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SECTION 011000 - SUMMARY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings, Contract Provisions, Special Provisions, Supplementary Conditions, and other 

Division 01 Specification Sections apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Work covered by the Contract Documents. 

2. Type of the Contract. 

3. Work phases. 

4. Work under other contracts. 

5. Products ordered in advance. 

6. Authority-furnished products. 

7. Use of premises. 

8. The Authority's occupancy requirements. 

9. Work restrictions. 

10. Specification formats and conventions. 

B. Related Sections include the following: 

1. Division 01 Section "Temporary Facilities and Controls" for limitations and procedures 

governing temporary use of the Authority's facilities. 

1.3 WORK COVERED BY CONTRACT DOCUMENTS 

A. Project Identification:  South Hangar Line Standby Power Upgrade. 

1. Project Location:  Ronald Reagan Washington National Airport  

B. Architect/Engineer Identification:  The Contract Documents, dated November 6, 2012, were 

prepared for Project by Shah & Associates, Inc. 
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SUMMARY 011000 - 2 

C. Construction Manager:  Parsons Management Consultants has been engaged as Construction 

Manager for this Project to serve as an advisor to the Authority and to provide assistance in 

administering the Contract for Construction between the Authority and Contractor, according to 

a separate contract between the Authority and Construction Manager. 

1. For additional functions of Parsons Management Consultants, see "Supplementary 

Conditions." 

D. The Work consists of: 

1. The Work includes upgrade of the standby power system in the South Hangar Line, 

Hangars 2-7. The work consists of a, but is not limited to, a new 4160V standby feeder 

and medium voltage switch; 4160-480V transformer, automatic transfer switch, 480V 

normal feeder, 480V distribution panel, six 480V branch circuit panelboards, six 480-

208V transformers and six 208V branch circuit panelboards. 

2. For additional requirements for the examination of plans, specifications, and Project site 

see Section "Supplementary Conditions." 

1.4 TYPE OF CONTRACT 

A. Project will be constructed under a general construction contract. 

1.5 USE OF PREMISES 

A. Use of Site:  Limit use of premises to work in areas indicated.  Do not disturb portions of site 

beyond areas in which the Work is indicated. 

1. Limits:  Confine constructions operations to the South Hangar Line Building and adjacent 

areas as required to perform the work. 

2. Driveways and Entrances:  Keep driveways and entrances serving premises clear and 

available to the Authority, the Authority's employees, tenants, air carriers, and emergency 

vehicles at all times.  Do not use driveways and entrances for parking or storage of 

materials. 

a. Schedule deliveries to minimize use of driveways and entrances. 

b. Schedule deliveries to minimize space and time requirements for storage of 

materials and equipment on-site. 

B. Utilize areas designated for Contractor staging, storage, and parking, as indicated. For 

additional requirements, see Section "Supplementary Conditions." 
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1.6 OCCUPANCY REQUIREMENTS 

A. Full Authority Occupancy:  The Authority and/or its tenants will occupy site and existing 

building during entire construction period.  Cooperate with COTR during construction 

operations to minimize conflicts and facilitate Authority usage, and perform the Work so as not 

to interfere with day-to-day Airport operations. 

B. For additional requirements for tenant operational requirements, see Section "Supplementary 

Conditions." 

1.7 CONTRACTOR HOURS OF OPERATION 

A. Contractor Working Hours:  The Authority anticipates that the Contractor may desire to work 

multiple shifts to accomplish the work of this Contract within the established schedule.  Work is 

subject to restrictions of the Airport operational requirements.  Notify the COTR 24-hours in 

advance of any change to the work schedule. 

1.8 SPECIFICATION FORMATS AND CONVENTIONS 

A. Specification Format:  With the exception of Federal Aviation Administration (FAA) standard 

specifications and Virginia Department of Transportation standard specifications the 

Specifications are organized into Divisions and Sections using the 33-Division format using the 

CSI/CSC's "MasterFormat 2004" numbering system. 

1. Section Identification:  The Specifications use Section titles to help with cross-

referencing in the Contract Documents.  Sections in the Project Manual are in numeric 

sequence; however, the sequence is incomplete as all available Sections and Section 

numbers are not used and the CSI numbering system is not sequentially complete.  

Consult the table of contents at the beginning of the Project Manual to determine 

numbers and names of sections in the Contract Documents. 

B. Specification Content:  The Specifications use certain conventions for the style of language and 

the intended meaning of certain terms, words, and phrases when used in particular situations.  

These conventions are as follows: 

1. Abbreviated Language:  Language used in the Specifications and other Contract 

Documents is abbreviated.  Interpret words and meanings as appropriate.  Infer words 

implied, but not stated, as the sense requires.  Interpret singular words as plural, and 

plural words as singular where applicable as the context of the Contract Documents 

indicates. 

2. Imperative mood and streamlined language are used in these Specifications.  This 

imperative language is directed to the Contractor, unless specifically noted otherwise.  
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Requirements expressed in the imperative mood are to be performed by Contractor.  

Occasionally, the indicative or subjunctive mood may be used in the Section Text for 

clarity to describe responsibilities that must be fulfilled indirectly by Contractor or by 

others when so noted. 

a. The words "shall," "shall be," or "shall comply with," depending on the context, 

are implied where a colon (:) is used within a sentence or phrase. 

1.9 UTILITY OUTAGES 

A. Prior to any utility outage/interruption, obtain approval in writing from COTR.  Request for 

approval of outages shall be submitted in writing at least 3 weeks in advance of the desired 

outage. Request shall include all information indicated below.  Outages will normally be 

scheduled to occur between the hours of 11:00 pm and 5:30 am, Tuesday through Thursday, 

except for outages which affect TSA equipment in the terminals, which will be limited to the 

hours between 11:00 pm and 3:30 am.  Fully coordinate outage requests with COTR.  Four days 

in advance of the approved outage, reconfirm the date, time, and duration of the outage, in 

writing, with the COTR. 

B. Provide a written “Work Plan” on company letterhead.  The Work Plan shall include a schedule 

of the outage, duration, identification of the service affected, temporary utility service to be 

provided, identification of available service alternative, and the action to be taken in case of an 

emergency.  Describe the “scope of the work” to be accomplished during the outage, and the 

reason the outage is required.  List the items of work that are planned to be done during the 

outage, with the approximate starting time and duration of each item.     

C. If the utility outage is electrical, schedule (through the COTR) a pre-work meeting with the 

Airport Electrical Division, a minimum of three days prior to the scheduled outage 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 011000 
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SECTION 033000 - CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes cast-in-place concrete, including formwork, reinforcement, concrete materials, 

mixture design, placement procedures, and finishes. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Design Mixtures:  For each concrete mixture. 

C. Steel Reinforcement Shop Drawings:  Placing drawings that detail fabrication, bending, and 

placement. 

1.3 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  A firm experienced in manufacturing ready-mixed concrete 

products and that complies with ASTM C 94/C 94M requirements for production facilities and 

equipment. 

1. Manufacturer certified according to NRMCA's "Certification of Ready Mixed Concrete 

Production Facilities." 

PART 2 - PRODUCTS 

2.1 STEEL REINFORCEMENT 

A. Recycled Content of Steel Products:  Postconsumer recycled content plus one-half of 

preconsumer recycled content not less than 25 percent. 

B. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60, deformed. 

1. Epoxy-Coated Reinforcing Bars:  ASTM A 775/A 775M, epoxy coated, with less than 2 

percent damaged coating in each 12-inch (300-mm) bar length. 

C. Epoxy-Coated Welded Wire Reinforcement:  ASTM A 884/A 884M, Class A coated, Type 1, 

deformed steel. 

D. Bar Supports:  Bolsters, chairs, spacers, and other devices for spacing, supporting, and fastening 

reinforcing bars and welded wire reinforcement in place.  Manufacture bar supports from steel 

wire, plastic, or precast concrete according to CRSI's "Manual of Standard Practice. 
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2.2 CONCRETE MATERIALS 

A. Cementitious Material:  Use the following cementitious materials, of the same type, brand, and 

source, throughout Project: 

1. Portland Cement:  ASTM C 150, Type I 

a. Fly Ash:  ASTM C 618, Class F. 

b. Ground Granulated Blast-Furnace Slag:  ASTM C 989, Grade 100 or 120. 

2. Blended Hydraulic Cement:  ASTM C 595, Type IS, portland blast-furnace slag cement. 

B. Normal-Weight Aggregates:  ASTM C 33, graded. 

1. Maximum Coarse-Aggregate Size:  1-1/2 inches (38 mm) nominal. 

2. Fine Aggregate:  Free of materials with deleterious reactivity to alkali in cement. 

C. Water:  ASTM C 94/C 94M and potable. 

2.3 ADMIXTURES 

A. Air-Entraining Admixture:  ASTM C 260. 

B. Chemical Admixtures:  Provide admixtures certified by manufacturer to be compatible with 

other admixtures and that will not contribute water-soluble chloride ions exceeding those 

permitted in hardened concrete.  Do not use calcium chloride or admixtures containing calcium 

chloride. 

1. Water-Reducing Admixture:  ASTM C 494/C 494M, Type A. 

2.4 CURING MATERIALS 

A. Evaporation Retarder:  Waterborne, monomolecular film forming, manufactured for application 

to fresh concrete. 

B. Absorptive Cover:  AASHTO M 182, Class 2, burlap cloth made from jute or kenaf, weighing 

approximately 9 oz./sq. yd. (305 g/sq. m) when dry. 

C. Moisture-Retaining Cover:  ASTM C 171, polyethylene film or white burlap-polyethylene 

sheet. 

D. Water:  Potable. 

E. Clear, Waterborne, Membrane-Forming Curing Compound:  ASTM C 309, Type 1, Class B, 

dissipating. 
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2.5 CONCRETE MIXTURES 

A. Prepare design mixtures for each type and strength of concrete, proportioned on the basis of 

laboratory trial mixture or field test data, or both, according to ACI 301. 

B. Cementitious Materials:  Use fly ash, pozzolan, ground granulated blast-furnace slag, and silica 

fume as needed to reduce the total amount of portland cement, which would otherwise be used, 

by not less than 40 percent. 

C. Admixtures:  Use admixtures according to manufacturer's written instructions. 

1. Use water-reducing admixture in concrete, as required, for placement and workability. 

2. Use water-reducing and retarding admixture when required by high temperatures, low 

humidity, or other adverse placement conditions. 

D. Proportion normal-weight concrete mixture as follows: 

1. Minimum Compressive Strength:  3000 psi (20.7 MPa) at 28 days. 

2. Maximum Water-Cementitious Materials Ratio:  0.50. 

3. Slump Limit:  4 inches (100 mm) for concrete with verified slump of 2 to 4 inches (50 to 

100 mm) before adding high-range water-reducing admixture or plasticizing admixture, 

plus or minus 1 inch (25 mm). 

4. Air Content:  5.5 percent, plus or minus 1.5 percent at point of delivery for 1-1/2-inch 

(38-mm) nominal maximum aggregate size. 

2.6 FABRICATING REINFORCEMENT 

A. Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice." 

2.7 CONCRETE MIXING 

A. Ready-Mixed Concrete:  Measure, batch, mix, and deliver concrete according to 

ASTM C 94/C 94M, and furnish batch ticket information. 

1. When air temperature is between 85 and 90 deg F (30 and 32 deg C), reduce mixing and 

delivery time from 1-1/2 hours to 75 minutes; when air temperature is above 90 deg F (32 

deg C), reduce mixing and delivery time to 60 minutes. 

PART 3 - EXECUTION 

3.1 FORMWORK 

A. Design, erect, shore, brace, and maintain formwork, according to ACI 301, to support vertical, 

lateral, static, and dynamic loads, and construction loads that might be applied, until structure 

can support such loads. 

B. Construct formwork so concrete members and structures are of size, shape, alignment, 

elevation, and position, within tolerance limits of ACI 117. 
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C. Chamfer exterior corners and edges of permanently exposed concrete. 

3.2 EMBEDDED ITEMS 

A. Place and secure anchorage devices and other embedded items required for adjoining work that 

is attached to or supported by cast-in-place concrete.  Use setting drawings, templates, 

diagrams, instructions, and directions furnished with items to be embedded. 

3.3 STEEL REINFORCEMENT 

A. General:  Comply with CRSI's "Manual of Standard Practice" for placing reinforcement. 

1. Do not cut or puncture vapor retarder.  Repair damage and reseal vapor retarder before 

placing concrete. 

3.4 CONCRETE PLACEMENT 

A. Before placing concrete, verify that installation of formwork, reinforcement, and embedded 

items is complete and that required inspections have been performed. 

B. Deposit concrete continuously in one layer or in horizontal layers of such thickness that no new 

concrete will be placed on concrete that has hardened enough to cause seams or planes of 

weakness.  If a section cannot be placed continuously, provide construction joints as indicated.  

Deposit concrete to avoid segregation. 

1. Consolidate placed concrete with mechanical vibrating equipment according to ACI 301. 

C. Cold-Weather Placement:  Comply with ACI 306.1. 

D. Hot-Weather Placement:  Comply with ACI 301. 

3.5 FINISHING FORMED SURFACES 

A. Rough-Formed Finish:  As-cast concrete texture imparted by form-facing material with tie holes 

and defects repaired and patched.  Remove fins and other projections that exceed specified 

limits on formed-surface irregularities. 

1. Apply to concrete surfaces. 

3.6 CONCRETE PROTECTING AND CURING 

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

temperatures.  Comply with ACI 306.1 for cold-weather protection and ACI 301 for hot-

weather protection during curing. 

B. Evaporation Retarder:  Apply evaporation retarder to unformed concrete surfaces if hot, dry, or 

windy conditions cause moisture loss approaching 0.2 lb/sq. ft. x h (1 kg/sq. m x h) before and 
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during finishing operations.  Apply according to manufacturer's written instructions after 

placing, screeding, and bull floating or darbying concrete, but before float finishing. 

C. Cure concrete according to ACI 308.1, by one or a combination of the following methods: 

1. Moisture Curing:  Keep surfaces continuously moist for not less than seven days. 

2. Moisture-Retaining-Cover Curing:  Cover concrete surfaces with moisture-retaining 

cover for curing concrete, placed in widest practicable width, with sides and ends lapped 

at least 12 inches (300 mm), and sealed by waterproof tape or adhesive.  Cure for not less 

than seven days.  Immediately repair any holes or tears during curing period using cover 

material and waterproof tape. 

PART 4 - CONTRACTOR QUALITY CONTROL 

4.1 FIELD QUALITY CONTROL 

A. Testing and Inspecting:  Owner will engage a qualified testing and inspecting agency to perform 

field tests and inspections and prepare test reports. 

END OF SECTION 033000 
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SECTION 26 05 13 – MEDIUM - VOLTAGE CABLES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes single conductor cables and splices, terminations, and accessories for electrical 

distribution systems nominally rated 5 KV. 

1.3 SUBMITTALS 

A. Product data on cables and cable accessories including descriptions and detailed specifications. 

B. Shop drawings of splices and terminations. 

C. Product certificate signed by manufacturer that its products comply with the specified requirements. 

D. Installer certificates signed by manufacturer of cable splicing and terminating products that Installers 

comply with training requirements specified under "Quality Assurance." 

E. Installer certificates signed by Contractor certifying that the Installers of cable splices and 

terminations meet the experience qualifications specified under "Quality Assurance." 

F. Product Test Reports:  Certified reports of manufacturers' factory production and final tests 

indicating compliance of cable and accessories with referenced standards and this specification. 

G. Report of Field Tests:  Certified copies of field test records. 

H. Maintenance data for cables and accessories for inclusion in Operation and Maintenance manual 

specified in Division 01." 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications:  Engage an experienced Installer of medium-voltage electrical cable to 

perform the installation specified in this Section.  Engage Installers who are experienced in cable 

splices and terminations for the specific types of cable and cable accessories specified in this 

Section.  All persons engaged in preparing, splicing or terminating medium voltage cable shall be 

qualified. All splicers/terminators shall be approved by the COTR or have a certificate from a school 

which teaches splicing and terminating of solid dielectric cable with the types of splices and 
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terminations specified below.  At the option of the COTR the splicer/terminator may be required to 

prepare a representative sample splice and/or termination prior being permitted to make permanent 

connections on the project.  Refer to Division 01 Section "References" for definition of experienced 

Installer. 

B. Field Testing Organization Qualifications:  To qualify for acceptance, an independent testing 

organization must demonstrate, based on evaluation of organization-submitted criteria conforming to 

ASTM E 699, that it has the experience and capability to conduct satisfactorily the testing indicated. 

C. Electrical Component Standard:  Components and installation shall comply with NFPA 70 "National 

Electrical Code." 

D. IEEE Compliance:  Comply with applicable IEEE standards including C2 "National Electrical Safety 

Code." 

E. UL Compliance:  Cables and components shall be listed and labeled by UL. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver medium-voltage cable on factory reels conforming to NEMA Standard WC 26, "Wire and 

Cable Packaging." 

B. Store cables on reels on elevated platforms or on a hard surface in a clean, dry location.  Stand reels 

vertically so that weight is supported by flanges. 

C. Prevent impact damage by:  aligning reels flange to flange, using guards across flanges when 

different reel sizes are stored together, maintain adequate aisles and barricades to prevent equipment 

from hitting the cable.  Protect cable from liquid spills.  Advise splicers, installers and handlers of 

special instructions. 

D. Seal the ends of all cable stored outdoors, and reseal both ends when a length is cut from the reel. 

E. Cable Inspection:  1) check for shipping damage prior to accepting cable, 2) confirm cable specified 

was received, and 3) reseal cable ends. 

F. Handling:  1) remove nails and staples from reel flanges, 2) calculate and observe recommended 

bending radii, 3) use swivels and avoid overruns when unreeling. 

1.6 WARRANTY 

A. Special Project Warranty:  Submit a written warranty, mutually executed by manufacturer and the 

principal Installer, and agreeing to repair or replace medium-voltage cables, splices, and terminations 

that fail in materials or workmanship within the special project warranty period specified below.  

This warranty shall be in addition to, and not a limitation of, other rights and remedies the Authority 

may have against the Contractor under the Contract Documents. 

1. Special Project Warranty Period:  30 years beginning on the date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products 

that may be incorporated in the Work include, but are not limited to, the following: 

1. Cable: 

a. The Kerite Co. 

b. The Okonite Co. 

c. Prysmian Cable Corp. 

d. General Cable 

e. Rome 

f. Southwire 

2. Cable Splicing and Terminating Products and Accessories: 

a. Electrical Products Division 3M. 

b. Elastimold 

c. Raychem Corp. 

d. RTE Components. 

e. Adalet - PLM 

f. Cooper Power Systems 

3. Compression Connectors: 

a. AMP 

b. 3M Company 

c. Burndy 

d. Thomas & Betts 

e. Anderson Electrical Connectors 

2.2 MEDIUM-VOLTAGE CABLE 

A. General:  Cable shall be single-conductor type, 5kV, #4/0AWG, 133% insulation level.  Cable shall 

conform to UL Standard 1072 Type MV-105, AEIC CS.8, ICEA S-93-639, and ASTM B-8. 

B. Cable shall be ethylene propylene rubber (EPR) insulated. 

C. Conductor:  Uncoated soft, Class B, stranded compressed concentric round.  Copper shall conform 

to ASTM B-8.  Electrical resistance shall meet requirements of ICEA S-93-639. 

D. Conductor Shield:  Extruded layer of semi-conducting thermosetting compound.  The shield shall be 

clean stripping from the conductor and bonded to overlying insulation. 

E. Insulation:  Shall be flexible thermosetting dielectric based on an ethylene propylene elastomer.  The 

insulation shall limit degree of susceptibility to treeing experienced by crystalline materials.  
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Insulation thickness at any cross-section of insulation shall not be less than 90% of the following 

minimum average thickness:  5 KV - 115 mil. 

F. Insulation Shield:  Clean stripping extruded semiconducting compound applied over insulation.  

Electrical and physical requirements conforming to ICEA S-93-639, AEIC CS.8 and UL 1072. 

G. Metallic Shielding Metallic Shielding Copper shielding tape, 5 mil in thickness helically applied 

over the semi - conducting insulation shield, with 12-1/2% overlap. Jacket:  Shall be black, sunlight 

resistant polyvinylchloride with minimum average thickness of 80 mils.  Minimum thickness shall 

not be less than 64 mils. 

H. Operating Temperature:  105C continuous, 140C emergency, 250C short circuit. 

I. Production Tests:  The cable shall be subjected to the following tests:   

1. Conductor shall meet resistance requirements of ICEA-S-93-639,  

2. Insulation resistance shall be tested in accordance with ICEA S-93-639 to be not less than 

50,000 megohms - 1,000 feet,  

3. High voltage AC and DC test performed per ICEA S-93-639, 4) full reel corona test 

performed per AEIC CS.8 (x-y recording graph shall be furnished showing test results). 

2.3 SPLICING AND TERMINATING PRODUCTS 

A. General:  Comply with the following standards: 

1. IEEE 48:  “Standard Test Procedures and Requirements For High Voltage Alternating 

Current Cable Terminations 2.5 KV Through 765 KV." 

2. IEEE 400:  “Guide for Field Testing and Evaluation of the Insulation of Shielded Power 

Cable Systems”. 

3. IEEE 404:  “Standard for Extruded and Laminated Dielectric Shielded Cable Joints Rated 

2500 V to 500,000 V”. 

4. IEEE 592:  “Exposed Semi-conducting Shields on High Voltage Cable Joints and Separable 

Insulated Connectors.” 

5. UL 486A-486B:  “Wire Connectors and Soldering Lugs for Use with Copper Conductors.” 

6. IEEE 386:  “Separable Insulated Connector Systems for Power Distribution Systems above 

600 V”. 

B. Types:  Compatible with the cable materials.  All current carrying components shall be copper. 

C. Connectors/Lugs:  Compression type, two hole, long barrel, seamless, tin plated copper, listed per 

UL486A-UL486B. 

D. Splicing and Terminating Kits:  As recommended by the manufacturer in writing for the specific 

sizes, ratings, and configurations of cable conductor, splices, and terminations specified.  Kits shall 

contain all components required for a complete splice or termination including detailed instructions 

and shall be the product of a single manufacturer.  Completed splices and terminations shall provide 

insulation equivalent to the insulation class of the cable it connects. 

E. Splices shall be made with standard splicing kits and shall be one of the following types: 
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1. Heat shrink splice kit of uniform cross-section polymeric construction with outer heat shrink 

jacket. 

2. Pre-molded, cold shrink rubber, in-line splice kit. 

3. Separable insulated splice, 600 amp, 3 phase rated, with capacitive test point on molded T-

body.  Voltage rating of separable splice shall be 5KV for use on 5 KV systems. 

F. Dead break Junctions: Dead break junctions shall have four 600A dead break interfaces bused 

together with copper bus and encapsulated in a precision molded peroxide cured EPDM insulated 

rubber body with a semiconductive outer shield.  Junctions shall meet the requirements of 

ANSI/IEEE 386, and be equipped with stainless steel mounted bracket with 2 parking stands.  When 

mated with a compatible product, the junction shall provide a completely shielded, submersible 

threaded connection.  Unused interfaces shall be covered with insulated protective caps of the same 

manufacturer as the junctions. 

G. Conductor Terminations, General:  Comply with Class 1, IEEE Standard 48.  Insulation class shall 

be equivalent to that of the cable upon which they are installed. Terminations for shielded cables 

shall include a shield grounding strap.  Include an effective moisture seal for the end of the 

insulation whether or not this item is included in termination kits. Seal shall be silicone rubber tape, 

cold shrink rubber sleeve, or heat shrink plastic sleeve as recommended by the kit manufacturer. 

Termination kits shall be performance tested for compliance with IEEE Standard 48 and shall be of 

the following types: 

1. Class 1 Termination for Shielded Cable:  Modular type, furnished as a kit, with stress relief 

tube, multiple molded silicone rubber insulator modules, shield ground strap, and 

compression type connector. 

2. Class 1 Termination for Shielded Cable:  Heat shrinkable type with heat shrinkable inner 

stress control and outer non-tracking tubes, multiple molded non-tracking skirt modules, and 

compression type connector. 

3. Separable insulated elbow connectors:  Modular system, complying with IEEE Standard 386. 

 System shall consist of disconnecting, 600A, 3 phase rated, single pole, cable terminators and 

matching stationary, plug-in, dead front terminals.  System components shall be designed for 

the system voltage and for sealing against moisture. Elbows shall include voltage test points 

on molded connector body.  Voltage rating of separable elbow connectors shall be 5 KV.  All 

current carrying components of the separable connector shall be copper. 

2.4 ARC-PROOFING MATERIALS 

A. Arc-proofing tape shall consist of a UL-listed fire proofing tape. Tape shall be flexible, conformable, 

intumescent to 0.3-inches thick, and compatible with the cable jacket on which used.  Tape shall be 

self-extinguishing and shall not support combustion. 

B. Glass cloth tape shall be pressure-sensitive adhesive type, 1/2-inch wide. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine raceways, cable trays, pull boxes, manholes, junction boxes, and other cable installation 

locations for cleanliness of raceways, minimum bending radii of cables, and conditions affecting 

performance of cable.  Pull a mandrel of not less than 80% of the diameter of the inside of the duct 

and a bristle brush through raceways to check for suitable conditions.  Do not proceed with cable 

installation until unsatisfactory conditions have been corrected. 

3.2 INSTALLATION, GENERAL 

A. General:  Install cable accessory items in accordance with manufacturer's written instructions and as 

indicated. 

B. Notification: Notify COTR 24 hours prior to commencement of all cable pulls. 

3.3 INSTALLATION OF CABLES 

A. Pull conductors simultaneously where more than one cable is indicated in same raceway. Use UL 

listed and manufacturer approved pulling compound or lubricant where necessary.  Do not exceed 

manufacturer's recommended maximum pulling tensions and sidewall pressure values.  Use 

dynamometer, capstan and two way communication to ensure this.  Pulling shall not exceed 25 feet 

per minute.  Never pull on middle of cable.  Seal cable ends while pulling. 

B. Use pulling means including, fish tape, cable, rope, and basket weave wire/cable grips that will not 

damage cables or raceways.  Do not use rope hitches for pulling attachment to cable. 

C. Do not install cable if ambient temperature is below -31
o
F.  During cold weather installation, cable 

shall be pulled more slowly and trained in place the same day it is removed from storage.  Do not 

impact, drop, kick or bend cable sharply in low temperatures. 

D. Feed cable into conduit using a guide tube or a conveyor sheave assembly.  Use single sheaves for 

guiding cable only.  Do not exceed bend radii while pulling over a sheave.  Set up cable reels so that 

cable comes off reel with its natural curvature.  Do no reverse bend cable. 

E. Install exposed cable parallel and perpendicular to surfaces of exposed structural members and 

follow surface contours where possible. 

F. Bending Radii - Maintain 12X overall diameter or greater. 

G. Train cable to avoid dragging on edge of raceway. 

H. If using a basket grip, secure it in place with steel stripping and cut well behind the area it covers 

once the cable is in place. 
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I. In manholes, handholes, and cable vaults, train cables around walls by the longest route from entry to 

exit and support cables at intervals adequate to prevent sag.  However, redundant circuits shall be 

racked on opposite sides of the manhole or vault. 

3.4 INSTALLATION OF SPLICES AND TERMINATIONS 

A. Install splices at pull points and elsewhere using a standard kit. Conform to kit manufacturer’s 

written instructions. 

B. Install terminations at ends of conductors using standard kits.  Conform to manufacturer's written 

instructions.  Comply with classes of terminations indicated. 

C. Tighten electrical connectors and terminals in accordance with manufacturer's published torque 

tightening values.  Where manufacturer's torquing requirements are not indicated, tighten connectors 

and terminals to comply with tightening torques specified in UL 486A-486B. 

D. When splicing and terminating medium voltage cable: 

1. Keep cable and work area clean and dry. 

2. Do not cut insulation. 

3. Completely remove semi-conducting insulation shield, but do not lift it at cut-off point. 

4. Keep non-shielded conductors away from ground and other phase conductors. 

5. Ensure cable bends are smooth. 

6. Use skirted terminators outdoors or in contaminated areas. 

7. Use minimum amount of cleaning solvent. 

3.5 INSTALLATION OF CABLE ACCESSORIES 

A. Arc-Proofing:  Arc-proof medium-voltage cables individually in manholes and handholes.  Apply as 

recommended by the manufacturer of the arc-proofing tape and the following: 

1. Clean cable sheath. 

2. Apply arc-proofing tape in one half-lapped layer with the coated side toward the cable. 

3. Band the arc-proofing tape with 1-inch-wide bands of half-lapped adhesive glass-cloth tape 2 

inches on center. 

3.6 GROUNDING 

A. Ground shields of shielded cable at terminations, splices, and separable insulated connectors.  

Ground metal bodies of terminators, splices, cable and separable insulated connector fittings, and 

hardware in accordance with manufacturer's written instructions.  Use minimum of No. 4 AWG 

copper conductor and compression lugs. 

3.7 IDENTIFICATION 

A. Identify cable in accordance with Division 26 Section "Identification for Electrical Systems" 
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PART 4 - CONTRACTOR QUALITY CONTROL 

4.1 FIELD QUALITY CONTROL 

A. General:  Comply with applicable standards of The InterNational Electrical Testing Association 

(NETA) including Standard ATS, "Acceptance Testing Specifications for Electrical Power 

Distribution Equipment and Systems." 

B. Preparation:  Perform the following preparations in advance of independent tests: 

1. Test cables' insulation resistance. 

2. Test circuits' continuity. 

3. Furnish a set of Contract Documents and manufacturer's recommendations to test 

organization. 

4. Make power available at test locations. 

C. Schedule tests and notify COTR at least one week in advance of schedule for test commencement. 

D. Test procedure: 

1. Independent Testing Organization:  Arrange and pay for the services of an independent 

electrical testing organization in accordance with the requirements of Division 01 Section 

"Quality Requirements" to perform tests on medium-voltage cable. The testing firm shall be 

regularly engaged in the testing of electrical equipment, devices, installations, and systems.  

The testing firm shall have at least five years of experience in the testing of electrical 

equipment of the type, rating, and voltage used on this Project.  The testing firm shall be a 

current full-member company of the International Electrical Testing Association 

(http://www.neta.org/).  This independent testing firm shall perform duties as required under 

the terms of this Contract. 

2. Test Objectives:  To assure cable installation is operational within industry and manufacturer's 

tolerances, is installed in accordance with Contract Documents, and is suitable for energizing. 

3. Procedures:  Comply with the INETA standard and IEEE 400.  Upon satisfactory completion 

of tests, attach a label to tested components. 

E. Reports:  The testing organization shall maintain a written record of observations and tests, report 

defective materials and workmanship, and retest corrected defective items.  Testing organization 

shall submit written reports to the COTR and Contractor. 

END OF SECTION 260513 

http://www.neta.org/
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Building wires and cables rated 600 V and less. 

2. Connectors, splices, and terminations rated 600 V and less. 

B. Related Requirements: 

1. Section 260513 "Medium-Voltage Cables" for single-conductor and multiconductor 

cables, cable splices, and terminations for electrical distribution systems with 2001 to 

35,000 V. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS AND CABLES 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Alcan Products Corporation; Alcan Cable Division. 

2. Alpha Wire. 

3. Belden Inc. 

4. Encore Wire Corporation. 

5. General Cable Technologies Corporation. 

http://www.specagent.com/LookUp/?uid=123456817811&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456836323&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456836324&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456836326&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802855&mf=04&src=wd
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6. Southwire Incorporated. 

 

B. Copper Conductors:  Comply with NEMA WC 70/ICEA S-95-658. 

C. Conductor Insulation:  Comply with NEMA WC 70/ICEA S-95-658 for Type THHN-2-

THWN-2. 

2.2 CONNECTORS AND SPLICES 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. AFC Cable Systems, Inc. 

2. Gardner Bender. 

3. Hubbell Power Systems, Inc. 

4. Ideal Industries, Inc. 

5. Ilsco; a branch of Bardes Corporation. 

6. NSi Industries LLC. 

7. O-Z/Gedney; a brand of the EGS Electrical Group. 

8. 3M; Electrical Markets Division. 

9. Tyco Electronics. 

 

B. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, 

and class for application and service indicated. 

2.3 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

B. Branch Circuits:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8AWG and 

larger. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 

WIRING METHODS 

A. Exposed Feeders:  Type THHN-2-THWN-2, single conductors in raceway. 

http://www.specagent.com/LookUp/?uid=123456802857&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802858&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456836326&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802859&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456836327&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456836328&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456836329&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817813&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817814&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802860&mf=04&src=wd
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B. Feeders Concealed in Ceilings, Walls and Partitions:  Type THHN-2-THWN-2, single 

conductors in raceway. 

C. Exposed Branch Circuits:  Type THHN-2-THWN-2, single conductors in raceway. 

D. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN-2-THWN-2, single 

conductors in raceway. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 

B. Complete raceway installation between conductor and cable termination points according to 

Section 260533 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and 

cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 

must not deteriorate conductor or insulation.  Do not exceed manufacturer's recommended 

maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 

not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and 

follow surface contours where possible. 

F. Support cables according to Section 260529 "Hangers and Supports for Electrical Systems." 

3.4 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values.  If manufacturer's torque values are not indicated, use those specified in 

UL 486A-486B. 

B. Make splices, terminations, and taps that are compatible with conductor material and that 

possess equivalent or better mechanical strength and insulation ratings than unspliced 

conductors. 

C. Wiring at Outlets:  Install conductor at each outlet, with at least 6 inches (150 mm) of slack. 

D. For cables #6 and larger, all terminations and splices shall be compression type connectors. 

3.5 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Section 260553 "Identification for 

Electrical Systems." 

B. Identify each spare conductor at each end with identity number and location of other end of 

conductor, and identify as spare conductor. 
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3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies.   

3.7 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 

original fire-resistance rating of assembly.  

PART 4 - CONTRACTOR QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. After installing conductors and cables and before electrical circuitry has been energized, 

test for compliance with requirements. 

2. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

B. Test and Inspection Reports:  Prepare a written report to record the following: 

1. Procedures used. 

2. Results that comply with requirements. 

3. Results that do not comply with requirements and corrective action taken to achieve 

compliance with requirements. 

C. Cables will be considered defective if they do not pass tests and inspections. 

END OF SECTION 260519 
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes grounding and bonding systems and equipment. 

B. Section includes grounding and bonding systems and equipment, plus the following special 

applications: 

1. Underground distribution grounding. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

1.4 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

B. Comply with UL 467 for grounding and bonding materials and equipment. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS 

A. Insulated Conductors:  Copper wire or cable insulated for 600 V unless otherwise required by 

applicable Code or authorities having jurisdiction. 

B. Bare Copper Conductors: 

1. Solid Conductors:  ASTM B 3. 

2. Stranded Conductors:  ASTM B 8. 

3. Tinned Conductors:  ASTM B 33. 

4. Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in 

diameter. 

5. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor. 
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6. Bonding Jumper:  Copper tape, braided conductors terminated with copper ferrules; 1-5/8 

inches (41 mm) wide and 1/16 inch (1.6 mm) thick. 

2.2 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in 

which used and for specific types, sizes, and combinations of conductors and other items 

connected. 

B. Bolted Connectors for Conductors and Pipes:  Copper or copper alloy. 

C. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for 

materials being joined and installation conditions. 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors: Install #4/0 grounding conductors along with phase conductors for medium-voltage 

underground distribution. 

B. Conductors: Install grounding conductor as indicated for low voltage power feeders and branch 

circuits. 

3.2 INSTALLATION 

A. Grounding Conductors:  Route along with phase conductors.  

B. Grounding Electrode Conductors: Insulated green conductors in rigid galvanized steel conduit 

for transformer grounding electrode. 

PART 4 - CONTRACTOR QUALITY CONTROL 

4.1 FIELD QUALITY CONTROL 

A. General:  Comply with applicable standards of The InterNational Electrical Testing Association 

(NETA) including Standard ATS, "Acceptance Testing Specifications for Electrical Power 

Distribution Equipment and Systems." 

B. Perform tests and inspections. 

C. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been 

energized, test for compliance with requirements. 
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2. Inspect physical and mechanical condition.  Verify tightness of accessible, bolted, 

electrical connections with a calibrated torque wrench according to manufacturer's 

written instructions. 

3. Test completed grounding system at each location where a maximum ground-resistance 

level is specified, at service disconnect enclosure grounding terminal and at individual 

ground rods.  Make tests at ground rods before any conductors are connected. 

a. Measure ground resistance no fewer than two full days after last trace of 

precipitation and without soil being moistened by any means other than natural 

drainage or seepage and without chemical treatment or other artificial means of 

reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 

D. Grounding system will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

F. Report measured ground resistances that exceed the following values: 

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less:  10 ohms. 

2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA:  5 ohms. 

3. Substations and Pad-Mounted Equipment:  5 ohms. 

G.   Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify Architect 

promptly and include recommendations to reduce ground resistance. 

 

END OF SECTION 260526 
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Hangers and supports for electrical equipment and systems. 

2. Construction requirements for concrete bases. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. RMC:  Rigid metal conduit. 

1.4 PERFORMANCE REQUIREMENTS 

A. Design supports for multiple raceways capable of supporting combined weight of supported 

systems and its contents. 

B. Design equipment supports capable of supporting combined operating weight of supported 

equipment and connected systems and components. 

C. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads 

calculated or imposed for this Project, with a minimum structural safety factor of five times the 

applied force. 

1.5 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.6 QUALITY ASSURANCE 

A. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural 

Welding Code - Steel." 

B. Comply with NFPA 70. 
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1.7 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 

reinforcement, and formwork requirements are specified together with concrete Specifications. 

PART 2 - PRODUCTS 

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field 

assembly. 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following: 

a. Allied Tube & Conduit. 

b. Cooper B-Line, Inc.; a division of Cooper Industries. 

c. ERICO International Corporation. 

d. GS Metals Corp. 

e. Thomas & Betts Corporation. 

f. Unistrut; Tyco International, Ltd. 

g. Wesanco, Inc. 

2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to 

MFMA-4. 

3. Channel Dimensions:  Selected for applicable load criteria. 

B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101. 

C. Conduit and Cable Support Devices:  Steel hangers, clamps, and associated fittings, designed 

for types and sizes of raceway or cable to be supported. 

D. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or 

their supports to building surfaces include the following: 

1. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement 

concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for 

supported loads and building materials where used. 

a. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the Work include, but are not 

limited to, the following: 

1) Hilti Inc. 

2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 

3) MKT Fastening, LLC. 

4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit. 

http://www.specagent.com/LookUp/?uid=123456802891&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817835&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802892&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802893&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802894&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817836&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802895&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802899&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817838&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802900&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817839&mf=04&src=wd
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2. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated steel, for use in 

hardened portland cement concrete with tension, shear, and pullout capacities appropriate 

for supported loads and building materials in which used. 

a. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the Work include, but are not 

limited to, the following: 

1) Cooper B-Line, Inc.; a division of Cooper Industries. 

2) Empire Tool and Manufacturing Co., Inc. 

3) Hilti Inc. 

4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 

5) MKT Fastening, LLC. 

 

3. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for 

attached structural element. 

4. Through Bolts:  Structural type, hex head, and high strength.  Comply with 

ASTM A 325. 

5. Toggle Bolts:  All-steel springhead type. 

6. Hanger Rods:  Threaded steel. 

2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions 

of supported equipment. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical 

equipment and systems except if requirements in this Section are stricter. 

B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for 

EMT and RMC as scheduled in NECA 1, where its Table 1 lists maximum spacings less than 

stated in NFPA 70.  Minimum rod size shall be 1/4 inch (6 mm) in diameter. 

C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel slotted support 

system, sized so capacity can be increased by at least 25 percent in future without exceeding 

specified design load limits. 

1. Secure raceways and cables to these supports with single-bolt conduit clamps 

D. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-

1/2-inch (38-mm) and smaller raceways serving branch circuits and communication systems 

above suspended ceilings and for fastening raceways to trapeze supports. 

http://www.specagent.com/LookUp/?uid=123456817840&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802901&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802902&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817841&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456802903&mf=04&src=wd


RONALD REAGAN WASHINGTON NATIONAL AIRPORT  DL 1204 

SOUTH HANGAR LINE STANDBY POWER UPGRADE      NOVEMBER 6, 2012 

 

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 260529 - 4 

3.2 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this 

Article. 

B. Strength of Support Assemblies:  Where not indicated, select sizes of components so strength 

will be adequate to carry present and future static loads within specified loading limits.  

Minimum static design load used for strength determination shall be weight of supported 

components plus 200 lb (90 kg). 

C. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and fasten 

electrical items and their supports to building structural elements by the following methods 

unless otherwise indicated by code: 

1. To Wood:  Fasten with lag screws or through bolts. 

2. To New Concrete:  Bolt to concrete inserts. 

3. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion anchor 

fasteners on solid masonry units. 

4. To Existing Concrete:  Expansion anchor fasteners. 

5. To Steel:  Welded threaded studs complying with AWS D1.1/D1.1M, with lock washers 

and nuts. 

6. To Light Steel:  Sheet metal screws. 

7. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount cabinets, 

panelboards, disconnect switches, control enclosures, pull and junction boxes, 

transformers, and other devices on slotted-channel racks attached to substrate. 

D. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing 

bars. 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation 

to support and anchor electrical materials and equipment. 

B. Field Welding:  Comply with AWS D1.1/D1.1M. 

3.4 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated but not less than 4 inches (100 mm) larger in 

both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters 

from edge of the base. 

B. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete. 

C. Anchor equipment to concrete base. 

1. Place and secure anchorage devices.  Use supported equipment manufacturer's setting 

drawings, templates, diagrams, instructions, and directions furnished with items to be 

embedded. 
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2. Install anchor bolts to elevations required for proper attachment to supported equipment. 

3. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 

3.5 PAINTING 

A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately 

after erecting hangers and supports.  Use same materials as used for shop painting.  Comply 

with SSPC-PA 1 requirements for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils (0.05 

mm). 

B. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 

galvanizing-repair paint to comply with ASTM A 780. 

PART 4 - CONTRACTOR QUALITY CONTROL 

4.1 FIELD QUALITY CONTROL 

A. General:  Components and installation shall comply with NFPA 70 "National Electrical Code." 

B. Inspections:  Perform the following inspections: 

1. Verify that all hangers and supports are properly applied in accordance with this 

specification section. 

2. Verify the all hangers and supports are properly installed in accordance with this 

specification section. 

3. Verify that hangers and supports are properly cleaned and that finishes are painted or 

repaired in accordance with this specification section. 

C. Reports:  Maintain a written record of observations, report defective materials and 

workmanship, and reinspect corrected defective items.  Submit written reports to the COTR. 

 

END OF SECTION 260529 



RONALD REAGAN WASHINGTON NATIONAL AIRPORT  DL 1204 

SOUTH HANGAR LINE STANDBY POWER UPGRADE      NOVEMBER 6, 2012 

 

 

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 260533 - 1 

SECTION 260533 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits, tubing, and fittings. 

2. Boxes, enclosures, and cabinets. 

1.3 DEFINITIONS 

A. GRC:  Galvanized rigid steel conduit. Also referred to as RGS, rigid galvanized steel conduit. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For hinged-cover enclosures and cabinets. 

B. Shop Drawings:  For custom enclosures and cabinets.  Include plans, elevations, sections, and 

attachment details. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Conduit routing plans, drawn to scale, on which the following items 

are shown and coordinated with each other, using input from installers of items involved: 

1. Structural members in paths of conduit groups with common supports. 

2. HVAC and plumbing items and architectural features in paths of conduit groups with 

common supports. 

PART 2 - PRODUCTS 

2.1 METAL CONDUITS, TUBING, AND FITTINGS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

http://www.specagent.com/LookUp/?ulid=1747&mf=04&src=wd
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1. Allied Tube & Conduit; a Tyco International Ltd. Co. 

2. Anamet Electrical, Inc. 

3. Electri-Flex Company. 

4. O-Z/Gedney; a brand of EGS Electrical Group. 

5. Robroy Industries. 

6. Southwire Company. 

7. Thomas & Betts Corporation. 

8. Western Tube and Conduit Corporation. 

9. Wheatland Tube Company; a division of John Maneely Company. 

B. Listing and Labeling:  Metal conduits, tubing, and fittings shall be listed and labeled as defined 

in NFPA 70, by a qualified testing agency, and marked for intended location and application. 

C. GRC:  Comply with ANSI C80.1 and UL 6. 

D. EMT:  Comply with ANSI C80.3 and UL 797. 

E. FMC:  Comply with UL 1; zinc-coated steel 

F. Fittings for Metal Conduit:  Comply with NEMA FB 1 and UL 514B. 

1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886 and 

NFPA 70. 

2. Fittings for EMT: 

a. Material:  Steel. 

b. Type:  Compression. 

G. Joint Compound for GRC:  Approved, as defined in NFPA 70, by authorities having jurisdiction 

for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit 

joints from corrosion and to enhance their conductivity. 

2.2 BOXES, ENCLOSURES, AND CABINETS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

 

1. Cooper Technologies Company; Cooper Crouse-Hinds. 

2. EGS/Appleton Electric. 

3. Erickson Electrical Equipment Company. 

4. FSR Inc. 

5. Hoffman; a Pentair company. 

6. Hubbell Incorporated; Killark Division. 

7. Milbank Manufacturing Co. 

8. O-Z/Gedney; a brand of EGS Electrical Group. 

9. RACO; a Hubbell Company. 

10. Robroy Industries. 

11. Thomas & Betts Corporation. 
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B. General Requirements for Boxes, Enclosures, and Cabinets:  Boxes, enclosures, and cabinets 

installed in wet locations shall be listed for use in wet locations. 

C. Sheet Metal Outlet and Device Boxes:  Comply with NEMA OS 1 and UL 514A. 

D. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1. 

E. Box extensions used to accommodate new building finishes shall be of same material as 

recessed box. 

F. Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm 

deep). 

G. Gangable boxes are prohibited. 

H. Cabinets: 

1. NEMA 250, Type 1 galvanized-steel box with removable interior panel and removable 

front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 

3. Key latch to match panelboards. 

4. Metal barriers to separate wiring of different systems and voltage. 

5. Accessory feet where required for freestanding equipment. 

6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors:  Apply raceway products as specified below unless otherwise indicated: 

1. Exposed Conduit:  GRC. 

2. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R. 

B. Indoors:  Apply raceway products as specified below unless otherwise indicated: 

1. Exposed: GRC 

2. Concealed in Ceilings and Interior Walls and Partitions: EMT, except use GRC for 

medium voltage cables. 

3. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4 stainless 

steel in damp or wet locations. 

C. Minimum Raceway Size:  3/4-inch (21-mm) trade size. 

D. Raceway Fittings:  Compatible with raceways and suitable for use and location. 

1. Rigid Steel Conduit:  Use threaded rigid steel conduit fittings unless otherwise indicated.  

Comply with NEMA FB 2.10. 

2. EMT:  Use compression fittings.  Comply with NEMA FB 2.10. 
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E. Install surface raceways only where indicated on Drawings. 

3.2 INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except where requirements 

on Drawings or in this article are stricter. Comply with NFPA 70 limitations for types of 

raceways allowed in aircraft hangars and related spaces. 

B. Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-

water pipes.  Install horizontal raceway runs above water and steam piping. 

C. Complete raceway installation before starting conductor installation. 

D. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" 

for hangers and supports. 

E. Install no more than the equivalent of three 90-degree bends in any conduit run except for 

control wiring conduits, for which fewer bends are allowed.  Support within 12 inches (300 

mm) of changes in direction. 

F. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated.  

Install conduits parallel or perpendicular to building lines. 

G. Support conduit within 12 inches (300 mm) of enclosures to which attached. 

H. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply 

listed compound to threads of raceway and fittings before making up joints.  Follow compound 

manufacturer's written instructions. 

I. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings 

to protect conductors including conductors smaller than No. 4 AWG. 

J. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes 

or cabinets.  Install bushings on conduits up to 1-1/4-inch (35mm) trade size and insulated 

throat metal bushings on 1-1/2-inch (41-mm) trade size and larger conduits terminated with 

locknuts.  Install insulated throat metal grounding bushings on service conduits. 

K. Install raceways square to the enclosure and terminate at enclosures with locknuts.  Install 

locknuts hand tight plus 1/4 turn more. 

L. Cut conduit perpendicular to the length.  For conduits 2-inch (53-mm) trade size and larger, use 

roll cutter or a guide to make cut straight and perpendicular to the length. 

M. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not 

less than 200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm) of slack at each end 

of pull wire.  Cap underground raceways designated as spare above grade alongside raceways in 

use. 

N. Flexible Conduit Connections:  Comply with NEMA RV 3.  Use a maximum of 18 inches (460 

mm) of flexible conduit. Use only for connections to vibrating or movable equipment, including 
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suspended or wall mounted transformers. Do not use flexible conduit for floor mounted 

transformers, use GRC. 

O. Mount boxes at heights indicated on Drawings.  If mounting heights of boxes are not 

individually indicated, give priority to ADA requirements.  Install boxes with height measured 

to center of box unless otherwise indicated. 

P. Fasten junction and pull boxes to or support from building structure.  Do not support boxes by 

conduits. 

3.3 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor and wall assemblies. 

3.4 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 

manufacturer. 

PART 4 - CONTRACTOR QUALITY CONTROL 

4.1 FIELD QUALITY CONTROL 

A. General:  Components and installation shall comply with NFPA 70 "National Electrical Code." 

B. Inspections:  Perform the following inspections: 

1. Verify that all raceways and boxes are properly applied in accordance with this 

specification section 

2. Verify the all raceways and boxes are properly installed in accordance with this 

specification section.. 

3. Verify that firestopping has been properly applied. 

C. Reports:  Maintain a written record of observations, report defective materials and 

workmanship, and reinspect corrected defective items.  Submit written reports to the COTR. 

 

END OF SECTION 260533 
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SECTION 26 05 53 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of Contract, including General and Supplementary Conditions and 

Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section specifies electrical identification materials and includes requirements for electrical 

identification including but not limited to the following: 

1. Identification labeling for raceways, cables, and conductors. 

2. Operational instruction signs. 

3. Warning and caution signs. 

4. Equipment labels and signs. 

B. Related Sections: The following Sections contain requirements that relate to this Section: 

1. Refer to other Division 26 sections for additional specific electrical identification associated 

with specific items. 

1.3 SUBMITTALS 

A. Product Data for each type of product specified. 

B. Schedule of all tags, markers, nameplates, signs, etc. 

1.4 QUALITY ASSURANCE 

A. Electrical Component Standard: Components and installation shall comply with NFPA 70 "National 

Electrical Code." 

B. Comply with manufacturers instructions. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following: 

1. American Engraving Co. 

2. Seton Name Plate Co. 

3. Standard Signs, Inc. 

4. W.H. Brady, Co. 

5. Almetek Industries 

6. Tech Products, Inc. 

7. William Frick & Company 

8. Thomas & Betts 

2.2 ELECTRICAL IDENTIFICATION PRODUCTS 

A. Engraved, Plastic Laminated Labels, Signs, and Instruction Plates: Engraving stock melamine plastic 

laminate, 1/16-inch minimum thick for signs up to 20 square inches, or 8 inches in length; 1/8-inch 

thick for larger sizes.  Drill holes for mechanical fasteners when mounted indoors. 

B. Baked Enamel Warning and Caution Signs for Interior Use:  Preprinted aluminum signs, punched 

for fasteners, with colors, legend, and size appropriate to the location. 

C. Fasteners for Plastic Laminated and Metal Signs:  Self tapping stainless steel screws or number 

10/32 stainless steel machine screws with nuts and flat and lock washers. 

D. Cable Ties:  Fungus inert, self extinguishing, one piece, self locking nylon cable ties, 0.18-inch 

minimum width, 50-lb minimum tensile strength, and suitable for a temperature range from minus 

50 deg F to 350 deg F.  

E. Cable Markers:  Provide "E-Z Tag" as manufactured by Almetek Industries Inc., or "Everlast" tags as 

manufactured by Tech Products Inc.  Tags shall consist of 1.0 inch high numerals or letters placed in 

a tag holder.  Tags and holder shall be manufactured from U.V. stabilized non-conductive, non-

corrosive polyethylene or equal.  Tag holder shall be black and numerals and letters shall be black on 

yellow background.  Numerals and letters shall be oriented either horizontally or vertically 

depending on orientation of cable. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Lettering and Graphics:  Coordinate names, abbreviations, colors, and other designations with 

corresponding designations specified or indicated.  Install numbers, lettering, and colors as approved 

in submittals and as required by code. 
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B. Install identification products in accordance with manufacturer's written instructions and 

requirements of NEC. 

C. Sequence of Work:  Where identification is to be applied to surfaces that require finish, install 

identification after completion of finish work. 

D. Medium Voltage Cable Identification:  In manholes indicate voltage, feeder number and phase letter 

on each cable. Inside equipment indicate phase letter on each cable.  Install markers on cables after 

arc proofing is applied.  Attach with cable ties. 

E. Low Voltage Conductor Color-Coding:  Provide color coding for as follows: 

 

208/120 Volts Phase 480/277 Volts 

   

Black A Yellow 

Red B Brown 

Blue C Orange 

White Neutral Gray 

Green Ground Green 

F. Use low voltage conductors with color factory-applied the entire length of the conductors except as 

follows: 

1. The following color-coding methods may be used in lieu of factory color-coded wire for sizes 

No. 4 AWG and Larger. 

a. Apply colored, pressure-sensitive plastic tape in half lapped turns for a distance of 6 

inches from terminal points and in boxes where splices or taps are made.  Apply the 

last two laps of tape with no tension to prevent possible unwinding.   

G. Provide warning, caution, and instruction signs as follows: 

1. Install warning, caution, or instruction signs where required by NEC, where indicated, or 

where required for safe operation and maintenance of electrical systems. Install engraved 

plastic laminated instruction signs where instructions or explanations are needed for system or 

equipment operation. Install butyrate signs with metal backing for outdoor items. Attach signs 

to outdoor equipment using two-part epoxy cement. 

2. Emergency Operating Signs: Where required provide engraved laminate signs with white 

legend on red background with minimum 3/8-inch high lettering for emergency instructions. 

H. Provide equipment/system, circuit/device identification as follows: 

1. Provide engraved plastic laminate identification markers on electrical equipment.  For 240V 

systems and below provide white lettering on black background.  For 480/277V systems, use 

black lettering on yellow background. Text shall match terminology and numbering of the 

Contract Documents and shop drawings.  Apply markers on all of the following: 

a. Panelboards, electrical cabinets, and enclosures. 
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b. Electrical switchgear and switchboards. 

c. Electrical substations. 

d. Power transfer equipment. 

e. Transformers. 

f. Disconnect switches. 

g. Circuit breakers 

I. Circuit Schedules:  For panelboards provide typed circuit schedules with identification of items 

controlled by each breaker. 

J. Install labels, tags and markers at locations for best convenience of viewing without interference 

with operation and maintenance of equipment. 

K. Pad Mounted Equipment:  Place 1.0-inch high, black on reflective yellow marker indicating voltage 

and circuit number in upper left corner of exterior of door securing feeder compartment.  Where two 

feeders enter a compartment, place marker on exterior of door along top edge opposite respective 

feeder.  

L. Pad Mounted Transformers:  Using 3.0-inch high, black on reflective yellow pressure sensitive 

markers, identify transformer size (i.e., 45KVA). Centrally locate marker on exterior of high voltage 

compartment door. Identify feeders per paragraph "K" and "D" above. 

M. Raceway:  Identify with pressure sensitive markers purpose of circuit ( i.e., lighting, power, alarm, 

signal, etc.).  Place marker on junction boxes and along raceway on 150-foot centers.  Markers shall 

be black on white background. 

N. Pad Mounted Switches:  Identify switch operating handles sequentially beginning with number 1. 

Use markers 1.0-inch high, pressure sensitive, black on reflective yellow background. Place marker 

adjacent to operating handle on exterior of enclosure. 

PART 4 - CONTRACTOR QUALITY CONTROL 

4.1 FIELD QUALITY CONTROL 

A. General:  Components and installation shall comply with NFPA 70 "National Electrical Code." 

B. Inspections:  Perform the following inspections: 

1. Verify that all components are properly labeled 

2. Verify the all warning signs are properly applied. 

3. Verify that operating instructions and emergency operating instructions are clear and concise. 

C. Reports:  Maintain a written record of observations, report defective materials and workmanship, and 

reinspect corrected defective items.  Submit written reports to the COTR. 

END OF SECTION 26 05 53 
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SECTION 26 05 73 - OVERCURRENT PROTECTIVE DEVICE COORDINATION AND ARC FLASH 

STUDY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A.  Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A.  This Section includes computer-based, fault-current, overcurrent protective device 

coordination and arc flash studies.  Protective devices shall be set based on results of the 

protective device coordination study.  Arc flash labels shall be placed on equipment based on 

the arc flash study. 

B.  The scope of the studies shall apply to the new facilities provided under this contract. The 

study shall be performed from the existing substation and generator connected to the standby 

side of the new transfer switch and from the switchgear in TV 2A connected to the normal 

side of the new transfer switch through to the new 208V standby panels. 

1.3 ACTION SUBMITTALS 

A.  Product Data:  For computer software program to be used for studies. 

B.  Other Action Submittals:  The following submittals shall be made after the approval process 

for system protective devices has been completed.  Submittals shall be in both hard copy and 

digital form. 

 

1. The short circuit analysis, protective device coordination study and arc flash study shall 

be submitted to the Engineer prior to release of electrical distribution equipment for 

manufacture. The Contractor shall include sample arc flash labels with the arc flash 

study for Engineer’s approval. Approval from the Engineer may be obtained for a 

preliminary submittal of electrical distribution equipment with sufficient detail to 

ensure that device selection and protection scheme will be adequate.  The detailed shop 

drawings of the equipment will not be reviewed until preliminary analysis and study is 

approved by Engineer.  No exceptions will be allowed. 

2. The arc flash study shall include detailed arc flash analysis and recommendations for 

reducing arc flash hazard risk categories (HRC) to two (2) and below. Provide arc flash 

warning labels at least 30 days prior to energizing the electrical equipment.   

3. Provide report on equipment design deficiencies, if any, with proposed corrective 

modifications. 

4. Final settings of protective devices shall be approved by the Engineer prior to project 

acceptance and shall be based on the results of the power system analysis. 
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5. Contractor shall provide complete settings for all relays included in study.  For any 

microprocessor relays used contactor shall provide electronic files for relay settings as 

per manufacturer requirements and documentation.  Electronic files shall include 

settings for all parameters, for enabled and disabled functions as per coordination study 

and shall be submitted with the studies for Engineer’s approval. 

6. Submittals shall indicate proposed changes to (i) the protection scheme, protective 

device setting, (ii) existing / new equipment / apparatus to reduce HRC to two (2) and 

below, and (iii) existing / new equipment / apparatus to comply with harmonic level 

limits required by the IEEE Standard 519. 

7. The results of the studies shall be summarized in a final report, signed by the 

professional electrical engineer, registered in the State of Virginia, responsible for the 

studies. 

8. The final report shall include the following: 

 

a. Descriptions, purpose, basis, and scope and assumptions of the study. 

b. Project Single – line diagram. 

c. Single-line diagram with identification of protective devices and short circuit 

currents, arc flash energy, and hazard risk category at each bus. 

d. Tabulations of the relays and other protective device, such as fuses, circuit breaker 

trip settings versus calculated short circuit duties, and commentary regarding the 

same. 

e. Protective device time-current coordination curves, fuse selection, and commentary 

regarding the same. 

f. Equipment evaluation: Interrupting/withstand ratings of electrical equipment. 

g. Microprocessor relays:  Settings of all parameters, enabled and disabled functions. 

h. Fault current calculations including a definition of terms and guide for 

interpretation of computer printout. 

i. Arc Flash Evaluations summary spreadsheet. 

j. Arc Flash hazard warning printed in color on adhesive backed labels provided after 

final approval of study. 

k. Harmonic currents and voltages calculations for each scenario studied. 

l. Harmonic spectrum of variable frequency drives (VFDs) and any other non-linear 

load studied. 

m. Specific recommendations including analysis for adequacy of short circuit 

protective devices, protective co-ordination, arc flash HRC, and voltage and current 

harmonics. 

n. Electronic files of input and output data report, protective device ratings and 

settings, TCC curves, arc flash study, and harmonic study. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For arc flash study specialist. 

B. Product Certificates:   

 

1. For coordination-study and fault-current-study computer software programs, certifying 

compliance with IEEE 399. 

2. For arc flash study computer software programs, certifying compliance with IEEE 

1584-2004/2004 and NFPA 70E. 
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1.5 QUALITY ASSURANCE 

A. Studies shall use computer programs that are specified in this section.  Software algorithms 

shall comply with requirements of standards and guides specified in this Section.  Manual 

calculations are not acceptable. 

B. Arc Flash Study Specialist Qualifications:  An entity experienced in the application of 

computer software used for studies, having performed successful studies of similar magnitude 

on electrical distribution systems using similar devices for the past five years. 

 

1. Professional engineer, licensed in Virginia, shall be responsible for the study.  All 

elements of the study shall be performed under the direct supervision and control of 

engineer. 

C. Reference: Comply with requirements of applicable standards including but not limited to the 

most recent addition of the following: 

 

1. ANSI/IEEE Std. 242, IEEE: Recommended Practice for Protection and Coordination of 

Industrial and Commercial Power Systems. 

2. ANSI C37.010, Application Guide for AC High Voltage Current Circuit Breakers on a 

Symmetrical Basis. 

3. IEEE 141, Recommended Practice for Electric Power Distribution in Industrial Plants. 

4. IEEE 399, Recommended Practice for Industrial and Commercial Power System 

Analysis. 

5. NETA Std. ATS, Latest Edition: Acceptance Testing Specifications for Electrical 

Power and Distribution Equipment and Systems. 

6. NFPA 70, National Electric Code. 

7. NFPA 70E, Standard for Electrical Safety in the Workplace. 

8. IEEE 1584-2004/2004a, IEEE Guide for performing arc flash hazard calculations. 

9. ANSI/IEEE Standard 519-1992 – Harmonic Limits. 

PART 2 - PRODUCTS 

2.1 COMPUTER SOFTWARE DEVELOPERS 

A. Fault current, coordination and arc flash studies shall be performed using the latest version of 

one of the following software programs: 

 

1. ESA Inc. 

2. SKM Systems Analysis, Inc. 

http://www.specagent.com/LookUp/?uid=123456817892&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803040&mf=04&src=wd


RONALD REAGAN WASHINGTON NATIONAL AIRPORT  DL 1204 

SOUTH HANGAR LINE STANDBY POWER UPGRADE      NOVEMBER 6, 2012 

OVERCURRENT PROTECTIVE DEVICE COORDINATION  

AND ARC FLASH STUDY  260573- 4 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine Project overcurrent protective device submittals for compliance with electrical 

distribution system coordination requirements and other conditions affecting performance.  

Devices to be coordinated are indicated on Drawings. 

 

1. Proceed with coordination and arc flash studies only after relevant equipment 

submittals have been assembled.  Overcurrent protective devices that have not been 

submitted and approved prior to coordination study may not be used in study. 

3.2 POWER SYSTEM DATA 

A. Gather and tabulate the following input data to support coordination study: 

 

1. Product Data for overcurrent protective devices specified in other electrical Sections 

and involved in overcurrent protective device coordination studies.  Use equipment 

designation tags that are consistent with electrical distribution system diagrams, 

overcurrent protective device submittals, input and output data, and recommended 

device settings. 

2. Impedance of utility service entrance. 

3. Electrical Distribution System Diagram:  In hard-copy and electronic-copy formats, 

showing the following: 

 

a. Circuit-breaker and fuse-current ratings and types. 

b. Relays and associated power and current transformer ratings and ratios. 

c. Transformer kilovolt amperes, primary and secondary voltages, connection type, 

impedance, and X/R ratios. 

d. Generator kilovolt amperes, size, voltage, and source impedance. 

e. Cables:  Indicate conduit material, sizes of conductors, conductor material, 

insulation, and length. 

f. Motor horsepower and code letter designation according to NEMA MG 1. 

 

4. Data sheets to supplement electrical distribution system diagram, cross-referenced with 

tag numbers on diagram, showing the following: 

 

a. Special load considerations, including starting inrush currents and frequent starting 

and stopping. 

b. Transformer characteristics, including primary protective device, magnetic inrush 

current, and overload capability. 

c. Motor full-load current, locked rotor current, service factor, starting time, type of 

start, and thermal-damage curve. 

d. Generator thermal-damage curve. 

e. Ratings, types, and settings of utility company's overcurrent protective devices. 

f. Special overcurrent protective device settings or types stipulated by utility 

company. 

g. Time-current-characteristic curves of devices indicated to be coordinated. 



RONALD REAGAN WASHINGTON NATIONAL AIRPORT  DL 1204 

SOUTH HANGAR LINE STANDBY POWER UPGRADE      NOVEMBER 6, 2012 

OVERCURRENT PROTECTIVE DEVICE COORDINATION  

AND ARC FLASH STUDY  260573- 5 

h. Manufacturer, frame size, interrupting rating in amperes rms symmetrical, ampere 

or current sensor rating, long-time adjustment range, short-time adjustment range, 

and instantaneous adjustment range for circuit breakers. 

i. Manufacturer and type, ampere-tap adjustment range, time-delay adjustment range, 

instantaneous attachment adjustment range, and current transformer ratio for 

overcurrent relays. 

j. Panelboards, switchboards, motor-control center ampacity, and interrupting rating 

in amperes rms symmetrical. 

3.3 FAULT CURRENT STUDY 

A. Calculate short-circuit momentary duties and interrupting duties on the basis of an assumed 

bolted 3-phase short circuit at each bus.  The short circuit tabulations shall include X/R ratios, 

asymmetry factors, kVA and symmetrical fault-current.  Where ground fault protection is 

specified, provide a ground fault current study for the same system areas.  Include in 

tabulation form, fault impedance, X/R ratios, asymmetry factors, motor contribution, short 

circuit kVA, and symmetrical and asymmetrical fault currents. 

B. Perform short circuit of entire electrical distribution system to calculate available three-phase, 

phase to phase, phase to ground and ground fault currents at each location within the electrical 

system.  Provide calculations for symmetrical half-cycle three-phase, phase to phase and 

phase to ground fault currents, momentary three-phase fault currents, and asymmetrical 3-

cycle / 5- cycle / 8-cycle fault currents. 

C. Study shall include simulation of both the normal condition and the abnormal operating 

condition that yields the greatest calculated fault currents. 

D. Provide equipment evaluation report confirming that manufacturer’s equipment withstand 

ratings are adequate for the worst case calculated fault currents. 

E. Provide equipment evaluation report confirming that manufacturer’s specific protective device 

AIC ratings exceed the worst case calculated fault currents.  Indicate any equipment that has 

series rated current limiting fuses. 

3.4 COORDINATION STUDY 

A. Provide separate plots for utility and generator operation as applicable.  Show maximum and 

minimum fault values in each case.  Multiple power sources shown in one plot is not 

acceptable. 

B. The coordination plots shall graphically indicate the coordination proposed for the several 

systems centered on full scale log forms.  The coordination plots shall include complete titles, 

representative one-line diagrams and legends, associated upstream power system relays, fuse 

or system characteristics, significant motor starting characteristics, significant generator 

characteristics, complete parameters for power, and substation transformers, complete 

operating bands for low voltage circuit breaker trip devices, fuses, and the associated system 

load protective devices.  The coordination plots shall define the types of protective devices 

selected, together with the proposed coil taps, time-dial settings and pick-up settings required.  

The short-time region shall indicate the relay instantaneous elements, the magnetizing inrush, 
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and ANSI transformer damage curves, the low voltage circuit breaker and instantaneous trip 

devices, fuse manufacturing tolerance bands, and significant symmetrical and asymmetrical 

fault-currents.  

C. No more than six devices shall be shown on one coordination plot.  Of these six curves, two 

(the largest upstream device and the smallest downstream device) shall repeat curves shown 

on other coordination plots in order to provide cross reference.  Give each unique protective 

device curve in the study a study-unique number or letter identifier to permit cross reference 

between plots.  Do not use identifier letters or numbers more than once.   

D. Include a detailed description of each protective device identifying its type, function, 

manufacturer, and time-current characteristics.  Tabulate recommended device tap, time dial, 

pickup, instantaneous, and time delay settings.  Include C.T. ratio, burden and all other 

calculations required for the determination of settings. 

E. Provide each study with the following items as a minimum: 

 

1. Coordination plots graphically indicating the coordination proposed for the several 

systems.  Provide plots centered on full scale log-log forms. 

2. Coordination plots with: 

 

a. Complete titles. 

b. Representative one-line diagrams and legends. 

c. Associated power company’s relay or system characteristics, motor controller fuses 

and relays. 

d. Significant motor starting characteristics. 

e. Complete parameters for power, network and substation transformers. 

f. Complete operating bands for low voltage circuit breaker trip devices, fuses, if 

applicable, and the associated system load protective devices. 

 

3. Coordination plots which define the types of protective devices selected, together with 

the proposed coil taps, time dial settings and pickup settings required. 

4. In the long time region of the coordination plots, indicate: 

 

a. A complete tap scale for each medium voltage relay. 

b. Full load current transformer parameters. 

c. Designate the pickups required for the low voltage circuit breakers. 

 
5. In the short time region, indicate: 

 

a. The medium voltage relay instantaneous elements. 

b. The magnetizing inrush. 

c. American National Standards Institute (ANSI) withstand transformer parameters. 

d. The low voltage circuit breaker, short time and instantaneous trip devices. 

e. Fuse manufacturing tolerance bands, including the low voltage network protector 

fuses, when applicable. 

f. Significant symmetrical and asymmetrical fault currents. 

 

F. Coordinate each item of equipment as follows: 
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1. Select each primary protective device required for a delta-to-wye-connected 

transformer so that the characteristics or operating band is within the transformer 

parameters which includes a parameter equivalent to 58% of the ANSI withstand point 

to afford protection for secondary line-to-ground faults. 

2. Provide the transformer damage curve for each transformer when the selected 

protective device is not within the associated parameters. 

3. Separate low voltage power circuit breakers from each other and the associated primary 

protective device by a 16% current margin for coordination and protection in the event 

of secondary line-to-line faults. 

4. Separate medium voltage relays by a 0.4 second time margin when the maximum three-

phase fault flows, to assure proper selectivity. 

5. Suitably terminate the protective device characteristics or operating band to reflect the 

actual symmetrical and asymmetrical fault currents sensed by the device. 

6. Source combinations, large motors, or generators. 

 

G. Obtain pertinent information for the upstream and downstream protective devices including: 

 
1. Characteristics and settings. 

2. Feeder sizes, types, and lengths. 

3.5 ARC FLASH ANALYSIS 

A. Provide arc flash analysis results in a tabular format depicting the following for each bus: bus 

name, protective device name, bus voltage, calculated 3-phase bolted fault current, calculated 

arc-fault current, trip delay, breaker opening time, equipment type, grounding type, arc flash 

boundary, working distance, incident energy, and NFPA 70E hazard/risk category. 

B. Arc flash analysis results shall include all motor contributions and generator contributions.  

Arc flash calculations shall include evaluation of all equipment that can be operated or 

maintained while energized including disconnect switches connected to motors. 

3.6 WARNING LABELS 

A. Provide warning labels on the equipment including disconnect switches for arc flash and 

shock hazard in accordance with the NFPA 70E for safe work practices and for personal 

protection.  The labeling shall include the following at minimum: 

 

DANGER 

ARC FLASH AND SHOCK HAZARD 

Appropriate PPE Required for arc flash and shock hazards 

NFPA Hazard/Risk Category 

Flash Hazard Boundary ________________ inch 

Incident Energy _______________cal/cm2 at ____________ inch working distance 
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PPE Required 

Shock Hazard Voltage ________________volts 

Limited Approach Boundary ____________________inches 

Restricted Approach Boundary ___________________inches 

Prohibited Approach Boundary ___________________inches 

B. Provide warning labels on the electrical equipment including disconnect switches, 

panelboards, controllers, terminal cabinets, and other facilities fed from transformers rated 

112.5kVA and below in accordance with the NFPA 70E. 

C.      Submit sample label design template of each equipment type for Engineer’s approval.  Arc 

flash labels shall be in accordance with NFPA 70, NFPA 70E, and all applicable standards of 

ANSI Z535.  Arc flash labels shall be prepared and affixed onto corresponding electrical 

equipment upon completion of approved arc flash analysis.  Labels shall consist of a die-cut 

material that is resistant to facing, moisture, heat, rain, or freezing temperatures. 

PART 4 - CONTRACTOR QUALITY CONTROL 

4.1 FIELD QUALITY CONTROL 

A. General:  Components and installation shall comply with NFPA 70 "National Electrical Code." 

B. Inspections:  Perform the following inspections: 

1. Verify that all recommended settings from the study have been applied or addressed.  

2. Verify the all warning labels are properly applied. 

3. Verify that operating instructions and emergency operating instructions are clear and 

concise. 

C. Reports:  Maintain a written record of observations, report defective materials and 

workmanship, and reinspect corrected defective items.  Submit written reports to the COTR. 

 

END OF SECTION 260573 
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SECTION 261200 - MEDIUM-VOLTAGE TRANSFORMERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following types of transformers with medium-voltage primaries: 

 

1. Dry-type distribution and power transformers 

1.3 DEFINITIONS 

A. NETA ATS:  Acceptance Testing Specification. 

1.4 ACTION SUBMITTALS 

A. Product Data:  Include rated nameplate data, capacities, weights, dimensions, minimum 

clearances, installed devices and features, location of each field connection, and performance 

for each type and size of transformer indicated. 

B. Shop Drawings:  Diagram power signal wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Floor plans, drawn to scale, on which the following items are shown 

and coordinated with each other, based on input from installers of the items involved: 

1. Underground primary conduit stub-up location. 

2. Dimensioned concrete base, outline of transformer, and required clearances. 

3. Ground rod and grounding cable locations. 

 

B. Qualification Data:  For testing agency. 

C. Source quality-control test reports. 

D. Field quality-control test reports. 

E. Follow-up service reports. 
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1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For transformer and accessories to include in emergency, 

operation, and maintenance manuals. 

1.7 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent testing agency, with the experience and 

capability to conduct the testing indicated, that is a member company of the InterNational 

Electrical Testing Association or is a nationally recognized testing laboratory (NRTL) as 

defined by OSHA in 29 CFR 1910.7, and that is acceptable to authorities having jurisdiction. 

1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational 

Electrical Testing Association or the National Institute for Certification in Engineering 

Technologies to supervise on-site testing specified in Part 3. 

B. Product Options:  Drawings indicate size, profiles, and dimensional requirements of 

transformers and are based on the specific system indicated.  Refer to Section 016000 "Product 

Requirements." 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 

D. Comply with IEEE C2. 

E. Comply with ANSI C57.12.10, ANSI C57.12.28, IEEE C57.12.70, and IEEE C57.12.80. 

F. Comply with NFPA 70. 

1.8 PROJECT CONDITIONS 

A. Service Conditions:  IEEE C37.121, usual service conditions except for the following: 

1. Exposure to fumes, vapors, or dust. 

2. Exposure to hot and humid climate or to excessive moisture, including steam, salt spray, 

and dripping water. 

3. Unusual space limitations. 

1.9 COORDINATION 

A. Coordinate with size and location of existing concrete bases.  Extend existing concrete base as 

required to accommodate transformer. Provide pedestal if existing conduit stub ups do not align 

with conduit entry areas of transformer. 

B. Coordinate installation of spill retention area. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Acme Electric Corporation; Power Distribution Products Division. 

2. Cooper Industries; Cooper Power Systems Division. 

3. Cutler-Hammer. 

4. GE Electrical Distribution & Control. 

5. Hammond Manufacturing; Transformer Group. 

6. Siemens Energy & Automation, Inc. 

7. Square D; Schneider Electric. 

8. Virginia Transformer Corp. 

2.2 DRY-TYPE DISTRIBUTION AND POWER TRANSFORMERS 

A. Description:  NEMA ST 20, IEEE C57.12.01, ANSI C57.12.50 and UL 1562 listed and labeled, 

dry-type, 2-winding transformers. 

1. Indoor, ventilated, cast coil, with primary and secondary windings individually cast in 

epoxy; with insulation system rated at 185 deg C with an 80 deg C average winding 

temperature rise above a maximum ambient temperature of 40 deg C. 

B. Primary Connection:  Air terminal compartment with removable door.  Tin-plated copper bar 

for incoming line termination, predrilled to accept terminals for indicated conductors. 

C. Secondary Connection:  Air terminal compartment with removable door.  Tin-plated copper bar 

for incoming line termination, predrilled to accept terminals for indicated conductors. 

D. Basic Impulse Level:  60kV. 

E. Full-Capacity Voltage Taps:  Four nominal 2.5 percent taps, 2 above and 2 below rated primary 

voltage. 

F. Cooling System:  Class AA, self-cooled, complying with IEEE C57.12.01. 

G. Sound level may not exceed sound levels listed in NEMA TR 1, without fans operating. 

H. Impedance:  5 percent. 

I. High-Temperature Alarm:  Sensor at transformer with local audible and visual alarm and 

contacts for remote alarm. 

http://www.specagent.com/LookUp/?uid=123456817962&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817963&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803100&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803101&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817965&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803105&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817966&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803106&mf=04&src=wd
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2.3 IDENTIFICATION DEVICES 

A. Nameplates:  Engraved, laminated-plastic or metal nameplate for each transformer, mounted 

with corrosion-resistant screws.  Nameplates and label products are specified in Section 260553 

"Identification for Electrical Systems." 

2.4 SOURCE QUALITY CONTROL 

A. Factory Tests:  Perform design and routine tests according to standards specified for 

components.  Conduct transformer tests according to IEEE C57.12.90. 

B. Factory Tests:  Perform the following factory-certified tests on each transformer: 

1. Resistance measurements of all windings on rated-voltage connection and on tap extreme 

connections. 

2. Ratios on rated-voltage connection and on tap extreme connections. 

3. Polarity and phase relation on rated-voltage connection. 

4. No-load loss at rated voltage on rated-voltage connection. 

5. Excitation current at rated voltage on rated-voltage connection. 

6. Impedance and load loss at rated current on rated-voltage connection and on tap extreme 

connections. 

7. Applied potential. 

8. Induced potential. 

9. Owner will witness all required factory tests.  Notify Architect at least 14 days before 

date of tests and indicate their approximate duration. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions for compliance with requirements for medium-voltage 

transformers. 

B. Examine roughing-in of conduits and grounding systems to verify the following: 

1. Wiring entries comply with layout requirements. 

2. Entries are within conduit-entry tolerances specified by manufacturer and no feeders will 

have to cross section barriers to reach load or line lugs. 

C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions where 

transformers will be installed. 

D. Verify that ground connections are in place and that requirements in Section 260526 

"Grounding and Bonding for Electrical Systems" have been met.  Maximum ground resistance 

shall be 5 ohms at location of transformer. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.2 INSTALLATION 

A. Install transformers on concrete bases. 

 

1. Construct concrete bases of dimensions indicated, but not less than 4 inches (100 mm) 

larger in both directions than supported unit and 4 inches (100 mm) high. 

2. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete and reinforcement. 

3. Install dowel rods to connect concrete bases to concrete floor.  Unless otherwise 

indicated, install dowel rods on 18-inch (450-mm) centers around full perimeter of base. 

4. Install epoxy-coated anchor bolts, for supported equipment, that extend through concrete 

base and anchor into structural concrete floor. 

5. Place and secure anchorage devices.  Use supported equipment manufacturer's setting 

drawings, templates, diagrams, instructions, and directions furnished with items to be 

embedded. 

B. Maintain minimum clearances and workspace at equipment according to manufacturer's written 

instructions and NFPA 70. 

3.3 IDENTIFICATION 

A. Identify field-installed wiring and components and provide warning signs as specified in 

Section 260553 "Identification for Electrical Systems." 

3.4 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 

Systems." 

B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

PART 4 - CONTRACTOR QUALITY CONTROL 

4.1 FIELD QUALITY CONTROL 

A. General:  Comply with applicable standards of The InterNational Electrical Testing Association 

(NETA) including Standard ATS, "Acceptance Testing Specifications for Electrical Power 

Distribution Equipment and Systems." 

B. Preparation:  Perform the following preparations in advance of independent tests: 

1. After installing transformers but before primary is energized, verify that grounding 

system at substation is tested at specified value or less. 

2. After installing transformers and after electrical circuitry has been energized, test for 

compliance with requirements. 

3. Perform visual and mechanical inspection and electrical test stated in NETA ATS.  

Certify compliance with test parameters. 
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4. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 

equipment. 

C. Schedule tests and notify COTR at least one week in advance of schedule for test 

commencement. 

D. Test procedure: 

1. Independent Testing Organization:  Arrange and pay for the services of an independent 

electrical testing organization in accordance with the requirements of Division 01 Section 

"Quality Requirements" to perform tests on medium-voltage transformers. The testing 

firm shall be regularly engaged in the testing of electrical equipment, devices, 

installations, and systems.  The testing firm shall have at least five years of experience in 

the testing of electrical equipment of the type, rating, and voltage used on this Project.  

The testing firm shall be a current full-member company of the International Electrical 

Testing Association (http://www.neta.org/).  This independent testing firm shall perform 

duties as required under the terms of this Contract. 

2. Test Objectives:  To assure the transformer installation is operational within industry and 

manufacturer's tolerances, is installed in accordance with Contract Documents, and is 

suitable for energizing. 

3. Procedures:  Comply with the INETA standard and IEEE 400.  Upon satisfactory 

completion of tests, attach a label to tested components. 

E. Voltage Monitoring and Adjusting: Perform the following voltage monitoring after Substantial 

Completion but not more than six months after Final Acceptance: 

1. During a period of normal load cycles as evaluated by Owner, perform seven days of 

three-phase voltage recording at secondary terminals of each transformer.  Use voltmeters 

with calibration traceable to National Institute of Science and Technology standards and 

with a chart speed of not less than 1 inch (25 mm) per hour.  Voltage unbalance greater 

than 1 percent between phases, or deviation of any phase voltage from nominal value by 

more than plus or minus 5 percent during test period, is unacceptable. 

2. Corrective Actions:  If test results are unacceptable, perform the following corrective 

actions, as appropriate: 

a. Adjust transformer taps. 

b. Prepare written request for voltage adjustment by electric utility. 

3. Retests:  After corrective actions have been performed, repeat monitoring until 

satisfactory results are obtained. 

 

F. Reports:  The testing organization shall maintain a written record of observations and tests, 

report defective materials and workmanship, and retest corrected defective items.  Testing 

organization shall submit written reports to the COTR and Contractor. 

END OF SECTION 261200 

http://www.neta.org/
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SECTION 262200 - LOW-VOLTAGE TRANSFORMERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following types of dry-type transformers rated 600 V and less, with 

capacities up to 1000 kVA: 

1. Distribution transformers. 

1.3 ACTION SUBMITTALS 

A. Product Data:  Include rated nameplate data, capacities, weights, dimensions, minimum 

clearances, installed devices and features, and performance for each type and size of 

transformer indicated. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 

connection. 

1. Wiring Diagrams:  Power wiring. 

C. Source quality-control test reports. 

D. Field quality-control test reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For transformers to include in emergency, operation, and 

maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain each transformer type through one source from a single 

manufacturer. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 
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C. Comply with IEEE C57.12.91, "Test Code for Dry-Type Distribution and Power Transformers." 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Temporary Heating:  Apply temporary heat according to manufacturer's written instructions 

within the enclosure of each ventilated-type unit, throughout periods during which equipment is 

not energized and when transformer is not in a space that is continuously under normal control 

of temperature and humidity. 

1.7 COORDINATION 

A. Coordinate size and location of concrete bases with actual transformer provided.  Cast anchor-

bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified with 

concrete. 

B. Coordinate installation of wall-mounting and structure-hanging supports with actual transformer 

provided. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. ACME Electric Corporation; Power Distribution Products Division. 

2. Eaton Electrical Inc.; Cutler-Hammer Products. 

3. General Electric Company. 

4. Hammond Co.; Matra Electric, Inc. 

5. Siemens Energy & Automation, Inc. 

6. Sola/Hevi-Duty. 

7. Square D; Schneider Electric. 

2.2 GENERAL TRANSFORMER REQUIREMENTS 

A. Description:  Factory-assembled and -tested, air-cooled units for 60-Hz service. 

B. Cores:  Grain-oriented, non-aging silicon steel. 

C. Coils:  Continuous windings without splices except for taps. 

1. Internal Coil Connections:  Brazed or pressure type. 

2. Coil Material:  Copper. 

http://www.specagent.com/LookUp/?uid=123456817967&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817969&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803108&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817971&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803112&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803113&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817972&mf=04&src=wd
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2.3 DISTRIBUTION TRANSFORMERS 

A. Comply with NEMA ST 20, and list and label as complying with UL 1561. 

B. Cores:  One leg per phase. 

If all transformers have same enclosure, retain one of two paragraphs and associated subparagraphs 

below.  Retain first paragraph for indoor transformers; second, for outdoor transformers.  If several types 

of enclosures are required for Project, delete paragraphs and indicate enclosure type on Drawings. 

C. Enclosure:  Ventilated, NEMA 250, Type 2. 

1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air. 

D. Transformer Enclosure Finish:  Comply with NEMA 250. 

1. Finish Color:  Gray. 

E. Taps for Transformers 7.5 to 24 kVA:  One 5 percent tap above and one 5 percent tap below 

normal full capacity. 

F. Taps for Transformers 25 kVA and Larger:  Two 2.5 percent taps above and two 2.5 percent 

taps below normal full capacity. 

G. Insulation Class:  220 deg C, UL-component-recognized insulation system with a maximum of 

150 deg C rise above 40 deg C ambient temperature. 

H. Energy Efficiency for Transformers Rated 15 kVA and Larger: 

1. Complying with NEMA TP 1, Class 1 efficiency levels. 

2. Tested according to NEMA TP 2. 

I. Wall Brackets:  Manufacturer's standard brackets. 

J. Low-Sound-Level Requirements:  Minimum of 3 dBA less than NEMA ST 20 standard sound 

levels when factory tested according to IEEE C57.12.91. 

2.4 IDENTIFICATION DEVICES 

A. Nameplates:  Engraved, laminated-plastic or metal nameplate for each distribution transformer, 

mounted with corrosion-resistant screws.  Nameplates and label products are specified in 

Section 260553 "Identification for Electrical Systems." 

2.5 SOURCE QUALITY CONTROL 

A. Test and inspect transformers according to IEEE C57.12.91. 

B. Factory Sound-Level Tests:  Conduct sound-level tests on equipment for this Project. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine conditions for compliance with enclosure- and ambient-temperature requirements for 

each transformer. 

B. Verify that field measurements are as needed to maintain working clearances required by 

NFPA 70 and manufacturer's written instructions. 

C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions where 

transformers will be installed. 

D. Verify that ground connections are in place and requirements in Section 260526 "Grounding 

and Bonding for Electrical Systems" have been met.  Maximum ground resistance shall be 5 

ohms at location of transformer. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install wall-mounting transformers level and plumb with wall brackets fabricated by 

transformer manufacturer. 

B. Construct concrete bases and anchor floor-mounting transformers according to manufacturer's 

written instructions and requirements in Section 260529 "Hangers and Supports for Electrical 

Systems." 

3.3 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 

Systems." 

B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

3.4 ADJUSTING 

A. Record transformer secondary voltage at each unit for at least 48 hours of typical occupancy 

period.  Adjust transformer taps to provide optimum voltage conditions at secondary terminals.  

Optimum is defined as not exceeding nameplate voltage plus 10 percent and not being lower 

than nameplate voltage minus 3 percent at maximum load conditions.  Submit recording and tap 

settings as test results. 

B. Output Settings Report:  Prepare a written report recording output voltages and tap settings. 
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3.5 CLEANING 

A. Vacuum dirt and debris; do not use compressed air to assist in cleaning. 

PART 4 - CONTRACTOR QUALITY CONTROL 

4.1 FIELD QUALITY CONTROL 

A. General:  Comply with applicable standards of The InterNational Electrical Testing Association 

(NETA) including Standard ATS, "Acceptance Testing Specifications for Electrical Power 

Distribution Equipment and Systems." 

B. Preparation:  Perform the following preparations in advance of independent tests: 

1. After installing transformers but before primary is energized, verify that grounding 

system is tested at specified value or less. 

2. After installing transformers and after electrical circuitry has been energized, test for 

compliance with requirements. 

3. Perform visual and mechanical inspection and electrical test stated in NETA ATS.  

Certify compliance with test parameters. 

C. Schedule tests and notify COTR at least one week in advance of schedule for test 

commencement. 

D. Test procedure: 

1. Independent Testing Organization:  Arrange and pay for the services of an independent 

electrical testing organization in accordance with the requirements of Division 01 Section 

"Quality Requirements" to perform tests on low-voltage transformers. The testing firm 

shall be regularly engaged in the testing of electrical equipment, devices, installations, 

and systems.  The testing firm shall have at least five years of experience in the testing of 

electrical equipment of the type, rating, and voltage used on this Project.  The testing firm 

shall be a current full-member company of the International Electrical Testing 

Association (http://www.neta.org/).  This independent testing firm shall perform duties as 

required under the terms of this Contract. 

2. Test Objectives:  To assure low-voltage transformer installation is operational within 

industry and manufacturer's tolerances, is installed in accordance with Contract 

Documents, and is suitable for energizing. 

3. Procedures:  Comply with the INETA standard and IEEE 400.  Upon satisfactory 

completion of tests, attach a label to tested components. 

E. Voltage Monitoring and Adjusting: Perform the following voltage monitoring after Substantial 

Completion but not more than six months after Final Acceptance: 

1. During a period of normal load cycles as evaluated by Owner, perform seven days of 

single or three-phase voltage recording, as applicable, at secondary terminals of each 

transformer.  Use voltmeters with calibration traceable to National Institute of Science 

and Technology standards and with a chart speed of not less than 1 inch (25 mm) per 

hour.  Voltage unbalance greater than 1 percent between phases, or deviation of any 

phase voltage from nominal value by more than plus or minus 5 percent during test 

period, is unacceptable. 

http://www.neta.org/
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2. Corrective Actions:  If test results are unacceptable, perform the following corrective 

actions, as appropriate: 

a. Adjust transformer taps. 

b. Prepare written request for voltage adjustment by electric utility. 

3. Retests:  After corrective actions have been performed, repeat monitoring until 

satisfactory results are obtained. 

F. Reports:  The testing organization shall maintain a written record of observations and tests, 

report defective materials and workmanship, and retest corrected defective items.  Testing 

organization shall submit written reports to the COTR and Contractor. 

END OF SECTION 262200 
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SECTION 262416 - PANELBOARDS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Distribution panelboards for panelboard SDP1. 

2. Lighting and appliance branch-circuit panelboards for panelboards SH1A through SH1F 

and SL1A through SL1F. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of panelboard, switching and overcurrent protective device, 

accessory, and component indicated.  Include dimensions and manufacturers' technical data on 

features, performance, electrical characteristics, ratings, and finishes. 

B. Shop Drawings:  For each panelboard and related equipment. 

1. Include dimensioned plans, elevations, sections, and details.  Show tabulations of 

installed devices, equipment features, and ratings. 

2. Detail enclosure types and details for types other than NEMA 250, Type 1. 

3. Detail bus configuration, current, and voltage ratings. 

4. Short-circuit current rating of panelboards and overcurrent protective devices. 

5. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices and auxiliary components. 

6. Include wiring diagrams for power, signal, and control wiring. 

7. Include time-current coordination curves for each type and rating of overcurrent 

protective device included in panelboards.  Submit on translucent log-log graft paper; 

include selectable ranges for each type of overcurrent protective device. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field Quality-Control Reports: 

1. Test procedures used. 

2. Test results that comply with requirements. 

3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 
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B. Panelboard Schedules:  For installation in panelboards. Submit final versions after load 

balancing. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For panelboards and components to include in emergency, 

operation, and maintenance manuals.  Include the following: 

1. Manufacturer's written instructions for testing and adjusting overcurrent protective 

devices. 

2. Time-current curves, including selectable ranges for each type of overcurrent protective 

device that allows adjustments. 

1.6 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 

covering for storage and identified with labels describing contents. 

1. Keys:  Two spares for each type of panelboard cabinet lock. 

2. Circuit Breakers:  Two spares for each panelboard. 

1.7 QUALITY ASSURANCE 

A. Source Limitations:  Obtain panelboards, overcurrent protective devices, components, and 

accessories from single source from single manufacturer. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

C. Comply with NEMA PB 1. 

D. Comply with NFPA 70. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Remove loose packing and flammable materials from inside panelboards; install temporary 

electric heating (250 W per panelboard) to prevent condensation. 

B. Handle and prepare panelboards for installation according to NEMA PB 1. 

1.9 PROJECT CONDITIONS 

A. Environmental Limitations: 

1. Do not deliver or install panelboards until spaces are enclosed and weathertight, wet work 

in spaces is complete and dry, work above panelboards is complete, and temporary 



RONALD REAGAN WASHINGTON NATIONAL AIRPORT  DL 1204 

SOUTH HANGAR LINE STANDBY POWER UPGRADE      NOVEMBER 6, 2012 

 

 

PANELBOARDS 262416 - 3 

HVAC system is operating and maintaining ambient temperature and humidity conditions 

at occupancy levels during the remainder of the construction period. 

B. Service Conditions:  NEMA PB 1, usual service conditions, as follows: 

1. Ambient temperatures within limits specified. 

2. Altitude not exceeding 6600 feet (2000 m). 

C. Interruption of Existing Electric Service:  Do not interrupt electric service to facilities occupied 

by Owner or others unless permitted under the following conditions and then only after 

arranging to provide temporary electric service according to requirements indicated: 

1. Notify COTR no fewer than ten days in advance of proposed interruption of electric 

service. 

2. Do not proceed with interruption of electric service without COTR written permission. 

3. Comply with NFPA 70E. 

1.10 COORDINATION 

A. Coordinate layout and installation of panelboards and components with other construction that 

penetrates walls or is supported by them, including electrical and other types of equipment, 

raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces.  

Maintain required workspace clearances and required clearances for equipment access doors 

and panels. 

B. Coordinate sizes and locations of concrete bases with actual equipment provided.   

1.11 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 

replace transient voltage suppression devices that fail in materials or workmanship within 

specified warranty period. 

1. Warranty Period: Five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 GENERAL REQUIREMENTS FOR PANELBOARDS 

A. Enclosures:  Surface-mounted cabinets. 

1. Rated for environmental conditions at installed location. 

a. Indoor Dry and Clean Locations:  NEMA 250, Type 1. 

b. Indoor Locations within hangars:  NEMA 250, Type 5. 
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2. Hinged Front Cover:  Entire front trim hinged to box and with standard door within 

hinged trim cover. 

3. Finishes: 

a. Panels and Trim:  Steel, factory finished immediately after cleaning and pretreating 

with manufacturer's standard two-coat, baked-on finish consisting of prime coat 

and thermosetting topcoat. 

b. Back Boxes:  Same finish as panels and trim. 

4. Directory Card:  Inside panelboard door, mounted in transparent card holder. 

B. Incoming Mains Location:  Top. 

C. Phase, Neutral, and Ground Buses: 

 

1. Equipment Ground Bus:  Adequate for feeder and branch-circuit equipment grounding 

conductors; bonded to box. 

D. Conductor Connectors:  Suitable for use with conductor material and sizes. 

1. Material: Hard-drawn copper, 98 percent conductivity. 

2. Main and Neutral Lugs:  Compression type. 

3. Ground Lugs and Bus-Configured Terminators: Compression type. 

E. Future Devices:  Mounting brackets, bus connections, filler plates, and necessary appurtenances 

required for future installation of devices. 

F. Panelboard Short-Circuit Current Rating:  Fully rated to interrupt symmetrical short-circuit 

current available at terminals. 

2.2 DISTRIBUTION PANELBOARDS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 

3. Siemens Energy & Automation, Inc. 

B. Panelboards:  NEMA PB 1, power and feeder distribution type. 

C. Doors:  Secured with vault-type latch with tumbler lock; keyed alike. 

1. For doors more than 36 inches (914 mm) high, provide two latches, keyed alike. 

D. Mains:  Circuit breaker. 

E. Branch Overcurrent Protective Devices: Bolt-on circuit breakers. 

http://www.specagent.com/LookUp/?uid=123456817992&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817993&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803130&mf=04&src=wd
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2.3 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 

3. Siemens Energy & Automation, Inc. 

B. Panelboards:  NEMA PB 1, lighting and appliance branch-circuit type. 

C. Mains:  Circuit breaker. 

D. Branch Overcurrent Protective Devices: Bolt-on circuit breakers, replaceable without disturbing 

adjacent units. 

E. Doors:  Concealed hinges; secured with flush latch with tumbler lock; keyed alike. 

2.4 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 

3. Siemens Energy & Automation, Inc. 

B. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to 

meet available fault currents. 

1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level 

overloads, and instantaneous magnetic trip element for short circuits.  Adjustable 

magnetic trip setting for circuit-breaker frame sizes 250 A and larger. 

2. Adjustable Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-

mounted, field-adjustable trip setting. 

3. Molded-Case Circuit-Breaker (MCCB) Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 

b. Lugs:  Compression style, suitable for number, size, trip ratings, and conductor 

materials. 

c. Handle Clamp:  Loose attachment, for holding circuit-breaker handle in on 

position. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Receive, inspect, handle, and store panelboards according to NEMA PB 1.1. 

http://www.specagent.com/LookUp/?uid=123456817995&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456817996&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803131&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818006&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818007&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803135&mf=04&src=wd
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B. Examine panelboards before installation.  Reject panelboards that are damaged or rusted or have 

been subjected to water saturation. 

C. Examine elements and surfaces to receive panelboards for compliance with installation 

tolerances and other conditions affecting performance of the Work. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install panelboards and accessories according to NEMA PB 1.1. 

B. Mount top of trim 90 inches (2286 mm) above finished floor unless otherwise indicated. 

C. Mount panelboard cabinet plumb and rigid without distortion of box.  Mount recessed 

panelboards with fronts uniformly flush with wall finish and mating with back box. 

D. Install overcurrent protective devices and controllers not already factory installed. 

E. Install filler plates in unused spaces. 

F. Arrange conductors in gutters into groups and bundle and wrap with wire ties after completing 

load balancing. 

G. Comply with NECA 1. 

3.3 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning 

signs complying with Section 260553 "Identification for Electrical Systems." 

B. Create a directory to indicate installed circuit loads after balancing panelboard loads; 

incorporate Owner's final room designations.  Obtain approval before installing.  Use a 

computer or typewriter to create directory; handwritten directories are not acceptable. 

C. Panelboard Nameplates:  Label each panelboard with a nameplate complying with requirements 

for identification specified in Section 260553 "Identification for Electrical Systems." 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Acceptance Testing Preparation: 

1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, 

and control circuit. 

2. Test continuity of each circuit. 

C. Tests and Inspections: 
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1. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 

3. Perform the following infrared scan tests and inspections and prepare reports: 

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days 

after Final Acceptance, perform an infrared scan of each panelboard.  Remove 

front panels so joints and connections are accessible to portable scanner. 

b. Instruments and Equipment: 

1) Use an infrared scanning device designed to measure temperature or to 

detect significant deviations from normal values.  Provide calibration record 

for device. 

D. Panelboards will be considered defective if they do not pass tests and inspections. 

E. Prepare test and inspection reports, including a certified report that identifies panelboards 

included and that describes scanning results.  Include notation of deficiencies detected, remedial 

action taken, and observations after remedial action. 

3.5 ADJUSTING 

A. Adjust moving parts and operable component to function smoothly, and lubricate as 

recommended by manufacturer. 

B. Load Balancing:  After Substantial Completion, but not more than 60 days after Final 

Acceptance, measure load balancing and make circuit changes. 

1. Measure as directed during period of normal system loading. 

2. Perform load-balancing circuit changes outside normal occupancy/working schedule of 

the facility and at time directed.  Avoid disrupting critical 24-hour services such as fax 

machines and on-line data processing, computing, transmitting, and receiving equipment. 

3. After circuit changes, recheck loads during normal load period.  Record all load readings 

before and after changes and submit test records. 

4. Tolerance:  Difference exceeding 20 percent between phase loads, within a panelboard, is 

not acceptable.  Rebalance and recheck as necessary to meet this minimum requirement. 

3.6 PROTECTION 

A. Temporary Heating:  Apply temporary heat to maintain temperature according to manufacturer's 

written instructions. 

3.7 FIELD QUALITY CONTROL 

A. General:  Comply with applicable standards of The InterNational Electrical Testing Association 

(NETA) including Standard ATS, "Acceptance Testing Specifications for Electrical Power 

Distribution Equipment and Systems." 
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B. Tests:  Perform the following tests: 

1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, 

and control circuit. 

2. Test continuity of each circuit. 

3. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

4. Perform the following infrared scan tests and inspections and prepare reports: 

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days 

after Final Acceptance, perform an infrared scan of each panelboard.  Remove 

front panels so joints and connections are accessible to portable scanner. 

b. Instruments and Equipment: 

1) Use an infrared scanning device designed to measure temperature or to 

detect significant deviations from normal values.  Provide calibration record 

for device. 

5.  

C. Schedule tests and notify COTR at least one week in advance of schedule for test 

commencement. 

D. Reports:  The Contractor shall maintain a written record of observations and tests, report 

defective materials and workmanship, and retest corrected defective items.  Contractor shall 

submit written reports to the COTR. 

END OF SECTION 262416 
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Molded-case circuit breakers (MCCBs). 

2. Enclosures. 

1.3 DEFINITIONS 

A. NC:  Normally closed. 

B. NO:  Normally open. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of enclosed switch, circuit breaker, accessory, and component 

indicated.  Include dimensioned elevations, sections, weights, and manufacturers' technical data 

on features, performance, electrical characteristics, ratings, accessories, and finishes. 

1. Enclosure types and details for types other than NEMA 250, Type 1. 

2. Current and voltage ratings. 

3. Short-circuit current ratings (interrupting and withstand, as appropriate). 

4. Include time-current coordination curves (average melt) for each type and rating of 

overcurrent protective device; include selectable ranges for each type of overcurrent 

protective device. Submit on translucent log-log graph paper. 

B. Shop Drawings:  For enclosed switches and circuit breakers.  Include plans, elevations, sections, 

details, and attachments to other work. 

1. Wiring Diagrams:  For power, signal, and control wiring. 

1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1. Test procedures used. 

2. Test results that comply with requirements. 
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3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For enclosed switches and circuit breakers to include in 

emergency, operation, and maintenance manuals.  Include the following: 

1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit 

breakers. 

2. Time-current coordination curves (average melt) for each type and rating of overcurrent 

protective device; include selectable ranges for each type of overcurrent protective 

device. Submit on translucent log-log graph paper. 

1.7 QUALITY ASSURANCE 

A. Source Limitations:  Obtain enclosed switches and circuit breakers, overcurrent protective 

devices, components, and accessories, within same product category, from single source from 

single manufacturer. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

C. Comply with NFPA 70. 

1.8 PROJECT CONDITIONS 

A. Environmental Limitations:  Rate equipment for continuous operation under the following 

conditions unless otherwise indicated: 

1. Ambient Temperature:  Not less than minus 22 deg F (minus 30 deg C) and not 

exceeding 104 deg F (40 deg C). 

2. Altitude:  Not exceeding 6600 feet (2010 m). 

B. Interruption of Existing Electric Service:  Do not interrupt electric service to facilities occupied 

by Owner or others unless permitted under the following conditions and then only after 

arranging to provide temporary electric service according to requirements indicated: 

1. Notify COTR no fewer than ten days in advance of proposed interruption of electric 

service. 

2. Indicate method of providing temporary electric service. 

3. Do not proceed with interruption of electric service without COTR’s written permission. 

4. Comply with NFPA 70E. 
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1.9 COORDINATION 

A. Coordinate layout and installation of switches, circuit breakers, and components with equipment 

served and adjacent surfaces.  Maintain required workspace clearances and required clearances 

for equipment access doors and panels. 

PART 2 - PRODUCTS 

2.1 MOLDED-CASE CIRCUIT BREAKERS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 

3. Siemens Energy & Automation, Inc. 

4. Square D; a brand of Schneider Electric. 

B. General Requirements:  Comply with UL 489, NEMA AB 1, and NEMA AB 3, with 

interrupting capacity to comply with available fault currents. 

C. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads and 

instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip setting for 

circuit-breaker frame sizes 250 A and larger. 

D. Features and Accessories: 

1. Standard frame sizes, trip ratings, and number of poles. 

2. Lugs:  Compression type, suitable for number, size, trip ratings, and conductor material. 

2.2 ENCLOSURES 

A. Enclosed Switches and Circuit Breakers:  NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, 

to comply with environmental conditions at installed location. 

1. Indoor Locations:  NEMA 250, Type 1. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance 

with installation tolerances and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

http://www.specagent.com/LookUp/?uid=123456818238&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818239&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803163&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818240&mf=04&src=wd
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3.2 INSTALLATION 

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless 

otherwise indicated. 

B. Comply with NECA 1. 

3.3 IDENTIFICATION 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 

warning signs. 

2. Label each enclosure with engraved metal or laminated-plastic nameplate. 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Acceptance Testing Preparation: 

1. Test insulation resistance for each enclosed switch and circuit breaker, component, 

connecting supply, feeder, and control circuit. 

2. Test continuity of each circuit. 

C. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 

3. Perform the following infrared scan tests and inspections and prepare reports: 

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days 

after Final Acceptance, perform an infrared scan of each enclosed switch and 

circuit breaker.  Remove front panels so joints and connections are accessible to 

portable scanner. 

b. Instruments and Equipment:  Use an infrared scanning device designed to measure 

temperature or to detect significant deviations from normal values.  Provide 

calibration record for device. 

4. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and 

malfunctioning controls and equipment. 

D. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and 

inspections. 

E. Prepare test and inspection reports, including a certified report that identifies enclosed switches 

and circuit breakers and that describes scanning results.  Include notation of deficiencies 

detected, remedial action taken, and observations after remedial action. 
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3.5 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 

recommended by manufacturer. 

B. Set field-adjustable circuit-breaker trip ranges as specified in Section 260573 "Overcurrent 

Protective Device Coordination Study.” 

PART 4 - CONTRACTOR QUALITY CONTROL 

4.1 FIELD QUALITY CONTROL 

A. General:  Comply with applicable standards of The InterNational Electrical Testing Association 

(NETA) including Standard ATS, "Acceptance Testing Specifications for Electrical Power 

Distribution Equipment and Systems." 

B. Tests:  Perform the following tests: 

 

1. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

 

2. Perform the following infrared scan tests and inspections and prepare reports: 

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days 

after Final Acceptance, perform an infrared scan of each enclosed switch and 

circuit breaker.  Remove front panels so joints and connections are accessible to 

portable scanner. 

b. Instruments and Equipment:  Use an infrared scanning device designed to measure 

temperature or to detect significant deviations from normal values.  Provide 

calibration record for device. 

3. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and 

malfunctioning controls and equipment. 

C. Schedule tests and notify COTR at least one week in advance of schedule for test 

commencement. 

D. Reports:  The Contractor shall maintain a written record of observations and tests, report 

defective materials and workmanship, and retest corrected defective items.  The Contractor shall 

submit written reports to the COTR. 

 

END OF SECTION 262816 
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SECTION 263600 - TRANSFER SWITCHES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes transfer switches rated 600 V and less, including the following: 

1. Automatic transfer switches. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, weights, operating 

characteristics, furnished specialties, and accessories. 

B. Shop Drawings:  Dimensioned plans, elevations, sections, and details showing minimum 

clearances, conductor entry provisions, gutter space, installed features and devices, and material 

lists for each switch specified. 

C. Field quality-control reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For each type of product to include in emergency, operation, 

and maintenance manuals.  In addition to items specified in Section 017823 "Operation and 

Maintenance Data," include the following: 

1. Features and operating sequences, both automatic and manual. 

2. List of all factory settings of relays; provide relay-setting and calibration instructions, 

including software, where applicable. 

1.5 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Maintain a service center capable of providing training, parts, and 

emergency maintenance repairs within a response period of less than eight hours from time of 

notification. 

B. Source Limitations:  Obtain automatic transfer switch through one source from a single 

manufacturer. 
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C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

by a qualified testing agency, and marked for intended location and application. 

D. Comply with NEMA ICS 1. 

E. Comply with NFPA 70. 

F. Comply with UL 1008 unless requirements of these Specifications are stricter. 

1.6 FIELD CONDITIONS 

A. Interruption of Existing Electrical Service:  Do not interrupt electrical service to facilities 

occupied by Owner or others unless permitted under the following conditions and then only 

after arranging to provide temporary electrical service: 

1. Notify COTR no fewer than ten days in advance of proposed interruption of electrical 

service. 

2. Do not proceed with interruption of electrical service without COTR’s written 

permission. 

PART 2 - PRODUCTS 

2.1 MANUFACTURED UNITS 

A. Contactor Transfer Switches: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following: 

a. AC Data Systems, Inc. 

b. Caterpillar; Engine Div. 

c. Emerson; ASCO Power Technologies, LP. 

d. Generac Power Systems, Inc. 

e. GE Zenith Controls. 

f. Kohler Power Systems; Generator Division. 

g. Onan/Cummins Power Generation; Industrial Business Group. 

h. Russelectric, Inc. 

i. Spectrum Detroit Diesel. 

2.2 GENERAL TRANSFER-SWITCH PRODUCT REQUIREMENTS 

A. Indicated Current Ratings:  Apply as defined in UL 1008 for continuous loading and total 

system transfer, including tungsten filament lamp loads not exceeding 30 percent of switch 

ampere rating, unless otherwise indicated. 

http://www.specagent.com/LookUp/?uid=123456803202&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818369&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818370&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803203&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803204&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818371&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818372&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803205&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803206&mf=04&src=wd
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B. Tested Fault-Current Closing and Withstand Ratings:  Adequate for duty imposed by protective 

devices at installation locations in Project under the fault conditions indicated, based on testing 

according to UL 1008. 

C. Solid-State Controls:  Repetitive accuracy of all settings shall be plus or minus 2 percent or 

better over an operating temperature range of minus 20 to plus 70 deg C. 

D. Resistance to Damage by Voltage Transients:  Components shall meet or exceed voltage-surge 

withstand capability requirements when tested according to IEEE C62.41.  Components shall 

meet or exceed voltage-impulse withstand test of NEMA ICS 1. 

E. Electrical Operation:  Accomplish by a nonfused, momentarily energized solenoid or electric-

motor-operated mechanism, mechanically and electrically interlocked in both directions. 

F. Switch Characteristics:  Designed for continuous-duty repetitive transfer of full-rated current 

between active power sources. 

1. Limitation:  Switches using molded-case switches or circuit breakers or insulated-case 

circuit-breaker components are not acceptable. 

2. Switch Action:  Double throw; mechanically held in both directions. 

3. Contacts:  Silver composition or silver alloy for load-current switching.  Conventional 

automatic transfer-switch units, rated 225 A and higher, shall have separate arcing 

contacts. 

G. Factory Wiring:  Train and bundle factory wiring and label, consistent with Shop Drawings, 

either by color-code or by numbered or lettered wire and cable tape markers at terminations.  

Color-coding and wire and cable tape markers are specified in Section 260553 "Identification 

for Electrical Systems." 

1. Designated Terminals:  Pressure type, suitable for types and sizes of field wiring 

indicated. 

2. Power-Terminal Arrangement and Field-Wiring Space:  Suitable for top, side, or bottom 

entrance of feeder conductors as indicated. 

3. Control Wiring:  Equipped with lugs suitable for connection to terminal strips. 

H. Enclosures:  General-purpose NEMA 250, Type 12, complying with NEMA ICS 6 and UL 508, 

unless otherwise indicated. 

2.3 AUTOMATIC TRANSFER SWITCHES 

A. Comply with Level 1 equipment according to NFPA 110. 

B. Switching Arrangement:  Double-throw type, incapable of pauses or intermediate position stops 

during normal functioning, unless otherwise indicated. 

C. Manual Switch Operation:  Under load, with door closed and with either or both sources 

energized.  Transfer time is same as for electrical operation.  Control circuit automatically 

disconnects from electrical operator during manual operation. 

D. Automatic Transfer-Switch Features: 
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1. Undervoltage Sensing for Each Phase of Normal Source:  Sense low phase-to-ground 

voltage on each phase.  Pickup voltage shall be adjustable from 85 to 100 percent of 

nominal, and dropout voltage is adjustable from 75 to 98 percent of pickup value.  

Factory set for pickup at 90 percent and dropout at 85 percent. 

2. Adjustable Time Delay:  For override of normal-source voltage sensing to delay transfer 

and engine start signals.  Adjustable from zero to six seconds, and factory set for one 

second. 

3. Voltage/Frequency Lockout Relay:  Prevent premature transfer to generator.  Pickup 

voltage shall be adjustable from 85 to 100 percent of nominal.  Factory set for pickup at 

90 percent.  Pickup frequency shall be adjustable from 90 to 100 percent of nominal.  

Factory set for pickup at 95 percent. 

4. Time Delay for Retransfer to Normal Source:  Adjustable from 0 to 30 minutes, and 

factory set for 10 minutes to automatically defeat delay on loss of voltage or sustained 

undervoltage of emergency source, provided normal supply has been restored. 

5. Test Switch:  Simulate normal-source failure. 

6. Switch-Position Pilot Lights:  Indicate source to which load is connected. 

7. Source-Available Indicating Lights:  Supervise sources via transfer-switch normal- and 

emergency-source sensing circuits. 

a. Normal Power Supervision:  Green light with nameplate engraved "Normal Source 

Available." 

b. Emergency Power Supervision:  Red light with nameplate engraved "Emergency 

Source Available." 

8. Unassigned Auxiliary Contacts:  Two normally open, single-pole, double-throw contacts 

for each switch position, rated 10 A at 240-V ac. 

9. Transfer Override Switch:  Overrides automatic retransfer control so automatic transfer 

switch will remain connected to emergency power source regardless of condition of 

normal source.  Pilot light indicates override status. 

2.4 SOURCE QUALITY CONTROL 

A. Factory test and inspect components, assembled switches, and associated equipment.  Ensure 

proper operation.  Check transfer time and voltage, frequency, and time-delay settings for 

compliance with specified requirements.  Perform dielectric strength test complying with 

NEMA ICS 1. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Identify components according to Section 260553 "Identification for Electrical Systems." 

B. Set field-adjustable intervals and delays, relays, and engine exerciser clock. 
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3.2 CONNECTIONS 

A. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical 

Systems." 

B. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and 

Cables." 

3.3 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain transfer switches and 

related equipment as specified below.  Refer to Section 017900 "Demonstration and Training." 

PART 4 - CONTRACTOR QUALITY CONTROL 

4.1 FIELD QUALITY CONTROL 

A. General:  Comply with applicable standards of The InterNational Electrical Testing Association 

(NETA) including Standard ATS, "Acceptance Testing Specifications for Electrical Power 

Distribution Equipment and Systems." 

B. Preparation:  Perform the following preparations in advance of independent tests: 

1. After installing equipment and after electrical circuitry has been energized, test for 

compliance with requirements. 

2. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

3. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-

resistance tester.  Include external annunciation and control circuits.  Use test voltages 

and procedure recommended by manufacturer.  Comply with manufacturer's specified 

minimum resistance. 

a. Check for electrical continuity of circuits and for short circuits. 

b. Inspect for physical damage, proper installation and connection, and integrity of 

barriers, covers, and safety features. 

c. Verify that manual transfer warnings are properly placed. 

d. Perform manual transfer operation. 

4. After energizing circuits, demonstrate interlocking sequence and operational function for 

each switch at least three times. 

a. Simulate power failures of normal source to automatic transfer switches and of 

emergency source with normal source available. 

b. Simulate loss of phase-to-ground voltage for each phase of normal source. 

c. Verify time-delay settings. 

d. Verify pickup and dropout voltages by data readout or inspection of control 

settings. 

e. Test automatic transfer-switch operations. 
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C. Schedule tests and notify COTR at least one week in advance of schedule for test 

commencement. 

D. Test procedure: 

1. Independent Testing Organization:  Arrange and pay for the services of an independent 

electrical testing organization in accordance with the requirements of Division 01 Section 

"Quality Requirements" to perform tests automatic transfer switches. The testing firm 

shall be regularly engaged in the testing of electrical equipment, devices, installations, 

and systems.  The testing firm shall have at least five years of experience in the testing of 

electrical equipment of the type, rating, and voltage used on this Project.  The testing firm 

shall be a current full-member company of the International Electrical Testing 

Association (http://www.neta.org/).  This independent testing firm shall perform duties as 

required under the terms of this Contract. 

2. Test Objectives:  To assure automatic transfer switch installation is operational within 

industry and manufacturer's tolerances, is installed in accordance with Contract 

Documents, and is suitable for energizing. 

3. Procedures:  Comply with the INETA standard and IEEE 400.  Upon satisfactory 

completion of tests, attach a label to tested components. 

E. Reports:  The testing organization shall maintain a written record of observations and tests, 

report defective materials and workmanship, and retest corrected defective items. Record 

adjustable relay settings and measured insulation and contact resistances and time delays.  

Testing organization shall submit written reports to the COTR and Contractor. 

END OF SECTION 263600 

http://www.neta.org/

