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Add the following Section: 
(
SECTION 681
ELECTRICAL DISTRIBUTION AND TELECOMMUNICATIONS RELOCATION
Special Provisions
681-1.01 DESCRIPTION.   The South Channel Bridge construction project consists of the construction of a permanent replacement bridge and the removal of the existing roadway bridge.  Existing City of Unalaska (CITY) electric distribution and communication facilities are attached to the existing bridge and shall be relocated onto the new bridge.  Permanent electric and communication facilities shall be constructed on the permanent replacement bridge. Retirement of existing relocated and temporary facilities shall occur upon completion and acceptance of the permanent electrical and communication installation.
The Contractor shall be responsible for furnishing the labor, equipment, and materials (other than listed on the CITY Furnished Materials Listing) necessary to construct electrical and telecomm duct banks, junction boxes, switching cabinet pads, transformer pads, vaults, and associated grounding assemblies.  The electrical duct banks will consist of multiple conduits as shown on the Drawings.  Upon completion and acceptance of the duct system, the Contractor will install electrical distribution facilities including cable, terminations, vaults, switching cabinets, transformers and other electrical equipment.
During construction, the Contractor shall maintain the existing 35kV circuit across the bridge in an operating condition at all times.  This existing 35kV cable across the bridge is one leg of a critical loop that supplies power to Unalaska. To maintain this circuit may require temporary construction of either an overhead (not preferred by CITY), an underground circuit, or staging
_ of the Contractor's  work at the Contractors option.  The existing 35kV circuit may be de­
energized during construction, and the temporary circuit, if utilized may be de-energized during construction, however, a 34.5 kV circuit must be available at all times to be energized if required by the City.  A penalty of$1,000 per day will be assessed for not having a 35kV circuit available to be energized across the bridge project.
681-1.02 REFERENCES.  In order to resolve questions on safety regulations, installation practices, and testing procedures the Contractor shall consult and become familiar with the applicable parts of the current editions of the following standards and codes:
I. 
Alaska State Safety Code
2. 
City of Unalaska Safety Code
3. 
Arctic and Sub Arctic Construction - Utilities, US Army Corps of Engineers
4. 
National Electrical Code
(

5. 
National Electrical Safety Code
6. 
National Electrical Manufacturer's Association
7. 
Occupational Safety Health Act
8. 
Underwriters Laboratories

681-1.03 GENERAL REQUIREMENTS.
1. 
Terminology. Terminology used in this specification is as defined in IEEE Std 100.
2. 
Service Conditions. Items provided under this section shall be specifically suitable for the following service conditions.
a. 
Altitude 0-300 ft.
b. 
Ambient Temperature -20 to +86 degrees F
c.
Frequency 60 Hz

d.
Seismic Parameters per International Building Code, 2002.
3. 

Conflicts.  In case of conflicts between the requirements of referenced codes, standards and the construction documents, the most stringent requirement shall govern. Bring any conflicts to the attention of the Engineer, prior to proceeding with the work.
4. 

Safety.  The Contractor shall be responsible for all the safety issues under his contraI.
All work shall be accomplished within the requirements of Federal
Occupational Safety and Health Act Standards (OSHA).
681-1.04 SUBMITTALS.  Contracting Officer Approval is required for submittals that vary from the specifications and drawings.  Allow sufficient review time so that installation will not be delayed as a result of the time required to process submittals, including time for re-submittal.  Allow two(2) weeks for initial review.  Allow additional tiine if processing must be delayed to permit coordination with subsequent submittals.  If a subsequent submittal is necessary, process the same as the initial submittal.  Allow two(2) weeks for reprocessing each submittal.  No extension of Contract Time will be authorized because of failure to transmit submittals to the Engineer sufficiently in advance of the Work to permit processing.  Three copies of the following items described below in 8-
1/2 by 11 inch binders having a minimum of three rings from which material may readily be removed and replaced, including a separate section for section.
Sections shall be separated by heavy plastic dividers with tabs, with all data sheets signed and dated by the person supervising the pull.
1. 
Schedule: Contractor shall provide a schedule as required by section I 08-
1.03 at least 30 days prior to start of construction.  This work plan shall describe in detail the equipment, manpower, and schedule the Contractor
will use to complete the project and coordinate  with other work on the project.
(
2. 
Data.
a. 
Manufacturer's Catalog Data. Catalog cuts, brochures, circulars, specifications, product data, and printed information in sufficient detail and scope to verify compliance  with the requirements of the contract  documents.
b. 
Material,  Equipment, and Fixture Lists. A complete  itemized listing of equipment  and materials  proposed for incorporation into
the work.   Each entry shall include an item number,  the quantity of items proposed, and the name of the manufacturer of each such item.
c. 
Installation Procedures. As a minimum, installation procedures for transformers, substations, switchgear, underground cable, terminations, and splices.
Procedures shall include cable pulling plans, diagrams, instructions, and precautions  required to install, adjust,  calibrate, and test the devices and equipment.
3. 
Drawings. 
I
a. 
Electrical  Distribution System.  Detail drawings consisting of
equipment drawings,  illustrations, schedules,  instructions,
(
diagrams  manufacturer's standard  installation drawings and other information necessary  to defme the installation and enable the Department to check conformity with the requirements of the contract drawings.
If departures from the contract documents  are deemed  necessary  by the Contractor, complete details of such departures shall be
included  with the detail drawings.   Approved  departures shall be made at no additional  cost to the Department.
Detail drawings  shall show how components are assembled, function together  and how they will be installed  on the project. Data and drawings for component parts of an item or system shall
be coordinated and submitted  as a unit.  Data and drawings shall be coordinated and included  in a single submission. Multiple submissions for the same equipment·or system  are not acceptable except where prior approval has been obtained  from the Engineer. In such cases, a list of data to be submitted  later shall  be included with the first submission. Detail  drawings  shall consist of the following:
(I)

Detail drawings  showing physical arrangement,
construction details, connections, finishes,  materials used in
fabrication, provisions for conduit or busway entrances,
(
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access requirements for installation and maintenance, physical size, electrical characteristics, foundation and support details, and equipment weight. Drawings shall be drawn to scale and/or dimensioned. All optional items shall be clearly identified as included or excluded.

(2) 
Internal wiring diagrams of equipment showing wiring as actually provided for this project. External wiring connections shall be clearly identified.

Detail drawings shall as a minimum depict the installation of the following items:
(I) 
Medium and Low -voltage cables and accessories including cable installation plan.

(2) 
Conduit and duct bank layouts. (3) 
Transformers

(4) 
Surge arresters. (5) 
Section Cabinets.

(6) 
Vaults.

(7) 
Navigation and Highway lights and supports.

(8) 
Conduit layouts.
b.

As-Built Drawings. The as-built drawings shall be a record of the construction as installed. The drawings shall include the information shown on the contract drawings as well as deviations, modifications, and changes from the contract drawings, however minor.  The as-built drawings shall be a full sized set of prints marked to reflect deviations, modifications, and changes. The as­ built drawings shall be complete and show the location, size, dimensions, part identification, and other information. Additional sheets may be added. The as-built drawings shall be jointly inspected for accuracy and completeness by the Contractor's quality control representative and by the Engineer, prior to the submission of each monthly pay estimate. Upon completion of the work, the Contractor shall provide three full size copy of the onsite marked-up set and three set of full sized plots from the corrected

AutoCAD drawings and the Autocad drawings on CD in AutoCAD

version 2005 format or a more recent format. If, upon review, the as-built drawings are found to contain errors and/or omissions, they will be returned to the Contractor for correction. The
Contractor shall correct and return the as-built drawings to the Engineer for approval within I 0 calendar days from the time the drawings are returned to the Contractor.

4.
Reports.

a.
Factory Test. Certified factory test reports shall be submitted when the manufacturer performs routine factory tests. Results of factory tests performed shall be certified by the manufacturer, or an
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approved testing laboratory, and submitted within 7 days following successful completion of the tests.
b. 
Field Testing. Submit a proposed field test plan, 20 days prior to testing the installed system.  No field test shall be performed until the test plan is approved.  The test plan shall consist of complete field test procedures including tests to be performed, test equipment required, and tolerance limits.  The manufacturer's
pass-fail criteria for tests specified in paragraph 681-3.17 FIELD TESTiNG shall be included.
c.
Test Reports. Six copies of the information described below in 8-
1/2 by 11 inch binders having a minimum of three rings, including a separate section for each test.  Sections shall be separated by heavy plastic dividers with tabs.
(1) 
A list of equipment used, with calibration certifications.
(2) (3) (4)

A copy of measurements taken.
The dates of testing. 
!
The equipment and values to be verified. 
I
(5) 
The condition specified for the test.
(
(6) 
The test results, signed and dated.
(7)       A description of adjustments made.
d. 
Cable Installation Reports. Six copies ofthe information described below in  8-112 by 11 inch binders having a minimum of three
rings from which material may readily be removed and replaced, including a separate section for each cable pull.  Sections shall be separated by heavy plastic dividers with tabs, with all data sheets signed and dated by the person supervising the pull.
(1) 

Cable Installer Qualifications. The Contractor shall provide at least one onsite person in a supervisory position with a documentable level of competency and experience to supervise all cable pulling and splicing  operations.  A resume shall be provided showing the cable installers' experience in the last three years, including a list of references complete with points of contact, addresses and telephone numbers.
(2) 
 Site layout drawing with cable pulls numerically identified. (3) 
A list of equipment used, with calibration certifications.
IdentifY the manufacturer and quantity oflubricant used on
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pull.
(4) 
The cable manufacturer and type of cable.

(5) 

The dates of cable pulls, time of day, and ambient temperature.
(6) 
The length of cable pull and calculated cable pulling tensions.
(7) 
A continuous recording of the actual cable pulling tensions encountered during pull.
5. 
Certificates.
a. 

Materials and Equipment. Where materials or equipment are specified to conform to the standards of the Underwriters Laboratories (UL) or to be constructed or tested, or both, in accordance with the standards of the American National Standards Institute (ANSI), the Institute of Electrical and Electronics Engineers (IEEE), or the National Electrical Manufacturers Association (NEMA), the Contractor shall submit proof that the items provided conform to such requirements.  The label of, or listing by, UL will be acceptable as evidence that the items conform.  Either a certification or a published catalog specification data statement, to the effect that the item is in accordance with the referenced ANSI or IEEE standard, will be acceptable as evidence
that the item conforms.  A similar certification or published catalog
specification data statement to the effect that the item is in accordance with the referenced NEMA standard, by a company listed as a member company ofNEMA, will be acceptable as evidence that the item conforms.  In lieu of such certification or published data, the Contractor may submit a certificate from a recognized testing agency equipped and competent to perform such services, stating that the items have been tested and that they conform to the requirements listed, including methods of testing of the specified agencies.  Compliance with above-named
requirements does not relieve the Contractor from compliance with any other requirements of the specifications.
6. 
Licensing Requirements.  The Contractor doing this work shall be a licensed electrical contractor in the State of Alaska with an Electrical Administrator in the Unlimited Linework Category.  The Contractor's field staff will be monitored for proper certification, such as electrician's licenses.  All instructions regarding the quality of the work and staff qualifications shall be relayed to the Contractor by the Engineer.
7. 
Operations and Maintenance Manuals.
a.
Electrical Distribution System. Three copies of operation and

maintenance manuals in binders and on CD shall be submitted within 7 calendar days following the completion of tests and
including assembly, installation, operation and maintenance 
(
instructions, spare parts data which provides supplier name, current
cost, catalog order number, and a reconunended list of spare parts
to be stocked.  A brief description of all equipment, basic operating features, and routine maintenance requirements shall also be included.  Documents shall be bound in a binder marked or identified on the spine and front cover.  A table of contents page shall be included and marked with pertinent contract information and contents of the manual.  Tabs shall be provided to separate different types of documents, such as catalog ordering information, drawings, instructions, and spare parts data.  Index sheets shall be provided for each section of the manual when warranted by the quantity of documents included under separate tabs or dividers.
Three additional copies of the operation and maintenance manual shall be provided within 30 calendar days following the City approval of the manuals.
681-1.05 DELIVERY, STORAGE, AND HANDLING. Devices and equipment shall be visually inspected by the Contractor when received and prior to acceptance from conveyance.  Stored items shall be protected from the environment in accordance with the manufacturer's  published instructions. Damaged items shall be replaced.  Oil filled transformers and switches shall be
stored in accordance with the manufacturer's  requirements.  Wood poles held in 
(
storage for more than 2 weeks shall be stored in accordance with ANSI 05.1.
Handling of wood poles shall be in accordance with ANIS 05.1, except that pointed tools capable of producing indentations more than l-inch in depth shall not be used.  Metal poles shall be handled and stored in accordance with the
manufacturer's  instructions and in such a way as not to damage corrosion resistant finishes.
Conduit shall be stored to prevent damage or contamination prior to installation. Conduit shall not be laid directly on the ground or floor.  Conduit shall be kept clean, dry as possible, and free from damaging or deteriorating elements. Temporary storage and installation of electrical duct banks shall be in accordance with NEMA Bulletin TCB-2 (1990), "Users Manual for the Installation of Underground Plastic Duct".
681-1.06 EXTRA MATERIALS. One additional spare fuse or fuse element for each furnished fuse or fuse element shall be delivered to the Engineer when the electrical system is accepted.  Two complete sets of all special tools required for maintenance shall be provided, complete with a suitable tool box.  Special tools are those that only the manufacturer provides, for special purposes (to access compartments, or operate, adjust, or maintain special parts).
681-1.07 VERIFICATION OF DIMENSIONS.  The exactness of dimensions given on the Drawings is not guaranteed.  The Contractor shall field verify the
accuracy of the dimensions.  In cases of correlation with other work, field verify 
(

dimensions relating to the contiguous  work.  Errors due to the Contractor's failure to verifY dimensions shall be rectified  promptly,  at the Contractor's own expense.
681-2.01 MATERIALS. Products shall conform to the following requirements. Material  and equipment  shall be the standard  product of a manufacturer regularly engaged  in the manufacture of the product  and shall be standard equipment of the manufacturer's latest design.  These materials  shall be new, not used, manufacturer's seconds,  or rejects.  When two (2) or more units of the same class of material  are required, they shall be like products of the same manufacturer.
681-2.02 CITY FURNISHED MATERIALS.   CITY shall supply the following materials:
A.  Temporary Transformer T8A-Tl.
681-2.03 NAMEPLATES.
1. 

General.  Each major component of this specification  shall have the manufacturer's name, address, type or style, model or serial number,  and catalog number on a nameplate securely  attached to the equipment. Nameplates  shall be made of noncorrosive metal.  Equipment  containing liquid dielectrics  shall have the type of dielectric on the nameplate.
Section switch nameplates shall have a schematic with all switch  positions
shown  and labeled.   As a minimum, nameplates shall be provided for transformers, circuit breakers, meters, switches, and switchgear.
2. 

Liquid-Filled Transformer Nameplates. Power transformers shall be provided  with nameplate  information in accordance with IEEE
ANSI/IEEE C57.12.00. Nameplates shall indicate the number  ofliters and
composition of liquid-dielectric, and shall be permanently marked with a statement that the transformer dielectric  to be supplied is non­ polychlorinated biphenyl.   If transformer nameplate is not so marked, the Contractor  shall furnish manufacturer's certification  for each transformer that the dielectric is non-PCB  classified, with less than 2 pprri PCB content in accordance with paragraph  681-2.18 LIQUID DIELECTRICS. Certifications shall be related  to serial numbers  on transformer nameplates. Transformer dielectric  exceeding the 2 ppm PCB content or transformers without certification will be considered as PCB insulated  and will not be accepted.
681-2.04 CORROSION PROTECTION.
1. 
Provide stainless  steel for metal components of equipment.   Hardware, fasteners and hinges shall be stainless steel.
2. 

Finishing. Painting required for surfaces  not otherwise specified  and finish painting of items only primed at the factory shall not be acceptable.  All equipment  shall arrive on site with factory  applied corrosion resistant finish.  Provide factory recommended paints or finishes for touch-up of installed equipment finishes.

681-2.05 CABLES.
_[
1. 
Medium-Voltage  Cables. 
(
Cables shall be Pirelli 35 kV I 00% Copper-  One Third Neutral PIN QBB020A where 35kv cables are shown on the drawings.  No exceptions
Cables shall be Pirelli 15 kV 100% Copper-  One Third Neutral PIN Q78020A where 15kv cables are shown on the drawings.  No exceptions.
2.   Low-Voltage Cables.
A. 

Cables shall be rated 600 volts and shall conform to the requirements ofNFPA 70, and must be UL listed for the application or meet the applicable section of either ICEA or
NEMA standards. 
[
B. 

Insulation. Insulation shall be chemically cross-linked polyethylene, type XHHW, in accordance with NFPA 70, NEMA WC7, and UL listed for the application.
681-2.06 CABLE JOINTS, TERMINATIONS, AND CONNECTORS. 
I
1. 
Medium-Voltage  Cable Joints. Medium-voltage cable joints shall comply
with IEEE Std 404 and IEEE Std 592.  Joints shall be the standard
products of a manufacturer and shall be either of the factory preformed 
(
type or of the kit type containing tapes and other required parts.  Joints
shall have ratings not less than the ratings of the cables on which they are installed.  Splice kits may be of the heat-shrinkable type for voltages up to
15 kV, of the pre-molded splice and connector type, the conventional taped type, or the resin pressure-filled overcast taped type for voltages up to 35 kV; except that for voltages of7.5 kV or less a resin pressure-filled type utilizing a plastic-tape mold is acceptable.  Joints used in manholes, handholes, vaults, and pull boxes shall be certified by the manufacturer for
waterproof, submersible applications. 
I
2.
Medium-Voltage Separable Insulated Connectors. Separable insulated connectors shall comply with IEEE Std 386 and IEEE Std 592 and shall be of suitable construction or standard splice kits shall be used.  Separable insulated connectors are acceptable for voltages up to 35 kV.  Connectors shall be of the load-break type as indicated, of suitable construction for the application and the type of cable connected, and shall include cable shield adaptors.  Separable insulated connectors shall not be used as substitutes
for conventional permanent splices.  External clamping points and test points shall be provided.
3. 
Low-Voltage Cable Splices. Low-voltage cable splices and terminations shall be rated at not less than 600 Volts.  Splices in conductors No. 10
AWG and smaller shall be made with an insulated, solderless, pressure type connector, conforming to the applicable requirements ofUL 486A.

Splices in conductors No. 8 AWG and larger shall be made with noninsulated, solderless, pressure type connector, conforming to the applicable requirements ofUL 486A and UL 486B. Splices shall then be covered with an insulation and jacket material equivalent to the conductor insulation and jacket. Splices below grade or in wet locations shall be sealed type conforming to ANSI C119.1 or shall be waterproofed by a sealant-filled, thick wall, heat shrinkable, thermosetting tubing or by pouring a thermosetting resin into a mold that surrounds the joined conductors.

4. 

Terminations. Terminations shall be in accordance with IEEE Std 48, Class 1 or Class 2; of the molded elastomer, wet-process porcelain, prestretched elastomer, heat-shrinkable elastomer, or taped type. Acceptable elastomers are track-resistant silicone rubber or track-resistant ethylene propylene compounds, such as ethylene propylene rubber or ethylene propy)ene diene monomer. Separable insulated connectors may be used for apparatus terminations, when such apparatus is provided with suitable bushings. Terminations shall be of the outdoor type, except that where installed inside outdoor equipment housings which are sealed against normal infiltration of moisture and outside air, indoor, Class 2 terminations are acceptable. Class 3 terminations are not acceptable. Terminations, where required, shall be provided with mounting brackets suitable for the intended installation and with grounding provisions for the cable shielding, metallic sheath, and armor.

Factory Preformed Type. Molded elastomer, wet-process porcelain, pre­ stretched, and heat-shrinkable terminations shall utilize factory pre-formed components to the maximum extent practicable rather than tape build-up. Terminations shall have basic impulse levels as required for the system voltage level.  Leakage distances shall comply with wet withstand voltage test requirements of IEEE Std 48 for the next higher Basic Insulation Level (BIL) level.  Anti-tracking tape shall be applied over exposed insulation of preformed molded elastomer terminations.

681-2.07 CONDUIT AND DUCTS. Ducts shall be single, round-bore typ·e, with wall thickness and fittings suitable for the application as specified on the drawings.  The Contractor shall provide fiberglass, HDPE, or galvanized rigid steel conduit including the necessary sweeps expansion joints, stops, couplings, caps, pull lines, and hardware.

1. 

Metallic Conduit. Galvanized rigid steel conduit (GRSC) shall comply with UL 6 and ANSI C80.1. Metallic conduit fittings and outlets shall comply with UL 514A and NEMA FB 1.  Metal conduit and fittings used for below grade applications shall have a factory-applied 20 mil PVC, plastic resin, or epoxy coating system, or be field wrapped with 0.01 inch thick pipe-wrapping plastic tape applied with a 50 percent overlay.

2.
Non-metallic Ducts.
a.        High Density Polyethylene (HDPE) Duct. Smooth-wall coilable


black duct designed as a flexible, continuous conduit system for outside plant wire and cable, for continuous maximum
temperatures not exceeding 60C. Duct material shall be HDPE 
(
resin conforming to ASTM D-3350, PE334420 C or E.  Duct
ovality shall be less than 7 percent.  Duct shall be indelibly embossed with manufacturer's  name, material, type, and size. Coordinate with CITY for standard colors HDPE duct for all power and spare conduits.
(I) 
Direct Burial and Concrete Encased
1. 
Low-voltage: UL 651B, Schedule 40 HDPE, coilable plastic duct pre-assembled with cable or empty, with adapter fittings as required for connection to rigid metal conduit.
n. 

Medium voltage: Heavy-duty duct conforming to nominal dimensions of ASTM D-2239 SIDR 11.5.
b. 

Fiberglass duct.  Champion XW, or equal, as shown on the drawings.
(I) 
Fiberglass conduit and hanger racks shall be the product of standard manufacturers, such as Champion, B-Line or approved equal for use in electrical service.
(2) 
Fiberglass conduit and fittings shall be jointed by means of
a primer solvent and welding cement, approved by the conduit manufacturer, to provide a watertight and root­
proof joint.  Primer and welding cement shall be applied in 
(
strict adherence with manufacturer's  recommended practices.  Follow the temperature restrictions dictated by the manufacturer.  Where applicable, conduits shall be cut Fiberglass conduit and hanger racks shall be the product of standard off square with a hacksaw.  The cut end shall be face flat and properly reamed with a reamer designed for the purpose of removing the sharp edge.
3. 
Conduit Sealing Compound. Compounds for sealing ducts and conduit 
I 
I
shall have a putty-like consistency workable with the hands at
temperatures as low as 35 degrees F, shall neither slump at a temperature
of300 degrees F, nor harden materially when exposed to the air. 
[
Compounds shall adhere to clean surfaces of fiber or plastic ducts;
metallic conduits or conduit coatings; concrete, masonry, or lead; any cable sheaths, jackets, covers, or insulation materials; and the common metals.  Compounds shall form a seal without dissolving, noticeably changing characteristics, or removing any of the ingredients.  Compounds shall have no injurious effect upon the hands of workmen or upon materials.
The Contractor shall provide fiberglass, HDPE, and the galvanized rigid steel conduit including the necessary sweeps expansion joints, stops, couplings, caps, pull lines, joining compound, and hardware.
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4.

Fiberglass Fittings. Conduits and fittings shall be jointed by means of a primer solvent and welding cement (Contractor furnished) to provide a watertight and root-proof joint. Primer and welding cement shall be applied in strict adherence with manufacturer's recommended practices. Follow the temperature restrictions dictated by the manufacturer. Where applicable, conduits shall be cut off square with a hacksaw. The cut end shall be face flat and properly reamed with a reamer designed for the purpose of removing the sharp edge.

5.

Tools and Equipment. Only tools and equipment designed for the particular use and operation shall be used. Tools and equipment shall be kept in good condition. Worn or broken tools shall be removed from the job immediately.

6.
Pull Rope and Conduit Plugs. A 3/16-inch diameter polyethylene or polypropylene pull rope, with a minimum breaking strength of 700
pounds, shall be left in each conduit. A conduit plug shall be furnished by the Contractor and placed on each conduit end with the pull rope securely tied to internal portion of the plug. Pull ropes shall be new and continuous with no spliced sections.

7. 
Marker Tape. Refer to Section 660-3.03 for Specifications of marker tape.

8.
Identification. Each conduit run destination shall be identified by 3/4-inch letters on 3-inch by 5-inch metal or plastic tag secured to the conduit, identifYing the terminus of the conduit run, for example: "To SC 000".
9. 

Duct Spacer. Mechanical duct spacers shall be used to ensure clearances are maintained, whenever the separation between ducts is less than 18 inches. Spacers shall be interlocked horizontally only. Along the length of the duct run spacers shall be staggered at least 6" vertically and shall be placed at arr interval of 5' (or 4 spacers per 20' duct length). For 3"
separation, use Wunpeece High Impact Polystyrene Spacers, Model 4W30 or Model 5W30, based on duct diameter. A full line of other duct spacers and bore spacers, as needed, are available from Underground Devices, Inc. and shall be utilized to ensure proper clearances are maintained.

681-2.08 MANHOLES, HANDHOLES, AND PULLBOXES. Manholes, handholes, and pullboxes shall be as indicated. Strength of manholes, handholes, and pullboxes and their frames and covers shall conform to the requirements of IEEE C2 and be traffic rated where applicable. Precast-concrete manholes shall have the required strength established by ASTM C 478, ASTM C 478M. Frames and covers shall be made of gray cast iron and a machine-finished seat shall be provided to ensure a matching joint between frame and cove with finishes to all metal surfaces as specified in section 681-2.03 CORROSION PROTECTION. Cast iron shall comply with ASTM A 48, Class 30B, minimum.  Handholes, and Pullboxes shall consist of precast reinforced concrete boxes, extensions, bases,

and covers.

681-2.09 PAD-MOUNTED TRANSFORMERS. Pad-mounted transformers
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shall comply with ANSI C57.12.26 and shall be of the loop feed type.  Pad­
mounted transformer stations shall be assembled and coordinated by one
manufacturer  and each transformer station shall be shipped as a complete unit so 
(
that field installation requirements are limited to mounting each unit on a concrete
pad and connecting it to primary and secondary lines.  Stainless steel pins and hinges shall be provided.  Barriers shall be provided between high- and low­ voltage compartments.   High-voltage compartment doors shall be interlocked with low-voltage  compartment doors to prevent access to any high-voltage section uriless its associated low-voltage section door has first been opened. Compartments shall be sized to meet the specific dimensional requirements of ANSI C57.12.26.  Pentahead locking bolts shall be provided with provisions for a padlock.
1. 

High-Voltage Compartments:  The high-voltage compartment shall be dead-front construction.  Primary switching and protective devices shall include loadbreak switching, oil-immersed, current-limiting, bayonet-type fuses, medium-voltage separable loadbreak connectors, universal bushing wells and inserts or integral one piece bushings and surge arresters.  Fuses shall comply with the requirements of paragraph METERING AND PROTECTIVE DEVICES.  The switch shall be mounted inside transformer tank with switch operating handle located in high-voltage compartment  and equipped with metal loop for hook stick operation.
Fuses shall be interlocked with switches so that fuses can be removed only when the associated switch is in the "OPEN" position.  Adjacent to medium-voltage cable connections, a nameplate or equivalent stenciled
inscription shall be provided inscribed "DO NOT OPEN CABLE 
(
CONNECTORS  UNLESS SWITCH IS OPEN."  Surge arresters shall be
fully insulated and configured to terminate on the same bushing as the
primary cable by means of a loadbreak, feed-through bushing insert. 
I'
2. 

Transformer Tank Sections. Transformers  shall comply with IEEE ANSI/IEEE C57.12.00, ANSI C57.12.21, and ANSI C57.12.26 and shall be of the mineral oil-insulated type.  Transformers shall be suitable for outdoor use and shall have 2 separate windings per phase.  Standard NEMA primary taps shall be provided.  Where primary taps are not · specified, 4, 2-1/2 percent rated kVA high-voltage taps shall be provided 2 above and 2 below rated, primary voltage.  Operating handles for primary tap changers for de-energized operation shall be located within high­ voltage compartments, externally to transformer tanks.  Adjacent to the tap changer operating handle, a nameplate or equivalent stenciled inscription shall be provided and inscribed "DO NOT OPERATE UNDER LOAD."
Transformer  ratings at 60Hz shall be as follows:
Single-phase capacity...................................As noted on drawings. Impedance................................................5 percent.
Temperature Rise........................................120 degrees F.
High-voltage winding...................................As noted on drawings. High-voltage winding connections....................Loop Feed.
Low-Voltage winding...................................As noted on. drawings. Low-voltage winding connections.....................3-Bushing.
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3. 
Low-Voltage Compartments. Neutrals shall be provided with fully­ insulated bushings.  Clamp type cable terminations, suitable for copper or aluminum conductors entering from below, shall be provided as necessary.
4. 

Accessories. High-voltage warning signs shall be permanently attached to each side of transformer stations.  Voltage warning signs shall comply with IEEE C2.  Copper-faced steel or stainless steel ground connection pads shall be provided in both the high and low voltage compartments. Drain valve with built-in sampling device shall be provided for each transformer station.  Insulated-bushing-type parking stands shall be provided adjacent to each separable load-break elbow to provide for cable isolation during sectionalizing operations.
681-2.10 METERING AND PROTECTIVE DEVICES.
1. 
Circuit Breakers, Low Voltage.
a.
Molded-Case Circuit Breakers:  NEMA AB 1 and UL 489.
2. 
Fuses. Medium-voltage,  Including Current-Limiting.
a.

Construction. Units shall be suitable for outdoor use.  Fuses shall have integral blown-fuse indicators.  All ratings shall be clearly visible.
b.
Ratings. Expulsion-type power fuses shall have ratings in accordance with ANSI C37.46 and as follows:
Nominal voltage...............................................7.2/12.5 kV. Rated maximum voltage......................................15 kV. Maximum symmetrical interrupting capacity..............50 kA. Rated continuous current.....................................200 Amp. BIL...............................................................95 kV.
c.
E-rated, Current-Limiting Power Fuses. E-rated, current-limiting, power fuses shall conform to ANSI C37.46.
d.

C-rated, Current-Limiting Power Fuses. C-rated, current-limiting power fuses shall open in 1000 seconds at currents between 170 and 240 percent of the C rating.
3. 
Fuses, Low-Voltage, Including Current-Limiting.  Low-voltage fuses shall conform to NEMA FU 1.  Time delay and non-time delay options shall be as shown.  Equipment provided under this contract shall be provided with
a complete set of properly rated fuses when the equipment manufacturer utilizes fuses in the manufacture of the equipment, or if current-limiting fuses are required to be installed to limit the ampere-interrupting capacity

of circuit breakers or equipment to less than the maximum available fault

current at the ]oGation of the equipment to be installed. Fuses s_hal1have a

I voltage rating of not less than the phase-to-phase circuit voltage, and shall
( have the time-current characteristics required for effective power system

coordination.

a.
Cartridge Fuses. Cartridge fuses, current-limiting type, Class

RKI/RK5 shall have tested interrupting capacity not less than

200,000 amperes. Fuse holders shall be the type that will reject

Class H fuses.

b.
Class R fuses shall conform to UL 198E.

c.
Transformer Circuit Fuses. Transformer circuit fuses shall be Class RKl or RK5, current-limiting, time-delay with 200,000 amperes interrupting capacity.

4.

Watthour Meters. Watthourmeters shall conform to ANSI Cl2.10, except numbered terminal wiring sequence and case size may be the manufacturer's standard. Watthour meters shall be of the socket mounted outdoor type.

681-2.11 SECTION CABINETS.  Free-standing, self-supporting, suitable for pad mounting and constructed of materials meeting the requirements of section

681-2.04 CORROSION PROTECTION.  Covers: Continuous hinge, held closed by, flush latch operable by s<.;rewdriver, hasp and staple for padlock. Provide

interior metal panel for mounting terminal blocks and electrical components. All metal will be stainless steel. Finish with manufacturer's standard enamel. Switch terminals shall be equipped with 600A-rated bushings and fuse terminals

equipped with 200A-rated bushing wells in accordance with ANSI/IEEE Std. 386 to accept all standard insulated connectors and inserts. Parking stands shall be provided adjacent to each bushing and bushing well. Grounding provisions shall be located in each compartment, each separated by full-length steel barriers with a

22-gauge floor to exclude foliage and animals. Match the voltage, number of phases and amperage rating of each feeder requiring section cabinets; minimum short circuit RMS Symmetrical, 14,000A. Furnish with fuses, minimum size
200A for 15kV feeders, where indicated. The fuse shall be accessible only when de-energized and isolated for full-view non-loadbreak disconnection and removal with a shotgun stick. Manufacturer: as shown on drawings or approved equal.

681-2.12 SURGE ARRESTERS. Surge arresters shall comply with NEMA LA I, IEEE C62.1, IEEE C62.2, and IEEE C62.11 and shall be provided where indicated.  Arresters shall distribution class, rated as shown.  Arresters shall be equipped with mounting brackets suitable for the indicated installations. Arresters shall be of the valve or metal-oxide varistor type.

681-2.13 GROUNDING AND BONDING. 
I
].
Driven Ground Rods. Ground rods shall be copper-clad steel conforming
to UL 467 3/4 inch in diameter by 8 feet in length.  Sectional type rods
(

maybe used.
2. 

Grounding Conductors. Grounding conductors shall be bare, except where installed in conduit with associated phase conductors.  Insulated conductors shall be of the same material as phase conductors and green color-coded, except that conductors shall be rated no more than 600 volts. Bare conductors shall be ASTM B 8 soft-drawn unless otherwise
indicated.  Aluminum is not acceptable.
681-2.14 CONCRETE AND REINFORCEMENT.  Concrete work shall have minimum 3000 psi compressive strength and conform to the requirements of Section 501 Structural Concrete.  Concrete reinforcing shall be as specified in SECTION 503 REINFORCING STEEL.
681-2.15 PADLOCKS. Provide keyless type padlocks for grade accessible equipment.
681-2.16 PLASTIC TAPE. Preapplication plastic tape shall be pressure sensitive, 10 mil thick, conforming to UL 510.
681-2.17 MARKER BALLS. Marker balls shall be as manufactured by 3M Company, or approved equal, suitable for detection with a matched detector. Each conduit, for different power voltages and different communication cables,
shall use a distinct marker ball. The Marker balls shall be as manufactured by 3M
Company, coded distinctly for 35kV power, I SkY power, copper telephone cable, fiber optic cable and television cable
681-2.18 LIQUID DIELECTRICS. Liquid dielectrics for transformers, capacitors, reclosers, and other liquid-filled electrical equipment shall be non­ polychlorinated biphenyl (PCB) mineral-oil or Jess-flammable liquid as specified. Nonflammable fluids shall not be used.  Tetrachloroethylen (percloroethylen) and I, 2, 4 trichlorobenzene fluids shall not be used.  Liquid dielectrics in retrofitted equipment shall be certified by the manufacturer as having Jess than 2 parts per million (ppm) PCB content.  In lieu of the manufacturer's  certification, the Contractor may submit a test sample of the dielectric in accordance with ASTM D
923 and have tests performed per ASTM D 4059 at a testing facility approved by the Engineer.  Equipment with test results indicating PCB level exceeding 2 ppm shall be replaced.
681-2.19 FACTORY TESTS. Factory tests shall be performed, as follows, in accordance with the applicable publications and with other requirements of these specifications.  The Engineer shall be notified at least I 0 days before the equipment is ready for testing.  The Engineer reserves the right to witness the tests.
1. 
Transformers: Manufacturer's standard tests in accordance with IEEE ANSI/IEEE C57.12.00.
2. 
Factory Preformed Terminations: Wet withstand voltage tests in accordance with IEEE Std 48 for the next higher BIL level.
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3. 
Electrical Power Insulators: Manufacturer's standard tests in accordance
with ANSI C29.1. 
(
681-3.01 GENERAL INSTALLATION REQUIREMENTS. The Contractor shall, with the Engineer's  approval, determine the most expedient method to complete the required electrical installations and maintain temporary power where required.  Equipment and devices shall be installed and energized as shown on the drawings and in accordance with the manufacturer's published instructions and these specifications.
1. 

Schedule: The Contractor agrees to notify Engineer at least 48-hours (two business days) prior to the start of this project.  Once work commences, the Contractor and the Engineer will meet at the end of each week to review and validate the work completed to date and review the Contractor's schedule for the following week's work.  The contractor shall submit in writing the anticipated hourly work shift schedule by the Wednesday noon prior to the following workweek.
2. 
Coordination:
a. 

Close coordination with CITY will be necessary to assure the operation. of the electric distribution systems are not impacted and that the 35kv circuit across the bridge is can be operated at all times during the project.  The Contractor shall contact the CITY
Operations Department daily and report the Contractor's 
(
construction activities planned for the particular day.  CITY will
complete the energizing and switching of electric facilities. Contractor shall notify CITY in writing at least 72-hours in advance for the work which requires switching to be completed.
b. 

Close coordination with Te!Alaska will be necessary to assure the operation of the telecommunication systems are not impacted.  The Contractor shall establish a point of contact with TelAlaska Operations Department.  The Contractor shall notify Te!Alaska at the start of construction and shall report to TelAlaska any construction activities impacting their system at least (48) in advance.
	3.
	Conformance to Codes. The installation shall comply with the requirements and recommendations ofNFPA 70 and IEEE C2, as applicable.
	

	4.
	Verification of Dimensions. The Contractor shall become familiar with
	

	
	details of the work, shall verify dimensions in the field, and shall advise
	

	
	the Engineer of any discrepancy before performing any work.
	

	5.
	Disposal ofLiguid Dielectrics. PCB-contarninated dielectrics must be
	

	
	marked as PCB and transported to and incinerated by an approved EPA
	

	
	waste disposal facility.  The Contractor shall furnish certification of proper
	(
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disposal.  Contaminated dielectrics shall not be diluted to lower the contamination level.
6. 

Clean-up.  A program of cleanup operations shall be carried out on a continuous basis throughout the progress of construction and the site shall be left neat and clean.
681-3.02 SURVEYING AND STAKING.  Vaults, pads, and electrical duct systems shall be located and staked by the Contractor at the line and grade indicated on the Drawings.  The Contractor shall schedule a physical inspection of the line and grade prior to placing vaults, pads, or ducts.
Duct bank routing shall be as shown on the Drawings and shall be constructed to within an allowable vertical tolerance ofO.l-foot and a horizontal tolerance of
0.2-foot from the indicated plan location.
681-3.03 RETIREMENTRetirement  of cables in conduit shall include the removal of the cables from conduits.  Any conduits remaining will then be cut off two feet below final grade and abandoned unless otherwise noted on the drawings. All Cable and other retired materials shall become the property of the Contractor who shall be responsible for the proper disposal.
Direct buried cables shall be cut and removed a minimum of 2-feet below final grade.  Incidental exposure during construction of retired direct buried cable and retired conduit shall be removed.  Costs associated with the retirement work shall be included in the retirement units.
681-3.04 TRENCH AND PAD EXCAVATION AND BACKFILL. Excavation and backfill shall be as specified in Section 204.  Existing underground utilities shall be identified, located, and proper care taken not to
damage them.  The Contractor shall establish the location of existing underground facilities by calling for a field locates in accordance with Subsection 105-1.06, Cooperation with Utilities.
681-3.05 DUCT LINES.
Duct lines shall be comprised of multiple fiberglass, HDPE, GRC, or RSC conduits of the configuration shown on the Drawings.  The conduits shall be installed on bridge supports or direct bury as noted on the Drawings.
The Contractor shall, with the Engineer's  approval, determine the most expedient method to complete the required electrical duct bank installation.  Work across roadways shall be accomplished in accordance with Section 643, Traffic Maintenance.
1. 
Requirements. Numbers and sizes of ducts shall be as indicated.  Duct lines shall be installed to the depths shown on the drawings and profile.
2.
Treatment. Ducts shall be kept clean of concrete, dirt, or foreign substances during construction.  Field cuts requiring tapers shall be made
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with proper tools and match factory tapers.  A coupling recommended  by
the duct manufaGturer shall be used whenever an existing duct is
connected to a duct of different material or shape.  Ducts shall be stored to 
(
avoid warping and deterioration with ends sufficiently plugged to prevent
entry of any water or solid substances.  Ducts shall be thoroughly cleaned before being laid.  Plastic ducts shall be stored on a flat surface and protected from the direct rays of the sun.
3.
Concrete Reinforcement. Ducts requiring concrete encasements shall 
'
comply with NFPA 70 and as shown on the drawings.  The separation
between adjacent electric power and communication ducts shall be as
shown on the drawings.  Duct line encasements shall be monolithic construction.  Where a connection is made to a previously poured encasement, the new encasement shall be well bonded or doweled to the existing encasement.  The Contractor shall submit proposed bonding method for approval in accordance with the detail drawing portion of paragraph 681-1.04, Submittals.  At any point, tops of concrete encasements shall be not less than the cover requirements listed in NFPA
70. Separators or spacing blocks shall be made of steel, concrete, plastic, or a combination of these materials placed not farther apart than 4 feet on center.  Ducts shall be securely anchored to prevent movement during the placement of concrete and joints shall be staggered at least 6 inches vertically.
4. 
Non-encased Direct-Burial. Tops of non-encased direct-burial conduits
shall be installed to the depths shown on the drawings and profiles. 
(
Conduits shall be installed with a minimum of 3 inches of bedding around
each duct, except that between adjacent electric power and communication ducts, 12 inches of bedding is required.  Bottoms of trenches shall be graded toward manholes, handholes, or vaults and shall be smooth and
free of stones, soft spots, and sharp objects.  Where bottoms of trenches comprise materials other than sand, a 3 inch layer of sand bedding, meeting the requirements of Subsection 681-3.14 shall be laid first and compacted to as approve by the Engineer.  Joints in adjacent tiers of duct shall be vertically staggered at least 6 inches.  The first 3 inch layer of backfill cover shall be sand bedding compacted as previously specified. The rest of the excavation shall be backfilled and compacted in 3 to 6 inch layers.  Duct banks may be held in alignment with earth when the separation exceeds 18 inches; in all other cases use pre-manufactured duct spacers.  Duct spacers shall be interlocked horizontally only.  Along the
length of the duct run spacers shall be staggered at least 6" vertically and
shall be placed at an interval of 5' (or 4 spacers per 20' duct length).  The Contractor is responsible for anchoring the installed system to ensure flotation does not occur.  The Contractor shall submit an anchoring design to the Engineer for approval prior to its use.  The Contractor shall design and provide anchor stakes to prevent the conduit from floating. The Contractor shall be responsible for the effectiveness and shall bear the costs incurred if"flotation" or misalignment occurs. The use of"\« or Y,
yard sandbags may be utilized by the Contractor only if the duct bank is supported by sand encasement prior to their use.
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5.

Conduit Installation.  Conduit shall be laid in the trench shown on the Drawings unless the conditions encountered are such that changes are necessary to accomplish the work.  In the event rock or other obstructions are encountered during the trenching operation preventing ducts or pads to be installed, the Contractor shall inform the Engineer on the nature and extent of the difficulty encountered for review and verification.  The Engineer will determine whether the duct is to be rerouted, trenched in the rock, or advise another suitable change. Such changes shall be priced under a written change order in accordance with contract documents. Where a minimum cover as shown on the plan profiles cannot be maintained the Contractor shall obtain written approval from the Engineer to vary the depth requirement.  Where design depth cannot be obtained the
Contractor shall obtain Engineer approval and supply concrete encasement for protection of the installed facility.

In cases where the conduit passes above or below an underground utility , culvert or other buried inverts the Contractor shall maintain a minimum clearance of2-feet from the conflicting obstruction (refer to the drawings for crossovers of power and telecommunications). Contractor may be required to over-excavate trench in order to provide adequate cover for the conduit installation.  Contractor shall ensure smooth transitions of trench over abrupt terrain and will be required to over-excavate to provide a smooth uniform installation of the conduit.  Such over-excavation  is to be incorporated within the provided units; no other compensation shall be considered or authorized.  Contractor is advised to contact the Engineer to determine if over-excavation is required.
Defective conduit shall not be installed and shall be removed immediately from the site of the work. Particular care shall be taken to keep concrete or other substances from the inside of the conduits during construction.  The Contractor shall utilize temporary conduit end caps for the conduit­ entering vaults or for buried conduit ends.  The Contractor is solely responsible to ensure duct bank conduits are correctly labeled as defined in the drawings.  Conduit labeling shall be done at each conduit joint and at every manhole/vault  termination.  Deviations for conduit terminations as defined in the drawings shall be repaired at the Contractor's  own expense. Obstructions encountered while mandreling conduit shall be located, cleared and/or repaired by the Contractor at the Contractor's own expense.
The Contractor shall measure and record the pedestal to pedestal or vault to vault distance of the installed duct and record that measurement on the drawings as required by 681-3.18 AS-BUILT SURVEY.  The Contractor shall maintain a complete and accurate record of conduit offuets and conduit distances.  The Contractor shall supply the Engineer with a complete log of conduit distances within five (5) days after installing the conduits.
The inside of conduit fittings and the ends of dueling shall be painted with
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solvent cement as prescribed by the manufacturer to make a waterproof connection.  Conduit joints shall be marked with the appropriate Alfa
designator for the duct design. The Contractor is solely responsible to 
(
ensure the appropriate conduit enters the vaults at the design location.
I
'I
The Contractor shall install conduit in open trench as to manufacturer's
recommendations and as depicted in the Drawings, with no more than 5- degree deflection per-10-feet of run. Conduits shall be joined with a waterproof connection as recommend by the manufacturer. Fiberglass conduit runs supported by the bridge require the installation of Contractor­ furnished expansion couplings as shown in the Drawings.
Use factory-manufactured mechanical spacers to ensure clearances are maintained, whenever the separation is less than 18 inches.  The separation between conduits shall comply with NESC.
The Contractor shall provide field bends in the HDPE conduit as set forth on the Drawings.   Contractor shall submit a bending, straightening and placement plan for HDPE one month prior to placement of conduits. Submittal shall detail equipment and procedures proposed to be used and conduit manufacturer's installation literature.  The Engineer will inspect HDPE conduit formed and bent by the Contractor prior to installation. Deformed bent conduit will be unacceptable and will be removed and replaced at the Contractor's own expense.  The cost of field bending conduit shall be considered incidental to this contract and included in the
cost of conduit.  No cold bending of conduit will be accepted.   Bending 
(
equipment and procedures shall be per conduit manufacturer's
recommendations.  Conduit joints on 4" and larger HDPE conduit and larger shall be by electrofusion.  Other joining methods that do not leave an interior bead may be used upon approval by the Engineer.  HDPE conduit on spools shall be mechanically straightened prior to placement using conduit manufacturers·recommend equipment and procedures.
The Contractor shall install buried marking tape as indicated in the Drawings.  Marking tape shall be installed 18 inches above the buried facility.  The Contractor shall install tape in the center of trench face up and hold tape in place with earth as needed to prevent displacement during
backfill.  Installation of marking tape shall be included in the cost of trenching.
Terminating conduit ends shall be secured with temporary end caps and those terminations below grade shall be installed with an electromagnetic (underground cable marker).  Conduits shall be provided with end bells and provided with a watertight seal to the structure where duct lines terminate in vaults, manholes or handholes.
Fiberglass conduit runs on the bridge require the installation of
Contractor-furnished expansion couplings as shown in the Drawings.
UNALASKA:  SOl)TH  CHANNEL BRIDGE #1386 CONSTRUCTION
-235
6.
Installation of Couplings. Joints in each type of duct shall be made up in accordance with the manufacturer's recommendations for the particular type of duct and coupling selected and as approved.

7.

Duct Line Markers. Duct line marker balls shall be provided at the ends of long duct line stub-outs or for other ducts whose locations are indeterminate because of duct curvature or terminations at completely below-grade structures. In addition to markers, a 5 mil brightly colored plastic tape, not less than 3 inches in width and suitably inscribed at not more than 10 feet on centers with a continuous metallic backing and a corrosion-resistant 1 mil metallic foil core to permit easy location of the duct line, shall be placed approximately 12 inches below finished grade levels of such lines.

8.

Rejects. The electrical duct banks shall be installed to result in the maximum degree of reliability and maintenance-free operation. Kinked ducts, inadequately supported, protected or swabbed ducts, and ducts carelessly jointed are not reliable and will be rejected. Unacceptable and rejected sections of this electrical duct system will be removed and replaced in accordance with the Specifications, at no additional charge.

9.
Bending. Bending of non-metallic conduit shall be by means of infrared heating and bending equipment, such as a Carlon "Hotbox Bender" or equivalent. No cold bending of conduit will be accepted.  Bending equipment and practice shall be per conduit manufacturer's recommendations. Bends will be approved by the Engineer.

Conduit shall be field bent to follow the trench line and grade with a minimum radius of25-feet.  The minimum allowable bending radius for equipment entrances is 48-inches. Preformed sweeps and preformed elbows with bending radii less than 48-inches will not be allowed. On runs ofHDPE, the material for 4- and 5-inch conduit preformed elbows of
22.5degrees or more will be fiberglass conduit.

Short-radius manufactured 90-degree duct bends may be used only for pole or equipment risers, unless specifically indicated as acceptable. The minimum manufactured bend radius shall be 36 inches for ducts ofless than 3 inch diameter, and 48 inches for ducts 3 inches or greater in diameter.

10. 

Duct Finishing. The Contractor shall clean and test the conduits prior to installing cables in the conduits. Conduit, which will not be immediately used, shall be mandreled, ugged with an airtight seal at each end and marked with an electromagnetic underground marker by the Contractor. Foreign materials, earth, sand, and gravel shall be removed from the conduit. As a clearance test, dueling shall be mandrel with a flexible mandrel being 0.25-inch less in diameter than the interior diameter of the conduit or not less than 0.25-inches. The Contractor shall leave in place a Contractor-provided 0.25-inch three-strand poly pull line in the conduits. This work shall take place in the presence of the Engineer. The pre-
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measured jet line shall be measured and recorded, and verified by the Contr-aotor's signature in the pn sence of the Engineer.  The above requirements shall take place prior to the installation's acceptance by the Engineer.  The Contractor shall identifY and expose any area that cannot pass a mandrel and repair any Contractor caused defect at the Contractor's cost. 
Proofing of duct shall immediately follow conduit installation from access point to access point.   Proofing of dueling shall be considered incidental and included with the duct bank pay item.

l
(
.I,
11. 

Pull Rope. A 3/16-inch diameter polyethylene or polypropylene  pull rope, with a minimum breaking strength of700 pounds, shall be left in each conduit.
12.

Duct Finishing.  The electrical duct systems shall be mandreled, brushed, and swabbed to confirm the integrity of the duct run after completion of backfilling and compaction.  Bell ends shall be beveled.  The steel mandrel and steel brush shall be 1-3/4 inches in diameter for the 2-inch conduit, 3-3/4 inches in diameter for the 4-inch conduit, and 4-3/4 inches in diameter for the 5-inch conduit.  The length of the mandrel shall be 6" minimum.   If the duct will not accept the mandrel, the duct will be removed and replaced at no additional expense to the Department. Mandreling shall be done in the presence of the Engineer.  Conduit entrances and exits into the vaults shall then be sealed and plugged, ready until cable installations.

13. 

Plugs. A conduit plug shall be furnished by the Contractor and placed on each conduit end with the pull rope securely tied to internal portion of the plug.  The conduit plugs shall be water, airtight, removable, and reusable, Manufacturer:  Jackmoon USA, Inc. or equivalent.  For communication ducts, Greenlee Polyline, Part No. 430/21481 shall be installed and left in place between pull points
14. 

Identification. Each conduit run destination shall be identified by 3/4-inch letters on 3-inch by 5-inch metal or plastic tag secured to the conduit, identifYing the terminus of the conduit run, for example: "To SC 000".
681-3.06 CABLE INSTALLATION.  The Contractor shall obtain from the manufacturer an installation manual or set of instructions which addresses such aspects as cable construction, insulation type, cable diameter, bending radius, cable temperature, lubricants, coefficient of frictions, conduit cleaning, storage
procedures, moisture seals, testing for purging moisture, etc.  The Contractor shall then prepare a checklist of significant requirements, perform pulling calculations and prepare a pulling plan which shall be submitted along with the manufacturer's instructions in accordance with SECTION 681-1.04, SUBMITTALS.
1. 

Cable Installation Plan and Procedure. Cable shall be installed strictly in accordance with the cable manufacturer's recommendations. Each circuit shall be identified by means of a fiber, laminated plastic, or non-ferrous metal tags, or approved equal, in each manhole, handhole, junction box, and each terminaL  Each tag shall contain the following  information; cable
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type, conductor size, circuit number, circuit voltage, cable destination and

· phase identification.

a.

Cable Inspection. The cable reel shall be inspected for correct storage positions, signs of physical damage, and broken end seals. If end seal is broken, moisture shall be removed from cable in accordance with the cable manufacturer's recommendations.

b. 
Duct Cleaning. Duct shall be cleaned with an assembly that consists of a flexible mandrel (manufacturers standard product in lengths recommended for the specific size and type of duct) that is
1/4 inch less than inside diameter of duct, 2 wire brushes, and a rag. The cleaning assembly shall be pulled through conduit a minimum of 2 times.

c.

Duct Lubrication. The cable lubricant shall be compatible with the cable jacket for cable that is being installed. Application of lubricant shall be in accordance with lubricant manufacturer's recommendations.

d.

Cable Installation. The Contractor shall provide a cable feeding truck and a cable pulling winch as required. The Contractor shall provide a pulling grip or pulling eye in accordance with cable manufacturer's recommendations. The pulling grip or pulling eye apparatus shall be attached to polypropylene or manila rope followed by lubricant front end packs and then by power cables. A calibration certified dynamometer shall be used to monitor pulling tension. Pulling tension shall not exceed cable manufacturer's recommendations. The Contractor shall not allow cables to cross over while cables are being fed into duct. For cable installation in cold weather, cables shall be kept at 50 degrees F temperature for

at least 24 hours before installation.

e.
Cable Installation Plan. The Contractor shall submit a cable installation plan for all cable pulls in accordance with the detail drawings portion of paragraph 681-1.04, Submittals. Cable installation plan shall include:

(I)     Site layout drawing with cable pulls identified in numeric order of expected pulling sequence and direction of cable pull.

(2) 
List of cable installation equipment.

(3) 
Lubricant manufacturer's application instructions.

(4) 
Procedure for resealing cable ends to prevent moisture from entering cable.
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(6) 
Cable percentag€ conduit fill.
(
(7) 
Cable sidewall thrust pressure.
(8) 

Cable minimum bend radius and minimum diameter of pulling wheels used.
(9) 
Cable jam ratio.
(10) 
Maximum allowable pulling tension on each different type and size of conductor.
(11) 
Maximum allowable pulling tension on pulling device.
3. 

Corrosion Protection. Galvanized metal conduit and fittings used for below grade applications shall have in addition factory-applied 0.02 inch protective coating, or be field wrapped with 0.01 inch thick pipe-wrapping plastic tape applied with a 50 percent overlay.
4. 

Sealing Cable and Conduit. Provide watertight seal between cable and conduit with cold shrink or equivalent approved seal.  Heat shrink or pre­ manufactured rubber boot is not acceptable.
5. 
Splices and Routing. Cable splices in low-voltage cables shall be made in 
(
manholes and handholes only, except as otherwise noted.  Cable joints in
medium-voltage cables shall be made in manholes or approved pullboxes only. Neutral and grounding conductors shall be installed in the same duct with their associated phase conductors.  Coilable plastic duct shall be run in continuous un-spliced lengths between manholes or handholes.
6. 

Cable Markers. Markers shall be located at approximately every 500 feet along cable runs, and at changes in direction of cable runs.  In addition to markers, a 5 mil, brightly colored plastic tape not less than 3 inches in width and suitable inscribed at not more than 10 feet on centers, or other approved dig-in warning indication, shall be placed approximately 12 inches below finished grade levels of trenches.
7. 

Electric Manholes. Cables shall be routed around the interior walls and securely supported from walls on cables racks.  Cable routing shall minimize cable crossover, provide access space for maintenance and installation of additional cables, and maintain cable separation in accordance with IEEE C2.
681-3.07 CABLE.  Cable shall be handled carefully to avoid damage and shall not be dragged across the ground, fences, or sharp projections.  Care shall be exercised to avoid excessive bending of the cable.  The ends of the cable shall be sealed against moisture with suitable end caps.  Where it is necessary to cut the
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operation.  Contractor's cable installation practices shall strictly adhere to the cable manufacturer installation guidelines, emphasized in cold weather installation.
Maximum bending radius shall be as recommended by the manufacture. The minimum radius specified is measured to the surface of the cable on the inside of the bend.  No cable bends shall be made within 6-inches of a cable terminal base.
The cable shall be inspected carefully by the Contractor as it is played out from the reel to be certain it is free from visible defects.  Damaged cable observed at any time whether prior to installation, during installation, or when discovered by test or observation subsequent to installation in plant shall be immediately called to the Engineer and the Department representative's attention.  Repair or correction of such damage shall be done promptly and in accordance with the Engineer's  instruction.  The location of repairs shall be indicated on the as-built drawings.
Cable shall be played out from the reel mounted on a moving vehicle or trailer wherever possible.  The reel shall be supported so it can tum easily without undue strain on the cable.  The cable shall be carefully placed in the trench by hand. Cable placement shall be done under the Department representative's constant supervision to be certain no cable damage occurs.
Pulling cable through conduit or duct shall be performed in such a way that the cable will not be damaged from strain or dragging.  The cable shall be lubricated with a suitable cable lubricant prior to pulling into conduit or duct.
The stress applied while pulling primary cables into ducts or during other pulling operations shall not exceed the least of the following:
1. 
Where a pulling eye is attached to the conductor, the maximum pulling strain in pounds shall not exceed 0.006 times the circular mil area for aluminum or 0.008 times the circular mil area for copper.
2. 
Where a basket grip is placed over the cable, the pulling strain shall not exceed the lesser of: (1) that calculated in a. above; or (2) I 000 pounds. The cable under the cable grip and !-foot  preceding it shall be severed and discarded after the pulling operation.
3. 

The maximum pulling tension shall not exceed the specific cable manufacturer's recommendation.
4. 

At bends the maximum sidewall pressure recommended by the cable manufacturer shall not be exceeded.
Sufficient slack and in no case less than 24-inches shall be left at risers, transformer pads, pedestals, and terminal points so movements of the cable after backfilling will not cause damaging strain on the cable or terminals.
As the cables are installed they shall be identified and tagged.  The identification shall be of a permanent type, such as that done with an embossing type tape writer on plastic or corrosion resistant metal tags.  The tag shall be securely attached to the cable. Paper or cloth tags are not acceptable.
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Cable splicing will not be permitted in the final permanent distribution cable 

l crossing the permanent bridge or in duct banks. Splicing will be permitted for 
( temporary bridge crossing.

l
Cable splices shall be of the prefabricated type and shall be made in strict
accordance with the splice manufacturer's instructions.

Prefabricated stress cones or terminations shall be installed in strict accordance with the manufacturer's instructions at the primary cable terminals. Indication of misfit, such as a loose or exceptionally tight fit, shall be called to the Engineer's attention. The outer conductive surface of the termination shall be bonded to the system neutral.

A portable covering or shelter shall be available for use when splices or terminations are being prepared and when prefabricated terminations are being switched. The shelter shall be used as necessary to keep rain, snow, and windblown dust off the insulating surfaces of these devices. Care shall be exercised to prevent the transfer of conducting particles from the hands to insulating surfaces since cleanliness is essential in the preparation and installation of primary cable fittings. Mating surfaces shall be wiped with a solvent, such as denatured alcohol, to remove any possible accumulation of dirt, moisture or other conducting materials. Silicone grease should be applied afterwards in accordance with the manufacturer's recommendations. The unenergized mating surfaces shall be lubricated with silicone grease before the fittings are reconnected whenever

prefabricated cable devices are opened.
(
681-3.08 CABLE ACCEPTANCE TEST.  The cable shall not be energized until the tests and phasing are confirmed and approved by the Engineer. The following is the sequence for testing the electrical cabling.

a.
Continuity: The Contractor and the Engineer shall jointly perform a

simple continuity test on the system after installation of the cable and prior to the high potential test. This test can be accomplished by grounding the conductor at the source and checking for continuity from the end of each tap with an ohmmeter or with a battery and ammeter.

b. 

High Potential: After successful continuity tests, the Contractor and the Engineer jointly shall perform high potential tests on each length of cable in the system with terminations in place but disconnected  from the system. Cable shall be tested as recommended by cable manufacturer. CITY shall be present at all cable testing and shall be notified 48 hours prior to any cable tests.

681-3.09 CABLE JOINTS. Medium-voltage cable joints shall be made by qualified cable splicers only. Qualification of cable splicers shall be submitted in accordance with paragraph 681-1.04, Submittals. Shields shall be applied as required to continue the shielding system through each entire cable joint. Shields may be integrally molded parts of preformed joints. Shield shall be grounded at

each joint or in accordance with manufacturer's recommended practice. Cable 
(
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joints shall provide insulation and jacket equivalent to that of the associated cable. Armored cable joints shall be enclosed in compound-filled, cast-iron or alloy, splice boxes equipped with stuffing boxes and armor damps  of a suitable type and size for the cable being installed.
681-3.10 PREFABRICATED VAULTS.  The Contractor shall provide vaults as shown on the Drawings and install to the line and grade indicated.  All
installations shall be field verified by the Contractor. The Contractor will be responsible for transporting of the vaults to the work site, excavation to design grade of the pad, separation geotextile fabric, placement of select material, ground rods and copper ground wire, and vault installation to finish elevation.  In setting
a vault, the Contractor assumes responsibility for the costs of transportation, installation, sealing, repair, and maintenance of the vault until final acceptance. Vault exteriors and joints shall be waterproofed per vault manufacturer's recommendation.
The vault frame and cover shall be set to the designed finished grade of the proposed paving or existing ground level as designated by the Engineer.  Vaults shall be constructed within an allowable tolerance of 0.1-foot of the plan location and elevation in any phase of the construction.  The Contractor shall backfill vault installations within 48-hours.  Subbase preparation shall consist of excavating below the designed grade of the telephone vaults as shown on the drawings.  The Contractor shall then place separation geotextile fabric and Type-B or other Non­ frost susceptible material as approved by the Engineer as required to bring the
over-excavation up to the bottom grade of the vault.  Provide backfill in uniform layers not more then 6 inches deep and compact to meet 203-3.04.
If the gravel foundation proves to be inadequate to support the vault, the Contractor shall remove the vault and re-compact to meet the requirements. Subgrade shall be leveled on all sides and smoothed in preparation for the vault base.  In the event of standing water the representative may require 6-inch minus washed rock for the vault foundation.  Trench sections within 8-feet of vault conduit entries shall be compacted to the requirements as stated above. Prefabricated vaults are installed in sections and require primer coat and Butytight vault joint sealer between sections.
Knock outs will be provided for conduit entries and terminations.  Knock outs shall be sealed to ensure conduit entrances into a vault are sealed to prevent water intrusion.  Provide sealing compound as recommended by vault manufacturer. Alternatively the contractor shall be prepared to core drill the vaults as necessary.
Provide ground rods at vaults as shown on Drawings.  Where none are shown, the Contractor shall place two (2) 8-foot ground rods, one on each end of each vault excavation.  Ground rods shall be driven from the base level down and connected with a #1/0 AWG copper vault ground wire leaving a 6-foot loop of that same wire inside the vault.
The Contractor shall verify conduit entries while proofmg conduit and label conduit entries per design within the manhole.  The Contractor shall install

manhole racking and cable hooks as shown on the Drawings.  Contractor shall
remove interior debris after the manhole installation has been completed. 
i
(
681-3.11 MANHOLES, HANDHOLES, AND PULLBOXES.
(
I.
General. Manholes shall be constructed approximately where shown.  The
exact location of each manhole shall be detennined after careful consideration has been given to the location of other utilities, grading, and paving.  The location of each manhole shall be approved by the Engineer before construction of the manhole is started.  Manholes shall be the type noted on the drawings and shall be constructed in accordance with the
applicable details as indicated.  Top and walls shall consist of reinforced concrete.  Walls shall be of monolithic concrete construction.  The bottom shall be open. The Contractor may at his option utilize monolithically constructed precast-concrete manholes having the required strength and inside dimensions as required by the drawings or specifications.  In paved areas, frames and covers for manhole and handhole entrances in vehicular traffic areas shall be flush with the finished surface of the paving.  In unpaved areas, the top of manhole covers shall be approximately 1 inch above the finished grade.  Where existing grades that are higher than finished grades are encountered, concrete assemblies designed for the purpose shall be installed to elevate temporarily the manhole cover to existing grade level.  All duct lines entering manholes must be installed on compact soil or otherwise supported when entering a manhole to prevent shear stress on the duct at the point of entrance to the manhole.  Duct lines
entering cast-in-place concrete manholes shall be cast-in-place with the 
(
manhole.  Duct lines entering precast concrete manholes through a precast
knockout penetration shall be sealed with approved permenant watertight seal.  A cable-pulling irori shall be installed in the wall opposite each duct line entrance.
2. 

Handholes. Handholes shall be located as shown.  Handholes shall be of the type noted on the drawings and shall be constructed in accordance with the details shown.
3. 
Pullboxes. Pullbox tops shall be flush with sidewalks or curbs or placed Yz inch above surrounding grades when remote from curbed roadways or sidewalks.  Covers shall be marked "Low-Voltage" and provided with 2 lifting eyes and 2 hold-down bolts.  Each box shall have a suitable opening for a ground rod.  Conduit, cable, ground rod entrances, and unused openings shall be sealed with mortar.
4. 

Ground Rods. A ground rod shall be installed at each manhole, handholes, and pullboxes.  Ground rods shall be driven into the earth so that approximately 4 inches of the ground rod will extend above the manhole floor.  When precast concrete manholes are used, the top of the ground rod may be below the manhole floor and a No. 1/0 AWG copper ground conductor brought into the manhole through a watertight sleeve in the manhole wall.   The maximum resistance of a driven ground rod shall not

exceed 25 ohms under normally dry conditions.                                                                     (

681-3.12 TRANSFORMERS AND SWITCH CABINETS.  Switch cabinets and transformers shall be handled carefully to avoid damage to the cabinet finish and shall be positioned in accordance with the Drawings and Specifications. Equipment shall be level and plumb to their pad.  Only qualified and experienced personnel shall be allowed to make connections and cable terminations.
Each equipment enclosure shall display a warning sign, for high voltage, placed so it is visible to anyone attempting entry to the enclosure.
681-3.13 PAD-MOUNTED EQUIPMENT INSTALLATION. Pad-mounted equipment, shall be installed on concrete pads in accordance with the manufacturer's published, standard installation drawings and procedures, except that they shall be modified to meet the requirements of this document.  Units shall be installed so that they do not damage equipment or scratch painted or coated surfaces.  After installation, surfaces shall be inspected and scratches touched up with a paint or coating provided by the manufacturer especially for this purpose. Primary taps shall be set at a nominal zero percent.
1. 
Concrete Pads.
a. 

Construction. Concrete pads for pad-mounted electrical equipment may be either pre-fabricated  or poured-in-place.  Pads shall be constructed as indicated, except that exact pad dimensions and mounting details are equipment specific and are the responsibility of the Contractor.  Tops of concrete pads shall be level and shall project 4 inches above finished paving or grade and sloped to
drain.  Edges of concrete pads shall have 0.75 inch chamfer. Conduits for primary, secondary, and grounding conductors shall be set in place prior to placement of concrete pads.  Where grounding electrode conductors are installed through concrete pads, RGC conduit sleeves shall be installed through the concrete to provide physical protection.  To facilitate cable installation and termination,  the concrete pad shall be provided with a rectangular hole below the primary and secondary compartments, sized 'in accordance with the manufacturer's recommended dimensions. Upon completion of equipment installation the rectangular hole shall be filled with masonry grout.
b. 
Concrete and Reinforcing. Concrete work shall have minimum
3000 psi compressive strength and conform to the requirements of Section 501, Structural Concrete.  Concrete pad reinforcement shall be in accordance with Section 503 Reinforcing Steel.
c. 
Sealing. When the installation  is complete, the Contractor shall
seal all conduit and other entries into the equipment enclosure with an approved sealing compound.  Seals shall be of sufficient
strength and durability to protect all energized live parts of the equipment from water intrusion, rodents, insects, or other foreign matter.

d. 
Orientation, The Contractor shall verifY the orientation ofthepad
with the Engineer before installation.  The pads shall conform to 
(
the final grade after completion of the entire road project.
!
2. 
Padlocks. Padlocks with self-locking and destructive screws shall be
provided for pad-mounted equipment.
681-3.14 SAND BEDDING.  Where existing material is unsuitable for the conduit bedding, as determined by the Engineer, the Contractor shall provide bedding sand meeting the gradation requirements of703-2.12 SAND BLANKET and as approved by the Engineer.
681-3.15 GROUNDING.  A ground electrode consisting of the indicated configuration of bare copper conductors and driven ground rods shall be installed under pad-mounted equipment as shown.· Equipment frames of metal-enclosed equipment, and other noncurrent-carrying metal parts, such as cable shields, cable sheaths and armor, and metallic conduit shall be grounded.  At least 2 connections shall be provided from a transformer, to the ground electrode.  Metallic frames
and covers ofhandholes and pull boxes shall be grounded by use of a braided, copper ground strap with equivalent ampacity of No. 6 AWG.
1. 
Grounding Electrodes. Grounding electrodes shall be installed as shown on the drawings and as follows:
a. 
Driven rod electrodes- Unless otherwise indicated, ground rods 
(
shall be driven into the earth until the tops of the rods are
approximately 12 inches below finished grade.
b. 

Additional electrodes- When the required ground resistance is not met, additional electrodes shall be provided interconnected  with grounding conductors to achieve the specified ground resistance. The additional electrodes will be up to three, 8 feet rods spaced a minimum of l 0 feet apart.
If the resultant resistance·exceeds 25 ohms measured not less than 48 hours after rainfall, the Engineer
shall be notified immediately. 
I
2. 

Grounding and Bonding Connections. Connections above grade shall be made by the fusion-welding process or with bolted solderless connectors, in compliance with UL 467, and those below grade shall be made by a
fusion-welding process.  Where grounding conductors are connected to aluminum-composition  conductors, specially treated or lined copper-to­ aluminum connectors suitable for this purpose shall be used.
3. 

Conductors Grounding and Bonding. Grounding and bonding conductors include conductors used to bond transformer enclosures and equipment frames to the grounding electrode system.  Grounding and bonding conductors shall be sized as shown, and located to provide maximum physical protection.  Bends greater than 45 degrees in ground conductors
are not permitted.  Routing of ground conductors through concrete shall be                        (

avoided. When concrete penetration is necessary, nonmetallic conduit shall be cast flush with the points of concrete entrance and exit so as to provide an opening for the ground conductor, and the opening shall be sealed with a suitable compound after installation.

4. 

Surge Arrester Grounding. Surge arresters and neutrals shall be bonded directly to the transformer enclosure and then to the grounding electrode system with a bare copper conductor, sized as shown. Lead lengths shall be kept as short as practicable with no kinks or sharp bends.

5. 

Manhole, Handhole, or Concrete Pullbox Grounding. Ground rods installed in manholes, handholes, or concrete pullboxes shall be connected to cable racks, cable-pulling irons, the cable shielding, metallic sheath, and annor at each cable joint or splice by means of a No. 1/0 AWG braided tinned copper wire. Connections to metallic cable sheaths shall be by means of tinned terminals soldered to ground wires and to cable sheaths. Care shall be taken in soldering not to damage metallic cable sheaths or shields.  Grounding electrode conductors shall be neatly and firmly

attached to manhole or handhole walls and the amount of exposed bare wire shall be held to a minimum.

681-3.16 FIELD TESTING.
1.
General. Field testing shall be performed in the presence of the Engineer.

The Contractor shall notifY the Engineer 10 days prior to conducting tests. The Contractor shall furnish all materials, labor, and equipment necessary to conduct field tests. The Contractor shall perform all tests and

inspections recommended by the manufacturer unless specifically waived

by the Engineer. The Contractor shall maintain a written record of all tests which includes date, test performed, personnel involved, devices tested, serial number and name of test equipment, and test results. Field test reports shall be signed and dated by the Contractor.

2. 

Safety. The Contractor shall provide and use safety devices such as rubber gloves, protective barriers, and danger signs to protect and warn personnel in the test vicinity. The Contractor shall replace any devices or equipment which are damaged due to improper test procedures or handling.

3. 

Ground-Resistance Tests. The resistance of each grounding electrode shall be measured using the fall-of-potential method defined in IEEE Std 81. Ground resistance measurements shall be made before the electrical distribution system is energized and shall be made in normally dry conditions not less than 48 hours after the last rainfall. Resistance measurements of separate grounding electrode systems shall be made before the systems are bonded together below grade. The combined resistance of separate systems may be used to meet the required resistance, but the specified number of electrodes must still be provided.

a.
Single rod electrode- 25 ohms.


b. 
Multiple  rod electrodes- 15 ohms. 
I
4. 
Medium-Voltage Cable Test. After installation  and before the operating
(
test or connection to an existing system, the medium-voltage cable system
shall be given a high potential test.  Direct-current voltage shall be applied 
I
on each phase conductor  of the system by connecting conductors as one
terminal  and connecting grounds or metallic shieldings or sheaths of the cable as the other terminal for each test.  Prior to making the test, the cables shall be isolated by opening applicable protective devices and disconnecting equipment. The test shall be conducted with all splices, connectors, and terminations in place.  The method, voltage, length  of time, and other characteristics of the test for initial installation shall be in
accordance with NEMA WC 7 or NEMA WC 8 for the particular  type of
cable installed, except that 28 kV and 35 kV insulation  test voltages  shall 
(
be in accordance with either AEIC CS5 or AEIC CS6 as applicable, and
shall not exceed the recommendations ofiEEE Std 404 for cable joints and IEEE Std 48 for cable terminations unless the cable and accessory manufacturers indicate higher voltages  are acceptable for testing.   Should any cable fail due to a weakness of conductor insulation or due to defects or injuries incidental to the installation or because of improper  installation of cable, cable joints, terminations, or other connections,  the Contractor shall make necessary repairs or replace cables as directed.  Repaired  or replaced  cables shall be retested.
5. 
Low-Voltage Cable Test. Low-voltage cable, complete with splices, shall
be tested for insulation  resistance after the cables an; installed,  in their 
(
final configuration, ready for connection to the equipment,  and prior to
energization. The test voltage shall be 500 volts de, applied for one minute between  each conductor  and ground and between all possible combinations conductors  in the same trench, duct, or cable, with all other conductors in the same trench, duct, or conduit.  The minimum  value of insulation  shall be:
R in megohms= (rated voltage in kV + 1) X 1,000,000 I (length of cable
in
. 
I
Each cable failing this test shall be repaired or replaced.  The repaired
cable shall be retested until failures have been eliminated. 
I
6. 
Liquid-Filled Transformer Tests. The following field tests shall be
performed  on all liquid-filled transformers. Pass-fail criteria shall be in accordance  with transformer  manufacturer's specifications.
a.
Insulation resistance test phase-to-ground. 
I
b. 
Turns ratio test.
c. 
Correct phase sequence.
d. 
Correct operation  of tap changer.
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7.
·Circuit Breaker Tests. The following field tests shall be performed on circuit breakers. Pass-fail criteria shall be in accordance with the circuit breaker manufacturer's specifications.

a.
Insulation resistance test phase-to-phase.
b.
Insulation resistance test phase-to-ground. c.
Closed breaker contact resistance test.

d.
Manual operation of the breaker.

8.

Pre-energization Services. Calibration, testing, adjustment, and placing into service of the installation shall be accomplished by the Contractor in the presence of the Engineer and a CITY representative. The following services shall be performed subsequent to testing but prior to the initial energization. The equipment shall be inspected to ensure that installation is in compliance with the recommendations of the manufacturer and as shown on the detail drawings. Terminations of conductors at major equipment shall be inspected to ensure the adequacy of connections. Bare and insulated conductors between such terminations shall be inspected to detect possible damage during installation. If factory tests were not performed on completed assemblies, tests shall be performed after the installation of completed assemblies. Components shall be inspected for damage caused during installation or shipment to ensure packaging materials have been removed. Components capable of being both manually and electrically operated shall be operated manually prior to the first electrical operation. Components capable of being calibrated, adjusted, and tested shall be calibrated, adjusted, and tested in accordance

with the instructions of the equipment manufacturer. Items for which such
services shall be provided, but are not limited to, are the following:

a.
Pad-mounted transformers b. 
Section Cabinets

9.

Operating Tests. After the installation is completed, and at such times as the Engineer may direct, the Contractor shall conduct operating tests for approval. The equipment shall be demonstrated to operate in accordance with the requirements herein. An operating test report shall be submitted in accordance with Paragraph 681-1.04, Submittals.

681-3.17 AS-BUILT SURVEY.  An as-built survey, by a land surveyor registered in the State of Alaska, will be completed by the Contractor. Electrical duct banks and pads, including the locations, alignment and installed depth shall be included. Additionally, bearing and distance between all devices and at all trench angle points will be included as part of the as built survey. The information will be referenced to established survey monuments. Delivery shall be to the Engineer prior to acceptance of the electrical duct system bythe Department.


681-3.18 INSPECTION.  The Engineer may at any time have acce£s to the project site for the purpose of inspection. 
The manner of under-grounding of the conduit, materials, and equipment used therein, shall be subject to the inspection
of by the Engineer.  The Engineer will measure the conduit installed prior to backfilling the joint trenches for the conduits.   Equipment, devices, and structures shall be inspected after installation has been completed and damage shall be repaired or replaced as directed. The Engineer will conduct a final inspection within ten (I0) days of the Contractor's informing the Engineer, in writing, the system is complete.  Incomplete items (punch list) as noted in final inspection report shall be completed by the Contractor within ten (10) days of the final
inspection. 
The CITY and TelAlaska thru the Engineer may at any time have access to the project site for the purpose of inspection.
. 681-3.19 ACCEPTANCE. Final acceptance of the facility will not be given until the Contractor has successfully completed all tests and after all defects in installation, material, or operation have been corrected.
681-4.01 METHOD OF MEASUREMENT. 
The lump sum price, or prices, paid for underground electrical work, interconnect cable, or combinations thereof and for modifYing systems or temporary systems, shall include full compensation for furnishing all labor, materials, tools, equipment, and incidentals and for completing all the work involved in furnishing and installing, modifYing, removing the systems or combinations thereof as shown on the drawings, and as specified in these specifications and the Special Provisions, and as directed,
including any necessary excavation and backfill, concrete foundations, pavement 
(
and appurtenances damaged or destroyed during construction, salvaging existing
materials, and making all required tests.  Sign removal and reinstallation required to install foundations, conduits, and J-boxes shall be subsidiary to other contract items.  Minor conduit routing changes as directed by the Engineer shall be subsidiary to existing contract pay items.
Full compensation for all additional materials and labor not shown on the drawings or specified, which are necessary to complete the installation of the various systems shall be considered as included in the prices paid for the  systems or units thereof, and no additional compensation will be allowed.
Full compensation for furnishing, installing, maintaining (including temporary power connections) and removing feeders, etc. shall be considered as included in the contract prices paid for the items of work involved in the structure which requires the underground electrical work and no additional compensation will be allowed.
The concrete required for encasement of conduits, and shown on the drawings, shall be considered subsidiary to these pay items of work and shall not be paid for separately.  The Contracting Officer shall pay for additional concrete, if required, under Section 501, Structural Concrete.
Prices to include cost to mobilize equipment and crew to job site, site clean-up, and cost to de-mobilize equipment and crew from job site.

Item 681(101), Retire 15 kV, 3-Phase Underground Power Line- Lump sum, inclusive of conduit, conductor, cut-outs, j-boxes, terminations, connectors and related equipment.
Item 681 (I 02), Pad Mounted Oil Filled Transformers, I OkVA Single Phase­ Unit price, complete with concrete pad, ground rod, all equipment, labor and materials necessary to complete the work as specified.  Termination of field
wiring shall be subsidiary to this pay item (temporary transformer provided by the
City).
Item 681 (103), Pad Mounted Oil Filled Transformers, 150kVA Three Phase  - Unit price, complete with concrete pad, ground rod, all equipment, labor and materials necessary to complete the work as specified.  Termination of field wiring shall be subsidiary to this pay item.
Item 681 (104), Retire 35kV Underground Feeder- Lump sum, including excavation, backfill, marking tape, equipment, labor and materials necessary to complete the work as required, inclusive of conduit, conductor, cut-outs, j-boxes, terminations, connectors and related equipment.
Item 681 (105), New 35kV, 3-phase, Non-Fused, Pad Mounted Section Cabinet­ Unit price, complete with cabinet, labor and materials, load break elbows, ground rods and terminations.
Item 681 (106), Duct Baruc, DB-I -Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (107), Duct Bank, DB-2- Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (108), Duct Bank, DB-3 -Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (109), Duct Bank, DB-4 - Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (110), Duct Bank, DB-5 -Per linear foot, complete with excavation and


backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary t0 complete the work as r€quired. Any required de-watering shall be
subsidiary to this pay item. Refer to the drawings for duct bank configuration 
(
details.
Item 681 (111), Duct Bank, DB-6- Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (112), Duct Bank, DB-7- Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (113), Duct Bank, DB-8- Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (114), Duct Bank, DB-9- Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials
necessary to complete the work as required. Any required de-watering shall be 
(
subsidiary to this pay item. Refer to the drawings for duct bank configuration
details.
Item 681 (115), Duct Bank, DB-I 0- Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (116), Duct Bank, DB-11 -Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (117), Duct Bank, DB-12- Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (118), Duct Bank, DB-13 -Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and

materials necessary to complete the work as required. Any required de-watering 
(


shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (1190), Duct Bank, DB-14- Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (120), Duct Bank, DB-15- Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (121), Duct Bank, DB-16- Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay iten:i. Refer to the drawings for duct bank configuration details.
Item 681 (122), Duct Bank, DB-17- Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (123), Duct Bank, DB-18- Per linear foot, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de-watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (124), Duct Bank, DB-19. Drainage Tee- Per unit, complete with excavation and backfill, conduits, spacers, cables, marking tape, equipment, labor and materials necessary to complete the work as required. Any required de­ watering shall be subsidiary to this pay item. Refer to the drawings for duct bank configuration details.
Item 681 (125), Pull Box/Splice Box- Per unit price, inclusive of excavation, backfill inclusive of all concrete castings, covers, ground rods, as shown on the drawings for all telephone, electrical secondary distribution.
Item 681 (236), Vault-Power (9'x5')- Per unit price, inclusive of excavation, backfill inclusive of all concrete castings, covers, ground rods, as shown on the drawings for all electrical distribution.  The size of the manholes shall be as shown on the drawings.
Item 681 (127), Vault-Power (I0'8"x8'8")- Per unit price, inclusive of excavation, backfill inclusive of all concrete castings, covers, ground rods, as

shown on the drawings for all electrical distribution.  The size ofthe manholes 
r
shall be as shown on the drawings. 
(
Item 681 (128), Vault-Communication- Per unit price, inclusive of excavation, backfill and of all concrete castings, covers, ground rods, as shown on the drawings for all telecommunication distribution.  The size of the manholes shall
be as shown on the drawings.
Item 681 (129), Vault, Coring- Per unit price, inclusive oflabor, equipment, and materials necessary to core the vault for conduit entry.
(

681-5.01 BASIS OF PAYMENT.Payment shall be full compensation for the labor, equipment, and materials necessary to complete this work.

Payment for electrical duct conduit system shall be the length of the construction unit conduits instaiied times the unit bid price per meter for each construction unit.  The price paid for the electrical duct system shaH include the necessary conduits, fittings, couplings, expansion joints, split anchor rings, and other components.
The unit bid price for pad and vault instaiiation shaii include excavation to plan grade, including the over excavation and backfiii required, separation geotextile, and sand blanket.  Excavation of unsuitable material below plan grade shall be paid under Item 203(3), Unclassified Excavation. Borrow, if required, forbackfiii to replace unsuitable material wiii be paid under the pay item of the associated Borrow Material.
The unit price for vault core drilling shall include all equipment and materials necessary to driii a hole of sufficient diameter to instaii a conduit.
The costs associated with shoring the trenches and the existing power facilities shaii be subsidiary to associated pay items.
Payment wiii be made under:
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P!iy Item�
Pay Unit�
�
681(101)  Retire 15 kV, 3-Phase Underground Power Line�
Lump Sum�
�
681(102)  Pad Mounted Oil Filled Transformers, 10kVA Single Phase�



Each�
�
681(103)  Pad Mounted Oil Filled Transformers, 150kVA Three Phase�



Each�
�
681(104) Retire 35 kV Underground Feeder�
Lump Sum�
�
681(105)  New 35 kV, 3-phase, Non-fused, Pad Mounted


Section Cabinet�



Each�
�
681(106}_  Duct Bank, DB-1�
LF�
�
681(107)  Duct Bank, DB-2�
LF�
�
681(108)  Duct Bank, DB-3�
LF�
�
681(109)  Duct Bank, DB-4�
LF�
�
681(110) Duct Bank, DB-5�
LF�
�
681(111) Duct Bank, DB-6�
LF�
�
681(112) Duct Bank, DB-7�
LF�
�
681(113) Duct Bank, DB-8�
LF�
�
681(114) DuctBank,DB-9�
LF�
�
681(115) Duct Bank, DB-10�
LF�
�
681(116)  Duct Bank, DB-11�
LF�
�
681(117)  DuctBank,DB-12�
LF�
�
681(118)  Duct Bank, DB-13�
LF�
�
681(119)  Duct Bank, DB-14�
LF�
�
681(120) Duct Bank, DB-15�
LF�
�
681(121)  Duct Bank, DB-16�
LF�
�
681(122) Duct Bank, DB-17�
LF�
�
681(123)  Duct Bank, DB-18�
LF�
�
681(124) Duct Bank, DB-19�
Each�
�
681(125) Pull Box/Splice box�
Each�
�
681(126) Vault, Power (9'x5'}�
Each�
�
681(127)  Vault, Power (10'8"x8'8")�
Each�
�
81(128) Vault, Communication�
Each�
�
681(129) Vault, Coring�
�
Each�
�











