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SECTION 01001
GENERAL REQUIREMENTS

PART 1 - GENERAL

1.01

1.02

1.03

1.04

1.05

COMMENCEMENTS AND PROSECUTION OF WORK

A

Contract time shall begin at which time the Owner will issue a written Notice to
Proceed. The Contractor must commence construction within ten (10) days of
issuance of a written Notice to Proceed. The Contractor shall maintain sufficient
labor and supervision on the job until all items have been completed and the
Engineer's Final Certification has been issued.

COOPERATION

A.

The General Contractor and Sub-Contractors shall cooperate with one another and
with other Contractors doing related work and shall coordinate their work with the
work of other trades and other Contractors so as to facilitate the general progress
of the work. Each trade shall afford all other trades and all other Contractors every
reasonable opportunity for the installation of their work and for the storage of
their materials.

SANITARY FACILITIES, TEMPORARY

A.

Do not allow any sanitary nuisances to be committed in or about work; enforce
sanitary regulations of Local and State Health authorities.

SITE EXAMINATION OF EXISTING CONDITIONS

A.

The Contractor, in undertaking the work under this Contract, is assumed to have
visited the premises and to have taken into consideration all conditions which
might affect his work. No consideration will be given to any claim based on a lack
of knowledge of existing conditions, except where the Contract Documents make
definite provisions for adjustment of cost or extension of time due to existing
conditions that cannot be readily ascertained.

SPECIFICATIONS EXPLANATION

A.

Attention is directed to the fact that the detailed specifications and separate
sections may be written in short or abridged form. In regard to every section of the
specifications and all parts thereof, mentioned therein or indications on the
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1.06

1.07

drawings or articles, materials, operations, or methods required that the
Contractor:

1. Provide each item mentioned and indicated (of quality or subject to
qualifications notes).

2. Perform (according to the conditions stated) each operation prescribed.

3. Provide therefore all necessary labor, equipment, and incidentals.

Wherever in these specifications or on the drawings the words "directed",
"required", "ordered", or words of like import are used, it shall be understood that
the directions, requirements, permission, or order of the Engineer is intended; and
similar words "approved", "accepted", "satisfactory", or words of like import shall
mean approved, acceptable to, or satisfactory to the Engineer.

For the convenience of reference and to facilitate the letting of Contracts or Sub-
Contracts, these specifications are separated into titled sections. Such separation
shall not, however, operate to make the Engineer an arbiter to establish limits to
the Contracts between the Contractor and Sub-Contractors, nor shall such
operation be interpreted as superseding normal union functions.

Notwithstanding the appearance of such language in the various divisions of the
specifications as "The Electrical Contractor”, "The Roofing Contractor", etc., the
Contractor is responsible to the Owner for the entire Contract and the execution
of all work referred to in the Contract Documents.

STANDARD

A.

Wherever reference is made to the standard specifications of nationally known
organizations and specific articles, sections, divisions, or headings are not given,
such specifications shall apply in full. Standard specifications were included herein
by abbreviation or otherwise shall form a part of this specification the same as if
guoted in full.

The Engineer may require, and the Contractor shall furnish if required to do so,
certificates from manufacturers to the effect that the products or materials
furnished by them for use in the work comply with the applicable specified
requirements for the materials or products being furnished.

TELEPHONE, TEMPORARY

A.

Contractor shall provide mobile telephone numbers for the Project Superintendent
and Project Foreman either prior to or during the Preconstruction Meeting.
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1.08

1.09

1.10

1.11

TEMPORARY UTILITIES

A. Contractor shall furnish water, electricity, and heating fuel necessary for
construction. The contractor shall provide necessary temporary piping, faucets,
valves, wiring, switches, outlets, etc., to carry services to the work. The Contractor
shall make all temporary utility connections for his own use and remove
temporary services on completion of the Contract.

WORK OUTSIDE OF THE PROPERTY LINE

A. All work outside of the property line called for by the Contract Documents shall be
performed by the Contractor and all costs for same shall be included in the
Contract.

AS-BUILT DRAWINGS

A. The Contractor shall, upon completion of the work, furnish a marked set of
drawings showing field changes affecting the various mechanical trades, utilities,
and electrical, as actually installed and as specified under those sections of the
specifications, and deliver them to the Engineer. The engineer will furnish prints to
the Contractor for marking.

LIQUIDATED DAMAGES

A. Substantial Completion - If the Contractor neglects, fails, or refuses to achieve
Substantial Completion of the work by not later than 12 A.M. (Midnight), the
Contractor shall pay to the Owner, Liquidated Damages in the amount of three
hundred dollars ($300.00) per calendar day for each and every day that the
Contractor is in default after the date indicated on the Notice to Proceed.

B. Final Completion - If the Contractor neglects, fails, or refuses to complete the work
by not later than 12 A.M. (Midnight), the Contractor shall pay to the Owner,
Liquidated damages, in the amount of three hundred dollars ($300.00) per
calendar day for each and every day that the Contractor is in default after the date
indicated on the Notice to Proceed. Liquidated Damages for Substantial
Completion and Final Completion are cumulative.

1. The said amount is fixed and agreed upon by and between the Contractor
and the Owner because of the impracticability and extreme difficulty of fixing
and ascertaining the actual damages the Owner would in such an event
sustain, and said amount is agreed to be the amount of damages which the
Owner would sustain and said amount shall be retained from time to time by
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the Owner from current Progress Payment should the construction progress
fall behind schedule.

2. Time is of the essence of each and every portion of this Contract and of the
specification wherein a definite and certain length of time is fixed for the
performance of any act whatsoever; and where under the Contract an
additional time is allowed for the completion of any work, the new time limit
fixed by such extension shall be of the essence of this Contract.

3. Extensions of time apply to Liquidated Damages only and shall be allowed
only for conditions over which the Contractor has no control, such as acts of
God, transportation strikes affecting the delivery of materials or equipment
which are used in the project, manufacturing strikes affecting the production
of materials or equipment which are used in the project, and weather above
and beyond the normally expected loss of time-based on historical
climatological conditions over the last 10 years. For any time requested over
what should be expected based on historical climatological conditions the
amount of rain or temperature must meet the following conditions. To get
credit for delays due to temperature the temperature must be at a level that
would prevent construction in accordance with the other sections in these
specifications. In order to get credit for a rain delay, the rain event must be
persistent for more than four hours during that day and rainfall must be in
excess of 0.5” for that 4-hour period or more than 1” during the day.

1.12 MATERIALS PRIOR APPROVAL AND SUBSTITUTIONS

A. Where items of equipment and/or materials are specifically identified herein by a
manufacturer's name, model, or catalog number, only such specific item may be
used in the base bid, except as hereinafter provided.

B. If Contractors wish to use items of equipment and/or materials other than those
specifically identified in the Specifications, Contractor shall apply in writing to the
Engineer for approval of substitution at least seven (7) days prior to the opening of
bids, submitting with his request for approval complete descriptive and technical
data on the item(s) he proposes to furnish.

C. Approved substitutions will be listed in an addendum issued to all General
Contractors prior to the opening of bids.

D. Unless requests for changes in the Specifications are approved prior to the
opening of bids, as defined above, the successful Contractor will be held to furnish
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specified items. After the contract is awarded, changes in specifications will be
made only as defined under "Substitution of Equipment".

1.13 SUBSTITUTION OF EQUIPMENT AND MATERIALS

A. After execution of the contract, substitution of equipment and/or materials other
than those specifically named in the Contract Documents will be approved by the
Engineer for the following reasons only:

1. That the equipment or material is no longer available.

2. That the equipment or material does not perform the function for which it
was intended.

3. That the equipment or material cannot be delivered due to conditions
beyond the Contractor's control.

B. To receive consideration, requests for substitutions must be in writing
accompanied by documentary proof of equality, and difference in price and
delivery, if any.

C. In case of a difference in price, the Owner shall receive all benefits of the
difference in the cost involved in any substitutions, and the contract altered by
change order to credit the Owner with any savings so obtained.

1.14 INSPECTING AND TESTING OF MATERIALS

A. Wherever in these Contract Documents inspecting and testing of material is called
for, the selection of bureaus, laboratories, and/or agencies for such inspecting and
testing shall be made by the Engineer, and the character of the test shall be
stipulated by the Engineer. Documentary evidence satisfactory to the Engineer
that the materials have passed the required inspection and tests must be
furnished in quadruplicate to the Engineer by the bureau, agency or laboratory
selected. Materials satisfactorily meeting the requirements of the inspection or
tests shall be approved by the Engineer and the Contractor notified of the results.
The cost of such inspecting and testing shall be paid for by the Contractor.

1.15 ON-SITE TESTING AND INSPECTING

A. Wherever in these Contract Documents testing or inspecting is called for, the
selection of bureaus, laboratories, and/or agencies for such testing or inspecting
shall be made by the Engineer. Documentary evidence satisfactory to the Engineer
that the materials have passed the required tests or inspections shall be furnished
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in quadruplicate to the Engineer. The cost of such tests and inspections shall be
paid for by the Contractor.

1.16 MEASUREMENTS AND DIMENSIONS

A. Before ordering materials or doing work which is dependent on the proper size of
installation upon coordination with site conditions, the Contractor shall verify all
dimensions by taking measurements at the site and shall be responsible for the
correctness of same. No consideration will be given to any claim based on
differences between the actual dimensions and those indicated on the drawings.
Any discrepancies between the drawings and/or specifications and the existing
conditions shall be referred to the Engineer for adjustment before any work
affected thereby is begun.

1.17 SHOP DRAWINGS

A. Shop drawings shall be dated and contain: Name of the project; description and
names of equipment, materials, and items; and complete identification of
locations at which material or equipment is to be installed, reference to the
section of the specifications where it is specified and drawings number, where
shown. In addition to the above, the Shop drawings shall: (1) show complete
information for checking and for fabrication, installation, and erection, without
reference to other drawings or notes; (2) shall be of drafting line work and
lettering that is easily readable under field conditions; (3) have plane oriented the
same as plans on the Contract Drawings; (4) list grade, class, or strength of
materials; (5) be checked and initialed by the suppliers drafting room checker; (6)
be checked and coordinated with other phases of the work, by a person in the
Contractor's employ who is experienced and qualified in the checking and
coordination of shop drawings.

1. No exceptions taken. (If checked here, fabrication may be undertaken.
Approval does not authorize a change to contract sums unless stated in a
separate letter or by change order.)

2. Note markings. (If checked here, fabrication may be undertaken. The
contractor is to coordinate markings noted.)

3. Revise and resubmit.

Rejected.

5. Engineer review is for conformance with the design concept of the project
and compliance with the information given within the Contract Documents
only. The Contractor is responsible for dimensions being confirmed and
correlated at the site; for information that pertains solely to the fabrication

B
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processes or to means, method, techniques, sequence, and procedures of
construction; and for coordination of the work of all trades.

6. Failure to note a noncompliance will not prevent later rejection when the
noncompliance is disclosed.

B. Shop drawings shall not, after having been submitted, be later issued with revised
or additional materials, except for items corrected during the checking by the
Contractor or reviewed by the Engineer.

C. The following notation will be used by the Engineer in his review.

D. Submission of Shop drawings shall be accompanied by a transmittal letter in
duplicate, containing the project name, Owner's project number, Contractor's
name, and a number of drawings, title, and other pertinent data.

E. The Contractor shall promptly submit to the Engineer, five copies of Architectural
items and six copies of Engineering items, required by the Contract Documents in
accordance with the aforesaid schedule so as to cause no delay in his work or in
the work of any other Contractor.

F. For standard items not requiring special shop drawings for manufacture, submit six
copies of the manufacturer's product data showing illustrated cuts of the items to
be furnished, scaled details, size dimensions, performance characteristics,
capabilities, wiring diagrams, control, and all other pertinent information.

G. The Contractor shall: (1) check, coordinate, correct, stamp, date, and sign all
copies of each drawing, and deliver them to the Engineer for his review; (2)
identify the set of drawings he has checked; this set shall be shown by checked
marks or correction that every item has been verified and with the requirements
of the Contract Documents.

1.18 MAINTENANCE MANUAL

A. Contractor shall, prior to completion of the contract, deliver to the Engineer, three
copies of the manual, assembled and bound with a hardcover, for the Owner's
guidance, full details for care and maintenance of visible surfaces and of
equipment included in the contract.

B. Contractor shall, for this manual, obtain from subcontractor, literature of
manufacturers relating to equipment, including motors; also furnish cuts, wiring
diagrams, control diagrams, instruction sheets, and other information pertaining
to same that will be useful to Owner in overall operation and maintenance.
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C. Where the above-described manuals and data are called for under separate
sections of the specifications, they are to be included in the manual description in
this article.

1.19 ELECTRONIC MEDIA

A. Contractor may request an electronic file of construction plans in its native
AutoCAD format for convenience during construction. The initial cost for
preparation of the file shall be $1,000.00, due prior to receipt of the file. The
contractor must subscribe to obtain all updates to the file when and if plans are
modified. The cost for each update provided to the Contractor shall be $200.00.
Prior to receipt of the file, the Contractor must execute an Indemnification
Agreement with P.C. Simonton and Associates, Inc. dba M.E. Sack Engineering.
Transmission of the file to, or use by, any third party is prohibited.

END OF SECTION
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SECTION 02210
SITE GRADING

PART 1 - GENERAL
1.01 QUALITY ASSURANCE
A. Reference Standards:
1. Standards of American Society for Testing and Materials:

ASTM-D-698 Moisture-Density Relations of Soils Using 5.5 Ib. (2.5 KG) Hammer and
12 inch (304.8 mm) Drop

2. Methods of Sampling and Testing of American Association of State Highway and
Transportation Officials (AASHTO), latest edition.

1.02 TESTING

A. All soil testing shall be performed by an Independent Testing Laboratory selected by the
Engineer and paid for by the Contractor.

1.03 EXCESS EXCAVATED MATERIALS

A. Excess excavated materials shall be wasted off site by the Contractor at no expense to
Owner, or as directed by the Engineer.

1.04 BORROW MATERIAL

A. Any borrow material required to accomplish all levels, lines and grades indicated shall
be furnished by the Contractor at no expense to the Owner.

B. Borrow material shall be obtained from borrow pits off site.

C. The Contractor shall pay for all soil analysis for borrow material.
1.05 EXCAVATED MATERIAL
A. All material to be excavated shall be classified as earth.
1.06 UNSUITABLE BEARING MATERIALS
A. Should unsuitable bearing materials be encountered at levels indicated and found to
have insufficient bearing values the Engineer may order the excavation carried to lower

depths.

B. Compensation for the removal and/or replacement of unsuitable materials shall be in
accordance with the General Conditions, Article 10.01.
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C.

Excavation of unsuitable bearing materials shall not proceed until the conditions have
been observed by the Engineer and written approval has been given by the Owner.

PART 2 — EXECUTION

2.01

A.

2.02

2.03

2.04

TOP SOIL

Areas to be stripped shall first be scraped clean of all brush, weeds, grass, roots and
other material.

Remove topsoil from areas to be graded and stockpile in locations where it will not
interfere with structures, roads or utility operations.

Topsoil shall be free from subsoil, debris and stones larger than 2 inches in diameter.
The stored topsoil shall be left in piles to be used for finished grading. Contractor shall
install a minimum of 4” thick topsoil across pervious areas of the site prior to planting.
If topsoil from site is unsuitable or insufficient to achieve 4” thickness, additional
material is to be provided by the Contractor at no additional cost to owner and from a
source approved by Engineer.

Stockpiles shall be protected from contamination by undesirable foreign matter and
shall be graded to shed water.

EXCAVATION

Excavations shall be accomplished to bring surface to the levels, lines and grades as
indicated.

Excavated material to be used for fill or backfill material shall be stockpiled on the site
as directed by the Engineer. Stockpiles shall be graded to shed water.

FILLING

All fill material required to bring areas to the levels, lines and grades indicated shall be
selected and approved materials from approved borrow areas.

Sub-grades on which fill material is to be placed shall be scarified to a depth of not less
than 4 inches by plowing or discing. A layer of suitable fill material, approximately 3
inches in depth, shall be spread over the scarified surface and compacted.

Fill material shall be spread and compacted in successive uniform layers not exceeding 8
inches in depth (loose measure) until the total thickness of fill is completed.

COMPACTION
Compaction required for material fill shall be 95% of Standard Proctor, maximum dry

density as determined by the procedures of ASTM D-698. Fill areas shall be crowned and
sloped to drainage ditches or as required to prevent ponding of surface water.
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B. Compaction by flooding of any material is not acceptable. In the event that any flooding
takes place, the material and all adjacent softened material shall be removed and
replaced with compacted fill at no cost to the Owner.

2.05 FINISH GRADE

A. Distribute topsoil evenly to levels, lines and grades shown.

B. Finish grade to be trimmed and raked true to line and grade to avoid surface ponding.

C. Remove stone two inches or greater in diameter and debris from soil.

O

. Finish grade tolerance to +/- 0.05 foot for roadways and +/- 0.10 foot for other areas.

END OF SECTION
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SECTION 02221
TRENCH EXCAVATION, BACKFILL, AND COMPACTION

PART 1 - GENERAL

1.01 SCOPE, STANDARDS & DEFINITIONS

A.

Work under this section shall consist of furnishing all materials, equipment and
labor for excavation, trenching and backfilling for utility systems. "Utility systems"
shall include underground piping and appurtenances for water distribution systems,
storm water drains, sewage collection systems, force mains, spray irrigation system
and all other pipes and appurtenances shown on the drawings.

Applicable Standards and Reference

. ASTM D2321 Soil Classification and Restrictions

a. Class IA = Manufactured crushed stone, shell, crushed slag or rock, open
graded, clean, large voids, contains no fines, can allow sand migration to
create excessive settling. Suitable as drainage blanket.

b. Class IB = Manufactured aggregate dense graded, clean, crushed stone
with sand and gradation present. Closer void so little migration of sand, little
fines. Minimal migration of sand. Suitable as drainage blanket.

c. Class Il = Coarse grained soils and sand, graded gravel and sandy mix,
minimal migration of silt or sand, Use as drainage blanket and drains limited.
d. Class lll = Coarse grain sand with fines, silty gravel, gravel-sand-silt mixture,

clayey gravels, silty sand mixture. Not to be used in the presence of water.

e. Class IVA = Fine grain soils, inorganic, Inorganic silts and very fine sand,
silty clayey fine sands, inorganic clay with minor plasticity, lean clay. Use only
where no water exists and shallow fills.

f. Class IVB = Fine Grained soils inorganic, micaceous fine sand, silty soil, fat
clay, clay with high plasticity. Use requires geotechnical evaluation.

g. Class V = Organic soils, clay and silt with organics. No permitted use other
than top 6” outside roadways for soil amendment for grassing.

1.02 EXISTING UTILITIES

A.

Before opening trenches, the Contractor shall examine all available records and
explore for the location of all sub-surface pipes, valves or other structures and
reference such locations on the surface.
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In opening trenches, every effort shall be made not to interfere with these utilities
structures. Expose existing piping by hand before excavating by machine. Excavate
existing utilities sufficiently in advance of pipe laying to determine crossing
arrangement. Slight deviations may be permitted in order to clear such structures.
The Contractor shall be entirely responsible for the preservation of all underground
or overhead utility lines and structures, such as gas, water, sewer lines, telephone
conduit, power lines, etc., and shall replace, adjust or repair, without additional
compensation, any such lines damaged or interfered with as a result of this
construction.

Schedule work to keep roads and utilities in usable condition; coordinating all
operation with the Owner to avoid inconvenience insofar as practicable.

1.03 EXCAVATED MATERIAL

A.

All material to be excavated shall be classified as earth.

1.04 BORROW MATERIAL

A. Any borrow material required to accomplish all levels, lines and grades indicated
shall be furnished by the Contractor at no expense to the Owner.
B. Borrow material shall be obtained from borrow pits off site.
C. The Contractor shall pay for all soils analysis for borrow material.
1.05 TESTING
A. All soil testing shall be performed by an Independent Testing Laboratory selected by

the Engineer and paid for by the Contractor.

1.06 QUALITY ASSURANCE

A.

All excavation within the rights of way of city streets and county, State or Federal
roadways, shall be backfilled in accordance with the then prevailing requirements
of the Georgia Department of Transportation, Highway Division.

Reference Standards: Methods of Sampling and Testing of American Association of
State Highway and Transportation Officials (AASHTO).
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PART 2 — EXECUTION

2.01 GENERAL EXCAVATION

A.

H.

The Contractor shall do all excavation of whatever substances encountered to
depth shown on plans. Excavated materials not required for fill or backfill shall be
removed from site as directed by the Engineer.

Contractor is to excavate to provide 3 foot minimum cover over utility.

Excavation for manholes and other accessories to have 12 inches minimum and 24
inch maximum clearance on all sides.

Excavation shall not be carried below the required level.

Where excavation is carried below grades indicated, the Contractor shall refill same
to the proper grade with compacted earth or stone, or as directed by the Engineer.

Banks of trenches shall be vertical.
Width of trench shall be as shown on the plans. The bottom of trench for sewers
and culverts shall be rounded so that an arc of the circumference equal to 0.6 of the

outside diameter of the pipe rests on undisturbed soil.

Bell holes shall be excavated accurately to size by hand.

2.02 UNSUITABLE BEARING MATERIALS

A.

Should unsuitable bearing materials be encountered at levels indicated and found
to have insufficient bearing values the Engineer may order the excavation carried to
lower depth.

Compensation for the removal and/or replacement of unsuitable bearing materials
shall be in accordance ASTM D2321 requirements.

Excavation of unsuitable bearing materials shall not proceed until the conditions
have been observed by the Engineer and written approval is given by the Owner.
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2.03 PIPE BEDDING

A. The following detail provides trench & pipe zone terminology.

EXCAVATED
TRENCH WIDTH
FINAL

BACKFILL
COVER VGETEH INITIAL =
% : BACKFILL &
2 o
; L
¥ N\ -
PIPE ZONE > 2
‘ / HAUNCHING -
o

SPRINGLINE ' : BEDDING

FOUNDATION

PIPE BEDDING DETAIL
AT 8.

B. The trench floor should be constructed to provide firm, stable, and uniform support
for the full length of the pipe. This can be accomplished by bringing the entire
trench floor level grade and then creating bell holes at each joint to permit proper
joint assembly, alignment and support. Portions of the trench that are excavated
below grade should be returned to grade and compacted as required to provide
proper support. If native trench soil is not suitable for pipe bedding, the trench
should be over excavated and refilled with suitable foundation material either local
sandy material compacted to 90% Std. Proctor or #57 stone depending on the
presence of water and, as approved by the engineer. Bedding material shall be
Class IB or Il as defined in ASTM D2321. Large rocks or hard material should not be
contained in the bedding area (minimum of 6”) below the pipe.

C. The most important factor in assuring proper pipe-soil interaction is the haunching
material and its density. This material provides the majority of the support that the
pipe requires to function properly in regards to deflection and performance. The
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haunching material shall be placed and compacted under the pipe haunches as
shown in the detail above. Proper control should be exercised to avoid deflecting
the pipe from proper alignment. The same material that is used for bedding should
be used for haunching and compacted to the same standards. Haunching material
shall be Class IB or Il as defined in ASTM D2321.

Initial backfill, as shown in the detail above, shall be accomplished with suitable,
compactable material and compacted in 6” layers. Material shall meet the
requirements of Class Ib, Il or Ill as restricted in ASTM D2321.

Final Backfill will be accomplished by placing material in 12” lifts and compacting to
a level determined by the final use of the area above the pipe. Final backfill in
roadways shall require placement of suitable Class IA, IB, Il and Il backfill material,
placed in 12” lifts and compacted to 100% standard proctor (ASTM Test D-698).
Final Backfill outside of roadways shall be Class I, Ill or IVA and lightly compacted to
avoid settling in the future. The top 6” of the final backfill, outside of roadways,
shall be suitable for establishing a final grassed surface.

Material used in the “trench & pipe zone” shall be restricted as per the limitations
and restrictions as outlined in ASTM D2321

2.04 BRACING AND SHORING

A.

C.

The Contractor shall do all bracing, sheeting and shoring necessary to perform and
protect all excavations as required for safety.

Sheeting driven alongside the pipe should be cut off and left in place to an elevation
1.5 feet above the top of the pipe.

All other sheeting shall be removed as directed by the Engineer.

2.05 DEWATERING FOR EXCAVATION

A.

The Contractor shall pump or remove any water accumulated in any excavated
area and shall perform all work necessary to keep excavations clear of water while
foundations, structures or any masonry are being constructed or while pipe is being
laid.

No structure or pipe shall be laid in water, and water shall not be allowed to flow
over or rise upon any concrete or masonry or piping until same has been inspected
and the mortar or joint material has cured.
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C. No extra compensation will be allowed for removal of water.

D. All water pumped or bailed from the trenches or other excavation shall be
conveyed to a point of discharge where it will neither cause a hazard to the public
health, nor damage to the public or private property, or to work completed or in
progress.

2.06 BACKFILL
A. The soil at the sides of a pipe and above it is the backfill.

B. Prior to backfilling any excavation, all piping and structures shall be observed by the
Engineer.

C. After pipes have been tested and approved, backfilling shall be done with approved
material free from large clods or stones.

D. Backfill shall be placed in uniform layers, four inches thick, on both sides of the pipe
and thoroughly compacted with pneumatic or hand tampers. The backfill shall be
brought up uniformly on both sides of the pipe and compacted to an elevation of
one foot above the top of the pipe, after which the fill shall be placed in eight inch
lifts. No rock will be allowed in the backfill within a distance of one foot from the
pipe, and rock larger than six inches in the greatest dimension will not be permitted
in any part of the trench or backfill.

1. Backfill shall be compacted to not less than 95% of the maximum dry weight
per cubic foot as determined by AASHTO Method T-99 (Standard Proctor Test).

2. The top 18 inches of backfill under any paved area shall be compacted to 100%
Standard Proctor.

3. Water settling will not be permitted in clay soils. It may be required at the
option of the Engineer in sandy soils.
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2.07 REPLACING PAVEMENTS
A. Subgrades shall be compacted with a mechanical tamper.

B. The minimum width of replaced concrete pavements shall be 4 feet at interiors and
6 feet at joints and constructed as shown on Standard Details. Avoid cutting
pavements at joints; if unavoidable, reconstruct same as original joint. Depth shall
be equal to the original thickness. Existing pavements edges shall be cut vertical.

C. Use high-early-strength cement if road is to be opened in less than 3 days.

D. The minimum width of replaced bituminous pavements shall be 3 feet with 8 inch
concrete patch. The existing pavement shall be cut vertically and horizontally to a
straight line. The 8 inch concrete patch shall be minimum 3,000 psi concrete

containing black dye and shall be flush with the existing pavement.

END OF SECTION
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SECTION 02415
SITE DEMOLITION

PART 1 GENERAL

1.01

1.02

1.03

DESCRIPTION

This section specifies demolition and removal of buildings, portions of buildings, utilities,
other structures, and debris from trash dumps shown.

RELATED WORK

A.

Demolition and removal of roads, walks, curbs, and on grade slabs outside buildings
to be demolished.

B. Safety Requirements: GENERAL CONDITIONS Article, ACCIDENT PREVENTION.

C. Disconnecting utility services prior to demolition: Section 01 00 00, GENERAL
REQUIREMENTS.

D. Reserved items that are to remain the property of the Owner.

E. Asbestos Removal: See Hazardous Material Sections of General Conditions.

F. Lead Paint: See Hazardous Material Sections of General Conditions.

G. Environmental Protection: See Erosion and Sedimentation Control Specification.

H. Construction Waste Management: See General Requirements Specification.

PROTECTION

A. Perform demolition in such manner as to eliminate hazards to persons and
property; to minimize interference with use of adjacent areas, utilities and
structures or interruption of use of such utilities; and to provide free passage to and
from such adjacent areas of structures. Comply with requirements of GENERAL
CONDITIONS Article, ACCIDENT PREVENTION.

B. Provide safeguards, including warning signs, barricades, temporary fences, warning
lights, and other similar items that are required for protection of all personnel
during demolition and removal operations.

C. Maintain fences, barricades, lights, and other similar items around exposed
excavations until such excavations have been completely filled.

D. Provide enclosed dust chutes with control gates from each floor to carry debris to

truck beds and govern flow of material into truck. Provide overhead bridges of tight
board or prefabricated metal construction at dust chutes to protect persons and
property from falling debris.
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E. Prevent spread of flying particles and dust. Sprinkle rubbish and debris with water
to keep dust to a minimum. Do not use water if it results in hazardous or
objectionable condition such as, but not limited to; ice, flooding, or pollution.
Vacuum and dust the work area daily.

F. In addition to previously listed fire and safety rules to be observed in performance
of work, include following:

1. No wall or part of wall shall be permitted to fall outwardly from structures.

2. Maintain at least one stairway in each structure in usable condition to highest
remaining floor. Keep stairway free of obstructions and debris until that level of
structure has been removed.

3. Wherever a cutting torch or other equipment that might cause a fire is used,
provide, and maintain fire extinguishers nearby ready for immediate use.
Instruct all possible users in use of fire extinguishers.

4. Keep hydrants clear and accessible at all times. Prohibit debris from
accumulating within a radius of 4500 mm (15 feet) of fire hydrants.

G. Before beginning any demolition work, the Contractor shall survey the site and
examine the drawings and specifications to determine the extent of the work. The
contractor shall take necessary precautions to avoid damages to existing items to
remain in place, to be reused, or to remain the property of the Owner; any
damaged items shall be repaired or replaced as approved by the Resident Engineer.

The Contractor shall coordinate the work of this section with all other work and
shall construct and maintain shoring, bracing, and supports as required. The
Contractor shall ensure that structural elements are not overloaded and shall be
responsible for increasing structural supports or adding new supports as may be
required as a result of any cutting, removal, or demolition work performed under
this contract. Do not overload structural elements. Provide new supports and
reinforcement for existing construction weakened by demolition or removal works.
Repairs, reinforcement, or structural replacement must have Resident Engineer’s
approval.

H. The work shall comply with the requirements of the Erosion and Sediment Control
Specification and other sections of this specification.

I.  The work shall comply with the requirements of GENERAL REQUIREMENTS.
1.04  UTILITY SERVICES
A. Demolish and remove outside utility service lines shown to be removed.

B. Remove abandoned outside utility lines that would interfere with installation of
new utility lines and new construction.
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PART 2 - EXECUTION

2.01

2.02

DEMOLITION

A.

Completely demolish and remove buildings and structures, including all
appurtenances related or connected thereto, as noted below:

1. Inaccordance with Building Demolition Specification.
2. Asrequired for installation of new utility service lines.

3. To full depth within an area defined by hypothetical lines located 1500 mm (5
feet) outside building lines of new structures.

Debris, including brick, concrete, stone, metals, and similar materials shall become
property of Contractor and shall be disposed of by him daily, off the project site to
avoid accumulation at the demolition site. Materials that cannot be removed daily
shall be stored in areas specified by the Resident Engineer. Break up concrete slabs
below grade that do not require removal from present location into pieces not
exceeding 600 mm (24 inches) square to permit drainage. Contractor shall dispose
debris in compliance with applicable federal, state, or local permits, rules and/or
regulations.

Remove and legally dispose of all materials, other than earth to remain as part of
project work, from any trash dumps shown. Materials removed shall become
property of contractor and shall be disposed of in compliance with applicable
federal, state or local permits, rules and/or regulations to a permitted site. All
materials in the indicated trash dump areas, including above surrounding grade and
extending to a depth of 1500mm (5feet) below surrounding grade, shall be included
as part of the lump sum compensation for the work of this section. Materials that
are located beneath the surface of the surrounding ground more than 1500 mm (5
feet), or materials that are discovered to be hazardous, shall be handled as
unforeseen. The removal of hazardous material shall be referred to Hazardous
Materials specifications.

Remove existing utilities as indicated or uncovered by work and terminate in a
manner conforming to the nationally recognized code covering the specific utility
and approved by the Resident Engineer. When Utility lines are encountered that are
not indicated on the drawings, the Resident Engineer shall be notified prior to
further work in that area.

CLEAN UP

On completion of work of this section and after removal of all debris, leave site in clean
condition satisfactory to Resident Engineer. Clean up shall include off the off-site disposal of all
items and materials not required to remain property of the Owner as well as all debris and
rubbish resulting from demolition operations.

END OF SECTION
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PART 1 - GENERAL

SECTION 02520
STORM DRAINAGE AND APPURTENANCES

1.01 APPLICABLE STANDARDS

A. Appurtenances shall be constructed in accordance with the referenced Georgia
Department of Transportation Standard Drawings.

B. American Society for Testing and Materials (ASTM):

C-32

C-76

C-144

C-270

C-443

C-913

C-536

Specification for Sewer and Manhole Brick.

Reinforced Concrete Culvert, Storm Drain and Sewer Pipe.
Aggregate for Masonry Mortar.
Mortar for Unit Masonry

Joints for Circular Concrete Sewer and Culvert Pipe, Using Rubber
Gaskets.

Specification for Precast Concrete Water and Wastewater Structures

Test for Continuity of Coatings in Glassed Steel Equipment by Electrical
Testing.

C. Only reinforced concrete pipe will be allowed under roadways or frequently traveled

areas.

PART 2 - PRODUCTS

2.01 MATERIALS

A. Roadway Storm Drainage Pipe: Pipe shall be reinforced Concrete Pipe which conforms
to ASTM Specification C-76 and shall be of sizes shown. Pipe shall be Class Il minimum
and as indicated on GA. D.O.T. Standard 1030 D.
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B. Non Roadway Storm Drainage Pipe: Pipe shall be one of the following:

1.

2.

Corrugated metal pipe shall conform to AASHTO designation M-36, AREA Manual
1-4 requirements for corrugated metal culverts, or Federal Specification QQ-C- 806,
with the following applicable requirements:

a.

The outside and inside surfaces of the corrugated metal pipe shall be
completely coated with bituminous material with a minimum thickness of 0.05
inch at the crest of the corrugations. Immediately prior to the application of the
bituminous coating, the corrugated metal pipe shall be cleaned of all dirt,
grease, mill scale, or loose rust and shall be dry.

The outside and inside surfaces of the corrugated metal pipe shall be
completely coated with a pure aluminum coating metallurgically bonded by an
alloy layer between the steel and the aluminum. The coating shall be applied at
a minimum of 1 o0z./sq.ft., 2 mils. each side. The weight of aluminum (total both
sides) shall be as follows: Minimum check limit triple-spot test=1.00 oz/sq feet,
minimum check limit single-spot test=0.90 oz/sq feet. The aluminized steel pipe
shall be Armco Aluminized Steel Type 2 or equal.

All rivets shall be placed in the inside valley of the corrugations. The interior
coating shall be protected against damage from insertion or removal of struts or
tie wires. Lifting lugs, where used, shall be so placed as to facilitate moving the
pipe without damage to the exterior or interior coating. All lateral pipe shall be
sixteen (16) gauge. All pipe under possible traffic areas will be twelve (12) or
fourteen (14) gauge as indicated.

To facilitate field jointing, the ends of pipes with helical corrugations shall be
rerolled to form circumferential corrugations from the end. The diameter of the
reformed ends shall not exceed that of the pipe barrel by more than the depth
of the corrugation.

Polyvinyl chloride (PVC) pipe shall be manufactured and tested in accordance with

specification for "Poly (Vinyl Chloride) PVC Large Diameter Ribbed Gravity Sewer
Pipe and Fittings Based on Controlled Inside Diameter." The pipe and fittings shall be
made of PVC plastic and shall have a smooth (not ribbed or corrugated) inside
surface.

a. All pipe shall be bell and spigot. The bell shall consist of an integral wall section

or an internal plastic sleeve. The solid cross section rubber ring shall be factory
assembled on the spigot. Size and dimensions shall be as shown on the plans.
Standard laying length shall be 13 feet +1 inch.
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b. All fittings and accessories shall be as manufactured and furnished by the pipe
supplier or approved equal and have bell and/or spigot configurations
compatible with that of the pipe.

c. Pipes shall be designed to pass all tests described herein at 73° F (£ 3° F).

d. The pipe stiffness shall equal or exceed 10 psi when tested in accordance with
ASTM D 2412.

3. High density Polyethylene (HDPE) pipe shall be manufactured for use in
nonpressure storm sewer. The pipe shall be manufactured to meet AASHTO M294,
Type ‘S’ for 12” through 36” and AASHTO MP6-96, Type ‘S’ OR ‘D’ for 42” and 48"
pipe. The pipe and fittings shall be made from HDPE material and shall have a
smooth (not ribbed or corrugated) inside surface.

a. All pipe shall be bell and spigot. The bell shall be an integral part of the pipe.
The joint shall use a gasket to form a water tight connection meeting ASTM
D3212. Gaskets shall be installed in the bell or in the spigot by the
manufacturer. The use of Silt tight fittings may be requested in lieu of water
tight connection if approved by the engineer.

b. All fittings shall conform to AASHTO M294 or MP6-95. Fabricated fittings shall
be welded on the interior and exterior at all junctions.

c. Pipe and fittings material shall be high-density polyethylene meeting ASTM
D3350.

d. Installation shall be in accordance with ASTM D2321.

e. Pipe may be Advanced Drainage System, Inc., N-12 or N-12 HC or Hancor Sure
Lok 10-8 pipe.

f.  HDPE end sections are NOT allowed.

C. Pipe Joints:
1. Joints for concrete pipe shall be one of the following types:

a.
b.
C.

Bell and spigot with rubber gaskets.
Tongue and groove with rubber gaskets.
Tongue and groove with preformed plastic gaskets.
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2.

4.

Rubber Gaskets shall conform to ASTM Specification C443. Only a neutral agent
shall be used as a lubricant. Preformed Plastic Gaskets shall conform to Federal
Specification SS-5210, Type I-rope form.

Field joints of corrugated steel pipe shall maintain pipe alighnment during

construction and prevent infiltration of side material during the life of the
installation. Circumferential and longitudinal strength shall be provided in
accordance with the structural joint performance criteria of Division 2, Section 23 of
the AASHTO standard specification for Highway Bridges. The bands shall be
constructed in such a manner that will effectively engage the pipe ends. Coupling
bands shall not be more than 3 nominal sheet thicknesses lighter than the thickness
of the pipe to be connected and in no case lighter than 0.052 inches. Bolts and nuts
for coupling bands shall conform to the requirements of ASTM Designation: A307.

Bands shall be furnished to lock with the circumferential corrugations, including
rerolled end helical pipe. The corrugated bands shall be not less than 7 inches wide
for diameter 4 to 36 inches, inclusive, and not less than 10 1/2 inches wide for all

other pipe diameters.

NO DIMPLE BANDS WILL BE ALLOWED.

Joints for PVC pipe must be an integral bell gasketed joint which forms a silt tight

joint.

D. Precast Concrete Manhole Sections:

ASTM (913, except that spacing of manhole steps or ladder rungs shall not exceed 12
inches.

E. Masonry Manholes: Shall be constructed of the following materials:

PwnPE

Brick: ASTM C32, Grade MS

Mortar of Masonry: ASTM C279, Type M.

Aggregate for Masonry Mortar: ASTM C144.

Water for Masonry Mortar shall be fresh, clean and potable.
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2.02

METALS

1. Frames, Covers, and Grating: Frames, covers, and grating shall conform to AASHTO
M-306-07 and shall be of grey iron castings.

2. Manhole Steps: Manhole steps shall be constructed of a number of 3 reinforcing
bar encapsulated in polypropylene plastic with a non-skid tread. Finished
dimensions of the steps shall be identical to that of malleable iron manhole steps.
Steps to have a minimum tread width of 12 inches.

DELIVERY AND STORAGE

Storm Drainage Pipe: Care shall be exercised in loading and unloading pipe, fittings,
specials and castings at all times in order to avoid shock and damage to the materials.
Lifting shall be by hoist or by rolling on skids. Dropping will not be permitted. The
Contractor shall be responsible for the safe handling of all materials and no damaged
materials shall be used in the work. Materials shall be inspected upon arrival at the site,
and any damaged or defective materials shall be immediately removed from the site. All
materials shall be stored above grade.

Cementious Materials: Cementious materials in bags shall be stored in enclosed
structures; floors shall be elevated above the ground a distance sufficient to prevent the
absorption of moisture.

Metal Items: Metal items, including reinforcing steel, shall be stored above grade in a
manner which will not cause excessive rusting or coating with grease or other
objectionable materials.

PVC Pipe: PVC pipe shall be stored protected from sun light by means of covering the
pipe or storing inside a building or under a covered shed. Any pipe showing signs of
prolonged outside storage (i.e. faded exterior color or signs of drying) shall be rejected.

Aggregates: Aggregates shall be stored on areas to prevent the inclusion of foreign
material. Aggregates of different sizes shall be stored in separate piles. Stockpiles of
coarse aggregate shall be built in horizontal layers not exceeding 4 feet in depth to
minimize segregation. Should the coarse aggregate become segregated, it shall be
remixed to conform to the grading requirements.

Brick, Concrete Masonry Units and Precast Concrete Manholes: Brick, concrete masonry
units and precast concrete manholes shall be handled with care to avoid chipping and
breakage, and shall be stored to protect them from contact with the earth and exposure
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to the weather, and shall be kept dry until used. Masonry units or precast concrete
containing frost or ice shall not be used.

PART 3 — EXECUTION

3.01

A.

3.02

DRAINAGE PIPE

Each section of pipe shall be carefully examined before being laid, and defective or
damaged pipe shall not be used.

Under no circumstances shall pipe be laid in water, and no pipe shall be laid when
trench conditions or weather are unsuitable for such work. Diversion of drainage or
dewatering of trenches during construction shall be provided as necessary. Pipe shall be
laid true to line and grades indicated and shall rest upon the pipe bed for the full length
of each section. Runs of pipe shall be laid with outside bells or grooved ends up-grade
beginning at the lower end of the pipe line. Pipe having its grade and/or joint disturbed
after laying shall be removed, cleaned, and relayed.

When pipes are protected by head walls or connect with drainage structures, the
exposed ends of the pipe shall be placed or cut flush with the inside face of the
structure. After the pipe is cut the rough edges shall be smoothed up in an approved
manner. All pipe shall be laid so that markings are on top and the inner surfaces abut
neatly, tightly and smoothly.

All pipe in place shall be observed by the Engineer before being covered and concealed
unless this requirement is waived by the City Inspector and the Design Engineer.
Contractor shall clear all pipe of silt debris prior to final acceptance.

CORRUGATED METAL PIPE JOINTS

Corrugated metal pipe shall be butted to form a smooth joint; the space between the
pipe and coupling bands shall be kept free from dirt and grit so that the corrugations fit
snugly. The coupling band while being tightened shall be tapped with a soft head mallet
of wood, rubber or plastic to take up slack and insure a tight joint. Coupling band bolts
and damaged areas of the coupling bands and pipe shall be given a coating of
bituminous cement. Pipe on which the asphalt coating has been damaged to such
extent that satisfactory field repairs cannot be made will be replaced.
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3.03

3.04

3.05

CONCRETE PIPE JOINT

Joint installation shall be in accordance with the recommendations of the manufacturer
of the joint material. Surfaces to receive lubricants, cements or adhesives shall be clean
and dry. Gaskets and jointing materials shall be affixed to the pipe not more than 24
hours prior to the installation of the pipe, and shall be protected from the sun, blowing
dust and other deletious agents at all times. Gaskets and jointing materials shall be
inspected before installation of the pipe, and any loose or improperly affixed gaskets
and jointing materials shall be removed and replaced.

The pipe shall be aligned with the previously installed pipe, and the joint pulled
together. If, while making the joint, the gasket or jointing material becomes loose and
can be seen through the exterior joint recess when the joint is pulled up to within one
inch of closure, the pipe shall be removed and the joint remade.

MASONRY WORK

Mortar for Masonry: Mortar for brick masonry, rubble stone masonry, and for bedding
cast iron frames in masonry shall be Type M, conforming to ASTM C270.

Mortar for pargetting Masonry Walls: Mortar for pargetting masonry walls below grade
shall be Type M, conforming to ASTM C270.

Brickwork: Brick in circular walls shall be laid in all header courses to form full and close
mortar joints, ends and sides in one operation. Vertical joints shall be radial from the
center. Brickwork around pipe inlets and outlets shall not be allowed. Gaps shall be
poured with concrete.

Masonry Structures: Masonry structure walls shall be constructed of brick, concrete
masonry units or precast concrete structural sections.

PRECAST CONCRETE

Walls shall be constructed on a footing of cast-in-place concrete, except that precast
concrete base sections may be used for precast concrete structure risers. Precast base
sections shall conform to the applicable requirements for precast risers and tops in
ASTM (C913. Mortar that has hardened to the extent that it cannot be made workable
without the addition of water shall not be used. Thickness of parget shall be not less
than 1/2 inch. No pargetting will be permitted on the inside of structures. Pargetting
will not be required for precast concrete structures. Joint work inside masonry
structures shall be smooth.
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B.

3.06

3.07

One course of brick work is allowed for leveling and adjustment. All other adjustments
must be poured in place concrete with a maximum height of 24 inches.

For single and double wing catch basins a concrete pad shall be poured 4 inches thick
with @ minimum slope of 1” per foot away from the curb and gutter and towards the
box.

METAL WORK

Iron and steel shall be formed to shape and size with sharp lines and angles. Shearing
and punching shall produce clean true lines and surfaces. Casting shall be sound and
free from warp, cold shuts, and blow holes that may impair their strength or
appearance. Exposed surfaces shall have a smooth finish and sharp well defined lines
and arises. The necessary rivets, lugs, and brackets shall be provided.

FIELD TEST

A light held in a drainage structure shall show a practically full circle of light through the
pipe when viewed from the adjoining end of the line.

Lines under pavements shall be tested for infiltration by means of a suitable weir or
other measurement device as directed by the Owner. When determination of infil-
tration is not practicable because of dry trench conditions, an exfiltration test shall be
applied by filling with water so that the hydraulic head will be at least 6 inches above
the crown of the upper end and of the section being tested. The amount of leakage
(infiltration or exfiltration) shall not exceed 100 gallons per inch of diameter per day per
mile of pipe.

END OF SECTION
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SECTION 02540
EROSION CONTROL

PART 1 - GENERAL

1.01

The work specified in this Section consists of furnishing, installing and maintaining

temporary erosion controls and temporary sedimentation controls.

1.02

DEFINITIONS

A. Temporary erosion controls shall include grassing, mulching, watering and reseeding

B.

on-site sloped surfaces, providing berms at the top of the slopes and providing
interceptor ditches at the ends of berms and at those locations which will ensure that
erosion during construction will be either eliminated or minimized.

Temporary sedimentation controls shall include silt dams, traps, barriers and
appurtenances at the toe slopes.

PART 2 - MATERIALS

2.01

2.02

2.03

2.04

Hay bales shall be clean, seed free cereal hay type, securely bound.
Netting shall be 1/2 inch, galvanized steel chicken wire mesh.
Filter stone shall be crushed stone conforming to the Department of Transportation -

State of Georgia-Standard Specifications — Construction of Transportation Systems -
2013 - Table 800.01, Size Number 3.

Rolled Erosion Control Products:

Mulch Control Netting. A planar woven natural fiber or extruded geosynthetic mesh
used as a temporary degradable rolled erosion product anchor loose fiber mulches

Max. Gradient = 5:1 (H:V) in slope application

C Factor =<0.10 @ 5:1 in slope application

Max Shear stress 0.25 Ib/sf in channel application

Min. Tensile Strength ultra short (3 mo) and short (12 mo) term =5 lbs/ft

Min Tensile Strength extended term ((24 mo) = 25 lbs/ft

Open Weave textile. A temporary degradable rolled erosion control product composed
of processed natural or polymer yarns woven into a matrix, used to provide erosion
control and facilitate vegetation establishment.
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Max. Gradient = 3:1 (H:V) in slope application

C Factor =<0.15 @ 3:1 in slope application

Max Shear stress = 1.5 lb/sf in channel application

Min. Tensile Strength ultra short (3 mo) and short (12 mo) term = 50 Ibs/ft
Min Tensile Strength extended term ((24 mo) = 100lbs/ft

C. Erosion Control Blanket. A temporary degradable rolled erosion control product
composed of processed natural or polymer fibers mechanically, structurally or
chemically bound together to form a continuous matrix to provide erosion control and
facilitate vegetation establishment.

Netless Rolled Erosion Control Blankets:

Max. Gradient = 4:1 (H:V) in slope application

C Factor =<0.10 @ 4:1 in slope application

Max Shear stress = 0.5 lb/sf in channel application

Min. Tensile Strength ultra short (3 mo) and short (12 mo) term =5 lbs/ft

Single-net Erosion Control Blankets:

Max. Gradient = 3:1 (H:V) in slope application

C Factor =<0.15 @ 3:1 in slope application

Max Shear stress = 1.5 lb/sf in channel application

Min. Tensile Strength ultra short (3 mo) and short (12 mo) term = 50 Ibs/ft
Min Tensile Strength extended term ((24 mo) = 100lbs/ft

Double-net Erosion Control Blankets:

Max. Gradient = 2:1 (H:V) in slope application

C Factor =<0.2 @ 2:1 in slope application

Max Shear stress = 1.75 Ib/sf in channel application

Min. Tensile Strength ultra short (3 mo) and short (12 mo) term = 75 Ibs/ft

D. Turf Reinforcement Mat. A rolled erosion control product composed of non-degradable
synthetic fibers, filaments, nets, wire mesh,and/or other elements, processed into a
permanent, three dimensional matrix of sufficient thickness. TRMs, which may be
supplemented with degradable components, are designed to impart immediate erosion
protection, enhance vegetation establishment and provide long term functionality by
permanently reinforcing vegetation during and after maturation. These products are
typically used in hydraulic applications such as high flow ditches, channels, steep slopes,
stream banks, and shorelines, where erosive forces may exceed the limits of natural,
unreinforced vegetation.

Slope Application max gradient = 0.5:1 (H:V)
Channel Application Max Shear Stress: 5A, B,C as defined in FHWA guidelines
5A = 6.0 Ib/sf, 5B = 8.0 Ib/sf, 5C = 10.0 lbs/sf
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Min. Tensile Strength: 5A, B,C as defined in FHWA guidelines
5A =125.0 Ib/ft, 5B = 150.0 Ib/ft, 5C = 175.0 lbs/ft
5A, B,C as defined in FHWA guidelines

PART 3 — EXECUTION

3.01 SEDIMENTATION CONTROL

A.

Silt dams, traps, barriers, and appurtenances shall be installed and shall be maintained
in-place for duration of construction.

Hay bales shall be staked with two (2) 1 x 4 wood stakes per bale driven eighteen (18)
inches into the ground and finishing flush with the top of the bale.

1. Install two (2) stakes per bale with the long dimension of the stakes parallel to
the long dimension of the bale.

2. Where bales are installed in multiple layers the bales shall be installed with
vertical joints staggered and two (2) 1 x 4 wood stakes per bale driven through
all layers, full from top of bale to eighteen inches into the ground.

Hay bales which have deteriorated shall be replaced with new materials.

Erosion and sedimentation controls shall be maintained in a condition which will retain
unfiltered water.

The Contractor shall construct the sedimentation ponds and control devices prior to
clearing and grubbing the site to insure complete silt control. When the silt or the debris
level is greater than 1 foot above the bottom of the pond, the Contractor shall remove
the silt or debris to restore the proper elevation for the bottom of the pond.

The Contractor shall have all erosion and sedimentation control devices in service and
operating properly prior to completion and final acceptance of the contract.

Two widths of silt fence are available, Type A or C (36” height) and Type B (22” height).
In order to determine which to use, the project duration, slope gradient, and slope
length must be known (See Table 6-13.1 below). Approved silt fence fabrics are listed in
the Georgia Department of Transportation list #36. The manufacturer shall have either
an approved color mark yarn in the fabric or label the fabricated silt fence with both
the manufacturer and fabric name every 100 feet.
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TABLE 6-13.1

3.02

Land Slope Maximum Slope Length
Behind Fence
Percent feet
<2 100
2to5 75
5to 10 50
10to 20 25
>20 15

All silt fence must meet the minimum standards set forth in Section 171- temporary Silt
Fence, of the Department of Transportation, State of Georgia, Standard specification,
current edition. See Table 6-13.5 for current Georgia DOT silt fence specifications.

EROSION CONTROL BALNKET INSTALLATION

Prepare a stable and firm soil surface free of rocks and debris. Apply soil amendments
as necessary to prepare seedbed. Place fertilizer, water, seed in accordance with
manufacture and specification recommendations. Unroll parallel to the primary
direction of flow. Ensure that the product maintains intimate contact with the soil over
the entire installation. Do not stretch or alow material to bridge over the surface.
Staple/stake blanket to soil such that each staple/stake is flush with the underlying soil.
Install anchor trenches, seams and terminal ends as specified.

The Upslope Trench, Seams and Terminal Ends may be secure by anchor trench, checks,
slots or staples as outlined in Erosion Control technology Council (ECTC) standards for
upslope security.

Staple installation shall be at a rate of 1.7 staples per square yard minimum. Sandy or
silty soils may require more. Wet installations may require a more density securing.

If seaming method is used seams shall overlap at least 4” and staples must be placed at
sufficient spacing to avoid separation.

Staples must be placed at 4”x 4” spacing on check slots and check seams.

Consecutive rolls shall have overlaps of at least 6” and secured with staples every 1 foot.
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3.03 RESPONSIBILITY

A. The Contractor shall be solely responsible for insuring that no silt or debris leaves the
immediate construction site. Any silt or debris that does leave the immediate site shall
be cleaned up and the area disturbed shall be returned to its natural state as directed by
the Engineer at the Contractor’s expense.

B. The Contractor has the option to submit additional control measures in the form of
shop drawings.

END OF SECTION
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SECTION 02555
WATER DISTRIBUTION SYSTEM

PART 1 - GENERAL

1.01

1.02

GENERAL

Water distribution systems shall be designed to sustain EPD’s standards for safe drinking
water quality. Special consideration should be given to distribution main sizing,
providing for design of multidirectional flow, adequate valving for distribution system
control, and provisions for adequate flushing. Distribution systems should be designed
to maximize turnover and to minimize residence times while delivering acceptable
pressures and flows.

REFERENCE STANDARDS
American Water Works Association (AWWA):

C104 Cement-Mortar Lining for Ductile-lron Pipe and Fittings

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

C151 Ductile-lron Pipe, Centrifugally Cast

C300 Reinforced Concrete Pressure Pipe, Steel-Cylinder Type

C500 Gate Valves 3" 48" for Water and Other Liquids

C502 Dry Barrel Fire Hydrants

C600 Installation of Cast Iron Water Mains

C651 Disinfecting Water Mains

C800 Threads for Underground Service Line Fittings

C900 Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 4 In. - 60 In.

American National Standards Institute (ANSI):

A21.10 Gray Iron and Ductile Iron Fittings, 2" 48" for Water and Other liquids

A21.11 Rubber Gasket Joints for Cast Iron and Ductile Iron Pressure Pipe
Fittings

A214 Cement Mortar Lining for Cast Iron and Ductile Iron Pipe and Fittings
for Water

A21.51 Ductile Iron Pipe, Centrifugally Cast in Metal or Sand Lined Molds, for
Water or Other Liquids

B 18.2 Square and Hex Head Bolts and Screws

American Society of Testing and Materials (ASTM):
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1.03

1.04

1.05

A 47 Malleable Iron Castings

A48 Gray Iron Casting

A 88 Seamless Copper Water Tube

A 240 Chromium and Chromium Nickel Stainless Steel Plate Sheet and Strip for
Fusion Welded Uni fired Pressure Vessels

A 307 Low Carbon Steel Externally and Internally Threaded Standard Fasteners

D 1784 Rigid Poly (Vinyl chloride) Compounds, and Chlorinated Poly (Vinyl
Chloride) Compounds

D 2239 Polyethylene (PE) Plastic Pipe (SDR PR)

D 2241 Poly Vinyl Chloride (PVC) Plastic Pipe (SDR PR and Class T)

D 3139 Joints for Plastic Pressure Pipe Using Flexible Elastomeric Seals

Rule for Safe Drinking Water, Georgia State EPD: Chapter 391-3-5.10
DESCRIPTION

All valves of the same type shall be from a single manufacturer. Parts for valves of the
same type and size shall be interchangeable. Spare parts shall be furnished where
required in the payment items. Special tools required for repacking or dissembling
valves shall be provided.

All valves shall open left (counterclockwise).
SUBMITTALS

Six copies of the manufacturer's drawings and catalog cuts of the following items shall
be submitted for approval of the Design Engineer:

Pipe

Fittings

Joints and Couplings
Hydrants

Valves

vk wnN e

PRODUCT DELIVERY, STORAGE, AND HANDLING

Materials delivered to the site shall be inspected for damage, unloaded, and stored with
the minimum of handling. Store materials on site in enclosures or under protective
coverings. Store plastic piping and rubber gaskets under cover and protect from
exposure to direct sunlight. Store materials above ground. Interior of pipe and fittings
shall be kept free of dirt and debris.
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B.

Pipe, fittings, valves, hydrants, and other accessories shall be handled to insure delivery
to the point of installation in sound undamaged condition. If coatings or linings of pipe
or fittings are damaged, such pipe or fittings shall be removed from the site and new
materials furnished. Pipe shall not be dragged. Rubber gaskets that are not installed
immediately shall not be left in the sunlight but shall be stored under cover and
protected from exposure to direct sunlight.

PART 2 - PRODUCTS

2.01

A.

POLYVINYL CHLORIDE PIPE (PVC)

IPS Size PVC Pipe: Class 200 SDR 21 - Polyvinyl chloride water main pipe shall conform to
Designation ASTM D2241 and shall consist of Type |, Grade 1 PVC compound conforming
to ASTM D1784. All pipe shall be Class 200, SDR 21. The standard laying length shall be
20 ft. 1 inch.

DIP Size PVC Pipe: AWWA C-900

1. C-900 polyvinyl chloride water main pipe 4” TO 12” shall conform to Designation
ASTM D2241 and shall consist of Type I, Grade 1 PVC compound conforming to
ASTM D1784. All pipe larger than 4” to 12” shall meet the requirements of AWWA
C900, “Poly Vinyl Chloride (PVC) pressure pipe.” All pipe shall be class 200 pipe and
shall meet the requirements of DR14. The standard laying length shall be 20 ft. £1
inch. The FM approved pressure class will be used to determine pressure class.

2. C-905 polyvinyl chloride water main pipe 14” to 30” shall be manufactured from
compounds conforming to PVC cell classification of 12454B as defined in ASTM D-
1784. The integral bell joint system meets the requirements of ASTM D-3139 and
utilizes an elastomeric gasket materials conforming to ASTM F-477. All pipe shall be
class 200 pipe and shall meet the requirements of DR18. The standard laying length
shall be 20 ft. £1 inch.

When DIP size PVC pipe is used two 2” PVC pipe shall be SDR 21, minimum pressure
class of 200psi.

Pipe shall have integral bell and spigot joints. Provisions shall be made for contraction
and expansion at each joint with an elastomeric ring. Threaded or solvent welded type
joints shall not be used. Bell end pipe and couplings with elastomeric gaskets shall meet
the requirements of ASTM 3139.

All fittings such as tees, ells, etc. using welded joints shall be factory welded and shall
meet the same specifications as the welded bell section. Lubricants shall be non-toxic,
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2.02

2.03

2.04

shall not promote biological growth. Solvent cemented joints are not allowed for buried
pipes.

The Contractor shall install a continuous run of 14 gauge copper tracer wire with
underground coating above the top of the PVC pipe 12 inches above the pipe but no
deeper than 48 inches below finished grade. The tracer wire shall be suitable for
detection with metal pipe location equipment.

All water pipe shall be blue in color and labeled “water” every three feet as a minimum.

Pipe shall carry National Sanitation Foundation (NSF) seal and be factory marked with
manufacturer's identification, pipe size, material and pressure rating. Detection tape
shall be placed along all PVC water mains.

DUCTILE IRON PIPE

Ductile iron pipe shall conform to the requirements of ANSI Standard A21.51 and
AWWA C151. All pipe shall class 350. Class designations for the various classes of pipe
shall be painted on the outside of each joint of pipe. Weights shall be conspicuously
painted in white on each joint of pipe after the bituminous coating has hardened.

All joints shall have the same pressure rating as the pipe with which it is used. Joints
shall be rubber gasketed push on or mechanical joint. Joints shall meet the

requirements of ANSI A21.11 and AWWA C111.

Pipes shall be cement lined in accordance with the latest edition of AWWA Standard
c1o04.

GALVANIZED STEEL PIPE

This pipe and fittings shall conform to the requirements of ASTM A120. The pipe shall be
"standard weight", unless otherwise specified.

PLASTIC TUBING

Plastic pipe shall conform to all the requirements of the "Specifications for Polyethylene
(PE) Plastic Pipe (ADR PR)", as they apply to PE 3306 of ASTM D2239.

The hydrostatic design stress shall be 630 psi for water at 23° centigrade (73.4° F) and
500 psi for water at 37.8° C (100° F).
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C. The polyethylene extrusion compound from which the pipe is extruded shall meet the

2.05

2.06

requirements of Type lll, Grade 3, Class C material as described in "Specification for
Polyethylene Molding and Extrusion Materials", ASTM D1248, except that melt index
shall be determined under a higher temperature than any of the conditions as listed in
Section 6(b) of "Method of Test for Measuring Flow Rates of Thermoplastics by
Extrusion Plastometer", ASTM D1238. The test condition shall be the same as for
condition J, except that the temperature shall be 310° C (590° F), with a load of 12 5
kilograms. Under these conditions the resin shall extrude at a maximum rate of 0.25
grams per ten (10) minutes. The pipe shall be homogeneous throughout and free of
visible cracks, holes, foreign inclusions or other defects. The pipe shall be uniform in
color, capacity, density, and other physical properties.

The size, the type of plastic pipe material, dimension ratio, commercial standards with
which the pipe complies, the manufacturer's name and the National Sanitation
Foundation (NSF) seal of approval, shall be conspicuously marked on the outside of the
pipe at intervals of not more than five (5) feet.

FITTINGS

Fittings shall be ductile iron and shall conform to the latest edition of AWWA Standard
C110 or C153. The fittings shall be of the lightest class conforming to the pressure rating
of the pipelines in which they are installed. In no case shall the fittings be lighter than
class 200.

Fittings for galvanized steel pipe shall be malleable iron conforming to ANSI B16.3
except the nipples and couplings shall be the same material as the pipe. All fittings shall

be hot dip galvanized in accordance with ASTM A120.

Pipe having mechanical joints or slip-on joints with rubber gaskets shall be used. Lead-
tip gaskets shall not be used.

The mechanical joint shall meet the requirements of AWWA C111 and shall have the
same pressure rating as the fitting of which it is a part.

Fittings shall be cement lined in accordance with the latest edition of AWWA Standard
Cc104.

HYDRANTS

All fire hydrants shall conform to AWWA C502.
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2.07

All fire hydrants shall have a 6" mechanical joint inlet connection and be equipped with
a 51/4 inch valve, two 2 1/2 inch hose nozzles, and one 4 1/2 inch pumper connection,
all with ANSI (National) standard threads. Operating nuts shall be 1 1/2 inch, pentagon

type.
All fire hydrants shall be equipped with "O" ring-type stem seals.

All fire hydrants shall be designed for 150 psi working pressure and 300 psi test
pressure.

All fire hydrants shall be equipped with a 6" gate valve, complying with other sections of
the specifications, installed on the fire hydrant lead between the hydrant and the main.

The Contractor shall paint the hydrant with XO 14 Tractor Red (Federal Safety Color)
paint.

All fire hydrants shall be designed such that clockwise rotation of the stem closes the
valve and counterclockwise rotation opens the valve. Hydrant covers shall have the
word "Open" and an arrow showing the proper rotation of the operating nut cast in or
permanently attached.

An independent drain shall be provided, completely draining the hydrant after use. The
drain shall be activated to the open position by the closing of the hydrant valve. The
drain rod shall be easily cleaned. The drain shall have a protective shield integral with
the hydrant base to minimize clogging and prevent undermining.

All working parts of the hydrant shall be easily removed for inspection or servicing
without digging or the use of hoists or derricks or special tools. The hydrant cover and
stand pipe shall be removable without requiring the water to be shut off.

Each fire hydrant shall be equipped with a ground line mounted breakaway flange and
cast iron safety stem coupling specially designed so that upon sustaining severe impact
the hydrant will shear off at the ground line without loss of water in the main.

All fire hydrants shall be Mueller standard or equal as approved by the Engineer.
METERS

All meters shall be approved first-line products of recognized manufacturers and shall

be compatible with the meter reading system currently being used by the water system
owner and operator.
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2.08

2.09

Meters, meter materials, and meter test shall conform to applicable AWWA
Specifications and shall meet or exceed current AWWA Specifications.

Each meter shall have manufacturer’s serial number on the lid.
All body parts as cases, boxes, and lids shall be of bronze composition.
Meters shall be split case, positive displacement type.

The register shall read in U.S. Gallons and shall be hermetically sealed and driven by
permanent magnets.

METER BOXES

The meter box shall be the approved standard product used by the water system owner
and operator.

They shall be rectangular and of adequate dimension to accommodate the specified
meters.

Boxes shall have cast iron or polyethylene covers labeled "WATER METER".

Boxes for 5/8" by 3/4" meters shall have inside width not less than 10 inches, inside
length not less than 15 inches and overall height not less than 12 inches.

Boxes shall be designed and built to withstand traffic loads typical of yard installations.
VALVES

All valves 2" in diameter and smaller shall be constructed of brass or bronze except that
the hand wheel which shall be of malleable iron construction with screwed ends. All
valves 2 1/2" in diameter and larger shall have flanged ends for interior service and
mechanical joints for buried service unless otherwise approved. They shall be iron body,
bronze mounted, except that in the smaller sizes the valves may be all bronze.

Gate Valves:

1. Gate valves smaller than three inches shall meet the requirements of Fed. Spec.
WW V 54, Class A, 125 pounds.
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2. Gate valves three inches and larger shall have nonrising stems and shall meet the
requirements of AWWA Standard C 500. Valves for lighter pressures than the
AWWA Standard shall meet the requirements of the above specifications except
that the requirements for metal thickness and strengths and structural designs
shall be adjusted as required to meet hydrostatic test pressures not less than
150 psi.

3. All gate valves shall have standard stuffing box seals. Bonnet bolts, studs and
nuts shall be cadmium plated. Seating devices shall be bronze to iron or bronze
to bronze. The glands shall be bronze or bronze bushed. Gland bolts and nuts
shall be bronze.

4, All gate valves shall be of the double disc or wedge type. The wedge or disc shall
be totally encapsulated in rubber. The sealing rubber shall be permanently
bonded to the wedge or disc to meet ASTM tests for rubber metal bond ASTM
D249.

5. Valves to have two inches square operating nut, with the exception that gate
valves in altitude valves pits shall have hand wheels.

6. Valves buried in ground or located in vaults or structures shall have suitable
extensions for socket operation with top of operating nut located two feet below
finished grade maximum.

7. Any valve installed in a vault readily accessible for entry shall be equipped with
handle wheels in lieu of operating nuts. No hand wheels are allowed in buried
valves.

C. Check Valves:

1. Check valves 2" through 24" shall be iron body, bronze mounted swing check
valves meeting the requirements of AWWA Standard C508 76.

2. The check valve shall be metal to metal or composite to metal seat construction
with flange ends or screw and coupled ends.

D. Altitude Valves:
1. All altitude valves furnished for use in the systems shall be equipped for showing

at all times the position of the valve. Said altitude valves shall be of the size
specified on the drawings and suitable for the use intended.
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2.10

2. The Contractor shall supply the services of a qualified manufacturer's
representative to check and calibrate each altitude valve installation for proper
working pressure and sequence.

Air Release Valves

1. Air release valve shall have all bronze body and bonnet. They shall be the direct
acting type.

2. Valves shall be hydrostatically tested to at least 150 psi.

3. The valve shall have stainless steel floats and an internal coating with rust
inhibitors.

BACKFLOW PREVENTERS

The backflow preventers used shall be those specifically designed for use in connections
when the danger from backflow presents a health hazard.

All domestic backflow preventers shall be of the reduced pressure type or double check
type as shown on plans. All fire protection system backflow preventers shall be of the
double check detector type.

Backflow preventers 3/4" to 2" shall be Ames LF 2000 B, LF 4000 B, or equal meeting or
exceeding the following specifications:

Mainline Case — Bronze or Copper Alloy
Working Parts Bronze & Stainless Steel
Springs Stainless Steel

Diaphragms Buna N and Mylar

Valve disc Silicone Rubber

Check Valve Enclosure Glass Reinforced Plastic
Maximum Rated Working Pressure 175 psi
Temp. Range 33° 180°F

D. Backflow Preventers 2%" to 10" shall be Ames M200, M400, or LFM300 Lead Free or

equal meeting or exceeding the following specifications:

Body 8" 10" Stainless Steel
Body 2%:" 6" Stainless Steel
Working Parts Stainless Steel
Springs 2%" 6" Stainless Steel
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Springs 8" 10" Stainless Steel

Valve Disc Silicone Rubber

Maximum Rated Working Pressure 175 psi
Temp. Range 33° 140°F

E. Backflow preventers larger than 10" shall be designed for conditions that do present a

health hazard. It shall be the reduced pressure type and depending on the application,
may require detection of leaks or unauthorized use. Detectors above 10" shall be
submitted for approval. The submittal shall include complete shop drawings. The
submittal will be reviewed based on the product's ability to meet the needs of the
project and the Owner.

PART 3 — EXECUTION

A. All valves shall be carefully mounted in their respective positions free from distortion

3.01

and strain. All valves shall be properly packed and left in satisfactory operating condition
at the completion of the project.

Valve box, cover, and the concrete pad shall be installed with each valve as shown in
miscellaneous details.

PIPE INSTALLATION

PVC pipe shall be installed in accordance with the Uni Bell Plastic Pipe Association guide
for installation of polyvinyl chloride plastic pressure pipe for municipal water main
distribution system and the printed recommendations of the manufacturer.

Ductile iron pipe shall be installed in accordance with AWWA C600. Concrete pipe shall
meet the latest edition of AWWA Standard C300.

Pipeline alignment and gradient shall be straight or shall follow true curves as near as
practicable. Curvature in pipelines, where required, shall be well within the allowable
laying radius, horizontal and vertical.

Excavation, cleaning, laying, jointing and backfilling shall follow as closely as is possible
so as to progress the work. In no case shall pipe be left in the trench overnight without
completing the jointing. The completed pipeline shall not be left exposed in the trench
unnecessarily, and the Contractor shall backfill and compact the trench as soon as is
possible after laying and jointing is completed. Each day at the close of work, and at all
times when laying is not in progress, the exposed end of the pipeline in the trench shall
be closed with a head or barrier of wood or metal. If at any time it becomes necessary
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3.02

to cover the end of any uncompleted pipe line with backfill, the end of that pipe shall be
closed with a mechanical joint plug.

The Contractor shall keep exposed ends of pipe properly plugged during laying to
prevent dirt and other materials from entering the line, and shall also, before the
system is accepted, thoroughly clean all lines.

Thrust Blocks (Reaction Blocking) shall be provided as specified AWWA C600. All
exposed pipes, valves, hydrants, etc., shall be securely strapped and all ends and bends
braced.

Other means of pipe restraining in addition to thrust blocking shall include "mega lug"
utilization and all threads bolted through fittings in accordance with AWWA C600.
Thrust blocking may not be eliminated with the use of joint restraint.

Mechanical joints shall be made only by experienced mechanics. Sockets and spigots
shall be washed with soapy water before slipping gland and gasket over spigot. The
spigot shall be inserted in the socket full depth. The gasket shall be brushed with soapy
water, and pushed into position making sure the gasket is evenly seated in the socket.
The gland shall then be properly positioned for compressing the gasket. All bolts and
nuts shall be tightened with a torque wrench to a uniform, permanent tightness. Bolts
shall be tightened alternately 180 degrees apart. Sockets, spigots, glands and bolts shall
be kept clean and wet with soapy water until each joint is completed.

All water distribution mains shall have a minimum 36" of cover.
INSTALLATION OF MAINS

Water lines must not be installed in contaminated areas such as sanitary landfill or
dump areas.

No water main or pipe shall pass through or come into contact with any part of a sewer
or sewer manhole.

A continuous and uniform bedding shall be provided in the trench for all buried pipe.

Backfill material shall be tamped in layers around the pipe and to a sufficient height
above the pipe to adequately support and protect pipe.

Thrust restraint shall be provided at all points where hydraulic thrust may develop. This
will include providing reaction blocking, tie rods or joints designed to prevent
movement to all bends, tees, valves, plugs, hydrants and other points where thrust may
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3.03

develop. Additional restraints may be necessary on fusible pipe at the connection to
appurtenances or transitions to different pipe materials to prevent separation of joints.
The restraint may be provided in the form of an anchor ring encased in concrete or
other methods as approved by the Division.

Whenever a state route or heavily traveled off-system road or a railroad is crossed, the
agency that has jurisdiction over the road or the railroad must be notified, prior to the
installation of the mains. At the crossing, a steel casing with sufficient diameter must be
jacked and bored to accommodate the carrier pipe. Any free boring at low traffic city
streets and county roads must conform to the applicable local and/or state
requirements.

Installation of water lines and appurtenances along highways, streets and roadways
must comply with the applicable regulations of, and permits issued by, the Georgia
Department of Transportation, local County and Municipality with reference to
construction operations, safety, traffic control, road maintenance and repair.

When non-metallic pipe is installed, detection tape shall be installed.

Any pipe, pipe fittings, plumbing fittings or fixtures, solder, or flux used in the
installation or repair of a public water system must meet the new definition of lead free
meaning: (a) not containing more than 0.2 percent lead when used with respect to
solder; and (b) not more than a weighted average of 0.25 percent lead when used with
respect to the wetted surfaces of pipes, pipe fittings, plumbing fittings, and fixtures.

If soils are found to be aggressive, the water main shall be protected by encasement in
polyethylene, the provision of cathodic protection (in very severe instances), or the use

of corrosion resistant water main materials.

Stones found in the trench shall be removed for a depth of at least six (6) inches below
the bottom of the pipe.

All distribution mains shall be provided with sufficient earth and other suitable cover to
prevent freezing. This shall be not less than 24 inches measured above the top of pipe.

FIRE HYDRANT INSTALLATION
Fire Hydrants shall meet the current AWWA Standard C502.

All fire hydrants shall have 36" minimum pipe cover provided for the branch supply line.
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3.03

Each fire hydrant shall be set on a stable foundation at least 18 inches square and 6
inches thick and shall be blocked against the end of the trench with concrete and
anchored.

Hydrant drainage shall be provided by installing around the hydrant at least 7 cubic feet
of gravel or crushed stone below the top of the hydrant supply pipe.

. The barrel of the fire hydrant shall be set plumb (perpendicular to the ground) with the

lowest discharge outlet at least fifteen (15) inches high but no higher than 24 inches
above finished grade. No fire hydrant shall be installed within 10 feet of any private
driveway. Hydrants shall be located no closer than 5 feet of a curbing and no further
than 12 feet of the curbing.

Immediately before installation of a hydrant, the following operations shall be
performed:

1. The hydrant shall be thoroughly inspected.
2. The hydrant interior shall be thoroughly cleaned.

3. The hydrant shall be opened and closed to determine that all parts are in proper
working order, with valves seating properly and the drain valve operating freely.

HYDROSTATIC TEST

Upon completion of backfilling operations and not less than seven (7) days after the last
concrete blocking anchor has been poured, the pipe system shall be subject to
hydrostatic test.

Pressure and leakage tests shall be performed in accordance with the latest edition of
AWWA Standard C600.

a. For PVC: Allowable leakage shall be no greater than as calculated in L=ND
(P)1/2/7,400 where L is allowable leakage in gallons/hour, N is the number of
joints in the length of pipe tested, D is the nominal diameter of the pipe in inches
and P is average test pressure during the leakage test in pounds per square inch
(psi-gauge).

b. For DIP: Allowable leakage shall be no greater than as calculated in L=SD
(P)1/2/133,200 where L is allowable leakage in gallons/hour, S is the length of
pipe tested in feet, D is the nominal diameter of the pipe in inches and P is
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average test pressure during the leakage test in pounds per square inch (psi
gauge).

C. The system shall be filled with water and all air expelled.

D. The Contractor shall pressurize the system to 1.5 times the working pressure or 150psi,
whichever is greater, at the highest point in the system.

E. The test pressure shall be maintained for two hours.

F. If the pressure cannot be maintained, the cause shall be determined, corrected and test
repeated until successful.

3.04 LEAKAGE TEST
A. Following the pressure test, the system shall be subject to a leakage test.

B. Leakage shall be defined as the quantity of water that must be supplied into the pipe to
maintain the design working pressure after all air in the pipe line has been expelled and
the pipe has been filled with water.

C. Leakage shall not exceed the quantity determined by the formula given below:
L = ND(Square Root of P)/7400

WHERE L = allowable leakage in gallon/hr.

N = number of joints in pipe line

D = nominal diameter of the pipe inches
P

= average test pressure during leakage test in psig

D. If leakage exceeds the allowable rate, leaks shall be found and repaired and the test
repeated until successful.

3.05 CORROSION CONTROL

A. General:
a. All treated water shall be evaluated to ensure that water quality parameters and
characteristics are optimized to obtain the desired water stability throughout the
distribution systems of a water supply.

b. The primary approaches to internal corrosion control in drinking water systems
are to modify the water chemistry to make it less corrosive and to encourage
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formation of passivating films on the contacting surface. This is typically
accomplished through pH and/or alkalinity adjustment or through the addition
of a corrosion inhibitor. Most corrosion control treatment will be beneficial for
reducing corrosion of lead, copper, iron, steel and galvanized pipe.

Where adjustments to water quality parameters such as chlorine residual, pH,
alkalinity or carbonate buffer strength prove insufficient to control corrosion
rates, the use of corrosion inhibitors should be considered. Orthophosphate is
particularly effective for this purpose in most situations.

d. To control corrosion, certain basic approaches can be utilized:

i. Using pipe materials and designing the system so it is not corroded by a
given water;
ii. Modifying the water quality so it is not corrosive to the pipe material; and
iii. Placing a protective barrier or lining between the water and the pipe.

B. Corrosion Control Study:

a.

C.

Monitoring/testing equipment shall be provided for determining the
effectiveness of stabilization treatment and the chemical residuals at the entry
point and in the distribution system, including an acceptable pH probe that
utilizes three standards for calibration.

A sample site location plan for water quality parameter monitoring. Entry point
and distribution system samples shall be collected for water quality data and
other system information pertinent to achieving optimum corrosion control. The
frequency of sampling and number of sites shall be determined by the Division.
The water quality parameters include:

pH Conductivity

Temperature Hardness

Alkalinity Iron

Calcium Manganese Sulfate Aluminum

Ammonia Dissolved Oxygen

Total Phosphorus Natural Organic Matter

Chloride Total and Free Chlorine Corrosion Control
Inhibitors

Total & Free Chlorine (Orthophosphate, Silica)

A summary of all water quality parameter monitoring results. These results
should be evaluated considering the location of sample sites within the

Water Distribution System 2020-48/02555-15



distribution system and used as the basis for considering corrosion control
treatment options.

d. A desktop evaluation utilizing corrosion control computer modeling or regulatory
guidance. The evaluation shall recommend optimal corrosion control treatment
and water quality parameter performance requirements for the selected
treatment.

e. ldentification of possible limitations and secondary impacts for treatment
options.

C. Adjustments to water quality

a. pH adjustment by the addition of lime, caustic soda or soda ash in order to
stabilize the water with regard to calcium carbonate. Advantages of aeration for
iron, H2S or CO2 removal should be balanced against the fact that dissolved
oxygen is a corrosive agent.

b. pH/Alkalinity adjustment includes adding a base or similar chemical to the water
to increase pH to a level where the practical lead or copper solubility lowers,
acids are neutralized, and less soluble metal compounds are formed on the
pipes. Treatment shall be designed to operate within the optimum pH range and
alkalinity concentration.

i. Caustic Soda- Caustic soda (sodium or potassium hydroxide) will increase
the pH with minimal effect on alkalinity and dissolved inorganic carbon
(DIC). A stable pH is very difficult to provide when using caustic soda on
water having low alkalinity. Caustic soda can cause severe burns and
damage the eyes.

ii. Soda Ash- Soda ash (sodium or potassium carbonate) will increase the
alkalinity, DIC, and moderately increase the pH. Soda ash is relatively safe
to handle compared to caustic soda.

c. Aeration

i. Aeration can increase the pH and reduce excess DIC by removing carbon
dioxide. Aeration is most effective when there is an adequate carbon
dioxide concentration in the water.

ii. The carbon dioxide content of aggressive water may be reduced by
aeration.
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3.06

DISINFECTION

Water mains and accessories shall be disinfected in accordance with "Rules for Safe
Drinking Water" as published by the Georgia Environmental Protection Division.

The mains shall be flushed intro the storm drainage system before disinfecting by
maintaining a velocity of at least 2.5 feet per second for a period of ten minutes.

The continuous feed method may be used for any size main or system where
satisfactory quantity and quality water is available. The tablet method shall not be
acceptable.

Following disinfection of the water system, the system shall be flushed until chlorine
concentration is less than 1 milligram per liter. Flushing shall not allow chlorinated
water to be discharged into the storm sewer system without first allowing the chlorine
in the system to dissipate. The contractor Shall use a Pollard Water LPD-250 or equal
equipment along with LPD-Chlor tablets (Sodium Sulfate or Ascorbic Acid) to de-
chlorinate the water using 1 tablet per 2000 gallons of water minimum prior to flushing,
then after adequate testing, discharge the de-chlorinated water to the storm sewer
system or onto the land surface. During the de-chlorination flushing the flow through
the LPD 250 will be maintained at between 200 and 1200 GPM. No flows for de-
chlorination or flushing will not be allowed outside this flow specification. The
contractor may apply to the owner of the sanitary sewer system to obtain permission to
discharge the chlorinated water into the sanitary sewer system for a fee. The contractor
shall be charged at the going rate per gallon for treating the water discharged to the
sanitary sewer system.

When new water mains are placed in or returned to service, they shall be disinfected in
accordance with the latest addition of AWWA Standard C651.

a. Before the main is chlorinated, it shall be filled to eliminate air pockets and shall
be flushed to remove particulates. A flushing velocity of not less than 2.5
feet/second is usually maintained in pipe sizes less than 24 inches in diameter.
For larger diameter mains, an alternative to flushing, such as broom-sweeping of
the main, is acceptable prior to chlorinating the main.

b. During disinfection of the water mains, an appropriate cross-connection control
device, consistent with the degree of hazard, shall be provided for backflow
protection of the active distribution system.

c. The quality of the water used during the disinfection procedures shall meet the
required drinking water standards.
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d. The chlorine solution used for the “continuous feed” method of disinfection of
water mains shall have a free chlorine residual concentration not less than 25
mg/L. This heavily chlorinated water shall be retained in the main for at least 24
hours, during which time all valves and hydrants shall be operated to ensure
disinfection of the appurtenances. At the end of the 24-hour period, the treated
water in all portions of the main shall have a residual of not less than 10 mg/L
free chlorine. Re- chlorinate if required results are not obtained on all samples.

e. After the applicable retention period, the heavily chlorinated water must not be
disposed in @ manner that will harm the environment. Neutralizing chemicals,
such as Sulfur Dioxide, Sodium Bisulfite, Sodium Sulfite or Sodium Thiosulfate
can be used to neutralize the chlorine residual remaining in the water to be
wasted.

f.  Flush all lines until residual is equal to existing system. After final flushing and
before the water main is placed into service, water samples shall be collected
from the main and tested for microbiological quality in accordance with the
Georgia Rules for Safe Drinking Water, Chapter 391- 3-5. The laboratory results
must show the absence of coliform organisms in the water. Reflush and re-
disinfect the lines, as necessary, until satisfactory bacteriological results are
obtained.

F. When cutting into existing mains, for abandonment or reuse, the pipes must be
disinfected. a. All water mains that are depressurized and/or wholly or partially
dewatered shall be disinfected in accordance with the current AWWA C651 Standards,
including swabbing with hypochlorite solution, flushing, and/or slug chlorination as
appropriate. Leaks or breaks that are repaired with clamping devices while the mains
remain full of water under pressure may require no disinfection.

a. Chlorine required to produce 25 mg/L concentration in 100 feet of pipe by

diameter:
Pipe Diameter 100% Chlorine 1% Chlorine Solution
(inches) (Ibs.)  (9) (gal) (L)
4 0.013 5.9 016 0.6
6 0.030 13.6 036 14
8 0.054 245 065 25
10 0.085 38.6 1.02 39
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12 0.120 544 1.44 5.4
16 0.217 984 2.60 9.8

Note: 1% chlorine solution may be prepared with sodium hypochlorite (contains
5% to 15% available chlorine) or calcium hypochlorite (contains approximately
65% available chlorine by weight). To prepare 1% chlorine solution using calcium
hypochlorite, add one (1) pound (454 grams) of calcium hypochlorite in
approximately 8 gallons of water.

b. Amounts and types of chemicals advised to be used for neutralizing various
residual chlorine concentration in 100,000 gallons of water
Residual Chlorine Chemicals
Concentration Sulfur Dioxide Sodium Sodium Sodium Thiosulfate
(S0O2) Bisulfate Sulfite (Na25203.5H20)
(NaHSO03) (Na2s03)
Mg/L Lb. Kg Kg Kg Lb. Kg
Lb. Lb.
1 0.8 0.36 1.2 0.54 14 0.64 1.2 0.54
2 1.7 0.77 2.5 1.13 2.9 1.32 2.4 1.09
10 8.3 3.76 125 5.67 14.6 6.62 12.0 5.44
50 41.7 18.91 62.6 28.39 73.0 33.11 60.0 27.22

G. Surface water crossings, both over and under water, may present special concerns and

should

a.

b.

be discussed with the Division before the final plans are prepared.

At above water crossings, the pipe shall be adequately supported and anchored,
protected from vandalism, damage and freezing, and accessible for repairs or
replacement. At underwater crossings, a minimum of 3 feet of cover shall be
provided over the pipe.

The installation of ductile iron pipe with restrained push-on joints and encased in
concrete, may be considered with the prior approval of the Division. Otherwise,
when crossing water courses which are greater than 15 feet in width, only pipes
of special construction, having flexible, watertight joints shall be installed.

Valves shall be provided at both ends of water crossings so that the section can
be isolated for testing or repair; valves shall be easily accessible and not subject
to flooding. Sampling taps shall be installed at each end of the crossing, and
permanent taps shall be made for testing and determining leaks.
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H. There shall be no physical connection between the distribution system and any pipes,
pumps, hydrants, or tanks whereby unsafe water and other contaminating materials
may be discharged or drawn into the system.

a. The approval of the Division shall be obtained for interconnections between
potable water supplies.

b. Neither steam condensate nor cooling water from engine jackets or other heat
exchange devices shall be returned to the potable water supply

I.  Water services and plumbing should conform to relevant local and/or state plumbing
codes, or to the Standard Plumbing Code, as applicable within the jurisdiction in which
the system is located. The product that is used for the service line must be listed as
being certified for conformance with the NSF Standard 61.

a. All new and existing services connected to community and non-transient
noncommunity water systems shall be individually metered.

b. Individual booster pump(s) shall not be allowed for any individual residential
service from the public water supply mains. Where permitted for other types of
services, booster pumps shall be designed in accordance with AWWA standards.

J.  Water loading stations present special problems since the fill line may be used for filling
both potable water vessels and other tanks or contaminated vessels. To prevent
contamination of both the public supply and potable water vessels being filled, the
following principles shall be met in the design of water loading stations:

a. there shall be no backflow to the public water supply;

b. the piping arrangement shall prevent contaminant being transferred from a
hauling vessel to others subsequently using the station; and

c. hoses shall not be contaminated by contact with the ground.

A. Bacteriologic Tests:

1. Bacteriological testing shall be performed after the repairs are complete.
However, depending upon the circumstances, the water main may be returned
to service prior to completion of testing to minimize the time the customers are
out of service.
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2. Tests shall be performed to detect the presence of coliform organisms on
samples taken from the end farthest from the point at which chlorine was
introduced into the system and at 1000 ft. intervals.

3. The bacteriological sample shall meet the requirements established by EPD for
suitable disinfection for human consumption.

4, If unsatisfactory samples are produced, disinfection shall be repeated until
samples are satisfactory.

END OF SECTION
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SECTION 02611
BASE AND PAVING

PART 1 - GENERAL

1.01

APPLICABLE STANDARDS

When used in this section, the term "Standard Specifications" shall mean the
DEPARTMENT OF TRANSPORTATION, STATE OF GEORGIA STANDARD SPECIFICATIONS —
CONSTRUCTION OF TRANSPORTATION SYSTEMS 2013 or later edition.

American Society for Testing and Materials (ASTM):

D 698 Test for, Moisture Density Relations for soils
D 1557 Test for, Moisture Density Relations for soils

PART 2 - PRODUCTS

2.01

A.

MATERIALS

Base: The base shall conform to Section 310, Graded Aggregate Construction, of the
Standard Specifications.

Prime: The prime coat shall be RC 70 and shall conform with Section 412, Bituminous
Prime, of the Standard Specifications.

Tack Coat: The tack coat shall be RC 70 and shall conform with Section 413, Bituminous
Tack Coat of the Standard Specifications.

Intermediate Course (Binder): The intermediate course shall be Superpave 12.5 mm or
19 mm Asphaltic Concrete and shall conform with Section 402, Hot Mix Asphaltic
Concrete Construction of the Standard Specifications.

Crack Relief Interlayer: The crack relief interlayer shall be OGI Asphaltic Concrete and
shall conform with Section 415, Asphaltic Concrete Open Graded Crack Relief Interlayer
of the GDOT Standard Specifications and Special Provisions.

Surface Course Asphalt Plant Mix: The surface course shall be either Superpave 9.5 mm
or 12.5 mm Asphaltic Concrete and shall conform with Section 402, Hot Mix Asphaltic
Concrete Construction, of the Standard Specifications.
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Paint: Paint for pavement marking shall be in conformance with MUTCD publication and
shall conform with Section 870, Paint, of the Standard Specifications.

Concrete Curb and Gutter: Shall conform to Section 441 Concrete Curb, Gutter,
Combination Curb and Gutter, Header, and Median of the Standard Specification.

PART 3 — EXECUTION

3.01

A.

3.02

COMPACTION

Sub-grade: The upper 24 inches of sub-grade soils in all cut areas and all fill areas that
are to receive new pavements shall be scarified and re-compacted until a density
equivalent to 95% standard Proctor maximum dry density in accordance with ASTM
D698 has been obtained.

Base: All base shall have minimum compaction of 100% of the maximum density
obtained by the test procedure present in ASTM D1557, Method D (Modified Proctor).
The maximum permissible lift thickness shall be 6 inches (compacted). The contractor
shall be required to perform all work necessary to meet the minimum compaction
requirements.

Moisture Content: Compaction shall be performed only when the moisture content of
the soil is within 4% of the optimum moisture content at the time of compaction as
determined by ASTM D698. Soils are to be dried prior to compaction by discing and
aeration. An Independent Testing Laboratory shall determine if soils are within the
optimum moisture content. The contractor shall be required to perform all work
necessary to meet the minimum compaction requirements.

CONSTRUCTION

Preparation of Sub-grade: Prior to placing of base and pavements, the construction of all
utility lines (water, sewer, power, gas, etc.) which are to be placed under the pavements
shall have been completed.

Base: The base course shall be constructed in accordance with Section 310 of the
Georgia Department of Transportation Standard Specifications to the compacted
thickness specified.

Prime: The prime coat shall be applied at a rate of 0.25 gallons per square yard and in
accordance with Section 413 of the Georgia Department of Transportation Standard
Specifications.
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3.03

Tack Coat: The tack coat shall be applied at a rate of 0.10 gallons per square yard and in
accordance with Section 413 of the Georgia Department of Transportation Standard
Specifications.

Crack Relief Interlayer: The crack relief interlayer shall be constructed in accordance
with GDOT Section 415 of the Georgia Department of Transportation Standard
Specifications and Special Provisions.

Intermediate and Surface Course Asphalt Plant Mix: The intermediate and surface
courses shall be constructed in accordance with Section 402 of the Georgia Department
of Transportation Standard Specifications to the thickness indicated. All thicknesses are
compacted.

Painting Stripe: Pavement striping is required and shall be in accordance with Georgia
Department of Transportation MUTCD publication.

Existing pavement which has pavement markings damaged by this construction shall be
repainted.

Concrete Curb and Gutter: Shall be constructed in accordance with Section 441 of the
Georgia Department of Transportation Standard Specification.

TESTING

Compaction testing shall be performed by an approved testing laboratory. Sub-grade
and base compaction testing shall be performed at a spacing not to exceed 500’
staggered for the entire length of the street. On streets shorter than 1,000’ the testing
spacing shall reduce to 300’ and in no case will be less than three tests per street,
equally spaced. The Design Engineer and Construction Inspector shall be provided
copies of the test information prior to placement of base material or final pavement.

Prior to the installation of any base material a test roll must be performed along the
entire roadway length, both sides of the road. The test roll shall be performed utilizing
an 18 C.Y. tandem axle dump truck loaded with at least 12 C.Y. of soil or gravel. The
same test roll will be required on the base material prior to beginning pavement
installation. The Design Engineer and Construction Inspector shall be present during the
test roll.

Prior to beginning the installation of any asphalt pavement, the base material shall be
tested to determine thickness and graded cross section of the base material. The
contractor shall provide labor and equipment to auger through the base material to
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3.04

3.05

check to insure the thickness specified in the plans and specifications has been
achieved. In addition, the cross slope of the base and the depth below the gutter face
shall be checked, utilizing a string line, to insure proper crown and asphalt depth at the
edge has been achieved with the base grading. If the depth of base material is
insufficient the base present will be removed, the subgrade lowered and adequate base
material will be replaced to achieve the required thickness. If the cross slope or edge
depth is determined to be less than the specified thickness, the area will be rejected
until the area is re-graded to the slope and the thickness specified on the approved plan.

The Owner at his option may check the thickness of the asphalt pavement and base
material after the installation is complete. If the Owner finds the materials to be less
than specified the contractor/developer shall take necessary measures to meet the
requirements of the approved plans and specifications.

Prior to any striping being performed, the contractor shall prepare a striping plan for
approval by the Construction Inspector.

EXISTING PAVEMENT RESTORATION

Pavement damaged due to construction shall be patched or replaced in accordance
Section 400 of the Georgia Department of Transportation Standards and Specifications.

Pavement damaged by new utility trenches shall be restored in accordance with the
pavement removal and replacement details. Any pavement removed must be disposed
of by the contractor at a permitted site.

Existing inlets, manholes, or valve boxes shall be adjusted by the Contractor to the new
grade lines and elevations. All adjustments to structures in areas proposed for
pavement shall be accomplished prior to construction of the surface course.

Adjustment to grade of existing frames shall include raising or lowering the upper
portion of the structure, including any necessary sleeve extensions, adjustable manhole
rings, gaskets, mortar, masonry or other approved material, to bring the frame to the
required grade.

STRIPING OF PAVEMENT MARKINGS

Striping shall consist of furnishing and applying traffic markings with paint or
thermoplastic in accordance with the contract drawings and specifications, and the
requirements of the current Federal and State "Manual On Uniform Traffic Control
Devices."
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B. Thermoplastic Plastic Stripe shall consist of solid or broken (skip) lines, words and/or
symbols of the type, color and the location shown on the plans. It is the intent of these
specifications that short lines which are defined to be crosswalks, stop bars, arrow
symbols and crosshatching shall be extruded. All other lines, unless otherwise specified,
shall be sprayed.

C. Cleaning: All pavement areas to be striped shall be thoroughly cleaned. Cleaning may be
accomplished by the use of hand brooms, rotary brooms, air blasts, scrapers or other
approved methods which leave the paving surface thoroughly clean and undamaged.
Particular care shall be taken to remove all vegetation and road film from the area to be
striped.

D. Warranty: The Contractor shall transfer to the Governing Authority the warranty on
Thermoplastic materials issued by the Manufacturer.

END OF SECTION
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PART 1 - GENERAL

SECTION 02650
SANITARY SEWERS

1.01 APPLICABLE STANDARDS

A. American National Standards Institute (ANSI):

A21.4

A21.6

A21.11

A21.51

Cement Mortar Lining for Cast Iron and Ductile Iron Pipe and
Fittings for Water

Cast Iron Pipe Centrifugally Cast in Metal Molds, for Water or
Other Liquids

Rubber Gasket Joints for Cast Iron and Ductile Iron Pressure Pipe
and Fittings

Ductile Iron Pipe, Centrifugally Cast in Metal Molds or Sand Lined
Molds, for Water or Other Liquids

B. American Society of Testing and Materials (ASTM):

A48
C12
C425
C478
C594
C700

D1784

D2241
D2321
D2774
D3034
D3139
D3212

Gray Iron Castings

Installing Vitrified Clay Sewer Pipe

Compression Joints for Vitrified Clay Bell and Spigot Pipe

Precast Reinforced Concrete Manhole Sections

Compression Couplings for Vitrified Clay Plain End Pipe

Extra Strength and Standard Strength Clay and Perforated Clay
Pipe

Rigid Poly (Vinyl Chloride) Compounds and Chlorinated Poly (Vinyl
Chloride) Compounds

Poly (Vinyl Chloride) (PVC) Plastic Pipe (SDR PR and Class T)
Underground Installation of Flexible Thermoplastic Sewer Pipe
Underground Installation of Thermo plastic Pressure Piping

Type PSM Poly (Vinyl Chloride) (PVC) Sewer Pipe and Fittings
Joints for Plastic Pressure Pipes using Flexible Elastomeric Seals
Sewer Pipe Joints using Elastomeric Seals

C. American Water Works Association (AWWA):

C 600

Installation of Cast Iron Mains
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1.02

1.03

SUBMITTALS

Materials used in the sanitary sewer system shall be submitted for approval to the
Design Engineer. The Design Engineer shall review the drawings, provide a list of
materials and certify compliance to the Owner.

Six copies of shop drawings or manufacturer's standard drawings or catalog cuts shall be
submitted for the following:

Precast concrete manholes
Manholes and Frames
Gaskets One of each type
Pipe One of each type
Valves One of each type

vhwn e

PRODUCT DELIVERY, STORAGE, AND HANDLING

The Contractor shall be responsible for handling and storage of all materials and
damaged materials shall not be used in the work. Materials delivered to the site shall be
promptly inspected for damage upon arrival. Damaged or defective materials to be
immediately removed from the site.

All materials to be stored at least 12 inches above grade. Inside of pipes and fittings shall
be kept free of dirt and debris. Rubber gaskets and plastic pipe not used immediately
shall be protected from direct sunlight. Manhole units shall be handled with care to
avoid chippage or breakage.

PART 2 - PRODUCTS

2.01

POLYVINYL CHLORIDE PIPE AND FITTINGS

Polyvinyl chloride pipe and fittings for gravity sewers shall be SDR 35 for less than 12’
bury and SDR — 26 for 12’ bury and over, meeting ASTM D3034 for type PSM Polyvinyl
Chloride (PVC) sewer pipe. The joints shall be Push On "O" ring gasket type with integral
bell and spigot meeting ASTM 3212. Threaded or solvent welded type joints shall not be
used.

B. Polyvinyl chloride pressure pipe shall meet one of the following specifications:

1. IPS Size PVC Pipe: Class 200 SDR 21 - Polyvinyl chloride water main pipe shall
conform to Designation ASTM D2241 and shall consist of Type |, Grade 1 PVC
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a.

b.

C.

compound conforming to ASTM D1784. All pipe shall be Class 200, SDR 21. The
standard laying length shall be 20 ft. £1 inch.

DIP Size PVC Pipe: AWWA C-900-07

C-900 polyvinyl chloride water main pipe 4” TO 12” shall conform to
Designation ASTM D2241 and shall consist of Type |, Grade 1 PVC compound
conforming to ASTM D1784. All pipe larger than 4” to 12” shall meet the
requirements of AWWA C900, “Poly Vinyl Chloride (PVC) pressure pipe.” All pipe
shall be class 200 pipe and shall meet the requirements of DR14. The standard
laying length shall be 20 ft. £1 inch. The FM approved pressure class will be used
to determine pressure class.

C-905 polyvinyl chloride water main pipe 14” to 30” shall be manufactured from
compounds conforming to PVC cell classification of 12454B as defined in ASTM
D-1784. The integral bell joint system meets the requirements of ASTM D-3139
and utilizes an elastomeric seal conforming to ASTM F-477. All pipe shall be
class 200 pipe and shall meet the requirements of DR18. The standard laying
length shall be 20 ft. 1 inch.

When DIP size PVC pipe is used two 2” PVC pipe shall be SDR 21, 200 PSI
pressure class, iron pipe

C. Marking: Pipe shall be clearly marked with:

2.02

SR

Manufacturer's Identification

Nominal Pipe Size

Material, Type and Grade

SDR or Pressure Rating

All gravity sewer pipe shall be green. Force main pipe shall be white or brown.
All pipe regardless of color shall be clearly marked “SEWAGE FORCE MAIN” or
“GRAVITY SEWER” as appropriate, marked every three feet.

DUCTILE IRON PIPE AND FITTING

A. Type: Coated Ductile

B.

Joints:

1.

Push on type in accordance with ANSI A21.11.
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2.03

2. Mechanical joint in accordance with ANSI A21.11 and fittings may be in
accordance with A21.53..

Ductile iron pipe shall conform to ANSI A21.51.

Pipe shall have a Protecto 401 lining or equal. The lining should have a high resistance
to fatty oils, detergents and sewage generated hydrogen sulfide.

Pipe shall be coated outside with one mil. thick bituminous coating conforming to ANSI
A21.4 and AWWA C110, C1150R C151.

REINFORCED CONCRETE PIPE AND MANHOLES (WET WELLS OR VALVE PITS)

Precast concrete sections to be manufactured in accordance with provisions of ASTM
C478. As a minimum, the interior of all sections shall be coated with two coats of
bituminous coating. The first coat shall be spray applied and the second coat should be
roller applied. In addition, in extremely corrosive environments, to include force main
receiving manholes, wetwells, and the first two manhole from the force main
connection shall be lined with sealed HDPE sheet liner. The HDPE liner shall have a
watertight seal at all joints and penetrations. The liner shall be Agru Sure Grip Liner or
equivalent.

Precast concrete riser sections to be 48 inches in diameter with minimum wall thickness
of 4 inches.

Precast concrete base units to have minimum wall thickness of 5 inches.

Jointing material shall be rubber gasket type conforming to ASTM C443 or vulcanized
butyl rubber base flexible joint sealer in rope form conforming to Federal Specification
SS S 00210, Kent Seal No. 2 or approved equal. The inside and outside of the joint shall
be finished with mortar. Mortar shall be one part Port-land cement and two parts sand.

Manhole base sections shall provide for a flexible watertight union between pipe and
manhole base. Manhole sleeves shall be of high quality synthetic rubber with tensile
strength of 1,500 psi, resistant to raw sewage, ozone, acids, and weathering, flexible at
temperatures below 0°F and resistant to heat as high as 250°F. A substantial, serrated
flange of the sleeve material shall be integrally cast into the wall of the manhole base
forming a tight waterseal. The sleeve shall protrude through the wall of the base. A
watertight union shall be secured with the end of the pipe with stainless steel strap
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2.04

2.05

2.06

2.07

clamps. Manhole sleeves shall be Interpace Corp. Lock Joint Manhole Sleeves or
approved equal.

Pick up holes shall not penetrate the interior walls or the riser.
MANHOLE FRAMES AND COVERS
Frames and covers to have machined bearing surfaces.

Covers to have checkered top design and marked "Sanitary Sewer" and include the
name of the utility owner.

Combined weight of frame and cover shall be approximately 450 pounds.

Frame shall have a depth of approximately 9 inches and an access opening of not less
than 20 inches.

Covers shall have two pick holes located at edges.

Materials shall conform to ASTM A48 for Class 30 gray iron castings.

MANHOLE STEPS

Manhole steps shall be constructed of a number 3 reinforcing bar encapsulated in
polypropylene plastic with a non skid tread.

Finished dimensions of the steps shall be identical to that of malleable iron manhole
steps.

Steps to have a minimum tread width of 12 inches.
NUTS AND BOLTS

Stainless Steel Flanged: Square head MB/SF, hexagon nuts; ASTM 307B; ANSI B18.2,
zinc plated.

GASKETS

Flanged pipe gaskets shall conform to requirements of ASA A21.10 and shall be suitable
for the indicated services.
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2.08

VALVES

All valves two inches in diameter and smaller shall be constructed of brass or bronze
except the hand wheel, which shall be of malleable iron construction. Valves two inches
in diameter and smaller shall have screwed ends unless approved otherwise. All valves
2% inches in diameter and larger shall have flanged ends unless otherwise approved.
They shall be iron body, bronze mounted, except that in the smaller sizes the valves may
be all bronze at the contractors option and expense.

The contractor shall prepare and submit for approval complete detailed drawings of all
valves in accordance with the requirements of the appropriate section of these
specifications. All valves of the same type shall be from a single manufacturer. Parts of
valves of the same type and size shall be interchangeable. Spare parts shall be furnished
as specified under the proposal items. Special tools required for repacking or
disassembling valves shall be provided.

All valves shall be carefully mounted in their respective positions free from all distortion
and strain. All valves shall be properly packed and left in satis-factory operating
condition at the completion of the project. All valves shall open left.

Gate Valves

1. Gate valves should not be used in raw sewage applications. Gate valves should
only be used where primary and partial secondary treatment has already
occurred.

2. Unless otherwise specified or directed, gate valves three inches and larger shall

have non rising stems and shall meet the requirements of AWWA Standard C
500. Valves for lighter pressures than the AWWA Standard shall meet the
requirements of the above specifications except that the requirements for metal
thicknesses and strengths and structural designs shall be adjusted as required to
meet hydrostatic test pressures not less than 125 psi.

3. Unless otherwise specified or directed, gate valves smaller than three inches
shall meet the requirements of Federal Specification WW V 54, Class A, 125
pounds.

4. All gate valves shall have standard stuffing box seals. Bonnet bolts, studs and

nuts shall be cadmium plated. Seating devices shall be bronze to iron or bronze
to bronze as specified or required. The glands shall be bronze or bronze bushed.
Gland bolts and nuts shall be bronze.

Sanitary Sewers 2020-48/02650-6



5. All gate valves 2% inches in diameter and larger shall be of the double disk type.
All gate valves two inches in diameter and smaller may be of the double disk or
the solid wedge type.

E. Plug Valves

1. All plug valves shall be the two way type.

2. Nonlubricated, eccentric with resilient faced plugs.

3. Port area of 4 to 20 inch valves shall be at least 70 percent of full pipe area.

4, Valves to be designed for 125 psi working pressure.

5. Bodies to be semisteel with raised seats.

6. Seats to have either a welded in overlay of approxi-mately 90 percent pure
nickel on surfaces contacting the plug face or shall be bronze conforming to
ASTM B 62 and attached to the body by stainless steel set screws.

7. Upper and lower plug stem bushings to be stainless steel and shall be
permanently lubricated.

8. Exposed nuts, bolts and washers to be zinc plated.

9. Flanges to be faced and drilled to ASA 125 pound standard.

F. Check Valves

™0 o0 T

Type: Ball Check

Static head must exceed 10 feet to use ball check valves.

No ball check valve will be mounted vertically to compensate for low static head.
Ball check ends must be flanged.

The body shall be cast iron, ASTM A159 72, Class 35.

The ball shall be hollow steel with vulcanized nitrile rubber covering.

Pressure rating shall be 150 psi.

Valve to be Flygt HDL or equal.
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2. Lever Actuate Spring Check Valve

a. Where static head is less than 10 feet lever action swing check valves shall be
used.

b. Lever action swing checks may be spring and lever type or weight on lever type

as approved by the design engineer and the Owner.

Valves shall be installed in the horizontal position.

The valve body, disc, cover and lever shall be cast iron, ASTM A159 72, Class 35.

The disc arm shall be cast steel

The seat ring shall be bronze or stainless steel.

All studs, bolts or nuts shall be commercial grade steel.

The gate shall be rubber faced.

The hinge shaft shall be stainless steel.

The chamber shall be bronze.

The valve shall be Clow F5340 (outside spring and lever) or Clow F5345 (outside

weight and lever) or an approved equal.

AT T S@ o Qo

G. Automatic Sewage Air Release Valve

1. The automatic sewage air release valve shall be designed to allow entrapped air
to escape from the sewage force main line. After the air escapes out of the air
release valve, the valve shall shut off until more air accumulates in it and the
opening cycle will repeat automatically.

2. The sewage release valve must have a compound internal linkage of precision
molded delfin or stainless steel. All other internals must be stainless steel to
positively prevent galvanic action. The float rod shall be 20" long to provide an
air gap between the linkage and waste level inside the valve to retard the waste
solids from clogging the linkage. The stainless steel float must withstand a
minimum 1000 psi pressure. Each valve shall be complete with hose and blow
off valves to permit back flush-ing without dismantling valve.

Body and cover cast iron ASTM A48 Class 30

Internal Delfin linkage ASTMD2133 (or Stainless Steel)
Stainless Float ASTM A240
Buna N ASTM SB800
3. Typical installation will utilize standard body valve. Valve height 28" with back

flushing attachments 33 1/2". If depth of trench is not deep enough, furnish
short valve. Valve height 17 1/2" with back flushing attachments 23 1/2".

4. Automatic sewage air release valve to be as manufactured by Crispin, Val matic,
or APCO equal to APCO Series 400 with accessories.
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2.09

ACCESSORIES, PLUG, AND GATE VALVES
Valves to have two inch square operating nut unless otherwise indicated.
Valves buried in ground or located in vaults or structures to have suitable extensions for

socket operation with top of operating nut located two feet below finished grades
maximum.

PART 3 EXECUTION

3.01

A.

INSTALLATION

Plastic piping installation shall be in accordance with ASTM D2321 Recommended
Practice for non pressure pipe and ASTM D2774 Recommended Practice for pressure

pipe.
Ductile iron pressure piping shall be installed in accordance with AWWA Standard C600.

Material selection for piping material shall be as indicated. If piping materials are not
indicated the Contractor has the option of selecting materials in accordance with this
section.

Service sewer lines shall be constructed of same material as the mains.

Sewer lines shall not be laid closer than 10 feet horizontally to a water main. Pressure
sewer lines shall pass beneath water lines, with the top of the sewer being at least 18
inches below the bottom of the water line. Where sanitary sewer lines pass beneath
water lines, no joints in the sewer line shall be closer than 10 feet, horizontal the water
line. When the vertical or horizontal separation cannot be accomplished, then concrete
encasement shall extend a minimum of 10 feet on both sides of crossing.

Pipe laying to proceed up grade with pipe bells or groove on the upper end. Pipe to be
laid with joints close and even, butting all around. Sagging joints will not be tolerated.

Pipe shall be straight and of uniform grade between manholes, laid to line and grade.
All sewer shall be designed and constructed to give velocities of not less than 2.0 FPS.

Since the Owner has adopted a low flow plumbing device ordinance, the following
slopes will be used.
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Minimum Slope in Feet
Sewer Size Per 100 Feet

8" 0.44
10" 0.30
12" 0.24
15" 0.15
18" 0.12
21" 0.10
24" 0.08
30" 0.058
36" 0.046

An allowable deviation from the design grades will be allowed up to 5% of the grade
shown on the plan. If the grade is steeper than allowed 5% deviation the engineer must
verify that the project was installed to all minimum requirements and determine the
impact of the additional grade. If the grade is flatter than the 5% deviation, then it
exceeds the allowable tolerance and the installation of that line is not acceptable and
must be replaced. All sewer mains installed will be field checked for grades during
preparation of “Record drawings”.

Bell holes shall be dug so the pipe barrel will carry the load of the pipe. Pipe shall be
bedded in undisturbed earth or, where rock occurs, on a thoroughly compacted layer of
#57 stone or sand fill of a minimum thickness of 6 inches under the barrel or bell of the

pipe.

Where sewers or force mains are to be connected to existing manholes or other
structures, and where no stub or opening has been provided for the connection, the
Contractor shall make an opening of minimum diameter through the side wall of the
structure utilizing a professional coring machine and installing a boot for inserting the
sewer pipe. The boot and stainless steel strap shall be sized and installed to create a
water tight seal.

Lateral connection made to the sewer prior to back filling shall be laid on a slope not
exceeding 2 feet vertical to 1 foot horizontal, and not less than 1/8 inch per foot, so that
the lateral shall have a solid bearing on undisturbed earth as stipulated for pipe sewers.
The lateral shall make such a horizontal angle with the sewer line that a proper
connection with the wye or tee branch or slant is obtained without trimming the pipe
and with no danger of jointing material being forced into the sewer. All laterals shall be
closed by means of suitable stoppers or end caps.
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. Wye or tee branches shall be field located for service to all subdivided lots or
inhabitable structures unless otherwise directed by the Architect/Engineer. Wye
branches shall be installed so that the lower lip of the branch is not more than 2 inches
below the outside top of the pipe. Tees shall be installed with the branch 45° to vertical.
After installation, wye or tee branches shall not be covered with backfill until
determination and record has been made of the locations of each with reference to the
nearest manhole downstream and the direction in which the wye faces.

. All laterals shall be properly marked on ground surface at the point where laterals
terminate with treated timber markers. Timber markers shall consist of a 2 inch by 4
inch timber extending from the end of the lateral vertically to within 2 inches of the
ground surface. All such markers shall be securely anchored and maintained in a proper
vertical position until backfilling has been completed. The top end of such markers shall
be marked or left exposed until an "as built" survey has been made.

. The top rim of manhole frames and covers shall be set to conform to grades and
transverse slopes. Generally along outfall lines, the manhole frames and covers shall
extend approximately 6 inches above finished grade or to a designated elevation for
flood protection. Generally where lines are located along streets, the manhole frames
and covers shall be set flush with the surface.

The Contractor shall install a continuous run of plasticized metallic tape above the top of
the sewer main at 12 inches to 18 inches below finished grade. Tape shall be suitable for
detection with metal pipe location equipment labeled "sewer buried below," and
brightly colored to contrast with the soil.

. A 14 gauge copper tracer wire with underground coating shall be installed along the
route of pressure sewers. The wire shall be located 12 inches above the pipe but no
deeper than 48 inches.

All PVC pressure pipe shall have a minimum of 36" cover. Areas where the cover is not
maintained may require the use of extra strength (D.l.) pipe as directed by the engineer.

All sewer mains will be installed at a constant grade and line as shown on the plans. If
after video inspection “sags” are found in the line, then the depth of the sag will be
determined by the utility owner. If the sag is determined to be deeper than the
following chart then the line will be removed and replaced to meet the minimum
requirements of these specifications.
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3.02

3.03

A.

Pipe Size Max. Sag Depth

8” 0.50”

10” 0.50”

12” 0.75”

15” 0.75”

18” 0.75”
PRESSURE TESTS

FORCE MAINS: The Contractor shall test by hydrostatic pressure to 150 pounds per
square inch. Each section tested shall be slowly filled with water, care being taken to
expel all air from the pipes. The required pressure shall be applied for not less than two
hours. No pipe installation will be accepted until the leakage during the pressure test is
less than the number of gallons listed below for each 1000 feet of pipe.

6" - 1.5gallons 12" - 2.75 gallons
8" - 1.75gallons 14" - 3.00 gallons
10" - 2.75 gallons 16" - 3.5gallons

GRAVITY MAINS: On All sewer mains less than 8’ deep, the Contractor shall pressure test
the gravity mains with air. Each section including manholes shall be pressurized to 3.5
psi. The allowable pressure drop of 0.5 psi on any portion of the system shall not be less
than the times shown on the following chart.

PIPE SIZE MINIMUM TIME
4" 3 MIN.
6" 4 MIN.
8" 6 MIN.
10" 7 MIN.
12" 8 MIN.

If the main will not maintain the specified pressure, the Contractor will isolate
the weak joint and repair. The test will be repeated until successful. The service
lines must be installed at least to the back of the curb prior to testing. These
pressure drops represent a maximum infiltration/exfiltration rate of 25 gallons
per inch of pipe diameter per mile per 24 hour period.

ALLOWABLE INFILTRATION/EXFILTRATION

If any visible flow is observed in the pipe during installation or final inspection a weir
test will be conducted.
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3.04

The leakage inward or outward (infiltration or exfiltration) of the entire system including
the sewer mains, service sewers, manholes and wet wells shall not exceed 25 gallons
per inch of pipe diameter per mile per day for any section of the system.

The weir shall be installed in each manhole. The manhole will then be filled with water
to a depth of 3' from the top of the pipe, which should be at the bottom of the weir. The
water level will stand for one (1) hour to stabilize then filled (if necessary) to the initial
level. During the next hour the water level will be observed and the amount flowing
through the weir or the amount of water required to maintain the level will be
measured. This measured amount should not exceed the allowable.

INSPECTION

Upon complete installation of the gravity sewer, the Contractor must enter a waiting
period of not less than 10 days prior to inspection. In order to initiate the waiting
period, the Contractor must notify the Design Engineer and the Owner’s inspector in
writing of the status of the sewer.

After completion of the waiting period all sewer mains must pass a 5% deflection
mandrel pulled by hand. If a 5% deflection mandrel will not pass through any section,
that section will be replaced or rerounded at the expense of the Contractor. Mandrel to
be supplied by the Owner’s inspector or by the Contractor, if requested by the Owner.

Once the mandrel and physical inspection is complete the contractor will schedule a
time when the owner may internally inspect the sewer main utilizing a sewer camera
and generating a video inspection of the system. If any defects are found in the system
as a result of the internal inspection, then that section of the sewer main and any mains
feeding into that system will not be accepted.

No sewer main will be accepted if there is any evidence of sagging or bowing in the line
which will adversely affect the performance of the pipe. Nor will any sewer mains be
accepted if they are laid on a grade substantially less that specified on the Construction
Plans. No line will be accepted if laid on less grade than the minimum stated in this
specification.

All manholes will be inspected for general appearance, cracks, leaks, proper installation
of frame and cover, steps and inverts. Any manholes, which do not conform to the
specifications, will not be accepted until the deficiency is corrected by the Contractor.

All 4" sewer services will be tested for continuity and minimum bends by passing a
standard tennis ball. Each sewer service shall be temporarily capped during
construction. During the inspection, a tennis ball will be dropped down the open end of
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the sewer service. If the ball does not appear in the lower manhole the contractor will
excavate the service, correct the blockage and repeat the test until successful.

G. All manhole and wetwell liner systems shall be tested using the “Spark Test” to locate
incomplete welds or penetrations in the liner not adequately sealed for gas
containment.

3.05 CLEANING

A. Contractor to clean the completed system of any debris or obstructions prior to Final
Inspection.

END OF SECTION
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SECTION 02821
GRASSING

PART 1 - GENERAL

1.01

A.

1.02

A.

APPLICABLE STANDARDS

Conform to Section 700 and other applicable articles of the "Standard Specifications
Construction of Transportation Systems”, of the Department of Transportation, State of
Georgia, dated April 18, 2013. Omit all references to measurement and payment.

SOIL SAMPLES
The Contractor shall take soil samples from several areas of the site to be grassed and

have them analyzed by the Georgia Extension Service. The results of the analysis shall
determine the best fertilizer mixture to use on the site.

PART 2 - MATERIALS

2.01

A.

FERTILIZER

Commercial Fertilizer: Fertilizer for lawns shall be a complete fertilizer, the nitrogen
content of which shall be derived from either organic or inorganic sources and meeting
the following minimum requirements of plant food by weight, unless the soil analysis
and report indicates a need for a different fertilizer mixture in which case the
recommended mixture shall be furnished and applied. All State and Federal laws relative
to fertilizer must be complied with.

10% Nitrogen 12% Phosphoric Acid 12% Potash

B.

Ground Limestone: Lime shall be ground dolomitic limestone containing not less than
85% of total carbonates and shall be ground to such fineness that 50% will pass through
a 20 mesh sieve. Coarser material will be acceptable, provided the specified rates of
application are increased proportionately on the basis of quantities passing the 100
mesh sieve.

Sodium Nitrate shall be a commercial product in dry powder form and shall be delivered
in the original, unopened containers each bearing the manufacturer's guaranteed
statement of analysis. It shall contain not less than 16% Nitrogen.
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2.02

LAWN MATERIALS

Kentucky 31 Fescue (Fescue elatior: var. arundinacea): Seed shall be 98% minimum
purity and 85% germination.

Bermuda Grass (Cyanodon Dactylon): Seed shall be 98% minimum purity and 85%
germination.

PART 3 — EXECUTION

3.01

A.

3.02

3.03

@

PREPARATION

Prepare the seed bed by thoroughly cultivating, discing and hand raking as necessary to
produce a smooth even grade free from hollows or other inequalities. Before any
seeding is attempted the soil must be in a well pulverized, smooth, friable condition of
uniformly fine texture.

FERTILIZING AND LIMING

Approximately two (2) days prior to the start of seeding operations, apply ground
limestone at the rate of 20 pounds per 1000 sq. ft. of lawn area. Either in conjunction
with the above operation or immediately afterwards apply the specified Commercial
Fertilizer over all lawn areas at the rate of 30 pounds per 1000 sq. ft. of lawn area. Work
limestone into the top 6 inches of ground and the fertilizer into the top 2 inches of
ground.

When the grass has started to cover well (approximately 4 weeks after sowing seed)
apply 1 1/2 pounds of Ammonium Nitrate to all lawn areas and immediately water using
a fine spray. At the end of the maintenance period and prior to the final inspection
apply 10 pounds of the specified Commercial Fertilizer per 1000 sq. ft. of lawn area and
immediately water.

SEEDING

Before any seeding is attempted the soil must be in a well pulverized, smooth, friable
condition of uniformly fine texture. Lawn areas shall be seeded evenly with a
mechanical spreader at the rate of 2 Ibs. of seed per 1000 sq. ft., 50% in one direction
and the remainder sown at right angles to first sowing. The seeded areas shall be lightly
raked, rolled with a suitable weight roller and watered with a fine spray.

Fescue planting season shall be as approved by Engineer.
Bermuda Grass seeding shall be planted only between May 1 to September 1.
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3.04

3.05

When grassing is required between curbs and sidewalks, behind sidewalks in areas
adjacent to private property, the Engineer may change the type of seeding to that
required to match any type of grass which may be planted and growing on the adjacent
lawn. No increase in the Contract Sum will be made for this substitution.

WATERING

Soak soil to a minimum depth of 6 inches immediately after seeding. Do not wash away
soil or seed. Keep all surfaces continuously moist thereafter until 30 days after the lawn
has been seeded. Use fine spray nozzles only.

RESPONSIBILITY

Maintenance of grass areas shall consist of watering, weeding, cutting, repair of any
erosion and reseeding or resodding as necessary to establish a uniform stand of the
specified grasses, and shall continue until final acceptance.

All grassed areas that do not show satisfactory growth within 15 days after sowing shall
be re sown and re-fertilized as directed until a satisfactory blanket is established.
Approximately 3 weeks after sowing the last seed, but not before the seed has taken
hold and the grass is growing well, apply sulfate of ammonia or sodium nitrate at the
rate of 300 pounds to the acre and water immediately. The lawns shall be considered
established when they are reasonably free from weed, green in appearance and the
specified grass is vigorous and growing well on each square foot of lawn area. Full
coverage is required in 60 days.

All grassed areas shall be protected until accepted. All eroded and damaged areas,
regardless of cause, shall be immediately repaired and reseeded. Protect lawn areas
against traffic.

Grassed areas shall be covered evenly with a loose layer of clean wheat, rye, oats,
Serecia Lespedeza or Coastal Bermuda Hay. Two tons of dry mulch shall be applied to
each acre seeded. Hay shall be placed during calm weather with no wind.

As soon as the grass becomes established, a final inspection of the work will be made,
provided a written request for such inspection is given to the Engineer. Satisfactory
coverage is defined as coverage of the areas seeded with grass that is alive and growing,
leaving no bare spots larger than one (1) square foot with 98% coverage.

All temporary valves, cutoffs and piping shall be removed by the Contractor at final
acceptance of the grassing.

END OF SECTION
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SECTION 13300
INSTRUMENTATION AND CONTROL FOR PROCESS SYSTEMS
GENERAL REQUIREMENTS

PART 1 - GENERAL
1.01 SCOPE

A. The Contractor shall provide, through the services of a process control system
subcontractor (PCSS), all components, system installation services and specified
ancillary services in connection with the instrumentation, control and information
system. The system includes all materials, labor, tools, fees, charges and
documentation required to furnish, install, test and place in operation a complete and
operable instrumentation, control and information system as shown and/or specified.
The system shall include all measuring elements, signal converters, transmitters, local
control panels, digital hardware and software, operator workstations, signal and data
transmission systems, interconnecting wiring and such accessories as shown,
specified, and/or required to provide the functions indicated.

B. The scope of the work to be performed by the instrumentation and control system
supplier includes but is not limited to the following:

1. The Contractor shall retain overall responsibility for the instrumentation and
control system as specified herein.

2. Furnish SCADA control panels as shown on the drawings.
3. Furnish digital control system hardware and software.
4. Furnish and terminate control system fiber optic communication network cables.

5. Furnish and install surge protection devices for all digital equipment, local control
panels, remote telemetry units, and instrumentation provided under this Division.

6. Provide system testing, calibration, training and startup services as specified herein
and as required to make all systems fully operational.

C. It is the intent of the Contract documents to construct a complete and working
installation. Items of equipment or materials that may reasonably be assumed as
necessary to accomplish this end shall be supplied whether or not they are specifically
stated herein.

1.02 RELATED ITEMS

A. Field mounted switches, torque switches, limit switches, gauges, valve and gate
operator position transmitters and other instrumentation and controls furnished with
mechanical or electrical equipment not listed in the instrument schedule shall be
furnished, installed, tested and calibrated as specified under other Divisions.

Instrumentation And Control For Process Equipment General Requirements 2020-48/13300-1



B. Additional and related work performed under Electrical includes the following:

1. Instrument A.C. power source and disconnect switch for process instrumentation,
A.C. grounding systems, and A.C. power supplies for all equipment, control panels
and accessories furnished under instrumentation and control sections.

2. Conduit and raceways for all instrumentation and control system signal wiring,
grounding systems, special cables, and data highway cables.

3. Instrumentation and control system signal wiring.
4. Install data highway network cables (non-fiber).

5. Furnish and install grounding systems for all digital equipment, local control panels,
remote telemetry units, and instrumentation provided.

6. Termination of all instrumentation and control system signal wiring at all
equipment furnished under other divisions of the Specifications.

7. Final wiring and termination to A.C. grounding systems and to A.C. power sources
(e.g. panelboards, motor control centers, and other sources of electrical power).

1.03 GENERAL INFORMATION AND DESCRIPTION

A. The Contractor shall retain total responsibility for the proper detailed design,
fabrication, inspection, test, delivery, assembly, installation, activation, checkout,
adjustment and operation of the entire instrumentation and control system as well as
equipment and controls furnished under other Divisions of the Specifications. The
Contractor shall be responsible for the delivery of all detailed drawings, manuals and
other documentation required for the complete coordination, installation, activation
and operation of mechanical equipment, equipment control panels, local control
panels, field instrumentation, control systems and related equipment and/or systems
and shall provide for the services of a qualified installation engineer to supervise all
activities required to place the completed facility in stable operation under full digital
control.

B. The instrumentation and control system shall be capable of simultaneously
implementing all real- time control and information system functions, and servicing all
operator service requests as specified, without degrading the data handling and
processing capability of any system component. It shall also be possible to
simultaneously generate displays on all workstations without degradation of system

performance.
C. The process and instrumentation diagrams, and electrical control schematics,
describes the real-time monitoring and control functions to be performed. In

addition, the system shall provide various man/machine interface and data
reporting functions as specified in the software sections of this Specification.

D. The mechanical, process, and electrical drawings indicate the approximate locations of
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1.04

1.05

field instruments, control panels, systems and equipment as well as field-mounted
equipment provided by others. The PCSS shall examine the mechanical, process
and electrical drawings to determine actual size and locations of process connections
and wiring requirements for instrumentation and controls furnished under this
contract. The PCSS shall inspect all equipment, panels, instrumentation, controls and
appurtenances furnished under other divisions of the specifications to determine all
requirements to interface with the control and information system. The contractor
shall coordinate the completion of any required modifications with the associated
supplier of the item furnished.

The PCSS shall review and approve the size and routing of all instrumentation
and control cable and conduit systems furnished by the electrical subcontractor for
suitability for use with the associated cable system.

The contractor shall coordinate the efforts of each supplier to aid in interfacing all
systems. This effort shall include, but shall not be limited to, the distribution of
approved shop drawings to the electrical subcontractor and to the PCSS furnishing the
equipment under this Division.

The contractor shall be responsible for providing a signal transmission system
free from electrical interference that would be detrimental to the proper functioning
of the instrumentation and control system equipment.

The owner and/or construction manager shall have the right of access to the
subcontractor's facility and the facilities of his equipment suppliers to inspect materials
and parts; witness inspections, tests and work in progress; and examine applicable
design documents, records and certifications during any stage of design, fabrication
and tests. The PCSS and his equipment suppliers shall furnish office space, supplies
and services required for these surveillance activities.

The terms ‘"Instrumentation”, "Instrumentation and Control System",
"Instrumentation, Control and Information System" and “Process Control System”
shall hereinafter be defined as all equipment, labor, services and documents necessary
to meet the intent of the specifications.

INSTRUMENTATION AND CONTROL SYSTEM SUBCONTRACTORS
Acceptable instrumentation and control system subcontractors shall be:
1. Control Instruments Inc.

2. MR Systems

3. Kapsch

DEFINITIONS

Solid State: Wherever the term solid state is used to describe circuitry or components
in the Specifications, it is intended that the circuitry or components shall be of the type
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that convey electrons by means of solid materials such as crystals or that work on
magnetic principles such as ferrite cores. Vacuum tubes, gas tubes, slide wires,
mechanical relays, stepping motors or other devices will not be considered as satisfying
the requirements for solid state components of circuitry.

B. Bit or Data Bit: Whenever the terms bit or data bit are used in the Specification, it is
intended that one bit shall be equivalent to one binary digit of information. In
specifying data transmission rate, the bit rate or data bit rate shall be the number of
binary digits transmitted per second and shall not necessarily be equal to either the
maximum pulse rate or average pulse rate.

C. Integrated Circuit: Integrated circuit shall mean the physical realization of a number of
circuit elements inseparably associated on or within a continuous body to perform the
function of a circuit.

D. Mean Time Between Failures (MTBF): The MTBF shall be calculated by taking the
number of system operating hours logged during an arbitrary period of not less than
six months and dividing by the number of failures experienced during this period plus
one.

E. Mean Time to Repair (MTTR): The MTTR shall be calculated by taking the total system
down time for repair over an arbitrary period of not less than six months coinciding
with that used for calculation of MTBF and dividing by the number of failures causing
down time during the period.

F. Availability: The availability of a nonredundant device or system shall be related to its
MTBFand MTTR by the following formula:

A =100 x (MTBF/(MTBF + MTTR)) Percent

The availability of a device or system provided with an automatically switched backup device
or system shall be determined by the following formula:

A = A2 +1-((1-A1) x (1-A1))

wh

Al = availability of nonredundant device or system

A2 = availability of device or system provided with an automatically switched
device or system

G. Abbreviations: Specification abbreviations include the following:

A Availability

ADC Analog to Digital Converter

Al Analog Input

AO Analog Output

AVAIL Available
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BCD
CSMA/
CPU
CRC
CRT
()
DAC
DBMS
DI
DMA
DO
DPDT
DVE
EPRO
FDM
FSK
HMI
1/0
LAN
LDFW
MCC
MTBF
MTTR
0S
PCB
PID
PLC
PROM
RAM
RDY
RMSS
RNG
ROM
RTU
SPDT
ST/SP
TDM

Binary Coded Decimal

Carrier Sense Multiple Access/Collision
Central Processing Unit

Cyclic Redundancy Check

Cathode Ray Tube

Control Strategy

Digital to Analog Converter

Data Base Management System
Discrete Input

Direct Memory Access

Discrete Output

Double Pole, Double Throw

Digital to Video Electronics

Erasable, Programmable Read Only
Frequency Division Multiplexing
Frequency Shift Keyed

Human Machine Interface (Software)
Input/Output

Local Area Network

Lead-Follow

Motor Control Center

Mean Time Between Failures

Mean Time To Repair

Operating System

Printed Circuit Board

Proportional Integral and Derivative
Programmable Logic Controller
Programmable Read Only Memory
Random Access Memory

Ready

Root Mean Square Summation
Running

Read Only Memory

Remote Telemetry Unit

Single Pole, Double Throw
Start/Stop

Time Division Multiplexing
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1.06

1.07

E.

UPS Uninterruptible Power Supply

To minimize the number of characters in words used in textual descriptions on HMI
displays, printouts and nameplates, abbreviations may be used subject to the
construction manager's approval. If a specified abbreviation does not exist for a
particular word, an abbreviation may be generated using the principles of masking and
or vowel deletion. Masking involves retaining the first and last letters in a word and
deleting one or more characters (usually vowels) from the interior of the word.

ENVIRONMENTAL CONDITIONS

Instrumentation equipment and enclosures shall be suitable for ambient conditions
specified. All system elements shall operate properly in the presence of telephone
lines, power lines, and electrical equipment.

Inside control rooms and climate-controlled electrical rooms, the temperature will
normally be 20 to 25 degrees C; relative humidity 40 to 80 percent without
condensation and the air will be essentially free of corrosive contaminants and
moisture.  Appropriate air filtering shall be provided to meet environmental
conditions (i.e., for dust).

Other indoor areas may not be air conditioned/heated; temperatures may range
between 0 and 40 degrees C with relative humidity between 40 and 95 percent.

Field equipment including instrumentation and panels may be subjected to wind, rain,
lightning, and corrosives in the environment, with ambient temperatures from -20 to
40 degrees C and relative humidity from 10 to 100 percent. All supports, brackets and
interconnecting hardware shall be aluminum or 316 stainless steel as shown on the
installation detail drawings.

SIGNAL COORDINATION REQUIREMENTS
The contractor shall conform to the signal coordination requirements specified herein.

The contractor shall be responsible for coordinating signal types and transmission
requirements between the various parties providing equipment under this contract.
This shall include, but not be limited to, distribution of appropriate shop drawings
among the equipment suppliers, the electrical subcontractor, the HVAC subcontractor,
and the instrumentation subcontractor.

Analog signals shall be signals for transmitting process variables, etc. from instruments
and to and from panels, equipment and control system PLCs.

Discrete signals shall consist of contact closures or powered signals for transmitting
status/alarm information and control commands between starters, panels,
equipment PLCs, the Control System, etc.

ANALOG SIGNAL TRANSMISSION
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1. Signal transmission between electric or electronic instruments, controllers, and
all equipment and control devices shall be individually isolated, linear 4-20
milliamperes and shall operate at 24 volts D.C.

2. Signal output from all transmitters and controllers shall be current regulated and
shall not be affected by changes in load resistance within the unit's rating.

3. All cable shields shall be grounded at one end only, at the control panel, with
terminals bonded to the panel ground bus.

4. Analog signal isolation and/or conversion shall be provided where necessary to
interface with instrumentation, equipment controls, panels, and appurtenances.

5. Non-standard transmission systems such as pulse duration, pulse rate, and
voltage regulated shall not be permitted except where specifically noted in the
contract documents. Where transmitters with nonstandard outputs do occur, their
outputs shall be converted to an isolated, linear, 4-20 mA signal.

6. The contractor shall provide 24 V power supplies for analog signals and instruments
where applicable and as required inside panels, controls, etc.

7. Where two-wire instruments transmit directly to the control and information
system, the instrumentation subcontractor shall provide power supplies at the PLC
control panels for those instruments.

8. Where four-wire instruments with on-board loop power supplies transmit directly
to the control and information system, the instrumentation subcontractor shall
provide necessary signal isolators or shall otherwise isolate the input from the
control and information system loop power supply. Similar provisions shall be
made when a third element such as a recorder, indicator, or single loop controller
with integral loop power supply is included in the loop.

F. DISCRETE INPUTS

1. Alldiscrete inputs to equipment and control and information system PLC, from field
devices, starters, panels, etc., shall be unpowered (dry) contacts in the field device
or equipment, powered from the PLC, unless specified otherwise.

2. Sensing power (wetting voltage) supplied by the PLCs shall be 24 VDC.
G. DISCRETE OUTPUTS

1. All discrete outputs from local control panels and control and information system
PLCs to field devices, starters, panels, etc., shall be dry contact relay outputs.

2. Where required or specified herein, discrete outputs from equipment and control
and information system PLC to field devices, starters, panels, motor operated
valves, etc., shall be dry contact or relay outputs.
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H. OTHER DISCRETE SIGNALS

1. Where applicable, warning signs shall be affixed inside the starter, panel, etc.
stating that the panel is energized from multiple sources.

2. Output contacts in the starter, panel, etc., that are powered from other locations
shall be provided with special tags and/or color-coding. Disconnecting terminal
strips shall be provided for such contacts.

3. The above requirements shall apply to all starters and panels, regardless of
supplier.

PART 2 - PRODUCTS
2.01 NAMEPLATES

A. All items of equipment listed in the instrument schedule, control panels, and all items
of digital hardware shall be identified with nameplates. Each nameplate shall be
located so that it is readable from the normal observation position and is clearly
associated with the device or devices it identifies. Nameplates shall be positioned so
that removal of the device for maintenance and repair shall not disturb the nameplate.
Nameplates shall include the equipment identification number and description.
Abbreviations of the description shall be subject to the construction manager's

approval.

B. Nameplates shall be made of 1/16-inch thick machine engraved laminated phenolic
plastic having white numbers and letters not less than 3/16-inch high on a black
background.

C. Nameplates shall be attached to metal equipment by stainless steel screws and to

other surfaces by an epoxy-based adhesive that is resistant to oil and moisture. In
cases where the label cannot be attached by the above methods, it shall be drilled and
attached to the associated device by means of stainless steel wire.

3.01 FINAL ACCEPTANCE

A. Final acceptance of the instrumentation, control and information system will be
determined complete by the construction manager, and shall be based upon the
following:

1. Receipt of acceptable start up completion and availability reports and
other documentation as required by the contract documents.

2. Completion of the Availability Demonstration
3. Completion of all punch-list items that are significant.

B. Final acceptance of the system shall mark the beginning of the extended warranty

Instrumentation And Control For Process Equipment General Requirements 2020-48/13300-8



period. The warranty shall be one year from final acceptance.

END OF SECTION
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SECTION 13301
PRE-QUALIFICATION
PROCESS CONTROL AND INSTRUMENTATION SYSTEMS

PART 1 - GENERAL

1.01

1.02

SCOPE

The Process Control and Instrumentation Systems (PCIS) specified, including the
instrumentation devices specified, shall be provided by a single pre-qualified
instrumentation supplier.

The CONTRACTOR shall assign to the pre-qualified instrumentation supplier, full
responsibility for the functional operation of all new and modified instrumentation
systems. The CONTRACTOR shall have said pre-qualified Instrumentation supplier
perform all engineering and coordination necessary in order to select, to furnish, to
install and connect, to calibrate, and to place into operation all sensors, instruments,
alarm equipment, control boards and panels, man-machine interfaces, accessories
and all other equipment provided under PCIS sections of these specifications.
Furthermore, said pre-qualified instrumentation supplier must calibrate and
demonstrate the operability of said systems in accordance with the Contract
documents.

The foregoing shall enable the CONTRACTOR and the OWNER to be assured that full
responsibility for the critical and complex technical requirements of PCIS shall reside
in a single organization which is qualified and experienced in the wastewater
treatment process and the application of instrumentation and automated control
systems.

This pre-qualification requirement is intended to ensure that the Instrumentation
Integrator equipment offered by the general construction contract bidders confirms
to the requirements of the contract documents, is complete and fully integrated, and
that the system will be furnished by a responsible pre-qualified instrumentation
supplier which has the capability and capacity to comply with the requirements of
the contract documents. A pre-qualified Instrumentation supplier shall assume full
responsibility to perform or coordinate all engineering to select, furnish, install,
program, test, calibrate, and place into operation all instrumentation, controls,
control panels, and SCADA System, for a complete and functional system, in
conjunction with the systems integrator (engineer).

SYSTEM INTEGRATOR QUALIFICATIONS

The integrators listed below are pre-approved control systems integrators for the
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contractor. Pre-approved integrators must still show evidence that at the time of the
bid they have the required certifications under paragraph 1.02 K below.

1. Control Instruments, Inc.
2. MR Systems
3. Kapsch

The integrator employs a minimum of 20 full-time employees, including a minimum
of 8 engineers and 4 field service personnel.

The control systems integrator shall be regularly engaged in the design and the
installation of instrumentation systems and their associated subsystems as they are
applied to the municipal water and wastewater industry. For the purposes of this
Specification Section, a “systems integrator” shall be interpreted to mean an
organization that has been actively engaged in the type of work specified in the
Section for a minimum of ten (10) years, and has successfully completed work of a
similar or greater complexity on at least five (5) previous projects within that time.

The control systems integrator shall maintain a field service engineering office within
200 miles of the project site for the past two years. This office shall house an engineer
with access to programming equipment, and the ability to perform routine
maintenance, troubleshooting, and field programming changes on the proposed PLC
control systems.

The control systems integrator shall be a Rockwell Automation System Integrator.

The systems integrator must have an on-site panel shop capable of assembling UL508
panels. Evidence of producing UL508 panels shall be submitted with the proposal.

All PLC/OIT software development for this project shall be done by the systems
integrator.

The systems integrator shall stage a factory acceptance test for the control at their
local office. During this test, the Integrator shall demonstrate the complete
operation of the control system including field I/O and network connections.

The systems integrator shall be a certified member of the Control System Integrators
Association (CSIA) of North America.

The systems integrator shall also exhibit experience in integrating SCADA systems on
plants with remote radios.

The systems integrator must have at least one engineer with the following cyber
security and network certifications:
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1. Engineer must be recognized as an ISA/IEC 62443 Cybersecurity
Fundamentals Specialist (CFS)

2. Engineer must be recognized as an ISA/IEC 62443 Cybersecurity Risk
Assessment Specialist (CRS)

3. Engineer must be recognized as an ISA/IEC 62443 Cybersecurity Design
Specialist (CDS)

4. Hirschmann Industrial System Integrator (HISE)

PRE-QUALIFICATION REQUIREMENTS

Integrators other than the pre-approved integrators must submit qualifications in
writing to the Engineer at least (14) days prior to the initial bid opening date. Each
applicant’s pre-qualification will be reviewed. The following data is a minimum, must
be submitted:

1. Provide a list of at least three instrumentation and control system projects
successfully completed, of size and scope similar to that described herein, in
which the applicant performed system engineering, system fabrication and
installation, documentation (including schematic, wiring and panel assembly
drawings), field testing, calibration and start-up, operator instruction and
maintenance training. Each of the references cited must be accompanied by a
written confirmation of the accuracy of the specific data submitted by a
managerial member of the plant’s operational staff.

In addition, list the following information for each project:

a. Name of plant, OWNER, contact name and telephone number. All phone
numbers and contacts shall be verified by the applicant prior to submission.

b. Name of manufacturer(s) for the majority of instrumentation furnished.
c. Type of equipment furnished (i.e., transmitters, recorders, indicators, etc.).

d. Manufacturer and model number of networked programmable logic controllers
interfaced with.

e. Date of completion or acceptance.

Name of the individual person who will be responsible for office engineering and
management of this project, and the individual who will be responsible for field
testing, calibration, start-up and operator training for this project. Include references
of recent projects of these individual persons. These individuals must have
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appropriate experience and similar responsible positions or similar instrumentation,
control, PLC and computer system projects.

A preliminary system block diagram which identified each specified PLC, 1/O
associated with each PLC. The preliminary system block diagram shall indicate the
proposed vendors and respective model/revision numbers all system devices. The
vendor content of this diagram shall reflect the applicant’s understanding of the
project requirements. If the diagram is not representative of the project
requirements, the applicant shall not be approved. As a minimum, the hardware and
software submittals made by the approved applicant subsequent to bid shall be
based on the content of the preliminary system block diagram.

Document that the applicant’s company has been actively involved in the
instrumentation systems business (under the same corporate name) for a minimum
of ten (10) years.

Demonstrate financial capability. All prospective applicants shall submit a financial
prospectus indicative of the corporate finance state. This prospectus shall also
include:

1. A current copy of a Dunn and Bradstreet report.
2. A letter from a financial institution indicating a current line of credit and
bonding limit.

Each applicant will be reviewed for their capability to execute the scope of work
required for this project. Pre-qualification does not exempt the contractor from
conforming to the requirements of the Contract documents. The evaluation of
applicants makes no finding regarding their financial capabilities or acceptability of
proposed methods and equipment. All contract requirements must be complied
with regardless of the data presented in the pre-qualification proposal.

A list of all hardware and software proposed for this project.

Verification that applicant contains all certificates specified.

END OF SECTION
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SECTION 13302
CONTROL AND INFORMATION SYSTEM SUBMITTALS

PART 1 - GENERAL

1.01 THE REQUIREMENT
A. The contractor shall submit for review, complete shop drawings for all equipment
in accordance with the General Conditions and Division 1 of the specifications. All
submittal material shall be complete, legible, and reproducible, and shall apply
specifically to this project.
1.02 DIGITAL HARDWARE SUBMITTALS
A. Submit system block diagram(s) showing:
1. All equipment to be provided.
2. Allinterconnecting cable.
3. Equipment names, manufacturer, and model numbers.
4. Equipment locations.
B. Submit information for all digital equipment including, but not limited to, the
following:
1. Bill of materials with equipment names, manufacturers, complete model
numbers and locations.
2. Catalog cuts.
3. Complete technical, material and environmental specifications.
4. Assembly drawings.
5. Mounting requirements.
6. Color samples.
7. Nameplates.
8. Environmental requirements during storage and operation.
1.03 SOFTWARE SUBMITTALS
A. Software submittals shall include the following as a minimum:
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1. Bill of materials with software names, vendors, and complete listings of
included software modules.
2. Standard manufacturer's literature describing the products.
3. Description of function of software in Control and Information System.
4. Limitations or constraints of software.
5. Minimum system (processor and memory) requirements.
6. Operation and maintenance requirements.
B. Submit information on the following software:

1. Third-party software, including:

a. Operating system.

b. Programmable logic controller programming software (where applicable).

2. Software configuration, including:
a. Graphic display organization.
b. Database configuration for operator workstations and database
management system.
c. Trends.
d. System security.
e. Formats for all reports, including all required calculations.
f. Intercommunications between software products required to implement
system functions.
g. Equipment backup configuration and requirements.
C. Control Strategies
1. Provide control strategy documentation that includes control strategy diagrams
(either block oriented logic or ladder logic diagrams, as appropriate) to describe
the control of all processes. The written description shall follow the format of
the functional control descriptions contained herein. The control strategy
submittals shall contain the following as a minimum:
a. An overall description of the program structure and how it will meet the
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specified control requirements.

A listing of the program.

Extensive comments in the listings to describe program steps.

Equation and ladder program derivations for all specified control routines.
Resource (processor and memory) requirements.

A listing of inputs and outputs to the control strategy.

Application Software

1.

Provide application software documentation that contains program descriptions
for the operation, modification, and maintenance of all application programs
provided for the digital system.

Application software includes all custom routines developed specifically for this
project, or pre-written routines used for accomplishing specified functions for
this project. This shall include VBASIC and C programs, and any other add-in
custom software.

Graphic Displays

1.

Submit all graphic displays required to perform the control and operator
interface functions specified herein for the new operator interface panel.

Submit graphic displays for review by the Owner and the Engineer at least 60
days prior to commencement of factory testing.

The Contractor shall allow for one major cycle of revisions to the displays prior
to factory testing and one minor cycle of revisions following factory test. A cycle
of revisions shall be defined as all revisions necessary to complete a single set of
changes marked by the Engineer. Additional corrections shall be performed
during start-up as required to accommodate changes required by actual field
conditions, at no additional cost to the Owner.

Two of the required submittals in each revision cycle shall be full color prints of
the entire set of displays. Additional sets may be in black-and-white or
grayscale.

Displays shall be printouts of actual process graphics implemented in the
system.
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1.04 CONTROL PANEL SUBMITTALS

A. Submittals shall be provided for all control panels, and shall include:

1.

Exterior panel drawings with front and side views, to scale.

2. Interior layout drawings showing the locations and sizes of all equipment and
wiring mounted within the cabinet, to scale.
3. Panel area reserved for cable access and conduit entry.
4. Location plans showing each panel in its assigned location.
B. Submit information for all exterior and interior panel mounted equipment including,

but not limited to, the following:

1. Bill of materials with equipment names, manufacturers, complete model
numbers and locations.
2. Catalog cuts.
3. Complete technical, material and environmental specifications.
4. Assembly drawings.
5. Mounting requirements.
6. Color samples.
7. Nameplates.
8. Environmental requirements during storage and operation.
C. Submit panel wiring diagrams showing power, signal, and control wiring,
including surge protection, relays, courtesy receptacles, lighting, wire size and color
coding, etc.

1.05 INSTRUMENT SUBMITTALS

A. Submit information on all field instruments, including but not limited to the
following:
1. Product (item) name and tag number used herein and on the Contract Drawings.
2. Catalog cuts.
3. Manufacturer's complete model number.
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4. Location of the device.
5. Input - output characteristics.
6. Range, size, and graduations.

7. Physical size with dimensions, NEMA enclosure classification and mounting
details.

8. Materials of construction of all enclosures, wetted parts and major components.
9. Instrument or control device sizing calculations where applicable.

10. Certified calibration data on all flow metering devices.

11. Environmental requirements during storage and operation.

12. Associated surge protection devices.

OPERATION AND MAINTENANCE MANUALS

The Contractor shall deliver equipment operation and maintenance manuals
Operation in two basic parts:

1. Manufacturer standard O&M manuals for all equipment and software furnished
under this Division.

2. Custom O&M information describing the specific configuration of equipment
and software, and the operation and maintenance requirements for this
particular project.

The manuals shall contain all illustrations, detailed drawings, wiring diagrams, and
instructions necessary for installing, operating, and maintaining the equipment. The
illustrated parts shall be numbered for identification. All modifications to
manufacturer standard equipment and/or components shall be clearly identified
and shown on the drawings and schematics. All information contained therein
shall apply specifically to the equipment furnished and shall only include
instructions that are applicable. All such illustrations shall be incorporated within
the printing of the page to form a durable and permanent reference book.

The manuals shall be prepared specifically for this installation and shall include all
required cuts, drawings, equipment lists, descriptions, etc. that are required to
instruct operation and maintenance personnel unfamiliar with such equipment.
The maintenance instructions shall include trouble shooting data and full preventive
maintenance schedules. The instructions shall be bound in locking 3-D-ring binders
with bindings no larger than 3.5 inches. The manuals shall include 15% spare space
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for the addition of future material. The instructions shall include drawings reduced
or folded and shall provide the following as a minimum.

1. A comprehensive index.

2. A functional description of the entire system, with references to drawings
and instructions.

3. A complete "as-built" set of all approved shop drawings, which shall reflect all
work required to achieve final system acceptance.

4. A complete list of the equipment supplied, including serial numbers, ranges,
and pertinent data.

5. Full specifications on each item.

6. Complete parts lists with stock numbers and name, address, and telephone
number of the local supplier.

7. References to manufacturers' standard literature where applicable.

8. Warning notes shall be located throughout the manual where such notes are
required to prevent accidents or inadvertent misuse of equipment.

The operating instructions shall clearly describe the step-by-step procedures
that must be followed to implement all phases of all operating modes. The
instructions shall be in terms understandable and usable by operating personnel
and maintenance crews and shall be useful in the training of such personnel.

The maintenance instructions shall describe the detailed preventive and corrective
procedures required, including environmental requirements during equipment
storage and system operation, to keep the System in good operating condition. All
hardware maintenance documentation shall make reference to appropriate
diagnostics, where applicable, and all necessary wiring diagrams, component
drawings and PCB schematic drawings shall be included.

The hardware maintenance documentation shall include, as a minimum, the
following information:

1. Operation Information - This information shall include a detailed description of
how the equipment operates and a block diagram illustrating each major
assembly in the equipment.

2. Preventive Maintenance Instructions - These instructions shall include all
applicable visual examinations, hardware testing and diagnostic routines, and
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the adjustments necessary for periodic preventive maintenance of the System.

3. Corrective Maintenance Instructions - These instructions shall include guides for
locating malfunctions down to the card-replacement level. These guides shall
include adequate details for quickly and efficiently locating the cause of an
equipment malfunction and shall state the probable source(s) of trouble, the
symptoms, probable cause, and instructions for remedying the malfunction.

4. Parts Information - This information shall include the identification of each
replaceable or field-repairable component. All parts shall be identified on a list
in a drawing; the identification shall be of a level of detail sufficient for procuring
any repairable or replaceable part. Cross-references between equipment
numbers and manufacturer's part numbers shall be provided.

G. Software documentation shall conform to a standard format and shall include, but
not be limited to, the following:

1. A program abstract that includes:
a. Program Name - The symbolic alphanumeric program name.
b. Program Title - English text identification.

c. Program Synopsis - A brief text shall be provided that specifies the need for
the program, states when it shall be used and functionally describes all
inputs, outputs and functions performed. This descriptive text shall be
written in a language that is understandable by non-software oriented
readers.

2. A program description that shall include, but not be limited to, the following:

a. Applicable Documents - List all documents (standard manufacturer's
literature, other program descriptions, etc.) by section, if practical, that
apply to the program. One complete copy of all applicable reference
material shall be provided.

b. Input-Output - Identify each input and output parameter, variable, and
software element used by the program. State the purpose of all inputs,
outputs, and variables.

c. Processing - This section shall contain a description of the overall structure
and function of the program. Describe the program run stream and present
a detailed description of how the program operates. Describe the timing
and sequencing of operations of the program relative to other programs.
Describe all interactions with other programs. Processing logic that is not
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readily described without considerable background information shall be
handled as a special topic with references to an appendix or to control
strategy document that details the necessary information. Reference shall
also be made to an appendix or control strategy document for equation and
program algorithm derivations.

d. System Configuration - Describe in detail the system configuration or status
required for program implementation, if appropriate.

e. Limitation and Constraints - Summarize all known or anticipated limitations
of the program, if appropriate.

f. Storage - Define program storage requirements in terms of disk or RAM
memory allocation.

g. Verification - Describe, as a minimum, a test that can be used by the operator

to assure proper program operation. Define the required system
configuration, input requirements and criteria for successful test
completion.

h. Diagnostics - Describe all program diagnostics, where applicable.

Descriptions shall list each error statement, indicate clearly what it means,
and specify what appropriate actions should be taken.

i. Malfunction Procedures - Specify procedures to follow for recovering from a
malfunction due to either operator error or other sources.

FINAL SYSTEM DOCUMENTATION

All documentation shall be delivered to the Owner/Construction Manager prior to
final system acceptance in accordance with the contract documents. As a
minimum, final documentation shall contain all information originally part of the
control system submittals.

If any documentation or other technical information submitted is considered
proprietary, such information shall be designated. Documentation or technical
information which is designated as being proprietary will be used only for the
construction, operation, or maintenance of the system and, to the extent permitted
by law, will not be published or otherwise disclosed.

Provide a complete set of detailed electrical interconnection diagrams required to
define the complete instrumentation and control system. All diagrams shall be 11
X 17-inch original reproducible prints. All diagrams shall be corrected so as to
describe final "as-built" hardware configurations and to reflect the system
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configuration and control methodology adopted to achieve final system
acceptance.

Provide system software documentation for the operation and maintenance of all
system software programs provided as a part of the digital system. All system
software documentation shall be amended as required to delineate all
modifications and to accurately reflect the final as-built software configurations.

Provide application software documentation that contains program descriptions for
the operation, modification, and maintenance of all application programs provided
for the digital system.

Provide control strategy documentation which shall include control strategy (block
oriented or ladder logic) diagrams to describe the control of all processes. Control
strategy documentation shall reflect the system configuration and control
methodology adopted to achieve final system acceptance. Control strategy
documentation shall conform to the submittal requirements listed hereinabove.

O&M documentation shall be amended with all final, adjusted values for all
setpoints and other operating parameters for Owner reference.

The Owner recognizes the fact that not all possible problems related to real-time
events, software interlocks, flags, active tasks, and hardware maintenance and
utilization can be discovered during the Acceptance Tests. Therefore, the
instrumentation subcontractor through the contractor shall investigate, diagnose,
repair, update, and distribute all pertaining documentation of the deficiencies
that become evident during the warranty period. All such documentation shall be
submitted in writing to the Owner/Construction Manager within 30 days of
identifying and solving the problem.

PROGRAMS AND SOURCE LISTINGS

Provide two copies of all standard, of-the-shelf system and application software
(exclusive of firmware resident software) on tape or disk. One copy shall be the
original tapes or disks from the manufacturer, with one additional copy for backup
purposes.

Provide two copies of source listings on tape or disk for all custom software written
specifically for this facility, all database files configured for this facility, and all
control strategies. All source listings shall include a program abstract, program
linkage and input/output data. Comments describing the program flow shall be
frequently interspersed throughout each listing.

END OF SECTION
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SECTION 13303
CONTROL AND INFORMATION SYSTEM TRAINING REQUIREMENTS

PART 1 - GENERAL

1.01

A.

1.02

1.03

THE REQUIREMENT

To familiarize the Owner's personnel with the process control system and field
instrumentation, training shall be provided as detailed hereunder.

RELATED WORK SPECIFIED ELSEWHERE

Section 13300 - Instrumentation and Control for Process Systems - General
Requirements

SUBMITTALS

A minimum of 60 days prior to beginning training, submit a detailed training plan
describing the following:

A listing of all subjects to be covered.
Course schedule.

Documentation/lesson plans covering all subjects to be covered during the
course instruction. Information shall be in a "how to" format, with sufficient
background documentation and references to manufacturer literature to provide a
thorough and clear understanding of the materials to be covered.

Course schedules.

Qualifications and experience of individual(s) providing training.

GENERAL REQUIREMENTS

All costs of providing the training courses shall be borne by the Contractor.

As used herein, the term "day" shall mean an eight-hour day, and the term "week"
shall mean a five-day, 40-hour week.

All training courses shall be conducted under the direction of a training director who
shall design a detailed training plan that complements the experience and skill
levels of the Owner's personnel.

All training courses shall include lecture as well as "hands on" experience for each
of the attending personnel. The Contractor shall provide sufficient equipment for
this to be accomplished. For example, training in which the instructor uses the
computer and the Owner's personnel passively observe as the instructor
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1.06

demonstrates system functions shall not be acceptable.

Unless otherwise specified, all training courses shall be conducted in the Owner's
facilities.

All training shall be completed prior to system acceptance.
OPERATOR TRAINING

Provide three days of Operator training for staff to provide instruction in the use of
the Control and Information System to monitor and control the facility.

Operator training shall include refresher training covering the Control and
Information System.  Operators shall be instructed in the names, locations,
functions, and basic operation of all items of digital equipment and associated
software.

Operator training shall cover process and equipment operation both individually
and collectively as an operating system. Normal as well as abnormal operating
conditions shall be covered, including the response to failure occurrences and
system alarms. All operator/system interactions shall be described.

Operators shall be trained to instruct other operators and shall be provided with all
course materials.

MAINTENANCE TRAINING

A one-day refresher-level course shall be conducted for at least six persons prior to
the start-up of digital equipment at the pump station. Instruction shall be provided
in the following:

1. Operating all digital equipment, including system start-up and shutdown
procedures.

2. The use of hardware diagnostic routines, test equipment and test procedures as
required to enable the Owner's personnel to detect and isolate system faults to
the circuit board or module level and to implement repairs by replacing failed
circuit boards or modules.

3. Calibration and routine maintenance procedures for all analog and digital
equipment.

Step by step written procedures shall be provided for all preventive maintenance
tasks and for identifying hardware faults to the circuit board or module level for all
items of digital equipment.

All digital equipment preventive and corrective maintenance training activities shall
be limited to the use of commercially available off-the-shelf test equipment and to
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the use of diagnostic routines and hardware items which are the same as those to
be provided as part of the system.

1.07 INSTRUMENT TRAINING

A. A one-day refresher-level course shall be provided at the Owner's facilities no more
than three months prior to system start-up to instruct a minimum of five persons
each in the calibration and preventive maintenance of the field instruments
provided under this Contract.

END OF SECTION
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SECTION 13304
CONTROL AND INFORMATION SYSTEM QUALITY ASSURANCE

PART 1 - GENERAL

1.01

1.02

1.03

THE REQUIREMENT

It is the intent of these Specifications and Drawings to secure high quality in all
materials, equipment and workmanship in order to facilitate operations and
maintenance of the facility. The Contractor shall provide equipment and services to
meet this intent.

REFERENCE SPECIFICATIONS, CODES AND STANDARDS

All work shall be installed in accordance with the National Electric Code, National
Electric Safety Code, OSHA, State, local and other applicable codes.

QUALITY ASSURANCE - GENERAL

All equipment and materials shall be new and the products of reputable recognized
suppliers having adequate experience in the manufacture of these particular items.

For uniformity, only one manufacturer will be accepted for each type of product.

All equipment shall be designed for the service intended and shall be of rugged
construction, of ample strength for all stresses that may occur during fabrication,
transportation, and erection as well as during continuous or intermittent operation.
They shall be adequately stayed, braced and anchored and shall be installed in a neat
and workmanlike manner. Appearance and safety, as well as utility, shall be given
consideration in the design of details.

All components and devices installed shall be standard items of industrial grade, unless
otherwise noted, which shall be of sturdy and durable construction and be suitable for
long, trouble-free service.

Electronic equipment shall be all solid state construction, utilizing microprocessors,
unless otherwise specified. Components shall be de-rated to assure dependability
and long-term stability.

Printed circuit boards in field mounted equipment shall be suitable for the
specified environmental conditions.

Alignment and adjustments shall be non-critical, stable with temperature changes or
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1.06

1.07

1.08

aging and accomplished with premium grade potentiometers.

Components of specially selected values shall not be inserted into standard electronic
assemblies in order to meet the performance requirements of this specification.

OPTIONAL EQUIPMENT

Optional or substituted equipment or both requiring changes in details or dimensions
required to maintain all structural, mechanical, electrical, control, operating,
maintenance or design features incorporated in these Specifications and Drawings
shall be made at no additional cost to the Owner. In the event that the changes are
necessary, calculations and drawings showing the proposed revisions shall be
submitted for approval. The Contractor shall coordinate all changes with other
affected trades and contracts and pay all additional charges incurred.

SHIPPING HANDLING AND STORAGE

In addition to shipping, handling and storage requirements specified elsewhere in the
Contract documents, air conditioning/heating shall be provided for storage of all field
instrumentation, panels, digital equipment and ancillary devices to maintain
temperatures between 20 and 25 degrees C and relative humidity 40 to 60 percent
without condensation. The air shall be filtered and free of corrosive contaminants and
moisture.

FABRICATION

Fabrication of all equipment shall conform to the codes and standards outlined in this
Section, and other portions of the Contract documents.

The Engineer may inspect the fabricated equipment at the factory before shipment to
job site. The Contractor shall provide the Engineer with sufficient prior notice so
that an inspection can be arranged at the factory. Inspection of the equipment at the
factory by the Engineer will be made after the manufacturer has performed
satisfactory checks, adjustments, tests and operations.

Equipment approval at the factory only allows the equipment to be shipped to the
project site. The Contractor shall provide for the proper storage, installation and
satisfactory start-up and operation of the equipment to the satisfaction of the
equipment manufacturer, the instrumentation subcontractor, and the Engineer.

INSTALLATION

All instrumentation and control system installation work shall conform to the codes
and standards outlined in this Section, and other portions of the Contract documents.
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The instrumentation subcontractor shall assign a competent representative who shall
provide full time coordination and supervision of all on-site instrumentation and
control system construction work from commencement of construction through
completion and final acceptance.

All labor shall be performed by qualified craftsmen in accordance with the
standards of workmanship in their profession and shall have had a minimum of three
years of documented experience on similar projects.

All equipment and materials shall fit properly in their installations. Any required work
to correct improperly fit installations shall be performed at no additional expense to
the Owner.

Sufficient common-mode and differential-mode noise rejection shall be provided
to insure operation of the plant process control system to meet all specification
requirements. General practice shall include:

1. Maintaining crossings between noisy wires and signal wires at right angles.
2. Maintaining separation between noisy wires and signal wires as wide as practical.

3. Grounding all signals, shields and power supplies at the process control unit or local
control panel.

4. Providing passive filters on signals with time constant compatible with scan
intervals and overvoltage protection.

5. Eliminating cable splices. All splices in instrumentation and control system signal
and network cables shall be approved in advance by the Engineer.

6. Providing a floating output for transmitters that have their own power sources.

Separate grounding systems shall be provided for the control system AC power and DC
circuits within a control system cabinet containing programmable logic controller (PLC)
equipment. The AC power system ground shall be connected to the AC power ground
system in the associated building. The DC ground shall be a # 6 insulated conductor
routed directly from a separate copper ground bus bar in the control system cabinet
to a separate DC grounding electrode outside each associated building. DC grounding
electrode shall be a separate ground rod driven as specified under Section 26 05 26.
The DC ground bus bar inside the control system cabinet shall be isolated from the
cabinet chassis using insulated stand-offs. The DC and AC power grounding systems
shall be furnished and installed in accordance with the control system manufacturer's
recommendations as well as all applicable code requirements.
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The case of each field instrument and control panel shall be grounded in compliance
with the National Electric Code.

Power wires shall be separated from parallel-running signal wires by the following
minimum spacing:

CIRCUIT VOLTAGE MINIMUM SPACING
(VAC) (IN.)
120 12
240 18
480 18
2000 and above 24

The Contractor shall provide all required cutting, drilling, inserts, supports, bolts, and
anchors, and shall securely attach all equipment and materials to their supports.
Embedded supports for equipment furnished under this Division shall be provided and
installed as shown specified herein and shown on the Drawings.

Following acceptance of the factory tests by the Engineer and inaccordance with
the construction schedule, the Contractor shall commence installation of the digital
control system hardware. Digital system equipment items shall not be installed,
however, until all architectural, mechanical, HVAC and electrical work has been
completed in the equipment rooms, MCC's, control rooms and all structural and/or
mechanical work has been completed within 50 feet of equipment locations.

Upon completion of the above construction work, the Contractor shall request an
inspection of the above-named areas. The Engineer will issue a written approval to
proceed with delivery and installation only after being satisfied that all work described
above has been properly performed. Digital equipment shall remain at the factory site
or storage prior to approval for delivery to the project site. Partial shipments may be
required to meet construction schedule requirements.

END OF SECTION
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SECTION 13305
CONTROL AND INFORMATION SYSTEM TESTING - GENERAL

PART 1 - GENERAL

1.01

A.

1.02

1.03

THE REQUIREMENT

The Contractor shall test the Control and Information System as specified herein to
demonstrate compliance with the Contract documents.

SUBMITTALS

For each of the specified tests, submit a test plan to the Construction Manager at
least one month in advance of commencement of the tests. The test plan shall
contain the following at a minimum:

1. Aschedule of all testing to be conducted.

2. A brief description of the testing to be performed

3. Test objectives.

4. Testing criteria per the Specifications.

5. Check lists and procedures for performing each of the specified tests.
6. Sample test result documentation.

7. Requirements for other parties.

GENERAL REQUIREMENTS

All system start-up and test activities shall follow detailed test procedures; check
lists, etc., previously approved by the Engineer. The Engineer shall be notified at least
21 days in advance of any system tests and reserves the right to have his and/or the
Owner's representatives in attendance.

The Contractor shall provide the services of experienced factory trained technicians,
tools and equipment to field calibrate, test, inspect, and adjust all equipment in
accordance with manufacturer's specifications and instructions.

The Engineer (or designee) shall maintain master logbooks for each phase of
installation, startup and testing activities specified herein. Each logbook shall include
signal, loop or control strategy tag number, equipment identification, description
and space for sign-off dates, Contractor signature and Construction Manager
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signature. Example test documentation specific to each phase of testing shall be
approved prior to initiation of that testing, as specified hereinabove.

D. All test data shall be recorded on test forms, previously approved by the Engineer.
When each test has been successfully completed, a certified copy of all test results
shall be furnished to the Construction Manager together with a clear and
unequivocal statement that all specified test requirements have been met and that
the system is operating in accordance with the Contract documents.

E. The Engineer will review test documentation in accordance with the Contract
documents and will give written notice of the acceptability of the tests within 10 days
of receipt of the test results.

END OF SECTION
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SECTION 13306
CONTROL AND INFORMATION SYSTEM FIELD TESTING

PART 1 - GENERAL

1.01

A.

1.02

1.03

REQUIREMENTS:

The Contractor shall perform field testing on the Control and Information System as
specified herein to demonstrate compliance with the Contract documents.

GENERAL REQUIREMENTS:

Control system start-up and testing shall be performed to ensure that all plant
processes shall be systematically and safely placed under digital control in the
following order:

1. Primary elements such as transmitters and switch devices shall be calibrated and
tested.

2. Each final control element shall be individually tested as specified hereinafter.
3. Each control loop shall be tested as specified hereinafter.

4. Each control strategy shall be tested under automatic digital control as
specified hereinafter.

5. The entire control system shall be tested for overall monitoring, control,
communications, and information management functions, and demonstrated for
system availability as specified hereinafter.

System start-up and test activities shall include the use of water, if necessary, to
establish service conditions that simulate, to the greatest extent possible, normal
operating conditions in terms of applied process loads, operating ranges and
environmental conditions.

Each phase of testing shall be fully and successfully completed and all associated
documentation submitted and approved prior to the next phase being started.
Specific exceptions are allowed if written approval has been obtained in advance from
the Engineer.

CONTRACTOR'S RESPONSIBILITIES:

The Contractor shall ensure that all mechanical equipment, equipment control
panels, local control panels, field instrumentation, control system equipment and
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1.04

1.05

related equipment and/or systems are tested for proper installation, adjusted and
calibrated on a loop-by-loop basis prior to control system startup to verify that each
is ready to function as specified. Each test shall be witnessed, dated and signed off
by both the Contractor (or designee) and the Engineer upon satisfactory
completion.

The Contractor shall be responsible for coordination of meetings with all affected
trades. A meeting shall be held each morning to review the day's test schedule with
all affected trades. Similarly, a meeting shall be held each evening to review the day's
test results and to review or revise the next day's test schedule as appropriate.

The Contractor shall ensure that the electrical subcontractor conforms with the start-
up, test and sign-off procedures specified herein to assure proper function and
coordination of all motor control center control and interlock circuitry and the
transmission of all discrete and/or analog signals between equipment furnished by
the electrical subcontractor and the control system specified herein.

FINAL CONTROL ELEMENT TESTING:

The proper control of all final control elements shall be verified by tests conducted in
accordance with the requirements specified herein.

All modulating final control elements shall be tested for appropriate speed or position
response by applying power and input demand signals, and observing the equipment
for proper direction and level of reaction. Each final control element shall be tested
at 0, 25, 50, 75, and 100 percent of signal input level and the results checked against
specified accuracy tolerances. Final control elements, such as VFD’s, that require
turndown limits shall be initially set during this test.

All non-modulating final control elements shall be tested for appropriate position
response by applying and simulating control signals, and observing the equipment for
proper reaction.

LOOP CHECKOUT:

Prior to control system startup and testing, each monitoring and control loop shall be
tested on an individual basis from the primary element to the final element, including
the operator workstation or loop controller level, for continuity and for proper
operation and calibration.

Signals from transducers, sensors, and transmitters shall be utilized to verify control
responses. Simulated input data signals may be used subject to prior written approval
by the Engineer. All modes of control shall be exercised and checked for proper
operation.
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The accuracy of all DAC's shall be verified by manually entering engineering unit data
values at the operator workstation and then reading and recording the resulting
analog output data.

The accuracy of all ADC's shall be verified using field inputs or by manually applying
input signals at the final controller, and then reading and recording the resulting
analog input data at the operator workstation.

Each loop tested shall be witnessed, dated and signed off by both the Contractor and
the Engineer upon satisfactory completion.

CONTROL SYSTEM STARTUP AND TESTING:

Control system startup and testing shall be performed to demonstrate complete
compliance with all specified functional and operational requirements. Testing
activities shall include the simulation of both normal and abnormal operating
conditions.

All digital hardware shall be fully inspected and tested for function, operation and
continuity of circuits. All diagnostic programs shall be run to verify the proper
operation of all digital equipment.

Final control elements and ancillary equipment shall be tested under start-up and
steady-state operating conditions to verify that proper and stable control is achieved
using local area control panels, motor control center circuits, and local field mounted
control circuits. All hardwired control circuit interlocks and alarms shall be
operational. The control to final control elements and ancillary equipment shall be
tested using both manual and automatic (where provided) control circuits.

Signals from transducers, sensors, and transmitters shall be utilized to verify control
responses for final control elements. Simulated input data signals may be used
subject to prior written approval by the Engineer.

Each control strategy shall be tested to verify the proper operation of all required
functions. The control system start-up and test activities shall include procedures for
tuning all control loops incorporating PID control modules, and for adjusting and
testing all control loops as required to verify specified performance.

The control system start-up and test activities shall include running tests to prove
that the Instrumentation, Control and Information System is capable of continuously,
safely and reliably regulating processes, as required by the Contract, under service
conditions that simulate, to the greatest extent possible, normal plant operating
ranges and environmental conditions.
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A witnessed functional acceptance test shall be performed to demonstrate
satisfactory performance of individual monitoring and control loops and control
strategies. At least one test shall be performed to verify that the control and
instrumentation system is capable of simultaneously implementing all specified
operations.

Each loop and control strategy test shall be witnessed and signed off by both the
Contractor (or designee) and the Engineer upon satisfactory completion.

FACILITY STARTUP COORDINATION:

Facility start-up shall comply with requirements specified in the Contract documents
and those requirements specified herein. Facility start-up shall commence after all
previously described start-up and test activities have been successfully completed and
shall demonstrate that the Instrumentation, Control and Information System can
meet all Contract requirements with equipment operating over full operating ranges
under actual operating conditions.

The control system start-up period shall be coordinated with process startup activities
and shall be extended as required until all plant processes are fully operational and to
satisfy the Engineer that all control system Contract requirements have been fulfilled
in accordance with the Contract documents.

END OF SECTION
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SECTION 13307
CONTROL AND INFORMATION SYSTEM FACTORY TESTING

PART 1 - GENERAL

1.01

1.02

REQUIREMENTS:

The Contractor shall perform a Factory Acceptance Test on the Control and Information
System as specified herein to demonstrate compliance with the Contract documents.
Factory acceptance testing will be witnessed by two (2) persons from Owner’s and/or
Engineer’s staff.

FACTORY ACCEPTANCE TEST

The Control and Information System equipment shall not be shipped until the Contractor
receives notice of acceptability of the factory tests.

Each item of equipment shall be fully factory inspected, calibrated and tested for
function, operation and continuity of circuits. Exceptions shall be approved in writing by
the Engineer.

Each subsystem shall be fully factory tested for function and operation. As a minimum,
all tests shall conform to "Hardware Testing of Digital Process Computers",
recommended practice RP55.1. International Society of Automation.

System performance shall be tested using a fully integrated system, including all
software and hardware. To achieve this, the entire control system, including all
peripheral devices and all interconnecting cables (field instruments are not included in
this requirement), shall be assembled on the factory test floor and the complete
operational program loaded and simulated inputs applied.

All hardware and software required to perform the specified testing shall be furnished
by the Contractor at no additional cost to the Owner.

The instrumentation subcontractor shall perform a 100-hour full system test, during
which the entire system shall operate continuously without failure in accordance with
the requirements of the Contract documents. If a system component fails during the
test, the 100-hour test period shall be restarted after its operation is restored.

The factory testing shall demonstrate all aspects of system sizing and timing including:
1. Monitoring and control scan times at the PLC level.

2. Response times at the OIT level.
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The overall system as well as individual component hardware shall be tested under
conditions of power failure to ensure proper response as specified herein.

Operator Interface Terminal Operation - This demonstration shall provide proof of
system operation on an individual subsystem basis first, and then in the expected
operating environment. Both normal and abnormal operating modes shall be
demonstrated. Operator workstation testing shall include the following:

1.

Demonstrate proper operation, under both normal and abnormal conditions of
the Operator Interface Terminal application software (SCADA, remote alarm dial-up,
etc.). This shall include demonstration of system on-line diagnostics, fail-over
features, reconfiguration operations, system initialization and restart, software fault
tolerance, error detection and recovery, communications, and all additional features
necessary to assure the successful operation of the system.

Demonstrate the standard features of the system. This shall include proof of
operation of the process control database generator, the display generator, data
storage and retrieval functions, data acquisition and control, trending functions, and
reporting functions.

Demonstrate the configuration of the system to verify conformance with the
Contract documents. This shall include graphic displays and vectoring, operator
interface functions, trending, reports, alarm management, security system
configuration, etc.

The system shall be operated with data input/output with the PLC's and associated
panels to prove operation of all workstation functions.

The testing in Items 2 and 3 above may be performed concurrently (i.e., the standard
and configured features of the system may be demonstrated simultaneously).

PLC Operation - All functions comparable to those demonstrated for the operator
workstations shall be demonstrated on the PLCs. This shall include the following:

1.

2.

On-line and off-line diagnostics.

For redundant units, fail-over operation and reconfiguration.

System initialization and restart.

Network communications, including fieldbus communications where required.
Non-volatility of memory.

Operation of all control logic shall be demonstrated as described herein.
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K. Process 1/O Simulation - Process input/output simulation for PLCs shall be performed
with a manual simulation control panel, a separate programmable logic controller,
network-based simulation software, analog signal generators, and/or jumpering of
discrete signals between outputs and associated inputs, or some combination of these.
Alternate process I/O systems such as plug-in circuit cards or 1/O test modules may
be utilized subject to approval by the Construction Manager to provide the specified
simulation functions. The simulation system shall provide analog and discrete 1/0
hardware devices in sufficient quantity to allow complete and thorough testing of the
control strategies and functions of the system. The process I/O simulation system shall
be used in several ways as follows:

1. To provide a means of communications checkout from the operator workstations
through the various levels of software in the PLC's and to the process, i.e., the
simulation panel. Likewise, a discrete or analog input shall be initiated from the
simulation panel and the result monitored at the workstations.

2. Alarmresponse to discrete status changes or analog value limits shall be verified.
Database entries or attributes such as engineering units and conversion equations
shall be verified by varying analog inputs.

3. To provide data for use at all levels of the control system at the time of
system integration.

L. Control Strategy Testing - Provision shall be made to test all control strategies to prove
the integrity of each strategy and the process control language in which it is
implemented. For each control strategy, all functions shall be tested individually (where
possible) and collectively to verify that the control strategy performs as described herein
and as required for overall functionality within the control system.

END OF SECTION
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SECTION 13308
CONTROL AND INFORMATION SYSTEM FINAL ACCEPTANCE TESTING

PART 1 - GENERAL

1.01

1.02

REQUIREMENTS:

The CONTRACTOR shall perform the Final Acceptance Test on the Control and
Information System as specified herein to demonstrate compliance with the Contract
documents.

AVAILABILITY DEMONSTRATION AND FINAL SYSTEM ACCEPTANCE:

Upon completion of all control system startup activities and prior to final system
acceptance, the Contractor shall demonstrate that the availability of the entire control
system, including operation under conditions of digital equipment fail-over, initiated
either automatically or manually, shall be not less than 99.8 percent during a 30-day
availability test period. The Owner/Engineer shall be given two (2) weeks notice of the
starting date of the 30-day availability test.

For purposes of determining availability figures, downtime of each system or portions
of each system resulting from the causes specified hereunder will not be considered
system failures.

1. Downtime of any Ethernet-connected device that is automatically backed-up upon
failure shall not be considered a system failure provided that the downtime of the
failed component does not exceed 24 hours.

2. Downtime of a PLC that is not automatically backed-up shall be considered a system
failure.

3. Downtime of a portion of the system resulting from failure of any field sensor shall
not be considered a system failure provided that the system operates as specified
under this condition.

4. The failure of the same component more than one time during the 30-day test shall
be considered a system failure.

If the system fails the 30-day availability test, the 30-day test period shall be restarted
after the failed component or software is repaired/replaced and full operation is
restored.

The Contractor shall submit an availability demonstration report that shall state that
all system availability requirements have been met.

END OF SECTION
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SECTION 13310
PROGRAMMABLE LOGIC CONTROLLERS

PART 1 - GENERAL
REQUIRMENTS:

1.01

A.

This section specifies requirements for small and medium programmable logic
controllers (PLC) designed to execute discrete and continuous control logic with
high reliability in industrial applications.

All PLC provided for this project shall comply with the requirements of this
section. PLCs provided with vendor package systems are provided by the
equipment manufacturer. Other PLCs are provided by the systems integrator.

The Owner has standardized on Modicon PLC systems as specified herein.
Modicon PLCs shall be provided for process control systems without exception on
this project.

Manufacturer

1. The Owner requires the specified manufacturer to provide the
equipment and/or products to be furnished under this Section. The
Owner believes the manufacturer is capable of producing equipment
and/or products that will satisfy the requirements of this Section. This
statement, however, shall not be construed to mean that the named
Manufacturer's standard product will comply with the requirements of
this Section.

2. Manufacturers and models shall be as specified for the purpose of
compatible and efficient utilization of existing equipment, supplies,
and personnel training and experience, no substitutions are permitted.

Equipment and/or products shall be new and unused at the time of system
assembly.

Provide all cables, taps, terminators, power supplies, and accessories for a
complete operating PLC system.

Controller conforming to NEMA 1A 2.2, and with required memory and
functional capacity to perform specified sequence of operation with

scheduled input and output points.

1. RFI/EMI Susceptibility: MIL STD 461B CS02.
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2. Showering Arc Test: NEMA Pub No 1CS2-230.42.
3. Surge Withstand: ANSI C37.90a.

4. RFI Immunity : IEC801-3.

5. Ground Continuity: IEC 801-5.

6. Electrostatic Discharge: IEC 801 -2.

7. Electromagnetic Field: IEC 61000-4-3.

8. Fast transients : IEC 61000-4-4.

PART 2 — PRODUCTS

2.01

PROGRAMMABLE LOGIC CONTROLLER
B. General: SCADA Panel PLCs

C. Manufacturer:
1. Modicon Momentum

D. NEMA IA 2.3 and IEC 61131-3 compliant program editor with program written in
Ladder Logic Language. Program to be written using the same type of software as
is specified below.

E. Networking Connections: Provide all communication interfaces, network
cables, taps, terminators, power supplies, and accessories for a complete
operating network.

1. Ethernet Modbus TCP/IP ports.
2. Serial Modbus Communications as required.

F. Processor:

1. Provide Unity M1E processor is equipped with Ethernet and USB integrated
connection ports. minimum 3584 Kbytes of user memory for IEC control
programs, with additional nonvolatile storage provided by Secure Digital
media. Provide for communications via Modbus serial RTU RS485/RS232 - 1
RJ45 up to 19200 bps and Modbus TCP ETHERNET - 1 RJ45 10/100 Mbps CAT
5E UTP. Include real-time clock and program using Unity Pro Programming
Software. Supports up to 32 Modbus devices.
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G. Input and Output Modules:

1.

2.

Discrete Inputs: 120Vac or 24 Vdc, 16 channel.
Discrete Outputs: Relay output, 120Vac or 24Vdc, 16 channel
Analog Inputs: 4-20 mAdc/1-5 Vdc, 8 channel differential.
Analog Out puts: 4-20 mAdc, 4 channel.
I/O module terminations:
a. By Manufacturer to match module.
I/0 module interface modules:
a. Provide as necessary including cabling to interface all 1/0to processor.
Spare Input/Outputs:

a. The greater of a minimum one channel or 15 percent of each type
provided per control panel.

H. Power Supplies:

a. 24 Vdc. Refer to Section 40 67 00 for power supply.

. Miscellaneous:

a. Provide all cables, taps, terminators, power supplies, and accessories
for a complete operating PLC system.

2.02 PROGRAMMING SOFTWARE

A. The following software shall be provided by the Systems Integrator for this
project.

B. Provide the latest version of software compatible with the processor.

C. Provide PC to PLC programming cable(s) for each license.

D. Programmable Logic Controller

1.

Manufacturer:
1. Modicon. Momentum running Unity Pro
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2. Replace existing PLC CPU’s with Unity where needed so all PLC’s are Unity
based.

2. Licenses: Provide 1 License. Request Owner/ City licensee information prior
to ordering for registration. Provide one PC to PLC programming cable for
each license.

2.03 SPARE PARTS

A. The following spare parts shall be provided for each PLC no matter type, size or
use:

B. Programmable Logic Controller
1. One of each unique processor card.
2. One of each unique remote 1/0 and communication card.
3. One for each ten, minimum of one for each unique 1/0 card.
4. One of each unique power supply.
2.04 ETHERNET SWITCH

A. General: Scada panels (DIN-rail mounted) and Scada Rack (rack mount) ethernet
switches.

B. Manufacturer: Hirschmann BOBCAT Switch BRS20-4TX/2FX

C. The Ethernet switch shall be an industrial, managed switch compliant to IEEE 802.3 and
shall include the following features:

D. Manufacturer shall offer a family of similar switches that vary based on the port type
and quantity similar to Hirschmann Compact OpenRail. Switches will have a web based
graphical user interface for configuration that is common to all products in the family.
The family will include switches of 4, 8, 16 & 24 port varieties at 10/100 M baud. Two
(2) additional Giga-Bit ports shall be optional for high speed backbone or ring
configurations on the 8, 16 & 24 port versions.

E. Switches will employ “line speed” switching fabric to ensure full bandwidth capacity.

F. Switches shall be designed for DIN-rail mounting
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2.05

G. Redundant 24 VDC power supply inputs; power supply failure is indicated by LED and
fault relay

H. Fanless design

I.  Supports a device discovery protocol

J. Capable of ring-based media redundancy

K. Broadcast limiter to prevent broadcast storms and protect network devices

L. Packet Prioritization using COS and QOS with 8 priorities and 4 queues

M. IGMP snooping (multicast filtering) with IGMP querier V1, 2 & 3.

N. Diagnostics include RMON and up to eight (8) trap management stations. Fault
conditions can be independently reported to the management station, including:
cold/warm start, link up/down, power supply failure, redundancy mechanisms,
authentication violation, RMON thresholds, port security, indicator contact

O. Supports port-based and overlapping VLANs

P. MAC or IP address-based port security

Q. RJ45 ports shall be 10/100 BASE-TX and support auto-negotiation and auto-crossover

R. Input voltage range: 9.6 - 60 volt DC and 18 — 30 volt AC

S. Minimum operating temperature range: 0°C to +60°C

T. Optional operating temperature range must be available at: -40°C to +70°C

U. Humidity: 10% to 95% (non-condensing)

V. Protection Class: IP 20

W. Approvals: cUL508, cUL1604 Class | Division 2

FIREWALL

A. Firewall shall be rack mounted in Scada Rack

B. Manufacturer: Hirshman Eagle One industrial firewall and security router
0200TITISSDDY90000HHEXX.X.XX
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2.06 PRODUCT DATA
A. The following Product Data shall be provided.

B. Factory Acceptance Test Results:
1. Submit per the requirements of this Section.

C. Operating and Maintenance Information:
1. Operating and maintenance information shall be provided.
a. Manufacturer, representative ,and supplier contact information.

b. Manufacturer instruction manuals shall include only the following as
applicable to the PLC system:

1) Safety Precautions.
2) Environmental Conditions.
3) Troubleshooting guides and diagnostic techniques.
4) Component connection diagrams.
5) Removal and replacement instructions.
c. Warranty information.
d. Final reviewed submittal.

e. As-built drawings with record of switch and jumper settings for all
components.

f. List of spare parts provided.

D. PLC Program - Equipment Manufacturer:
1. Provide the as-built programmable controller program on a CD, prepared
usingthe software type specified in Part 2. Provide 2 copies. Label the CD
toinclude:

a. Owner's name, facility name, project name and project number as
shown on the drawings.
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b. "Application Programs For (equipment and/or PLC name)".
c. Programming software name andrevision.
d. Supplier name and program revision date.

E. PLC Program - Systems Integrator

1. Provide the as-built programmable controller program prepared usingthe
software type specified.

2. Provide the as-built programmable controller program on a USB drive,
prepared using the software type specified in Part 2. Provide 2 copies. Label

the USB drive to include:

a. Owner's name, facility name, project name and project number as
shown on the drawings.

b. "Application Programs For (equipment and/or PLC name)".
c. Programming software name andrevision.

d. Supplier name and program revision date.

PART 3 EXECUTION
3.01 INSTALLATION

A. Refer to Process Control Panels and Hardware section. Connect input and
output devices to the PLC via control panel terminal blocks, not directly to
the PLC.

3.02 FIELD INSPECTION AND TESTING
B. Refer to Process Control Panels and Hardware section.
C. Equipment manufacturer and systems integrator : The supplier of each PLC
system shall provide a qualified service representative to perform the

following:

1. Inspect the PLC installation including 1/0 and network systems,
hardware configuration switch and jumper settings.

2. Monitorall PLCsystem diagnostic indicators, both hardware and software,
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and certify that the PLC system performance meets or exceeds the
manufacturer's published specifications.

3. The systems integrator shall assist in all testing provide the required
guantity of man-weeks on-site for each PLC 1/0 rack to sufficient install,
testand commission each system as required by the specifications.

4. Equipment manufacturers shall provide the required quantity of man-days
on-site per equipment assembly to install, test and commission each system
as required by the specifications.

5. PLC programs shall be modified PLC as required.

6. Equipment manufacturer certification requirements are per the
associated equipment Specification.

D. Supplier/Subcontractor
1. Fault or trouble conditions shall be investigated and

resolved bythe Supplier/Subcontractor to the satisfaction
ofthe PLC supplier.

END OF SECTION
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SECTION 13320
PROCESS CONTROL PANELS AND HARDWARE

PART 1 - GENERAL

1.01

A.

1.02

THE REQUIREMENT

The Contractor shall furnish, test, install and place in satisfactory operation
the control enclosures, with all spare parts, accessories, and appurtenances as
specified herein and as shown on the Drawings.

Control enclosures shall be assembled, wired, and tested in the instrumentation
subcontractor's own facilities, unless specified otherwise. All components and all
necessary accessories such as power supplies, conditioning equipment, mounting
hardware, signal input and output terminal blocks, and plug strips that may be
required to complete the system shall be provided.

GENERAL INFORMATION AND DESCRIPTION

The cabinet itself and all interior and exterior equipment shall be identified with
nameplates. The equipment shall be mounted such that service can occur without
removal of other equipment. Face mounted equipment shall be flush or semi-flush
mounted with flat black escutcheons. All equipment shall be accessible such that
adjustments can be made while the equipment is in service and operating. All
enclosures shall fit within the allocated space as shown on the Drawings.

Either manufacturer-standard or custom cabinetry may be furnished subject to the
requirements of the Contract documents and favorable review by the Engineer.

Due consideration shall be given to installation requirements for enclosures in new
and existing structures. The Contractor shall examine plans and/or field inspect new
and existing structures as required to determine installation requirements, and shall
coordinate the installation of all enclosures with the Engineer and all affected
contractors. The Contractor shall be responsible for all costs associated with
installation of enclosures, including repair of damage to structures (incidental,
accidental or unavoidable).

PART 2 - PRODUCTS

2.01

A.

CABINETS AND PANELS

Cabinets and panels shall be formed or welded construction, reinforced with
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Unistrut, Powerstrut, or equal to facilitate mounting of internal components or
equipment. Sufficient access plates and doors shall be provided to facilitate
maintenance and testing of the cabinet's equipment. Doors shall be removable.
Cabinets and panels with any dimension 36 inches or greater shall be provided with
removable lifting lugs designed to facilitate safe moving and lifting of the panel
during installation. All doors shall be fitted with common-keyed locks.

Cabinets and panels shall be minimum 14 USS gauge. Cabinets and panels with any
dimension greater than 36 inches shall be 12 USS gauge.

Cabinets and panels located inside buildings, but located in areas other than climate
controlled (heated and air conditioned) electrical or control rooms, shall be as a
minimum 316 stainless steel NEMA 4X construction, or as specified or shown on the
Drawings for hazardous area classification (Class, Division, Group), or submersible
(NEMA 6) applications. Epoxy coated cast copper-free aluminum construction
shall also be acceptable for NEMA 4, 6 and 7 applications. Cabinets located in
chlorine storage/feed areas shall be of non-metallic, FRP construction, rated NEMA
ax.

Cabinets and panels within climate controlled (heated and air-conditioned)
electrical or control rooms shall be all steel fully enclosed NEMA 12 units with
gasketed doors.

Cabinets and panels shall have doors on the front and shall be designed for front
access. NEMA 12 cabinets shall be fitted with three-point door latches. Door latches
for NEMA 4X cabinets shall be all stainless steel, fast operating clamp assemblies
that do not require bolts or screws to secure. Door hardware on NEMA 4X cabinets
located in chlorine storage/feed areas shall be non-corrosive in that environment.

Panels and cabinets located outside fence-secured areas shall be fitted with
padlockable latch kits.

All cabinets and panels shall be provided with drawing pockets for as-built panel
drawings. One copy of the appropriate panel as-built drawings shall be furnished
and left in the pocket of each panel.

Panels with any dimension greater than 36 inches that contain a programmable
controller (PLC) shall be provided with a folding laptop programmer shelf on the
inside of the door.

Cabinets and panels shall be prefabricated cabinets and panels by Hoffman or Rittal.
The Contractor may optionally provide cabinets that are custom-fabricated by the
instrumentation subcontractor or by a reputable panel fabrication shop acceptable
to the Construction Manager.
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2.02

TERMINAL BLOCKS

Terminal blocks shall be assembled on non-current carrying galvanized steel DIN
mounting rails securely bolted to the cabinet subpanel. Terminals shall be of the
screw down pressure plate type as manufactured by Phoenix Contact, Wieland,
Square D, or equal.

Power terminal blocks shall be single tier with a minimum rating of 600 volts, 30
amps. C. Signal terminal blocks shall be single tier with a minimum rating of 600
volts, 20 amps.

PART 3 - EXECUTION

3.01

FABRICATION

Enclosures shall provide mounting for power supplies, control equipment,
input/output subsystems, panel mounted equipment and appurtenances. Ample
space shall be provided between equipment to facilitate servicing and cooling.

Enclosures shall be sized to adequately dissipate heat generated by equipment
mounted inside the panel. If required, one or more of the following shall be
provided to facilitate cooling:

1. Louvered openings near the bottom and top (NEMA 12 cabinets only).

2. Thermostatically controlled, low noise internal air blowers (initial setpoint
759F) to circulate air within the enclosure, maintaining a uniform internal
temperature.

3. Thermostatically controlled, low-noise cooling fans to circulate outside air
into the enclosure, exhausting through louvers near the top of the cabinet
(NEMA 12 cabinets only). Air velocities through the enclosure shall be
minimized to assure quiet operation.

4. All openings in cabinets and panels shall be fitted with dust filters.

Enclosures shall be constructed so that no screws or bolt heads are visible when
viewed from the front. Punch cutouts for instruments and other devices shall be
cut, punched, or drilled and smoothly finished with rounded edges.

The temperature inside each enclosure containing digital hardware (i.e., cabinet,
panel or console) shall be continuously monitored and shall generate an alarm to
the nearest PLC if the temperature rises to an adjustable, preset high temperature.
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Terminals shall be marked with a permanent, continuous marking strip. One side
of each terminal shall be reserved exclusively for field incoming conductors.
Common connections and jumpers required for internal wiring shall not be made on
the field side of the terminal. Subject to the approval of the Construction Manager,
a vendor's pre-engineered and prefabricated wiring termination system will be
acceptable.

Wiring shall comply with accepted standard instrumentation and electrical
practices. Power, control and signal wiring shall comply with Division 16 of the
specifications. For each pair of parallel terminal blocks, the field wiring shall be
between the blocks.

Separate terminal strips shall be provided for each type of power and signal used
within each cabinet.

All wiring shall be bundled and run open or enclosed in vented plastic wireway as
required. Wireways shall be oversized by a minimum of 10%; overfilled wireways
shall not be acceptable. All conductors run open shall be bundled and bound at
regular intervals, not exceeding 12 inches, with nylon cable ties. Care shall be taken
to separate electronic signal, discrete signal, and power wiring.

A copper 120 VAC ground bus shall be installed in each cabinet, and shall be
connected to the building power ground. A separate, isolated copper ground bus
shall be installed in each cabinet for the logic (24 VDC) ground. Both ground buses
shall be clearly labeled as to voltage and function.

Interior panel wiring and field wiring shall be tagged at all terminations with
machine-printed plastic sleeves. The wire numbering system and identification tags
shall be as specified in Section 26 05 19 — Low Voltage Electrical Power Conductors
and Cables. Where applicable, the wire number shall be the ID number listed in the
input/output schedules.

Wires shall be color coded as follows:
Equipment Ground — GREEN
120 VAC Power - BLACK
120 VAC Power Neutral - WHITE
120 VAC Control (Internally Powered) - RED
120 VAC Control (Externally Powered) - YELLOW

24 VAC Control - ORANGE DC Power (+) - RED
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DC Power (-) - BLACK DC Control - BLUE

Analog Signal — BLACK/WHITE or BLACK/RED

L. Enclosures shall be provided with a main circuit breaker and a circuit breaker on
each individual branch circuit distributed from the panel. Main breaker and branch
breaker sizes shall be coordinated such that an overload in a branch circuit will trip
only the branch breaker but not the main breaker.

M. Enclosures with any dimension larger than 36 inches shall be provided with 120-volt
duplex receptacles for service equipment and fluorescent service lights. Power to
these devices shall be independent from the PLC power supply and its associated
uninterruptible power system.

N. Where applicable, enclosures shall be furnished with red laminated plastic warning
signs in each section. The sign shall be inscribed "WARNING - This Device Is
Connected to Multiple Sources of Power". Letters in the word "WARNING" shall be
0.75 inch high, white.

O. The interconnection between equipment and panel shall be by means of flexible
cables provided to permit withdrawal of the equipment from the cabinet without
disconnecting the plugs.

3.02 PAINTING

A. All steel enclosures shall be free from dirt, grease, and burrs and shall be
treated with a phosphatizing metal conditioner before painting. All surfaces shall
be filled, sanded, and finish coated by spraying a 1-2 mil epoxy prime coat and
smooth, level, high grade textured finish between flat and semi-gloss shine. The
colors shall be selected by the Owner/Construction Manager from a minimum of six
color samples provided. Refer to Division 09 for additional requirements.

B. Materials and techniques shall be of types specifically designed to produce a finish
of superior quality with respect to adherence, as well as impact and corrosion
resistance.

C. Panels fabricated from stainless steel shall not be painted.

3.03 INSTALLATION

A. Refer to Section 13300 for additional requirements.

END OF SECTION
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SECTION 13321
UNINTERRUPTIBLE POWER SYSTEMS

PART 1 - GENERAL

1.01

A.

1.02

A.

REQUIREMENTS:

The Contractor shall furnish, test, install and place in satisfactory operation all
uninterruptible power systems, with all spare parts, accessories, and
appurtenances as herein specified and as shown on the Drawings.

One UPS shall be provided for each new programmable logic controller (PLC)
provided under this Contract. Courtesy receptacles in PLC cabinets shall not be
powered by the UPS.

UPS systems shall be mounted in or near enclosures containing digital
hardware, unless otherwise specified or shown on the Drawings, as follows:

1. UPS systems for control panels containing PLCs shall be mounted within the
cabinet.

2. Where the UPS is mounted within a dedicated enclosure, that enclosure shall
be properly sized for heat dissipation and all other applicable requirements as
specified in Section 13320 and referenced Sections.

3. Where the UPS is mounted within the PLC cabinet, it shall not interfere with
access to other equipment or wiring within the panel (i.e., it shall not be
necessary to move or remove the UPS to remove or service other panel-
mounted equipment). For floor-mounted PLC cabinets with bottom wiring
access (including those cabinets with legs), the UPS shall be placed on a
dedicated shelf within the cabinet.

RELATED WORK SPECIFIED ELSEWHERE:

Section 13300 — Instrumentation & Control For Process Systems - General

Requirements.

B.

1.03

Section 13310 — Programmable Logic Controllers.
SUBMITTALS:

The Contractor shall submit UPS sizing calculations for all UPS systems furnished
under this Contract in accordance with Section 13302 - Control and Information
System Submittals.
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PART 2 - EQUIPMENT

2.01

A

UNINTERRUPTIBLE POWER SYSTEMS:

Each UPS shall consist of a tower or rack-mounted UPS module and battery
modules as required to meet backup run time requirements.

UPS systems shall be true on-line, double-conversion type. Each UPS shall be sized
to match the maximum power requirements of the associated digital equipment,
control panel power supplies and accessories. Under normal operation, the AC
power shall be converted to DC. The DC power from the battery charger shall
supply an inverter and maintain the battery module at full charge. The AC output
from the inverter shall be fed to the associated digital equipment power supply
unit and/or other equipment power supplies as appropriate. Upon loss of the AC
supply, the inverter shall continue to supply normal power to the device, drawing
DC from the batteries.

UPS units using line interactive or ferro-resonant transformer technology shall not
be acceptable.

An automatic bypass switch shall be provided on each UPS. The transfer switch
shall be of the solid state, make-before-break type and shall automatically transfer
load from the inverter to the AC line in the event of an inverter malfunction. The
total transfer time shall be 5 milliseconds or less. The transfer switch shall be
provided with a manual override.

A manually operated maintenance bypass switch shall be provided for each UPS
installation to allow hardware to be powered while the UPS is removed for
maintenance. The bypass switch shall be the make-before-break type to ensure
continuous power to the associated PLC.

Loss of AC power shall be monitored on the line side of the UPS and reported via
normally closed (fail safe) unpowered contacts to the associated PLC/RTU.

Each UPS shall meet the following requirements:
1. Input voltage shall be 117 VAC, single phase, 60 Hz.
2. Voltage regulation shall be +/-5 percent for line and load changes.

3. The output frequency shall be phase-locked to the input AC line on AC
operation and shall be 60 hertz +/-0.5 percent when on battery operation.
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4. The batteries shall be of the sealed, lead acid or lead calcium gelled electrolyte
type, or VRLA absorbed glass mat (AGM) type. The battery modules shall have
a minimum full- load backup time of 30 minutes for PLC-based control panels,
and 45 minutes for remote telemetry units.

5. A status monitoring and control panel shall be provided and shall include the
following:

a. Status indicating lights for both normal and abnormal conditions.

b. Common alarm contacts that shall be wired to the closest discrete
input subsystem.

c. Where computers are powered from the UPS, an RS-232 and USB port shall
provided for communication of UPS status to a server, client, or other
suitable hardware. All required interface software and hardware shall be
provided.

d. Circuit breaker for the AC input.
6. Sound absorbing enclosure.
7. EMI/RF noise filtering.

8. Surge protection shall be provided on the AC input circuit, which shall have a
UL TVSS clamping voltage rating of 400 V with a <5 ns response time.

H. UPS systems shall be Eaton Powerware 9130, Emerson Network Power (Liebert)
Model GXT3, APC or equal.

END OF SECTION
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SECTION 13322
SURGE PROTECTIVE DEVICES

PART 1 - GENERAL
1.01 THE REQUIREMENT

A. The Contractor shall furnish, install and place in satisfactory operation the surge
protection devices (SPDs) as specified herein and as shown on the Drawings.

1.02 RELATED WORK SPECIFIED ELSEWHERE

A. Section 13300 — Instrumentation and Control for Process Systems - General
Requirements

B. Section 13320 - Process Control Panels & Hardware
1.03 GENERAL INFORMATION AND DESCRIPTION

A. All surge protectors of each type provided under this Contract shall be furnished
by a single manufacturer.

1.04 TOOLS, SUPPLIES AND SPARE PARTS
A. The following specific spare parts items shall be provided:

1. Five of each type of surge protection device provided under this Contract.

PART 2 - PRODUCTS
2.01 ELECTRICAL TRANSIENT PROTECTION, GENERAL

A. All electrical and electronic elements shall be protected against damage due
to electrical transients induced in interconnecting lines from lightning
discharges and nearby electrical systems.

B. Manufacturer's Requirements: All surge protection devices shall be
manufactured by a company that has been engaged in the design, development,
and manufacture of such devices for at least 5 years. Acceptable manufacturers
shall be Phoenix Contact, Edco, Transtector, or equal.

C. Surge protection device installations shall comply with UL 94, the National
Electric Code (NEC), and all applicable local codes.
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D. Surge protection devices shall be installed as close to the equipment to be
protected as practically possible.

E. Device Locations: As a minimum, provide surge protection devices at the
following locations:

1.

5.

At any connections between ac power and electrical and electronic
equipment, including panels, assemblies, and field mounted analog
transmitters.

At both ends of all analog signal circuits that have any portion of the circuit
extending outside of a protecting building.

At both ends of all discrete signal circuits that have any portion of the circuit
extending outside of a protecting building.

At both ends of all copper-based communications cables which extend
outside of a building, including at field instruments and the field side of
analog valve position signals.

On all external telephone communications lines.

2.02 ACPOWER PROTECTION

A.  Surge protection device assemblies for connections to AC power supply circuits

shall:

1.

Be provided with two 3-terminal barrier terminal strips capable of accepting
No. 12 AWG solids or stranded copper wire. One terminal strip shall be
located on each end of the unit.

Have a nonflammable enclosure that meets or exceeds UL 94 VO
flammability requirements. The surge protection device shall be
provided with provisions for mounting to interior of equipment racks,
cabinets, or to the exterior of freestanding equipment.

Be constructed as multistage devices consisting of gas tube arrestors, high
energy metal oxide varistors, or silicon avalanche suppression diodes.
Assemblies shall automatically recover from surge events, and shall have
status indication lights.

Comply with all requirements of UL 1449, second edition.

Be able to withstand a peak surge current of 10,000 amps based on a test
surge waveform with an 8-microsecond rise time and a 20-microsecond
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exponential decay time, as defined in UL 1449.

6. Have the following characteristics:

a. Maximum Continuous Operating Voltage: 150VAC

b. Maximum Operating Current: 20 amps

c. Ambient Temperature Range: -20 degrees C to +65 degrees C
d. Response Time: 5 nanoseconds

2.03 ANALOG SIGNAL CIRCUIT PROTECTION

A. Surge protection device assemblies for analog signal circuits shall:

1. Have four lead devices with a threaded mounting/grounding stud or DIN Rail
mounting.

2. Have a nonflammable enclosure that meets or exceeds UL 94 VO
flammability requirements.

3. Be constructed as multistage devices consisting of gas tube arrestors
and silicon avalanche suppression diodes. Gas tube arrestors and diodes
shall be separated by a series impedance of no more than 20 ohms.
Assemblies shall automatically recover from surge events.

4. Comply with all requirements of UL 497B.

5. Be able to withstand a peak surge current of 10,000 amps based on a test
surge waveform with an 8-microsecond rise time and a 20-microsecond
exponential decay time, as defined in UL 1449.

6. Limit line-to-line voltage to 40 volts on 24VDC circuits.

7. Have the following characteristics:

a. Maximum Continuous Operating Voltage: 28VDC
b. Ambient Temperature Range: -20 degrees C to +65 degrees C
C. Response Time (Line-to-Line): 5 ns

END OF SECTION
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SECTION 13330
COMPUTER EQUIPMENT

PART 1 - GENERAL

1.01

A.

REQUIRMENTS:

Workstation computers shall be furnished as described herein by the systems
integrator. All Labor for furnishing, testing, loading the software, installing and
placing the workstations in satisfactory operation is required.

The system integrator shall review the computer specifications for any deviation
from the HMI software manufacture’s computer requirements and inform the
Engineer of alterations in the computer requirements to be suitable for use with the
HMI software and network architecture.

PART 2 - EQUIPMENT

2.01

A.

B.

C.

D.

SCADA WORKSTATION COMPUTERS

Dell Precision 3630 Tower:

e Precision 3630 Tower with 300W up to 90% efficient PSU (80Plus Gold)
e 338-BOSO Intel Xeon E-2136, 6 Core HT, 12MB Cache, 3.3Ghz, 4.5Ghz Turbo
o Windows 10 Pro for Workstation (4 Cores Plus) Multi - English, French, Spanish
» Microsoft Office Professional 2016 DFO
o 32GB (4x8GB) 2666MHz DDR4 UDIMM Non-ECC
o 400-AYGU 2.5" 1TB SATA Class 20 Solid State Drive
o 401-ABRD 2.5 inch 1TB Class 20 SATA Solid State Drive
Black Dell KB216 Wired Multi-Media Keyboard English
Black Dell MS116 Wired Mouse

Dell 24inch Monitor PN: P2417H
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2.02 Thin Client Panel-Mounted Human Machine Interface (HMI) terminal

A. Arista ARP-3624AP-E01-007 or approved equal

B. ACP Thin Manager ready thin client

C. Panel Mounted Industrial Enclosure with stainless steel bezel

D. NEMA 4X exposed parts, including bezel

E. 4.0 GB DDR3 RAM

F. One (1) Gbps Ethernet port

G. Four (4) USB 2.0/USB 3.0 ports

H. Power: 120 VAC

l. 24" LCD 5-wire resistive touchscreen

J. 1920 x 1080 resolution

K. 5000:1 or higher contrast ratio

L. 178 degree horizontal and vertical viewing angle

M. 2 year warranty

N. Provide sun shield for outdoor units or mount on interior panel door
O. For process areas, provide sun shield with a hinged, clear poly cover/window.
P. Quantity: As shown on network architecture diagram

Q. Spare: Provide one (1) fully assembled spare, with software loaded and tested, ready for
immediate replacement use.”

END OF SECTION
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SECTION 13500
SCADA SOFTWARE

PART 1 - GENERAL

1.01

General Requirements

1.

N o u &

10.

11.

12.

13.

14.

SCADA software shall be commercially available off-the shelf and shall be non-
proprietary, such that independent systems integrators are able to provide
configuration and maintenance services as required.

Software shall be a Client/Server architecture. No Microsoft Client Access Licenses
(CAL) or Terminal Services shall be required for full installation (thick) or browser-
based (thin) clients.

Software shall offer options for unlimited, concurrent Thin Client connections for
connectivity of common mobile device operating systems.

Software shall support running as a Microsoft Windows® service.
Software shall support development from a thin client.
Software shall support running in a virtualized server environment.

Software shall support installation on a Storage Area Network (SAN) or Network-
Attached Storage (NAS).

Software shall support IPv6 addressing and be able to run on networks that support
IPv4, IPv6 or both.

Software licenses shall be upgradable for an annual fee such that the client is able to
download and install the current version of the product.

Software shall be tag-based and have an integrated development environment for
creation of all aspects of the application.

Software shall be compatible with commercially available, off-the shelf PC hardware
running Microsoft Windows client and server operating systems currently available at
the time of installation.

Software shall not require dedicated server-level PC hardware for any individual
system components.

Software shall support any computer running a thick copy of the software performing
as both an application server and a user interface. Software shall support automatic
server failover to an unlimited number of servers.

Software shall include the following integrated components available as standard
components or for an optional add-on price. These components shall not require 3™
party software. However, the system shall allow 3™ party components to be used if
required.
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15.

16.

17.

18.

l. Online application development environment with version control.
Il. I/O drivers for a wide selection of communication protocols.
. Alarms management and alarms/events history.

V. Fully-integrated Historian.

V. Real-time and historical data trending and tabular views.

VI. Report generation.

VII. Security management.

VIIl.  Unlimited operator logbooks.

IX. Support for networked applications.

X. Support for server redundancy.

XI. Native High Performance / HMI widgets.

XIl. Support for master applications, which are able to monitor multiple

independent subordinate applications.
XIll.  An object oriented scripting language with debugging tools.
XIV.  Browser-based thin clients for PCs and Mobile devices.
XV. Alarm notification to off-site operators (email, text message and voice.)

XVI.  Interfaces for 3rd party software programs to access data and alarms from the
SCADA software via ODBC/SQL via a REST interface, OPC, SNMP.

XVII.  Drivers to read MQTT, JSON, SQL and XML data sources.
XVII. Support for translating the user interface into any language.

Software shall automatically compensate for deploying the same application
simultaneously on a variety of monitor resolutions, while maintaining the aspect
ratios of all displays.

Software shall protect against file corruption in the event of an unexpected loss of
power or hardware failure. Software shall support an automatic, orderly shutdown
when power levels drop to a user defined setpoint.

Software shall support automatic startup upon computer restart, to full operation
without user intervention.

Software shall provide a mechanism to backup and restore the entire application
configuration.
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PART 2 - PRODUCT

2.01

19.

20.

Software shall include an integrated security system supporting an unlimited number
of user accounts, roles and privileges. System users with appropriate account
privileges shall be capable of changing the application configuration without requiring
the software supplier’s assistance. No lockout mechanisms or passwords shall be
withheld from the final customer.

Integrated software help manuals shall be provided to assist operators and
maintenance personnel with operational and configuration tasks.

Server Redundancy and Load Balancing

1.

Redundancy

A minimum of two levels of redundancy for all application services shall be
supported. Software shall support automatic failover from primary server to
backup server. No manual intervention shall be required. This functionality
shall be supported in both standard and virtual server environments.

Software must not require each redundant server to use a second network
card to monitor the availability status of the primary server.

All servers shall be aware of which server is in control of each software
process. No two servers shall perform the same function at the same time (e.g.
I/0O communications to a specific device, incrementing a totalizer.)

Load Balancing

VI.

Software shall support the assignment of specific services (e.g. driver
connections, alarms management, alarm notification) to specific computers.

Software shall support the use of named server lists, to which drivers can be
assigned rather than requiring that a separate list be created for each driver.

Software shall support distribution of historical data storage to an unlimited
number of computers.

Software shall support management of alarm and event history separately
from 1/O process history.

Software shall allow each workstation to hold a complete and automatically
synchronized copy of alarm and event history so that alarms can be managed
locally on any workstation if the workstation's connection to the rest of the
network is lost.

Software shall automatically redirect incoming thin client connections to the
server with the lowest number of active thin client connections.
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VII.

Software shall support redundant networks and shall be able to use these for
load distribution when both are available.

2.02 Thick (full-installation) Client User Interface

1.
2.

1.

Software licensing shall not limit the number of application display pages allowed.

Software shall support the following navigation methods:

VI.

VII.

A menu for navigating from one display to another. Menu shall be configurable
to allow logical grouping of displays.

Tiled view of any number of displays concurrently, all tiles showing real-time
data or pictures of displays (user-selectable). Selecting one of the tiles will
switch to the full-screen view of that display.

Mouse-over selectable hot box for navigating to a specific display.
Button for navigating to a specific display.

Browser-like forward and reverse buttons to scroll through previously viewed
displays.

A list of previously viewed displays with the option to navigate to a selection
from the list.

A mapped view of assets with the option to navigate to an application display
by selecting any asset from the map.

Application displays shall be event-driven, in that data will be delivered to client
computers by the server immediately upon receipt. Client computers will not poll the
server for new data.

Means shall be provided to allow the operator to print graphical displays.

Software shall support flagging tags as ‘questionable data’ (i.e. not commissioned or
value is in question.) These values will continue to display the incoming values. These
flags shall be removable by users with sufficient privileges.

2.03 Thin (browser-based) Clients

Software shall offer an optional zero-footprint thin client for use with HTML5-
compatible browsers running on operating system variants, including:

l.
Il.
Il.
V.

Windows
Linux
Apple
Android
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2.04

2. Server for thin clients shall be an integral feature of the SCADA software. Use of the
thin client shall not require a 3rd party Internet server software (e.g. Microsoft IIS,
Apache).

3. System shall support two levels of server redundancy for thin client connectivity, with
automatic failover and client load sharing.

4, System shall support cyber security measures including Firewalls, Virtual Private
Networks (VPN) and Secure Socket Layer (SSL.)

5. OpenlD Connect shall be supported for secure thin client logons.

6. Thin client connections shall be concurrent. Tools shall be provided to monitor client
connectivity and to disconnect users or switch them to alternate servers on demand.

7. The thin client shall share the same security accounts as the rest of the SCADA
Software. A separate privilege shall be required for browser client access. Revocation
of this privilege will immediately terminate the user's client connection.

8. Thin Client displays shall be generated automatically, requiring no additional
configuration.

9. On-line configuration changes shall be deployed immediately to all thin client
interfaces without requiring the client interface to be restarted or refreshed.

10. An authorized user on a thin client connection shall be able to perform configuration
changes.

11. The Thin Client user interface shall be offered in two variants, the choice of which to
use being user-selectable.

l. Graphical (preferred for large user interfaces) — A user experience mirroring
(graphically and operationally) that of the Thick Client.

Il. Text-based (preferred for mobile phone interfaces) — Simplified lists of
monitored values, with support for control actions, alarms management,
trending and mapped asset view.

Historian

1. Historian shall support logging of all the SCADA system data, including real-time,
historical, transactions, alarms and events, regardless of the number of tags in the
system. For example, a 25,000 tag system shall support historical data storage for
25,000 tags, plus alarms and events.

2. Software shall include an integrated Historian and historical data storage at no

additional cost, but may optionally use Oracle, MySQL, Microsoft SQL Server, SQLLite
PostgreSQL as the database.
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2.05

2.06

The Historian and its historical data storage shall not require dedicated server
computers, however, dedicated servers may be used if preferred by the customer.

Historian shall be capable of logging up to 4,000 values per second.

A synchronization scheme shall be included such that a copy of all historical data
storage resides on all designated computers. Data shall be synchronized in real-time.

Any historical database that has been offline must be automatically resynchronized
with the historian holding the most recent data. Software shall be capable of
synchronizing 100,000+ values per second between databases. This process shall
occur in parallel with runtime SCADA processes and shall be designed to minimize
interference.

Distributed Historian architecture shall be supported. For example, two plants (A and
B) may be responsible for historical storage for locally collected data, while a central
facility (C) may be responsible for redundant historical storage for both A's and B's
data. This architecture shall be scalable to support the addition of future plants.

Historian shall support SQL queries of logged historical data. Queries of historical data
may be for raw data or summary (value at beginning, average, max, min, delta) over
a period.

Historian shall be able to import collected data that was not available to be logged in
real-time.

Transaction Data

1.

2.

System shall provide a means to reliably collect and log (to historical data storage)
transaction data from a field device. Transaction data is defined as a data set of
related values stored with the same timestamp.

The transaction data capture process must include error checking.

Historical Data Display (trend plots and tabular)

1.
2.

Software shall display historical and real-time data in both plot and tabular format.

Software shall allow users to generate ad-hoc plots of historical data by clicking on
each of the values to be trended. Selected groups shall be recordable for future recall.

Software shall support ad-hoc and preconfigured trend plots of real-time and
historical data as integrated elements of graphical process displays. Historical and
real-time plotted values shall be shown in a continuous, uninterrupted, scrolling
fashion. The display shall support:

l. An unlimited number of pens (i.e. tag values), including both analog and digital
values. Name and description of each tag shall be provided.

Il. Analog pens as either layered or as stacked individual plots.
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Time frame selectable from one second to five years.

V. Scaling for each pen as high/low values or graduated divisions.

V. Value of each tag at the date/time of the mouse location.

VI. Statistical data, including average, minimum and maximum values, for each
plot.

VII. Annotating trends

VIIl.  Stop/pause scrolling.

IX. Zoom in/out on the time (x) and value (y) axis’.

X. Pan/Scroll along the time axis or select a date to display.

XI. Move analog tag plots vertically (in the value (y) axis), either individually or as
a group.

XIl. Print displayed plot data.

XIll.  Annotate a moment in time on the plot.

XIV. Display alarm setpoints that are associated with the tag(s) as continuous
marker lines across the plot.

XV. Export plotted data to comma separated value (.csv) file or directly to a
database, for use by 3rd party data analysis software.

XVI.  Display plot data on a dedicated page, or as a component of a process display
page.

XVIl.  Allow configuration of the plot display characteristics.

4. For tabular data, means shall be provided for the following;

l. An unlimited number of pens (i.e. tag values), including both analog and digital
values. Name and description of each tag shall be provided.

Il. Time frame selectable from one second to five years.

M. Stop/pause scrolling.

V. Show raw data.

V. Show summary data for a duration sampled at consistent periods (e.g.

average, minimum or maximum value every 15 min for past 8 hrs).

Export plotted data to comma separated value (.csv) file or directly to a database, for use by
3rd party data analysis software.
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2.07 Alarms and Events Management

1.

Software shall include alarms and events management tools consist with
implementation of the ANSI/ISA 18.2-2009 Management of Alarm Systems for the
Process Industries standard.

Software shall include a predefined alarms and events management interface. The
interface shall provide the following operational tools.

VII.

VIII.

XI.
XII.

X1,

XIV.

XV.

XVI.

Lists of Current, Unacknowledged, Disabled, Active, Configured Historical and
Shelved alarms and events.

Tools for searching and filtering lists.

Add a blog-style note to any alarm.

Notes may not be edited after saving, but comments may be added.

Day and night view toggle.

Acknowledgement of individual alarms or all visible alarms.

Option to require confirmation before acknowledging all alarms in the list.
Option to require that a note be created when alarms are acknowledged.
Font size adjustment for visually impaired users.

Representation of alarm priorities using shape, color and numeric priority level
for enhanced operational awareness.

Option to plot data associated with an alarm.
Option to open a process display where the alarm is currently shown.

Option to have a relevant process display open automatically if there is no
operator action for a defined period of time following the triggering of that
alarm.

Alarm mute and silence.

Alarm shelving options for a defined period or indefinitely. Shelved alarms
shall still be recorded to the alarms history but shall not annunciate or require
acknowledgement.

Option to include or exclude shelved alarms in the list of Current,
Unacknowledged, and Active alarms. Shelved alarms to be visible at all times
in lists of Historical alarms and events, Configured alarms and Shelved alarms.

Alarm acknowledgement shall immediately be propagated to all networked stations.
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2.08

10.

11.

12.

A full redundant copy of alarm and event history shall be stored on every workstation,
allowing that workstation to continue to process local alarms if it becomes isolated
from the network. History to be automatically synchronized when the workstation is
reconnected to other servers.

Software shall allow alarms to be associated with functional areas, such that a user
only has to deal with alarms in his/her functional area(s).

Alarm occurrence, acknowledgement, clear, disable and shelve actions shall be
recorded.

Alarm disabling to be provided only as a configuration option, not as an operational
action.

Software shall provide user-configurable settings for deadband on analog alarms and
delay on analog and digital alarms.

Alarms and events records shall include;

l. Time/Date stamp.

Il. The name and description of the alarm tag.
M. Priority.

V. Status of Alarm (i.e. Active, Acknowledged, Cleared). Alarm Acknowledgement
records shall include the name of the user who acknowledged the alarm.

V. The value of the associated tag at the time of alarm occurrence.
VI. The value of the alarm setpoint at the time of alarm occurrence.

Software shall support an unlimited number of alarm priorities and shall allow unique
annunciation sounds, shapes, and colors for each.

Alarm annunciation shall be configurable to use alarm tones, text to speech
descriptions, sound files or popup displays.

Users must be notified, both visibly and audibly, of the occurrence of an alarm,
regardless which display is presently being viewed.

Alarm System Auditing and Reporting

1.
2.

Software shall support printing of alarms/events created over a range of dates/times.

Software shall provide a means to identify frequently occurring alarms (e.g. nuisance
alarms.

Software shall provide a means to identify and analyze alarm flood conditions.

Software shall provide a summary of alarm percentages by priority, for comparison
with generally accepted percentages as defined in the ANSI/ISA 18.2-2009
Management of Alarm Systems for the Process Industries standard.
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2.09

2.10

Alarm Notification System (for remote users)

1.

The Alarm Notification System shall support alarm notification via dial-out over voice
modem (using text-to-speech), an Internet service such as Twilio®, SMS text message,
email and alphanumeric pager. Alarm acknowledgement shall be supported during
voice calls and via email and text message.

The Alarm Notification System shall allow status retrieval and alarm
acknowledgement via dial-in over voice modem (using text-to-speech.)

The Alarm Notification System shall be an integrated feature of the SCADA systems
and shall not require a separate tag database and security system.

Email messages shall support outgoing mail with transport layer security (e.g. Gmail,
Yahoo Mail, or corporate email server.)

The Alarm Notification System shall be capable of annunciating alarms to rosters of
users with up to 30 contacts per roster. An unlimited number of rosters shall be
supported. The system shall support associating rosters with functional areas, such
that alarms in these functional areas will activate notification to the appropriate
contacts.

Site Lists and Mapping

1.

Software shall allow for the creation of "sites" which are collections of 1/0 tags, with
an optional location that can be represented using Latitude and longitude
coordinates.

Sites shall be user-definable to store and provide a configuration interface for any
user-specified data.

Sites shall be user-configurable to control whether and how they are to be displayed
in Site Lists.

Sites shall be user-configurable to control whether they will open a pre-defined screen
showing the associated collection of I/O tag data, or open a user-selected display
screen.

Software shall include an integrated map display with zoom and pan features such
that remote assets can be automatically mapped based on latitude and longitude
coordinates.

Software shall support user-selection of the map style to use, including night-time and
day-time modes.

Software shall allow for user creation and selection of the icons used to represent
sites on the map.

Software shall allow users to navigate the map including zoom and pan features.
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2.11

2.12

10.

11.

12.

Icons used to represent sites on the map shall be capable of displaying information
about the site including current connection status and presence or absence of active
alarms within the site.

Icons used to represent sites on the map shall include a built-in navigational link to
either an automatically-generated page displaying all I/O tags within the site, or to a
user-selected page.

Software shall provide a means to define and display pipes or other connections
between sites.

Pipes or other connections between sites shall be user-configurable to include any
relevant information about the connection.

Security Management

1.

9.

10.

Software shall include a security system with privilege and role based user accounts.
Level-based access shall not be acceptable.

All output controls shall be locked automatically when no user is signed in.

Security system shall support an unlimited number of user accounts and roles. System
shall allow creation of an unlimited number of additional security privileges where
necessary.

User passwords must be configurable to require a minimum length, contain a
combination of letters, numbers and special characters, and expire after a pre-set
period. User passwords shall be stored in an encrypted format.

System shall allow changes to user accounts, roles and privileges while the application
is running. Changes shall become effective immediately.

User sign-in and sign-out activity shall be recorded in the application event log.
Disabling accounts after X failed attempts within Y seconds shall be supported where
X and Y are configurable options.

System shall provide a mechanism to limit client access to specific IP addresses.

System shall support authentication of user accounts via a Windows domain and
authorizing SCADA user roles from domain security groups.

System shall support the use of proximity cards/readers.

The integrated version control system shall allow the option of including or excluding
security-related changes if returning the application to an earlier configuration state.

Report Generation

1.

Authenticated operators shall, in the runtime environment, be able to produce
reports including any analog, digital or calculated tag data from the historical
database.
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Data format options shall be as follows:

l.
Il.
Il.
V.
V.
VI.

VII.

To screen.

To a comma separated value (.csv) file.

To a text file.

To an ODBC-compliant database.

To any direct-connected or networked printer.

To a 3rd party software (e.g. Microsoft Excel) template for advanced data
analysis and formatting.

To e-mail, if an external email server is provided.

Reports may be created for one-time use or saved for reuse.

The following reports should be included:

I
Il
Il.
V.
V.
VI.
VII.

VIII.

IX.
X.
XI.
XII.

XI.

Analog Summary Report

Daily Snapshot Report

Daily Total Report

Derived Flow Report

Detail Report

Driver Communication Error Detail Report
Driver Communication Summary Report
Hourly Snapshot Report

Hourly Total Report

Rainfall Report

Pump Activity Report

Pump Discrepancy Report

Standard (raw data) Report

Report generation shall be invoked either on demand, by a monitored event, or on a
scheduled basis.

For reports that are created on a scheduled basis, a mechanism shall be provided to
allow operators to re-create the last scheduled report.

A data-query add-in tool be available for addition to Microsoft Excel®, thereby
allowing reports to be generated in that program.
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2.13

2.14

Electronic Operator Notebooks

1.

10.

System shall support operator logbooks for recording ad-hoc notes or predefined
notes as threads, in that notes can have associated comments.

Notebooks shall be searchable by keyword, user account and time/date.
Notebooks shall be color-coded for easy identification.

System shall support creation of an unlimited number of notebooks for association
with system elements, such as equipment and trended pen groups.

All notes shall be encrypted and include the name of the user's account and the
time/date of creation. All notes entered into the notebook shall be immediately
viewable from all clients and servers.

System shall not allow editing or deleting notes once created, to prevent tampering.
System shall support the addition of comments to existing notes.

System shall support the option of requiring operator authentication as part of the
note creation process.

System shall support printing of notes by range of dates/times.

System shall support the export of notes for a selected range of dates, to a format
that can be easily viewed / printed from any workstation without the need for a
(HTML)

Integrated Development Environment

1.

An intuitive graphical development environment with drag and drop tools shall be
used for configuration of application displays. A ribbon bar along the top of the
display, as common to Microsoft office tools, is preferred.

Displays shall support zoom and pan actions.

A large library of static and animated graphics including High Performance / HMI tools
shall be provided with the software. Software shall support dragging and dropping
additional graphics into the library.

Standard features shall be included for the following;
l. Analog and digital inputs and outputs.

Il. Retentive counters. Values will persist if power is lost and subsequently
restored or if failing over to a backup server.

Il Retentive totalizers. Values will persist if power is lost and subsequently
restored or if failing over to a backup server.

V. Historical calculations (e.g. average flow over last hour.)
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Software shall include pre-built displays for standard user interfaces. The following
pre-built displays shall be provided as a minimum;

VI.

Alarm display that can be filtered by name and includes current,
unacknowledged, disabled, shelved and history.

Trending and tabular viewing of historical data.
Report creator.

Operator notebook.

Site map.

Site list.

Software shall allow calculations to be associated with each graphic object to facilitate
movement, visibility, sizing and rotation.

Software shall allow multiple objects to be saved as a template graphic. The following
template capabilities shall be supported;

V.

V.

VI.

A template may be associated with a tag structure.

Each new instance of the template will inherit the properties of the template,
such that changes to the template will automatically update all instances
created from it.

The template may have any number of parameters, including tags and text
values, which can be used to animate objects within the template. Each new
object created from the template may include different parameters.

Templates may be imported from other projects.
Copy/paste/rename/delete for any template.

Ungrouping of any instance of the template.

Software shall support the creation of template displays. The following capabilities
shall be supported;

A template display may be associated with a tag structure.

Each new instance of the template will inherit the properties of the template,
such that changes to the template will automatically update all instances
created from it.

The template may have any number of parameters, including tags and text
values, which can be used to animate objects within the template. Each new
object created from the template may include different parameters.

Templates may be imported from other projects.

Copy/paste/rename/delete for any template.
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2.15

10.
11.

There shall be no limit to the number of animated graphics that can be used to
represent the same tag value.

Software shall support background bitmaps on graphical pages.

Users shall be able to select all or a subset of the graphics on any display and see a list
of the associated tags. The list of tags shall be modifiable individually or using search
and replace tools.

I/O Drivers (Field Device Communications)

1.

Software shall support an unlimited number of field devices and different I/O drivers
in the same application.

Software shall include support for communications over [Serial port] [TCP/IP]
[UDP/IP]

Software shall include, at no additional cost, I/O drivers for:

I Protocols - Aquatrol BACNet Bristol BSAP Ethernet/IP (CIP) Allen Bradley DF1
Koyo/Automation Direct DirectNet CalAmp Diagnostic DNP3 Omron FINS
Foxboro GE Series 90 Granville Phillips Grundfos Dedicated Controls Grundfos
Control MPC Omron Hostlink IEC 60870-5-104 Internet Bristol Protocol IDEC
[EC 60870-5-101 Mitsubishi Modbus ACSIl, Embedded, TCP, RTU Enron
Modbus Landis & Gyr ODBC Dexter Fortson Associates Openlink Siemens
OP/PG NMEA 0183 Opto22 Optomux Campbell Scientific Pakbus, Loggernet
and RTU QNet Fisher ROC, ROC Plus Serial SNMP Client GE SNP, SNPX Square
D SRTP Stevens Water Serial Surfline Toshiba SQL Data Query MQTT data
JSON/XML data.

Il. Manufacturers - Acromag Rockwell/Allen Bradley Aquatrol BACNet Bailey
Campbell Scientific Control Microsystems CSE Semaphore DAQ Data Flow
Systems Dexter Fortson Enron Emerson Fisher Foxboro General Electric
Granville Phillips Grundfos Hewlett-Packard IDEC IEC Landis & Gyr Lantronix
Mitsubishi Motorola NMEA OSI Soft Omron OPC Opto 22 PLC Direct (Koyo)
Power Measurements Ltd. Quindar Schneider (Bristol Babcock, Control
Microsystems) Schlumberger Siemens Sixnet Square D Stevens Water
Surfline Texas Instruments Tesco Toshiba Woodward Zetron

Il Other - DDE Client, API, OPC Client to support OPC Servers from 3rd party
software providers.

Software shall support the development of additional I/0O drivers where necessary.

Software shall support multiple communications protocols over a single
communications port.
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2.16

2.17

10.

11.

I/O drivers shall support redundant failover to one of more server computers.
Software shall support redundant physical links to any field device, such as primary
connectivity via Ethernet and redundant connectivity via serial port. Redundant links
shall support similar or different protocols.

Software shall provide tools for polling telemetry devices (e.g. RTUs) directly.
Software shall allow real-time tuning of each device’s polling frequency without
interrupting the polling cycle or restarting the application. To optimize 1/0
communications for telemetry applications, the polling order shall be configurable,
and polling shall be asynchronous (if permitted by the remote telemetry unit.)

Software shall be capable of pooling modems connected to one or more servers, for
use in I/0 communications.

Tools shall include methods for monitoring communication statistics and reporting
errors for each 1/O driver. Software shall support radio diagnostics monitoring for
radio modems (e.g. Dataradio/Calamp, MDS.)

Software shall support writing to multiple output tags via a single write request. This
shall allow writing a set of default values to a set group of field device registers.

Software shall support rewriting the last written value to an output.

Tag Database

1.

A browser shall be provided for tag creation, modification and deletion. The tag
browser shall include a summary of all tags' current addresses and values.

A tag export/import utility shall be provided to allow bulk tag changes using Microsoft
Office tools.

Software shall support the creation of template tag structures to represent a typical
piece of equipment (e.g. a pump, an engine.)

Tag configuration shall support the use of expressions that can set configuration
parameters based on developer-defined rules.

Template tag structures shall be copied and pasted to create any number of
equipment instances having similar structures but differing configuration.

Configuration Management

1.

Software shall be capable of on-line configuration. That is, changes to most aspects of
the application (e.g. tags, displays, calculations, reports, trends, server lists) can be
deployed in real-time without recompiling or restarting the application or restarting
computers.

Software shall be capable of offline configuration, such that changes to most aspects
of the application can be imported and deployed without recompiling or restarting
the application or restarting computers.
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2.19

Software shall be capable of testing configuration changes to tags and displays in the
runtime environment before changes are deployed.

Users shall be able to deploy a set of changes either automatically or manually, with
the option to select and deploy specific changes.

Software shall allow multiple users to configure an application simultaneously.

Any shut down client shall automatically download newly deployed changes from the
server when the client is restarted.

All application servers and clients shall automatically synchronize with the primary
application server. No manual file duplication shall be required.

Application Version Control

1.

The software shall have an integrated version control system that automatically logs
application configuration changes to an encrypted repository. Versions shall be auto-
numbered. No manual changes to the repository shall be permitted.

A chronologically ordered summary of versions shall display the time and date when
the version was created, the user who created the version and any comments entered
by the user when deploying the version.

It shall be possible to determine which version is currently deployed on each client
and server station.

The version history shall allow review of all changes applied within each version.
The version control system shall allow the following version management methods.
l. Switch (aka rollback) to a previous version of the application.

Il. Reverse changes applied during a specific version.

Il Merge changes made local to a specific workstation.

Iv. Option to include or exclude security changes made between the current
revision and the target revision when switching.

Multi-Plant Application Support

1.

Software shall allow centralized configuration, security management and monitoring
of multiple sub-applications by one master application. The sub-applications may be
connected via either LAN or WAN.

Tags viewed in both the sub-application and the master application shall not be
counted twice.

The master application shall be capable of monitoring all tags, pages, alarms, etc. in
all sub-applications.
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2.20

2.21

2.22

Data logging shall be managed by each sub-application, but the master application
shall be able to generate reports using any sub-application’s data.

Each of the sub-applications must be capable of running autonomously in the event
of network unavailability.

Software shall allow users to be authorized for access to information from one or
more sub-applications, or all sub-applications, of the large application.

Software shall support limiting the sub-applications that can be accessed from a
specific SCADA node.

Information Technology (IT) Tools

1.

Software shall include server-to-server and server-to-client IP link monitoring for the
SCADA network. Link failure shall generate an alarm.

Software shall include tools for monitoring of historical data storage.

Software shall include tools for monitoring of any modems and SMS appliances used
for sending alarm notifications to remote operators.

Software shall include an SNMP Agent option for integrating with Network Monitoring
Software.

Software shall include tools to monitor computer resources (e.g. CPU, virtual memory,
drive space) with the ability to generate an alarm on an out of range condition.

Product Upgrades, Support and Training

1.

Software must have a history of allowing applications that have been deployed on
current technology (operating systems and PC hardware) to be upgradable to new
technology with minimal change to the application.

Software must have a history of allowing applications that have been deployed on one
version of the product to be upgradable to a new version with minimal change to the
application.

Software manufacturer shall offer product support via phone, email, user forum and
remote access methods (e.g. Remote Desktop.)

Software training shall be available from the manufacturer via classroom courses and
self-directed study (e.g. workbooks and tutorials online.)

SCADA Software License Requirements per Computer

A.

B.

Tag Limit: 5K
License Type

1. Runtime License (SCADA node for runtime and/or server use)

SCADA Software 2020-48/13500-18



C. Additional Components

1. Alarm Notification (SMS, Email and phone notifications)

2. Concurrent Thin Client Connections, quantity: 1

3. Remote Data Access (ODBC, OPC Server, REST connections to Historian)
4, Custom Installation (including branding)

5. Remote (thin client) access to tools for display editing

END OF SECTION
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SECTION 13600
FIBER OPTIC CABLING AND EQUIPMENT

PART 1 - GENERAL

1.01

1.02

A

REQUIREMENTS:
The Work of this Section includes providing a fiber optic communications
infrastructure including, but not limited to, fiber optic cable (FOC), patch panels,

Rack enclosure terminations, testing, and implementation.

The Work includes testing individual fiber cables installed under this Contract,
and testinga completed fiber optic communications network.

REFERENCE STANDARDS

The optical fiber cable shall conform to the latest issue of the following standards
documents, which are incorporated by reference into this specification:

1. EIA-455: Standard Fiber Optic Test Procedures (FOTPs) Devices.
2. EIA-598-A: Standard Colors for Color Identification and Coding.

3.  MIL-202: Test Methods for Electronic and Electrical Component Parts

4. MIL-454: Standard General Requirements for Electronic Equipment.
5.  MIL-810: Environmental Test Methods and Engineering Guidelines.

6. EIA-568-B.3: Commercial Building Telecommunications Cabling Standard:
Optical Fiber Cabling Components.

7. ICEA 5-83-696: Fiber Optic Premises Distribution Cable (Indoor/Outdoor).
8. National Electrical Code (NEC) Article 770.
9. UL 1581 VW-1 - Vertical Tray Cable Flame Test.

10. UL 1666 - UL Standard for Safety Test for Flame-Propagation Height of
Electrical and Optical-Fiber Cables Installed in Vertical Shafts.

11. NFPA 262 — Standard Method of Test for Flame Travel and Smoke of Wires
and Cables for Use IN Air-Handling Spaces.
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1.03

12. |EEE Standard 383 - Flame Retardancy.
13. DOD-STD-1678.

14. National Electrical Manufacturers Association (NEMA).

B. All fiber optical cables shall be constructed in accordance with EIA-455, and 100

percent of all optical fibers and jacketing shall meet or exceed the requirements
contained in this specification.

SPARE PARTS AND TEST EQUIPMENT

A. Spare Parts

1. Provide five percent (minimum 20) spares of fiber connectors and dust covers.

2. Provide five percent (minimum 2) spare 2-fiber patch cables with connectors
(both ends) terminated.

PART 2 - EQUIPMENT

2.01

2.02

A.

@

Q]

m

A.

FIBER OPTIC CABLE
Provide 50 MICRON fiber, 12 fiber

Each optical fiber shall consist of a doped silica core surrounded by a concentric
silica cladding. The fiber shall be matched clad design.

Single mode: Provide single mode, optical glass fiber compatible with LED or laser
based transmission systems, utilizing 1310nm wavelength.

Furnish sufficient lengths of cable such that splices are not required.

For cable runs that extend more than 50 feet indoors before termination, the
cabletype used must be rated for indoor use per NEC 770.

FIBER OPTIC CABLE TERMINATIONS, CONNECTORS, AND CABLE ASSEMBLIES
Pigtail Splicing
1. For termination of fiber cables at a termination or connector panel (patch

panel), with one end of a piece of cable preconnectorized and the other end
unterminated for splicing to the cable that needs to be terminated. Splicing
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and connectors shall meet the requirements listed in this Section.

2. A splice/termination tray shall house the splices and serve to fully protect
excess lengths of loose tube fibers from exposure. Splice tray shall be
compatible with the selected patch panel and installed for easy access to the
spliced cable sections.

3. Pigtail assemblies shall match fiber cable type and model.

Buffer Tube Fan-Out Kits

1. Individual fibers within a loose tube cable with 250 um coated fibers shall use
a fan-out kit to maintain flexibility and ease of handling fibers within a
termination cabinet. Fan-out kits shall be installed in the patch panel
enclosures to transition the loose tube fibers to ruggedized tight-buffered fiber
pigtail cables. Optical fusion splices shall connect the loose tube fibers to the
tight-buffered pigtail cables. The optical splice loss shall comply with the
specifications for optical splices. Splice protection sleeves shall be employed
on all splices to protect the splices.

2. The tight-buffered pigtails shall be factory-preconnectorized with STTM
connectors as specified.

Connectors (Cable Assemblies)

1. The fiber optic communications system shall utilize stainless steel LC style
connectors for all fiber optic connections. The connectors shall be designed
for use with 50 micron cable.

2. After termination with connectors, the fiber ends must be visually inspected at
a magnification of not less than 100 power for multimode and 200x for single

mode to check for cracks or pits in the endface of the fiber.

3. Connectors shall have a maximum allowable connection loss of 0.3 dB per
mated pair, as measured per EIA-455-34.

Fiber Optic Patch Cables

1. Fiber optic patch cable shall be two-fiber zipcord 50/62.5/125 core/clad
micron single- mode riser rated cable.

2. Installation of patch cables shall include all spares and observe the
minimum fiber bend radius and strain relief.
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2.03

FIBER OPTIC TERMINATION PATCH PANELS

A. General

Patch panels shall be suitable for wall mounting, comprised of internal
mounting plate, cable holders, slack cable take up/organizer blocks, patch
block with connectors, and ground lugs as indicated. Panels shall be NEMA 4X,
316 stainless steel construction for outdoors; and NEMA 12, 316 stainless steel
or fiberglass for indoor use. Patch panels shall be suitable for single mode
system operation at 1310 and 1550 nm. Patch panels shall be suitable for ST
or LC connectors. The patch panels shall be sized to handle the number of
fibers as required. All fibers shall be terminated in the patch panel.

Where shown on the plans or in the related specification Sections, the fiber
optic cable shall terminate inside a communications cabinet on a
termination patch panel. All fiber sub-cables within the exposed buffer
tube shall be terminated with fan-out kits with preconnectorized pigtails.
The patch panel shall have a fiber capacity equal to the total number of
fibers (connected and spare) for all cables to be connected.

Unused buffer tubes shall be uncut and looped within the patch panel
for continuous routing of the fiber buffer tube within the cable assembly.

Patch panels shall be designed for either rack mounting on a standard
equipment rack or housed in an enclosure for direct wall mounting. The
patch panel shall contain LC couplings. All unused couplings shall have
protective dust covers. All panels shall be furnished with locking doors.

Factory-terminated, tight-buffered, aramid-reinforced fiber optic jumper
assemblies or interconnect cables, standard 3.0-mm 0O.D., shall connect the
optical cable terminations to the patch panel couplings.

The termination patch panel shall be equipped with a suitable means for
routing and securing of cables, and shall provide a suitable means of
protection for the mounted fiber connectors to prevent damage to fibers and
connectors during all regular operation and maintenance functions. All cables
shall be provided with strain relief. Bend diameters on cable fibers and
jumpers must be greater than four inches at all times to ensure optical and
mechanical integrity of the optical fibers.

Termination panels shall be equipped with splice trays (where applicable) and
holders for pigtail and through fiber splicing.
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8. Termination panels shall be provided with all hardware, options, and
accessories to provide for a complete installation of the fiber optic system.

9. Panels shall be Clearfield FieldSmart or equal.

END OF SECTION
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1.2

1.3

SECTION 16010
BASIC ELECTRICAL REQUIREMENTS

GENERAL

RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections apply to this
Section.

SUMMARY

A. This division of the Specifications, Division 16 000, covers the complete interior and

exterior electrical systems as indicated on the drawings or as specified herein.
Provide all materials, labor, equipment and supervision to install electrical systems.
QUALITY ASSURANCE

A All electrical work shall be in accordance with the following codes and agencies:

1. The National Electrical Code (NFPA 70) — 2020 edition with Georgia state
amendments

2. The Life Safety Code (NFPA 101) — 2018 edition

3. The International Building Code — 2018 edition
4, Occupation Safety and Health Administration (OSHA)
5. Manufacturer’s written requirements.
6. Regulations of the local utility company with respect to metering and service
entrance.
7. State and municipal ordinances governing electrical work.
B. Material Standards: All material shall be new and shall conform to the standards

where such have been established for the particular material in question.
Publications and Standards of the organization listed below are applicable to
materials specified herein.

1. American Society for Testing and Materials (ASTM)
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2. Underwriters' Laboratories, Inc. (UL)

3. National Electrical Manufacturer Association (NEMA)
4, Insulated Cable Engineers Association (ICEA)
5. Institute of Electrical and Electronic Engineers (IEEE)
6. National Fire Protection Association (NFPA)
7. American National Standards Institute (ANSI)
8. Manufacturer’s Written Requirements

14 PERMITS

A.

Obtain all permits and inspections for the installation of this work and pay all
charges incident thereto. Deliver to the Owner all certificates of said inspection
issued by authorities having jurisdiction.

1.5 WARRANTY

A.

The Contractor warrants to the Owner and Engineer that materials and equipment
furnished under the Contract will be of good quality and new unless otherwise
required or permitted by the Contract Documents, that the Work will be free from
defects not inherent in the quality required or permitted, and that the Work will
conform with the requirements of the Contract Documents. Work not conforming
to these requirements, including substitutions not properly approved and
authorized, may be considered defective. The Contractor's warranty excludes
remedy for damage or defect caused by abuse, modifications not executed by the
Contractor, improper or insufficient maintenance, improper operation, or normal
wear and tear under normal usage. If required by the Engineer, the Contractor shall
furnish satisfactory evidence as to the kind and quality of materials and equipment.

1.6 DRAWINGS

A.

The drawings indicate the arrangements of electrical equipment. Review civil
drawings and existing conditions for door swings, cabinets, counters and built-in
equipment; conditions indicated on civil plans shall govern. Coordinate installation
of electrical equipment with structural system and mechanical equipment and
access thereto. Coordinate installation of recessed electrical equipment with
concealed ductwork and piping, and wall thickness.

Basic Electrical Requirements 16010-2



1.7

1.8

B. Do not scale drawings. Obtain dimensions for layout of equipment from civil plans
and existing conditions unless indicated on Electrical plans.

C. Bring all discrepancies shown on different drawings, between drawings and
specifications or between documents and field conditions to the immediate
attention of the Engineer.

D. Equipment layout is based on one manufacturer's product. Where equipment
selected by the Contractor for use on the job differs from layout, the Contractor
shall be responsible for coordinating space requirements and connection
arrangements.

SUBMITTALS:

A. Shop Drawings and Product Data:

1. The Contractor shall submit for review by the Engineer data of materials and
equipment to be incorporated in the work. Submittals shall be supported by
descriptive material, catalogs, cuts, diagrams, performance curves, and
charts published by the manufacturer to show conformance to specification
and drawing requirements; model numbers alone will not be acceptable.
Provide complete electrical characteristics for all equipment. Submittals for
lighting fixtures shall include Photometric data.

2. Refer to the individual sections for identified equipment and materials for
which submittals are required.

3. Refer to the SHOP DRAWINGS, PRODUCT DATA AND SAMPLES section for
required procedures.

B. Record Documents

1. Refer to Division 1 for record documents and related submittals.

OPERATION AND MAINTENANCE DATA AND INSTRUCTIONS

A.

B.

Refer to Division 1 for detail requirements.

Printed Material: Provide required printed material for binding in operation and
maintenance manuals.

Instructions of Owner Personnel:
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1. Before final inspection, as designated by the Engineer provide a competent
representative to instruct Owner's designated personnel in systems under
this division of the specifications. For equipment requiring seasonal
operation, perform instructions for other season within six months unless
requested otherwise.

2. Use operation and maintenance manuals as basis of instruction. Review
contents of manual with personnel in detail to explain all aspects of
operation and maintenance.

3. Prepare and insert additional data in Operation and Maintenance Manual
when need for such data becomes apparent during instruction.

1.9 EQUIPMENT REQUIRING ELECTRICAL SERVICE

A.

Review all specification sections and drawings for equipment requiring electrical
service. Provide service to and make connections to all such equipment requiring
electrical service. Refer to ELECTRICAL CONNECTIONS FOR EQUIPMENT section for
connection requirements.

Drawings indicate design loads and voltages and corresponding control equipment,
feeders, and overcurrent devices. If equipment actually furnished have loads other
than those indicated on the drawings or specified herein, control equipment,
feeders, and overcurrent devices shall be adjusted in size accordingly at no
additional cost to the Owner. Such adjustment shall be subject to the review of the
Engineer.

Incidental items not indicated on Drawings or mentioned in Specifications but that
can legitimately and reasonably be inferred to belong to the Work or be necessary
in good practice to provide a complete system, shall be furnished and installed as
though itemized here in detail. This includes connection requirements for air
conditioning and refrigeration equipment as outlined by NEC Article 440.

1.10 SCHEDULING OF OUTAGES

A.

Electrical work requiring interruption of electrical power which would adversely
affect the normal operation of the other portions of the Owner's property, shall be
done at time other than normal working hours. Normal working hours shall be
considered eight A.M. to five P.M. Monday through Friday.

Schedule all work requiring interruption of electrical power two weeks prior to
actual shutdown. Submit schedule in writing indicating extent of system to be
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de-energized, date and time when power is intended to be interrupted, and date
and time power will be restored. Schedule shall be subject to the approval of the
Engineer and the Representative of the Owner.

1.11  SITE INVESTIGATION

A.

PART 2

Prior to submitting bids of the project, visit the site of the work to become aware of
existing conditions which may affect the cost of the project. Where work under this
project requires extension, relocation, reconnections or modifications to existing
equipment or systems, the existing equipment or systems, shall be restored to their
original condition, with the exception of the work under this contract, before the
completion of this project.

PRODUCTS

2.1 MATERIALS

PART 3

All materials shall be new.
Furnish all materials specified herein or indicated on the drawings.
Materials of the same type shall be the product of one manufacturer.

All materials shall be UL listed and shall bear UL label. ETL listed material shall bear
ETL label. ETL label shall be accepted in lieu of UL when the UL testing standards
have been followed.

EXECUTION

3.1 PRODUCT DELIVERY, STORAGE, HANDLING, AND PROTECTION

A.

Inspect materials upon arrival at Project and verify conformance to Contract
Documents. Prevent unloading of unsatisfactory material. Handle materials in
accordance with  manufacturer's applicable standards and suppliers
recommendations, and in a manner to prevent damage to materials. Store
packaged materials in original undamaged condition with manufacturer's labels and
seals intact. Containers which are broken, opened, damaged, or watermarked are
unacceptable and shall be removed from the premises.

All material, except items specifically designed to be installed outdoors such as pad
mounted transformers or stand-by generators, shall be stored in an enclosed, dry
building or trailer. Areas for general storage shall be provided by the Contractor.
Provide  temperature and/or  humidity  control  where applicable.
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No material for installation, including conductors, shall be stored other than in an
enclosed weathertight structure. Equipment stored other than as specified above
shall be removed from the premises.

Equipment and materials shall not be installed until such time as the environmental
conditions of the job site are suitable to protect the equipment or materials.
Conditions shall be those for which the equipment or materials are designed to be
installed. Equipment and materials shall be protected from water, direct sunlight,
cold or heat and high humidity at all times. Equipment or materials damaged or
which are subjected to these elements are unacceptable and shall be removed from
the premises and replaced.

3.2 CLEANING AND PAINTING

A.

Remove oil, dirt, grease and foreign materials from all raceways, fittings, boxes,
panelboard trims and cabinets to provide a clean surface for painting. Touchup
scratched or marred surfaces of lighting fixtures, panelboard and cabinet trims,
motor control center, switchboard or equipment enclosures with paint furnished by
the equipment manufacturers specifically for that purpose.

Do not paint trim covers for flush mounted panelboards, telephone cabinets, pull
boxes, junction boxes and control cabinets unless required by the Engineer, National
Electrical Code or other Sections of the specifications. Remove trim covers before
painting. Under no conditions shall locks, latches or exposed trim clamps be
painted.

Unless indicated on the drawings or specified herein to the contrary, all painting
shall be done under the PAINTING Section of these Specifications.

Where plywood backboards are used to mount equipment provided under Division
16, paint backboards with two coats of light grey semi-gloss paint under Division 16.

3.3 EXCAVATION, TRENCHING AND BACKFILLING

A.

Perform all excavation to install conduits, duct banks, and handholes indicated on
the drawings or specified herein. During excavation, pile material for backfilling
back from the banks of the trench to avoid overloading and to prevent slides and
cave-ins. Provide shoring as required by OSHA Standards. Remove and dispose of all
excavated materials not to be used for backfill. Grade to prevent surface water from
flowing into trenches and excavation. Remove any water accumulating therein by
pumping. Do all excavation by open cut. No
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tunneling shall be done unless indicated on the drawings or unless written
permission is received from the Engineer.

B. Grade the bottom of trenches to provide uniform bearing and support for conduits,
or duct bank on undisturbed soil at every point along its entire length. Tamp
overdepths with loose, granular, moist earth. Remove unstable soil that is not
capable of supporting equipment or installation and replace with specified material
for a minimum of 12" below invert of equipment or installation.

C. Backfill the trenches with excavated materials approved for backfilling, consisting of
earth, loam, sandy clay, sand and gravel or soft shale, free from large clods of earth
and stones, deposited in 6" layers and rammed until the installation has a cover of
not less than the adjacent ground but not greater than 2" above existing ground.
Backfilling shall be carried on simultaneously on both sides of the trench so that
injurious pressures do not occur. Compaction of the filled trench shall be at least
equal to that of the surrounding undisturbed material. Do not settle backfill with
water. Reopen any trenches not meeting compaction requirements or where
settlement occurs, refill, compact, and restore surface to grade and compaction
indicated on the drawings, mounded over and smoothed off.

34 ELECTRICAL SYSTEMS OPERATIONAL TESTS, MANUFACTURERS SYSTEMS CERTIFICATION
AND DESIGN AUTHORITY ASSISTANCE.

A Testing

1. Prior to the final inspection, the systems or equipment shall be tested and
reported as therein specified. Three (3) typewritten copies of the tests shall
be submitted to the Engineer for approval.

2. All electrical systems shall be tested for compliance with the specifications.
B. Manufacturers Certifications
1. The electrical systems specified herein shall be reviewed for compliance

with these specifications, installation in accordance with the manufacturers
recommendations and system operation by a representative of the
manufacturer. The manufacturer shall submit certification that the system
has been reviewed by the manufacturer is installed in accordance with the
manufacturer's recommendations and is operating in accordance with the
specifications.

2. Provide manufacturers certification for the following systems:
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a. Engine Driven EPSS
b. Fire Alarm System

C. Design Authority Assistance

1.

END OF SECTION

The Contractor shall provide personnel to assist the Engineer or his
representative during all construction review visits. The Contractor shall
provide all necessary tools and equipment to demonstrate the system
operation and provide access to equipment, including screwdrivers,
wrenches, ladders, flashlights, circuit testing devices, meters, keys, radios,
etc.

Remove equipment covers (i.e. panelboard trims, motor controls, device
plates, and junction box covers) as directed for inspection of internal wiring.
Accessible ceilings shall be removed as directed for inspection of equipment
installed above ceilings.

Energize and de-energize circuits and equipment as directed. Demonstrate
operation of equipment and systems as directed by the Representative.

The Contractor shall provide authorized representatives of the
manufacturers to demonstrate to the Engineer compliance with the
specifications of their respective system during or prior to the final
inspection at a time designated by the Engineer. Refer to the specific
specification section for additional testing requirements. Representatives of
the following systems are required for demonstrations:

a. Engine Driven EPSS
b. Fire Alarm System
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SECTION 16110

RACEWAYS
PART 1 GENERAL
1.1 RELATED DOCUMENTS
A Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this
Section.
1.2 SUMMARY
A This section covers the complete interior and exterior raceway system.
B. Definition: The term conduit, as used in this Specification, shall mean any or all of
the raceway types specified.
1.3 QUALITY ASSURANCE
A Referenced Industry Standard: The following specifications and standards are

incorporated into and become a part of this Specification by reference.
1. Underwriters' Laboratories, Inc. (UL) Publications:

No.1 Flexible Metal Electrical Conduit

No. 6 Rigid Galvanized Conduit

No. 6A Rigid Stainless Steel Conduit

No. 467 Electrical Grounding and Bonding
No. 651 Rigid Nonmetallic Electrical Conduit
No. 797 Electrical Metallic Tubing

No. 1242 Intermediate Metal Conduit

2. American National Standards Institute (ANSI):

C-80.1 Rigid Galvanized Conduit.
C-80.3 Electrical Metallic Tubing.

3. National Fire Protection Association (NFPA):
No. 70 National Electrical Code (NEC).
B. Acceptable Manufacturers: Products of the following manufacturers, which
comply with these specifications, are acceptable.
1. Metallic Conduit Fittings:
a. Appleton
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b. Carlon
C. Crouse Hinds
d. Killark
e. 0-Z/Gedney
f. RACO
g. Thomas and Betts
h. Calbrite
i. Gibson
j- Or equal
2. Support Channel:
a. Kindorf
b. Powers
C. Unistrut
d. Or equal
3. Non-Metallic Conduit and Fittings:
a. Carlon
b. Certainteed
C. Thomas and Betts
d. Or equal
C. Coordination
1. Coordinate conduit installation with electrical equipment furnished.
2. Coordinate conduit installation with contract documents and other

contractors. Adjust installation to eliminate conflicts. Review all shop
drawings submitted under this and other sections to insure coordination
with all equipment requiring electrical service and to avoid conflict
interferences. Coordinate installation sequence with other contractors to
avoid conflicts including equipment access and provide the fastest overall
installation schedule.

1.4 STORAGE AND HANDLING

A. Refer to the BASIC ELECTRICAL REQUIREMENTS section of the specifications for
storage and handling requirements.

B. Non-metallic conduits stored on site prior to installation shall be stored on a
surface off of the ground and shall be protected from the direct rays of the sun
and from debris.
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PART 2

Damaged, oxidized, warped, improperly stored material or material with
excessive amounts of foreign debris will be removed from the project and
replaced with new materials.

PRODUCTS

2.1 GENERAL MATERIALS REQUIREMENTS

A.

B.

Furnish all materials specified herein.

All conduit and fittings shall be listed and bear a label by Underwriters'
Laboratories (UL) for use as raceway system for electrical conductors.

Raceway is required for all wiring, unless specifically indicated or specified
otherwise.

Size: The minimum size of conduit shall be 3/4". The size of all conduits shall be
in accordance with the NEC, but, not less than indicated on the drawings. 3/8"
flexible conduits may be used for connections between outlet box and lighting
fixture only.

2.2 EMT CONDUIT FITTINGS

A.

Electrical Metallic Tubing (EMT) couplings and connectors shall be steel
"concretetight" type. Malleable iron, die cast or pressure cast fittings are not
permitted. Fittings 2.0" and smaller shall be gland and ring compression type.
Connectors for conduits 2.5" and larger shall be set screw type with two (2)
screws each or compression type. Couplings for conduits 2.5" and larger shall be
set screw type with four (4) screws each or compression type. All connectors
shall be insulated throat type. All set screw connectors encased in walls or floor
shall be taped at all joints.

2.3 RIGID AND IMC CONDUIT FITTINGS

A.

Fittings for rigid steel and IMC shall be standard threaded couplings, threaded
hubs, locknuts, bushings and elbows. All materials shall be steel or malleable iron
only. Set screw or non-thread fittings are not permitted. Bushings shall be
metallic insulating type consisting of insulating insert molded or locked into the
metallic body of the fittings. Erickson-type couplings may be used to complete a
conduit run.

2.4 STAINLESS STEEL CONDUIT FITTINGS
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2.5

2.6

2.7

Fittings for stainless steel shall be standard threaded couplings, threaded hubs,
locknuts, bushings and elbows. All materials shall be stainless steel. Set screw or
non-thread fittings are not permitted. Bushings shall be metallic insulating type
consisting of insulating insert molded or locked into the metallic body of the
fittings. Erickson-type couplings may be used to complete a conduit run.

RIGID ALUMINUM CONDUIT FITTINGS

A.

Rigid aluminum conduit fittings shall be standard threaded coupleings, locknuts,
bushings and elbows. Material shall be compatible with aluminum conduit of
malleable iron, steel or aluminum alloy. Iron or steel fittings shall be zinc or
cadmium plated. Aluminum fittings shall not contain more than 0.4 percent
copper. Locknuts and bushings shall be specified for rigid steel and IMC conduit.
Set screw fittings or no-thread fittings are not acceptable.

NON-METALLIC CONDUIT AND FITTINGS

A.

B.

Non-metallic conduit shall be Schedule 80 PVC.

Non-metallic conduit fittings shall be of the same material as the conduit
furnished and be the product of the same manufacturer.

Glue for all non-metallic conduit and fittings shall be provided as required by the
manufacturer of the conduit being used.

CONDUIT SUPPORTS

A.

For exterior locations provide 304 stainless steel channel, conduit clamps,
threaded rod and hardware of equivalent dimensions identified for interior
locations. For interior locations all parts and hardware shall be zinc-coated or
have equivalent corrosion protection unless otherwise noted. Provide fiberglass
channel in chemical building.

Conduit straps shall be single hole cast metal type or two hole galvanized metal
type.

Conduit support channels shall be 1.5" x 1.5" x 14 gauge galvanized (or with
equivalent treatment) channel. Channel suspension shall be 3/8" threaded steel
rods. Use swivel type connector to attach suspension rods to structure. Spring
steel clips are not acceptable. Wire or chain is not acceptable for conduit hangers.
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2.8

2.9

Individual conduit hangers shall be galvanized spring steel specifically designed
for the purpose, sized appropriately for the conduit type and diameter, and have
pre-assembled closure bolt and nut and provisions for receiving threaded hanger
rod. Support with 1/4" threaded steel rod for individual conduits 1.5" and smaller
and 3/8" rod for individual conduits 2.0" and larger.

Individual conduit straps on metal studs shall be spring steel and should wrap
around entire face of conduit securely biting into both edges and have provisions
for screwing into stud. Size appropriately for conduit to be support. Tie wraps
are not acceptable.

Support multiple conduits from metal studs using pre-assembled bar hanger
assembly consisting of hanger bar, retaining clips and conduit straps.

Refer to SUPPORTING DEVICES section of these specifications for additional
material requirements.

FLEXIBLE CONDUIT AND FITTINGS

A.

Flexible conduit shall be steel metallic type. Where specified herein, indicated on
the drawings, or when used in damp or wet locations, as classified by the National
Electrical Code, flexible conduit shall be liquid tight.

All flexible conduit shall be classified as suitable for system grounding. All flexible
(liquid tight) conduits shall be UL listed as sunlight (UV) resistant.

Connectors for flexible conduit shall be steel insulated throat type rated as
suitable for system ground continuity. Connectors for liquid tight flexible conduit
shall be screw-in ground cone type.

Flexible conduit use for other than connections to lighting fixtures shall not be
less than 3/4" trade size and in no case shall flexible conduit size be less than
permitted by the National Electrical Code for the number and size of conductors
to be installed herein.

MISCELLANEOUS CONDUIT FITTINGS AND ACCESSORIES

A.

Vinyl all weather electrical tape for corrosion protection shall be Scotchrap 51
with two coats of Scotchrap pipe primer
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PART 3

3.1

EXECUTION
INSTALLATION
A. General
1. Conceal all conduits, except in unfinished spaces such as equipment

rooms or where indicated by symbol on the drawings.
Leave all empty conduits with a 200 pound test nylon cord pull line
Install as complete raceway runs prior to installation of cables or wires.

Flattened, dented, burned, or deformed conduits are not permitted and
shall be removed and replaced.

Secure rigid conduit i.e., rigid galvanized conduit and intermediate metal
conduit, to sheet metal enclosures with two (2) locknuts and insulated
bushing. Secure EMT to sheet metal enclosures with insulated throat
connectors with lock nut..

Fasten conduit support device to structure with wood screws on wood,
toggle bolts on hollow masonry, anchors as specified on solid masonry or
concrete, and machine bolts, clamps, or spring steel clips, on metal studs.
Nails are not acceptable.

Protect conduits against dirt, plaster, and foreign debris with conduit
plugs. Plugs shall remain in place until all masonry is complete. Protect
conduit stub-ups during construction from damage; any damaged
conduits shall not be used.

Seal all conduits originating from outside building from below grade, all
conduits entering refrigerated spaces, i.e., freezers and coolers, and all
conduits entering exterior mounted electrical equipment with insulating
electrical putty to prevent entrance of moisture. Spray foam is not
acceptable.

Install conduit with wiring, including homeruns as indicated on the
drawings. Any change resulting in a savings in labor or materials is to be
made only in accordance with a contract change. Deviations shall be
made only where necessary to avoid interferences and when approved by
Architect by written authorization.
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10.

11.

12.

13.

14.

Conduits which penetrate roof membranes shall be installed in
accordance with manufacturer's recommendations and architectural
specifications.

Install a complete SCADA Communications system as indicated on the
drawings. The minimum conduit size shall be not less than 3/4". All
bends in conduit shall be long sweep radius. Install no more than four 90
degree bends between pull or outlet boxes and backboard/cabinets.

Use flexible conduit for connection to vibrating equipment and rotating
machinery and for connection from junction box to flush mounted lighting
fixtures only.

Separate raceway systems are to be installed for power systems and for
control, signal and communications systems. Do not install control, signal
or communications cables in the same raceways as branch circuit or
feeder cables, unless indicated otherwise on the drawings.

Provide expansion fitting in all conduits where length of run exceeds 200
feet or where conduits pass building expansion joints.

Uses Permitted

1.

Conduits installed within concrete floor slabs which are in direct contact
with grade or other material shall be galvanized rigid steel (GRS) or
intermediate metal conduit (IMC). Conduits which penetrate the building
roof shall be galvanized rigid steel (GRS) or intermediate metal conduit
(IMC). Conduits installed within concrete floor slabs which are above
grade shall be galvanized rigid steel (GRS), intermediate metal conduit
(IMC), or schedule 40 Heavy Wall PVC. Where transition is made from
raceway in slab to any type of raceway out of slab, make transition with
rigid galvanized elbow. For corrosion protection, where elbow penetrates
surface, apply two(2) coats of Scotchrap pipe primer and two overlapping
layers of Scotchrap 51 tape, for 6" above and below concrete surface.
Allow primer to cure before applying tape.

Rigid aluminum conduit may be used for all trade sizes where RGS or IMC
is permitted. Do not install in direct contact with earth or concrete
without corrosion protection.

Stainless steel conduits shall be used in highly corrosive areas where the
conduit is subject to damage, specifically in the headworks/bar screen,
grit removal, influent pump station and the SBR tanks.
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10.

11.

12.

Conduits installed in direct contact with earth shall be schedule 80, heavy
wall PVC.

Service entrance conduits in direct contact with earth shall be schedule 80
PVC. Other conduit in direct contact with earth shall be schedule 80,
heavy wall PVC.

All other conduit, unless excluded herein, not permitted in accordance
with the National Electrical Code, or otherwise indicated on the drawings,
shall be electrical metallic tubing (EMT).

Conduit types shall not be mixed indiscriminately with other types in the
same run, unless specified herein or required by the NEC.

Use flexible conduit for connections to motors, dry type transformers, unit
heaters, and lighting fixtures.

a. Flexible conduit used for connection of motors, dry type
transformers, unit heaters, shall not exceed 18" in length.

b. Flexible conduit from outlet box to flush mounted lighting fixture
shall not exceed 6-ft. in length.

C. Maintain ground continuity through flexible conduit with green

equipment grounding conductor; do not use flexible conduit for
ground continuity.

d. Liquid tight conduit shall be used to connect equipment in exterior
installations.

Service entrance and feeder conduits installed exposed or concealed in
walls or above ceilings shall be galvanized rigid steel (GRS) or intermediate
metal conduit (IMC). Service entrance conduits shall be installed
"outside" of the building as defined by the NEC. Provide concrete
encasement where required.

No conduit requiring cutting of cross-webs of concrete masonry units is
permitted. Conduit shall be threaded through cells or concrete masonry
units lowered around conduit. Neither horizontal joint reinforcement nor
bond beam reinforcement shall be cut for conduit installation. Conduits
shall not be run horizontally in walls.

All conduits installed exposed from the finished floor to a minimum height
of 10 ft. above the floor shall be galvanized rigid steel (GRS) or
intermediate metallic conduit (IMC).

Where hazardous locations, as classified by the National Electrical Code,
exist, all conduits and fittings and the installation of these materials shall
comply with Article 500 of the National Electrical Code.
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C.

Below Grade Raceway Installations

1.

Direct Burial Conduit

a. Install top of conduits 24" minimum below finished grade.
Maximum depth shall be 36".
b. Install top of conduits 6" minimum below bottom of building slabs.

Install top of conduits 30" minimum below grade, below roads and
any other paved surfaces.

d. Where transition is made from below grade PVC installation to a
metallic conduit system above grade or slab, make transition with
rigid galvanized elbow and extend through slab or above grade
with galvanized rigid steel conduit. For corrosion protection,
where the elbow penetrates surface, apply two(2) coats of
Scotchrap pipe primer and two overlapping layers of Scotchrap 51
tape, for 6" above and below concrete surface. Allow primer to
cure before applying tape.

e. For excavation and backfilling, refer to earthwork specification
section.

f. Conduit shall be run following the most direct route between
points.

Raceway Installations Within Concrete

1.

Conduit shall be run following the most direct route between points.

Conduit shall not be installed in concrete which is less than 3" thick or
where the outside diameter is larger than 1/3 of the slab thickness.

Conduits installed in concrete slabs shall be buried in the concrete slab.
Wire low conduits to upper side of the bottom reinforcing steel, and
upper conduits to the lower side of the top reinforcing steel. Separate
parallel runs of conduits within slab by at least 1".

Conduits shall not be installed within shear walls unless specifically
indicated on the drawings. Conduits shall not be run directly below and
parallel with load bearing walls

Protect each metallic conduit installed in concrete slab or conduits passing
through a concrete slab against corrosion where conduit enters and leaves
concrete by applying two(2) coats of Scotchrap pipe primer and two
overlapping layers of Scotchrap 51 tape, for 6" above and below concrete
surface. Allow primer to cure before applying tape.

The maximum projection of conduit stub-up and bushing above slab shall
be 3".
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3.2

7. Protect all conduits entering and leaving concrete floor slabs from physical
damage during construction.

Concealed (Above Ceilings and in Walls) and Exposed Raceway Installation

1. Conduit shall be run parallel or at right angles to existing walls, ceilings,
and structural members.

2. Support branch circuit conduits at intervals not exceeding 10 ft. and
within three feet of each outlet, junction box, cabinet or fitting. Attach
individual branch circuit conduits to structural steel members with beam
conduit clamps and to non-metallic structural members with one hole
conduit straps. For exposed conduits and where conduits must be
suspended below structure, single conduit runs shall be supported from
structure by hangar rod and conduit clamp assembly. Multiple conduits
shall be supported by trapeze type support suspended from structure. Do
not attach conduits to ceiling suspension system channels or suspension
wires.

3. Attach feeder conduits larger than 1" trade diameter to or from structure
on intervals not exceeding 12 ft. with conduit beam clamps, one hole
conduit straps or trapeze type support in accordance with support
systems described for branch circuit conduits.

4, Where conduits must pass through structural members, obtain approval
of Engineer with respect to location and size of hole prior to drilling.

5. Conduits rigidly secured to building construction on opposite sides of a
building expansion joint shall be provided with an expansion and
deflection coupling. In lieu of an expansion coupling, conduits 2-1/2" and
smaller may be provided with junction boxes on both sides of the
expansion joint connected by 15" of slack flexible conduit with bonding
jumper.

ADJUSTMENT, CLEANING AND PROTECTION

A.

Clean: Upon completion, clean all installed materials of paint, dirt, and
construction debris. All conduit systems shall be cleaned of water and debris
prior to the installation of any conductors.

All field cut threads of RGS or IMC conduits shall be painted with four coats of ZRC
cold galvanizing compound. Allow compound to fully dry and cure between
coats.
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3.3 OUTSIDE CONDUITS

A For all underground outside conduits, provide plastic locatable tape above. In
addition, provide No. 6 (CU) 6” above conduits grounded at each end and 100 ft
on center with 3” X 10ft copper clad ground rod.

END OF SECTION
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PART 1

SECTION 16120
WIRES AND CABLES

GENERAL

1.1 RELATED DOCUMENTS

A.

Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this
Section.

1.2 SUMMARY

A.

The work required under this section of the specifications consists of furnishing,
installation and connections of the building wiring system, 600 volts and below.
Exterior branch circuit wiring and feeder conductors extended beyond the building
are included. Wiring systems for communication and alarm systems are not
included in this section unless specified to be included, by reference, in the
respective specification sections for alarm and communication systemes.

1.3 QUALITY ASSURANCE

A.

Industry Referenced Standards. The following specifications and standards are
incorporated into and become a part of this Specification by Reference.

1. Underwriters' Laboratories, Inc. (UL) Publications:
a. No. 44: Rubber - Insulated Wire and Cables
b. No. 83: Thermoplastic - Insulated Wires

No. 493: Thermoplastic - Insulated Underground Feeder and
Branch Circuit Cables

d. No. 486: Wire Connectors and Soldering Lugs
2. Insulated Cable Engineers Association Standards (ICEA):
a. S-61-402: Thermoplastic Insulated Wire and Cable
3. National Electrical Manufacturer's Standards (NEMA):
a. WC-5: Thermoplastic Insulated Wire and Cable
4, National Fire Protection Association Publication (NFPA):
a. No. 70: National Electrical Code (NEC)

Acceptable Manufacturers. Products produced by the following manufacturers
which conform to this specification are acceptable.
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PART 2

2.1

Hydraulically applied conductor terminations:

Mechanically applied (crimp) conductor terminations:

@ 0 oo T W

P oo T o

Square D

Burndy

llsco

Scotch (3M)

Thomas and Betts (T&B)
Anderson

Or equal

Scotch (3M)

Ideal

Thomas and Betts (T&B)
Burndy

Or equal

Vinyl electrical insulating tape:

o0 oo

Scotch (3M)
Tomic
Permacel
Or equal

Twist-On Wire Connectors:

o0 T o

Scotch (3M)
Ideal
Buchanan
Or equal

Portable cable fittings:

o0 T o

Performance:
circuits or grounds.

PRODUCTS

Crouse Hinds
Appleton
T&B

Or equal

Conductors shall be electrically continuous and free from short

GENERAL MATERIALS REQUIREMENTS

Provide all materials under this section of the specifications.

All open, shorted or grounded conductors and any with
damaged insulation shall be removed and replaced with new material free from
defects.

Wires and Cables
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2.2

All wire and cable shall be UL listed and shall bear a UL label along the conductor
length at intervals not exceeding 24 inches.

All conductors shall have size, grade of insulation, voltage and manufacturer's
name permanently marked on the outer cover at intervals not exceeding 24
inches.

Conductor size shall be a minimum of No. 12 AWG. Conductor size shall not be
less than indicated on the drawings.

Insulation voltage level rating shall be 600 volts.

PRODUCT/MATERIALS DESCRIPTION

A.

Conductors No. 10 AWG and smaller shall be solid copper, 90°C type THHN/THWN
or XHHN, unless otherwise indicated on the drawings, required by the National
Electrical Code or specified elsewhere in Division 16.

Conductors larger than No. 10 AWG shall be stranded copper, 90°C,, type
THHN/THWN, XHHW, unless otherwise indicated on the drawings, required by the
National Electrical Code, or specified herein.

Fixture wire shall be No. 16 AWG silicone rubber insulated, stranded fixture wire,
type SFF-2 (150°C), or No. 16 AWG thermoplastic, nylon jacketed stranded fixture
wire, type TFFN (90°C). Color code as specified herein shall not be required for
fixture wire; however, neutral conductor shall be identified distinctly from phase
conductors.

Control conductors for use on 120 volt control wiring systems shall be No. 12 AWG
stranded type THHN/THWN, unless indicated otherwise on the drawings.

Splices and taps (No. 10 AWG and smaller) - Connectors for solid conductors shall
be solderless, screw-on, spring pressure cable type, 600 volt, 105°C. with integral
insulation and UL approved for aluminum and copper conductors. Connectors for
stranded conductors shall be crimp-on type with integral insulating cover.

Splices and taps (No. 8 and larger) - Hydraulically applied crimping sleeve or tap
connector sized for the conductors. Insulate the hydraulically applied connector
with 90°C., 600 volt insulating cover provided by the connector manufacturer.
Insulator materials and installation shall be approved for the specific application,
location, voltage and temperature and shall not have an insulation value less than
the conductors being joined.
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PART 3

Electrical insulating tape shall be 600 volt, flame retardant, cold and weather
resistant, minimally .85 mil thick plastic vinyl material; Scotch No. 88, Tomic No.
85, Permacel No. 295.

EXECUTION

3.1 EXECUTION

A.

Install all wiring in raceway system, except where direct burial cable or other
conductors are indicated or specified not to be installed in raceway.

Connect all conductors. Torque each terminal connection to the manufacturers
recommended torque value. A calibrated torqueing tool shall be used to insure
proper torque application. Any conductors nicked or ringed while removing
insulation shall be replaced.

Do not install more conductors in a raceway than indicated on the drawings. A
maximum of three branch circuits are to be installed in any one conduit, on 3
phase 4 wire system, unless specifically indicated otherwise on the drawings. No
two branch circuits of the same phase are to be installed in the same conduit,
unless specifically indicated on the drawings.

Conductors shall be tested to be continuous and free of short circuits and grounds.

Identification
1. Conductors within pull boxes shall be grouped and identified with nylon tie
straps with circuit identification tag.

2. Identify each control conductor at its terminal points with wrap around
tape wire markers. 1.D. to indicate terminal block and point designation, or
other appropriate identifying indication.

3. Refer to ELECTRICAL IDENTIFICATION section of these specifications for
additional identification requirements.

Color Code Conductors.

1. Color code all secondary service, feeder and branch circuit conductors.
Control and signal system conductors need not be color coded.

2. Coding shall be as follows:

a. 208Y/120 volt three phase four wire wye system - Phase A: Black,
Phase B: Red, Phase C: Blue, Neutral: White
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b. 240/120V single phase three wire system — Phase A: Black, Phase B:
Red, Neutral: white.

C. 480Y/277 volt three phase four wire system - Phase A: Brown,
Phase B: Orange, Phase C: Yellow, Neutral: Gray

3. Grounding conductors shall be green.

4. Conductors No. 6 and smaller shall have solid color compound insulation or
continuous color finish. Conductors No. 4 and larger shall have colored
phase tape. Colored tape shall be installed on conductors in every box, at
each terminal point, cabinet, through junction boxes or other enclosure.

G. Maintain phase rotation established at service equipment throughout entire
project.
H. Group and lace with nylon tie straps all conductors within enclosures, i.e., panels,

motor controllers motor control center, switchboard, switchgear, terminal
cabinets, control cabinets.

Make splices in conductors only within junction boxes. Do not splice conductors in
pull boxes, panelboards, safety switches, switchboard, motor control center,
wiring troughs or motor control enclosures. No splices allowed below grade

J. Terminate conductors No. 10 AWG and smaller specified in Division 16 to be
stranded, with crimp type lug or stud. Direct termination of stranded conductors
without crimp terminator to terminal screws, lugs, or other points is not permitted
even if terminal is rated for stranded conductors. Crimp terminal shall be the
configuration type suitable for terminal point. Crimp lugs shall be applied in strict
accordance with the manufacturer’s written requirements.

K. Make connections between fixture junction box and fixture with fixture wire.

L. Control, communications or signal conductors shall be installed in separate
raceway systems from branch circuit or feeder raceway, unless indicated
otherwise on the drawings.

M. Splices in conductors installed below grade are not permitted.

N. Secure portable cables provided with equipment (floating mixers, submersible
pumps) in accordance with the NEC. Install strain relief devices to prevent tension
on terminations if cable is pulled. Install cable grips on drops and connect to
outlet box or structure. Leave slack cable loop at drop point.

END OF SECTION
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PART 1

SECTION 16130
BOXES

GENERAL

11 RELATED DOCUMENTS

A.

Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this
Section.

1.2 SUMMARY

A.

The work required under this section of the specifications consists of the
installation of outlet boxes, pull boxes, and junction boxes throughout the wiring
system including box supports.

Definition: Box, as used in this specification, includes all outlet, device, junction,
and pull boxes. Feeder shall mean all conductor circuits larger than #8 AWG,
including service entrance conductors, and all wiring above 600V.

1.3 QUALITY ASSURANCE

A.

Referenced Industry Standards: The following specifications and standards are
incorporated into and become a part of this specification by reference.

1. Underwriters' Laboratories, Inc. (UL) Publications:
a. No. 50: Electrical Cabinets and Boxes
b. No. 467: Electrical Grounding and Bonding Equipment
c. No. 514: Electrical Outlet Boxes and Fittings
2. National Fire Protection Association (NFPA):
a. No. 70: National Electrical Code (NEC)

Coordination: Review architectural drawings for areas where outlets occur
within specific architectural or structural features and install outlets as shown on
architectural drawings; or if not shown, accurately center and align boxes within
the architectural features or detail.

Acceptable Manufacturers:

1. Exterior junction or pull boxes:
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PART 2

2.1

2.2

a. Pencel
b. Quatztite Type PC
C. Oldcastle Synertech
d. Or equal
PRODUCTS

GENERAL MATERIALS REQUIREMENTS

A.

B.

Furnish all materials specified herein.
All boxes shall be UL listed and labeled.

Boxes shall be galvanized steel sheet metal, unless rustproof cast metal is
specified or required by the NEC, or unless otherwise specified or indicated on
the drawings.

OUTLET AND DEVICE BOXES

A.

Outlet boxes for surface mounted and pendant mounted lighting fixtures shall be
4" octagon boxes, 1-1/2" deep.

Outlet boxes for flush mounted lighting fixtures shall be 4" square boxes 1-1/2"
deep, with blank cover, installed adjacent to fixture. Connection to fixture shall
be with flexible conduit and fixture wire.

Outlet boxes for switches, receptacles and wall mounted junction boxes shall be
4" square boxes, 1-1/2" deep with square edge tile type cover. Where only one
conduit enters box, 3-1/2" deep single gang switch box may be used. Outlet
boxes for GFl receptacles shall be 2-3/4" deep.

Outlet boxes for switches and receptacles in exposed wiring system shall be cast
FS boxes with matching device plate. Device plates for exterior installations shall
be spring loaded hinged covers. Use FD box for GFI receptacle.

Outlet boxes for individual switches, and receptacles flush mounted in exposed
concrete block shall be single gang masonry boxes 3-1/2" deep.

Outlet boxes for support of surface or pendant mounted incandescent or HID
lighting fixtures shall be provided with fixture stud.

Where special purpose device specified requires larger outlet box than specified
herein, provide outlet box suitable for specific device. These outlet boxes shall
be of the same type as specified herein for the installation required.
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H.

Outlet boxes installed in poured concrete or cast in place shall be concrete-tight
type. The box depth shall allow 2" minimum of concrete cover.

2.3 JUNCTION AND PULL BOXES

A.

Dimensions of pull boxes and junction boxes shall not be less than those
dimensions required by the National Electrical Code for the number, size and
position of conductors entering the box. Extension rings shall not be permitted
on a box to increase the volume.

Pull boxes installed in finished spaces shall be flush mounted cabinets provided
with trim, hinged door and flush latch and lock to match panel trim for flush
mounted electrical panelboard.

Pull boxes required for horizontal feeders containing more than one feeder shall
be provided with reinforced flange and removable 12 gauge 1-1/2" x 1-1/2"
galvanized channel for support of conductors. Wood supports within pull boxes
are not acceptable.

Provide box covers for all junction and pull boxes.

2.4 EXTERIOR JUNCTION OR PULL BOXES, FLUSH WITH GRADE

A.

PART 3

Junction or pull box to be mounted flush with grade shall be polymer concrete,
open-bottom(self-draining) boxes with bolted cover lids. Box dimensions shall
be as indicated on the drawings, sized in accordance with the National Electrical
Code minimum requirements. Covers shall be polymer concrete secured to box
with stainless steel bolts.

EXECUTION

3.1 INSTALLATION

A.

All boxes shall be completely accessible and as required by the NEC. Provide
access panels in any non-accessible spaces to allow access to boxes installed.
Crawling above ceilings to access boxes is not acceptable.

Provide an outlet box for each lighting fixture and for each device. Boxes shall
not be smaller than indicated in this section of the specifications and shall be
larger if required by Article 314 of the National Electrical Code for the number
and size of conductors installed. Where lighting fixtures are installed in
continuous rows, only one outlet box shall be required.
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Outlet boxes for flush mounted lighting fixtures shall be accessible. Where
fixture installation is in nonaccessible ceiling, outlet box shall be accessible when
fixture is removed.

Set outlet boxes for flush mounted devices to within 1/8" of finished wall.
Spacers or shims between box and device are not acceptable. Modification of
boxes or use of extensioin rings to provide for 1/8” of finished wall is not
acceptable.

Where low voltage device is to be installed in common outlet boxes with line
voltage device, provide metal barrier within outlet box to establish two separate
compartments.

Support every box from structure:

1. Secure to wood with wood screws.

2. Secure to hollow masonry with toggle bolts.

3. Secure to metal with sheet metal screws, machine bolts, or clamps.

4, Anchors for solid masonry and concrete shall be self drilling expansion

shields, insert expansion shields, or lead shields with machine bolts.

5. Secure outlet boxes to metal studs with spring steel clamp which wraps
around entire face of stud and digs into both sides of stud. Clamp shall
be screwed into stud.

6. Where box is suspended below structure, support from structure with
threaded steel rod. Secure rod directly to outlet boxes with double nuts.
For pull boxes larger than 18" x 18" x 6", construct 1-1/2" x 1-1/2" x 14
gauge metal channel frame. Connect frame to box by bolting and secure
frame to threaded rod at each corner.

7. Hub type cast boxes need not be directly attached to structure if rigid
conduit is used and supported in conformance with the NEC.

Support outlet boxes for support of surface mounted lighting fixtures by light
weight channel spanning between and attached to main ceiling support
member. Attach channel to ceiling support members with galvanized tie wire or
nylon tie straps.

Do not use outlet boxes for support of LED fixtures; boxes shall be used only as
junction boxes.
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Remove only knockouts as required and plug all unused openings. Use threaded
plugs for cast boxes and snap-in metal plugs for sheet metal boxes.

Outlet boxes in the same wall shall not be mounted back-to-back. Offset 6"
minimum.

Install pull boxes only in unfinished spaces or concealed above ceilings, except
when indicated on the drawings or approved by the Engineer.

Install pull boxes when any of the following conditions apply:

1. Where indicated on the drawings.

2. Where conduit run exceeds 200 ft. from box to box or box to terminal.

3. Where conduit contains more than 4-90 degree bends or the equivalent
offsets.

4, To facilitate conductor installation or to insure that the manufacturer's

maximum pulling tension is not exceeded.

5. As described in the RACEWAYS section of the specifications for crossing
expansion joints.

Do not splice conductors in pull boxes. Splices are not permitted in pull boxes
except when approved in writing by the Engineer or where shown on the
drawings. Where splices are permitted, make splices with splicing sleeves
attached to conductors with hydraulic crimping tool. Split bolt connectors are
not acceptable for splices within pull boxes.

Where a pull box is required, one shall be installed for each individual branch
circuit conduit or each feeder. It shall contain only the feeder conductors or
those conductors in the conduit. A combined pull box for multiple branch
conduits or feeders is not permitted, unless approved by the Engineer or
indicated on the drawings. Where permitted for multiple circuits within pull box:

1. Circuit conductors and feeders shall be individually laced with nylon tie
straps of the type with enlarged tab to permit identification of each
circuit and feeder within pull box. Identify each with respect to load
served.

2. Feeder circuits shall be separated by full height and length sheet metal or
polyester resin barrier secured to box by angle brackets.

Box covers shall be in place and secured to box.
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P. Identification

1. Refer to ELECTRICAL IDENTIFICATION section of these specifications for

additional requirements.
Q. Exterior pull or junction boxes

1. Exterior pull or junction boxes shall be mounted flush with the grade,
unless specified elsewhere or indicated to be aboveground on the
drawings.

2. Flush mounted boxes shall be surrounded on all sides and bottom with 6"
minimum of concrete. Top of concrete shall be flush with grade.

3. Seal conduit entries into box with duct seal to prevent entrance of
moisture, after conductors are installed.

4, No splices allowed below grade.

3.2 CLEANING AND ADJUSTMENT

A. After completion, clean all work of dirt, paint and construction debris.

END OF SECTION
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PART 1

SECTION 16142
ELECTRICAL CONNECTIONS FOR EQUIPMENT

GENERAL

11 RELATED DOCUMENTS

A.

Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this
Section.

1.2 SUMMARY

A.

Extent of electrical connections for equipment is indicated by drawings and
schedules. Electrical connections are hereby defined to include connections
used for providing electrical power to equipment.

Applications of electrical power connections specified in this section include the
following:

1. To resistive heaters.
2. From electrical source to motor starters.
3. From motor starters to motors.

4, To lighting fixtures.

5. To transformers, and similar current current adjustment features of
equipment.

Electrical connections for equipment, not furnished as integral part of
equipment, are specified in Division - 15 and other Division - 16 sections, and are
work of this section.

1. Division 1 - GENERAL REQUIREMENTS
2. Division 11 - EQUIPMENT
3. Division 15 - MECHANICAL

Motor starters and controllers, not furnished as integral part of equipment, are
specified in applicable Division - 16 sections, and are work of this section.
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Junction boxes and disconnect switches required for connecting motors and
other electrical units of equipment are specified in applicable Division - 16
sections, and are work of this section.

Raceways and wires/cables required for connecting motors and other electrical
units of equipment are specified in applicable Division 16 sections, and are work
of this section.

Electrical identification for wire/cable conductors is specified in Division - 16
section, ELECTRICAL IDENTIFICATION, and is work of this section.

13 QUALITY ASSURANCE

A.

NEC Compliance: Comply with applicable requirements of NEC as to type
products used and installation of electrical power connections (terminals and
splices), for junction boxes, motor starters, and disconnect switches. NEC Article
110-14, "ELECTRICAL CONNECTIONS" applies to above.

IEEE Compliance: Comply with Std 241, "IEEE Recommended Practice for Electric
Power Systems in Commercial Buildings" pertaining to connections and
terminations.

ANSI/NEMA Compliance: Comply with applicable requirements of ANSI/NEMA
and ANSI/EIA standards pertaining to products and installation of electrical
connections for equipment.

1. ANSI/EIA RS-364-21A: "Insulation Resistance Test"

2. STD SG-14: "Unplated split-bolt and Vice-Type Electrical Connectors for
Copper Conductors".

UL Compliance: Comply with UL Std 486A, "Wire Connectors and Soldering Lugs
for Use With Copper Conductors" including, but not limited to, tightening of
electrical connectors to torque values indicated. Provide electrical connection
products and materials which are UL-listed and labeled.

1. STD. NO. 486A; Wire Connectors and Soldering Lugs for Use with Copper
Conductors.

2. STD. NO. 486C; Splicing Wire Connectors.

3. STD. NO. 486D; Insulated Wire Connectors for Use With Underground
Conductors.
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ETL Compliance: Provide electrical connection products and materials which are
ETL-listed and labeled.

ASTM Compliance: Comply with Standard B539 "Standard Methods for
Measuring Contact Resistance of Electrical Connections (Static Contacts)."

1.4 DELIVERY, STORAGE, AND HANDLING

A.

PART 2

Deliver electrical connection products wrapped in proper factory-fabricated type
containers.

Store electrical connection products in original cartons and protect from
weather, construction traffic and debris.

Handle electrical connection products carefully to prevent breakage, denting,
and scoring finish.

PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS:

A.

Manufacturers: Subject to compliance with requirements, provide products of
one of the following (for each type of product):

1. AMP Incorporated.

2. Appleton Electric Company.

3. Arrow-Hart Div, Crouse-Hinds Company.
4, Bishop Div, General Signal Corporation.
5. Burndy Corporation.

6. General Electric Company.

7. Gould, Inc.

8. Harvey Hubbell Inc.

9. Ideal Industries, Inc.

10. Reliable Electric Company.

11. Square D Company
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2.2

12.

13.

Thomas and Betts Corporation.

Or equal

MATERIALS AND COMPONENTS

A.

General: For each electrical connection indicated, provide complete assembly of
materials, including but not necessarily limited to, pressure connectors,
terminals (lugs), electrical insulating tape, heat-shrinkable insulating tubing,
cable ties, solderless wire-nuts, and other items and accessories as needed to
complete splices and terminations of types indicated.

Metal Conduit, Tubing and Fittings:

1.

Provide metal conduit, tubing and fittings of types, grades, sizes and
weights (wall thicknesses) indicated for each type service. Where types
and grades are not indicated, provide proper selection as determined by
Installer to fulfill wiring requirements and comply with NEC requirements
for raceways. Provide products complying with Division - 16 BASIC
ELECTRICAL MATERIALS and RACEWAYS section, and in accordance with
the following listing of metal conduit, tubing and fittings:

Rigid steel conduit.

Rigid metal conduit fittings.

Electrical metallic tubing.

EMT fittings.

Flexible metal conduit.

Flexible metal conduit fittings.
Liquid-tight flexible metal conduit.
Liquid-tight flexible metal conduit fittings.

Sm o o0 o

Wires, Cables, and Connectors:

1.

Provide wires, cables, and connectors complying with Division - 16 basic
electrical materials and methods section "WIRES AND CABLES".

Wires/Cables: Unless otherwise indicated, provided wires/cables
(conductors) for electrical connections which match, including sizes and
ratings, of wires/cables which are supplying electrical power. Provide
copper conductors with conductivity of not less than 98% at 20°C (68°F).

Connectors and Terminals: Provide electrical connectors and terminals
which mate and match, including sizes and ratings, with equipment
terminals which are recommended by equipment manufacturer for
intended applications.
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PART 3

3.1

4, Electrical Connection Accessories: Provide electrical insulating tape,

heat-shrinkable insulating tubing and boots, wirenuts and cable ties as
recommended for use by accessories manufacturers for type services
indicated.

EXECUTION

INSTALLATION OF ELECTRICAL CONNECTIONS:

A.

Install electrical connections as indicated; in accordance with equipment
manufacturer's written instructions and with recognized industry practices, and
complying with applicable requirements of UL, NEC and NECA's "Standard of
Installation" to ensure that products fulfill requirements.

Coordinate with other work, including wires/cables, raceway and equipment
installation, as necessary to properly interface installation of electrical
connections for equipment with other work.

Connect electrical power supply conductors to equipment conductors in
accordance with equipment manufacturer's written instructions and wiring
diagrams. Mate and match conductors of electrical connections for proper
interface between electrical power supplies and installed equipment.

Maintain existing electrical services and feeders to occupied areas and
operational facilities, unless otherwise indicated, or when authorized otherwise
in writing by Engineer. Provide temporary service during interruptions to existing
facilities. When necessary, schedule momentary outages for replacing existing
wiring systems with new wiring systems. When that "cutting-over" has been
successfully accomplished, remove, relocate, or abandon existing wiring as
indicated.

Cover splices with electrical insulating material equivalent, or of greater
insulation resistivity rating, than electrical insulation rating of those conductors
being spliced.

Prepare cables and wires by cutting and stripping covering armor, jacket, and
insulation properly to ensure uniform and neat appearance where cables and
wires are terminated. Exercise care to avoid cutting through tapes which will
remain on conductors. Also avoid "ringing" copper conductors while skinning
wire.

Trim cables and wires as short as practicable and arrange routing to facilitate
inspection, testing and maintenance.
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Tighten connectors and terminals, including screws and bolts, in accordance with
equipment manufacturers published torque tightening values for equipment
connectors. Accomplish tightening by utilizing proper torquing tools, including
torque screwdriver, beam-type torque wrench, and ratchet wrench with
adjustable torque settings. Where manufacturer's torquing requirements are
not available, tighten connectors and terminals to comply with torquing values
contained in UL 486A.

Provide flexible conduit for motor connections, and other electrical equipment
connections, where subject to movement and vibration.

Provide liquid-tight flexible conduit for connection of motors and other electrical
equipment where subject to movement and vibration, and also where
connections are subject to one or more of the following conditions:

1. Exterior location.

2. Moist or humid atmosphere where condensate can be expected to
accumulate.

3. Corrosive atmosphere.

4, Water spray.

5. Dripping oil, grease, or water.

Fasten identification markers to each electrical power supply wire/cable
conductor which indicates their voltage, phase and feeder number in accordance
with Division - 16 section ELECTRICAL IDENTIFICATION. Affix markers on each
terminal conductor, as close as possible to the point of connection.

3.2 FIELD QUALITY CONTROL

A.

Upon completion of installation of electrical connections, and after circuitry has
been energized with rated power source, test connections to demonstrate
capability and compliance with requirements. Ensure that direction of rotation
of each motor fulfills requirement. Correct malfunctioning units at site, then
retest to demonstrate compliance.

END OF SECTION
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SECTION 16143
WIRING DEVICES

PART 1 GENERAL

11 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this
Section.

1.2 SUMMARY

A. The work included under this section of the specifications consists of the
installation of wiring devices, i.e. switches and receptacles and device plates. All
materials shall be provided under this section of the specifications.

B. Select devices from lists of acceptable devices contained in this section of the
specifications.

C. The catalog numbers listed herein for switches and receptacles are for items
with brown finish.  Notwithstanding catalog numbers, the switches and
receptacles provided on this project shall have Ivory finish unless otherwise
indicated. All special purpose receptacles shall be provided in black finish.

1.3 QUALITY ASSURANCE

A NEMA WD-1 General Purpose Wiring
B. NEMA WD-5 Specific Purpose Wiring Devices
PART 2 PRODUCTS

2.1 SWITCHES

A. Select switches from the following:
1. Single pole, 20 amp 277 volt switch: Arrow Hart 1991, Hubbell 1221,
Leviton 53521, Pass & Seymour 20AC1, or equal.

2. Threeway, 20 amp 277 volt switch: Arrow Hart 1993, Hubbell 1223,
Leviton 53523, Pass & Seymour 20AC3, or equal.
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2.2 RECEPTACLES

A.

Weatherproof, 20 amp 277 volt switch: Arrow Hart 2991-2881G, Hubbell
1281-1750, Pass & Seymour 22515-4515, or equal.

Weatherproof, 20 amp 277 volt three way switch: Arrow Hart
2993/2881-G, Hubbell 1283-1750, Pass & Seymour 22535-4515, or equal.

Select receptacles from those listed herein. Designation in parenthesis is NEMA
configuration required.

1.

15 amp, 125 volt grounded duplex receptacle (5-15R): Arrow Hart 5262,
Hubbell 5262, Leviton 5262, Pass & Seymour 5262, or equal.

20 amp, 125 volt grounded duplex receptacle (5-20R): Arrow Hart 5739,
Hubbell 5362, Leviton 5362, or equal.

Ground Fault Interrupter (GFI) 15 amp, 125 volt duplex receptacle:
Leviton 6194, Arrow Hart 1591, Hubbell GF-5262, Pass & Seymour
1591-F, or equal.

Ground Fault Interrupter (GFl), 15 amp 125 volt duplex receptacle,
through feed type: Arrow Hart 1591-F, Leviton 6399, Pass & Seymour
1591-F, Hubbell GF-5262, or equal.

Transient Voltage Surge Suppression (TVSS) receptacles shall comply with
ANSI/IEEE C62.41 and UL1449 (3rd Ed.) for categories A and B. Devices
shall provide RFI and EMI noise filtration of not less than a 7:1 reduction.
Devices shall suppress transients in each of 3 modes: Line-to-neutral,
line-to-ground, and neutral-to-ground. Devices shall be provided with an
LED for positive indication of failure of protective circuitry or audible
alarm. Products complying with this specification manufactured by
Arrow Hart, Hubbell, Leviton, Pass and Seymour, or equal, are acceptable.

2.3 DEVICE PLATES

A.

Device plates shall be one piece single or multi-gang type selected to match the
device or combination of devices. Device plates for flush mounted devices shall
be Type 302 stainless steel unless indicated otherwise.

1.

Device plates for use with devices flush mounted in exposed masonry
construction shall be jumbo type. Device plates for surface mounted
devices shall be for use with the type of outlet box in which the device is
mounted. All devices installed in areas exposed to the weather and
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PART 3

where indicated on the drawings shall be provided with a weatherproof
device plate.

2. Where engraved device plates are indicated on the drawings or specified
in Division 16, engraving shall be done by the device plate manufacturer.
All lettering shall be 1/8" high and shall be black unless other contrasting
color is specified.

EXECUTION

3.1 GENERAL INSTALLATION

A.

The mounting height of devices are indicated in the legend on the drawings and
is intended to mean the bottom of the device above the finished floor unless
otherwise indicated on the drawings. Where finished walls are exposed
concrete block, brick or tile, the height shall be adjusted to allow outlet box for
device to be mounted at a joint.

Review Architectural Drawings for any device requiring specific location. Install
receptacles above countertops with major axis horizontal above the backsplash.

Mount all devices within outlet boxes to allow device plates to be in contact with
wall on all sides. Align devices with major axis of device parallel to adjacent
predominate building feature, i.e., doorframes or countertops.

Install wall switches on the strike side of doors.

END OF SECTION
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SECTION 16170
CIRCUIT AND MOTOR DISCONNECTS

PART 1 GENERAL

11 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This section covers disconnect switches for electrical equipment, 600V and below, and
fuses mounted in the disconnect devices.

B. Furnish and install disconnect switches for any of the following conditions:
1. Where indicated on the drawings.
2. For all motors located out-of-sight of its motor controller.
3. For water heaters.
4, Where required by the National Electrical Code.

13 QUALITY ASSURANCE

A Referenced Industry Standard:  The following specifications and standards are
incorporated into and become a part of this Specification by reference.
1. Underwriters' Laboratories, Inc. (UL) Publications:
a. No. 98: Enclosed Switches
b. No. 198.2: High-Interrupting Capacity Fuses, Current Limiting Type
C. No. 198.4: Class R fuses
2. National Fire Protection Association (NFPA) Publications:
a. No. 70: National Electrical Code (NEC)
3. National Electrical Manufacturers Association (NEMA) Publications:
a. No. KS 1: Enclosed Switches
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PART 2

2.1

Acceptable Manufacturers: Products of the following manufacturers, which comply with
these specifications, are acceptable:

1. General Electric
2. Eaton

3. Square D

4. Siemens

Coordination:  Coordinate installations with architectural and structural features,
equipment installed under other sections of the specifications and electrical equipment to
insure disconnect switch access and insure that clearance minimums are provided.

PRODUCTS

GENERAL MATERIAL REQUIREMENTS

A.

B.

Furnish all materials specified herein.
All disconnects and fuses shall be UL listed and bear a UL label.
Fuses shall be heavy duty, type HD horsepower rated as required for motor load served.

Switches shall be 600 volt rated, except for use in system below 240 volt, when they may
be 250 volt rated. Switches shall be heavy duty rated. General duty switches are not
acceptable.

Furnish a solid neutral for each switch being installed in a circuit which includes a neutral
conductor.

Furnish an equipment grounding conductor lug bonded to the switch enclosure.

Disconnect switches shall be non-fusible safety switch, unless fused type is specified or
indicated on the drawings, with the number of poles required to disconnect all
ungrounded conductors serving equipment.

Enclosure shall be NEMA Type One in all interior dry locations and shall be NEMA Type 4X
stainless steel in all damp, wet, or exterior locations, unless other type is indicated on the
drawings or specified herein.
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2.2

PRODUCT/MATERIAL DESCRIPTION

A.

Switching mechanism shall be quick-make, quick-break type.

Where non-fused disconnect switches are indicated on the drawings or specified for use as
disconnects, they shall be the non-fused type.

Switches shall have the following features:

1. Provide line terminal shields in all switches.

2. Each switch shall have provisions for padlocking in the "OFF" position.

3. Each switch shall have door interlocks to prevent door from being opened when
switch is in closed position. Provide inconspicuous means to defeat interlock
mechanism.

4, Provide permanent nameplate indicating switch rating in voltage, amperes and
horsepower.

5. Arch chute for each pole.

Disconnect switches for three phase motors rated two horsepower and above shall be
three pole nonfusible type rated as indicated on the drawings. Disconnect switches for
three phase motors rated below two horsepower shall be three pole manual motor starter
switches without overload protection. Disconnect for single phase motors shall be single
or two pole horsepower rated switches without overload protection.

Fusible switches through 600 amp shall be provided with rejection clips to accept RK1 or
RK5 class fuses only. Fusible switches larger than 600 amp shall be suitable for class L
fuses. Furnish and install a complete set of fuses in each disconnect sized as indicated on
the drawings. Fuses serving predominantly motor or transformer loads shall be
dual-element, time delay type, otherwise non-time delay fast acting type is required.
Fuses shall be current limiting with 200,000 AIC.

Disconnect switches for motors controlled by variable frequency drives shall be equipped
with a normally open auxillary contact. The auxillary contact shall be wired into the
control voltage stop/start circuit on the drive. The auxillary contact shall be early break, so
that the start stop circuit drops out before the disconnect power circuit opens, and late
make so that the disconnect power circuit closes before the start circuit on the drive is
closed.
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PART 3

3.1

EXECUTION

INSTALLATION

A.

Locate disconnect switches to maintain line of sight and to provide working clearance and
full accessibility as required by the National Electrical Code.

Unless indicated otherwise on the drawings, locate disconnects adjacent to equipment
served.

Lace and group conductors installed in disconnect with nylon tie straps. Only one
conductor shall be installed under terminals. Form and train conductors in enclosure
neatly parallel and at right angles to sides of box. Uninsulated conductor shall not extend
beyond 1/8" from terminal lug.

Mounting and Support

1. Enclosure shall be secured to structure by a minimum of four (4) fastening devices.
A 1.5" minimum diameter round washer shall be used between head of screw or
bolt and enclosure.

2. Mounting

a. Enclosures shall be mounted where indicated on the drawings or specified
herein. Support from the structure with fastening device specified.

b. Attach enclosure directly to masonry, concrete, or wood surfaces.

Mount enclosure on metal channel (strut), which is connected to structure
with fastening device specified, for installations on steel structure, sheet
metal equipment enclosure, or sheet rock walls.

d. Where enclosure is not indicated on a wall or structure, construct a metal
channel (strut) free standing frame secured to floor, pad, or other
appropriate building structure. Refer to the detail on the drawing for
frame installation and construction information.

e. Mount switch with handle between 36" and 60" above floor or grade,
unless otherwise indicated on the drawings.

Do not splice conductors in enclosure. Where required, install junction box or wireway
adjacent to disconnect and splice or tap conductors in box. Refer to number of conductors
in a conduit limitation defined in the WIRES AND CABLES section of the specifications and
do not exceed.

Conductors not terminating in disconnect shall not extend through or enter disconnect
enclosure.

Install push-in knock-out closure plugs in any unused knock-out openings.
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H. Identification

1. Disconnect switches shall be identified.

2. Refer to the ELECTRICAL IDENTIFICATION section of the specifications for
identification requirements.

3.2 CLEANING AND ADJUSTMENT
A. After completion, clean the interior and exterior of dirt, paint and construction debris.

B. Touch up paint all scratched or marred surfaces with factory furnished touch up paint of
the same color as the factory applied paint.

END OF SECTION
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SECTION 16190
SUPPORTING DEVICES

PART 1 GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Extent of supports, anchors, sleeves and seals is indicated by drawings and schedules
and/or specified in other Division - 16 sections.

B. Types of supports, anchors, sleeves and seals specified in this section include the
following:
1. Clevis hangers.
2. Riser clamps.
3. C-clamps.
4. I-beam clamps.
5. One-hole conduit straps.
6. Two-hole conduit straps.
7. Round steel rods.
8. Expansion anchors.

9. Toggle bolts.

10. Wall and floor seals.

C. Supports, anchors, sleeves and seals furnished as part of factory-fabricated
equipment are specified as part of that equipment assembly in other Division - 16
sections.

D. For exterior locations, provide stainless steel supports, anchors and straps.
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E.

Provide seismic support for electrical equipment as required by IBC and Authority
Having Jurisdiction.

13 QUALITY ASSURANCE

A.

PART 2

NEC Compliance: Comply with NEC requirements as applicable to construction and
installation of electrical supporting devices.

NECA Compliance: Comply with National Electrical Contractors Association's
"Standard of Installation" pertaining to anchors, fasteners, hangers, supports, and
equipment mounting.

UL Compliance: Provide electrical components which are UL-listed and labeled.

PRODUCTS

2.1 MANUFACTURED SUPPORTING DEVICES

A.

General: Provide supporting devices which comply with manufacturer's standard
materials, design and construction in accordance with published product
information, and as required for complete installation; and as herein specified.
Where more than one type of supporting device meets indicated requirements,
selection is Installer's option.

Supports: Provide supporting devices of types, sizes and materials indicated; and
having the following construction features:
1. Clevis Hangers: For supporting 2" rigid metal conduit; galvanized steel; with

1/2" diameter hole for round steel rod; approximately 54 Ibs. per 100 units.

2. Riser Clamps: For supporting 5" rigid metal conduit; black steel; with 2 bolts
and nuts, and 4" ears; approximately 510 Ibs. per 100 units.

3. Reducing Couplings: Steel rod reducing coupling, 1/2" x 5/8"; black steel;
approximately 16 Ibs. per 100 units.

4, C-Clamps: Black malleable iron; 1/2" rod size; approximately 70 lbs. per 100
units.

5. I-Beam Clamps: Black steel, 1-1/4" x 3/16" stock; 3/8" cross bolt; flange

width 2"; approximately 52 lbs. per 100 units.

6. One-Hole Conduit Straps: For supporting 3/4" rigid metal conduit; galvanized
steel; approximately 7 Ibs. per 100 units.
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10.

11.

Two-Hole Conduit Straps: For supporting 3/4" rigid metal conduit, galvanized
steel; 3/4" strap width; and 2-1/8" between center of screw holes.

Hexagon Nuts: For 1/2" rod size; galvanized steel; approximately 4 Ibs. per
100 units.

Round Steel Rod: Black steel; 1/2" diameter; approximately 67 lbs. per 100
feet.

Offset Conduit Clamps: For supporting 2" rigid metal conduit; black steel;
approximately 200 Ibs. per 100 units.

Provide stainless steel supporting devices for exterior locations and where
specified.

Anchors: Provide anchors of types, sizes and materials indicated, with the following
construction features:

1.

2.

Toggle Bolts: Springhead; 3/16" x 4"; approximately 5 Ibs. per 100 units.

Expansion sleeve anchors by Hilti or Phillips Redhead: 1/2"; approximately 38
Ibs. per 100 units.

Manufacturers: Subject to compliance with requirements, provide anchors
of one of the following:

Ackerman Johnson Fastening Systems Inc.
Hilti

Ideal Industries, Inc.

Joslyn Mfg and Supply Company

McGraw Edison Company

Phillips Redhead

Rawlplug Company Inc.

w000 T

Sleeves and Seals: Provide sleeves and seals, of types, sizes and materials indicated,
with the following construction features:

Wall and Floor Seals: Provide factory-assembled watertight wall and floor seals, of
types and sizes indicated; suitable for sealing around conduit, pipe, or tubing passing
through concrete floors and walls. Construct seals with steel sleeves, malleable iron
body, neoprene sealing grommets and rings, metal pressure rings, pressure clamps,
and cap screws.

U-Channel Strut Systems:

1.

Provide U-channel strut system for supporting electrical equipment, 12-gage
hot-dip galvanized steel, of types and sizes indicated; construct
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with 9/16" diameter holes, 8" o.c. on top surface, with standard green finish,
and with the following fittings which mate and match with U-channel.

Fixture hangers.
Channel hangers.
End caps.

Beam clamps.
Wiring studs.

Thinwall conduit clamps.
Rigid conduit clamps.
Conduit hangers.
U-bolts.

TSm0 o0 T

Manufacturers: Subject to compliance with requirements, provide channel
systems of one of the following:

Allied Tube and Conduit Corporation.

B-Line Systems, Inc.

Elcen Metal Products Company.

Greenfield Mfg Company, Inc.

Midland-Ross Corporation.

0Z/Gedney Div; General Signal Corporation.
Power-Strut Div; Van Huffel Tube Corporation.
Unistrut Div; GTE Products Corporation.

S 0 o0 T

Provide stainless steel channel for exterior locations and where specified.

2.2 FABRICATED SUPPORTING DEVICES

A. Pipe Sleeves: Provide pipe sleeves of one of the following:

1.

Sheet Metal: Fabricate from galvanized sheet metal; round tube closed with
snaplock joint, welded spiral seams, or welded longitudinal joint. Fabricate
sleeves from the following gage metal: 3" and smaller, 20-gage; 4" to 6",
16-gage; over 6", 14" gage.

2. Steel Pipe: Fabricate from Schedule 40 galvanized steel pipe.
3. Iron Pipe: Fabricate from cast-iron or ductile-iron pipe.
4, Plastic Pipe: Fabricate from Schedule 80 PVC plastic pipe.
B. Sleeve Seals: Provide modular mechanical type seals, consisting of interlocking

synthetic rubber links shaped to continuously fill annular space between pipe and
sleeve, connected with bolts and pressure plates which cause rubber sealing
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elements to expand when tightened, providing watertight seal and electrical
insulation.

PART 3 EXECUTION

3.1 INSTALLATION OF SUPPORTING DEVICES

A. Install hangers, anchors, sleeves and seals as indicated, in accordance with
manufacturer's written instructions and with recognized industry practices to insure
supporting devices comply with requirements. Comply with requirements of NECA
and NEC for installation of supporting devices.

B. Coordinate with other electrical work, including raceway and wiring work, as
necessary to interface installation of supporting devices with other work.

C. Install hangers, supports, clamps and attachments to support piping properly from
building structure. Arrange for grouping of parallel runs of horizontal conduits to be
supported together on trapeze type hangers where possible. Install supports in
compliance with NEC requirements.

D. Torque sleeve seal nuts, complying with manufacturer's recommended values.
Ensure that sealing grommets expand to form watertight seal.

E. Remove burrs from ends of pipe sleeves.

END OF SECTION
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PART 1

SECTION 16195
ELECTRICAL IDENTIFICATION

GENERAL

11 RELATED DOCUMENTS

A.

Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this
Section.

1.2 SUMMARY

A.

B.

Extent of electrical identification work is as outlined by this specification.

Types of electrical identification work specified in this section include the
following:

1. Buried conduit warnings.

2. Electrical power, control and communication conductors.
3. Operational instructions and warnings.

4. Danger signs.

5. Equipment/system identification signs.

Refer to Division 1 General Requirements section IDENTIFICATION SYSTEMS, for
equipment and system nameplates, and performance data; not work of this
section.

1.3 QUALITY ASSURANCE

A.

NEC Compliance: Comply with NEC as applicable to installation of identifying
labels and markers for wiring and equipment.

UL Compliance: Comply with applicable requirements of UL Std 969, "Marking and
Labeling Systems", pertaining to electrical identification systems.

ANSI Compliance: Comply with applicable requirements of ANSI Std A13.1,
"Scheme for the Identification of Piping Systems".
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D.

NEMA Compliance: Comply with applicable requirements of NEMA Std No's WC-1
and WC-2 pertaining to identification of power and control conductors.

14 SUBMITTALS

A.
B.
PART 2
2.1 A
A.
2.2 E
A.
B.

Product Data: Submit manufacturer's data on electrical identification materials
and products.

Samples: Submit samples of each color, lettering style and other graphic
representation required for each identification material or system.

PRODUCTS

CCEPTABLE MANUFACTURERS

Manufacturers: Subject to compliance with requirements, provide electrical
identification products of one of the following (for each type marker):
1. Almetek

2. Brady, W.H. Company

3. Calpico Inc.

4. Cole-Flex Corporation

5. Direct Safety Company

6. George-Ingraham Corporation

7. Griffolyn Company

8. Ideal Industries, Inc.

9. LEM Products, Inc.

10. Markal Company

11. National Band and Tag Company

12. Panduit Corporation

13. Seton Name Plate Company

14. Tesa Corporation

LECTRICAL IDENTIFICATION MATERIALS

Except as otherwise indicated, provide manufacturer's standard products of
categories and types required for each application. Where more than single type
is specified for an application, selection is Installer's option, but provide single
selection for each application.

Color-Coded Plastic Tape:

1. Provide manufacturer's standard self-adhesive vinyl tape not less than 3
mils thick by 1-1/2" wide.
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a. Colors:  Unless otherwise indicated or required by governing
regulations, provide orange tape.

Underground-Type Plastic Line Marker:

1.

Manufacturer's standard permanent, bright-colored, continuous-printed
plastic tape, intended for direct-burial service; not less than 6" wide x 4
mils thick. Provide detectable type tape with printing which most
accurately indicates type of service of buried cable.

Cable/Conductor Identification Bands:

1.

Provide manufacturer's standard vinyl-cloth self-adhesive cable/conductor
markers of wrap-around type, either pre-numbered plastic coated type, or
write-on type with clear plastic self-adhesive cover flap; numbered to show
circuit identification.

Plasticized Tags:

1.

Manufacturer's  standard  pre-printed or  partially pre-printed
accident-prevention and operational tags, of plasticized card stock with
matt finish suitable for writing, approximately 3-1/4" x 5-5/8", with brass
grommets and wire fasteners, and with appropriate pre-printed wording
including large-size primary wording, e.g., DANGER, CAUTION, DO NOT
OPERATE.

Self-Adhesive Plastic Signs:

1.

Provide manufacturer's standard, self-adhesive or pressure-sensitive,
pre-printed, flexible vinyl signs for operational instructions or warnings; of
sizes suitable for application areas and adequate for visibility, with proper
wording for each application, e.g., 208V, EXHAUST FAN, RECTIFIER.

Colors: Unless otherwise indicated, or required by governing regulations,
provide white signs with black lettering.

Baked Enamel Danger Signs:

1.

General: Provide manufacturer's standard "DANGER" signs of baked
enamel finish on 20-gage steel; of standard red, black and white graphics;
14" x 10" size except where 10" x 7" is the largest size which can be applied
where needed, and except where larger size is needed for adequate vision;
with recognized standard explanation wording, e.g., HIGH VOLTAGE, KEEP
AWAY, BURIED CABLE, DO NOT TOUCH SWITCH.
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2.3

PART 3

3.1

H. Engraved Plastic-Laminate Signs:

1. Provide engraving stock melamine plastic laminate, complying with FS
L-P-387, in sizes and thicknesses indicated, engraved with engraver's
standard letter style of sizes and wording indicated, black face and white
core plies (letter color) except as otherwise indicated, punched for
mechanical fastening except where adhesive mounting is necessary
because of substrate.

2. Thickness: 1/8", except as otherwise indicated.

3. Fasteners:  Self-tapping stainless steel screws, except contact-type
permanent adhesive where screws cannot or should not penetrate
substrate.

LETTERING AND GRAPHICS

A General: Coordinate names, abbreviations and other designations used in
electrical identification work, with corresponding designations shown, specified or
scheduled. Provide numbers, lettering and wording as indicated or, if not
otherwise indicated, as recommended by manufacturer or as required for proper
identification and operation/maintenance of electrical systems and equipment.
Comply with ANSI A13.1 pertaining to minimum sizes for letters and numbers.

EXECUTION

APPLICATION AND INSTALLATION

A General Installation Requirements:
1. Install electrical identification products as indicated, in accordance with
manufacturer's written instructions, and requirements of NEC and OSHA.

2. Coordination: Where identification is to be applied to surfaces which
require finish, install identification after completion of painting.

3. Regulations: Comply with governing regulations and requests of governing
authorities for identification of electrical work.

B. Conduit Identification:

1. Where electrical conduit is exposed in spaces with exposed mechanical
piping which is identified by color-coded method, apply color-coded
identification on electrical conduit in manner similar to piping
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identification. Except as otherwise indicated, use white as coded color for
conduit.

Box Identification:

1.

After completion, using an indelible wide tip marker, indicate on the cover
of each junction and pull box the designation of the circuits contained
therein, i.e., A-1, 3, 5. Use a black marker for normal power circuits and a
red marker for emergency circuits.

Underground Conduit Identification:

1.

During back-filling/top-soiling of each exterior underground electrical,
signal or communication conduit, install continuous underground-type
plastic line marker, located directly over buried line at 6" to 8" below
finished grade. Where multiple small lines are buried in a common trench
and do not exceed an overall width of 16", install a single line marker.

Install line marker for every buried conduit.

Cable/Conductor Identification:

1.

Apply cable/conductor identification, including voltage, phase and feeder
number, on each cable/conductor in each box/enclosure/cabinet where
wires of more than one circuit or communication/signal system are
present, except where another form of identification (such as color-coded
conductors) is provided. Match identification with marking system used in
panelboards, shop drawings, contract documents, and similar previously
established identification for project's electrical work. Refer to WIRES AND
CABLES section of these specifications for color coding requirements.

Operational Identification and Warnings:

1.

Wherever required by OSHA or directed by the Owner, to ensure safe and
efficient operation and maintenance of electrical systems, and electrically
connected mechanical systems and general systems and equipment,
including prevention of misuse of electrical facilities equipment by
unauthorized personnel, install self-adhesive plastic signs or similar
equivalent identification, instruction or warnings on switches, outlets and
other controls, devices and covers of electrical enclosures. Where detailed
instructions or explanations are needed, provide plasticized tags with
clearly written messages adequate for intended purposes.
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G. Danger Signs:

1.

In addition to installation of danger signs required by governing regulations
and authorities, install appropriate danger signs at locations indicated and
at locations subsequently identified by Installer of electrical work or the
Owner as constituting similar dangers for persons in or about project.

a. High Voltage: Install danger signs wherever it is possible, under any
circumstances, for persons to come into contact with electrical
power of voltages higher than 110-120 volts.

b. Critical Switches/Controls: Install danger signs on switches and
similar controls, regardless of whether concealed or locked up,
where untimely or inadvertent operation (by anyone) could result
in significant danger to persons, or damage to or loss of property.

H. Equipment/System Identification:

1.

Install engraved plastic-laminate sign on each major unit of electrical
equipment in building; including central or master unit of each electrical
system including communication/-control/signal systems, unless unit is
specified with its own self-explanatory identification or signal system.
Except as otherwise indicated, provide single line of text, 1/2" high
lettering, on 1-1/2" high sign (2" high where 2 lines are required), white
lettering in black field. Provide text matching terminology and numbering
of the contract documents and shop drawings. Provide signs for each unit
of the following categories of electrical work:

Panelboards, electrical cabinets and enclosures.
Access panel/doors to electrical facilities.

Major electrical switchgear.

Motor control centers.

Transformers.

Power generating units.

g. Automatic transfer switch.

0 o0 T

Install signs at locations indicated or, where not otherwise indicated, at
location for best convenience of viewing without interference with
operation and maintenance of equipment. Secure to substrate with
fasteners, except use adhesive where fasteners should not or cannot
penetrate substrate. Identification of flush mounted cabinets and
panelboards shall be on the inside of the device.

Panelboards, individually mounted circuit breakers, and each feeder
breaker in the distribution panels or motor control centers and each
cubicle of the motor control center shall be identified with an engraved
plastic laminate sign. Plastic nameplates shall be multicolored laminated

Electrical Identification 16195-6



END OF SECTION

plastic with faceplate and core as scheduled. Lettering shall be engraved
minimum 1/4" high letters.

a.

480/277 volt normal power equipment shall be identified with
white faceplate with black core.
480/277 volt emergency power equipment shall be identified with
white faceplate with red core.
208/120 volt normal power equipment shall be identified with
black faceplate with white core.
208/120 volt essential power equipment shall be identified with
red faceplate with white core.

Equipment identification is to indicate the following:

1)
2)
3)
4)

Equipment ID abbreviation.

Voltage, phase, wires and frequency.
Emergency or other system.

Power source origination. Example:
a) Panel E3HA

b) 480/277V, 3 phase, 4 wire

c) Emergency System

d) Fed by SWBD-7

Electrical Identification
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PART 1 GENERAL

11 RELATED DOCUMENTS

SECTION 16210

ENGINE DRIVEN EMERGENCY POWER SUPPLY SYSTEM

A Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A The work required under this section of the specifications consists of the installation of one
generator, and the purchase and installation of an automatic transfer switch; to provide a
complete engine driven emergency power supply system. All materials and devices which
are an integral part of this system shall be provided under this section of the specifications.

B. Definition: The Emergency Power Supply System (EPSS) shall consist of one or more
engine driven generator sets, each of which contains an engine directly coupled to an
electric generator, together with the necessary switchgear, controls, accessories, transfer
devices and fuel supply to provide electric power for the duration of any failure of the
normal power supply.

1. Automatic Transfer Switch (ATS): An automatic transfer switch is self-acting
equipment for transferring one or more load conductor connections from one
power source to another.

13 QUALITY ASSURANCE

A. The following specifications and standards are incorporated into and become a part of this
specification by reference.

1. National Fire Protection Association (NFPA):
a. NFPA-37 Combustion Engines
b. NFPA-70 National Electrical Code. Equipment shall be suitable for

use in systems in compliance to Article 700, 701 and 702,

NFPA-110 Emergency and Stand-By Power Systems. The generator set
shall meet all requirements for Level 1 systems. Level 1 prototype tests
required by this standard shall have been
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performed on a complete and functional unit, component level type tests
will not substitute for this requirement.

Electrical Generating Systems Association (EGSA) Standards:

a. EGSA CEP2 Codes for Emergency Power by States and Major Cities

b. EGSA GTD3 Glossary of Standard Industry Terminology and
Definitions

C. EGSA ECB1 Performance Standard for Engine Cranking Batteries

EGSA TSS1 Performance Standard for Transfer Switches for use with
Engine Generator Sets

e. EGSA BCES1 Performance Standard for Battery Chargers

f. EGSA ICAE1 Performance Standard for Electric Generator Set
Instrument Control and Auxiliary Equipment

Institute of Electrical and Electronics Engineers (IEEE) Standards:

a. IEEE 446 IEEE Recommended Practices for Emergency and Standby
Power Systems for commercial and industrial applications.
b. IEEE 472 Voltage Surge Withstand Capabilities

National Electric Manufacturers Association (NEMA) Standards:

a. NEMA MG1-1998 part 32. Alternator shall comply with the requirements
of this standard.

b. ICS1-109 Test and Test Procedures for Automatic Transfer Switches

C. ICS 10-2005 Part 1 A.C. Automatic Transfer Switch

Underwriters Laboratories Inc. (UL) Publications:

a. UL 1008 Automatic and Non-Automatic Transfer Switches

b. UL508. The entire control system of the generator set shall be UL 508
listed and labeled.

C. UL142 — Sub-base Tanks

UL 1236 — Battery Chargers

UL2200 — The generator set shall be listed to UL2200 or submit to an
independent third party certification process to verify compliance as
installed.

American National Standards Institute (ANSI):
a. C37.90aVoltage Surge Withstand Capability

The control system for the generator set shall comply with the following
requirements.

a. CSA C22.2, No. 14 — M91 Industrial Control Equipment.
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b. EN50082-2, Electromagnetic Compatibility - Generic Immunity
Requirements Part 2: Industrial

C. EN55011, Limits and Methods of Measurement of Radio Interference
Characteristics of Industrial, Scientific and Medical Equipment.
FCC Part 15, Subpart B.
. IEC8528 part 4. Control Systems for Generator Sets
f. IEC Std 801.2, 801.3 and 801.5 for susceptibility, conducted and radiated

electromagnetic emissions.

The generator set manufacturer shall be certified to ISO 9001 International Quality
Standard and shall have third party certification verifying quality assurance in
design/development, production, installation and service, in accordance with 1SO
9001.

Acceptable Manufacturers: Products of the following manufacturers, which comply with
these specifications, are acceptable:

1.

Engine Driven Generator Sets:

a. Cummins
b. Caterpillar

Automatic Transfer Switches:

a ASCO 7000 Series
b. Cummins

C Russell

d Zenith

Sub-Base Fuel Tanks:

a. Pryco
b. Simplex
C. Generator manufacturer

Provide aluminum work/service platform for the generator, it shall extend down
both sides of the generator and across the end opposite the radiator exhaust. The
platform shall have a structural aluminum frame, aluminum grating and aluminum
hand rails. It shall be 4’ wide throughout and the elevation shall be equal to the
top of the fuel tank. Provide handrails on the steps. Provide a concrete
foundation for the work platform and steps.

Equipment Dimensions:

1.

Dimensions indicated on the drawings are maximum allowable and shall not be
exceeded. Where equipment of acceptable manufacturers listed
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exceeds the maximum dimensions, products of such manufacturers shall not be
acceptable.

Coordination:

1. Review shop drawings submitted under this and other sections, as well as other
divisions, to ensure coordination between work required among different trades.
Coordinate the installation sequence with other contractors to avoid conflicts and
to provide the fastest overall installation schedule. Coordinate installation with
structural features, equipment installed under other sections of the specifications,
and electrical equipment to ensure access and clearance minimums are provided.

1.4 SUBMITTALS

A.

Refer to the SHOP DRAWINGS, PRODUCT DATA AND SAMPLES Section for required
procedures.

Manufacturer's Product Data:

1. Submit material specifications and installations data for products specified under
Part 2 - Products to include:

a. Engine driven generator set
b. Sub-base fuel tank
C. Transfer switch

Shop Drawings: Submit shop drawings to indicate information not fully described by the
product data to indicate compliance with the contract drawings. Submittals containing
less than the information listed below will be rejected.

1. Shop drawings for the engine driven generator sets shall contain not less than the
information listed as follows:

a. Certification that the engine driven generator set(s) furnished will serve
electrical loads indicated including motor starting loads with type(s) of
starting indicated.

i.  Provide computer generated sizing report.

b. Stand-by rating of engine driven generator set(s) including voltage and
phase.

C. Frequency and voltage regulation with maximum voltage dip and time of
recovery to stable operation.

d. Output voltage adjustment range in percentage of rated plant voltage.
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Alternator type and method of connection to prime mover.

Components contained in alternator instrument panel.

Rating of engine at operating speed, engine cycle and number of cylinders.
Type of engine lubrication system and verification of components
specified.

Type of engine governor.

Components contained in engine instrument panel.

Fuel consumption at %, %, % and full load.

Starting batteries including ampere hour rating.

m. Verification that all accessories specified is to be provided. This includes
cold weather starting aid with rating and voltage indicated, exhaust
system with muffler type indicated, and outdoor housing (where
applicable) with verification of space available within housing for

> ™o
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batteries.

n. Line and machinery constants of the generator furnished.

0. Terminal board connection diagram where reconnectable generators are
specified.

p. Circuit breaker type, rating, A.I.C. rating and cable capacity of lugs.

2. Shop drawings for the transfer switch shall contain not less than the information
listed as follows:

a. List of accessories contained in the control panel.
b. Withstand rating in RMS symmetrical amperes.
C. Dimensions and access requirements.

D. Quality and Service:

1. All materials and parts of the EPSS shall be new and unused. Each component
shall be of current manufacture from a firm regularly engaged in the production of
such equipment.

a. Units and components offered under these specifications shall be covered
by the manufacturer's parts and labor warranty for a minimum of five (5)
years from date of Owner acceptance of the project on a new machine, a
copy of which shall be included in the shop drawings submittal.

2. Submittals will be accepted only on engine driven generator sets and transfer

switches which can be properly maintained and serviced without requiring the
Owner to stock spare parts or wait longer than twenty-four hours for service.
Submittals shall include the nearest location of permanent parts outlet from which
parts may be obtained and written assurance that trained service personnel will
be available on twenty-four hour's notice.
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PART 2

2.1

E.

Record Drawings

1. Include in each set three sets of operating, maintenance, and parts manuals
covering all components for the EPSS. Provide instructions to the Owner in
operation and maintenance of his equipment, both in written form and with
on-site personnel for a minimum of six hours.

PRODUCTS

ENGINE DRIVEN EMERGENCY POWER SUPPLY (EPS)

A.

Engine

1.

The engine driven emergency power supply (EPS) shall be an internal combustion
diesel driven prime mover. The generator set shall have the following
characteristics:

KW 600
KVA 750
Voltage 480Y/277V
Frequency 60Hz
Power Factor 0.8
Phase 3
Wire 4
Max Step KW 123
Step 6
Loading 70%
2. Refer to the electrical drawings for motor starting sequence, loads and types of
starters.
3. Provide load step controls in plant SCADA system to match loading shown on the
electrical drawings.
4, The rated net horsepower of the engine at the generator synchronous speed, with

all accessories, shall not be less than that required to produce the KW specified in
paragraph 1 above. The horsepower rating shall take into account generator
efficiency and all accessory losses such as fans, battery charger, etc. The generator
set shall be capable of producing the specified KW (without overload) for the
duration of the power outage, under the following ambient conditions:

a. Altitude: 50 feet above mean sea level.
b. Air temperature at engine intake: 104 degrees F.
C. Humidity Range: 40 - 95%.
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10.

11.

Included with the shop drawing submittal shall be the manufacturer's estimate of
supply fuel and oil consumption for each engine. Each engine shall have an oil
filter with replaceable elements, a lube oil cooler, and an oil reservoir.

The engine shall be equipped with a suitable governor (engine speed control) to
maintain frequency within limit specified below by controlling engine and
generator speed. Manufacturer shall indicate in submittal data whether
mechanical, hydraulic, electrical, or hybrid governors are provided.

a. Type: Isochronous

b. Stability: + %% maximum steady state frequency variation at any constant
load from no load to full load.

C. Regulation: 5% maximum frequency deviation between no-load steady

state and full load steady state.

The engine shall be electric start, provided with a solenoid energized motor with
either positive engagement or clutch drive to the engine.

The engine starting batteries shall be sealed lead-acid recombination type.
Batteries shall be rack mounted inside the weatherproof plant housing to minimize
the distance from the batteries to the starter.

a. Provide battery straps and battery heater.

A float type battery charger, compatible with the batteries selected, shall be
furnished at the engine which shall maintain the starting batteries at full charge.

It shall have an equalize rate and a float rate charging system. An ammeter and
voltmeter shall indicate the charge rate and the circuit shall be protected by either
fuses or circuit breakers. The charger or charging circuit shall be so designed that
it will not be damaged during the engine cranking cycle, for example, by a current
limiting charger or a crank disconnect relay. It shall also be capable of recharging a
discharged battery in 12 hours while carrying normal loads. The charger shall be
equipped with alarm relays as required for remote annunciation equipment.

The engine shall be liquid cooled. The type of liquid cooling system shall be unit
mounted radiator - consideration shall be given for air temperature rise across the
engine in addition to ambient. Minimum capacity shall be rated for 104°F.
minimum engine ambient temperature plus air temperature rise across the
engine.
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12.

13.

Provide electric heaters, thermostatically controlled, in the engine coolant
system as a cold weather starting aid. Heater shall be for operation on
120 volt single phase A.C. for 2500 watt units and below and on 208/240
volt single phase A.C. for all other units and shall be permanently
connected to a circuit from the building electrical system. Heater shall
maintain 70°F. to 90°F.

i.  Provide isolation valves or quick connect couplings for jacket water

heaters.

Air Supply/Exhaust System

a.

Cleaner: An air cleaner and silencer shall be furnished, located and
mounted as recommended by the engine manufacturer.

Exhaust: An exhaust system of suitable size, configuration, and material in
accordance with engine manufacturer's recommendations shall connect
the exhaust outlet of the engine to a silencer. The type of silencer shall
meet the requirements of engine manufacturers and shall be industrial.
The silencer shall be located inside outdoor enclosure.

The exhaust system including silencer shall be of such size that back
pressure on the system will not exceed the back pressure permitted by
the engine manufacturer's recommendation. A flexible connection shall
be mounted at the engine exhaust outlet and the discharge end shall be
protected against entry of precipitation. For piping rising up through the
roof, provide condensation drip leg with valve at pipe elbow. Piping and
silencer within reach of personnel or with 8'-0" of finished floor or grade
shall be protected by screening and shall be insulated with two inches of
calcium silicate insulation with aluminum jacket. All exhaust piping shall
be gas tight.

The engine instrument panel shall be mounted at the engine and shall contain the

following:

a. Oil pressure gauge to indicate lubricating oil pressure.

b. Temperature gauge to indicate cooling medium temperature.

C. Hour meter to indicate total actual running time.

d. Battery charging meter to indicate satisfactory performance of battery
charging means.

e. Other instruments as recommended by the manufacturer for proper
maintenance.

f. Manual stop/start controls: All instruments, controls, and indicating lights

shall be properly identified. All wires shall be individually identified and
must agree with the wiring diagram provided. All wiring shall be
harnessed or flexibly enclosed. Terminals on all terminal blocks shall be
individually identified.
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Generator

1.

The generator shall be an engine-driven single or two bearings type, synchronous,
brushless, and conforming to applicable standards. It shall be connected to the
engine flywheel by means of a flexible type coupling for single bearing generators
and elastic coupling for two bearing generators.

The generator shall be rated for 40°C ambient. Class of insulation shall be NEMA
Class F. The voltage regulation shall be plus or minus 2% from no load to full load
with plus or minus 5% speed change and a 15°C. rise in ambient. The generator
voltage dip from no load to full load shall not exceed 22%.

A permanent magnet generator (PMG) shall be included to provide a reliable
source of excitation power for optimum motor starting and short circuit
performance. The PMG and controls shall be capable of sustaining and regulating
current supplied to a single phase or three phase fault at approximately 300% of
rated current for not more than 10 seconds.

Provide 120 volt condensation heater in windings.

Voltage Regulation

1.

The generator shall be equipped with a volts-per-hertz type voltage regulator to
maintain voltage within limits specified below:

a. Stability: % % maximum voltage variation at any constant load from no
load to full load.

b. Regulation: 4 % maximum voltage deviation between no load steady state
and full load steady state.

C. Transient: 30 % voltage dip or overshoot on one-step application or

removal of 0.8 power factor full load.

Generator Full Main Line Adjustable Circuit Breaker

1.

A main line adjustable electronic circuit breaker with ground fault shall be supplied
to protect the generator and controls from overloads and/or short circuits in the
load. It shall be rated as indicated on the drawings. Breakers shall comply with UL
489 and NEMA AB-3. Breaker shall be rated as indicated on the drawings with
adjustable settings. Provide a second circuit breaker for load bank testing.

Start and Stop Controls

1.

Automatic starting and stopping controls shall be furnished to start the engine
automatically when the normal electrical power fails or falls

Engine Driven Emergency Power Supply System 16210-9



below specific limits and to stop the engine automatically after the normal power
supply resumes. The signal for starting or stopping the engine shall be sensed
through an auxiliary contact in the existing automatic transfer switch. The controls
shall be capable of operating at 50% of normal DC system supplied voltage.

2. The cranking cycle shall be initiated by manual start, loss of normal power at the
existing transfer switch, clock exerciser, or the manually operated test switch at
existing ATS.

3. Crank control and the time delay relays shall provide a minimum of 4 crank

attempts of at least 7 seconds each, separated by appropriate rest periods. A
sensing device shall automatically disconnect the starting circuit when the engine
has started. If the engine has not started at the completion of the starting
program, the overcrank signal shall indicate. The engine starting controls shall be
locked out and no further starting attempts shall take place until the overcranking
device has been manually reset.

4, A selector switch shall be incorporated in the automatic engine start and stop
controls. It shall include an "off" position that prevents manual or automatic
starting of the engine; a "manual" position that permits the engine to be started
manually by the pushbutton on the control cabinet and run unloaded; an
"automatic" position that readies the system for automatic start or stop on
demand or the automatic load transfer switches or of the programmed exerciser.

5. A remote manual stop station similar to a break-glass station shall be provided at
the new generator and at transfer switch and shall be tied into the engine controls
to stop the engine when activated. Provide laminated plastic label with 1/4"
minimum engraved letters to read "EMERGENCY GENERATOR SHUTDOWN".
Background to be red and core to be white.

F. Instrumentation
1. Remote and local engine control and safety panels shall be provided, containing
the following:
a. Automatic remote start capability.

"Manual-Off-Auto" switch.

Controls to shut down and lock out the prime mover under the following
conditions: failure to start after specified cranking time, overspeed, low
lubricating oil pressure, high engine temperature and operation of remote
manual stop station.
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Battery powered individual alarm indication to annunciate visually at the
control and safety panel the occurrence of any condition itemized below;
contacts or circuits for a common audible alarm signaling locally and
remotely the occurrence of any itemized conditions listed below. Test
switch shall be provided to test the operation of all lamps. Remote panel
may be silenced in similar fashion to fire alarm control panel.

Indicator Function, Level 1 (At Battery Voltage):

Control Shutdown SCADA
Panel of
Mounted EPS
Visual
Indication
a) Overcrank X X X
b) Low Water Temp. < 70°F X X
(21°C)
c) High Engine Temp. X X
Pre-alarm
d) High Engine Temp. X X X
e) Low Lube Qil Pressure X X
Pre-alarm
f) Low Lube Oil Pressure X X X
g) Overspeed X X X
h) Low Fuel Main Tank X X
i) EPS Supplying Load X X
j)  Control Switch Not In Auto X X
Pos.
k) Battery Charger X X
Malfunctioning
l) Low Voltage in Battery X X
m) Lamp Test X
n) Contacts for Local &
Remote
0) Common Alarm X X
p) Audible Alarm Silencing X
Switch
q) Remote Emergency Stop X X X
r) Ground Fault Indication X X
(400KW and greater)
s) Fuel in containment X X
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ii. Controls to shutdown the prime mover upon removal of initiating
signal or manual emergency shutdown.

iii. A.C. voltmeter with selector switch off position and positions for
phase to phase and phase to neutral.

iv. A.C. ammeter with selector switch with positions for each phase.
V. Frequency meter -- digital electronic type.
vi. Voltage adjusting to allow plus or minus 5% voltage adjustment.
vii. Manual reset circuit breaker.
viii. Manual stop/start control.
iX. Elapsed time meter.
X. Panel lights.
Xi. Indicator lights for signals from engine instrument panel.
Xii. Light to indicate switch has been left in the "off" position.
Xiii. Provide auxiliary contacts for connection to SCADA for generator
run, alarm, pre-alarm, low fuel.
Xiv. Provide surface remote annunciator where shown on the
drawings.
2. All instruments, controls, and indicating lights shall be properly identified. All

wires shall be individually identified and must agree with the wiring diagram
provided. All wiring shall be harnessed or flexibly enclosed. Terminals on all
terminal blocks shall be individually identified. All instrumentation must be
isolated from engine generator set vibration.

Enclosures and Connections:

1. All electrical enclosures, i.e., terminal cabinets, wire ways, circuit breaker
enclosures, etc., shall be of adequate size to provide minimum bending radius as
required by the NEC and measured from the terminals directly to the opposite wall
of the enclosure, for the size conductor actually terminated within or passing
through the enclosure.

2. All factory provided enclosures shall have gasket and finish appropriate for the
environment in which the unit is to be mounted. All wiring, wiring harness, etc.,
shall be protected from the elements, such as direct sunlight, moisture, etc. or
shall be UL listed for direct exposure to the applicable elements. Include written
documentation of the above with the shop drawing submittal.

Provide flexible fuel connections at supply at return piping. Flexible hoses shall be steel
reinforced type. Provide solenoid valve in series with gate valve in supply line. Solenoid
valve shall be powered from generator batteries and shall be open only when generator is
running.
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2.2

TRANSFER SWITCH(ES)

A.

Transfer switch(es) shall be rated at not less than as indicated on the drawings at rated
voltage. Transfer switch(es) shall be rated and marked for total system load.

Transfer switch(es) serving 480V three phase four wire loads shall be four poles with a
switched neutral. Neutral contacts must be on the same shaft as the associated main
contacts and have the same continuous current rating and withstand current rating.
Neutral contacts shall break last and make first.

Transfer switch(es) shall be automatic, open-transition type with bypass isolation switch.

Transfer switch(es) shall be provided with enclosure and mounting as shown on the
drawings. Enclosure shall have hinged door with three point latching and factory installed
key locking enclosure.

Installation shall be for front and rear accessibility for all components as well as load,
normal and emergency power terminals. Transfer switch shall be installed in separate
compartment, isolated from other electrical equipment by metal barriers. Control panel
containing transfer switch control components shall be on compartment door. All control
wiring between control panel and transfer switch shall be installed and tested for
compliance with operational requirements prior to shipment. The interconnecting wiring
harness shall include a disconnect plug to disconnect all wires including both sources of
control power for routine maintenance.

Operation shall be inherently double-throw whereby all contacts move simultaneously.
Electrical spacing shall be equal to or exceed those listed on Table 15.1 of UL-1008. Only
those main contact structures specifically designed for transfer switch service shall be
acceptable. An overload or short circuit shall not cause the switch to go to a neutral
position. A manual operating handle shall be provided. All main contacts shall be silver
alloy type protected by arc quenchers and, for switches rated 600 amps and larger, by
arching contacts. Operating transfer time shall be 1/10 second or less on switches rated
600 amps and above.

All switch and contacts, coils, springs and control elements shall be removable from the
front of the transfer switch without removal of the switch panel from the enclosure and
without disconnecting power conductors or drive linkages. Control and sensing relays shall
be continuous duty industrial type with minimum contact rating of ten amps.
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Transfer switch shall be rated to withstand in RMS symmetrical amperes not less than the
available symmetrical RMS amperes when protected by the circuit protective device on the
line side of the transfer switch. Withstand rating of switch shall be based on switch
contacts not welding under fault conditions. Provide switch with current limiting fuses to
increase current withstand rating when switch is not rated for fault duty.

The control panel for each automatic transfer switch shall contain the following
accessories:

1.

Adjustable 0.5 to 6 second time delay on starting of EPS to override momentary
power dips and interruptions of the normal services. Time delay shall be factory
set at 1 second.

Time delay on transfer to emergency adjustable from 0 to 60 seconds, factory set
at 0 seconds.

Test switch on enclosure door to simulate failure of the normal power source. ATS
shall transfer load to the EPS.

Push button to bypass time delay on re-transfer to normal.

Close differential voltage sensing shall be provided on all phases of the normal
power supply. The pickup voltage shall be adjustable from 85% to 100% of
nominal and the dropout voltage shall be adjustable from 75% to 98% of the
pickup value. The transfer to emergency will be initiated upon reduction of
normal source to 85% of nominal voltage and re-transfer to normal shall occur
when normal source restores to 95% of nominal.

Independent single phase voltage and frequency sensing of the emergency source.
The pickup voltage shall be adjustable from 85% to 100% of nominal. Transfer to
emergency upon normal source failure when emergency source voltage is 90% or
more of nominal and frequency is 95% or more of nominal.

A time delay on re-transfer to normal source. The time delay shall be
automatically bypassed if the emergency source fails and normal source is
available. The time delay shall be field adjustable from 0 to 25 minutes and
factory set at 15 minutes.

An unloaded running time delay for emergency generator cool-down, factory set
at 5 minutes.

Pilot light for indicating switch in normal position (includes fuses and auxiliary
contact).

Engine Driven Emergency Power Supply System 16210-14



10.

11.

12.

13.

14.

15.

16.

17.

Pilot light for indicating switch in emergency position (includes fuses and auxiliary
contact).

An exerciser for exercising standby power plant on a weekly basis shall be
provided in the transfer switch. Exerciser shall be set to exercise standby plant for
one half hour per week under load. Time of plant exercise shall be set in field.
Exerciser timer shall have reserve power back-up, either by battery or spring-
wound clock, to ride through power outages to the switch.

Provide adjustable timed intermediate position in both directions.

Aucxiliary contact (gold plated) which closes when normal source fails. (Closed
after override delay of 0.5 to 6 seconds).

Aucxiliary contact (gold plated) which opens when normal source fails. (Opens
after override delay of 0.5 to 6 seconds).

Auxiliary contacts on same shaft as main contacts (closed on normal).
Auxiliary contacts on same shaft as main contacts (closed on emergency).

Provide pre-transfer and post-transfer “ready to transfer” contacts for connection
to in-plant SCADA system.

Bypass Isolation Switch

1.

The bypass isolation switch(es) shall have the same specification requirements as
the automatic transfer switch portion of this specification except as described
below:

a. The automatic transfer and bypass-isolation switch shall be provided to
manually permit convenient electrical bypass and isolation of the
automatic transfer switch. Bypass of the load to either the normal or
emergency power source with complete isolation of the ATS shall be
possible regardless of the status of the ATS. The bypass-isolation switch
shall permit proper operation by one person through the movement of a
maximum of two handles at a common dead front panel. The entire
system shall consist of two elements: The automatic transfer switch and
the bypass-isolation switch furnished completely factory interconnected

and tested.

b. The operating speed of the bypass switch contacts shall be the same as
the automatic transfer switch and independent of the speed of operation
of the bypass handle.
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C. The automatic transfer and bypass-isolation switch shall be the product of
one manufacturer and be completely factory interconnected and tested
so that only the service and load connections to the bypass-isolation
switch are required for field installation. All interconnections between the
transfer switch, bypass switch and isolation switch shall be by silver-plated
copper bus bar. A visual position indicator shall be provided to indicate
bypass-isolation switch positions, and availability of normal and
emergency sources. A prominent and detailed instruction plate shall be
furnished for convenient operation.

d. The automatic transfer and bypass-isolation switch shall provide manual
bypass of the load and isolation of all service and load terminals of the
automatic transfer switch to permit periodic testing, maintenance, and
service of the automatic transfer switch.

e. The bypass-isolation switch shall be capable of bypassing the load to
either source. Provisions shall be made to assure continuity of auxiliary
circuits necessary for the proper operation of the system.

f. The isolation handle shall provide for automatic operation, testing, or
removal of the automatic transfer switch. The Test position shall permit
electrical testing of the automatic transfer switch without disturbing the
load. The open position shall completely isolate the transfer switch from
both lines and load without actual removal of the line or load conductors,
and allow its removal for inspection, adjustment and maintenance. The
transfer switch shall be arranged for drawout operation to facilitate its
removal. Also, while in the Test or Open positions, the bypass switch shall
function as a manual transfer switch to allow load transfer to either
source of power regardless of the position or condition of the transfer
switch, including the condition when the automatic transfer switch is
removed, and without reconnecting the load terminals of the automatic
transfer switch.

2.3 FUELSUPPLY

A.

A double wall fuel storage tank with 2000 gallon fuel capacity shall be located in the skids
below the generator set, and shall be complete with all piping and fittings connected. No
galvanized material shall be used in the tank or fueling system. The tanks shall be vented
to atmosphere. A fuel level gauge shall be located as indicated on the drawings. The
system shall be supplied to deliver an adequate amount of fuel to the engine from the
storage tank. Pipe sizes shall be no smaller than the minimum recommended by the
engine manufacturer to
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PART 3

3.1

avoid fuel flow restriction. The engine supply and return line shall be equipped with a
length of flexible fuel lines, unions, and gate valves. No copper lines are acceptable.

Provide a set of normally open contacts in fuel level indicating “LOW FUEL” in fuel tank.
Interconnect with remote low fuel alarm specified earlier in this section.

Provide leak detection monitoring system with a set of normally open contacts in
secondary compartment of double wall tank space to indicate presence of fuel.

Provide audible/visual alarm so that if tank is above 90% full, alarm sounds. Provide
silence switch and engraved sign reading “DISCONTINUE FILLING IF ALARM SOUNDS.”

EXECUTION

EPS INSTALLATION

A.

The plant shall be anchored to a concrete base whose overall dimensions shall exceed the
outside dimensions of the plant base by 12” in each direction. Base depth shall be 12”.

1. Concrete base shall be isolated from adjacent concrete paving.

2. Concrete base shall be extended to support maintenance platform.

The plant shall be on a welded steel base with vibration isolators. Isolators designed
specifically for this application, mounted on rubber plates to block high frequency
vibrations shall be provided. Isolators shall be designed for the seismic zone requirements
in the area where the generator is installed.

Provide a laminated sign at the building service entrance equipment indicating type and
location of on-site emergency power sources.

For exterior installations, the EPS shall be provided in outdoor, weatherproof housing with
removable panels for access to equipment. Color shall be factory standard “sandstone”.
The starting batteries shall be rack mounted within the housing. Provide manufacturer’s
standard maintenance switched lighting system within housing. Enclosure shall be
aluminum rated for 150 mph winds.

Provide non-sound attenuating enclosure.

Extend 120 volt and/or 208 volt emergency power circuits for cold weather starting aids
from the generator mounted panel board.
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3.2

G.

Provide service lights within weatherproof housing.

TRANSFER SWITCH INSTALLATION

A.

Locate transfer switch(es) to provide working clearance and full accessibility as required by
the National Electrical Code.

Lace and group conductors installed in transfer switch with nylon tie straps. Only one
conductor shall be installed under terminals. Form and train conductors in enclosure
neatly parallel and at right angles to sides of box. Uninsulated conductor shall not extend
beyond one-eights inch from terminal lug. Conductors shall be installed such that no
stresses are transferred to terminal lugs.

Mounting and Support

1. Mounting

a.

Enclosure shall be secured to structure by a minimum of four (4) fastening
devices. Transfer switches 400 amps and larger shall be secured by a
minimum of eight (8) devices. A 1.5 inch minimum diameter round
washer shall be used between head or screw or bolt and enclosure.
Enclosures shall be mounted where indicated on the drawings or specified
herein. Support from the structure with fastening device specified.
Do not splice conductors in enclosure. Where required, install junction
box or wireway adjacent to transfer switch and splice or tap conductors in
box. Refer to number of conductors in a conduit limitation defined in the
WIRES AND CABLES section of the specifications and do not exceed.
Conductors not terminating in transfer switch shall not extend through or
enter transfer switch enclosure.
Install push-in knock-out closure plugs in any unused knock-out openings.
Free standing transfer switch(es) shall be installed on a four inch high
concrete pad, with horizontal base dimension exceeding base dimension
of switch by three inches.
Cleaning and Adjustment
After completion, clean the interior and exterior of dirt, paint and
construction debris.
Touch up paint all scratched or marred surfaces with factory
furnished touch up paint of the same color as the factory applied
paint.
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3.3 TESTING

A.

Submit verification letter to engineer indicating successful completion of sequence of
operations testing and certification that all functions are operational. Letter to request
load testing approval and schedule of proposed test. Prior to load test, written approval
must be provided by engineer. Representatives of the generator shall be present. The
local authority having jurisdiction shall be given advance notification of the time of the
final test in order that he may witness the tests.

A failure of any test or any component during a test will require a complete retest program
at no additional cost to the Owner.

Provide all lubricants, and other consumables for testing. Contractor to provide 1500
gallons of fuel before testing.

An on-site acceptance test shall be conducted as a final approval test for all Emergency
Power Supply Systems.
1. The test shall be conducted after completion of the installation with all EPSS

accessory and support equipment in place and operating.

2. Test Results. The EPSS shall perform within the limits specified in the standard
NFPA-110, level I.

3. The on-site installation test shall be conducted as required by the ELECTRICAL
EQUIPMENT ACCEPTANCE TESTING section of this specification.

3.4 0&M MANUALS

A.

At least three sets of an instruction manual(s) for all major components of the EPS shall be
supplied by the Manufacturer(s) of the EPS and shall contain:

1. A detailed explanation of the operation of the system.

2. Instruction for routine maintenance.

3. Detailed instructions for repair of the EPS and other major components of the EPS.
4, Pictorial parts list and part numbers.

5. Pictorial and schematic electrical drawings of wiring systems, including operation

and safety devices, control panels, instrumentation and annunciators.
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3.5 GA POWER DOCUMENTATION

A. The contractor shall prepare the GA Power Generator forms for signature only by the
owner. Submit to the utility to maintain project schedule.

END OF SECTION
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SECTION 16400
SHORT-CIRCUIT COORDINATION STUDY/ARC FLASH

PART 1 - GENERAL

1.01 SCOPE

A.  The contractor shall furnish short-circuit and protective device coordination studies
which shall be prepared by the equipment manufacturer.

B. The contractor shall furnish an Arc Flash Hazard Analysis Study per NFPA 70E -
Standard for Electrical Safety in the Workplace, reference Article 130.3 and Annex

D.

C.  Provide study for new electrical service and system only, not existing system or its
modifications.

1.02 RELATED SECTIONS

1.03 REFERENCES

A. Institute of Electrical and Electronics Engineers, Inc. (IEEE):

1.

6.

IEEE 141 — Recommended Practice for Electric Power Distribution and
Coordination of Industrial and Commercial Power Systems

IEEE 242 — Recommended Practice for Protection and Coordination of Industrial
and Commercial Power Systems

IEEE 399 — Recommended Practice for Industrial and Commercial Power System
Analysis

IEEE 241 — Recommended Practice for Electric Power Systems in Commercial
Buildings

IEEE 1015 — Recommended Practice for Applying Low-Voltage Circuit Breakers
Used in Industrial and Commercial Power Systems

IEEE 1584 — Guide for Performing Arc-Flash Hazard Calculations

B.  American National Standards Institute (ANSI):

1.

ANSI C57.12.00 — Standard General Requirements for Liquid-Immersed
Distribution, Power, and Regulating Transformers

ANSI C37.13 — Standard for Low Voltage AC Power Circuit Breakers Used in
Enclosures

ANSI C37.010 — Standard Application Guide for AC High Voltage Circuit Breakers
Rated on a Symmetrical Current Basis

ANSI C 37.41 — Standard Design Tests for High Voltage Fuses, Distribution
Enclosed Single-Pole Air Switches, Fuse Disconnecting Switches and Accessories
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5. ANSI C37.5 — Methods for Determining the RMS Value of a Sinusoidal Current
Wave and Normal-Frequency Recovery Voltage, and for Simplified Calculation
of Fault Currents

The National Fire Protection Association (NFPA)

1. NFPA 70 - National Electrical Code, latest edition
2. NFPA 70E - Standard for Electrical Safety in the Workplace
3. submittals for review/approval

The short-circuit and protective device coordination studies shall be submitted to
the design engineer prior to receiving final approval of the distribution equipment
shop drawings and/or prior to release of equipment drawings for manufacturing. If
formal completion of the studies may cause delay in equipment manufacturing,
approval from the engineer may be obtained for preliminary submittal of sufficient
study data to ensure that the selection of device and characteristics will be
satisfactory.

1.04 SUBMITTALS FOR CONSTRUCTION

A.

The results of the short-circuit, protective device coordination and arc flash hazard
analysis studies shall be summarized in a final report. No more than three (3)
bound copies of the complete final report shall be submitted.

The report shall include the following sections:

1. One-line diagram showing protective device ampere ratings and associated
designations, cable size & lengths, transformer kVA & voltage ratings, motor &
generator kVA ratings, and switchgear/switchboard/panelboard designations

2. Descriptions, purpose, basis and scope of the study

3. Tabulations of the worst-case calculated short circuit duties as a percentage of
the applied device rating (automatic transfer switches, circuit breakers, fuses,
etc.); the short circuit duties shall be upward-adjusted for X/R ratios that are
above the device design ratings

4. Protective device time versus current coordination curves with associated one
line diagram identifying the plotted devices, tabulations of ANSI protective relay
functions and adjustable circuit breaker trip unit settings

5. Fault study input data, case descriptions, and current calculations including a
definition of terms and guide for interpretation of the computer printout

6. Incident energy and flash protection boundary calculations

Comments and recommendations for system improvements, where needed

8. Executive Summary including source of information and assumptions made

N
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1.05 QUALIFICATIONS

A.

The short-circuit, protective device coordination and arc flash hazard analysis
studies shall be conducted under the supervision and approval of a Registered
Professional Electrical Engineer skilled in performing and interpreting the power
system studies. The Registered Professional Electrical Engineer shall be a full-time
employee of the Engineering Services Organization.

PART 2 - PRODUCT

2.01 STUDIES

A.

Contractor to furnish short-circuit and protective device coordination studies as
prepared by equipment manufacturer. By using the equipment manufacturer the
study allows coordination of proper breakers, fuses, and current transformers. The
coordination study shall begin with the utility company's feeder protective device
and include all of the electrical protective devices down to and include the largest
feeder circuit breaker and motor starter in the 480 Volt motor control centers and
power distribution panelboards. The study shall also include variable frequency
drives, harmonic filters, power factor correction equipment, transformers and
protective devices associated with variable frequency drives, emergency and
standby generators associated paralleling equipment and distribution switchgear.

The contractor shall furnish an Arc Flash Hazard Analysis Study per NFPA 70E -
Standard for Electrical Safety in the Workplace, reference Article 130.3 and Annex
D.

2.02 DATA COLLECTION

A.

Contractor shall furnish all field data as required by the power system studies. The
Engineer performing the short-circuit, protective device coordination and arc flash
hazard analysis studies shall furnish the Contractor with a listing of required data
immediately after award of the contract. The Contractor shall expedite collection of
the data to eliminate unnecessary delays and assure completion of the studies as
required for final approval of the distribution equipment shop drawings and/or
prior to the release of the equipment for manufacturing.

Source combination may include present and future utility supplies, motors, and
generators.

Load data utilized may include existing and proposed loads obtained from Contract
Documents provided by Owner or Contractor.
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2.03

D. Include fault contribution of existing motors in the study, with motors < 50 hp
grouped together. The Contractor shall obtain required equipment data, if
necessary, to satisfy the study requirements.

SHORT-CIRCUIT AND PROTECTIVE DEVICE EVALUATION STUDY

A.  Use actual conductor impedances if known. If unknown, use typical conductor
impedances based on |IEEE Standards 141, latest edition.

B.  Transformer design impedances and standard X/R ratios shall be used when test
values are not available.

C.  Provide the following:

1.
2.
3.

4.

5.

6.
7.

Calculation methods and assumptions

Selected base per unit quantities

One-line diagram of the system being evaluated with available fault at each bus,
and interrupting rating of devices noted

Source impedance data, including electric utility system and motor fault
contribution characteristics

Typical calculations

Tabulations of calculated quantities

Results, conclusions, and recommendations

D. Calculate short-circuit momentary and interrupting duties for a three-phase bolted
fault at each:

O NV R WNRE

Electric utility’s supply termination point

Incoming switchgear

Unit substation primary and secondary terminals
Low voltage switchgear

Motor control centers

Standby generators and automatic transfer switches
Branch circuit panelboards

Other significant locations throughout the system

E. For grounded systems, provide a bolted line-to-ground fault current study for areas
as defined for the three-phase bolted fault short-circuit study.

F. Protective Device Evaluation:

1.
2.

Evaluate equipment and protective devices and compare to short circuit ratings
Adequacy of switchgear, motor control centers, and panelboard bus bracing to
withstand short-circuit stresses

Adequacy of transformer windings to withstand short-circuit stresses

Cable and busway sizes for ability to withstand short-circuit heating
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5. Notify Owner in writing, of existing, circuit protective devices improperly rated
for the calculated available fault current

2.04 PROTECTIVE DEVICE COORDINATION STUDY

A.

Proposed protective device coordination time-current curves shall be graphically
displayed on log-log scale paper.

Include on each curve sheet a complete title and one-line diagram with legend
identifying the specific portion of the system covered.

Terminate device characteristic curves at a point reflecting maximum symmetrical
or asymmetrical fault current to which device is exposed.

Identify device associated with each curve by manufacturer type, function, and, if
applicable, tap, time delay, and instantaneous settings recommended.

Plot the following characteristics on the curve sheets, where applicable:

1. Electric utility’s protective device

2. Medium voltage equipment relays

3. Medium and low voltage fuses including manufacturer’s minimum melt, total
clearing, tolerance, and damage bands

4. Low voltage equipment circuit breaker trip devices, including manufacturer’s
tolerance bands

5. Transformer full-load current, magnetizing inrush current, and ANSI

transformer withstand parameters

Conductor damage curves

Ground fault protective devices, as applicable

Pertinent motor starting characteristics and motor damage points

Pertinent generator short-circuit decrement curve and generator damage point

10. Other system load protective devices for the largest branch circuit and the
largest feeder circuit breaker in each motor control center

L oKoNo

Provide adequate time margins between device characteristics such that selective
operation is provided, while providing proper protection.

2.05 ARC FLASH HAZARD ANALYSIS

A.

The arc flash hazard analysis shall be performed according to the IEEE 1584
equations that are presented in NFPA70E-2004, Annex D.

When appropriate, the short circuit calculations and the clearing times of the phase
overcurrent devices will be retrieved from the short-circuit and coordination study
model. Alternative methods shall be presented in the proposal.
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2.06

The flash protection boundary and the incident energy shall be calculated at all
significant locations in the electrical distribution system (switchboards, switchgear,
motor-control centers, panelboards, busway and splitters) where work could be
performed on energized parts.

The Arc-Flash Hazard Analysis shall include all 480V locations and significant
locations in 240 volt and 208 volt systems fed from transformers equal to or
greater than 125 kVA.

Safe working distances shall be specified for calculated fault locations based upon
the calculated arc flash boundary considering an incident energy of 1.2 cal/cm?2.

The Arc Flash Hazard analysis shall include calculations for maximum and minimum
contributions of fault current magnitude. The minimum calculation shall assume
that the utility contribution is at a minimum and shall assume a minimum motor
load. Conversely, the maximum calculation shall assume a maximum contribution
from the utility and shall assume motors to be operating under full-load conditions.

Arc flash computation shall include both line and load side of main breaker
calculations, where necessary.

Arc Flash calculations shall be based on actual overcurrent protective device
clearing time. Maximum clearing time will be capped at 2 seconds based on IEEE
1584-2002 section B.1.2.

REPORT SECTIONS

A.

Input Data:

1. Utility three-phase and line-to-ground available contribution with associated
X/R ratios

Short-circuit reactance of rotating machines with associated X/R ratios

Cable type, construction, size, # per phase, length, impedance and conduit type
Bus duct type, size, length, and impedance

Transformer primary & secondary voltages, winding configurations, kVA rating,
impedance, and X/R ratio

6. Reactor inductance and continuous ampere rating

7. Aerial line type, construction, conductor spacing, size, # per phase, and length

vk wnN

Short-Circuit Data:

Source fault impedance and generator contributions
X to R ratios

Asymmetry factors

Motor contributions

Short circuit kVA

vk wnN e
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6. Symmetrical and asymmetrical fault currents
Recommended Protective Device Settings:

1. Phase and Ground Relays:
Current transformer ratio.
Current setting.
Time setting.
Instantaneous setting.
Specialty non-overcurrent device settings.
. Recommendations on improved relaying systems, if applicable.
2. Circuit Breakers:
a. Adjustable pickups and time delays (long time, short time, ground).
b. Adjustable time-current characteristic.
c. Adjustable instantaneous pickup.
d. Recommendations on improved trip systems, if applicable.

S D Qo0 T W

Incident energy and flash protection boundary calculations.

Arcing fault magnitude

Device clearing time

Duration of arc

Arc flash boundary

Working distance

Incident energy

Hazard Risk Category

Recommendations for arc flash energy reduction

Nk WNE

PART 3 - EXECUTION

3.01 FIELD ADJUSTMENT

A.

Adjust relay and protective device settings according to the recommended settings

table provided by the coordination study. Field adjustments to be completed by the
engineering service division of the equipment manufacturer under the Startup and

Acceptance Testing contract portion.

Make minor modifications to equipment as required to accomplish conformance
with short circuit and protective device coordination studies.

Notify Owner in writing of any required major equipment modifications.

Following completion of all studies, acceptance testing and startup by the field
engineering service division of the equipment manufacturer, a 2-year warranty
shall be provided on all components manufactured by the engineering service
parent manufacturing company.
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E.  Provide trip information for distribution equipment to have ‘test’ switch to allow
work on energized equipment.

3.02 ARCFLASH WARNING LABELS

A.  The vendor shall provide a 3.5 in. x 5 in. thermal transfer type label of high
adhesion polyester for each work location analyzed.

B.  The label shall have an orange header with the wording, “WARNING, ARC FLASH
HAZARD”, and shall include the following information:

Location designation

Nominal voltage

Flash protection boundary

Hazard risk category

Incident energy

Working distance

Engineering report number, revision number and issue date

NoubwnNeE

C. Labels shall be machine printed, with no field markings

D. Arcflash labels shall be provided in the following manner and all labels shall be
based on recommended overcurrent device settings.

1. For each 480 and applicable 208 volt panelboards and disconnects, one arc
flash label shall be provided

2. For each motor control center, one arc flash label shall be provided

3. For each low voltage switchboard, one arc flash label shall be provided

4. For each switchgear, one flash label shall be provided

E. Labels shall be field installed by the engineering service division of the equipment
manufacturer under the Startup and Acceptance Testing contract portion.

3.03 ARC FLASH TRAINING

A.  The equipment vendor shall train personnel of the potential arc flash hazards
associated with working on energized equipment (minimum of 4 hours).
Maintenance procedures in accordance with the requirements of NFPA 70E,
Standard for Electrical Safety Requirements for Employee Workplaces, shall be
provided in the equipment manuals.

END OF SECTION
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SECTION 16426
SWITCHBOARDS — FRONT ACCESSIBLE GROUP MOUTNED FEEDER DEVICES

PART 1 GENERAL

11 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this
Section.

1.2 SUMMARY

A. The work required under this section of the Specifications consists of the installation
of all switchboards designated on the drawings to have group mounted feeder
devices with front access only construction for use on systems 600 volts and below.
All materials and devices which are an integral part of the switchboard shall be
provided under this section of the specifications.

B. Definition: Switchboards are floor mounted assemblies of one or more enclosed
vertical section containing circuit breakers, switches, meters, fuses, and terminals
essential to operation of electrical equipment. A dead front switchboard has no
exposed live parts on front.

1.3 QUALITY ASSURANCE

A. The following specifications and standards are incorporated into and become a part
of this Specification by reference.

1. National Electrical Manufacturers Association (NEMA) Standards:

a. PB-2: Dead Front Distribution Switchboards

b. PB-2.1:  General Instruction for Proper Handling, Installation,
Operation, and Maintenance of Deadfront Distribution Switchboards
rated 600 volts or less.

c. SG-3: Low Voltage Power Circuit Breakers.
2. Underwriters Laboratories, Inc. (UL):
a. UL-489: Molded Case Circuit Breakers and Circuit Breaker Enclosures
b. UL-891: Deadfront Electrical Switchboards
C. UL-977: Fused Power Circuit Devices
3. Institute of Electrical and Electronics Engineers (IEEE):
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B.

C.

a. STD-241: IEEE Recommended Practices for Electric Power Systems in
Commercial Buildings

4, National Fire Protection Association (NFPA):
a. NFPA-70: The National Electrical Code
5. American National Standards Institute (ANSI):
a. C37.13: Low-Voltage AC Power Circuit Breakers used in Enclosures
b. C37.16: Related Requirements and Application Recommendations

for Low-Voltage Power Circuit Breakers and AC Power Protectors,
Preferred Ratings

Equipment Dimensions

1. Dimensions indicated on the drawings are maximum allowable and shall not
be exceeded. Where switchboards of acceptable manufacturers listed
exceed the maximum dimensions, products of such manufacturers shall not
be acceptable.

Coordination

1. Review shop drawings submitted under this and other sections, as well as
other divisions, to ensure coordination between work required among
different trades.  Coordinate the installation sequence with other
contractors to avoid conflicts and to provide the fastest overall installation
schedule. Coordinate installation with architectural and structural features,
equipment installed under other sections of the specifications and electrical
equipment to insure access and so that clearance minimums are provided.

1.4 SUBMITTALS

A.

B.

Refer to the BASIC ELECTRICAL REQUIREMENTS section for submittal requirements.

Product Data: Switchboards including, but not limited to, voltages, number of
phases, frequencies, and short-circuit and continuous current ratings. Provide
application data for main and branch circuit-breakers, sections, main buses, and
basic insulation levels.

Shop Drawings: Layout drawings of switchboards showing accurately scaled basic
equipment sections including auxiliary compartments, section components, and
combination sections.
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Wiring Diagrams: For switchboards showing connections to electrical power feeders
and distribution branches. Differentiate between portions of wiring that are
manufacturer-installed and portions that are field-installed.

Closeout Submittals: As follows:

1. Record Drawings: Include in each set:
a. Complete set of switchboard manufacturers’ product data and shop
drawings indicating all post bid revisions and field changes.
b. Schedule of each overcurrent protection device indicating unit
ampere rating and rating.
c. Copy of the ground-fault system performance test as required by

Article 230-95(c) of the NEC.

1.5 DELIVERY, STORAGE, AND HANDLING:

A.

Deliver switchboards and components properly packaged and mounted on pallets,
or skids to facilitate handling of heavy items. Utilize factory-fabricated type
containers or wrappings for switchboards and components which protect
equipment from damage. Install gravity measuring meters in containers which
indicate whether container has been bumped or dropped. Return G-meters to
manufacturer for re-use upon delivery of switchboards. Inspect equipment to
ensure that no damage has occurred during shipment.

Store switchboard equipment in original packaging and protect from weather and
construction traffic. Wherever possible, store indoors; where necessary to store
outdoors, store above grade and enclose with watertight wrapping.

Handle switchboard equipment carefully to prevent physical damage to equipment
and components. Remove packaging, including the opening of crates and
containers, avoiding the use of excessive hammering and jarring which would
damage the electrical equipment contained therein. Do not install damaged
equipment; remove from site and replace damaged equipment with new.

1.6 SEQUENCING AND SCHEDULING

A.

Schedule delivery of switchboard equipment which permits ready building ingress
for large equipment components to their designated installation spaces. Coordinate
delivery of equipment with the installation of other building components.
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PART 2

Coordinate the size and location of concrete equipment pads. Cast anchor bolt
inserts into pad. Concrete, reinforcement, and formwork requirements are
specified in Division 3.

Coordinate with other electrical work including raceways, electrical boxes and
fittings, and cabling/wiring work, as necessary to interface installation of
switchboards with other work.

PRODUCTS

2.1 MANUFACTURERS

A.

Manufacturers: Subject to compliance with requirements, provide products by one
of the following:

1. Eaton
2. General Electric
3. Square D

4, Siemens

2.2 GENERAL

A.

AC Dead-Front Distribution Switchboards: Provide factory-assembled, dead-front,
metal-enclosed, self-supporting secondary power switchboards, of types, sizes,
electrical ratings and characteristics indicated; consisting of vertical panel units, and
containing circuit-breakers of quantities, ratings and types indicated. Provide
copper main bus and connections to circuit-breaker branches of sufficient capacity
to limit rated continuous current operating temperature rise of no greater than
65°C above average ambient temperature of 25°C; with main bus and tap
connections silver-surfaced and bolted tightly according to manufacturer's torquing
requirements for maximum conductivity. Brace bus for short-circuit stresses up to
maximum interrupting capacity. Provide accessibility of line and load terminations
from front of switchboard. Equip units with built-in lifting eyes and yokes; and
provide vertical individual panel units, suitable for bolting together at project site.
Construct switchboard units for the following environment:

1. Installation: Indoors, NEMA Type 1.

Provide accessory and instrumentation small wiring, necessary fuse blocks and
terminal blocks within the switchboard. Control components, such as control
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transformers, fuse blocks, relays, etc., shall be suitably marked for identification
where mounted on the switchboard corresponding to appropriate designations on
manufacturer's wiring diagrams. All groups of control wires leaving the switchboard
shall be provided with terminal blocks with suitable numbering strips. Provide wire
markers at each end of all control wiring.

2.3 BUSSING

A.

All bus bars shall be silver-plated copper with bolted connections at joints. The bus
bars shall be of sufficient size to limit the temperature rise to 65°C rise based on UL
tests, and rated to withstand mechanical forces exerted during short circuit
conditions when directly connected to a power source having an available fault
current as shown on the drawings. Provide full capacity neutral where a neutral is
indicated on the drawings.

A ground bus rated a minimum of 25% of main bus ampacity shall be furnished
firmly secured to each vertical section structure and shall extend the entire length of
the switchboard. An incoming ground lug shall be furnished. Other ground lugs for
feeder circuits shall also be supplied as shown in the schedules on the drawings.

All hardware used on conductors shall be high-tensile strength and plated. All
terminals shall be of the anti-turn solderless type suitable for CU or Al cable of sizes
indicated for 75°C cable.

24 CONSTRUCTION

A.

Switchboards shown mounted against a wall shall be front accessible. All sections of
the switchboard shall be 20" deep except service sections containing large ampacity
main disconnects which may be deeper as required. All sections of the switchboard
shall align so that the back of the complete structure may be placed flush against a
wall.

Construction shall allow maintenance of incoming line terminations, main device
connections and all main bus bolted connections to be performed without rear
access. The feeder or branch devices shall be removable from the front and shall be
panel mounted with the necessary device line and load connections front accessible.
Provide lugs on all devices for cable sizes shown on drawings.
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2.5 OVERCURRENT DEVICES - GENERAL

A.

Group mounted feeder protective devices shall be molded case breaker type with
frame and trip rating as shown on the drawings and have additional characteristics
as specified.

Devices shall be manually operated (MO).

2.6 MOLDED CASE BREAKERS

A.

Protective devices as shown shall be molded case circuit breakers providing
complete circuit overcurrent protection by having inverse time and instantaneous
tripping characteristics, and where applicable, be current limiting.

1. Circuit breakers shall be operated by a toggle-type handle and shall have a
quick-make, quick-break over-center switching mechanism that is
mechanically trip free. Automatic tripping of the breaker shall be clearly
indicated by handle position. Contacts shall be non-welding silver alloy and
arc extinction shall be accomplished by means of arc chutes.

2. Circuit breaker interrupting capacities shall be as indicated on the drawings
or as specified hereinafter. Where applicable, circuit breakers shall be listed
for series application.

Breakers 150 ampere and below shall be thermal-magnetic trip with inverse time
current characteristics.  Breakers with 250 and 400 ampere frame shall be
solid-state trip, as applicable.

Breakers with 600 amperes frame and above shall be solid-state trip complete with
built-in current transformers, solid-state trip unit and flux transfer shunt trip.
Breakers shall have trip rating plugs with ratings as indicated on the drawings.
Rating plugs shall be interlocked so they are NOT interchangeable between frames
and interlocked such that a breaker cannot be latched with the rating plug removed.

1. Trip units shall have adjustable short time setting with a fixed instantaneous
override for circuit protection.

2. Breakers shall have built-in test points for testing long delay, instantaneous
and ground fault functions of the breaker by means of a 120 volt operated
test kit. Provide one test kit capable of testing all breakers 600 ampere and
above.

3. Where indicated on the drawings, provide built-in ground fault protection
with adjustable pick-up rating not exceeding 1200 amperes; ground fault
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2.7

2.8

2.9

PART 3

31

3.2

time delay shall be adjustable 0.1 to 0.5 seconds. Provide neutral ground
fault current transformer for four wire systems.

NAMEPLATES

A.

FINISH

A.

Engraved nameplates shall be furnished for all main and feeder circuits including
control fuses and also for all indicating lights and instruments. Nameplates shall
give item designation and circuit number as well as frame size and appropriate trip
rating. Furnish Master nameplate giving switchboard designation, voltage ampere
rating, short circuit rating, manufacturer's name, general order number and item
number. Refer to ELECTRICAL IDENTIFICATION section of this specification.

All exterior and interior steel surfaces of the switchboard shall be properly cleaned
and provided with a rust-inhibiting phosphatized coating. Color and finish of the
switchboard shall be ANSI 61 and use the manufacturer's standard process.

CONTROL POWER TRANSFORMERS

A. Control power transformers with primary and secondary protection shall be
provided as indicated on the drawings or where required to operate ground fault
systems, adequately sized for required burdens.

EXECUTION
EXAMINATION:
A. Examine areas and conditions under which switchboards and components are to be

installed, and notify General Contractor in writing of conditions detrimental to
proper completion of the work. Do not proceed with the work until unsatisfactory
conditions have been corrected in a manner acceptable to the Installer.

INSTALLATION OF SWITCHBOARDS:

A.

Install switchboards as indicated, in accordance with manufacturer's written
instructions, and with recognized industry practices; complying with applicable
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requirements of NEC, NEMA's Stds Pub/No. PB 2.1, and NECA's "Standard of
Installation".

B. Tighten connectors and terminals, including screws and bolts, in accordance with
equipment manufacturer's published torque tightening values for equipment
connectors. Where manufacturer's torquing requirements are not indicated,
tighten connectors and terminals to comply with tightening torques specified in UL
Stds 486 A and B, and the National Electrical Code.

33 FIELD QUALITY CONTROL
A. Refer to ELECTRICAL EQUIPMENT ACCEPTANCE TESTING section of this specification.
B. Contractor shall verify in the field that all factory-made connections and
terminations are torqued to manufacturer's recommended tolerances.
34 ADJUSTING AND CLEANING
A. Adjust operating mechanisms for free mechanical movement.
B. Touch-up scratched or marred surfaces to match original finishes.
35 GROUNDING
A. Provide equipment grounding connections for switchboards as indicated. Tighten
connections to comply with tightening torques specified in UL Std 486A to assure
permanent and effective grounds.
3.6 FIELD QUALITY CONTROL
A. Subsequent to wire and cable hook-ups, energize switchboards and demonstrate
functioning in accordance with requirements. Where necessary, correct
malfunctioning units, and then retest to demonstrate compliance.
END OF SECTION
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PART 1 GENERAL

11 RELATED DOCUMENTS

SECTION 16450
SECONDARY GROUNDING

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. The work required under this section of the specifications consists of furnishing,
installation and connections of the building secondary grounding systems. Exterior
branch circuit wiring and feeder conductors extended beyond the building are included.
The building electrical system shall be a 3 phase, 4 wire grounded wye system
supplemented with equipment grounding system. Equipment grounding system shall
be established with equipment grounding conductors; the use of metallic raceways for
equipment grounding is not acceptable.

1.3 QUALITY ASSURANCE

A. Industry Referenced Standards. The following specifications and standards are
incorporated into and become a part of this Specification by Reference.
1. Underwriters' Laboratories, Inc. (UL) Publications:
a. No. 44: Rubber - Insulated Wire and Cables
b. No. 83: Thermoplastic - Insulated Wires
C. No. 467: Electrical Grounding and Bonding Equipment
d. No. 493: Thermoplastic - Insulated Underground Feeder and Branch

Circuit Cables

e. No. 486: Wire Connectors and Soldering Lugs
2. National Electrical Manufacturer's Standards (NEMA):
a. WC-5: Thermoplastic Insulated Wire and Cable
b. WC-7: Cross-Linked-Thermosetting Polyethylene Insulated Wire and
Cable
3. National Fire Protection Association Publication (NFPA):
a. No. 70: National Electrical Code (NEC)
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B.

PART 2

Acceptable Manufacturers. Products produced by the following manufacturer which
conform to this specification are acceptable.

1. Hydraulically applied conductor terminations:
a. Square D
b. Burndy
C. lIsco
d. Scotch (3M)
e. Thomas and Betts (T & B)
f. Anderson
g. Or equal
2. Mechanically applied (crimp) conductor terminations:
a. Scotch (3M)
b. Ideal
C. Thomas and Betts (T & B)
d. Burndy
e. Or equal
3. Exothermic connections:
a. Cadweld
b. Or equal
PRODUCTS

2.1 GENERAL MATERIALS REQUIREMENTS

A.

B.

C.

Provide all materials under this section of the specifications. All materials shall be new.
All materials shall be UL listed and bear a UL label.

Refer to the specific specification section for the description and requirements of
materials mentioned herein for installation.

2.2 GROUNDING CONDUCTORS

A.

Grounding electrode conductor shall be bare or green insulated copper conductor sized
as indicated on the drawings.

Equipment grounding conductors shall be green insulated type THHN, THWN, or XHHN
conductors sized as indicated on the drawings. Where size is not indicated on the
drawings, conductor size shall be determined from the National Electrical Code table on
sizes of equipment grounding conductors.
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2.3

24

2.5

PART 3

31

C.

Bonding jumpers shall be flexible copper bonding jumpers sized in accordance with the
National Electrical Code tables for grounding electrode conductors.

TRANSFORMERS, MOTOR CONTROLLERS, AND DISCONNECT SWITCHES

A. Provide a conductor termination grounding lug bonded to the enclosure of each
equipment item.

DEVICES

A. Each receptacle and switch device shall be furnished with a grounding screw connected
to the metallic device frame.

GROUND RODS

A. Ground rods shall be 3/4" x 10'-0" copper clad steel.
EXECUTION

INSTALLATION

A. Ground all non-current carrying parts of the electrical system, i.e., wireways, equipment
enclosures and frames, junction and outlet boxes, machine frames and other
conductive items in close proximity with electrical circuits, to provide a low impedance
path for potential grounded faults.

B. Service entrance and separately derived electrical systems, grounding electrode system.

1. The neutral conductor of the electrical service serving the premises wiring
system shall be grounded to the ground bus bar in the service equipment which
shall be grounded to the cold water system, the ground rod system, and other
grounding electrodes specified herein or indicated on the drawings. Grounding
electrode conductors shall be installed in rigid, non-metallic conduit to point of
ground connection, unless subject to physical damage in which case they shall
be installed in galvanized rigid steel. Where metallic conduit is permitted, bond
conduit at both ends to grounding electrode conductor with a UL bonding
bushing.

2. Make connection to main water line entering the building. Make connections
ahead of any valve or fittings whose removal may interrupt ground continuity.
Install a bonding jumper of the same size as the grounding conductor around
the water meter.
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Bond together the following systems to form the grounding electrode system.
All system connections shall be made as close as possible to the service
entrance equipment and each connected at the service entrance equipment
ground bus. Do not connect electrode systems together except at ground bus.

a Cold water piping system

b. Ground rod system

c Structural steel metal building frame

d Main rebar in a foundation footing, for a concrete structure

Ground the neutral of all dry type transformers to building steel which shall
serve as the grounding electrode for the separately derived system. |In
reinforced concrete structures building steel shall be considered to be
reinforcing steel of vertical columns. Make connection to building steel with an
exothermic weld in a location in unfinished space where the connection will not
be subject to physical abuse.

Ground the neutral and frame of the emergency generator to the ground rod
system, which shall serve as the grounding electrode for the separately derived
system.

Grounding electrode connections to structural steel, reinforcing bars, ground
rods, or where indicated on the drawings shall be with chemical exothermic
weld connection devices recommended for the particular connection type.
Connections to piping shall be with UL listed mechanical ground clamps.

Where more than one service serves a building or interconnected buildings,
connect each service equipment ground bus together with a #4/0 copper
conductor in PVC conduit.

Bonding shall be in accordance with the National Electrical Code.

Install ground rods where indicated on the drawings with the top of the ground
rods 12" below finished grade.

Equipment Grounding Conductor

1.

Grounding conductors for branch circuits are not shown on the drawings;
however, grounding conductors shall be provided in all branch circuit raceways
and cables. Grounding conductors shall be the same AWG size as branch circuit
conductors.

Grounding conductors for feeders are typically indicated on the drawings and
the raceway is sized to accommodate grounding conductor shown.
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Where grounding conductor size is not indicated on the drawings, conductor
shall be in accordance with the equipment grounding conductor table of the
National Electrical Code.

3. A grounding conductor shall be installed in all flexible conduit installations. For
branch circuits, grounding conductor shall be sized to match branch circuit
conductors.

4. The equipment grounding conductor shall be attached to equipment with bolt

or sheet metal screw used for no other purpose. Where grounding conductor is
stranded, attachment shall be made with lug attached to grounding conductor
with crimping tool.

5. Ground all motors by drilling and tapping the bottom of the motor junction box
and attaching the equipment grounding conductor to the box with a round
head bolt used for no other purpose. Conductor attachment shall be through
the use of a lug attached to conductor with crimping tool.

6. Equipment grounding conductors shall terminate on panelboard, switchboard,
or motor control center grounding bus only. Do not terminate on neutral bus.
Provide a single terminals lug for each conductor. Conductor shall terminate in
the same section as the phase conductors originate. Do not terminate neutral
conductors on the ground bus.

D. Other Grounding Requirements

1. Each telephone backboard shall be provided with a No. 6 grounding conductor.
When backboard is located in vicinity of electrical service equipment, the "point
of grounding" of this conductor shall be the main cold water service with
connections made ahead of any valves or joints. Remote backboards shall use
building steel as "point of grounding". Terminate conductor by stapling to

backboard.

2. Lighting fixtures shall be grounded with a green insulated ground wire secured
to the fixture with a UL listed bond lug, screw, or clip specifically made for such
use.

3.2 TESTING
A. Upon completion of the ground rod installation, the Contractor shall test the installation
in accordance with the ELECTRICAL EQUIPMENT ACCEPTANCE TESTING section of this
specification. Grounding resistance reading shall be
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taken before connection is made to the building cold water piping system. Ground
resistance readings shall not be taken within forty-eight hours of rainfall. Results of
ground resistance readings shall be forwarded, in writing, immediately to the Engineer.

END OF SECTION
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PART 1

SECTION 16460
TRANSFORMERS

GENERAL

11 RELATED DOCUMENTS

A.

Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this
Section.

1.2 SUMMARY

A.

The work required under this section of the specifications consists of the
furnishing, connection and installation of dry type transformers.

Definition: Dry type transformers, as described herein, applies to those with
primary and secondary voltage connections of 600 volts and less.
Autotransformers are not acceptable, except where indicated for buck boost or
zig-zag connections.

1.3 QUALITY ASSURANCE

A.

Referenced Industry Standards: The following specifications and standards are
incorporated into and become a part of this specification by reference.

1. Underwriter's Laboratories, Inc. (UL) Publications:
a. No. 506 Transformers (1000 KVA, 3 phase and below; 167
KVA, 1 phase and below)
2. National Fire Protection Association (NFPA):
a. No. 70 National Electrical Code (NEC)
3. National Electrical Manufacturers Association (NEMA):
a. No. ST-20 Dry-type transformers for general applications
4, American National Standards Institute (ANSI):
a. No. C57.12.80 Terminology for Power and Distribution
Transformers
b. No. C57.12.90 Guide for Short Circuit Testing of Distribution and

Power Transformers
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C. No.C57.94 Recommended Practice for Installation,
Application, Operation and Maintenance of Dry-Type General
Purpose Distribution and Power Transformers

Acceptable Manufacturers: Products of the following manufacturers, which
comply with these specifications, are acceptable.

1. Eaton

2. General Electric
3. Square D

4. Siemens

Coordination: Coordinate installation with architectural and structural features,
equipment installed under other sections of the specifications and electrical
equipment to insure transformer access and clearance minimums are provided,
and adequate ventilation is permitted.

1.4 SUBMITTALS

A.

Refer to the BASIC ELECTRICAL REQUIREMENTS section for submittal
requirements.

Manufacturers Product Data:

1. Submit material specifications and installation data for products specified
under PART 2 - PRODUCTS. Product data shall indicate sound and
temperature rating, overload capacity and efficiency at 25%, 50% and
100% load, available taps, voltage, impedance, nameplate data, wiring
diagrams, physical dimensions and net weight. Product data shall also
contain certification that transformers are constructed and tested in
accordance with standards specified herein.

Record Drawings. Include in each set:

1. A complete set of manufacturers product data indicating all post bid
revisions and field changes.
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PART 2

2.1

2.2

PRODUCTS

GENERAL MATERIALS REQUIREMENTS

A.

B.

Furnish all materials specified herein and indicated on the drawings.
All transformers shall be UL listed and bear a UL label.

Transformers shall be self-cooled, rated for continuous operation at rated KVA,
24 hours per day, 365 days per year with normal life expectancy (IEEE Standard
No. 65). KVA ratings shall be as indicated on the drawings.

GENERAL PURPOSE DRY TYPE TRANSFORMERS

A.

Insulation System

1. Single phase 25 - 167 KVA and three phase 30 - 1500 KVA: Transformers
shall be rated for average temperature rise by resistance of 220°C in
40°C. maximum ambient, 30°C average ambient. Transformer insulation
system shall be UL rated as 220°C. system.

2. Three phase 3 - 15 KVA: Transformers shall be rated for average
temperature rise by resistance of 115°C. Insulation system shall be
180°C.

3. Single phase up through 250 VA: Transformers shall be rated for 55°C.

rise by resistance. Insulation system shall be 105°C.

4. Single phase 500 - 3000 VA: Transformers shall be rated for 115°C.
temperature rise by resistance. Insulation system shall be 180°C.

Sound rating shall not exceed NEMA and ANSI standards for KVA rating. Internal
vibration dampening shall be provided as a standard feature of all transformers.

Single phase transformers rated up to 15 KVA shall have two, 5 percent full
capacity taps below normal rated primary voltage. All other single phase and all
three phase transformers shall be provided with six 2-1/2% full capacity taps,
two above and four below normal voltage unless only four 2-1/2% taps, two
above and two below normal voltage, are standard.

Construction and Enclosures
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PART 3

1. Transformers 30 - 1500 KVA: Transformer enclosures shall be open,
ventilated, drip-proof with removable front and rear cover panels.
Transformers shall be suitable for floor mounting, unless wall mounting is
indicated on the drawings.

2. Transformers up through 25 KVA: Transformers shall be totally enclosed,
non-ventilated with a resin encapsulated core and coil and drip-proof
housing. Removable panel section shall permit access to wiring
compartment.

Dry type transformers shall provide 3 phase 4 wire 208Y/120 volt service or
230/115 volt single phase service to designated panelboards or other
equipment. Primary rating shall be 480 volts.

Nominal transformer impedance shall be 4.5 percent minimum, unless otherwise
indicated on the drawings.

Provide sealed transformers in NEMA 4X stainless steel enclosure where noted.

Core assemblies and the center ground connection point of the coil secondaries
shall be grounded to their enclosures by adequate, flexible ground straps.
Provide grounding lug at the strap to enclosure bonding location for connection
of three conductors; the primary and secondary equipment grounding
conductors and the grounding electrode conductor.

Provide weather shield on transformers indicated on drawings and for all
exterior installations.

EXECUTION

3.1 INSTALLATION

A.

Dry transformers larger than 15 KVA shall be floor mounted, unless wall or
suspension mounting is indicated on the drawings. Transformers 15 KVA and
smaller shall be wall mounted. Installation shall provide not less than twelve
inch clearance from walls or equipment. Floor mounted transformers shall be
mounted on neoprene, waffle type vibration pads 5/8" thick. = Where
transformers are indicated on the drawings, or specified herein to be mounted
on suspended channels of angles or wall mounted, transformers shall be bolted
to structure with 5/8" thick vibration pad between transformer base and
structural surface. Loosen shipping bolts to free up internal vibration mounts on
core and coil assembly.

Transformers 16460-4



3.2

3.3

Primary and secondary connections to dry type transformers shall be made with
flexible conduit.

The secondary windings of each dry type transformer shall be grounded in
accordance with the National Electrical Code requirements for separately
derived electrical systems. Extend a grounding electrode conductor from the
transformer grounding lug to the nearest building structural steel or main
column rebar. Connect the primary and secondary feeder equipment grounding
conductors to the grounding lug. Refer to the secondary grounding section of
these specifications for additional requirements.

Install secondary overcurrent protective device within 10 feet of conductor
length. Where none is indicated on plans, provide enclosed circuit breaker
within 10 feet rated at 125 percent of the transformer full load ampacity but not
greater than the secondary conductor ampacity.

Do not install equipment over transformer, unless indicated on the drawings.

Locate transformers to provide working clearance and full accessibility as
required by the National Electrical Code.

CLEANING AND ADJUSTMENT

A.

Prior to final inspection, under maximum available load, measure secondary
voltage and adjust tap setting to deliver nominal rated voltage within the
percentage limits of one tap setting. Record the voltages of each transformer
and submit in accordance with the requirements specified in the basic electrical
requirements section.

After completion, clean the interior and exterior of dirt, paint and construction
debris.

Touch up paint all scratched or marred surfaces with factory furnished touch up
paint of the same color as the factory applied paint.

IDENTIFICATION

A.

Refer to the ELECTRICAL IDENTIFICATION section of these specifications for
identification requirements.
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3.4 FIELD QUALITY CONTROL

A. Refer to the ELECTRICAL EQUIPMENT ACCEPTANCE TESTING section of this
specification.

END OF SECTION
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SECTION 16470

PANELBOARDS
PART 1 GENERAL
1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this
Section.
1.2 SUMMARY
A. The work required under this section of the specifications consists of the

furnishing, installation and connection of lighting and appliance panelboards and
distribution type panelboards.

B. Panelboards designated as HDA, HDB, DA, DB, etc., or indicated on the drawings
shall be distribution type panelboards. Those designated as HA, HB, A, B, etc., are
lighting and appliance type panelboards.

C. Definitions: The term panelboard, as used in this specification or on the drawings,
shall mean the complete assembly including the enclosure, bus work, trim
hardware and circuit breaker or fused devices. The words panel and panelboard
are used synonymously in these contract documents.

1.3 QUALITY ASSURANCE

A. Industry Referenced Standards. The following specifications and standards are
incorporated into and become a part of this Specification by Reference.

1. Underwriters' Laboratories, Inc. (UL) Publications:
a. No. 50: Cabinets and Boxes, Electrical
b. No. 67: Panelboards
No. 489: Molded Case Circuit Breakers and Circuit Breaker
Enclosure
2. National Electrical Manufacturer's Association (NEMA) Publications:
a. No. PB-1: Panelboards
b. No. AB-3: Molded Case Circuit Breakers
3. National Fire Protection Association (NFPA):
a. No. 70: National Electrical Code (NEC)
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Acceptable Manufacturers: Products of the following manufacturers, which comply
with these specifications, are acceptable.

1. General Electric
2. Eaton

3. Square D

4. Siemens

Coordination: Coordinate installation with architectural and structural features,
equipment installed under other sections of the specifications and electrical
equipment to insure panel access and insure that clearance minimums are
provided.

14 SUBMITTALS

A.

B.

Refer to BASIC ELECTRICAL REQUIREMENTS for submittal requirements.

Manufacturers Product Data:

1. Submit material specifications and installation data for products specified
under Part 2 - Products to include:

a. Circuit breakers

b. Panelboards
Shop Drawings: Submit shop drawings to indicate information not fully described
by the product data to indicate compliance with the contract drawings.

1. Include electrical characteristics and ratings for each panelboard with
dimensions, mounting, bus material, voltage, ampere rating, mains, poles
and wire connection, and any accessories. Indicate method of ground bus
attachment to enclosure.

2. Include front elevation bussing diagram indicating each bussing circuit
breaker position.

3. Provide a schedule indicating circuit breaker type, trip and size, poles,
frame type, and interrupting capacity.

4, Nameplate identification designation schedule.

Record Drawings. Include in each set:
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PART 2

2.1

2.2

1. A complete set of panelboard manufacturers product data and shop
drawings indicating all post bid revisions and field changes.

2. A copy of each panelboard directory incorporating all post bid revisions and
field changes.

PRODUCTS

GENERAL MATERIALS REQUIREMENTS

A.

B.

Furnish all materials specified herein.
All panels and circuit breakers shall be UL listed and bear a UL label.
Panels shall be of the dead front safety type.

Provide panels complete with factory assembled circuit breakers connected to the
bus bars in the positions shown on the panel schedules or bus diagrams as
indicated on the drawings.

Number all panelboard circuits in the following sequence:

1. Circuits No. 1 and 2, Phase A; Circuits No. 3 and 4, Phase B; Circuits No. 5
and 6, Phase C. Connect two pole breakers to phase indicated on the
drawings.

BUSSING AND INTERIORS

A.

All bus bars shall be copper. Main lugs and main breakers shall be UL approved for
copper or aluminum conductors and shall be of a size range for the conductors
indicated on the drawings. Each panel shall contain an equipment grounding bus.
Each lighting and appliance panelboard shall contain a full size insulated neutral
bus. Where a distribution type panelboard is indicated on the drawings to have a
neutral bus, the bus shall be insulated and full size, unless otherwise indicated on
the drawings.

The neutral and ground busses shall have a sufficient number of lugs to singularly
terminate each individual conductor requiring a connection.

The ground bus shall be factory brazed, riveted or installed on studs welded to the
panel enclosure or panel frame. The ground bus shall not be attached to the panel
interior.
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2.3

24

Where designated on panel schedule as "space", include all necessary bussing,
device support and connections. Provide blank cover for each space.

Where specified or indicated on the drawings, provide sub-feed lugs adjacent to
the mains and increase box heights to provide additional cable bending and
termination space. Lugs to be the same size and capacity as mains and rated for
aluminum or copper conductor terminations.

ENCLOSURES

A.

Panelboard width shall not be less than 20", nor more than 22" unless specific
width is indicated on the drawings. Panelboard depth shall not exceed 5-3/4".

Distribution panelboard width shall not be less than 31" and the depth shall not
exceed 14".

Review panelboard schedules and system one line diagram and provide panelboard
gutters and bending space at terminals to conform to the National Electrical Code.

Provide concealed captive clamping devices, concealed hinges and lock for all flush
mounted panels. Key all panels throughout project alike.

All surface mounted panels shall be provided with door-in-door hinged cover trims.
Trims shall be secured by piano hinges to enclosure and secured closed by two trim
clamps.

Where two section panels are required, both sections shall have fully rated bus and
separate cabinets connected by conduit nipples. Interconnect sections with copper
conductors with ampacity equal to rating of main bus. Route phase and neutral
conductors together between panels. Provide separate trims and card holder with
each section.

Provide a directory card, metal holder, and transparent cover permanently
mounted on inside of doors.

Where indicated on the drawings or required for the environmental conditions,
provide a NEMA 4X stainless steel enclosure.

CIRCUIT BREAKERS

A.

Interrupting rating of all circuit breakers in panelboards operating on 208Y/120 volt
system shall have UL rating of not less than 10,000 RMS symmetrical amps at
system voltage. Panelboards for use on 480Y/277 volt system shall contain
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circuit breakers with UL interrupting rating of not less than 14,000 RMS
symmetrical amps at system voltage. Provide circuit breakers with higher
interrupting capacity when indicated on the drawings.

B. Circuit breakers shall be provided with trip rating, poles and minimum interrupting
rating as indicated on the drawings or specified herein.

C. Multi-pole breakers shall be common trip and common reset; tie handle
connection between single pole breakers is not acceptable.

D. Branch circuit breakers in lighting and appliance panels shall be quick-make,
quick-break, thermal magnetic type bolted to the bus. Circuit breakers in
distribution type panelboards shall be bolted to the bus except, Square D I-line
style plug in devices are acceptable.

E. Molded case circuit breakers shall have automatic, trip free, non-adjustable,
inverse time, and instantaneous magnetic trips for 100 ampere frame or less.
Magnetic trip shall be adjustable for breakers with 600 ampere frames and higher.
Factory setting shall be HI, unless otherwise noted.

F. Provide the following special devices and accessories when indicated on the
drawings, specified herein, or required by the NEC.

1. Ground fault interrupting circuit breaker (GFl).

2. Provide handle lock-off device to prevent manually turning off device
without removal. Install on all circuit breakers indicated on the panel
schedule.

3. Provide shunt trip device for electrically tripping circuit breakers indicated

on the drawings. Shunt trip to be for operation on a 120V or 277V source
and have integral coil clearing contacts to de-energize coil after operation.
Connect shunt trip to circuit indicated on the drawings.

2.5 SEPARATELY ENCLOSED MOLDED CASE CIRCUIT BREAKERS

A. Where separately enclosed molded case circuit breakers are shown on the
drawings, provide circuit breakers in accordance with the applicable requirements
of those specified for panelboards.
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PART 3

3.1

EXECUTION

INSTALLATION

Mount panelboards with top circuit not more than 6'-6" above finished floor.

Lace and group conductors installed in panels with nylon tie straps. Only one
conductor shall be installed under terminal of individual circuit breakers. Form and
train conductors in panel enclosure neatly parallel and at right angles to sides of
box. Uninsulated conductor shall not extend beyond one-eights inch from terminal

lug.

Do not splice conductors in panels. Where required, install junction box adjacent
to panel and splice or tap conductors in box. Refer to number of conductors in a
conduit limitation defined in the conductors and cables section of the specifications
and do not exceed.

Mounting and Support

1. Mounting

a. Enclosure shall be secured to structure by a minimum of four (4)
fastening devices. A 1.5" minimum diameter round washer shall be
used between head of screw or bolt and enclosure.

b. Enclosures shall be mounted where indicated on the drawings or
specified herein. Support from the structure with fastening device
specified.

c. Attach enclosure directly to masonry, concrete, or wood surfaces.

d. Mount enclosure on metal channel (strut), which is connected to

structure with fastening device specified, for installations on steel
structure or sheet rock walls.

Conductors not terminating in panelboard shall not extend through or enter panel
enclosure.

Maintain conductor phase color code requirement described in the wires and
cables section of the specifications.

Provide in each panelboard with a typewritten circuit directory mounted under
clear plastic in a metal directory frame on interior of panel door. Directory shall
reflect any field changes or additions.

Install push-in knock-out closure plugs in any unused knock-out openings.

Identification
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1. Panelboards and individually mounted circuit breakers shall be identified.

2. Refer to the ELECTRICAL IDENTIFICATION section of these specifications for
identification requirements.

3. Submit complete schedule with the shop drawings listing all nameplates
and information contained thereon.

3.2 CLEANING AND ADJUSTMENT

A. After completion, clean the interior and exterior of dirt, paint and construction
debris.
B. Touch up paint all scratched or marred surfaces with factory furnished touch up

paint of the same color as the factory applied paint.
C. Adjust and align panelboard interior and trim in accordance with manufacturers
recommendations, and to eliminate gaps between the two.
33 FIELD QUALITY CONTROL

A. Refer to the ELECTRICAL EQUIPMENT ACCEPTANCE TESTING section of this
specification.

B. Contractor shall verify in the field that all factory-made connections and
terminations are torqued to manufacturer's recommended tolerances.

END OF SECTION
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SECTION 16481

MOTOR CONTROL CENTERS
PART 1 GENERAL
1.1 RELATED DOCUMENTS
A Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections apply to this
Section.
1.2 SUMMARY
A The work required under this section of the Specifications consists of the

installation of all Motor Control Centers for use on systems 600 volts and below.
All materials and devices which are an integral part of the Motor Control Center
shall be provided under this section of the specifications.

B. Definition: Motor Control Centers are floor mounted assemblies of one or more
enclosed vertical sections having a common horizontal power bus and primarily
containing combination Motor Control Units. Units are mounted one above the
other in the vertical sections, with power supplied to the individual units by
vertical power busses. The words motor control units, starters, and motor
controllers are used synonymously in these contract documents.

1.3 QUALITY ASSURANCE

A. The following specifications and standards are incorporated into and become a
part of this Specification by reference.

1. National Electrical Manufacturers Association (NEMA) Standards:
a. ICS-1: General Standards for Industrial Control and Systems
b. ICS-2: Industrial Control Devices, Controllers and Assemblies
c. ICS-3: Industrial Systems
d. ICS-4: Terminal Blocks for Industrial Control Equipment and
Systems
e. ICS-6: Enclosures for Industrial Controls and Systems
2. Underwriters Laboratories, Inc. (UL) Publications:
a. UL 198.4: Class R Fuses
b. UL 508: Industrial Control Equipment
c. UL 845: Standard for Motor Control Centers
3. National Fire Protection Association (NFPA)
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1.4

B.

1.

2.
C.

1.
D.

1.
SUBMITTALS
A.

B.

4.

a. NFPA 70: National Electrical Code
American National Standards Institute (ANSI):

a. C97.1: Low Voltage Cartridge Fuses, 600 Volts or Less

Acceptable Manufacturers: Products of the following manufacturers, which
comply with these specifications, are acceptable.

Motor control centers and controllers:

a. Square D

b. General Electric

(o Eaton

d. Siemens

Fuses:

a. Gould-Shawmut
Bussman
Littlefuse

Equipment Dimensions

Dimensions indicated on the drawings are maximum allowable and shall
not be exceeded. @ Where motor control centers of acceptable
manufacturers listed exceed the maximum dimensions, products of such
manufacturers shall not be acceptable.

Coordination

Review shop drawings submitted under this and other sections, as well as
other divisions, to ensure coordination between work required among
different trades. Coordinate the installation sequence with other
contractors to avoid conflicts and to provide the fastest overall installation
schedule. Coordinate installation with architectural and structural
features, equipment installed under other sections of the specifications
and electrical equipment to insure access and so that clearance minimums
are provided.

Refer to basic electrical requirements section for submittal requirements.

Manufacturer's Product Data:

1.

Submit material specifications and installation data for products specified
under Part 2 - Products to include:
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PART 2

2.1

a. Motor controllers

b. Motor control centers
C. Fuses
C. Shop Drawings: Submit shop drawings to indicate information not fully described

by the product data to indicate compliance with the contract drawings.

1. Include electrical characteristics and ratings for each motor control center
with dimensions, mounting, bus material, voltage, bracing, ampere rating,
mains, poles and wire connection, and any accessories.

2. Include bussing diagram indicating each bussing motor control unit, circuit
breaker, or fused switch position.

3. Provide a schedule indicating motor control unit type, or trip and size,
poles, frame type, fuse size and type, and interrupting capacity.

4, Identification designation schedule.
D. Record Drawings - Include in each set:
1. A complete set of motor control center manufacturers product data and

shop drawings indicating all post bid revisions and field changes.

2. A schedule of each motor's actual full load nameplate rating and NEMA
design with the selected overload heater catalog number and current
range.

PRODUCTS

GENERAL

A. Furnish all materials specified herein.

B. Motor control center, motor control units, circuit breakers, and fused devices
shall be UL listed and bear the UL label.

C. The type of enclosure shall be in accordance with NEMA standards for Type 1,
gasketed construction. All enclosing sheet steel, wireways and unit doors shall be
gasketed.

D. The motor control center shall be suitable for operation on a 480 3-phase, 3-wire
60 Hz system.

E. Motor control center wiring shall be NEMA Class | type B.
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2.2

2.3

STRUCTURE ARRANGEMENT

A.

Motor Control Center shall consist of free-standing, standardized vertical
sections; each section shall have the following nominal dimensions: 90" H. x 20"
W. x 20D. Maximum overall dimensions, not to be exceeded, shall be as indicated
on the drawings.

Each section shall contain continuous horizontal and vertical wireways. The
horizontal wireway shall be located at the top and bottom of the section. Vertical
wireways shall be provided adjacent to each unit. All wireways shall have
provisions for cable support, shall be isolated from the bus bars and shall be
accessible through hinged doors held closed by captive screws.

Adequate space for conduit and conductors entering the top or bottom, in
accordance with the National Electrical Code, shall be provided without structural
interference. Conductors shall be safely accessible without disrupting service.

Individual sections shall be assembled to form a totally enclosed deadfront, front
accessible motor control center, as indicated on the drawings.

Motor control center design shall permit the future installation of matching
vertical sections without the need for transition sections.

BUS ARRANGEMENT

A.

Each vertical section shall contain a continuous three-phase bus, rated as shown
on the drawings. Vertical busses shall be connected to the main horizontal bus.

A continuous, three-phase, main horizontal bus, rated as shown on the drawings,
shall be provided for the distribution of power to the vertical busses. The main
bus shall be located in the upper part of the structure.

All non-current-carrying parts of the control center shall be grounded through the
use of a continuous horizontal ground bus connected to vertical ground busses in
each section. Ground bus rating shall not be less than 25% of main bus rating.
Bus design shall include feature that for any plug-on unit the ground bus stab
shall make contact with the ground bus before the power bus contact is made.

All busses shall be tin-plated copper, rated for a 50 degrees C. temperature rise
above a 40 degrees C ambient. The minimum bus bracing, in RMS -
symmetrical-amperes, shall be as shown on the drawings. Busbars shall be
isolated and insulated with polyester boards front and back.
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A front accessible main lug compartment shall be provided for incoming line
termination. Lugs shall be suitable for terminating the size and quantity of
conductors as indicated. The compartment shall be located in the unit space
shown on the drawings and shall have a hinged door held closed by captive
screws. Door shall have provisions for a padlock.

2.4 UNIT CONSTRUCTION

A.

Combination magnetic starters shall be installed in removable units constructed
in basic heights of 12" or multiples thereof. Each unit shall be isolated from
others on structure. Connection to vertical bus for NEMA size five across the line
starters and smaller shall be made with draw out stab type connection. Each
plug-in type unit shall have a provision for positive horizontal and vertical
alignment. Provisions shall also be included for positive ground connections
through plug-in facilities. Each magnetic starter shall contain a solid-state
overload relay for each phase, three in all. Each unit shall contain separable
control terminal blocks and separable power terminal blocks to permit removal of
unit without disturbing control wiring.

Magnetic starters shall be the combination type with molded case circuit
breakers. UL listed interrupting rating of molded case circuit breakers shall not
be less than indicated on the drawings at system voltage.

Solid-State Overload Relay

1. All overload protection shall be provided using solid state overload relays.

Variable Frequency Drives (VFD)
1. Refer to Spec Section 16500 for VFD requirements.

Individual motor controller doors and individual overcurrent device doors shall be
interlocked to prevent door from being opened until switch is in "OFF" position.
However, a "cheater screw" or other inconspicuous means shall be provided to
permit access to energized starter, by authorized personnel. An interlock contact
shall be provided within the starter to open control circuit to magnetic starter
when device handle is in the open position. A door activated interlock switch is
not acceptable.

Each controller shall be provided with HOA switch, as indicated on the drawings.
Where no device is indicated on the drawings, provide an HOA switch for any
motors automatically controlled or an ON-OFF switch for those specified to be
manually controlled. Provide each magnetic starter with a "RUN" and an
"OVERLOAD" pilot lamp. Control devices shall be of oil tight construction and
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2.5

shall be mounted on a removable panel on the unit door. Identify each control
device with a metal tag or plastic laminated label.

Solid state overload protection shall be adjustable and manually reset solid state
type, settings shall be coordinated in accordance with full load rating of motors
actually furnished. Relay switching mechanism shall be single pole, double throw
with normally open position connected to operate a door mounted, oil tight blue
pilot lamp to indicate starter has tripped on overload. A thermal overload
schedule applicable to control centers shall be provided on inside of door of each
magnetic starter.

Control voltage for magnetic starters shall be 120 volts obtained from a individual
control power transformers in each magnetic starter. Each control power
transformer shall be fused.

Provide contacts in magnetic starters to provide interlocking control sequence of
operation specified under other Divisions. Provide one normally open and one
normally closed spare auxiliary contact in each starter.

Starter sizes are based on design conditions using horsepower ratings of motors
indicated on drawings. If motors actually furnished have horsepower ratings
other than those indicated, motor starters and feeders shall be adjusted in
accordance with the rated horsepower at no additional cost to the Owner.

Provide, where indicated, molded case circuit breakers for feeder protection. All
circuit breakers shall have UL interrupting rating of not less indicated on the
drawings, at system voltage.

AUXILIARY EQUIPMENT

A.

Identification:

1. The motor control center, each magnetic starter, each feeder protective
device, and each auxiliary equipment item shall be provided with an
engraved plastic nameplate approximately 1" x 3" permanently attached
to the unit exterior door with self-tapping screws. Refer to ELECTRICAL
IDENTIFICATION section.

2. Refer to the basic electrical requirements section of these specifications
for nameplate requirements.

3. Submit complete schedule with the shop drawings listing all nameplates
and information thereon.
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PART 3

3.1

3.2

3.3

EXECUTION

INSTALLATION

A.

Install motor control center on 3" high concrete pad, the horizontal dimensions of
which shall exceed the base dimensions of the motor control center by 3" on all
sides.

Control and power circuits shall terminate in respective section in which starter is
located.

Lace and group conductors installed in motor control center with nylon tie straps.
Only one conductor shall be installed under each terminal. Form and train
conductors in enclosure neatly parallel and at right angles to sides of box.
Uninsulated conductor shall not extend beyond one-eighth inch from terminal

lug.

Do not splice conductors in motor control center. Where required, installed
junction box adjacent to enclosure and splice or tap conductors in box. Refer to
number of conductors in a conduit limitation defined in the wires and cables
section section of the specifications and do not exceed.

Conductors not terminating in motor control center section or unit shall not
extend through or enter the section or unit.

Maintain conductor phase color code requirement described in the wires and
cables section of the specifications.

CLEANING AND ADJUSTMENT

A.

After completion, clean the interior and exterior of dirt, paint and construction
debris.

Touch up paint all scratched or marred surfaces with factory furnished touch up
paint of the same color as the factory applied paint.

Select and install overload heaters based on the full load current of the motor
actually installed. All heaters in a starter shall be of the same size.

IDENTIFICATION

A.

Refer to the ELECTRICAL IDENTIFICATION section of these specifications for
identification requirements.
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3.4 FIELD QUALITY CONTROL

A. Refer to the ELECTRICAL EQUIPMENT ACCEPTANCE TESTING section of this
specification.

B. Contractor shall verify in the field that all factory-made connections and
terminations are torqued to manufacturer's recommended tolerances.

END OF SECTION
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SECTION 16500
VARIABLE FREQUENCY DRIVE UNITS

PART 1 GENERAL

1.1 THE SUMMARY

A. General

1.

The CONTRACTOR shall provide variable frequency drive (VFD) units, complete
and operable, as indicated in accordance with the Contract Documents.

2. It is the intent of this Section to require complete, reliable, and fully tested
variable frequency drive systems suitable for attended or unattended
operation.

B. Single Manufacturer

1. Like products shall be the end product of one manufacturer in order to
standardize appearance, operation, maintenance, spare parts, and
manufacturer’s services.

2. This requirement, however, does not relieve the CONTRACTOR of overall
responsibility for the WORK.

C. Coordination
1. Equipment provided under this Section shall operate the electric motor driver

and the driven equipment as indicated under other equipment specification
Sections.

1.2 CONTRACT SUBMITTALS

A. Shop Drawings: Include the following information:

1.

Equipment Information

a. Name of drive manufacturer
b. Type and model

C. Assembly drawing and nomenclature

d. Maximum heat dissipation capacity in kw

Conduit entrance provisions

Circuit breaker type, frames, and settings
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PART 2

2.1

2.2

Information related to relays, timers, pilot devices, control transformer va, and
fuse sizes, including catalog cuts

Ladder Diagram

a. Submit the system schematic ladder diagram and interconnection
diagrams.

b. The schematic ladder diagram shall include remote devices.

The ladder diagram shall incorporate the control logic on the
corresponding elementary schematic as indicated.

d. Submittals with drawings not meeting this requirement will not be
reviewed further and will be returned to the CONTRACTOR stamped
"REJECTED."

Factory test data certifying compliance of similar equipment from the same
manufacturer with requirements of this Section

B. The Technical Manual shall include the following documentation:
1. Manufacturer's 2-year warranty
2. Harmonic analysis report
3. Field test report
4, Programming procedure and program settings
C. Spare Parts List
1. Submit information for parts required by this Section plus any other spare
parts recommended by the controller manufacturer.
PRODUCTS
GENERAL
A. The CONTRACTOR shall provide variable frequency drives as indicated on the drawings.
Where mounted in a motor control center, coordinate installation with MCC
construction.
EQUIPMENT
A. General
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The power supply shall be an adjustable frequency inverter designed to
convert incoming 3-phase, 480-volt, 60-Hertz power to a DC voltage and then
to adjustable frequency AC by use of a 3-phase inverter.

Inverters shall be sized to match the KVA and inrush characteristics of the
motors actually provided.

Match the controller to the load (variable torque or constant torque) as well as
the speed and current of the actual motor being controlled.

Variable Frequency Drive permitted configuration

d.

6-Pulse VFD with AP Broadland Filters for motors greater than or equal
to 50Hp.

Active front end VFD designs with 3 level type active rectification with
TDI at drive input terminals is no more than 5%.

VFD with internal DC links reactors.

Harmonic Reduction

a.

The VFD shall be provided with line-side harmonic reduction, as
required, to insure that the current distortion limts, as defined in table
10.3 of IEEE 519-1992, are met. PCC, defined as the low voltage side of
the distribution transformer, is used for purposes of calculation and
referred, by the turns ratio of the transformer, to the PCC deinfed by
the IEEE Recommended Practices as the Consumer-Utility interface.
The tables of limits set forth therein are with reference to the PCC
(primary side of the main transformer).

Harmonic solutions shall be designed to withstand up to 2% line
imbalances with the maximum Current Distortion not to exceed 11% at
100% load.

Harmonic solutions shall be capable of withstanding up to 2% ambient
voltage distortion with the maximum Current Distortion not to exceed
12% at 100% load.

To ascertain the harmonic contribution of the VFD’s at the PCC and to
show compliance with IEEE 519-1992, harmonic analysis shall be
performed and provided in the submittal package. The contractor shall
provide the VFD vendor the below listed information for submittal.

1) kVA rating of the low voltage distribution transformer(s)

2) X/R Ratio of utility low voltage distribution transformer(s)
3) Primary voltage

4) Secondary voltage

5) Secondary %IZ (impedance)
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6) Length, size and number of conductors between transformer
LV side and distribution panel

7) System Single Line Diagram and electrical equipment list
showing transformer and VFD detail

8) Total linear load kW to be connected to the distribution
transformer

9) Anticipated maximum demand load (15 minute or 30 minute)

on the distribution transformer (IEEE 519)

Inverter

1. The inverter shall be of a voltage-source design, producing a pulse-width-
modulated type output.

2. Six-step and current-source inverters will not be accepted.
3. Motor Coordination
a. Inverters shall be capable of operating with 460-volt, 3-phase, 60-
Hertz, squirrel-cage, high-efficiency, inverter duty, induction motors.
b. Inverters shall be capable of operating motors over the range of 50-

100 percent of base speed without derating or requiring any motor
modifications.

4, Inverters shall be capable of delivering the nameplate horsepower exclusive of
service factor without the need for mandatory thermostats or feedback
tachometers.

5. The VFD shall vary both the AC voltage and frequency simultaneously in order

to operate the motor at required speeds.

The minimum VFD inverter efficiency shall be 95 percent at 100 percent speed and
load, and 85 percent efficiency at 50 percent speed and load.

Power Outage

1. The VFD shall shut down in an orderly manner when a power outage occurs on

one or more phases.

2. Upon restoration of power and a START signal, the motor shall restart and run
at the speed corresponding to the current process input signal.

The VFD shall be provided with the following features:

1. Inrush current adjustment between 50 and 110 percent of motor full load
current (factory set at 100 percent)
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10.

Overload capability at 110 percent for 60 seconds for variable torque loads and
150 percent for constant torque loads.

Adjustable acceleration and deceleration
Input signal of 4 - 20 ma from process

Output speed signal of 4 - 20 ma; signals other than 4 - 20 mA will not be
accepted.

Upon loss of input signal, the VFD shall operate at a preset speed.

A minimum of 2 selectable frequency jump points in order to avoid critical
resonance frequency of the driven system.

Additional devices and functions as indicated

Ethernet communications to transmit VFD data to/from a plant PLC-based
control system.

Provide hardwired connections to plant control system where shown on the
drawings.

The VFD shall be provided with, as a minimum, the following protection features:

1.

Input line protection with metal oxide varistor (MOV) and RC network
Protection against single phasing

Instantaneous overcurrent protection

Electronic overcurrent protection

Ground fault protection

Overtemperature protection for electronics

Protection against internal faults

Ability to start into rotating motor (forward or reverse rotation)

Additional protection and control as indicated and as required by the motor
and driven equipment

The VFD shall be designed and constructed to satisfactorily operate within the
following service conditions.
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Elevation
a. Elevation to 3300 feet
b. For elevation greater than 3300 feet, the VFD shall be derated in

accordance with the manufacturer's recommendation

Ambient Temperature: 0 to 40 degrees C
Humidity: O to 95 percent, non-condensing
AC Line-Voltage Variation: plus 10 percent to minus 10 percent

AC Line-Frequency Variation: plus and minus 2 Hertz

Electrical equipment provided in addition to the adjustable frequency inverter for each
drive shall include:

1.

2.

2-1/2-percent (minimum) line and load reactors integral to the drive enclosure.

Fused 480-to-120-volt control transformer to provide system control power for
the logic and pilot lamps.

Provide an input circuit breaker.

Inverter Signal Circuits

1.

The inverter signal circuits shall be isolated from the power circuits and shall
be designed to accept an isolated 4-20 mA signal in the automatic mode of
operation.

The inverter shall follow the setting of a remote or local potentiometer control
while in the manual mode.

Refer to the Elementary Schematic indicated on the Drawings for speed control
and START/STOP methods.

Access to set-up and protective adjustments shall be protected by key-lockout.

The following operator monitoring and control devices for the inverter shall be
provided on the face of the VFD enclosure, either as discrete devices or as part
of a multi-function microprocessor-based keypad access device:

a. AUTO/HAND selection from a remote logic relay or switch
b. While in AUTO, the inverter shall operate from the remote 4-20 mA
input, where applicable, and while in HAND control shall
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operate from a local or remote manually operated speed
potentiometer; speed pot ratings shall be coordinated with the
supplier of the Local Control Station.

Speed indicator calibrated in percent speed

Inverter fault trip pilot light and output alarm contacts

Trip reset pushbutton

RUN and OFF indicating lights

Provide other controls and readouts normally furnished as standard
equipment, or as otherwise indicated on the Elementary Schematics
indicated on the Drawings.

@™ oo

Properly identified screw type terminal boards shall be provided for interconnection to
remote controls and instrumentation

Refer to the Elementary Schematics for hardwired VFD control inputs. The electrical
design is based on 120VAC. Where the drive is not provided with “wetting” voltage of
120VAC the supplier shall provide interposing relays so that all field wiring remains
120VAC.

2.3 HARMONIC ANALYSIS FOR DRIVES

A.

The CONTRACTOR shall perform a harmonic study of the facilities included in this
Project.
The following assumptions shall be utilized for the harmonic analysis:

1. The distribution system is a "general" system as classified by IEEE 519 under
low voltage systems.

2. Assume 95 percent of total plant operating load is motor load and 5 percent is
resistive.
3. Assume a 70 percent plant diversity factor (i.e., 70 percent of the total plant

load is operating), with motors other than VFDs operating at 90 percent of
their nameplate horsepower.

4, Assume all VFDs are operating except as shown in paragraph 2.1.
5. Report
a. Results of the harmonic analysis shall be submitted prior to VFD shipment.

o

Excessive harmonic distortion shall be specifically denoted.
C. Corrective measures shall be submitted for action by the ENGINEER.
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2.5

PART 3

3.1

SPARE PARTS

A.

Furnish the spare parts listed below, suitably packaged and labeled with the
corresponding equipment number.

Modified Parts

1. At any time prior to Substantial Completion, the CONTRACTOR shall notify the
ENGINEER in writing about any manufacturer's modification of spare part
numbers, interchangeabilities, or model changes.

2. If the ENGINEER determines that the modified parts no longer apply to the
equipment provided, the CONTRACTOR shall furnish other applicable parts as
part of the WORK.

The following spare parts shall be furnished:

1. Provide one set of spare power fuses of each form, voltage, and current rating.
2. Provide 10 spare control and power fuses of each type and rating.
3. Provide 10 panel lamps of each type (form, voltage, and current rating).

MANUFACTURERS, OR EQUAL

A.

B.

Schneider Electric/Square D
Eaton

GE/ABB

Siemens

EXECUTION

MANUFACTURER’S SERVICES

A.

General
1. An authorized service representative of the manufacturer shall be present at
the Site to furnish the services listed below.

2. For the purpose of this Paragraph, a Day is defined as an 8-hour period
excluding travel time.
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The authorized service representative shall supervise the following and shall certify
that the equipment and controls have been properly installed, aligned, and readied for
operation:

1. Installation of the equipment

2. Inspection, checking, and adjusting the equipment

3. Startup and field testing for proper operation

4, Performing field adjustments such that the equipment installation and

operation comply with requirements.

5. Document all settings for all VFD’s in Record Drawings.

Instruction of OWNER's Personnel

1. The authorized representative shall instruct the OWNER's personnel in the
operation and maintenance of the equipment, including step-by-step
troubleshooting with test equipment.

2. The instruction shall be specific to the VFD models provided.

3. Training shall be scheduled a minimum of 3 weeks in advance of the first
session.

4, Training shall include individual sessions for 1 shift of plant personnel.

5. Proposed training materials shall be submitted for review, and comments shall

be incorporated.

6. Training materials shall remain with the trainees.
7. The OWNER may videotape the training for later use with the OWNER's
personnel.

3.2 INSTALLATION

A.

Conduit stub-ups for interconnected cables and remote cables shall be located and
terminated in accordance with the drive manufacturer's recommendations.
Programming

1. The CONTRACTOR shall perform programming of drive parameters required for
proper operation of the VFDs included in this project.
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2.

3.3 FIELD TESTING

Submit records of programming data in the equipment Technical Manual,
including setup and protective settings.

A. Testing, checkout, and startup of the VFD equipment in the field shall be performed
under the technical direction of the manufacturer's service engineer.

B. Under no circumstances shall any portion of the drive system be energized without
authorization from the manufacturer's representative.

C. Verify proper operation of control logic in every mode of control.
D. Harmonic Analysis
1. The CONTRACTOR shall test the completed installation for actual harmonic

END OF SECTION

distortion at the point of common coupling.

Harmonic analysis shall be performed in accordance with IEEE 519 - Harmonic
Control and Reactive Compensation of Static Power Converters at unit full load
using a harmonic analyzer by Hewlett Packard, or equal

Tests shall demonstrate that the harmonic voltage distortion at the 480-volt
distribution bus of the panelboard, motor control center, or switchgear serving
the VFD is limited to a magnitude of 5 percent of the fundamental, with the
isolation transformer in the circuit as indicated and with the maximum number
of drives, as permitted by the process, in operation and in conformance with
the applicable requirements of IEEE-519.

Provide a report that shall include the following:

a. Expected harmonic voltage (THD) through the 35th harmonic,
calculated with isolation transformers
b. Actual RMS value and measured percentage of the THD in the field
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PART 1

SECTION 16503
LIGHTING POLES AND STANDARDS

GENERAL

11 RELATED DOCUMENTS

A.

Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this
Section.

1.2 SUMMARY

A.

The work required under this section of the specifications consists of the
installation of all lighting poles and standards for both the interior and exterior
of the project. All materials shall be provided under this section of the
specifications.

1.3 QUALITY ASSURANCE

A.

All lighting poles and standards shall be manufactured according to the
recommended standards as provided by the American Society for Testing
Materials.

Referenced Industry Standard: The following specifications and standards are
incorporated into and become a part of this specification by reference.

1. American Society for Testing Materials (ASTM).
2. American Association of State Highway Transportation Officers
(AASHTO).

Acceptable Manufacturers: Products of the following manufacturers which
comply with these specifications are acceptable.

1. Poles and Standards
a. Lithonia
b. Cooper
C. Hubbell
d. Shakespear
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1.4 SHOP DRAWINGS

A. Submit shop drawings for each type of fixture specified. Refer to Division 1 -
General Requirements.

B. Drawings shall indicate fixture type and complete details. A complete listing of
fixture type, manufacturer and complete catalog number shall be supplied with
the shop drawings.

PART 2 PRODUCTS

2.1 GENERAL MATERIAL REQUIREMENTS

A. All materials shall be new, free from defects and shall be listed by, or bear the
underwriters label where subject to such approval.

B. All poles and standards shall be supplied with base covers and/or nut covers.

2.2 POLES AND STANDARDS — PRE-STRESSED CONCRETE

A Lighting poles and standards shall be manufactured from pre-stressed concrete.
B. All poles to be direct burial type with handhole, conduit openings and tenon.
PART 3 EXECUTION

3.1 GENERAL INSTALLATION

A. Lighting poles and standards shall be installed per the manufacturers
recommended mounting methods and the provisions of the drawings as noted.

B. When the handhole in the base of the pole is not of sufficient size to allow the
splicing of branch circuiting as indicated on the drawings in accordance with NEC
fill requirements, then a weather-proof junction box shall be installed flush with
finished grade adjacent to the pole. Extend only the conductors required for the
adjacent pole from the junction box to the handhole in the pole base. The
junction box shall be provided in accordance with the BOXES section of these
specifications.

END OF SECTION
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SECTION 16800
FIRE ALARM SYSTEM

PART 1 - GENERAL

11

A.

1.2

1.3

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

The work required under this section of the specifications consists of the furnishing,
installation and connection of the Fire Alarm System.

Definition: The Fire Alarm System consists of an addressable control panel with alarm
initiating devices as indicated on the plans for the Belt Press Building.

QUALITY ASSURANCE

Industry Referenced Standards: The following specifications and standards are
incorporated into and become a part of the specification by reference.
1. Underwriter's Laboratories, Inc. (UL) Publications:
a. No. 38: Manually actuated signaling box for use with Fire Protective
Signaling Systems.
2. National Electrical Manufacturer's Association (NEMA) Publications:
a. No. SB3: Interconnection Circuitry of Non-Coded Remote-Station
Protective Signaling Systems.
3. National Fire Protection Association (NFPA):
a. No. 70: National Electrical Code (NEC)
b. No. 72A: Local Protective Signaling Systems

Acceptable Manufacturers: Products of the following manufacturers which comply
with these specifications are acceptable.

Edwards Division; EST

Johnson Controls, Inc.

Notifier

Simplex

Gamewell

vkhwneE

Coordination:
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1.4

1. Review shop drawings submitted under this and other sections, as well as other
divisions, to ensure coordination between work required among different trades.
Coordinate the installation sequence with other contractors to avoid conflicts
and to provide the fastest overall installation schedule. Coordinate installation
with architectural and structural features, equipment installed under other
sections of the specifications, and electrical equipment to ensure access and so
that clearance minimums are provided.

Installer's Qualifications: Firm with at least 5 years of successful installation
experience on projects with fire alarm systems work similar to that required for this
project.

1. Firm with manufacturer's factory trained personnel.

2. Firm with factory authorized service organization and spare parts stock.

SUBMITTALS
Refer to BASIC ELECTRICAL REQUIREMENTS section for submittal requirements.

Product Data: Submit manufacturer's technical product data, including specifications
and installation instructions, for each type of fire alarm system equipment. Include
standard or typical riser and wiring diagrams, and operation and maintenance
instructions for inclusion in maintenance manuals.

Wiring Diagrams: Submit dimensioned floor plan drawings (minimum 1/16 inch scale)
for each floor plan indicating all device locations with corresponding zone next to
device. Zoning shall include initiation and audio zone where applicable. Plans shall
include all conduit and wiring requirements indicating system interconnection, number
and size of conductors and appropriate conduit size, and ancillary devices such as
end-of-line resistors. Include wiring and riser diagrams.

Isometric Detail: Provide isometric detail for Fire Alarm Control Panel indicating all
component features and space requirements.

Maintenance Data: Submit maintenance data and parts lists for each type of fire alarm
equipment installed, including furnished specialties and accessories. Include this data,
product data, and shop drawings in maintenance manual; in accordance with
requirements of Division 1.

Manufacturer Certification: Submit a letter from the manufacturer's representative
stating the proposed system being submitted for review complies with the
specification and takes no exception.
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1.5

A.

B.

DELIVERY, STORAGE, AND HANDLING:

Handle fire alarm equipment carefully to prevent damage, breaking, and scoring. Do
not install damaged equipment or components; replace with new.

Store fire alarm equipment in clean, dry place. Protect from weather, dirt, fumes,
water, construction debris, and physical damage.

PART 2 - PRODUCTS

2.1

A.

B.

C.

D.

FIRE ALARM AND DETECTION SYSTEMS:

General: Provide complete fire alarm system products of types, sizes, and capacities

indicated, which comply with manufacturer's standard design, materials, components;

construct in accordance with published product information, and as required for

complete installation. Provide fire alarm and detection systems for applications

indicated.

1. Combination, Non-Coded: Either manual activation of fire alarm station or
activation of automatic initiating device will energize fire alarm system signaling
devices and sound non-coded alarm.

Design system for alarm sounding continuously throughout facility.

System Wiring and Supervision:

1. Provide Class 1 initiating and alarm circuits with electrical supervision for shorts
and open conditions.

2. Install diodes or resistors in fire alarm control cabinet.

3. Power Supplies: Provide system for operation on 120 VAC power supply.
Arrange control system for operation of primary power supply and trouble
power supply to operate from opposite legs of three wire system.

4, Provide battery back-up as secondary power supply. Design battery back-up to
take over supply to system within 30 seconds of loss of primary system to 85%
voltage. Provide battery system capable of operation of system for 24-hours
under normal conditions and then for five minutes under alarm conditions.

Optional System Features: Provide the following features in addition to the basic

system features specified elsewhere in this specification

1. Auxiliary contacts, normally open. Provide one contact for annunciation to
SCADA system for alarm and trouble for all systems.

2. Provide cellular dialer for each panel to be able to call remote station in event of
alarm or trouble.
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2.2

2.3

System Materials: Provide basic wiring materials which comply with Division 16 Basic

Electrical Materials and Methods sections, RACEWAYS and BOXES, types to be selected

by Installer.

1. Provide conductors which are listed and approved for fire alarm usage. All
wiring shall be installed in conduit. Minimum size conduit shall be %”.

SYSTEM OPERATION

Actuation of any alarm initiation device shall automatically initiate the following:

1. [lluminate the system priority one alarm LED, cause an audible alarm signal to
sound, display the alarm condition language message for the point in alarm at
the Central Control Station.

2. Cause all alarms to sound, all visual alarms (including exit light) to flash.

3. Provide a signal for connection to the SCADA panel.

4, Activate cellular dialer

The fire alerting tone shall be a low to high "slow whoop" from 200 Hz to 830 Hz
nominal lasting 2.5 seconds.

It shall be possible to silence the alarm signals by operating the acknowledge switch
causing the zone alarm LED to cease flashing and remain illuminated. However, the
activation of another zone shall repeat the entire alarm process thus causing the
signals to resound.

SYSTEM FEATURES

The system shall include the following features as a minimum:
1. All alarm initiating circuit wiring, signal circuit wiring, and alarm circuit wiring
supervised.

2. Automatic transfer to standby batteries upon power failure.

3. Solid state, microprocessor based circuitry.

4, Full supervision of all communication, monitor and signal wiring.

5. User programmable with keyboard.

6. Modular design to allow future expansion with a minimum of hardware
additions.

7. System automatically switches to battery operation upon loss of 60 Hz power.

8. Operation shall not require personnel with special computer operation skills.

9.  All messages generated by the software shall be "user friendly" in plain English,
not computer language. Messages shall describe condition and, based on input
from the Owner, provide plain language instructions for building personnel.
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2.4

2.5

2.6

2.7

FIRE ALARM PANEL

Provide surface mounted fire alarm panels where shown. Panels shall include all
controls and batteries to supervise and annunciate all devices.

In Belt Press Building, install panel inside a NEMA 4X box with clear cover.

Provide exterior antenna for cellular dialer if required.

MANUAL FIRE ALARM STATIONS

Provide manufacturer's standard construction, red enclosure, manual fire alarm
stations with the following features:

High Impact Lexan

Surface mounted

Non-coded

Non-breakglass operation

General alarm

Single action

Institutional cover

NouhswNe

For Belt Press Building and all devices located outside shall be rated NEMA 4X.

HORNS/AUDIBLE

Provide manufacturer's standard construction fire alarm horn with following features:
1. Non-coded

2. Surface mounted (with grille)

3.  Single projection

4, Alarm light with white lens lettered red "FIRE"

For Belt Press Building and devices located outside, all devices shall be rated NEMA 4X.

ALARM LIGHTS

Provide manufacturer's standard construction alarm lights with the following features:
1. White lens, plain or lettered red "FIRE".
2. 24-volt DC Xenon flasher.

For Belt Press Building and devices located outside, all devices shall be rated NEMA 4X.
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2.8

A.

2.9

A.

SMOKE OR THERMAL DETECTORS

Provide photoelectric smoke detectors or rate of rise thermal detector where shown.
All to be addressable.

TEST CHART INSTRUCTIONS

Provide fire alarm system test instructions chart mounted in lexan enclosed frame
assembly on control cabinet hinged door.

PART 3 - EXECUTION

3.1

A.

3.2

A.

3.3

A.

B.

3.4

A.

EXAMINATION:

Examine areas and conditions under which fire alarm systems are to be installed. Do
not proceed with work until unsatisfactory conditions have been corrected in manner
acceptable to Installer.

INSTALLATION OF BASIC IDENTIFICATION:

Install electrical identification in accordance with Division-26 Basic Electrical Materials
and Methods section "Electrical Identification."

INSTALLATION OF BASIC WIRING SYSTEM MATERIALS:

Install wiring, raceways, and electrical boxes and fittings in accordance with
Division-26 Basic Electrical Materials and Methods sections, "Raceways", "Wires and
Cables", and "Boxes" for wiring of non-power limited circuits. Conduit, boxes, etc shall
be painted red.

Install wires and cables without splices. Make connections at terminal strips in
cabinets or at equipment terminals. Make soldered splices in electronic circuits in
control cabinets.

INSTALLATION OF FIRE ALARM SYSTEMS:

Install fire alarm system as indicated, in accordance with equipment manufacturer's
written instructions and complying with applicable portions of NEC and NECA's
"Standard of Installation."
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3.5

Wiring: Wiring of fire alarm system is work of this section, but is not specifically

detailed on drawings.

1. Complete wiring in accordance with manufacturer's requirements. Color code
wiring and install per manufacturer's point-to-point wiring diagram. Determine
exact number of wires for each fire area zone from number and types of devices
installed. Connect each device with sufficient wiring to complete its intended
operation.

2. Where there are a number of power requiring devices such as smoke detectors,
fan relays, door holders and smoke damper operators installed in a circuit, group
in numbers so power required does not exceed 80% of manufacturer's power
supply rating. Provide extra wiring, or extra power supplies required to fulfill
that requirement. In addition, provide extra or larger size wiring to alleviate
voltage drops which makes device operate beyond voltage limits for which it was
designed. Determine above with manufacturer's representative while equipment
is being installed.

FIELD QUALITY CONTROL:

Connection and Supervision: Make connections to panel under manufacturer's
supervision. Run wiring to main terminal cabinet located adjacent to main fire alarm
panel. Complete connections from this cabinet to panel utilizing Manufacturer's
technicians.

System Test and Approval: Submit shop drawings for function and operation only,

pre-approved by authority having local jurisdiction.

1. Prior to final acceptance of system, manufacturer of system shall, in presence of
Contractor, Owner's Representative and Architect's representative, test each
sensing or detection and alarm device.

2. Submit copy of test results in duplicate after signed by Owner's Representative
to Architect, Owner, Owner's Insurance Company and local Fire Protection
Authority. Mount copy of inspection record in lexan enclosed frame assembly
on control panel.

Upon project completion, the manufacturer's representative shall present for the
Owner's consideration a proposal to provide semi-annual inspection and tests of the
system and a separate proposal for a remote monitoring station.

END OF SECTION
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PART 1

1.1

1.2

13

1.4

SECTION 16960
ELECTRICAL EQUIPMENT ACCEPTANCE TESTING

GENERAL

RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

A. The work required under this section of the specifications consist of the start-up
testing and inspection of the electrical equipment designated within. All labor and
testing equipment which is required shall be provided under this section of the
specifications.

GENERAL

A. The Contractor shall perform the tests, or employ a testing company, as outlined
below to insure system acceptance of the electrical equipment as specified in this
section.

B. When the tests and inspections have been completed, a label shall be attached to all

devices tested. The label shall provide the name of the testing company, the date
the tests were completed, and the initials of the technician who performed the tests.

C. The tests shall insure that the equipment is operational and functioning within
industry standards and manufacturer's tolerances. Forward all test reports to the
engineer at least two weeks prior to the project final inspection for review. Reports
shall be bound as required by Division 1 of this specification.

QUALITY ASSURANCE

A. The testing and inspection shall comply with all applicable sections of the following
codes and standards:

1. American National Standards Institute - ANSI

2. American Society for Testing and Materials - ASTM
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1.5

3. Association of Edison llluminating Companies - AEIC

4, Institute of Electrical and Electronics Engineers - IEEE
5. Insulated Power Cable Engineers Association - IPCEA
6. International Electrical Testing Association - NETA Acceptance Testing

Specifications

7. National Electrical Code - NEC

8. National Electrical Manufacturers Association - NEMA
9. National Fire Protection Association - NFPA

10. State and Local Codes and Ordinances

The inspection and testing shall comply with the project plans and specifications as
well as with the manufacturer's drawings, instruction manuals, and other applicable
data for the apparatus tested.

DIVISION OF RESPONSIBILITY

A.

The contractor shall perform routine insulation-resistance, continuity, and rotation
tests for all distribution and utilization equipment prior to and in addition to tests
performed by the testing firm specified herein.

The contractor shall supply a suitable and stable source of electrical power to each
test site. The testing firm shall specify the specific power requirements.

The contractor shall notify the testing firm when equipment becomes available for
acceptance tests. Work shall be coordinated to expedite project scheduling.

The contractor is responsible for obtaining and approving a short-circuit analysis and
coordination study prepared by the switchgear manufacturer.

The contractor shall notify the Engineer prior to commencement of any testing.

Any system, material or workmanship which is found defective on the basis of
acceptance tests shall be reported to the Engineer. Correct deficiency and retest
until acceptable.

The testing firm shall maintain a written record of all tests and, upon completion of
project, shall assemble and certify a final test report.
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1.6

1.7

1.8

SAFETY AND PRECAUTIONS

A.

Safety practices shall comply with applicable state and local safety orders as well as
with the Occupational Safety and Health Act of 1970 (OSHA). Compliance with the
National Fire Protection Association standard NFPA 70E and the Accident Prevention
Manual for Industrial Operations of the National Safety Council shall be observed.

B. Tests shall only be performed on apparatus which is de-energized. The testing
company's lead test engineer for the project shall be a designated safety
representative and shall supervise testing observations and safety requirements.
Work shall not proceed until he has determined that it is safe to do so.

C. Power circuits shall have conductors shorted to ground by a hotline grounded device
approved for the purpose. Warning signs and protective barriers shall be provided as
necessary to conduct the tests safely.

REPORTS

A. The test report shall include the following sections:

1. Scope of testing

2. Equipment tested

3. Description of test

4. Test results

5. Conclusions and recommendations
6. Appendix, including test forms

B. Each piece of equipment shall be recorded on a data sheet listing the condition of
the equipment as found and as left. Included shall be recommendations for any
necessary repair and/or replacement parts. The data sheets shall indicate the name
of the technician who tested the equipment and the date of the test completion.

C. Record copies of the completed test report shall be submitted no more than 30 days

after completion of the testing and inspection.

TEST EQUIPMENT

A.

All test equipment shall be in good mechanical and electrical condition.
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PART 2 PRODUCTS

2.1 MATERIALS

A. All materials are specified under other sections of this specification. All testing
equipment required shall be provided under this section of the specifications.

PART 3 EXECUTION

3.1 EQUIPMENT TO BE TESTED

A. The following equipment shall be tested in accordance with the scopes of work
which follow.
1. Dry Type Transformers
2. Low Voltage Switchboards
3. Molded Case Circuit Breakers
4. Motor Control Centers and Motor Controllers
5. Automatic Transfer Switches
6. Emergency Power Supply-Engine Driven
7. Grounding System
8. Cables, Low Voltage, 600 Volts Maximum
0. Ground Fault Systems
10. Surge Arrestors

3.2 DRY TYPE TRANSFORMERS

A. Visual and Mechanical Inspection

1.

With case covers removed, inspect transformer core and coil assembly and
enclosure interior. Cloth wipe and/or brush major insulating surfaces.

Check primary, secondary, and ground connections.

Check tap connections and tap changer.
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4, Inspect all bolted connections. The electrical contractor shall torque wrench
tighten or remake any questionable connections.

5. Inspect insulators, spacers, and windings.
6. Inspect for adequate electrical clearance.
7. Check base or support insulators, including vibration isolation supports.
8. Check accessory devices for condition and proper operation.
9. Verify that the transformers have been provided with adequate spacing for
ventilation.
B. Electrical Tests
1. Insulation Resistance Test: Megger transformer windings high to low and

ground, low to high and ground, and high and low to ground.

2. Include measured secondary voltage (line-to-line and line-to-ground) for each
transformer in the test report. Verify that the taps on all transformers with
primary voltages above 600 volts are set to deliver voltage indicated in the
Contract Documents with the system in full operation. Secondary voltage
readings, at each transformer, phase to phase neutral, and phase load
readings shall be recorded and tap positions of transformer taps noted. This
test shall be conducted with a calibrated voltmeter.

3. Each ground rod installation shall be tested after all connections to ground
rods are made before grounding conductor connection is made to the
transformer. Ground rod installations shall be tested by "fall of potential"
measuring method using ground resistance test meter and two auxiliary
electrodes driven into the earth, interconnected through the meter with the
ground rod installation being tested.

4, Placement of auxiliary electrodes shall be in accordance with operating
instructions of test meter, but in no case shall auxiliary current electrodes be
placed within 70' of the grounding system being tested. Test data shall
indicate placement of auxiliary electrodes with respect to systems being
tested, date readings were taken and lowest resistance recorded.

3.3 LOW VOLTAGE SWITCHBOARDS

A. Visual and Mechanical Inspection
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1. Verify that the contractor has cleaned enclosure interiors of accumulated
dust, dirt, oil films, and other foreign materials.

2. Inspect all electrical and mechanical components for condition and any
evidence of defects or failure.

3. Check for proper travel and alignment of any drawout or plug-in circuit
breakers.

4. Check breaker connections to bus.

5. Inspect bolted connections. The electrical contractor shall torque wrench

tighten or remake any questionable connections.

6. Inspect for missing or loose hardware or accessories.
7. Inspect ground bus connections.
8. Operate key and door interlock devices to assure proper operation.
B. Electrical Tests
1. Insulation Resistance Test: Megger main secondary bus and feeder circuits

phase-to-phase and phase-to-ground.

2. Energize any space heater circuits to insure proper operations.
C. Check phase rotation with a Biddle phase rotation meter.
D. Instruments and Meter Tests
1. Inspect panel mounted instruments and meters. Clean and check for

calibration accuracy. Make minor adjustments as necessary.

34 MOLDED CASE CIRCUIT BREAKERS

A. Visual and Mechanical Inspection
1. Inspect cover and case, and check for broken or loose terminals.
2. Operate breaker to check operation.
B. Electrical Tests (400 ampere frame and larger)
1. Insulation Resistance Test: Megger main poles of breaker pole-to-pole, from

each pole to ground, and across the open contacts of each pole.
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Contact Resistance Test: Ductor across main pole contacts with breaker
closed and latched to check for good, low resistance contact.

Electrically test any auxiliary devices such as shunt trips, undervoltage trips,
alarm switches, and auxiliary switches.

35 MOTOR CONTROL CENTERS AND MOTOR CONTROLLERS

A. Visual and Mechanical Inspection

1.

Verify that the contractor has cleaned structure interiors and starter cells of
accumulated dust, dirt, oil films, and other foreign material.

2. Inspect bolted connections. The electrical contractor shall torque wrench
tighten or remake any questionable connections.

3. Check mechanical operation of starters for freedom from binding.

4, Check motor circuit protector setting and overload relay heater size against
contractor furnished list of motor nameplate full load current values.

B. Electrical Tests
1. Verify operation of each starter.
2. Contact Resistance Test. Ductor across main pole contacts of each breaker or

switch with device closed and latched to check for good, low resistance
contact.

3.6 AUTOMATIC TRANSFER SWITCHES

A. Visual and Mechanical Inspection

1.

Verify that contractor has cleaned enclosure interiors and all components of
accumulated of dust, dirt, oil films, and other foreign material.

Inspect all electrical and mechanical components for condition and any
evidence of defect or failure.

Perform inspection checks on individual components as recommended by the
manufacturer.

Inspect connections for looseness. The electrical contractor shall torque
wrench tighten or remake any questionable connections.
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Inspect for missing or loose hardware or accessories.
Check for proper mechanical operation and lubricate, as necessary.

Check transfer mechanism for alignment and friction-free operation.
Lubricate, as necessary.

Check all connecting wiring for condition.

Electrical Tests

1.

Use test switch, when available, to check the electrical operation of the
transfer switch.

When a test switch is not available, a failure of the normal source power will
be simulated by disconnecting a voltage sensing lead.

Test and adjust all sensing relays, and other devices specifically associated
with the transfer switch.

Contact Resistance Test: Ductor across main pole contacts of power
switching circuit breakers, switches or contactor contacts with device closed
and latched to check for good, low resistance contact.

3.7 EMERGENCY POWER SUPPLY-ENGINE DRIVEN

A.

Visual and Mechanical Inspection

1.

Verify that contractor has cleaned enclosure interiors of accumulated dust,
dirt, oil films, and other foreign material.

Inspect all electrical and mechanical components for condition and any
evidence of defects or failure.

Check output circuit breaker(s) bus connection.

Inspect bolted connections. The electrical contractor shall torque wrench
tighten or remake any questionable connections.

Inspect for missing or loose hardware or accessories.
Inspect grounding system connections.

Operate key and door interlock devices to assure proper operation.
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Inspect all associated systems and circuits for proper operation, including but
not limited to the fuel supply system, jacket heater, battery charger, engine
mounted control panel, remote monitoring and control panel, emergency
cut-off, battery lighting system, exhaust system, radiator system, and
ventilator system.

Inspect anchoring and vibration isolation systems.

B. Electrical Tests.

1.

Insulation resistance test: Megger main poles of output circuit breaker(s)
pole-to-pole, from each pole to ground, and across the open contacts of each
pole.

Contact Resistance Test: Ductor across main pole contacts of output circuit
breaker(s) with breaker closed and latched to check for good, low resistance
contact.

Follow completely the load testing procedures of the latest issue of NFPA-110
for EPS systems, including prior notification of the local inspection authority
having jurisdiction. Include all measured data and conditions in the final
report. All non-compliance items shall be corrected by the contractor and
retested until full compliance with NFPA-110 Level 1 is achieved.

Demonstrate load shed operation.

3.8 GROUNDING SYSTEM

A. Visual and Mechanical Inspection

1.

Inspect wiring system outlet and junction boxes for proper grounding. Green
grounding conductor shall be connected to outlet and junction boxes.
Inspect a minimum of 5% of project boxes.

Verify connections of grounds for the secondary of separately derived
grounding systems, i.e. at dry type transformers. Note type of connection,
i.e. mechanical or exothermic.

Verify proper connection to all components of building service entrance
grounding system. Note all system components which are interconnected
and type of connection either mechanical or exothermic. Note depth of
driven ground rods.

B. Electrical Tests (Small Systems)
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C.

D.

Perform ground-impedance measurements utilizing the fall-of-potential
method per ANSI/IEEE Standard 81 "IEEE Guide for Measuring Earth
Resistivity, Ground Impedance, and Earth Surface Potentials of a Ground
System". Instrumentation utilized shall be specifically designed for ground
impedance testing. Provide sufficient spacing so that plotted curves flatten
in the 62% area of the distance between the item under test and the current
electrode.

Equipment Grounds

1. Utilize two-point method of IEEE Std. 81. Measure between equipment
ground being tested and known low-impedance grounding electrode or
system.

Test Values

1. The main ground electrode system impedance-to-ground should be no

greater than twenty-five (25) ohms for commercial or industrial systems.
Equipment grounds, depending on size and length of grounding conductor,
should be only fractionally higher than system ground.

3.9 CABLES - LOW-VOLTAGE - 600V MAXIMUM

A.

B.

C.

Visual and Mechanical Inspection

1.

Inspect cables for physical damage and proper connection in accordance with
single-line diagram.

Test cable mechanical connections to manufacturer's recommended values
using a calibrated torque wrench.

Check cable color coding with applicable engineer's specifications and
National Electrical Code standards.

Electrical Tests

1. Perform insulation-resistance test on each feeder on the riser diagram with
respect to ground and adjacent conductors. Applied potential shall be 1000
volts dc for 1 minute.

2. Perform continuity test to insure proper cable connection.

Test Values
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1. Evaluate results by comparison with cables of same length and type.
Investigate any values less than 50 megohmes.

3.10 GROUND-FAULT SYSTEMS (NEC 230-95)

A.

Visual and Mechanical Inspection

1. Inspect for physical damage and compliance with drawings and
specifications.

2. Inspect neutral main bonding connection to assure:
a. Zero-sequence sensing system is grounded.
b. Ground-strap sensing systems are grounded through sensing device.
C. Ground connection is made ahead of neutral disconnect link on
zero-sequence sensing systems.
d. Grounded conductor (neutral) is solidly grounded.
3. Inspect control power transformer to ensure adequate capacity for system.
4, Manually operate monitor panels (if present) for:
a. Trip test
b. No trip test
c. Nonautomatic reset
5. Record proper operation and test sequence.
6. Set pickup and time-delay settings in accordance with the settings provided

by the coordination study.

Electrical Tests

1. Measure system neutral insulation to ensure no shunt ground paths exist.
Remove neutral-ground disconnect link. = Measure neutral insulation
resistance and replace link.

Test Parameters

1. System neutral insulation shall be a minimum of one hundred (100) ohmes,
preferably one (1) megohm or greater.

2. Relay timing shall be in accordance with manufacturer's published
time-current characteristic curves but in no case longer than one (1) second
for fault currents equal to or greater than 3,000 amperes.
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3. Relay pickup value shall be within +/- 10% of setting and in no case greater
than 1200A.

3.11 SURGE ARRESTORS

A Low-Voltage Surge Protection Devices
1. Visual and Mechanical Inspection
a. Inspect for physical damage and compare nameplate data with
drawings and specifications.
b. Inspect for proper mounting and adequate clearances.

Check tightness of connections by using calibrated torque wrench.
Refer to manufacturer's instructions for proper torque levels.

d. Check ground lead on each device for individual attachment to
ground bus or ground electrode.

END OF SECTION
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