epoxy cement.

E. Install self-adhesive labels and markers to achieve maximum adhesion, with no
bubbles or wrinkles and edges properly sealed.

F. Install underground warning tape above buried lines with one tape per trench at 3
inches below finished grade.

G. Mark all handwritten text, where permitted, to be neat and legible.
3.03 FIELD QUALITY CONTROL

A. Replace self-adhesive labels and markers that exhibit bubbles, wrinkles, curling or
other signs of improper adhesion.

END OF SECTION 26 0553

SECTION 26 0573
POWER SYSTEM STUDIES

PART 1  GENERAL
1.01 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work to provide equipment and associated protective devices

complying with criteria for selection and adjustment, as determined by studies to
be performed.

2. Notify Engineer of any conflicts with or deviations from the contract documents.
Obtain direction before proceeding with work.

B. Sequencing:
1. Submit study reports prior to or concurrent with product submittals.
2. Submit shop drawings of switchgear, generator, transfer switch, and other

pertinent components to the Engineer for review and incorporation into the
studies prepared by the Engineer.  Include with this wire type, cable length and
conduit types necessary for complete study.

3. Do not order equipment until matching study reports and product submittals
have both been evaluated by Engineer.

4. Verify naming convention for equipment identification prior to creation of final
drawings, reports, and arc flash hazard warning labels (where applicable).

1.02 SUBMITTALS
A. Study preparer's qualifications.
B. Study reports, stamped or sealed and signed by study preparer.
C. Product Data:  In addition to submittal requirements specified in other sections,

include manufacturer's standard catalog pages and data sheets for equipment and
protective devices indicating information relevant to studies.
1. Include characteristic time-current trip curves for protective devices.
2. Include impedance data for engine generators.
3. Clearly indicate whether proposed short circuit current ratings are fully rated or,

where acceptable, series rated systems.
4. Include documentation of listed series ratings.
5. Once study is complete, identify modifications made in accordance with studies

that:
a. Can be made at no additional cost to Owner.
b. As submitted will involve a change to the contract sum.

D. Site-specific arc flash hazard warning labels.
E. Field quality control reports.
F. Project Record Documents:  Revise studies as required to reflect as-built conditions.

1. Include hard copies with operation and maintenance data submittals.
2. Include computer software files used to prepare studies with file name(s)

cross-referenced to specific pieces of equipment and systems.
1.03 POWER SYSTEM STUDIES

A. Scope of Studies:
1. Except where study descriptions below indicate exclusions, analyze system at

each bus from primary protective devices of utility source down to each piece of
equipment involved, including parts of system affecting calculations being
performed (e.g. fault current contribution from motors).

2. Include in analysis alternate sources and operating modes (including known
future configurations) to determine worst case conditions.
a. Known Operating Modes:

1) Utility as source.
2) Generator as source.

B. General Study Requirements:
1. Comply with NFPA 70.
2. Perform studies utilizing computer software complying with specified

requirements; manual calculations are not permitted.

C. Data Collection:
1. Compile information on project-specific characteristics of actual installed

equipment, protective devices, feeders, etc. as necessary to develop single-line
diagram of electrical distribution system and associated input data for use in
system modeling.
a. Utility Source Data:  Include primary voltage, maximum and minimum

three-phase and line-to-ground fault currents, impedance, X/R ratio, and
primary protective device information.
1) Obtain up-to-date information from Utility Company.
2) Utility Company:  To be determined by Contractor.

b. Generators:  Include manufacturer/model, kW and voltage ratings, and
impedance.

c. Motors:  Include manufacturer/model, type (e.g. induction, synchronous),
horsepower rating, voltage rating, full load amps, and locked rotor current or
NEMA MG 1 code letter designation.

d. Transformers:  Include primary and secondary voltage ratings, kVA rating,
winding configuration, percent impedance, and X/R ratio.

e. Protective Devices:
1) Circuit Breakers:  Include manufacturer/model, type (e.g. thermal

magnetic, electronic trip), frame size, trip rating, voltage rating,
interrupting rating, available field-adjustable trip response settings, and
features (e.g. zone selective interlocking).

2) Fuses:  Include manufacturer/model, type/class (e.g. Class J), size/rating,
and speed (e.g. time delay, fast acting).

f. Protective Relays:  Include manufacturer/model, type, settings,
current/potential transformer ratio, and associated protective device.

g. Conductors:  Include feeder size, material (e.g. copper, aluminum), insulation
type, voltage rating, number per phase, raceway type, and actual length.

D. Short-Circuit Study:
1. Comply with IEEE 551 and applicable portions of IEEE 141, IEEE 242, and

IEEE 399.
2. For purposes of determining equipment short circuit current ratings, consider

conditions that may result in maximum available fault current, including but not
limited to:
a. Maximum utility fault currents.
b. Maximum motor contribution.
c. Known operating modes (e.g. utility as source, generator as source,

utility/generator in parallel, bus tie breaker open/close positions).
3. For each bus location, calculate the maximum available three-phase bolted

symmetrical and asymmetrical fault currents. For grounded systems, also
calculate the maximum available line-to-ground bolted fault currents.

E. Arc Flash and Shock Risk Assessment:
1. Comply with NFPA 70E.
2. Perform incident energy and arc flash boundary calculations in accordance with

IEEE 1584 (as referenced in NFPA 70E Annex D), where applicable.
a. To clarify IEEE 1584 statement that "equipment below 240 V need not be

considered  unless it involves at least one 125 kVA or larger low-impedance
transformer in its immediate power supply" for purposes of studies, study
preparer to include equipment rated less than 240 V fed by transformers less
than 125 kVA in calculations.

b. Where reasonable, study preparer may assume a maximum clearing time of
two seconds in accordance with IEEE 1584, provided that the conditions are
such that a worker's egress from an arc flash event would not be inhibited.

c. For single-phase systems, study preparer to perform calculations assuming
three-phase system in accordance with IEEE 1584, yielding conservative
results.

3. For equipment with main devices mounted in separate compartmentalized
sections, perform calculations on both the line and load side of the main device.

4. Analyze alternate scenarios considering conditions that may result in maximum
incident energy, including but not limited to:
a. Maximum and minimum utility fault currents.
b. Maximum and minimum motor contribution.
c. Known operating modes (e.g. utility as source, generator as source,

utility/generator in parallel, bus tie breaker open/close positions).
F. Study Reports:

1. General Requirements:
a. Identify date of study and study preparer.
b. Identify study methodology and software product(s) used.
c. Identify scope of studies, assumptions made, implications of possible alternate

scenarios, and any exclusions from studies.
d. Identify base used for per unit values.
e. Include single-line diagram and associated input data used for studies; identify

buses on single-line diagram as referenced in reports, and indicate bus
voltage.

f. Include conclusions and recommendations.
2. Short-Circuit Study:

a. For each scenario, identify at each bus location:
1) Calculated maximum available symmetrical and asymmetrical fault

currents (both three-phase and line-to-ground where applicable).
2) Fault point X/R ratio.
3) Associated equipment short circuit current ratings.

b. Identify locations where the available fault current exceeds the equipment
short circuit current rating, along with recommendations.

3. Protective Device Coordination Study:
a. For each scenario, include time-current coordination curves plotted on log-log

scale graphs.
b. For each graph include (where applicable):

1) Partial single-line diagram identifying the portion of the system illustrated.
2) Protective Devices:  Time-current curves with applicable tolerance bands

for each protective device in series back to the source, plotted up to the
maximum available fault current at the associated bus.

3) Conductors:  Damage curves.
4) Transformers:  Inrush points and damage curves.
5) Generators:  Full load current, overload curves, decrement curves, and

short circuit withstand points.
6) Motors:  Full load current, starting curves, and damage curves.
7) Capacitors:  Full load current and damage curves.

c. For each protective device, identify fixed and adjustable characteristics with
available ranges and recommended settings.
1) Circuit Breakers:  Include long time pickup and delay, short time pickup

and delay, and instantaneous pickup.
2) Include ground fault pickup and delay.
3) Include fuse ratings.
4) Protective Relays:  Include current/potential transformer ratios, tap, time

dial, and instantaneous pickup.
d. Identify cases where either full selective coordination or adequate protection

is not achieved, along with recommendations.
4. Arc Flash and Shock Risk Assessment:

a. For each scenario, identify at each bus location:
1) Calculated incident energy and associated working distance.
2) Calculated arc flash boundary.
3) Bolted fault current.
4) Arcing fault current.
5) Clearing time.
6) Arc gap distance.

b. For purposes of producing arc flash hazard warning labels, summarize the
maximum incident energy and associated data reflecting the worst case
condition of all scenarios at each bus location.

c. Identify locations where the calculated maximum incident energy exceeds 40
calories per sq cm.

d. Include recommendations for reducing the incident energy at locations where
the calculated maximum incident energy exceeds 8 calories per sq cm.

1.04 QUALITY ASSURANCE
A. Study Preparer Qualifications:  Professional electrical engineer licensed in Virginia

and with minimum five years experience in the preparation of studies of similar type
and complexity using specified computer software.

B. Computer Software for Study Preparation:  Use the latest edition of commercially
available software utilizing specified methodologies.
1. Acceptable Software Products:

a. ETAP/Operation Technology, Inc:  www.etap.com.
b. SKM Systems Analysis, Inc:  www.skm.com.

PART 2  PRODUCTS
2.01 ARC FLASH HAZARD WARNING LABELS

A. Provide warning labels complying with ANSI Z535.4 to identify arc flash hazards
for each work location analyzed by the arc flash and shock risk assessment.
1. Materials:  Comply with Section 26 0553.
2. Minimum Size:  4 by 6 inches.
3. Legend:  Provide custom legend in accordance with NFPA 70E based on

equipment-specific data as determined by arc flash and shock risk assessment.
a. Include orange header that reads "WARNING" where calculated incident

energy is less than 40 calories per square cm.
b. Include red header that reads "DANGER" where calculated incident energy is

40 calories per square cm or greater.
c. Include the following information:

1) Arc flash boundary.
2) Available incident energy and corresponding working distance.
3) Site-specific PPE (personnel protective equipment) requirements.
4) Nominal system voltage.
5) Limited approach boundary.
6) Restricted approach boundary.
7) Equipment identification.
8) Date calculations were performed.

PART 3  EXECUTION
3.01 INSTALLATION

A. Install arc flash warning labels in accordance with Section 26 0553.
3.02 FIELD QUALITY CONTROL

A. Inspect and test in accordance with NETA ATS, except Section 4.
B. Adjust equipment and protective devices for compliance with studies and

recommended settings.
C. Notify Engineer of any conflicts with or deviations from studies. Obtain direction

before proceeding.
D. Submit detailed reports indicating inspection and testing results, and final adjusted

settings.
END OF SECTION 26 0573

SECTION 26 2200
LOW-VOLTAGE TRANSFORMERS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. General purpose transformers.
1.02 RELATED REQUIREMENTS

A. Section 26 0526 - Grounding and Bonding for Electrical Systems.
B. Section 26 0534 - CONDUIT:  Flexible conduit connections.
C. Section 26 0553 - Identification for Electrical Systems: Identification products and

requirements.
1.03 REFERENCE STANDARDS

A. 10 CFR 431, Subpart K - Energy Efficiency Program for Certain Commercial and
Industrial Equipment - Distribution Transformers; Current Edition.

B. IEEE C57.94 - IEEE Recommended Practice for Installation, Application, Operation,
and Maintenance of Dry-Type General Purpose Distribution and Power
Transformers; 1982 (R2006).

C. IEEE C57.96 - Guide for Loading Dry-Type Distribution and Power Transformers;
2013.

D. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
E. NECA 409 - Standard for Installing and Maintaining Dry-Type Transformers; 2009.
F. NEMA ST 20 - Dry-Type Transformers for General Applications; 2014.
G. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2014.
H. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and

Systems; 2013.
I. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority

Having Jurisdiction, Including All Applicable Amendments and Supplements.
J. UL 506 - Standard for Specialty Transformers; Current Edition, Including All

Revisions.
K. UL 1561 - Standard for Dry-Type General Purpose and Power Transformers;

Current Edition, Including All Revisions.
1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:  Coordinate the work with placement of support framing and anchors
required for mounting of transformers.

1.05 SUBMITTALS
A. Product Data:  Include voltage, kVA, impedance, tap configurations, insulation

system class and rated temperature rise, efficiency, sound level, enclosure ratings,
outline and support point dimensions, weight, required clearances, service condition
requirements, and installed features.

B. Shop Drawings:  Provide dimensioned plan and elevation views of transformers and
adjacent equipment with all required clearances indicated.

C. Source Quality Control Test Reports:  Include reports for tests designated in NEMA
ST 20 as design and routine tests.

D. Manufacturer's Installation Instructions:  Indicate application conditions and
limitations of use stipulated by product testing agency.  Include instructions for
storage, handling, protection, examination, preparation, and installation of product.

E. Maintenance Data:  Include recommended maintenance procedures and intervals.
F. Project Record Documents:  Record actual locations of transformers.

1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

1.07 DELIVERY, STORAGE, AND HANDLING
A. Store in a clean, dry space.  Maintain factory wrapping or provide an additional

heavy canvas or heavy plastic cover to protect units from dirt, water, construction
debris, and traffic.

B. Handle in accordance with manufacturer's written instructions.  Lift only with lugs
provided for the purpose.  Handle carefully to avoid damage to transformer internal
components, enclosure, and finish.

1.08 FIELD CONDITIONS
A. Ambient Temperature:  Do not exceed the following maximum temperatures during

and after installation of transformers.
1. Greater than 10 kVA:  104 degrees F maximum.
2. Less than 10 kVA:  77 degrees F maximum.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Eaton Corporation:  www.eaton.com.
B. General Electric Company:  www.geindustrial.com.
C. Schneider Electric; Square D Products:  www.schneider-electric.us.
D. Siemens Industry, Inc:  www.usa.siemens.com.
E. Source Limitations:  Furnish transformers produced by the same manufacturer as the

other electrical distribution equipment used for this project and obtained from a
single supplier.

2.02 TRANSFORMERS - GENERAL REQUIREMENTS
A. Description:  Factory-assembled, dry type transformers for 60 Hz operation designed

and manufactured in accordance with NEMA ST 20 and listed, classified, and
labeled as suitable for the purpose intended.

B. Unless noted otherwise, transformer ratings indicated are for continuous loading
according to IEEE C57.96 under the following service conditions:
1. Altitude:  Less than 3,300 feet.
2. Ambient Temperature:

a. Greater than 10 kVA:  Not exceeding 104 degrees F.
b. Less than 10 kVA:  Not exceeding 77 degrees F.

C. Core:  High grade, non-aging silicon steel with high magnetic permeability and low
hysteresis and eddy current losses. Keep magnetic flux densities substantially below
saturation point, even at 10 percent primary overvoltage. Tightly clamp core
laminations to prevent plate movement and maintain consistent pressure throughout
core length.

D. Impregnate core and coil assembly with non-hydroscopic thermo-setting varnish to
effectively seal out moisture and other contaminants.

E. Basic Impulse Level:  10 kV.
F. Ground core and coil assembly to enclosure by means of a visible flexible copper

grounding strap.
G. Isolate core and coil from enclosure using vibration-absorbing mounts.
H. Nameplate:  Include transformer connection data, ratings, wiring diagrams, and

overload capacity based on rated winding temperature rise.
2.03 GENERAL PURPOSE TRANSFORMERS

A. Description:  Self-cooled, two winding transformers listed and labeled as complying
with UL 506 or UL 1561; ratings as indicated on the drawings.

B. Primary Voltage:  480 volts delta, 3 phase.
C. Secondary Voltage:  208Y/120 volts, 3 phase.
D. Insulation System and Allowable Average Winding Temperature Rise:

1. Less than 15 kVA:  Class 180 degrees C insulation system with 115 degrees C
average winding temperature rise.

2. 15 kVA and Larger:  Class 220 degrees C insulation system with 80 degrees C
average winding temperature rise.

E. Coil Conductors:  Continuous aluminum windings with terminations brazed or
welded.

F. Winding Taps:
1. Less than 3 kVA:  None.
2. 3 kVA through 15 kVA:  Two 5 percent full capacity primary taps below rated

voltage.
3. 15 kVA through 300 kVA:  Two 2.5 percent full capacity primary taps above

and four 2.5 percent full capacity primary taps below rated voltage.
4. 500 kVA and Larger:  Two 2.5 percent full capacity primary taps above and two

2.5 percent full capacity primary taps below rated voltage.
G. Energy Efficiency:  Comply with 10 CFR 431, Subpart K.
H. Sound Levels:  Standard sound levels complying with NEMA ST 20.
I. Mounting Provisions:

1. Less than 15 kVA:  Suitable for wall mounting.
2. 15 kVA through 75 kVA:  Suitable for wall, floor, trapeze, or ceiling mounting.
3. Larger than 75 kVA:  Suitable for floor mounting.

J. Transformer Enclosure:  Comply with NEMA ST 20.
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for

the following installation locations:
a. Indoor clean, dry locations:  Type 1.

2. Construction:  Steel.
a. Less than 15 kVA:  Totally enclosed, non-ventilated.
b. 15 kVA and Larger:  Ventilated.

3. Finish:  Manufacturer's standard grey, suitable for outdoor installations.
4. Provide lifting eyes or brackets.

K. Accessories:
1. Mounting Brackets:  Provide manufacturer's standard brackets.
2. Lug Kits:  Sized as required for termination of conductors as indicated on the

drawings.
2.04 SOURCE QUALITY CONTROL

A. Factory test transformers according to NEMA ST 20.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as shown on the drawings.
B. Verify that suitable support frames and anchors are installed where required and that

mounting surfaces are ready to receive transformers.
C. Perform pre-installation tests and inspections on transformers per manufacturer's

instructions and as specified in NECA 409. Correct deficiencies prior to installation.
D. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Perform work in accordance with NECA 1 (general workmanship).
B. Install products in accordance with manufacturer's instructions.
C. Install transformers in accordance with NECA 409 and IEEE C57.94.
D. Use flexible conduit, under the provisions of Section 26 0534, 2 feet minimum

length, for connections to transformer case.  Make conduit connections to side panel
of enclosure.

E. Arrange equipment to provide minimum clearances as specified on transformer
nameplate and in accordance with manufacturer's instructions and NFPA 70.

F. Mount wall-mounted transformers using integral flanges or accessory brackets
furnished by the manufacturer.

G. Mount floor-mounted transformers on properly sized 3 inch high concrete pad
constructed in accordance with Section 03 3000.

H. Provide seismic restraints.
I. Provide grounding and bonding in accordance with Section 26 0526.
J. Remove shipping braces and adjust bolts that attach the core and coil mounting

bracket to the enclosure according to manufacturer's recommendations in order to
reduce audible noise transmission.

K. Where not factory-installed, install lugs sized as required for termination of
conductors as shown on the drawings.

L. Identify transformers in accordance with Section 26 0553.
3.03 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect and test in accordance with NETA ATS, except Section 4.
C. Perform inspections and tests listed in NETA ATS Sections 7.2.1.1 and 7.2.1.2. Tests

and inspections listed as optional are not required.
3.04 ADJUSTING

A. Measure primary and secondary voltages and make appropriate tap adjustments.
B. Adjust tightness of mechanical and electrical connections to manufacturer's

recommended torque settings.
3.05 CLEANING

A. Clean dirt and debris from transformer components according to manufacturer's
instructions.

B. Repair scratched or marred exterior surfaces to match original factory finish.
END OF SECTION 26 2200

SECTION 26 2416
PANELBOARDS

PART 1  GENERAL
1.01 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work with other trades to avoid placement of ductwork, piping,

equipment, or other potential obstructions within the dedicated equipment spaces
and working clearances for electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and
clearance requirements of the actual equipment to be installed.

3. Coordinate the work with other trades to provide walls suitable for installation
of flush-mounted panelboards where indicated.

4. Verify with manufacturer that conductor terminations are suitable for use with
the conductors to be installed.

5. Notify Engineer of any conflicts with or deviations from the contract documents.
Obtain direction before proceeding with work.

1.02 SUBMITTALS
A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for

panelboards, enclosures, overcurrent protective devices, and other installed
components and accessories.
1. Include characteristic trip curves for each type and rating of overcurrent

protective device upon request.
B. Shop Drawings:  Indicate outline and support point dimensions, voltage, main bus

ampacity, overcurrent protective device arrangement and sizes, short circuit current
ratings, conduit entry locations, conductor terminal information, and installed
features and accessories.
1. Include dimensioned plan and elevation views of panelboards and adjacent

equipment with all required clearances indicated.
2. Clearly indicate whether proposed short circuit current ratings are fully rated or,

where acceptable, series rated systems.
3. Include documentation of listed series ratings.

C. Source Quality Control Test Reports:  Include reports for tests designated in NEMA
PB 1 as routine tests.

D. Manufacturer's Installation Instructions:  Indicate application conditions and
limitations of use stipulated by product testing agency.  Include instructions for
storage, handling, protection, examination, preparation, and installation of product.

E. Project Record Documents:  Record actual installed locations of panelboards and
actual installed circuiting arrangements.

F. Maintenance Data:  Include information on replacement parts and recommended
maintenance procedures and intervals.

G. Maintenance Materials:   Furnish the following for Owner's use in maintenance of
project.
1. Panelboard Keys:  Two of each different key.

1.03 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.
B. Product Listing Organization Qualifications:  An organization recognized by OSHA

as a Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities
having jurisdiction.

1.04 DELIVERY, STORAGE, AND HANDLING
A. Receive, inspect, handle, and store panelboards in accordance with manufacturer's

instructions and NECA 407.
B. Store in a clean, dry space.  Maintain factory wrapping or provide an additional

heavy canvas or heavy plastic cover to protect units from dirt, water, construction
debris, and traffic.

C. Handle carefully in accordance with manufacturer's written instructions to avoid
damage to panelboard internal components, enclosure, and finish.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Eaton Corporation:  www.eaton.com.
B. General Electric Company:  www.geindustrial.com.
C. Schneider Electric; Square D Products:  www.schneider-electric.us.
D. Siemens Industry, Inc:  www.usa.siemens.com.
E. Source Limitations:  Furnish panelboards and associated components produced by

the same manufacturer as the other electrical distribution equipment used for this
project and obtained from a single supplier.

2.02 PANELBOARDS - GENERAL REQUIREMENTS
A. Provide products listed, classified, and labeled as suitable for the purpose intended.
B. Unless otherwise indicated, provide products suitable for continuous operation under

the following service conditions:
1. Altitude:  Less than 6,600 feet.
2. Ambient Temperature:

a. Panelboards Containing Circuit Breakers:  Between 23 degrees F and 104
degrees F.

C. Short Circuit Current Rating:
1. Provide panelboards with listed short circuit current rating not less than the

available fault current at the installed location as determined by short circuit
study performed in accordance with Section 26 0573.

2. Listed series ratings are acceptable, except where not permitted by motor
contribution according to NFPA 70.

3. Label equipment utilizing series ratings as required by NFPA 70.
D. Panelboards Used for Service Entrance:  Listed and labeled as suitable for use as

service equipment according to UL 869A.
E. Mains:  Configure for top or bottom incoming feed as indicated or as required for the

installation.
F. Branch Overcurrent Protective Devices:  Replaceable without disturbing adjacent

devices.
G. Bussing:  Sized in accordance with UL 67 temperature rise requirements.

1. Provide fully rated neutral bus unless otherwise indicated, with a suitable lug for
each feeder or branch circuit requiring a neutral connection.

2. Provide solidly bonded equipment ground bus in each panelboard, with a
suitable lug for each feeder and branch circuit equipment grounding conductor.

H. Conductor Terminations:  Suitable for use with the conductors to be installed.
I. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50

and UL 50E.
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for

the following installation locations:
a. Indoor Clean, Dry Locations:  Type 1.
b. Outdoor Locations:  Type 3R.

2. Boxes:  Galvanized steel unless otherwise indicated.
a. Provide wiring gutters sized to accommodate the conductors to be installed.
b. Increase gutter space as required where sub-feed lugs, feed-through lugs,

gutter taps, or oversized lugs are provided.
c. Provide painted steel boxes for surface-mounted panelboards where indicated,

finish to match fronts.
3. Fronts:

a. Fronts for Surface-Mounted Enclosures:  Same dimensions as boxes.
b. Fronts for Flush-Mounted Enclosures:  Overlap boxes on all sides to conceal

rough opening.
c. Finish for Painted Steel Fronts:  Manufacturer's standard grey unless

otherwise indicated.
4. Lockable Doors:  All locks keyed alike unless otherwise indicated.

J. Future Provisions:  Prepare all unused spaces for future installation of devices
including bussing, connectors, mounting hardware and all other required provisions.

K. Surge Protective Devices:  Where factory-installed, internally mounted surge
protective devices are provided in accordance with Section 26 4300, list and label
panelboards as a complete assembly including surge protective device.  Provide in
each panelboard.

L. Selectivity:  Where the requirement for selectivity is indicated, furnish products as
required to achieve selective coordination.

M. Load centers are not acceptable.

2.03 POWER DISTRIBUTION PANELBOARDS
A. Description:  Panelboards complying with NEMA PB 1, power and feeder

distribution type, circuit breaker type, and listed and labeled as complying with UL
67; ratings, configurations and features as indicated on the drawings.

B. Conductor Terminations:
1. Main and Neutral Lug Material:  Aluminum, suitable for terminating aluminum

or copper conductors.
2. Main and Neutral Lug Type:  Mechanical.

C. Bussing:
1. Phase and Neutral Bus Material:  Aluminum.
2. Ground Bus Material:  Aluminum.

D. Circuit Breakers:
1. Provide bolt-on type or plug-in type secured with locking mechanical restraints.
2. Provide thermal magnetic circuit breakers for circuit breaker frame sizes less

than 200 amperes, except as noted below.
3. Provide electronic trip circuit breakers for circuit breaker frame sizes 200

amperes and above and for feeders taht are part of the legally required standby
system.

E. Enclosures:
1. Provide surface-mounted enclosures unless otherwise indicated.
2. Fronts:  Provide lockable hinged door with concealed hinges for access to

overcurrent protective device handles without exposing live parts.
3. Provide clear plastic circuit directory holder mounted on inside of door.

2.04 LIGHTING AND APPLIANCE PANELBOARDS
A. Description:  Panelboards complying with NEMA PB 1, lighting and appliance

branch circuit type, circuit breaker type, and listed and labeled as complying with
UL 67; ratings, configurations and features as indicated on the drawings.

B. Conductor Terminations:
1. Main and Neutral Lug Material:  Aluminum, suitable for terminating aluminum

or copper conductors.
2. Main and Neutral Lug Type:  Mechanical.

C. Bussing:
1. Phase Bus Connections:  Arranged for sequential phasing of overcurrent

protective devices.
2. Phase and Neutral Bus Material:  Aluminum.
3. Ground Bus Material:  Aluminum.

D. Circuit Breakers:  Thermal magnetic bolt-on type unless otherwise indicated.
E. Enclosures:

1. Provide surface-mounted or flush-mounted enclosures as indicated.
2. Fronts:  Provide lockable hinged door with concealed hinges for access to

overcurrent protective device handles without exposing live parts.
3. Provide clear plastic circuit directory holder mounted on inside of door.

2.05 OVERCURRENT PROTECTIVE DEVICES
A. Molded Case Circuit Breakers:

1. Description:  Quick-make, quick-break, over center toggle, trip-free,
trip-indicating circuit breakers listed and labeled as complying with UL 489;
ratings, configurations, and features as indicated on the drawings.

2. Interrupting Capacity:
a. Provide circuit breakers with interrupting capacity as required to provide the

short circuit current rating indicated, but not less than:
b. Fully Rated Systems:  Provide circuit breakers with interrupting capacity not

less than the short circuit current rating indicated.
c. Series Rated Systems:  Provide circuit breakers listed in combination with

upstream devices to provide interrupting rating not less than the short circuit
current rating indicated.

3. Conductor Terminations:
a. Provide mechanical lugs unless otherwise indicated.
b. Lug Material:  Aluminum, suitable for terminating aluminum or copper

conductors.
4. Thermal Magnetic Circuit Breakers:  For each pole, furnish thermal inverse time

tripping element for overload protection and magnetic instantaneous tripping
element for short circuit protection.

5. Electronic Trip Circuit Breakers:  Furnish solid state, microprocessor-based, true
rms sensing trip units.  All feeders and motor branch circuit associated with the
legally require standby system shall be Electronic Trip Circuit Breakers.
a. Provide the following field-adjustable trip response settings that are

individually adjustable:
1) Long time pickup, adjustable by replacing interchangeable trip unit or by

setting dial.  In the case of a settings dial, there shall be a cover over the
dial that is either lockable or secured by a screw or other similar means.

2) Long time delay.
3) Short time pickup and delay.
4) Instantaneous pickup.
5) Ground fault pickup and delay where ground fault protection is indicated.

6. Multi-Pole Circuit Breakers:  Furnish with common trip for all poles.
7. Provide the following circuit breaker types where indicated:

a. Ground Fault Equipment Protection Circuit Breakers:  Designed to trip at 30
mA for protection of equipment.

b. 100 Percent Rated Circuit Breakers:  Listed for application within the
panelboard where installed at 100 percent of the continuous current rating.

8. Provide listed switching duty rated circuit breakers with SWD marking for all
branch circuits serving fluorescent lighting.

9. Provide listed high intensity discharge lighting rated circuit breakers with HID
marking for all branch circuits serving HID lighting.

10. Do not use tandem circuit breakers.
11. Do not use handle ties in lieu of multi-pole circuit breakers.
12. Provide multi-pole circuit breakers for multi-wire branch circuits as

required by NFPA 70.
2.06 SOURCE QUALITY CONTROL

A. Factory test panelboards according to NEMA PB 1.
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PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as shown on the drawings.
B. Verify that the ratings and configurations of the panelboards and associated

components are consistent with the indicated requirements.
C. Verify that mounting surfaces are ready to receive panelboards.
D. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Perform work in accordance with NECA 1 (general workmanship).
B. Install products in accordance with manufacturer's instructions.
C. Install panelboards in accordance with NECA 407 and NEMA PB 1.1.
D. Arrange equipment to provide minimum clearances in accordance with

manufacturer's instructions and NFPA 70.
E. Provide required supports in accordance with Section 26 0529.
F. Install panelboards plumb.
G. Install flush-mounted panelboards so that trims fit completely flush to wall with no

gaps and rough opening completely covered.
H. Mount panelboards such that the highest position of any operating handle for circuit

breakers or switches does not exceed 79 inches above the floor or working platform.
I. Mount floor-mounted power distribution panelboards on properly sized 3 inch high

concrete pad constructed in accordance with Section 03 3000.
J. Mount floor-mounted power distribution panelboards on properly sized 3 inch high

concrete pad constructed in accordance with Section 03300.
K. Provide minimum of six spare 1 inch trade size conduits out of each flush-mounted

panelboard stubbed into accessible space above ceiling and below floor.
L. Provide grounding and bonding in accordance with Section 26 0526.
M. Install all field-installed branch devices, components, and accessories.
N. Set field-adjustable circuit breaker tripping function settings as determined by

overcurrent protective device coordination study performed according to Section 26
0573.

O. Set field-adjustable ground fault protection pickup and time delay settings as
directed.

P. Provide filler plates to cover unused spaces in panelboards.
3.03 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect and test in accordance with NETA ATS, except Section 4.
C. Correct deficiencies and replace damaged or defective panelboards or associated

components.
3.04 ADJUSTING

A. Adjust tightness of mechanical and electrical connections to manufacturer's
recommended torque settings.

B. Adjust alignment of panelboard fronts.
C. Load Balancing:  For each panelboard, rearrange circuits such that the difference

between each measured steady state phase load does not exceed 20 percent and
adjust circuit directories accordingly.  Maintain proper phasing for multi-wire branch
circuits.

3.05 CLEANING
A. Clean dirt and debris from panelboard enclosures and components according to

manufacturer's instructions.
B. Repair scratched or marred exterior surfaces to match original factory finish.

END OF SECTION 26 2416

SECTION 26 2717
EQUIPMENT WIRING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Electrical connections to equipment.
1.02 RELATED REQUIREMENTS
1.03 REFERENCE STANDARDS

A. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority
Having Jurisdiction, Including All Applicable Amendments and Supplements.

1.04 ADMINISTRATIVE REQUIREMENTS
A. Coordination:

1. Obtain and review shop drawings, product data, manufacturer's wiring diagrams,
and manufacturer's instructions for equipment furnished under other sections.

2. Determine connection locations and requirements.
B. Sequencing:

1. Install rough-in of electrical connections before installation of equipment is
required.

2. Make electrical connections before required start-up of equipment.
1.05 SUBMITTALS

A. Product Data:  Provide wiring device manufacturer's catalog information showing
dimensions, configurations, and construction.

B. Manufacturer's Instructions:  Indicate application conditions and limitations of use
stipulated by product testing agency.  Include instructions for storage, handling,
protection, examination, preparation, and installation of product.

1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.
B. Product Listing Organization Qualifications:  An organization recognized by OSHA

as a Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities
having jurisdiction.

PART 2  PRODUCTS
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that equipment is ready for electrical connection, wiring, and energization.
3.02 ELECTRICAL CONNECTIONS

A. Make electrical connections in accordance with equipment manufacturer's
instructions.

B. Make conduit connections to equipment using flexible conduit.  Use liquidtight
flexible conduit with watertight connectors in damp or wet locations.

C. Connect heat producing equipment using wire and cable with insulation suitable for
temperatures encountered.

D. Provide receptacle outlet to accommodate connection with attachment plug.
E. Provide cord and cap where field-supplied attachment plug is required.
F. Install suitable strain-relief clamps and fittings for cord connections at outlet boxes

and equipment connection boxes.
G. Install disconnect switches, controllers, control stations, and control devices to

complete equipment wiring requirements.
H. Install terminal block jumpers to complete equipment wiring requirements.
I. Install interconnecting conduit and wiring between devices and equipment to

complete equipment wiring requirements.
END OF SECTION 26 2717

SECTION 26 2726
WIRING DEVICES

PART 1  GENERAL
1.01 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the placement of outlet boxes with millwork, furniture, equipment,

etc. installed under other sections or by others.
2. Coordinate wiring device ratings and configurations with the electrical

requirements of actual equipment to be installed.
3. Coordinate the placement of outlet boxes for wall switches with actual installed

door swings.
4. Coordinate the installation and preparation of uneven surfaces, such as split face

block, to provide suitable surface for installation of wiring devices.
5. Notify Engineer of any conflicts or deviations from the contract documents to

obtain direction prior to proceeding with work.
B. Sequencing:

1. Do not install wiring devices until final surface finishes and painting are
complete.

1.02 SUBMITTALS
A. Product Data:  Provide manufacturer's catalog information showing dimensions,

colors, and configurations.
B. Project Record Documents:  Record actual installed locations of wiring devices.

1.03 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.
B. Products:  Listed, classified, and labeled as suitable for the purpose intended.
C. Product Listing Organization Qualifications:  An organization recognized by OSHA

as a Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities
having jurisdiction.

PART 2  PRODUCTS
2.01 WIRING DEVICE APPLICATIONS

A. Provide wiring devices suitable for intended use and with ratings adequate for load
served.

B. For single receptacles installed on an individual branch circuit, provide receptacle
with ampere rating not less than that of the branch circuit.

C. Provide weather and corrosion resistant GFI receptacles with specified weatherproof
covers for all receptacles installed outdoors or in damp or wet locations.

D. Unless noted otherwise, do not use combination switch/receptacle devices.
2.02 WIRING DEVICE FINISHES

A. Provide wiring device finishes as described below unless otherwise indicated.
B. Wiring Devices Installed in Unfinished Spaces:  White with galvanized steel wall

plate.
C. Wiring Devices Installed in Wet or Damp Locations:  White with specified

weatherproof cover.
2.03 WALL SWITCHES

A. Wall Switches - General Requirements:  AC only, quiet operating, general-use snap
switches with silver alloy contacts, complying with NEMA WD 1 and NEMA WD 6,
and listed as complying with UL 20; types as indicated on the drawings.
1. Wiring Provisions:  Terminal screws for side wiring and screw actuated binding

clamp for back wiring with separate ground terminal screw.
B. Standard Wall Switches:  Industrial specification grade, 20 A, 120/277 V with

standard toggle type switch actuator and maintained contacts; single pole single
throw, double pole single throw, three way, or four way as indicated on the drawings.

2.04 RECEPTACLES
A. Receptacles - General Requirements:  Self-grounding, complying with NEMA WD 1

and NEMA WD 6, and listed as complying with UL 498; types as indicated on the
drawings.
1. Wiring Provisions:  Terminal screws for side wiring or screw actuated binding

clamp for back wiring with separate ground terminal screw.
2. NEMA configurations specified are according to NEMA WD 6.

B. Convenience Receptacles:
1. Standard Convenience Receptacles:  Industrial specification grade, 20A, 125V,

NEMA 5-20R; single or duplex as indicated on the drawings.
2. Weather Resistant Convenience Receptacles:  Industrial specification grade,

20A, 125V, NEMA 5-20R, , listed and labeled as weather and corrosion resistant
type complying with UL 498 Supplement SE suitable for installation in damp or
wet locations; single or duplex as indicated on the drawings.

C. GFCI Receptacles:
1. GFCI Receptacles - General Requirements:  Self-testing, with feed-through

protection and light to indicate ground fault tripped condition and loss of
protection; listed as complying with UL 943, class A.

2. Weather Resistant GFI Receptacles:  Industrial specification grade, duplex, 20A,
125V, NEMA 5-20R, rectangular decorator style, listed and labeled as weather
and corrosion resistant type complying with UL 498 Supplement SE suitable for
installation in damp or wet locations.

2.05 WALL PLATES
A. Wall Plates:  Comply with UL 514D.

1. Configuration:  One piece cover as required for quantity and types of
corresponding wiring devices.

2. Screws:  Metal with slotted heads finished to match wall plate finish.
B. Nylon Wall Plates:  Smooth finish, high-impact thermoplastic.
C. Galvanized Steel Wall Plates:  Rounded corners and edges, with corrosion resistant

screws.
D. Weatherproof Covers for Wet Locations:  Gasketed, thermoplastic, with hinged

lockable cover and corrosion-resistant screws; listed as suitable for use in wet
locations while in use with attachment plugs connected and identified as extra-duty
type.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as shown on the drawings.
B. Verify that outlet boxes are installed in proper locations and at proper mounting

heights and are properly sized to accommodate devices and conductors in accordance
with NFPA 70.

C. Verify that wall openings are neatly cut and will be completely covered by wall
plates.

D. Verify that final surface finishes are complete, including painting.
E. Verify that floor boxes are adjusted properly.
F. Verify that branch circuit wiring installation is completed, tested, and ready for

connection to wiring devices.
G. Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION
A. Provide extension rings to bring outlet boxes flush with finished surface.
B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes.

3.03 INSTALLATION
A. Perform work in accordance with NECA 1 (general workmanship) and, where

applicable, NECA 130, including mounting heights specified in those standards
unless otherwise indicated.

B. Coordinate locations of outlet boxes provided under Section 26 0537 as required for
installation of wiring devices provided under this section.
1. Orient outlet boxes for vertical installation of wiring devices unless otherwise

indicated.
2. Where multiple receptacles, wall switches, or wall dimmers are installed at the

same location and at the same mounting height, gang devices together under a
common wall plate.

3. Locate wall switches on strike side of door with edge of wall plate 3 inches from
edge of door frame. Where locations are indicated otherwise, notify Engineer to
obtain direction prior to proceeding with work.

C. Install wiring devices in accordance with manufacturer's instructions.
D. Install permanent barrier between ganged wiring devices when voltage between

adjacent devices exceeds 300 V.
E. Where required, connect wiring devices using pigtails not less than 6 inches long. Do

not connect more than one conductor to wiring device terminals.

F. Connect wiring devices by wrapping conductor clockwise 3/4 turn around screw
terminal and tightening to proper torque specified by the manufacturer. Where
present, do not use push-in pressure terminals that do not rely on screw-actuated
binding.

G. Do not use any receptacles as through feed devices.  Branch circuit hot, neutral and
ground shall be T-taped so that removal of the device will not interrupt service to
devices downstream of it.

H. Unless otherwise indicated, connect wiring device grounding terminal to branch
circuit equipment grounding conductor and to outlet box with bonding jumper.

I. Provide GFCI receptacles with integral GFCI protection at each location indicated.
Do not use feed-through wiring to protect downstream devices.

J. Install wiring devices plumb and level with mounting yoke held rigidly in place.
K. Install wall switches with OFF position down.
L. Install vertically mounted receptacles with grounding pole on bottom and

horizontally mounted receptacles with grounding pole on right.
M. Install wall plates to fit completely flush to wall with no gaps and rough opening

completely covered without strain on wall plate. Repair or reinstall improperly
installed outlet boxes or improperly sized rough openings. Do not use oversized wall
plates in lieu of meeting this requirement.

N. Install blank wall plates on junction boxes and on outlet boxes with no wiring
devices installed or designated for future use.

O. Identify wiring devices in accordance with Section 26 0553.
3.04 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect each wiring device for damage and defects.
C. Operate each wall switch, wall dimmer, and fan speed controller with circuit

energized to verify proper operation.
D. Test each receptacle to verify operation and proper polarity.
E. Test each GFCI receptacle for proper tripping operation according to manufacturer's

instructions.
F. Correct wiring deficiencies and replace damaged or defective wiring devices.

3.05 ADJUSTING
A. Adjust devices and wall plates to be flush and level.

3.06 CLEANING
A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to

match original factory finish.
END OF SECTION 26 2726

SECTION 26 2818
ENCLOSED SWITCHES

PART 1  GENERAL
1.01 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work with other trades.  Avoid placement of ductwork, piping,

equipment, or other potential obstructions within the dedicated equipment spaces
and within working clearances for electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and
clearance requirements of the actual equipment to be installed.

3. Verify with manufacturer that conductor terminations are suitable for use with
the conductors to be installed.

4. Notify Engineer of any conflicts with or deviations from the contract documents.
Obtain direction before proceeding with work.

1.02 SUBMITTALS
A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for

enclosed switches and other installed components and accessories.
B. Shop Drawings:  Indicate outline and support point dimensions, voltage and current

ratings, short circuit current ratings, conduit entry locations, conductor terminal
information, and installed features and accessories.
1. Include dimensioned plan and elevation views of enclosed switches and adjacent

equipment with all required clearances indicated.
C. Field Quality Control Test Reports.
D. Manufacturer's Installation Instructions:  Indicate application conditions and

limitations of use stipulated by product testing agency.  Include instructions for
storage, handling, protection, examination, preparation, installation, and starting of
product.

E. Project Record Documents:  Record actual locations of enclosed switches.
1.03 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.
B. Product Listing Organization Qualifications:  An organization recognized by OSHA

as a Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities
having jurisdiction.

1.04 DELIVERY, STORAGE, AND HANDLING
A. Store in a clean, dry space.  Maintain factory wrapping or provide an additional

heavy canvas or heavy plastic cover to protect units from dirt, water, construction
debris, and traffic.

B. Handle carefully in accordance with manufacturer's written instructions to avoid
damage to enclosed switch internal components, enclosure, and finish.

1.05 FIELD CONDITIONS
A. Maintain ambient temperature between -22 degrees F and 104 degrees F during and

after installation of enclosed switches.
PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Eaton Corporation:  www.eaton.com.
B. General Electric Company:  www.geindustrial.com.
C. Schneider Electric; Square D Products:  www.schneider-electric.us.
D. Siemens Industry, Inc:  www.usa.siemens.com.
E. Source Limitations:  Furnish enclosed switches and associated components produced

by the same manufacturer as the other electrical distribution equipment used for this
project and obtained from a single supplier.

2.02 ENCLOSED SAFETY SWITCHES
A. Description:  Quick-make, quick-break enclosed safety switches listed and labeled as

complying with UL 98; heavy duty; ratings, configurations, and features as indicated
on the drawings.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.
C. Unless otherwise indicated, provide products suitable for continuous operation under

the following service conditions:
1. Altitude:  Less than 6,600 feet.
2. Ambient Temperature: Between -22 degrees F and 104 degrees F.

D. Horsepower Rating:  Suitable for connected load.
E. Voltage Rating:  Suitable for circuit voltage.
F. Short Circuit Current Rating:

1. Provide enclosed safety switches, when protected by the fuses or supply side
overcurrent protective devices to be installed, with listed short circuit current
rating not less than the available fault current at the installed location as
determined by short circuit study performed in accordance with Section 26 0573.

2. Minimum Ratings:
a. Heavy Duty Single Throw Switches Protected by Class R Fuses:  200,000 rms

symmetrical amperes.
G. Provide with switch blade contact position that is visible when the cover is open.
H. Fuse Clips for Fusible Switches:  As required to accept fuses indicated.

1. Where NEMA Class R fuses are installed, provide rejection feature to prevent
installation of fuses other than Class R.

I. Conductor Terminations:  Suitable for use with the conductors to be installed.
J. Provide solidly bonded equipment ground bus in each enclosed safety switch, with a

suitable lug for terminating each equipment grounding conductor.
K. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50

and UL 50E.
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for

the following installation locations:
a. Indoor Clean, Dry Locations:  Type 1 unless otherwise indicated.
b. Outdoor Locations:  Type 4X, stainless steel or fiberglass.

2. Finish for Painted Steel Enclosures:  Manufacturer's standard, factory applied
grey unless otherwise indicated.

L. Provide safety interlock to prevent opening the cover with the switch in the ON
position with capability of overriding interlock for testing purposes.

M. Heavy Duty Switches:
1. Comply with NEMA KS 1.
2. Conductor Terminations:

a. Provide mechanical lugs.
b. Lug Material:  Aluminum, suitable for terminating aluminum or copper

conductors.
3. Provide externally operable handle with means for locking in the OFF position,

capable of accepting three padlocks.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as shown on the drawings.
B. Verify that the ratings of the enclosed switches are consistent with the indicated

requirements.
C. Verify that mounting surfaces are ready to receive enclosed safety switches.
D. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Perform work in accordance with NECA 1 (general workmanship).
C. Arrange equipment to provide minimum clearances in accordance with

manufacturer's instructions and NFPA 70.
D. Provide required supports in accordance with Section 26 0529.
E. Install enclosed switches plumb.
F. Except where indicated to be mounted adjacent to the equipment they supply, mount

enclosed switches such that the highest position of the operating handle does not
exceed 79 inches above the floor or working platform.

G. Provide grounding and bonding in accordance with Section 26 0526.
H. Provide fuses complying with Section 26 2813 for fusible switches as indicated or as

required by equipment manufacturer's recommendations.
I. Identify enclosed switches in accordance with Section 26 0553.

3.03 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect and test in accordance with NETA ATS, except Section 4.
C. Perform inspections and tests listed in NETA ATS, Section 7.5.1.1.
D. Correct deficiencies and replace damaged or defective enclosed safety switches or

associated components.
3.04 ADJUSTING

A. Adjust tightness of mechanical and electrical connections to manufacturer's
recommended torque settings.

3.05 CLEANING
A. Clean dirt and debris from switch enclosures and components according to

manufacturer's instructions.
B. Repair scratched or marred exterior surfaces to match original factory finish.

END OF SECTION 26 2818

SECTION 26 3213
ENGINE GENERATORS

PART 1  GENERAL
1.01 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate compatibility of generator sets to be installed with work provided

under other sections or by others.
a. Transfer Switches:  See Section 26 3600.

2. Coordinate the work with other trades to avoid placement of ductwork, piping,
equipment or other potential obstructions within the spaces dedicated for engine
generator system.

3. Coordinate arrangement of equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

4. Coordinate the work to provide electrical circuits suitable for the power
requirements of the actual auxiliary equipment and accessories to be installed.

5. Notify Engineer of any conflicts with or deviations from the contract documents.
Obtain direction before proceeding with work.

1.02 SUBMITTALS
A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for

each product, including ratings, configurations, dimensions, finishes, weights,
service condition requirements, and installed features. Include alternator starting
capabilities, engine fuel consumption rates, and cooling, combustion air, and exhaust
requirements.
1. Include generator set sound level test data.
2. Include characteristic trip curves for overcurrent protective devices.
3. Include alternator thermal damage curve.

B. Shop Drawings:  Include dimensioned plan views and sections indicating locations
of system components, required clearances, and field connection locations. Include
system interconnection schematic diagrams showing all factory and field
connections.

C. Fuel Storage Tank Calculations:  Indicate maximum running time for generator set
configuration provided.

D. Manufacturer's Installation Instructions:  Indicate application conditions and
limitations of use stipulated by product testing agency.  Include instructions for
storage, handling, protection, examination, preparation, installation, and operation of
product.

E. Manufacturer's factory emissions certification.
F. Manufacturer's certification that products meet or exceed specified requirements.
G. Source quality control test reports.
H. Provide NFPA 110 required documentation from manufacturer where requested by

authorities having jurisdiction, including but not limited to:
1. Certified prototype tests.
2. Torsional vibration compatibility certification.
3. NFPA 110 compliance certification.
4. Certified rated load test at rated power factor.

I. Manufacturer's detailed field testing procedures.
J. Field quality control test reports.
K. Operation and Maintenance Data:  Include detailed information on system operation,

equipment programming and setup, replacement parts, and recommended
maintenance procedures and intervals.
1. Include contact information for entity that will be providing contract

maintenance and trouble call-back service.
L. Executed Warranty:  Submit documentation of final executed warranty completed in

Owner's name and registered with manufacturer.
M. Maintenance contracts.
N. Project Record Documents:  Record actual locations of system components, installed

circuiting arrangements and routing, and final equipment settings.
1.03 QUALITY ASSURANCE

A. Comply with the following:
1. NFPA 70 (National Electrical Code).
2. NFPA 110 (Standard for Emergency and Standby Power Systems).
3. NFPA 37 (Standard for the Installation and Use of Stationary Combustion

Engines and Gas Turbines).
4. NFPA 30 (Flammable and Combustible Liquids Code).

B. Product Listing Organization Qualifications:  An organization recognized by OSHA
as a Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities
having jurisdiction.

1.04 DELIVERY, STORAGE, AND HANDLING
A. Receive, inspect, handle, and store generator sets in accordance with manufacturer's

instructions and NECA/EGSA 404.
B. Store in a clean, dry space.  Maintain factory wrapping or provide an additional

heavy canvas or heavy plastic cover to protect units from dirt, water, construction
debris, and traffic.

C. Handle carefully in accordance with manufacturer's instructions to avoid damage to
generator set components, enclosure, and finish.

1.05 FIELD CONDITIONS
A. Maintain field conditions within manufacturer's required service conditions during

and after installation.
1.06 WARRANTY

A. Provide minimum two year manufacturer warranty covering repair or replacement
due to defective materials or workmanship.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Packaged Engine Generator Set:
1. Caterpillar Inc:  www.cat.com.
2. Cummins Power Generation Inc:  www.cumminspower.com.
3. Kohler Co:  www.kohlerpower.com.

B. Source Limitations:  Furnish engine generator sets and associated components and
accessories produced by a single manufacturer and obtained from a single supplier.

2.02 PACKAGED ENGINE GENERATOR SYSTEM
A. Provide new engine generator system consisting of all required equipment, sensors,

conduit, boxes, wiring, piping, supports, accessories, system programming, etc. as
necessary for a complete operating system that provides the functional intent
indicated.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.
C. System Description:

1. Application:  Emergency/standby.
2. Configuration:  Single packaged engine generator set operated independently

(not in parallel).
D. Packaged Engine Generator Set:

1. Type:  Diesel (compression ignition).
2. Power Rating:  250 kW, standby.
3. Voltage:  480Y/277 V, 3 phase, 60 Hz.
4. Main Line Circuit Breaker:

a. Type:  Electronic trip with long time and short time delay and instantaneous
pickup.

b. Trip Rating:  Select according to generator set rating and coordination study.
c. Features:

1) Shunt trip.
2) Auxiliary contacts.

E. Generator Set General Requirements:
1. Prototype tested in accordance with NFPA 110 for Level 1 systems.
2. Factory-assembled, with components mounted on suitable base.
3. List and label engine generator assembly as complying with UL 2200.
4. Power Factor:  Unless otherwise indicated, specified power ratings are at 0.8

power factor for three phase voltages and 1.0 power factor for single phase
voltages.

5. Provide suitable guards to protect personnel from accidental contact with
rotating parts, hot piping, and other potential sources of injury.

6. Main Line Circuit Breakers:  Provide factory-installed line side connections with
suitable lugs for load side connections.

F. Service Conditions:  Provide engine generator system and associated components
suitable for operation under the service conditions at the installed location.

G. Starting and Load Acceptance Requirements:
1. Cranking Method:  Cycle cranking complying with NFPA 110 (15 second crank

period, followed by 15 second rest period, with cranking limiter time-out after 3
cycles), unless otherwise required.

2. Cranking Limiter Time-Out:  If generator set fails to start after specified
cranking period, indicate overcrank alarm condition and lock-out generator set
from further cranking until manually reset.

3. Start Time:  Capable of starting and achieving conditions necessary for load
acceptance within 10 seconds (NFPA 110, Type 10).

4. Maximum Load Step:  Supports 100 percent of rated load in one step.
5. Motor Starting Capability:  Supports starting of motor load indicated with a

maximum voltage dip of 25 percent.
H. Exhaust Emissions Requirements:

1. Comply with federal (EPA), state, and local regulations applicable at the time of
commissioning; include factory emissions certification with submittals.

2. Do not make modifications affecting generator set factory emissions certification
without approval of manufacturer and Engineer. Where such modifications are
made, provide field emissions testing as necessary for certification.

I. Sound Level Requirements:
1. Do not exceed 78 dBA when measured at 23 feet from generator set in free field

(no sound barriers) while operating at full load; include manufacturer's sound
data with submittals.

2.03 ENGINE AND ENGINE ACCESSORY EQUIPMENT
A. Provide engine with adequate horsepower to achieve specified power output at rated

speed, accounting for alternator efficiency and parasitic loads.
B. Engine Fuel System - Diesel (Compression Ignition):

1. Fuel Source:  Diesel, ASTM D975 No. 2-D or approved cold weather diesel
blends.

2. Fuel Storage:  Sub-base fuel tank.
3. Engine Fuel Supply:  Provide engine-driven, positive displacement fuel pump

with replaceable fuel filter(s), water separator, check valve to secure prime,
manual fuel priming pump, and relief-bypass valve. Provide fuel cooler where
recommended by manufacturer.

4. Engine Fuel Connections:  Provide suitable, approved flexible fuel lines for
coupling engine to fuel source.

5. Sub-Base Fuel Tank:
a. Provide sub-base mounted, double-wall fuel tank with secondary containment;

listed and labeled as complying with UL 142.
b. Tank Capacity:  Size for minimum of 48 hours of continuous engine generator

operation at 100 percent rated load, but not larger than permissible by
applicable codes.

c. Features:
1) Direct reading fuel level gage.
2) Normal atmospheric vent.
3) Emergency pressure relief vent.
4) Fuel fill opening with lockable cap.
5) Dedicated electrical conduit stub-up area.
6) Low fuel level switch.
7) Leak detection switch; located within secondary containment interstitial

space for detection of primary tank fuel leak.
C. Engine Starting System:

1. System Type:  Electric, with DC solenoid-activated starting motor(s).
2. Battery(s):

a. Battery Type:  Lead-acid.
b. Battery Capacity:  Size according to manufacturer's recommendations for

achieving starting and load acceptance requirements under worst case ambient
temperature; capable of providing cranking through two complete periods of
cranking limiter time-outs without recharging.

c. Provide battery rack, cables, and connectors suitable for the supplied
battery(s); size battery cables according to manufacturer's recommendations
for cable length to be installed.

3. Battery-Charging Alternator:  Engine-driven, with integral solid-state voltage
regulation.

4. Battery Charger:
a. Provide dual rate battery charger with automatic float and equalize charging

modes and minimum rating of 10 amps; suitable for maintaining the supplied
battery(s) at full charge without manual intervention.

b. Capable of returning supplied battery(s) from fully discharged to fully
charged condition within 24 hours, as required by NFPA 110 for Level 1
applications while carrying normal loads.

c. Recognized as complying with UL 1236.
d. Furnished with integral overcurrent protection; current limited to protect

charger during engine cranking; reverse polarity protection.
e. Provide integral DC output ammeter and voltmeter with five percent accuracy.
f. Provide alarm output contacts as necessary for alarm indications.

D. Engine Speed Control System (Governor):
1. Single Engine Generator Sets (Not Operated in Parallel):  Provide electronic

isochronous governor for controlling engine speed/alternator frequency.
2. Frequency Regulation, Electronic Isochronous Governors:  No change in

frequency from no load to full load; plus/minus 0.25 percent at steady state.
E. Engine Lubrication System:

1. System Type:  Full pressure, with engine-driven, positive displacement
lubrication oil pump, replaceable full-flow oil filter(s), and dip-stick for oil level
indication. Provide oil cooler where recommended by manufacturer.

F. Engine Cooling System:
1. System Type:  Closed-loop, liquid-cooled, with unit-mounted radiator/fan and

engine-driven coolant pump; suitable for providing adequate cooling while
operating at full load under worst case ambient temperature.

2. Fan Guard:  Provide suitable guard to protect personnel from accidental contact
with fan.

3. Coolant Heater:  Provide thermostatically controlled coolant heater to improve
starting under cold ambient conditions; size according to manufacturer's
recommendations for achieving starting and load acceptance requirements under
worst case ambient temperature.

G. Engine Air Intake and Exhaust System:
1. Air Intake Filtration:  Provide engine-mounted, replaceable, dry element filter.
2. Engine Exhaust Connection:  Provide suitable, approved flexible connector for

coupling engine to exhaust system.
3. Exhaust Silencer:  Provide critical grade or better exhaust silencer with sound

attenuation not less than basis of design; select according to manufacturer's
recommendations to meet sound performance requirements, where specified.

2.04 ALTERNATOR (GENERATOR)
A. Alternator:  4-pole, 1800 rpm (60 Hz output) revolving field, synchronous generator

complying with NEMA MG 1; connected to engine with flexible coupling; voltage
output configuration as indicated, with reconnectable leads for 3 phase alternators.

B. Exciter:
1. Exciter Type:  Brushless; provide permanent magnet generator (PMG) excitation

system; self-excited (shunt) systems are not permitted.
2. PMG Excitation Short-Circuit Current Support:  Capable of sustaining 300

percent of rated output current for 10 seconds.
3. Voltage Regulation (with PMG excitation):  Plus/minus 0.5 percent for any

constant load from no load to full load.
C. Temperature Rise:  Comply with UL 2200.
D. Insulation System:  NEMA MG 1, Class H; suitable for alternator temperature rise.
E. Enclosure:  NEMA MG 1, drip-proof.
F. Total Harmonic Distortion:  Not greater than five percent.
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2.05 GENERATOR SET CONTROL SYSTEM
A. Provide microprocessor-based control system for automatic control, monitoring, and

protection of generator set. Include sensors, wiring, and connections necessary for
functions/indications specified.
1. Constrol system shall have all components necessary for paralleling with an

additional generator of the same type and manufacturer at a future date.
B. Control Panel:

1. Control Panel Mounting:  Unit-mounted unless otherwise indicated; vibration
isolated.

2. Generator Set Control Functions:
a. Automatic Mode:  Initiates generator set start/shutdown upon receiving

corresponding signal from remote device (e.g. automatic transfer switch).
b. Manual Mode:  Initiates generator set start/shutdown upon direction from

operator.
c. Reset Mode:  Clears all faults, allowing generator set restart after a shutdown.
d. Emergency Stop:  Immediately shuts down generator set (without time delay)

and prevents automatic restarting until manually reset.
e. Cycle Cranking:  Programmable crank time, rest time, and number of cycles.
f. Time Delay:  Programmable for shutdown (engine cooldown) and start

(engine warmup).
g. Voltage Adjustment:  Adjustable through range of plus/minus 5 percent.

3. Generator Set Status Indications:
a. Voltage (Volts AC):  Line-to-line, line-to-neutral for each phase.
b. Current (Amps):  For each phase.
c. Frequency (Hz).
d. Real power (W/kW).
e. Reactive power (VAR/kVAR).
f. Apparent power (VA/kVA).
g. Power factor.
h. Duty Level:  Actual load as percentage of rated power.
i. Engine speed (RPM).
j. Battery voltage (Volts DC).
k. Engine oil pressure.
l. Engine coolant temperature.
m. Engine run time.
n. Generator powering load (position signal from transfer switch).

4. Generator Set Protection and Warning/Shutdown Indications:
a. Comply with NFPA 110; configurable for NFPA 110 Level 1 or Level 2, or

NFPA 99 systems including but not limited to the following
protections/indications:
1) Overcrank (shutdown).
2) Low coolant temperature (warning).
3) High coolant temperature (warning).
4) High coolant temperature (shutdown).
5) Low oil pressure (shutdown).
6) Overspeed (shutdown).
7) Low fuel level (warning).
8) Low coolant level (warning/shutdown).
9) Generator control not in automatic mode (warning).
10) High battery voltage (warning).
11) Low cranking voltage (warning).
12) Low battery voltage (warning).
13) Battery charger failure (warning).

b. In addition to NFPA 110 requirements, provide the following
protections/indications:
1) High AC voltage (shutdown).
2) Low AC voltage (shutdown).
3) High frequency (shutdown).
4) Low frequency (shutdown).
5) Overcurrent (shutdown).
6) Fuel tank leak (warning), where applicable.

c. Provide contacts for local and remote common alarm.
d. Provide lamp test function that illuminates all indicator lamps.

5. Other Control Panel Features:
a. Event log.

C. Remote Emergency Stop:  Provide approved red, mushroom style remote emergency
stop button where indicated or required by authorities having jurisdiction.

2.06 GENERATOR SET ENCLOSURE
A. Enclosure Type:  Sound attenuating, weather protective.
B. Enclosure Material:  Steel or aluminum.
C. Hardware Material:  Stainless steel.
D. Color:  Manufacturer's standard.
E. Access Doors:  Lockable, with all locks keyed alike.
F. Openings:  Designed to prevent bird/rodent entry.
G. External Drains:  Extend oil and coolant drain lines to exterior of enclosure for

maintenance service.
H. Sound Attenuating Enclosures:  Line enclosure with non-hydroscopic,

self-extinguishing sound-attenuating material.
I. Exhaust Silencers:  Where exhaust silencers are mounted within enclosure in main

engine compartment, insulate silencer to minimize heat dissipation as necessary for
operation at rated load under worst case ambient temperature.

2.07 SOURCE QUALITY CONTROL
A. Perform production tests on generator sets at factory to verify operation and

performance characteristics prior to shipment. Include certified test report with
submittals.

B. Diesel Fuel Storage Tanks:  Perform pressurized leak test prior to shipment.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as shown on the drawings.
B. Verify that the ratings and configurations of generator sets and auxiliary equipment

are consistent with the indicated requirements.
C. Verify that rough-ins for field connections are in the proper locations.
D. Verify that mounting surfaces are ready to receive equipment.
E. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Perform work in accordance with NECA 1 (general workmanship).
B. Install products in accordance with manufacturer's instructions.
C. Install generator sets and associated accessories in accordance with NECA/EGSA

404.
D. Arrange equipment to provide minimum clearances and required maintenance

access.
E. Unless otherwise indicated, mount generator set on properly sized 6 inch high

concrete pad constructed in accordance with Section 03 3000. Provide suitable
vibration isolators, where not factory installed.

F. Provide required support and attachment in accordance with Section 26 0529.
G. Use manufacturer's recommended oil and coolant, suitable for the worst case

ambient temperatures.
H. Provide diesel fuel piping and venting in accordance with Section 23 1113, where

not factory installed.
I. Provide engine exhaust piping in accordance with Section 23 5100, where not

factory installed.
1. Include piping expansion joints, piping insulation, thimble, condensation

trap/drain, rain cap, hangers/supports, etc. as indicated or as required.
2. Do not exceed manufacturer's maximum back pressure requirements.

J. Install exhaust silencer in accordance with Section 23 5100, where not factory
installed.

K. Provide grounding and bonding in accordance with Section 26 0526.
L. Identify system wiring and components in accordance with Section 26 0553.

3.03 FIELD QUALITY CONTROL
A. Provide services of a manufacturer's authorized representative to prepare and start

systems and perform inspection and testing. Include manufacturer's detailed testing
procedures and field reports with submittals.

B. Notify Owner and Engineer at least two weeks prior to scheduled inspections and
tests.

C. Notify authorities having jurisdiction and comply with their requirements for
scheduling inspections and tests and for observation by their personnel.

D. Provide all equipment, tools, and supplies required to accomplish inspection and
testing, including load bank and fuel.

E. Preliminary inspection and testing to include, at a minimum:
1. Inspect each system component for damage and defects.
2. Verify tightness of mechanical and electrical connections are according to

manufacturer's recommended torque settings.
3. Check for proper oil and coolant levels.

F. Prepare and start system in accordance with manufacturer's instructions.
G. Perform acceptance test in accordance with NFPA 110.
H. Inspection and testing to include, at a minimum:

1. Verify compliance with starting and load acceptance requirements.
2. Verify voltage and frequency; make required adjustments as necessary.
3. Verify phase sequence.
4. Verify control system operation, including safety shutdowns.
5. Verify operation of auxiliary equipment and accessories (e.g. battery charger,

heaters, etc.).
6. Perform load tests in accordance with NFPA 110 (1.5 hour building load test

followed by 2 hour full load test).
I. Provide field emissions testing where necessary for certification.
J. Sound Level Tests:  Measure sound levels for compliance with specified

requirements. Identify and report ambient noise conditions.
K. Correct defective work, adjust for proper operation, and retest until entire system

complies with contract documents.
L. Submit detailed reports indicating inspection and testing results and corrective

actions taken.
3.04 CLEANING

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to
match original factory finish.

3.05 CLOSEOUT ACTIVITIES
A. Demonstration:  Demonstrate proper operation of system to Owner, and correct

deficiencies or make adjustments as directed.
B. Training:  Train Owner's personnel on operation, adjustment, and maintenance of

system.
1. Use operation and maintenance manual as training reference, supplemented with

additional training materials as required.
2. Provide minimum of four hours of training.
3. Instructor:  Manufacturer's authorized representative.
4. Location:  At project site.

3.06 PROTECTION
A. Protect installed engine generator system from subsequent construction operations.

3.07 MAINTENANCE
A. Provide to Owner at no extra cost, a separate maintenance contract for the service

and maintenance of engine generator system for two years from date of Substantial
Completion; Include a complete description of preventive maintenance, systematic
examination, adjustment, inspection, and testing, with a detailed schedule.

B. Conduct site visit at least once every 6 months to perform inspection, testing, and
preventive maintenance. Submit report to Owner indicating maintenance performed
along with evaluations and recommendations.

C. Provide trouble call-back service upon notification by Owner:
1. Provide on-site response within 4 hours of notification.
2. Include allowance for call-back service during normal working hours at no extra

cost to Owner.
3. Owner will pay for call-back service outside of normal working hours on an

hourly basis, based on actual time spent at site and not including travel time;
include hourly rate and definition of normal working hours in maintenance
contract.

D. Maintain an on-site log listing the date and time of each inspection and call-back
visit, the condition of the system, nature of the trouble, correction performed, and
parts replaced.

END OF SECTION 26 3213

SECTION 26 3600
TRANSFER SWITCHES

PART 1  GENERAL
1.01 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate compatibility of transfer switches to be installed with work provided

under other sections or by others.
a. Engine Generators:  See Section 26 3213.

2. Coordinate the work with other trades to avoid placement of ductwork, piping,
equipment, or other potential obstructions within the dedicated equipment spaces
and working clearances required by NFPA 70.

3. Coordinate arrangement of equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

4. Coordinate the work with placement of supports, anchors, etc. required for
mounting.

5. Notify Engineer of any conflicts with or deviations from the contract documents.
Obtain direction before proceeding with work.

1.02 SUBMITTALS
A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for

each product, including ratings, configurations, dimensions, finishes, weights,
service condition requirements, and installed features.
1. Where applicable, include characteristic trip curves for overcurrent protective

devices.
B. Shop Drawings:  Include dimensioned plan views and sections indicating locations

of system components, required clearances, and field connection locations. Include
system interconnection schematic diagrams showing all factory and field
connections.

C. Manufacturer's Installation Instructions:  Indicate application conditions and
limitations of use stipulated by product testing agency.  Include instructions for
storage, handling, protection, examination, preparation, installation, and operation of
product.

D. Manufacturer's detailed field testing procedures.
E. Field quality control test reports.
F. Operation and Maintenance Data:  Include detailed information on system operation,

equipment programming and setup, replacement parts, and recommended
maintenance procedures and intervals.
1. Include contact information for entity that will be providing contract maintenance

and trouble call-back service.
G. Executed Warranty:  Submit documentation of final executed warranty completed in

Owner's name and registered with manufacturer.
H. Maintenance contracts.
I. Project Record Documents:  Record actual locations of system components, installed

circuiting arrangements and routing, and final equipment settings.
1.03 QUALITY ASSURANCE

A. Comply with the following:
1. NFPA 70 (National Electrical Code).

B. Product Listing Organization Qualifications:  An organization recognized by OSHA
as a Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities
having jurisdiction.

1.04 DELIVERY, STORAGE, AND HANDLING
A. Receive, inspect, handle, and store transfer switches in accordance with

manufacturer's instructions.
B. Store in a clean, dry space.  Maintain factory wrapping or provide an additional

heavy canvas or heavy plastic cover to protect units from dirt, water, construction
debris, and traffic.

C. Handle carefully in accordance with manufacturer's instructions to avoid damage to
transfer switch components, enclosure, and finish.

1.05 FIELD CONDITIONS
A. Maintain field conditions within manufacturer's required service conditions during

and after installation.
1.06 WARRANTY

A. Provide minimum two year manufacturer warranty covering repair or replacement
due to defective materials or workmanship.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Transfer Switches:
1. ASCO Power Technologies, a brand of Emerson Network Power:

www.emersonnetworkpower.com.
2. General Electric Company:  www.geindustrial.com.
3. Same as manufacturer of engine generator(s) used for this project.
4. Resselectic: http://www.russelectric.com/.

B. Source Limitations:  Furnish transfer switches and accessories produced by a single
manufacturer and obtained from a single supplier.

2.02 TRANSFER SWITCHES
A. Provide complete power transfer system consisting of all required equipment,

conduit, boxes, wiring, supports, accessories, system programming, etc. as necessary
for a complete operating system that provides the functional intent indicated.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.
C. Applications:
D. Construction Type:  Only "contactor type" (open contact) transfer switches are

acceptable. Do not use "breaker type" (enclosed contact) transfer switches.
E. Automatic Transfer Switch:

1. Transfer Switch Type:  Automatic transfer switch.
2. Transition Configuration:  Delayed-transition (with neutral position).
3. Voltage:  As indicated on the drawings.
4. Ampere Rating:  As indicated on the drawings.
5. Neutral Configuration:  Switched neutral.
6. Primary Source:  As indicated on the drawings.
7. Alternate Source:  As indicated on the drawings.
8. Service Entrance Rated:  Provide with fully adjustable electronic circuit breaker

for utility connection.
F. Comply with NEMA ICS 10 Part 1, and list and label as complying with UL 1008

for the classification of the intended application (e.g. emergency, optional standby).
G. Do not use double throw safety switches or other equipment not specifically

designed for power transfer applications and listed as transfer switch equipment.
H. Load Classification:  Classified for total system load (any combination of motor,

electric discharge lamp, resistive, and tungsten lamp loads with tungsten lamp loads
not exceeding 30 percent of the continuous current rating) unless otherwise indicated
or required.

I. Switching Methods:
1. Delayed Transition:

a. Provide break-before-make transfer with programmable time delay in a
neutral position not connected to either source, and with interlocks to prevent
simultaneous connection of the load to both sources.

2. Neutral Switching:  Either simultaneously switched neutral (break-before-make)
or overlapping neutral (make-before-break) methods are acceptable.

3. Obtain control power for transfer operation from line side of source to which the
load is to be transferred.

J. Service Conditions:  Provide transfer switches suitable for continuous operation at
indicated ratings under the service conditions at the installed location.

K. Enclosures:
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for

the following installation locations:
a. Indoor Clean, Dry Locations:  Type 1 or Type 12.

2. Provide lockable door(s).
3. Finish:  Manufacturer's standard unless otherwise indicated.

L. Short Circuit Current Rating:
1. Withstand and Closing Rating:  Provide transfer switches, when protected by the

supply side overcurrent protective devices to be installed, with listed withstand
and closing rating not less than the available fault current at the installed location
as indicated on the drawings.

2. Short Time Rating:  Where the requirement for selectivity is indicated, provide
transfer switches with short time ratings suitable for the maximum short time
delay setting of the supply side overcurrent protective device.

M. Automatic Transfer Switches:
1. Description:  Transfer switches with automatically initiated transfer between

sources; electrically operated and mechanically held.
2. Control Functions:

a. Automatic mode.
b. Test Mode:  Simulates failure of primary/normal source.
c. Voltage and Frequency Sensing:

1) Undervoltage sensing for each phase of primary/normal source; adjustable
dropout/pickup settings.

2) Undervoltage sensing for alternate/emergency source; adjustable
dropout/pickup settings.

3) Underfrequency sensing for alternate/emergency source; adjustable
dropout/pickup settings.

d. Outputs:
1) Contacts for engine start/shutdown (except where direct generator

communication interface is provided).
2) Auxiliary contacts; one set(s) for each switch position.

e. Adjustable Time Delays:
1) Engine generator start time delay; delays engine start signal to override

momentary primary/normal source failures.
2) Transfer to alternate/emergency source time delay.
3) Retransfer to primary/normal source time delay.
4) Engine generator cooldown time delay; delays engine shutdown following

retransfer to primary/normal source to permit generator to run unloaded
for cooldown period.

f. Engine Exerciser:  Provides programmable scheduled exercising of engine
generator selectable with or without transfer to load; provides memory
retention during power outage.

3. Status Indications:
a. Connected to alternate/emergency source.
b. Connected to primary/normal source.
c. Alternate/emergency source available.

4. Automatic Sequence of Operations:
a. Upon failure of primary/normal source for a programmable time period

(engine generator start time delay), initiate starting of engine generator where
applicable.

b. When alternate/emergency source is available, transfer load to
alternate/emergency source after programmable time delay.

c. When primary/normal source has been restored, retransfer to primary/normal
source after a programmable time delay. Bypass time delay if
alternate/emergency source fails and primary/normal source is available.

d. Where applicable, initiate shutdown of engine generator after programmable
engine cooldown time delay.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as shown on the drawings.
B. Verify that the ratings and configurations of transfer switches are consistent with the

indicated requirements.
C. Verify that rough-ins for field connections are in the proper locations.
D. Verify that mounting surfaces are ready to receive transfer switches.
E. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Perform work in accordance with NECA 1 (general workmanship).
B. Install products in accordance with manufacturer's instructions.
C. Arrange equipment to provide minimum clearances and required maintenance

access.
D. Provide required support and attachment in accordance with Section 26 0529.
E. Install transfer switches plumb and level.
F. Unless otherwise indicated, mount floor-mounted transfer switches on properly sized

3 inch high concrete pad constructed in accordance with Section 03 3000.

G. Provide grounding and bonding in accordance with Section 26 0526.
H. Identify transfer switches and associated system wiring in accordance with Section

26 0553.
3.03 FIELD QUALITY CONTROL

A. Provide services of a manufacturer's authorized representative to observe installation
and assist in inspection and testing. Include manufacturer's detailed testing
procedures and field reports with submittals.

B. Prepare and start system in accordance with manufacturer's instructions.
C. Automatic Transfer Switches:

1. Inspect and test in accordance with NETA ATS, except Section 4.
2. Perform inspections and tests listed in NETA ATS, Section 7.22.3. The control

wiring insulation-resistance tests listed as optional are not required.
D. Provide additional inspection and testing as required for completion of associated

engine generator testing as specified in Section 26 3213.
E. Correct defective work, adjust for proper operation, and retest until entire system

complies with contract documents.
F. Submit detailed reports indicating inspection and testing results and corrective

actions taken.
3.04 CLEANING

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to
match original factory finish.

3.05 CLOSEOUT ACTIVITIES
A. Demonstration:  Demonstrate proper operation of transfer switches to Owner, and

correct deficiencies or make adjustments as directed.
B. Training:  Train Owner's personnel on operation, adjustment, and maintenance of

transfer switches.
1. Use operation and maintenance manual as training reference, supplemented with

additional training materials as required.
2. Provide minimum of four hours of training.  This will be done in conjuction with

the generator training.
3. Instructor:  Manufacturer's authorized representative.
4. Location:  At project site.

C. Coordinate with related generator demonstration and training as specified in Section
26 3213.

3.06 PROTECTION
A. Protect installed transfer switches from subsequent construction operations.

3.07 MAINTENANCE
A. Provide to Owner at no extra cost, a separate maintenance contract for the service

and maintenance of transfer switches for two years from date of Substantial
Completion; Include a complete description of preventive maintenance, systematic
examination, adjustment, inspection, and testing, with a detailed schedule.

B. Conduct site visit at least once every 6 months to perform inspection, testing, and
preventive maintenance. Submit report to Owner indicating maintenance performed
along with evaluations and recommendations.

C. Provide trouble call-back service upon notification by Owner:
1. Provide on-site response within 4 hours of notification.
2. Include allowance for call-back service during normal working hours at no extra

cost to Owner.
3. Owner will pay for call-back service outside of normal working hours on an

hourly basis, based on actual time spent at site and not including travel time;
include hourly rate and definition of normal working hours in maintenance
contract.

D. Maintain an on-site log listing the date and time of each inspection and call-back
visit, the condition of the system, nature of the trouble, correction performed, and
parts replaced.

END OF SECTION 26 3600

SECTION 26 4300
SURGE PROTECTIVE DEVICES

PART 1  GENERAL
1.01 SUBMITTALS

A. Product Data:  Include detailed component information, voltage, surge current
ratings, repetitive surge current capacity, voltage protection rating (VPR) for all
protection modes, maximum continuous operating voltage (MCOV), nominal
discharge current (I-n), short circuit current rating (SCCR), connection means
including any required external overcurrent protection, enclosure ratings, outline and
support point dimensions, weight, service condition requirements, and installed
features.

B. Shop Drawings:  Include wiring diagrams showing all factory and field connections
with wire and circuit breaker/fuse sizes.

C. Operation and Maintenance Data:  Include information on status indicators and
recommended maintenance procedures and intervals.

D. Warranty:  Submit sample of manufacturer's warranty and documentation of final
executed warranty completed in Owner's name and registered with manufacturer.

E. Project Record Documents:  Record actual connections and locations of surge
protective devices.

1.02 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Factory-installed, Internally Mounted Surge Protective Devices:
1. Same as manufacturer of equipment containing surge protective device, to

provide a complete listed assembly including SPD.
2.02 SURGE PROTECTIVE DEVICES - GENERAL REQUIREMENTS

A. Description:  Factory-assembled surge protective devices (SPDs) for 60 Hz service;
listed, classified, and labeled as suitable for the purpose intended; system voltage as
indicated on the drawings.

B. Protected Modes:
1. Wye Systems:  L-N, L-G, N-G, L-L.

C. UL 1449 Voltage Protection Ratings (VPRs):
D. UL 1449 Maximum Continuous Operating Voltage (MCOV):  Not less than 115%

of nominal system voltage.
E. Enclosure Environment Type per NEMA 250:  Unless otherwise indicated, as

specified for the following installation locations:
1. Indoor clean, dry locations:  Type 1.
2. Outdoor locations:  Type 3R.

F. Equipment Containing Factory-installed, Internally Mounted SPDs:  Listed and
labeled as a complete assembly including SPD.
1. Panelboards:  See Section 26 2416.
2. Motor Control Centers:  See Section 26 2419.

2.03 SURGE PROTECTIVE DEVICES FOR DISTRIBUTION LOCATIONS
A. Unless otherwise indicated, provide factory-installed, internally mounted SPDs.
B. List and label as complying with UL 1449, Type 1 or Type 2.
C. Distribution locations include SPDs connected to distribution panelboards, motor

control centers, and busway.
D. Provide SPDs utilizing field-replaceable modular or non-modular protection circuits.
E. Surge Current Rating:  Not less than 80 kA per mode/160 kA per phase.
F. UL 1449 Nominal Discharge Current (I-n):  20 kA.
G. UL 1449 Short Circuit Current Rating (SCCR):  Not less than the available fault

current at the installed location as indicated on the drawings.
H. Diagnostics:

1. Protection Status Monitoring:  Provide indicator lights to report the protection
status for each phase.

2. Alarm Notification:  Provide indicator light and audible alarm to report alarm
condition. Provide button to manually silence audible alarm.

I. Provide surge rated integral disconnect switch for SPDs not direct bus connected.
2.04 SURGE PROTECTIVE DEVICES FOR BRANCH PANELBOARD

LOCATIONS
A. Unless otherwise indicated, provide field-installed, externally mounted or

factory-installed, internally mounted SPDs.
B. List and label as complying with UL 1449, Type 1 or Type 2.
C. Provide SPDs utilizing field-replaceable modular or non-modular protection circuits.
D. Surge Current Rating:  Not less than 60 kA per mode/120 kA per phase.
E. UL 1449 Nominal Discharge Current (I-n):  20 kA.

F. UL 1449 Short Circuit Current Rating (SCCR):  Not less than the available fault
current at the installed location as indicated on the drawings.

G. Diagnostics:
1. Protection Status Monitoring:  Provide indicator lights to report the protection

status.
2. Alarm Notification:  Provide indicator light and audible alarm to report alarm

condition. Provide button to manually silence audible alarm.
H. Provide surge rated integral disconnect switch for SPDs not direct bus connected.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as shown on the drawings.
B. Verify that the service voltage and configuration marked on the SPD are consistent

with the service voltage and configuration at the location to be installed.
C. Verify that electrical equipment is ready to accept connection of the SPD and that

installed overcurrent device is consistent with requirements of the drawings and
manufacturer's instructions.

D. Verify system grounding and bonding is in accordance with Section 26 0526,
including bonding of neutral and ground for service entrance and separately derived
systems where applicable. Do not energize SPD until deficiencies have been
corrected.

E. Verify that conditions are satisfactory for installation prior to starting work.
3.02 INSTALLATION

A. Perform work in accordance with NECA 1 (general workmanship).
B. Install products in accordance with manufacturer's instructions.
C. Arrange equipment to provide minimum clearances in accordance with

manufacturer's instructions and NFPA 70.
D. Provide conductors with minimum ampacity as indicated on the drawings, as

required by NFPA 70, and not less than manufacturer's recommended minimum
conductor size.

E. Install conductors between SPD and equipment terminations as short and straight as
possible, not exceeding manufacturer's recommended maximum conductor length.
Breaker locations may be reasonably rearranged in order to provide leads as short
and straight as possible. Twist conductors together to reduce inductance.

F. Do not energize SPD until bonding of neutral and ground for service entrance and
separately derived systems is complete in accordance with Section 26 0526 where
applicable. Replace SPDs damaged by improper or missing neutral-ground bond.

3.03 FIELD QUALITY CONTROL
A. Inspect and test in accordance with NETA ATS, except Section 4.
B. Perform inspections and tests listed in NETA ATS Section 7.19.1.
C. Procure services of a qualified manufacturer's representative to observe installation

and assist in inspection, testing, and adjusting. Include manufacturer's reports with
field quality control submittals.

3.04 CLEANING
A. Repair scratched or marred exterior surfaces to match original factory finish.

END OF SECTION 26 4300
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