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SANITARY SEWER PUMP STATIONS

**From Hartford IM BLDG(10)

DESCRIPTION. Furnish all labor, equipment and material to outfit
the Route 5, 1-91 North Rest Area, and 1-91 South Rest Area Pump
Stations consisting of pumps, motors, valves, piping, structures,
hatches, guide rails, pump removal components, control center,
level floats, communication, instrumentation, interconnecting
electrical wiring, incoming power supply and all other features
regularly and normally required as a part of a complete and
functional facility. All work to be in accordance with site
requirements, details in the Plans, these Specifications and the
manufacturer®s recommendations.

MATERIALS. All materials shall conform to the VAOT Standard
Specifications for Construction, 2006 Edition, except as modified
herein.

Approved equals to the materials/parts shown on the Plans may be
substituted. These substitutions will be allowed during the
submittal phase and are subject to approval by the Engineer.

QUALITY ASSURANCE. Material and equipment shall be the standard
products of a manufacturer regularly engaged in the manufacture
of the type of pumping systems specified and that have been in
satisfactory use at least five years prior to bid opening. All
mechanical and electrical equipment shall be supplied by the pump
manufacturer and its local representative.

SYSTEM DESCRIPTION. One duplex non-clog submersible pump station
shall be installed near Route 5 on the existing “Maxfield
Property”. One duplex grinder pump station shall be installed at
the 1-91 North Rest Area and one duplex submersible grinder pump
station shall be installed at the 1-91 south Rest Area. All
pumps and equipment in the wetwell and valve vault are to be
rated for an explosion proof, Class 1, Div. 1, environment.

SUBMITTALS. In addition to the specific requirements specified
herein, Fabrication Drawings shall be submitted for approval for
the pump stations and all their components including all piping,
valves, structures, instrumentation, equipment, electrical
components, generators, etc. in accordance with Subsection
105.03.

(2) Pumps.

(@D Submit pump characteristic curves showing capacity in
GPM, NPSH, head, efficiency and pumping horsepower
from 0 GPM to 110 percent of design capacity

) Submit certified factory performance test data on
each pumping unit. Pumps shall be tested by the
manufacturer. Tests shall be in accordance with the
standards of the Hydraulic |Institute and shall
include head, capacity, brake horsepower and pump
efficiency. Upon completion of the tests, pump
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curves shall be prepared and certified by a
Registered Professional Engineer. All test data and
the certified curves shall be submitted to the
ENGINEER for review and acceptance. Pumps shall not
be shipped prior to review and acceptance of the
factory tests by the ENGINEER.

(€)) The CONTRACTOR shall furnish the ENGINEER with a
written certification signed by the manufacturer®s
representative that the pump system specified herein
has been properly installed and lubricated, is in
accurate alignment, is free from undue stress imposed
by piping or mounting bolts, and has been operated
under Tfull 1load conditions and that satisfactory
operation has been obtained. Written report shall
include the pump®s suction and discharge pressures
and pump rate. Actual measured full load motor amp
readings shall be included also.

(€)) The Contractor shall submit Operation and Maintenance
Manuals for each pump. The 1instructions shall
include a complete parts list and shall include all
appurtenances and controls furnished with the pumps.

Valve Vaults. Submit Fabrication Drawings showing details
of construction, pipe penetrations, piping arrangement
drawings, reinforcing, joints, embedded appurtenances and
method of sealing pipe penetrations.

Pump Station Structures. Fabrication Drawings shall
include details of construction, reinforcing, lifting
devices, joint details, access openings and doors, pipe
penetrations and process equipment; design calculations;
and, lifting and buoyancy analyses. Shop Drawings and
design calculations shall be stamped by a professional
structural engineer, registered in the same state as the
Project.

Odor Control Chemical Feed System.

(€D The manufacturer shall submit complete Fabrication
Drawings and engineering data to the Owner or

Engineer. These submittals shall include, at a
minimum:
a. Drawings showing plan and elevation views of

the feed system.

b. Control system layout drawing.

C. Control systems electrical diagram.

d. Manufacture’s catalogue information on major
system components including, but not limited
to:

1. Chemical Feed Pumps.
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2. Bioxide® Feed Controls.
3. Liquid Storage Tanks.

e. Statement of design conditions and performance
guarantee.

L Statement of warranty.

) The manufacturer shall submit complete Operation and
Maintenance manuals to the Owner. These manuals shall
include at a minimum:

a. Information in hazards associated with the
system and the appropriate safety precautions.

b. Material Safety Data Sheet- Bioxide®.

C. Equipment installation instructions.

d. Equipment startup instructions.

e. Equipment maintenance procedures.

. Troubleshooting guide.

g- Individual operation and maintenance

information on major system components,
including but not limited to:

1. Chemical Feed Pumps.
2. Bioxide® Feed Controls.
3. Liquid Storage Tanks.

A3 Following installation of the pump stations, submit Record
Drawings of actual pump station and valve pit layouts
identifying equipment model numbers and layout with actual
dimensions.

WARRANTY. The manufacturer of the equipment furnished under this
Section shall be responsible for the proper operation of the
system when installed according to his instructions. Warranties
shall be provided by the manufacturers and shall warrant the
units being supplied to the Owner against defects in workmanship
and materials for a period of five (5) years prorated under

normal use, operation and service. The warranty period of the
Chemical Feed System differs from these terms and shall be
provided per the terms specified iIn that Subsection. The

warranty shall be in printed form and apply to all similar units.
A copy of the warranty statement shall be submitted with the
approval drawings.

SPARE PARTS. The manufacturer shall furnish one set of any
special tools necessary for normal operation, maintenance and
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calibration. Provide all manufacturers” recommended spare parts
for each unit, as well as any spare parts identified in these
specifications. As a minimum, a spare O-Ring Kit package shall
be supplied with each pump station.

SAFETY EQUIPMENT. Provide one DBI Sala Davit Arm (# 8000055),
one Salalift Winch (#8101002) and a Sealed SRL (#3403401) for
confined space entry. DBl Sala stainless steel Mounting Bases
(#8002040) shall be provided and installed at each pump station
and valve vault for utilizing the davit arm.

MANUFACTURER”S REPRESENTATIVE. The manufacturer of all the pump
station equipment shall provide the services of a factory trained
representative to perform the following services:

() Installation Inspection. The manufacturer shall provide
the services of a qualified representative to check the
installation of each unit and associated equipment prior to
placing it into service. After completion of the
inspection, the manufacturer shall certify iIn writing that
the installation is proper and that the equipment is ready
to start, or make changes and adjustments that may be
necessary to ready the equipment for start-up.

(b) Start-up. Following certification that the equipment has
been properly installed and is ready to start-up, the
manufacturer shall supply the services of a representative
to start the equipment and ensure its proper operation.

(©) Operator Training. A minimum of four (4) hours per station
of on-site training shall be provide to the OWNER’S
personnel in the operation and maintenance of the
equipment.

(@ Performance Testing as specified herein.

(e) The manufacturer®s service engineer shall field adjust all
pumps and equipment as required to place them in trouble-
free operation. This service shall be performed at the
request of the Engineer at the time or prior to start-up.

PUMPS AND APPURTENANCES.

() Acceptable Manufacturers.

(€D Specifications. Route 5/Maxfield Pump Station: Based
on pumps by ITT Flygt or approved equal. 1-91 Rest
Area pumps are based on Hydromatic or approved equal.

(@)) Substitutions. Products of equal or better quality,
detail, function, and performance may be proposed for
substitution.
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(b) Pump Assembly.

(@D Model and Pump Schedule.

Pump GPM

: Make and Motor Pump —— -
Station Qty. Vodel HP Speed T%H Efficiency Voltage
100
Maxfield gpm
Station — - 95~ —
TDH
25
_ Hydromatic gpm
Nortras 2 HGPH/H/X- 3 HP 3220 "o 65k (min) 232—@\”
—_— 300 o 57 —
TDH
25
1-91 Hydromatic 3450 9PM ) 230 V,
Southbound 2 HPG-A 2 HP rpm 1%, 65% (min) 19
TDH
) Maxfield Pump Station.
a. Pump Requirements. The pump shall be non-clog
and capable of operating completely submerged
in wastewater. Each pump shall be equipped

with a submersible electric motor connected for
operation on electrical service as specified in
table above with 35 feet of submersible cable
(SUBCAB) suitable for submersible pump
applications. The power cable shall be sized
according to NEC and ICEA standards and also
meet with P-MSHA approval.

Major pump components shall be of gray cast
iron, ASTM A-48, Class 35B or Class 30, with
smooth surfaces devoid of blow holes or other

irregularities. All exposed nuts or bolts
shall be AlSI type 304 stainless steel
construction. All metal surfaces coming into

contact with pumped liquid, other than
stainless steel or brass, shall be protected by
a factory applied spray coating of acrylic
dispersion zinc phosphate primer with a
polyester resin paint finish.

Sealing design shall incorporate metal-to-metal
contact between machined surfaces. Critical
mating surfaces where watertight sealing 1is
required shall be machined and fitted with
Nitrile rubber O-rings. Fittings will be the
result of controlled compression of rubber O-
rings in two planes and O-ring contact on four
sides without the requirement of a specific
torque limit.
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Motors shall be sufficiently cooled by the
surrounding environment or pumped media. A
water cooling jacket shall not be required.

The cable entry seal shall preclude specific
torque requirements to ensure a watertight and
submersible seal. The cable entry shall
consist of a single cylindrical elastomer
grommet, flanked by washers, all having a close
tolerance fit against the cable outside
diameter and the entry inside diameter and
compressed by the body containing a strain
relief function, separate from the function of
sealing the cable. The assembly shall provide
ease of changing the cable when necessary using
the same entry seal. The cable entry junction
chamber and motor shall be separated by a
stator lead sealing gland or terminal board,
which shall isolate the interior from foreign
material gaining access through the pump top.

The pump shaft shall rotate on two bearings.
Motor bearings shall be permanently grease
lubricated. The upper bearing shall be a
single deep groove ball bearing. The lower
bearing shall be a two-row angular contact
bearing to compensate for axial and radial
forces.

Each pump shall be provided with a tandem
mechanical shaft seal system consisting of two
totally independent seal assemblies. The seals
shall operate in a lubricant reservoir that
hydrodynamically Jlubricates the lapped seal
faces at a constant rate. The Hlower, primary
seal unit, located between the pump and the
lubricant chamber, shall contain one stationary
and one positively driven rotating tungsten
carbide ring. The upper, secondary seal unit,
located between the lubricant chamber and the
motor housing, shall contain one stationary
tungsten-carbide seal ring and one positively
driven rotating tungsten-carbide seal ring.
Each seal interface shall be held in contact by
its own spring system. The seals shall
required neither maintenance nor adjustment nor
depend on direction of rotation for sealing.

Each pump shall be provided with a lubricant
chamber for the shaft sealing system. The
lubricant chamber shall be designed to prevent
overfilling and to provide lubricant expansion
capacity. The drain and inspection plug, with
positive anti-leak seal, shall be easily
accessible from the outside. The seal system
shall not rely upon the pumped media for
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lubrication. The motor shall be able to
operate dry without damage while pumping under
load.

Pump and motor shaft shall be the same unit.
The pump shaft is an extension of the motor
shaft. Couplings shall not be acceptable. The
pump shaft shall rotate on two permanently
lubricated ball bearings.

The 1impeller(s) shall be of gray cast iron,
Class 35B, dynamically balanced, semi-open,
multi-vane, back-swept, non-clog design. The
impeller vane leading edges shall be
mechanically self-cleaned upon each rotation as
they pass across a spiral groove located on the
volute suction which shall keep them clear of
debris, maintaining an unobstructed leading
edge. The impeller(s) vanes shall have screw-
shaped leading edges that are hardened to Rc45
and shall be capable of handling solids,
fibrous materials, heavy sludge and other
matter found in waste water. The screw shape
of the impeller inlet shall provide an inducing
effect for the handling of sludge and rag-laden

wastewater. Impellers shall be locked to the
shaft and shall be coated with alkyd resin
primer.

A wear ring system shall be used to provide
efficient sealing between the volute and
suction inlet of the impeller. Each pump shall
be equipped with nitrile rubber-coated steel
ring insert that is drive-fitted to the volute
inlet.

Pump volute(s) shall be single-piece gray cast
iron, Class 35B, non-concentric design with
smooth passages large enough to pass any solids
that may enter the impeller.

Discharge diameter shall be 3-inches.

Motor Requirements. The pump motor shall be
induction type with a squirrel cage rotor,
shell type design, housed iIn an air Tfilled,
watertight chamber, NEMA B type. The stator
motor windings and stator Jleads shall be
insulated with moisture-resistant Class H
insulation rated for 180° C. (66 °F.). The
stator shall be dipped and baked three times in
Class H varnish and shall be heat-shrink fitted
into the stator housing. The use of bolts,
pins or other fastening devices requiring
penetration of the stator housing is not
acceptable. The motor shall be designed for
continuous duty handling pumped media of 40° C.
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(104 °F.) and capable of up to 15 evenly spaced
starts per hour. The rotor bars and short
circuit rings shall be made of cast aluminum.
Thermal switches shall be embedded in the
stator lead coils to monitor the temperature of
each phase winding. These thermal switches
shall be used in conjunction with and
supplemental to external motor overload
protection and shall be connected to the
control panel. The junction chamber containing
the thermal board shall be hermetically sealed
from the motor by an elastomer O-ring seal.

Connection between the cable conductors and
stator leads shall be made with threaded
compression type binding posts permanently
affixed to a terminal board.

The combined service factor (combined effect of
voltage, frequency and specific gravity) shall
be a minimum of 1.15. The motor shall have a
voltage tolerance of plus or minus 10%. The
motor shall be designed for operation up to 40
°C. (104°F.) ambient and with a temperature
rise not to exceed 176 degrees F. (80 °C.).

The power cable shall be sized according to the
NEC and ICEA standards and shall be of
sufficient length to each junction box without
the need of any splices. The outer jacket of
the cable shall be oil resistant chloroprene
rubber. The motor and cable shall be capable of
continuous submergence underwater without loss
of watertight integrity to a depth of 65 feet.
The junction box shall be located above grade.

All stators shall incorporate thermal switches
in series to monitor the temperature of each
phase winding. At 125 degrees C. (260 °F.) The
thermal switches shall open, stop the motor and
activate an alarm.

A leakage sensor shall be provided to detect
water in the stator chamber. The Float Leakage
Sensor (FLS) is a small float switch used to
detect the presence of water iIn the stator
chamber. When activated, the FLS will stop the
motor and send an alarm both local and remote.

The thermal switches and FLS shall be connected
to a Mini CAS (Control and Status) monitoring
unit. The Mini CAS shall be designed to be
mounted in any control panel.

Lifting eyes shall be provided on the motor
housing and shall be suitable for lifting the
entire motor - pump assembly.
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Pump motor cable shall be heavy duty type
suitable for submersible pump applications.

Lift-Out Rail System.

The rail system shall provide for easy removal
of the pump and motor assembly for iInspection
and service. The system shall not require a
man to enter the wet well to remove the pump
and motor assembly. Two (2) rails of stainless
steel pipe shall be provided for each pump.
The guide rails shall be positioned and
supported by the pump mounting base. The
guide rails shall be aligned vertically and
supported at the top by attachment to the
access hatch frame. One (1) intermediate guide
rail support is required for each fifteen (15)
feet of guide rail length for stainless steel

pipe.

The pumps shall be equipped with sliding
brackets or rail guides. To 1insure easy
removal of the pumps, the rail guides attached
to each pump shall not encircle the rails. A
stainless steel lifting chain of adequate
length for the basin depth shall be provided
for each pump. Each pump shall be equipped
with a permanent, stainless steel, stationary
lifting handle.

The rails and the rail guides shall function to
allow the complete weight of the pumping unit
to be lifted on dead center without binding and
stressing the pump housing. The rail system
shall function to automatically align the
pumping unit to the discharge connection by a
simple downward movement of the pump. No
twisting or angle approach will be considered
acceptable.

Pump Control Panel.

1. Description. The pump controller shall
be a MultiTrode type MT2PC or equivalent.
Each controller shall monitor and control
two pumps and three alarms and be capable
of discriminating between four different
fault conditions.

The unit shall be communications ready
and all data and functions will be
accessible via its coms port and be ready
for connection to SCADA system.

The unit shall be UL Listed and labeled.
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Mounting. The unit shall have the
ability to be DIN rail mounted or panel
mounted.

The keypad shall be capable of being
remotely mounted on the front panel.

Keypad. The following keypads shall be

provided:

i. One keypad for each pump to allow
for Hand/Off/Auto operation.

ii. One keypad for each pump to allow
for the resetting of faults.

iii. One keypad shall be provided to
allow for the setting of a Tfixed
Lead pump or an alternation pump
sequence.

iv. One keypad shall be provided to
allow for the resetting of level
alarms.

V. Some of the keypads shall have a
dual purpose to allow for the
programming of the controller.

Indication. Light Emitting Diodes (LEDs)
shall be provided for the purpose of
indication.

A bar graph shall be provided to indicate
level. (red)

A separate LED shall be provided for each
of the following functions per pump:

Pump running.

(green)
Pump set to manual mode.

(green)
Pump set to the off mode (red)
Pump set to the automatic mode.

(green)
Pump available.

(green)
Fault. (red)
Critical fault. (red)
Delay fail fault. (red)
Seal fault. (red)
Program Switch set to on. (red)
Alternation selected. (red)
Three sequence LED’s shall be (red)

provided in order to determine
pump sequence.
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Two level alarm LED’s. (red)
Miscellaneous LED’s shall be (red)
provided for the purpose of

programming the unit.

Level Sensing. The unit shall accept a
10-stage multi-sensored conductive probe

The unit will monitor sensor inputs and
will indicate any irregular inputs.

The unit shall accept a 4-20mA analogue
level signal.

In the event that an analogue signal is
used for level measurement, the unit must
switch back to the multi-sensored probe
upon Tfailure of, or erratic input from,
the 4-20mA analogue level signal.

Programming. The pump activation and
deactivation points shall be selectable
from the switchboard key pad. (Entry to
the wet area will be unacceptable for the
purpose of changing levels.)

i. Pump Alternating. The unit shall
be able to lead select or
automatically alternate some or all
of the pumps. There shall be two
groups, where either can be set to
alternate or fixed lead. The groups
shall be either normal operation or
lag group on/lead off. Next pump to
start will be iIndicated.

Fail-safe Manual Override. When
manual pump operation, the unit
will automatically return the mode
from manual to auto once the normal
input-out level is reached. Ability
to temporarily override this
function will be provided.

iii. Temporary Reset of Level Alarms.
The unit shall be capable of
temporarily disabling level alarm
outputs.

iv. Maximum Pump Starts. The device
shall be capable of limiting the
number so starts per hour for each
pump to a settable level.

V. Random Duty Start Level. The start
delay for the pumps shall be
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capable of being randomly set over
a selectable range of delays.

Vi. Security. Two levels of access
will be provided to the front key
pad.

vii. Maximum Number of Pumps. Maximum
number of pumps to run

simultaneously shall be selectable.

<

Pump Disable. The unit should have
the ability to totally de-
commission the second pump by
deactivating the controls and
indication, if required.

iIX. Blocked Pumps. These should be
able to be monitored by the bit
and, i1f necessary lock ineffective
pumps out it blockage does not
clear after a pre-selected number
of tries.

X. Auto Level Adjustment. Should
station starts per hour exceed a
selectable number, then the duty
level shall automatically increase.
A maximum level (selectable) will
not be exceeded. Time delays will
prevent two pumps from operating
together unnecessarily.

Xi. Peak Management. The unit shall be
able to store two independent sets
of level set points fTor all pump
and alarms, which can be selected
via a simple, digital, input
enclosure.

Time Delays. Time delays for pump and
alarm activation and deactivation should
be available. These time delays will be
selectable from the front key pad for the
activation and deactivation of level set
points.

i. Interpump Delay. The interpump
delay shall be provided to allow
selection of a delay to prevent any
pump changing status within a
certain period of another pump
starting or stopping (except in the
case of a fault).

ii. Maximum Pump OFFf Time. The unit
shall be capable of automatically
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turning a pump on should a
selectable maximum off time for
that pump be reached.

Maximum Pump On Time. The unit
shall be capable of turning any
pump off and force a cycle should a
selectable maximum on time be
reached.

Fault Monitoring. The unit will monitor
the following fault conditions via n/o or
n/c inputs:

i. Non-Critical. Unit will
temporarily disable pump and
indicate.

ii. Critical. Unit will permanently

lock out pump until manually reset.

iii. Seal. Adjustable seal detection
shall be provided to either
indicate or lock pump out on
detection of seal failure.

iv. Delay Fail. The unit will provide
a delay fail input, settable up to
160 seconds to enable the pumps to
operate before monitoring of this
input occurs. This TfTault shall
either lock the pump out or
temporarily disable it. This input
may be used for flow detection.

V. Where Flygt pumps are used, the
unit will be able to monitor
Flygt’s seal and thermal inputs and
carry out appropriate functions and

displays.

Vvi. The unit shall be capable of
temporarily disabling Hlevel alarm
outputs.

Communication. RS232 and RS422/RS485

communication links will be provided for
down-loading all 1logged data, and for
telemetry.

All settings, parameters and controls
will be fully accessible via the
communication port or front key pad.
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The units will be capable of being
networked on an RS485 twisted pair link
in such a manner that:

i. A number of groups of units and/or
pump controller on different
pits/tanks can be controlled and
monitored fully.

These units will be capable of
interfacing to a telemetry system
using a single two-way radio and/or
modem.

Miscellaneous.

i. Power Supply. The unit shall be
powered by 110VAC, 1030V DC or both
simultaneously where redundancy is
required.

DC Supply. In this mode, the unit
should monitor mains supply using
an external relay, so that safety
delays are maintained during power

restoration.

iii. Transient Protection. The unit
shall have inbuilt transient
protection.

iv. Removable Terminals. The
controller will have plug-in

terminals to simplify exchange.

V. Intrinsically Safe. The unit
should be able to be easily
upgraded to 1.S., 1if required 1in
the future.

Vi . Fail-safe Manual Override. When
manual pump operation, the unit
will automatically return the mode
from manual to auto once the normal
pump cut-out level is reached.
Ability to temporarily override
this function will be provided.

vii. Pulse Pump On. The unit will be
able to prematurely activate the
next pump to start via a simple,
digital, pulsed input.

vili. Multi-pump (2 to 9 Pumps). The
unit will be able to be expanded to
control 2-9 pumps by connecting
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e.

Level

another of the same unit using the
RS485 communications port.

iX. Commissioning. On commissioning,
the water level should be capable
of being simulated on the key pad
in order that correct functioning
of the system can be determined.

Sensing Probes.

Description. The probe shall be
constructed from a PVC 1.25 inch tubing
with molded sensor units at vregular
intervals along the probe. Each sensor
unit will be PVC injected to prohibit
ingress of moisture, and the sensor
material will be Avesta SM0254 stainless
steel.

Single sensor probes shall be provided
for backup high and low level alarms.

Mounting. The probe shall be mounted in
a turbulent area of the wet well,
suspended on its own cable and connected
to a .23 inch stainless steel hook which
shall be hooked to a 1.18 inch stainless
steel angle containing a polyurethane
squeegee pad positioned in the opening
into the wet well, so that the probe can
be removed without entering the wet well.
The squeegee shall have a 1.18 inch hole
and slot, enabling the probe to be pulled
through and cleaned.

This installation shall be done in
accordance with the manufacturer’s
installation instructions.

The probe shall be covered by the
manufacturer’s two-year warranty.

Probe and Sensors. 10 sensors will be
spaced along the length of the probe
assembly, and each will be individually
connected to a correspondingly numbered
PVC/PVC .03 inch flexible cable.

The molded sensor unit will contain two
Avesta sensors mounted on opposing sides
of sensor unit. Each Avesta sensor will
be .94 inches high and no wider than .08
inches, and will protrude from the
surface of the PVC.
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The probe shall be pressure injected with
an epoxy resin to encapsulate all
internal components and connections to
form a rigid, homogenous unit.

Each sensor unit containing the two
Avesta sensors will be rotated 90 degrees
to the previous sensor unit to eliminate
tracking between sensors.

4. Cable. The cable will be numbered
(number and text) along the entirety of
the cable and at intervals not greater
than 7.5 inches for identification. This
cable will be dark blue in color, with
the cores light blue.

The flexible cables shall be capable of
supporting the weight of the probe and
cable, without the need for additional
support.

The cable shall be secured to the top of
the probe by a synthetic rubber
compression fitting.

Check Valves. Check valves shall be swing
type. The valve body and cover shall be cast
iron. The disc arm and chamber level shall be
of heavy steel construction and keyed to the
hinge shaft. The hinge shaft shall be of 18-8
stainless steel and of adequate diameter to
withstand a complete hydraulic unbalance
pressure of 125 psi on the valve disc. A
single cushioning device mounted on the
external side of the valve shall control the
valve closure by way of the interchange of oil
to and from an oil reservoir. The use of air
or gas pressurized oil reservoir shall not be
permitted. The oil plunger assembly shall be
rigidly attached to the valve body by shoulder
bolts or dowel pins to prevent fretting.

On the start up of the pump, the check valve
disc shall open in response to the flow and
then afford minimum resistance to the Tflow.
Upon the pump shut down, the valve’s
counterweight shall initiate the valve closure
at an unrestricted rate until the valve’s disc
reaches the preselected point of closure. The
point at which the adjustable closing speed
occurs may be modified in the field. The
closing speed shall also be adjustable in the
field and shall be by way of a micrometer type
needle valve. The valve when closed shall be
tight seating by way of a resilient replaceable
seat against a bronze seat ring in the body.
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Swing check valve shall be Controlled Closing
Swing Check Valve Fig. 25-DXH by Golden-
Anderson, or approved equal.

Plug Valves. Shall be of the nonlubricated,
eccentric, nut operator type and shall be for a
working pressure of 175 psi. Valves shall have
round ports with diameters that are a minimum
82% of the valve line size. Valve bodies shall
meet ASTM Al126, Class B requirements.
Resilient plug facing shall be BUNA-N. Flanges
shall be 125-1b standard. Plug valves shall be
furnished with a sprayed epoxy overlay of 5-mil
minimum thickness for all surfaces contacting
the plug face. Bearings shall be replaceable
316 SS for upper and lower journals. Shaft
seals shall be BUNA-N replaceable without
removing valve shaft bonnet. Plug valves shall
be DezZurik Eccentric Plug Valves (PEC) or
approved equal.

Ductile Iron Pipe & Fittings. Conform to ANSI
Specification A21.51 (AWWA C151 and AWWA C115).
Pipe and fFittings shall be cement lined and
seal coated inside and out in accordance with
A21_.4/AWWA C104.

Flanged pipe with threaded flanges shall
conform to ANSI A21.15 (AWWA C115).

1. Flanges shall be ductile iron and conform
to ANSI B16.1 Class 125.

2. Bolts shall conform to ANSI B18.2.1.
3. Nuts shall conform to ANSI B18.2.2.
4. Bolts and nuts shall conform to ASTM A307

Grade B Low carbon steel.

Fittings shall conform to ANSl Specification
A21.10, (AWWA C110 or ANSI B16.1) 250-pound
working pressure for gray iron and ductile iron
fittings.

Flanges shall conform to ANSI B16.1.

All interior pipe and fittings which are to be
painted shall have no outside coating of coal
tar pitch varnish. Machined surfaces shall be
cleaned and coated with a suitable rust
preventive coating at the shop immediately
after being machined. All interior pipe and
fittings shall be prime coated at the shop.

Explosion Proof Ventilation Blower. % HP, 1725
rpm, 1200 cfm ventilation blower with
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weatherproof housing and support frame shall be
provided. Blower shall be connected to control
panel. Coordinate with owner for manual switch
or hatch door operation. Blower shall be by
Buffalo Forge Company or approved equal.

Finish. All iron casting shall be pretreated
with phosphate and chromic rinse and painted
with high temperature baked epoxy before
machining. All machined surfaces exposed to
sewage to be repainted with high temperature
baked epoxy.

All fasteners to be 304 stainless steel.

1-91 Northbound & Southbound Pump Stations.

a.

Pump Requirements.

1. Construction. Each pump shall be of the
sealed submersible grinder type. The pump
volute, motor and seal housing shall be
high quality gray cast 1iron, ASTMA-48,
Class 30. All external mating parts shall
be machined and Buna-N Rubber O-ring
sealed on a beveled edge. Gaskets shall
not be acceptable. All fasteners exposed
to the pumped liquid shall be 316 series
stainless steel.

2. Electrical Power/Control Cord. Electric
power/control cord shall be SOW/SOW-A
water resistant 600 V, 60 degrees C, U.L.
and C.S.A. approved. The single cord
shall 1incorporate both power and sensor
leads and shall be a minimum of seven (7)
12 gage conductors.

The pump  shall be protected with
compression fitting and epoxy potted area
at the power cord entry to the pump. A
separation between the junction box areas
of the pump and the motor by a stator
lead sealing gland or terminal board
shall not be acceptable.

The power cable entry into the cord cap
assembly shall Ffirst be made with a
compression Ffitting. Each individual
lead shall be stripped down to bare wire,
at staggered intervals, and each strand
shall be individually separated. This
area of the cord cap shall then be filled
with an epoxy compound potting which will
prevent water contamination to gain entry
even in the event of wicking or capillary
attraction.
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The power cord Jleads shall then be
connected to the motor leads with extra
heavy connectors having copper inserts
with a crimped wire to wire connection,
rather than a terminal board that allows
for possible leaks.

The cord cap assembly shall be sealed
with a Buna N Rubber O-ring on a beveled
edge to assure proper sealing.

Motor . The stator, rotor and bearings
shall be mounted in a sealed submersible
type housing. The stator windings shall
have Class F insulation, (155°C. or
311°F.), and a dielectric oil Tfilled
motor, NEMA B design (3 phase), NEMA L
design (single phase). Because air-filled
motors do not dissipate heat as
efficiently as oil-filled motors, they
shall not be acceptable.

The pump and motor shall be specifically
designed so that they may be operated
partially dry or completely submerged in
the liquid being pumped. The pump shall
not require cooling water  jackets.
Dependence upon, or use of, water jackets
for supplemental cooling shall not be
acceptable.

Stators shall be securely held in place
with a removable end ring and threaded
fasteners so they may be easily removed
in the field without the use of heat or a
press. Stators held by a heat shrink fit
shall not be acceptable. Stators must be
capable of being repaired or rewound by a
local motor service station. Units which
require service only by the factory shall
not be acceptable. No special tools shall
be required for pump and motor
disassembly.

Pump shall be equipped with heat sensors.
The heat sensor(s) (one on single phase,
two on three phase) shall be a Ilow
resistance, bi-metal disc that is
temperature sensitive. It (they) shall be
mounted directly in the stator and sized
to open at 120°C or 130°C and
automatically reset at 30-35°C
differential. The sensor shall be
connected in series with the motor
starter coil so that the starter is
tripped if a heat sensor opens. The motor
starter shall be equipped with overload



10/2/2012

heaters so all normal overloads are
protected by external heater block.

Bearing and Shaft. An upper single row
ball radial bearing and a lower single
row ball thrust bearing shall be
provided. Bearings shall be permanently
lubricated by the dielectric oil which
fills the motor housing.

The shaft shall be machined from solid
400 series stainless steel and be
designed with large diameters and minimum
overhang to reduce shaft deflection and
prolong bearing and seal life.

Seals and Sensors. The rotor and stator
in the motor housing shall be separated
and protected from the pumped liquid by
an oil filled seal housing incorporating
two type 21 carbon ceramic mechanical
seals mounted iIn tandem. The seal housing
shall be equipped with a moisture sensing
probe installed between the seals, and
the sensing of moisture 1iIn the seal
chamber shall be automatic, continuous,
and not require the pump be stopped or
removed from the wet well.

Impeller. The impeller shall be designed
for rough duty service and shall be of a
five vane, semi-open design with
hydrodynamic sealing vanes on the rear
shroud. The impeller shall be constructed
of engineered thermo plastic, with a
permanently molded, hexagonally locked
bronze insert. The impeller shall be of a
non-overloading design and be factory or
field trimmable to meet specific
performance conditions. Wear or field
trimming shall not deter the factory
balance.

Grinder Cutters. The combination
centrifugal pump impeller and grinder
unit shall be attached to the common
motor and pump shaft made of 416
stainless steel. The grinder unit shall
be on the suction side of the pump
impeller and discharge directly into the
impeller inlet leaving no exposed shaft
to permit packing of ground solids. The
grinder shall consist of two stages. The
cutting action of the second stage shall
be perpendicular to the plane of the
first cut for better control of the
particle size. The grinder shall be
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capable of grinding all materials found
in normal domestic sewage, including
plastics, rubber, sanitary napkins,
disposable diapers, and wooden articles
into a finely ground slurry with particle
dimensions no greater than X4 inch. Both
stationary and rotating cutters shall be
made of 440C stainless steel hardened to
Rockwell 60C and ground to close
tolerance.

The upper (axial) cutter and stationary
cutter ring shall be reversible to
provide new cutting edges to double life.
The stationary cutter ring shall Dbe
pressed into the suction opening of the
volute and held in place by three (3) 300
series stainless steel screws. The lower
(radial) cutter shall macerate the solids
against the 1.D. of the cutter ring and
extrude them through the slots of the
cutter ring. The upper (axial) cutter
shall cut off the extrusions, as they
emerge from the slots of the cutter ring
to eliminate any roping effect which may
occur in single stage cutting action. The
upper (axial) cutter shall fit over the
hub of the impeller and the Jlower
(radial) cutter shall be slip fit and
secured by means of peg and hole and
rotate simultaneously with the rotation
of the shaft and impeller. The grinding
mechanism shall be locked to the shaft by
a 300 series stainless steel countersunk
washer 1In conjunction with a 300 series
stainless steel flat head cap screw
threaded into the end of the shaft.

Painting. The pump shall be painted
after assembly, and testing, with a water
reducible air dry enamel. The paint

shall be applied in one coat covering all
exterior surfaces.

Testing. Commercial testing shall be

required and include the following:

i. The pump shall be visually
inspected to confirm that it is
built in accordance with the
specification as to HP, voltage,
phase and hertz.
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ii. The motor and seal housing
chambers shall be hi-potted to test
for moisture content and/or

insulation defects.

iii. Pump shall be allowed to run dry to
check for proper rotation.

iv. Discharge piping shall be attached;
the pump submerged iIn water and amp
readings taken in each leg to check
for an imbalanced stator winding.
If there is a significant
difference iIn readings, the stator
windings shall be checked with a
bridge to determine if an
unbalanced resistance exists. |If
so, the stator will be replaced.

Guide Rail. Guide rail shall be mounted in the
basin on a stainless steel riser support which
is to be securely mounted to the basin side
wall. Guide rail shall allow the pump, to be
lifted in and out of the station without any of
the discharge piping being disturbed.

Valves. All valves smaller than 3” and located
on PVC piping shall be SCH 80 check or ball
valves by Hayward Industries or approved equal.

Finish. All iron casting shall be pretreated
with phosphate and chromic rinse and painted
with high temperature baked epoxy before
machining. All machined surfaces exposed to
sewage to be repainted with high temperature
baked epoxy.

All fasteners to be 304 stainless steel.

Pump Control Panel. The control panel shall be
built in a NEMA 4X stainless steel enclosure
and shall be suitable for the specified
horsepower and voltage for the pumping
equipment. The outer door of the panel shall
be hinged dead front with provisions for
locking with a padlock. The unit shall be UL
Listed and labeled.
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A circuit breaker and magnetic starter with 3
leg overload protection (2 leg overload
protection on single phase applications) and
manual reset shall be provided for each pump.
Pump starters shall be NEMA size 1 minimum. A
separate switch and fused protection shall be
supplied for power to the control circuit. The
control panel shall include a control voltage
transformer to vreduce supply voltage to a
suitable control voltage such as 115 volt, 1
phase. A terminal strip shall be provided to
make field connections of pump power leads,
float switches, seal sensor leads, heat sensor
leads and remote monitor panel
interconnections. A 3-pole circuit breaker for
each pump shall be mounted with the operating
handles through the 1inner door, provision to
padlock in "off" position and shall have a lock
arrangement that prevents the door from being
opened when the breakers are iIn the 'on"
position. When breakers are ™"off", all power
shall be disconnected from the control
elements.

The control panel shall incorporate connections
for heat sensors which are installed in the
pumps. The connection shall disconnect the
starter upon high temperature signal and will
automatically reconnect when condition has
corrected. The control panel shall contain the
pump controller, as specified herein. The pump
controller shall include a 6 digit LED display,
indicator lights to show information being
displayed, setting, pumps running, high water
alarm, and low water alarm. There should be
buttons to set and change settings, H-0-A
switches, and output and level simulator
controls.

The control panel shall incorporate connections
for seal failure sensors which are installed in
the pumps. The panel will have a seal failure
alarm light for each pump. This alarm
indicates failure of the lower mechanical seal
in the pump. This will be an alarm light only
and will not shut down the pump.

The control panel shall include a condensate
heater to protect against condensation inside
the enclosure. The heater shall be placed so
as not to damage any other component or wiring
in the control panel.

The control panel shall include [lightning
protection and a phase monitor relay to shut
down the control circuit and protect the
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equipment due to loss of phase or phase
reversal.

The control panel shall include a GFI
convenience outlet Ilocated iIn the enclosure
with 10 AMP breaker and suitable transformer or
power supply to provide 110 volt single ()
phase power to the convenience outlet.

A minimum 4" PVC schedule 40 wall conduit shall
be provided from the wet well basin to the
control panel which will allow the pump power
cables, sensor cables and float switch cables
to be pulled through without difficulty from a
junction box located above ground between the
top of the concrete pump station slab and the
control panel. Junction box configuration
shall allow the operator to disconnect the
cables easily before removing the pumps. Each
pump shall have 1its own junction box. The
conduits shall be sealed at the control center
to avoid entrance of sewer gases into the
control panel.

The control panel and associated components
shall be wall mounted or mounted on a non-
maintenance type pedestal or mounting stand
constructed of aluminum The control panel shall
be located so as to provide safe access to the
panel while wet well hatch doors are opened,
and shall be positioned so as not to be between
the access drive and the wet well.

In order to maintain unit responsibility and
warranty on the pumping equipment and control
panel, the control panel must be accepted 1in
writing by the pump manufacturer as suitable
for operation with the pumping equipment.

Include cover filter and exhaust fans as
required to provide ventilation of excess heat
from control panel.

Level Controls. Pump on and off levels shall
be controlled by an intrinsically safe float
ball system. Floats to be non-mercury type and
adjustable for level setting from the surface.

All controls shall be mounted on a lift-out
pipe so that they can be cleaned or replaced
without disturbing pump or piping.

Floats shall be suspended at the proper depths
to control the pumps "Off'", lead '"On", and lag
"On-Alarm.™
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Installation. Pumping equipment and appurtenances shall be
installed in the position indicated and in accordance with
the manufacturer®s instructions. All appurtenances
required for a complete and operating pumping system shall
be provided, including such items as piping, conduit,
valves, wall sleeves, wall pipes, concrete Tfoundations,
anchors, grouting, pumps, drivers, power supply and
controls.

Painting. Pumps and motors shall be thoroughly cleaned,
primed, and given two finish coats of paint at the factory
in accordance with the recommendations of the manufacturer.

Field Testing And Adjusting Equipment. Prior to
acceptance, an operational test of all pumps, drivers, and
control systems shall be performed in the presence of the
ENGINEER to determine if the installed equipment meets the
purpose and intent of the specifications. Tests shall
demonstrate that the equipment 1is not electrically,
mechanically, structurally, or otherwise defective; is in
safe and satisfactory operating condition; and conforms to
the specified operating characteristics. Tests shall
include checks for excessive vibration, leaks in all piping
and seals, correct operation of control system and
equipment, proper alignment, excessive noise levels, and
power consumption. Supply all oil, grease, electric power,
water or wastewater and all other material necessary to
complete the field tests.

If any deficiencies are revealed during any test, such
deficiencies shall be corrected or pumps shall be removed
and replaced with pumps which satisfy the conditions
specified. A 24-hour operating period of the pumps will be
required before acceptance.

Quality Control. The CONTRACTOR shall establish and
maintain quality control to assure compliance with contract
requirements and shall maintain records of his quality
control for all materials, equipment and construction
operations, including but not limited to the following:

(@D Testing and installation.

@) Training of staff.

A Electrical installation.

(€)) Accepted shop drawings:

5) Operational tests. A copy of these records and
CONTRACTOR”S tests, as well as the records of

corrective action taken shall be furnished to the
OWNER.

PUMP STATION AND VALVE VAULT STRUCTURES.

@

Quality Assurance.
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(€D Design Criteria.

a. Design of manhole structure and components
shall conform to ASTM C478.

b. Manhole sections shall be capable of
withstanding  AASHTO H-20 loading without
failure or leakage.

C. Manhole base shall be a minimum of 8" thick and
walls shall be a minimum of 5" thick.

d. Concrete shall have a minimum compressive
strength of 4000 psi at 28 days.

2 The quality of all materials, the process of
manufacture and the Tfinished sections shall be

subject to inspection by the ENGINEER. Such
inspection may be made at the place of manufacture,
and/or on the work site after delivery. Sections

shall be subject to rejection due to failure to meet
any of the specification requirements, even though
sample sections may have been accepted as
satisfactory at the place of manufacture. Sections
rejected after delivery to the site shall be marked
for identification and shall be removed from the site
at once. All sections which have been damaged after
delivery will be rejected, or if already installed,
shall be repaired or removed and replaced entirely at
the CONTRACTOR"S expense as directed by the ENGINEER.

A3) All sections shall be inspected for (general
appearance, dimensions, soundness, etc. The surface
shall be dense, close-textured and free of blisters,
cracks, roughness and exposed reinforcement.

@) Imperfections may be repaired, subject to acceptance
by the ENGINEER, after demonstration by the
manufacturer that strong and permanent repairs
result. Repairs shall be carefully inspected before
final acceptance. Concrete grout shall be used for
repairs. Epoxy grout may be used for repairs, subject
to acceptance by the ENGINEER.

Source Quality Control. Test concrete in accordance with
ASTM C478.

Retain plant records and quality control program used
during production of precast concrete manholes and make
such records and test results available to ENGINEER if
requested.

All precast concrete manhole sections shall have the date
of manufacture and name or trademark of the manufacturer
indelibly marked on the inside of the wall.
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Delivery, Storage And Handling. Precast manhole sections
shall not be shipped until the concrete has attained a
compressive strength of 3000 psi or until 5 days after
fabrication and/or repair, whichever time is longer.

Conform to manufacturer®™s instructions for delivery and
handling.

Protect edges of manholes to prevent chipping or spalling.

Lift and support manhole sections from lifting points using
lifting or handling devices.

Acceptable Manufacturers. Specification includes
references to designated manufacturers to illustrate
minimum acceptable requirements for products.

Materials. Concrete shall be ASTM C478, Portland Cement
Type 11.

Precast Manhole Sections. A reinforced concrete slab cover
shall be used having an eccentric entrance opening and
capable of supporting AASHTO H-20 loads.

The base section shall be monolithic to a point at least 6"
above the openings cast to receive the sewer lines. All
openings shall be a minimum of 6" from any joint.

Manhole Joints And Pipe Seals. Horizontal joints between
precast manhole sections shall be tongue and groove and
shall have a mastic-like sealant such as Ram-Nek, Kent Seal
No. 2 or a butyl rubber joint gasket (0O-ring) conforming to
ASTM C443. All horizontal joints shall be watertight in
accordance with the  testing requirements of  this
Subsection.

Pipe to manhole joints shall be an embedded flexible rubber
boot, flexible seal gasket system, or as shown on the
drawings. Flexible seal gasket shall be PSX: Positive Seal
as manufactured by Press-Seal Gasket Corp., Fort Wayne,
Indiana or approved equal. Nonshrink mortar or grout is
not acceptable. Pipe to manhole connections and joints
shall be watertight in accordance with the testing
requirements of this section.

Waterproofing. All manholes shall be waterproofed, at the
factory, with two seal coats applied to the exterior of the
manhole in accordance with the seal coating manufacturer-s
recommendations. Waterproofing shall be masonry seal MSP-1
waterproofing material as made by the Masonry Seal
Corporation, 7500 West Ridge Road, Elyria, Ohio, or H.B.
Tnemecol 46-465 as made by TNEMEC.

Exterior of all joints shall be coated with waterproofing
after setting.

Mortar.
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(€D Masonry Cement: ASTM C91.

) Mortar for Unit Masonry: ASTM C270, Type S.

(€)) Premixed Materials: ASTM C387.

Miscellaneous Components. Manhole rungs shall be steel

reinforced copolymer, polypropylene plastic installed at
the place of manufacture.

(@D Manhole rungs shall comply with all dimensional and
structural requirements of OSHA (most recent
publication).

a. Setting: 12" center to center vertical
distance, unless otherwise 1indicated on the
drawings.

b. Integral foot stops and nonslip treads.

C. Live Load: 300 1Ib. point 1load applied to
produce maximum stress.

d. Pull-out: 2500 Ib. point load applied at center
of rung.

(@) Rungs shall be level and aligned vertically.

(€)) Manhole Rung Manufacturer: M. A. Industries Inc.,
East Point, Georgia; or Improved Construction Methods
Inc., Jacksonville, Arkansas.

Manhole frames and covers shall comply with the drawings
and Subsection 715.01.

Bedding material shall consist of crushed gravel as
specified in Table 704.05A (Fine).

Concrete Grout. Concrete grout shall be premixed,
prepackaged nonshrink cement based grout such as Five Star
Grout manufactured by U.S. Grout Corporation.

Nonshrink when tested in accordance with ASTM C827.

Minimum compressive strength of 5000 psi at 28 days when
tested in accordance with ASTM C109.

Precast Concrete Grading Rings. Precast Concrete Grade
Rings shall be used to adjust the manhole frame and cover
to the required grade. At least one 4" grade ring shall be
used on each manhole to allow Tfor Tfuture adjustments.
Approved mastic type sealants and gaskets shall be used to
seal the joints between the precast grade rings, the upper
manhole riser and the manhole frame.

Installation of Manhole Bases And Sections. Precast bases
shall be placed on a layer of compacted bedding material.
The excavation shall be properly dewatered to allow placing
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of bedding material and setting the manhole base on drained
subgrade. Manhole sections and cones shall be placed using
manufacturer®s recommended procedure for sealing the
horizontal joints. Manhole sections shall be set vertical
with sections in true alignment within 1/4" maximum
tolerance.

Inlet and outlet pipes shall be connected and sealed in
accordance with the manufacturer®s recommended procedure,
and as shown on the drawings.

A leakage test shall be made as described in this
Subsection.

Upon successful completion of the leakage test all joints
shall be pointed.

The exterior waterproofing coat shall be touched up after
installation and shall be applied to the exterior of all
joints in accordance with manufacturer®s recommendations.

The inverts and the shelf shall be constructed of brick.

The frame and cover shall be placed on the top of the
manhole or some other means shall be provided to prevent
accidental/ wunauthorized entry until the CONTRACTOR 1is
ready to make final adjustment to grade.

Comply with OSHA confined entry requirements.

Mixing Mortar. Mortar shall be mixed in accordance with
ASTM C270 or the recommendations of the manufacturer.

Manhole Inverts. Flow channel(s) in the manhole base shall
be formed of 4,000 psi concrete, Type Il Portland cement.

Cut off pipes at inside face of the mahole within 2 inches
of the manhole sidewall and construct flow channel(s) to
invert of the pipe entering the manholes.

Changes in direction of the gravity main and entering
branch(es) shall be laid out in smooth curves of the
longest possible radius which is tangent to the centerlines
of adjoining pipelines.

Setting Frames and Covers. Frames shall be set with the
tops conforming accurately to the grade of the pavement or
finished ground surface or as indicated on the drawings.
Frames shall be set concentric with the top of the masonry
and in a full bed of mortar so that the space between the
top of the manhole masonry and the bottom flange of the
frame shall be completely filled and made watertight. A
thick ring of mortar extending to the outer edge of the
masonry shall be placed all around and on the top of the
bottom flange. The mortar shall be smoothly finished and
sloped to shed water away from the frame.
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Manhole covers shall be left in place in the frames on
completion of other work at the manholes.

Leakage Tests For Sewer Manholes. Leakage tests shall be

made by the CONTRACTOR and observed by the ENGINEER on each
manhole. The test shall be an exfiltration test or vacuum
test made as described below.

€))

Water Test. The test shall be conducted before
backfilling around the manholes. After the manhole
has been assembled in place, all lifting holes shall
be Ffilled with non-shrinking concrete grout. The
test shall be made prior to placing the shelf and
invert and before filling and pointing the horizontal
joints or pipe to manhole jJjoints. I¥ the ground
water table has been allowed to rise above the bottom
of the manhole, it shall be lowered for the duration
of the test. All pipes and other openings into the
manhole shall be suitably plugged and the plugs
braced to prevent blowout.

The manhole shall then be filled with water to the
top of the cone section. A period of time may be
permitted if the CONTRACTOR so wishes to allow for
absorption. At the end of this period, the manhole
shall be vrefilled to the top of the cone, if
necessary, and the measuring time of at least 6 hours
begun. At the end of the test period, the manhole
shall be refilled to the top of the cone, measuring
the volume of water added. This amount shall be
extrapolated to a 24-hour rate and the Ileakage
determined on the basis of depth. The leakage for
each manhole shall not exceed 1 gallon per vertical
foot for a 24-hour period. IT the test fails this
requirement, but the Ileakage does not exceed 3
gallons per vertical foot per day, repairs by
approved methods may be made to bring the Ileakage
within the allowable rate of 1 gallon per vertical
foot per day. Leakage due to a defective section or
joint or exceeding the 3 gallons per vertical foot
per day, shall be cause for the rejection of the
manhole. It shall be the CONTRACTOR"S responsibility
to disassemble, reconstruct or replace it as directed
by the ENGINEER at no additional cost to the OWNER.
The manhole shall then be retested and, if
satisfactory, interior joints shall be Ffilled and
pointed.

ITf the CONTRACTOR elects to backfill prior to
testing, it shall be at the CONTRACTOR®"S risk and it
shall be incumbent upon the CONTRACTOR to determine
the reason of any failure of the test. No adjustment
in the leakage allowance will be made for unknown
causes such as leaking plugs, absorption, etc., i1.e.,
it will be assumed that all loss of water during the
test is a result of leaks through the concrete. The
CONTRACTOR shall take any steps necessary to assure
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FLOOR DOORS.

Frame shall

the ENGINEER that the water table is below the bottom
of the manhole throughout the test.

Manholes within 75 of wells for individual homes and
125" of wells for two homes and 200" of wells for
three or more homes shall be watertight with no
infiltration/exfiltration.

Vacuum Test. The vacuum test may be performed on
manholes, completely constructed, with inlet and
outlet pipes iIn place. Test shall be conducted
before any backfilling begins. Any material around
the base section shall be removed to expose the
entire side of the manhole. Plug pinholes and
horizontal seams with a nonshrinking concrete grout.

Brace the inlet and outlet pipes/plugs to prevent
movement during the test. Use air inflated plugs in
good condition.

The vacuum test shall be performed using equipment
acceptable to the ENGINEER. The equipment shall be
in good operating condition. All gauges shall not
have any broken glass or other visible abnormalities.
The test shall be performed by trained personnel
familiar with the equipment and the test.

The test shall have a minimum duration of two
minutes. The vacuum shall be pumped down to 10" of
mercury on an acceptable gauge, and held. At the
time the removal of air is stopped, the test time
shall begin.

Any manhole that has a vacuum drop to 9" of mercury
or less, within the following time intervals, shall
have failed the test.

0 - 10 ft. deep: less than 2 minutes.

10 - 15 ft. deep: less than 2-1/2 minutes.
15 - 20 ft. deep: less than 3 minutes.
over 20 ft. deep: less than T.

Calculations for manholes deeper than 20 feet:
T = 0.085 [DK/Q]

Time of pressure drop in seconds.
0.000419 DL; but not less than 1.0.
0.0015 ft3/min/ft2 of area.

Nominal manhole diameter iIn inches.
Depth of manhole in feet.

roo X -
I

Floor door quantities, sizes and locations to be as

shown on the Drawings.

be 1/4-inch extruded aluminum with an anchor flange

around the perimeter. Mill finish with bituminous coating to be
applied to exterior of frame by manufacturer.
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Door leaf shall be 1/4-inch aluminum diamond plate reinforced
with aluminum stiffeners as required. The door shall open to 90E
and lock automatically in that position. Door shall be built to
withstand a live load of 150 lbs per square foot.

Stainless steel hinges shall be bolted to underside and pivot on
torsion bars that counterbalance the door for easy operation. A
vinyl grip handle shall be provided to release the door for
closing. All hardware shall be stainless steel.

A 1-1/2 1inch drainage coupling shall be provided in the right
front corner of the channel frame.

Floor doors shall be provided with recessed padlock hasp covered
by a flush hinged lid.

Install as shown on the Drawings and 1In accordance with
manufacturer®s instructions.

Apply bituminous coating on metal surfaces of units in contact
with cementitious materials.

ODOR CONTROL CHEMICAL FEED SYSTEM (MAXFIELD PS ONLY).

(@) Scope. Work under this Subsection includes a complete
Bioxide® chemical feed system for the control of hydrogen
sulfide. The system shall consist of a feed system

composed of chemical feed pumps, feed controls, liquid
storage tanks, and all piping and appurtenances required to
feed Bioxide® into the wastewater system, and one full load
of Bioxide® product to Tfacilitate start-up and system
optimization. All materials shall be provided in accordance
with these specifications.

All components of the system shall be compatible with the
conditions and chemicals to which they are subjected to
during the normal operation of the system. Compounds with
which the materials must be compatible include, but are not
limited to:

(@D) Hydrogen Sulfide
@) Bioxide® solution

(b) Process Description. The system shall provide for bulk
storage of Bioxide® and metering of the Bioxide® from the
bulk storage tank to the wastewater collection system. The
system shall contain controls as necessary to Tfacilitate
variation in feed rates over a 24-hr period. A calibration
cylinder shall be permanently installed to facilitate
calibration of feed pumps.

The Bioxide® material shall utilize the inherent ability of
the facultative bacteria normally present in wastewater to
metabolize hydrogen sulfide and other odor-causing, reduced
sulfur containing compounds. The material shall provide
nitrate-oxygen to the wastewater to support this
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biochemical mechanism. This nitrate-oxygen shall be
applied via nitrate salts. The material shall be
chemically stable, allowing continuous removal of sulfide
contributed by side streams downstream of the application
point. As a result of the biochemical process, the
material shall provide the additional benefit of
biochemical oxygen demand (BOD) reduction in the
wastewater .

This process is described and protected by United States
Patent Number Re #36,651 and Re #37,181.

The purchase of Bioxide® from Siemens Water Technologies
constitutes an implied license to practice the process of
"Removal of Dissolved Hydrogen Sulfide and Reduction of
Sewage BOD iIn Sewers and Other Waste Systems'™, as described
in United States Patent #Re. 36,651 Re #37,181.

Manufacturer. All components of the feed system shall be
provided by a single manufacturer who shall have sole-
source responsibility for the system.

The manufacturer of this equipment shall be one recognized
and established in the design, production, and operation of
chemical feed injection systems for the specific purpose of
liquid phase odor control. The manufacturer shall provide,
with the submittal data, a list of 10 systems in operation
using Bioxide® for the control of hydrogen sulfide and
other odor causing components associated with municipal
wastewater. These systems must have been in operation at
least five years. The list shall include correct names,
phone numbers, length of service and design criteria.

The manufacturer shall maintain regular production
facilities at their place of business. These facilities
shall be open for inspection by a representative of the
Owner or Engineer at any time during construction and
testing of this equipment.

The manufacturer of the feed system shall be an
Underwriters Laboratories listed manufacturer of Enclosed
Industrial Control Panels.

The system shall be provided by Siemens Water Technologies
of Sarasota, Florida.

Substitutions. Any substitutions or deviations in
equipment or arrangement from that shown on the drawings
specified herein shall be the responsibility of the

Manufacturer or Contractor. Any deviations must be
accompanied by detailed structural, mechanical, electrical
drawings and data for review by the Engineer. All costs

associated with review of the substitutions or deviations
and costs associated with project drawing changes as a
result of approval shall be borne by the Manufacturer or
Contractor. There shall be no additional costs to the
Owner due to substitutions or deviations.
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Technical Requirements. The material supplied shall
be an aqueous solution of calcium nitrate containing
a minimum of 3.5 pounds of nitrate-oxygen per gallon.

The material shall be capable of reducing the
dissolved hydrogen sulfide concentration in
wastewater to less than 0.1 mg/l.

The material shall be free of any objectionable odor-
producing compounds.

The pH of the material shall not be less than 4.0 or
greater than 7.5.

The material shall have a freezing point less than —
10 OF.

Safety Requirements. The material shall contain no
hazardous substances as defined by both the Federal
EPA"s and State CERCLA lists.

The material shall be exempt from Federal DOT placard
requirements.

Recommended handling procedures for the material
shall require protective gloves and safety glasses
only. Any material recommending more sophisticated
equipment (i.e., face shield, body suit, etc.) during
routine handling shall not be considered.

Chemical Storage Tank - General.

€))

€))

(€))

The chemical storage tank shall be constructed of
Rotationally Molded High-Density Crosslinked
Polyethylene  (HDXLPE). No other material of
construction shall be acceptable.

High density crosslinked polyethylene tanks shall be
manufactured by the rotational molding process in
accordance with ASTM D 1998-93 Standard Specification
for Polyethylene Upright Storage Tanks, Type 1 only.
Rotational Molding shall be defined as a three-stage
process consisting of loading the mold with powdered
resin, fusing the resin by heating while rotating the
mold about more than one axis, and cooling and
removing the molded article.

Plastics. The molding powder used shall be Marlex
CL-250 or CL-200 as manufactured by Phillips 66, or
powders of equal physical and chemical properties.

a. The polyethylene shall preferably be virgin
material. Any use of regrind, recycled, or
reprocessed materials or combinations of such
materials shall not rely upon the performance
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data of their original constituents, but must
meet the requirements of this standard in its
own right.

b. The polyethylene shall have a stress-cracking
resistance of 500 h minimum F50 in accordance

with Test Method D 1693, Condition A, full-
strength stress-cracking agent. The test
specimens may be compression molded or

rotationally molded. IT compression molded,
Procedure C of Practice D 1928 shall be
followed for both types of polyethylene with a
minimum platen temperature of 350 OF (177 0C).
IT it is crosslinkable polyethylene the
temperature shall be 390 OF (197 0OC) and the
platen shall be kept closed under full pressure
for 5 minutes at the specified temperature in
order to bring about the crosslinking reaction.
IT the test specimens are rotationally molded,
the conditions for rotational molding shall be
similar to the conditions used for molding a
vessel from this polyethylene.

Fillers and Pigments. The plastic shall contain no
fillers. All plastic shall contain an ultraviolet
stabilizer at a level adequate to give protection for
the intended service life of the vessel, minimum of
0.25%. This stabilizer shall be compounded in the
polyethylene. Pigments must be compounded at the
same time of resin manufacture.

Vessel Construction.

a. Mechanical Properties. The nominal value for
the properties of the materials shall be based
on the molded parts:

Property ASTM Value Units

Density D105 59(0.937-0.944) | Lb/ft®
(5.G6.)

ESCR spec. D1693 900-1000 Hrs.

thickness 0.125”

Tensile Strength D638 Type 1V | 2600 PSI

Ultimate 2”/min.

Elongation at D638 Type 1V | 450 %

Break 2”/min.

Vicat Softening D1525 255 oF

Temp.

Brittleness Temp. | D746 -180 oF

Flexural Modulus D790 100,000-110,000 | PSI
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b. Design Parameters.

1. Hoop Stress. The vessels shall be
designed with a hoop stress value no
greater than 600 psi at 100 OF with a
safety factor of no less than 2, using
the Barlow Formula for calculating wall
thickness.

2. Wall Thickness. The minimum required
wall thickness of the cylindrical shell
at any fluid level shall be determined by
the Barlow Formula. The wall thickness
shall be based on the maximum temperature
of the service.

C. Cut Edges. All edges where openings are cut
into the vessel shall be trimmed smooth.

d. Appearance. Type 1 finished vessel walls shall
be free, as commercially practicable of visual
defects such as foreign inclusions, air

bubbles, pinholes, pimples, crazing, cracking,
and delaminations that will impair  the
serviceability of the vessel.

e. Dimensions and Tolerance. The vessel diameter
shall be measured externally. The tolerances
on the outside diameter, including out of
roundness, shall be plus or minus 1 percent.
Measurement shall be taken in a vertical
position.

Fittings. All fittings with the exception of the
overfill protection site glass, shall be located on
the tank top or dome. No penetration of the tank
side-wall shall be made.

Plastic fittings shall be “bulk-head” or “two-flange”
style and shall be constructed of PVC. There shall
be 4 bolts on any bolted flanges up to and including
3 inch, 8 bolts on fittings 4 inch - 8 inch diameter,
and 12 bolts on 10 inch - 12 1inch fittings. All
bolts shall be all thread design with heads
completely encapsulated in polyethylene. The
polyethylene encapsulation shall fully cover the bolt
head and a minimum of 1/4" of the threads closest to
the bolt head. The polyethylene shall be color coded
to distinguish bolt material: (Green-316 grade S.S.,
Red-Hastelloy "C", Blue-Monel, Black-Titanium). Each
bolt shall have a gasket, which is on the inside of
the vessel.
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Openings that are cut in vessel to install Tfittings

shall not have sharp corners. Holes shall have
minimum clearance to insure best performance of
fittings.

For all flanged connectors, the flange drilling and
bolting shall be in accordance with ANSI/ASME B-16.5
for 150-psi pressure class straddling the principle
centerline of the vessel.

@) Tank Manway Covers. Manway covers shall be 24 inch
diameter.

Manway covers shall have either a threaded or bolted
cover or gasket.

Chemical Storage Tank - Specifications. The chemical

storage tank shall have the following capacity and
approximate dimensions (+/- 5%):

Parameter Chemical Tanks

Nominal Capacity 1,500 U.S. gal

Diameter 72"
Height 671"
Empty Weight 320 Ib.

Specific Gravity 1.65

BIOXIDE® Feed Controls.

(€D General. The operation of the Chemical Feed System
shall be controlled from a Control Panel. All
equipment control switches, pilot lights,
controllers, etc. and the chemical feed pumps shall
be housed in this panel. The control system shall be
UL Approved and shall bear the UL Listed Enclosed
Industrial Control Panel Label.

@) Enclosure. The control panel enclosure shall be
constructed of 316 stainless steel and shall be rated
NEMA 3R. It shall be equipped with a door with a
continuous hinge. The hinged door shall have two
latches and shall be capable of locking via a
padlock. The enclosure shall be mounted on the
control stand, which shall contain the calibration
stand.

(€)) Components. The Control Box Shall Contain the
following:
2 - 24 Hour Time Clocks
1 - 15 Amp Circuit Breaker, 115 volt
1 - Ground Fault Receptacle
5 - On/Off Switches with LED Indicator Light
2 - Chemical Feed Pumps
1 - Cooling Fan
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2 - Dry Contact to Receive Signal from Remote Source

Controls Layout. All manually operated controls
(control switches, pilot lights, etc.) shall be
located on a panel behind the enclosure door. The
panel shall be outfitted with a main power disconnect
located in the Control Stand.

Standards. All control system design, fabrication,
and wiring shall conform to the standards of
Underwriter"s Laboratories, National Electrical Code,
and any other applicable federal, state, or local
codes.

System Operation. Chemical Feed Pumps. The bellows
pump shall be controlled by a three-position
HAND/OFF/AUTO switch. When in the AUTO position the
pump shall be controlled by a timer. The timer shall
turn the pump on and off based upon preset time
intervals. When in the HAND position the pump shall
run, regardless of the preset time interval. Either
one or both chemical feed pumps may turn on or off at
preset speeds and preset times.

Control Stand. Pump control box shall be mounted on a
316 stainless steel pedestal.

a. Calibration Cylinder. The stand shall be used
to house a calibration cylinder used to measure
the chemical being injected into the system. A
3 way valve shall be located at the top and
bottom of the calibration tube to facilitate
flow measurement. Access inside this pedestal
shall be accomplished through a door located on
the front of the pedestal. Instructions for
use of this cylinder shall be permanently
affixed to the interior of the enclosure.

b. Disconnect Switch. A main power disconnect
shall be located in the control stand.

Chemical Feed Pumps. Provide Siemens Water Technologies

Bellows Pump(s) as shown on the following table. Each pump

shall

include motor, base, sealed bearings, flexible

coupling and check valve filters.

Quantity | Model No.

Adjustable Flow Rate | Max. Discharge
Range (mL/min) Pressure (psi)

2 15907-001 5-50 40

Piping And Appurtenances. All suction and discharge piping

shall

be standard ¥”, Schedule 80 PVC. All valves,

fittings, and connectors shall be Schedule 80 PVC.
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ALl fill line piping shall be 2" Schedule 80 PVC. All fill
line valves, fittings, and connectors shall be Schedule 80
PVC.

Fill line shall have a 2" stainless steel male camlock with
a 2" plastic female camlock cap.

All chemical feed seals shall be compatible with the
chemicals to be used in the regular operation, maintenance,
and cleaning of the feed system.

All fittings shall be solvent-welded or threaded.

All suction and discharge piping, valves, and fittings
shall be protected from freezing via temperature controlled
heat tracing and pipe insulation.

Contractor must install chemical feed discharge lines so
that the product is injecting directly into the waste
streams and not onto structures or equipment

Site And Utilities. The feed system, Bioxide® tanks, and
other appurtenances shall be located on a foundation as
shown in drawing.

Equipment Shop Testing. Before shipping the equipment, the
Manufacturer shall perform shop tests. These tests shall
include at a minimum:

(@D Visual inspection of all equipment.

(@)) Complete assembly, start-up, and “wet-test” of feed
pumps and calibration piping.

Installation. The system shall be installed in accordance
with the manufacturer’s instructions.

Field Tests And Optimization. The performance of the
system shall be demonstrated to reduce dissolved hydrogen
sulfide concentration in the wastewater to less than 0.1
mg/1l. The manufacturer shall use an industry approved
field testing method to demonstrate the results.

IT required, Manufacturer shall make any changes to the
system, at his own expense, that may be necessary to assure
satisfactory and efficient operation of this system.

Warranty. The Chemical Feed System Manufacturer shall
guarantee that the Chemical Feed & Storage system will
perform as described in these Specifications. The

Manufacturer shall warrant the system, complete, to be free
from defects iIn materials or workmanship for a period
twelve (12) months from acceptance or eighteen (18) months
from shipment, whichever occurs Tirst. The Manufacturer
shall repair or provide replacement for any defective
components under this warranty. In addition, the chemical
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storage tanks shall be warranted for a period of five (5)
years from warranty start date.

XX . BASIC ELECTRICAL MATERIALS AND METHODS.

() General.

€))

€))

Work Included. Install new electrical systems
including but not Ilimited to: Power distribution,
electrical controls, transformers, branch circuit
wiring, grounding, life safety systems including
egress and exit signs and all related systems.

Coordinate with Green Mountain Power (GMP).

Outages shall be coordinated with the utility
companies.

CONTRACTOR shall coordinate with utilities, and
Vermont Buildings and General Services or any other
customers affected by work. Failure to do so, and
any subsequent expenses due to failure, shall be the
responsibility of the CONTRACTOR.

Throughout construction CONTRACTOR shall provide
upgraded schedules to accurately reflect time frame
of work.

Complying with requirements of all codes and
regulatory agencies.

Arranging for and paying all fees for permits and
inspections.

Installing equipment furnished by others.

Installing and connecting electrically operated
equipment, cabinets, starters, controls and related
items furnished under other Sections.

Installing conduit and wiring as required for such
equipment.

Reference Standards.

a. NFPA 70 - National Electric Code (N.E.C.)

b. Requirements of Underwriters® Laboratories,
Incorporated for all items installed for which
UL standards have been established.

C. State Building Code.

d. Local ordinances and regulations.

e. utility company requirements.
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f.

The Standard Specifications which are referred
to herein shall be the latest revisions of such
Specifications.

Quality Assurance.

a.

Codes and Standards. Comply with N.E.C.
requirements for electrical materials and
installations.

Keep copy of N.E.C. in Ffield office for
duration of project.

Provide products and components which have been
UL Hlisted and Hlabeled, 1including UL marks
indicating special type usage wherever
applicable.

In each case, codes are minimum requirements.

It shall be understood that all codes and
standards mentioned shall be those in force at
the time the Contract is signed. IT any code
is changed during the construction period,
these specifications may be changed by mutual
agreement between the OWNER and the CONTRACTOR.

Work shall be in accordance with regulations
and rulings of all authorities having
jJjurisdiction over the work. Any changes
required to accomplish the intent of these
specifications shall be the  CONTRACTOR®"S
responsibility as to accomplishment and any
extra cost for performing work.

Inspection Certificates. Deliver to the OWNER
two (2) copies of the Electrical Inspector®s
certificate of approval showing acceptability
of work done under this Contract.

Deliver to the OWNER two (2) copies of any
other certificates of approval.

Product Delivery, Storage, and Handling.

a.

Protection. Use all means necessary to protect
electrical system materials before, during and
after installation and to protect the installed
work and materials of all other trades.

Replacements. In the -event of damage,
immediately make all repairs and replacements
necessary to the acceptance of the OWNER and at
no additional cost to the OWNER. IT any
apparatus has been subject to possible injury
by water, it shall be thoroughly dried out and
put through such special tests as directed by
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the OWNER, at the cost and expense of the
CONTRACTOR, or shall be replaced by the
CONTRACTOR at his own expense.

Protect Work Of Other Trades. Restore any
damage caused to other trades to the condition
existing prior to damage at no additional cost
to the OWNER.

5) Project Conditions.

a.

Existing Conditions. Prior to all work of this
Section, carefully inspect the site and verify
that conditions are such that this installation
may properly commence.

Verify that the electrical installation may be
made in complete accordance with all pertinent
codes and regulations and the original design.

In the event of discrepancy, immediately notify
the OWNER.

Do not proceed with installation in areas of
discrepancy until all such discrepancies have
been fully resolved.

Coordinate the Ilayout of the control panels,
service cabinets, etc. and related electrical
conduits so that the installation 1is well
planned with process equipment and existing
Rest Area facilities; this to make certain that
no removal or modifications of the proposed
equipment, conduits and supporting devices
shown on the documents will be required.

Coordination. Coordinate the installation of
electrical items with the schedules for work of
other trades to prevent unnecessary delays in
the total work.

Coordinate with all utility companies and make
all installations for their services in
accordance with all utility company
requirements.

Any changes shall be done at the CONTRACTOR®S
expense.

Accuracy Oof Data. The drawings are
diagrammatic and functional only, and are not
intended to show exact number of fittings, or

other installation details. Furnish all labor
and materials necessary to install conduit
system ready for use by others. Furnish all

labor and materials necessary to install and
place in satisfactory operation all power,
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lighting, and other electrical systems shown.
Install additional circuits wherever needed to
conform to the specific requirements of the
equipment.

The locations of equipment, fixtures, outlets,
and similar devices shown on the Drawings are
approximate only. Field measurements shall
take precedence over scaled dimensions from
Drawings. Exact locations shall be as approved
by the ENGINEER during construction. Obtain in
the field all information relevant to the
placing of electrical work and, in case of any
interference with other work, proceed as
directed by the ENGINEER and furnish all labor
and materials necessary to complete the work in
an approved manner. Verify sizes and ratings of
motors and other electrically operated devices
supplied by others.

General. Drawings and specifications are based
on available information. utility data,
existing Ulighting circuits, conduit Ilayouts,
duct bank locations, etc., are based on this
information and may or may not reflect ultimate

locations of systems. CONTRACTOR shall be
responsible for verifying, prior to
installation, that proposed locations for new
systems are Tfeasible. CONTRACTOR shall be

responsible for all problems that are a result
of not determining this feasibility, including
but not Ilimited to the installation of new
electrical systems and their verification that
proposed location(s) is feasible and as a
result cannot be used.

Where work involving access to utility or owner
systems is vrequired, such as new service
installations, the affected party shall be
notified in a timely fashion.

Where existing electrical power and alarm
systems including lighting and conduit are in
conflict with the proposed work, the CONTRACTOR
shall request through the ENGINEER a
clarification if the conflict cannot be
resolved in the field.

(6) Industry Standards.

a.

Applicability Of Standards. Except where the
Contract Documents include more stringent
requirements, applicable construction industry
standards have the same force and effect as if
bound or copied directly into the Contract
Documents to the extent referenced. Such
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standards are made a part of the Contract
Documents by reference.

b. Publication Dates. Comply with the standards
in effect as of the date of the Contract
Documents.

C. Conflicting Requirements. Where compliance
with two or more standards is specified and the
standards may establish different or

conflicting requirements for minimum quantities
or quality levels. Refer requirements that are
different but apparently equal and
uncertainties to the ENGINEER for a decision
before proceeding.

1. Minimum Quantity or Quality Levels. The
quantity or quality level shown or
specified shall be the minimum provided
or performed. The actual installation
may comply exactly with the minimum
quantity or quality specified, or it may
exceed the minimum within reasonable
limits. In complying with these
requirements, iIndicated numeric values
are minimum or maximum, as appropriate,
for the context of the requirements.
Refer uncertainties to the ENGINEER for a
decision before proceeding.

d. Copies of Standards. Each entity engaged in
construction of the Project is required to be
familiar with industry standards applicable to
that entity’s construction activity. Copies of
applicable standards are not bound with the
Contract Documents.

Where copies of standards are needed for
performance of a required construction
activity, the CONTRACTOR shall obtain copies
directly from the publication source.

e. Abbreviations And Names. Trade association
names and titles of general standards are
frequently abbreviated. Names and addresses
can be furnished to the CONTRACTOR if
requested.

Products.
(@D Materials. Materials and equipment shall be listed

by Underwriters®™ Laboratories unless it <can be
demonstrated that no UL standards exist for a
specific item or class of equipment.

All control panels, whether fTabricated by CONTRACTOR
or Turnished as part of a manufactured equipment
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assembly, shall be constructed to standards of and
contain only products and components that have been
tested and labeled by UL, ETL, FM, or other OSHA
approved independent testing laboratory. All control
panels shall be UL listed as a complete assembly or
be a UL Field Evaluated Product. The CONTRACTOR
shall bear all costs related to the UL field
evaluation, panel modifications and follow-up
evaluations. Control panels failing to meet UL
listing standards shall be removed and replaced by
listed panels at no cost to the OWNER.

All other materials, not specifically described but
required for a complete and operable electrical
installation, shall be new, Tfirst quality of their
respective Kkinds, specification grade or better, and
as selected by the CONTRACTOR subject to the approval
of the ENGINEER.

Interchangeability. In all design and purchasing,
interchangeability of items of equipment,
subassemblies, parts, motors, starters, relays and
other items is essential. All similar items shall be
of the same manufacturer, type, model and dimensions.

Accessibility. Verify the sufficiency and the size
of shafts and chases, and adequate clearance in
double partitions and hung ceilings for the proper
installation of the work. Coordinate and cooperate
with all other trades whose work is within the same
space.

Locate all equipment which must be serviced,
operated, or maintained in full accessible positions.
Equipment shall include but not be limited to motors,
controllers, switchgear and panels.

Connections To Equipment And Fixtures. Rough-in and
make final electrical connections to all equipment
furnished under other Sections. Connections shall
include necessary disconnect switches, etc.
CONTRACTOR shall obtain approved rough-in drawings
for equipment before starting work. Rough-in work
done without approved drawings shall be relocated at
CONTRACTOR™S expense.

Painting And Cleaning. Painting shall be under other
Sections except as stated below.

Metal surfaces (conduit hangers, supports, etc.)
exposed to outdoors shall be given two (2) coats of
an approved rust inhibiting paint by the installing
CONTRACTOR per manufacturer"s instructions. This
shall apply to the ends of metal framing (i.e., slot
tubing and supports) and those hangers that are
galvanized and have been cut or have the galvanizing
removed or damaged.
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Conduit, steel, hardware and bolts, etc. installed in
earth or below vapor barrier shall be given two (2)
coats of protective approved paint. This applies to
all electrical steel products. Material embedded in
concrete need not be painted. Conduit protruding
through concrete floors shall be plastic or
bitumastic coated at the point of breach iIn a neat
and workman like manner.

(©) Execution.
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Installation. Install all equipment and Ffixtures in
complete accordance with the manufacturer®s
recommendations and all pertinent codes and
regulations.

Thoroughly 1inspect all items of equipment and any
items dented, scratched or otherwise damaged in any
manner shall be replaced or repaired and painted to
match original finish.

All items so repaired and refinished shall be brought
to the attention of the ENGINEER for inspection and
approval.

Upon completion of all installation, lamping, and
testing, thoroughly inspect all exposed portions of
the electrical installation and completely remove all
exposed labels, soil, markings and foreign material.

Cutting And Patching. All cutting and patching shall
be as described under other Sections.

Floor and Wall Penetrations. Provide, locate and set
all sleeves and inserts as required for this work
with the CONTRACTOR and the precast concrete
supplier. Prepare dimensioned floor and wall
penetration drawings, showing the size and location
of each penetration on every floor and in every wall
which s to accommodate this work. The penetration
drawings shall include, but not be limited to
hangers, inserts, conduits, raceways, and curbs.
This requirement shall be provided for all the
precast concrete items as well including the precast
tees.

Drawings shall be submitted to the ENGINEER in
advance of the work to be done in order that
adjustments may be made to the reinforcing steel,
structural framing and other related work without
interruption to the construction schedule. All
sleeves, collars, hangers, iInserts, etc. shall be
installed in accordance with the penetration drawings
prior to constructing floors and walls. Each
CONTRACTOR shall be responsible for any drilling and
as approved by the ENGINEER.
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Should the penetration drawings be incomplete the
CONTRACTOR shall bear the full cost of all work for
the cutting and patching required to make the
correction.

Where sleeves are placed in exterior walls below
grade, the space between the conduit and the sleeve
shall be packed with *Link-Seal" and made completely
watertight.

Where conduit motion due to expansion and contraction
will occur, make sleeves of sufficient diameter to
permit free movement. Check floor and wall
construction Finish to determine proper length of
sleeves for various locations, make actual length to
suit the following:

Terminate sleeves flush with walls, partitions, and
ceiling.

In areas where conduit is concealed, as in chases,
terminate sleeves flush with floor.

In all areas where conduit is exposed, extend sleeves
174" above finished floor, except in rooms having
floor drains, where sleeves shall be extended 3/4"
above floor.

Sleeves shall be constructed of 24-gauge galvanized
sheet steel with lock seam joints for all sleeves set
in concrete floor slabs terminating flush with the
floor. All other sleeves shall be constructed of
galvanized steel pipe.

Fasten sleeves securely in floors, walls, etc. so
that they will not become displaced when concrete is
poured or when other construction is built around
them. Take precautions to prevent concrete, plaster,
or other materials being Tforced into the space
between pipe and sleeve during construction.

Where conduits pass through floors or rated walls,
the openings around the conduits shall be sealed with
3M fire sealing compound or approved equal. Conduit
floor penetrations within rated chases shall be
sealed with smoke barrier sealants. The 3M type
sealant used shall be approved by the local
authorities having jurisdiction and carry U.L.
listing for rating of assembly.

All conduits and related branch circuits 1iIn any
exterior locations in the facility shall be sealed
watertight to prevent water and condensation from
entering the lighting Tfixtures, boxes, receptacles
and related devices.
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Electrical Connections To Equipment And Systems. All
control items connected shall be marked plainly by
painted letters or approved nameplate on the
equipment that is controlled, to the approval of the
ENGINEER.

The horsepower rating of all starters shall be
checked against actual motor to be controlled, before
installation, and correct size thermal heating units
shall be provided in all starters based on nameplate
and manufacturer®s recommendation.

Motors and controllers shall be provided for voltage
and current characteristics as indicated in Division
providing the equipment. 1In the event that equipment
provided is of different electrical characteristics
than the ones specified, any increase in electrical
feeders, conduits, circuit breakers, etc., including
increase of labor cost shall be the responsibility of
the Division which provided the equipment of
different characteristics than those specified.

All power wiring complete from power source to motor
or equipment junction box, including power wiring
through starters shall be furnished and installed.

Provide clearance spaces between and around process,
mechanical and electrical equipment for operation,
maintenance and replacement of equipment. Minimum
clearances for each item or piece of equipment shall
be as stated in the manufacturer®s printed
recommendations or as shown on the manufacturer®s
printed drawings. Coordinate clearance requirements
among various pieces of equipment that will be
installed in close proximity with one another to
eliminate equipment conflicts and interference.
Prepare and submit shop drawings if requested by the
ENGINEER showing proposed equipment layouts and
clearances. M.E.C. Code clearances shall be
maintained at all times and shall be considered the
minimum clearances allowed.

Life safety equipment and wiring including related to
emergency lighting fixtures and exit signs also fire
alarm system shall be separately wired from normal
branch circuit wiring related to general lighting and
power circuits.

XX . GROUNDING AND BONDING.

@
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General.

Summary . This Subsection includes methods and
materials for grounding systems and equipment.

Submittals.
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a. Product Data: For each type of product
indicated.

b. Field quality control test reports.

Quality Assurance. Electrical Components, Devices,
and Accessories: Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency acceptable
to authorities having jurisdiction, and marked for
intended use.

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

(b) Products.

€3)

)

Conductors.

a. Insulated Conductors. Copper wire or cable
insulated for 600 V unless otherwise required
by applicable Code or authorities having

Jurisdiction.

b. Bare Copper Conductors.

1. Solid Conductors. ASTM B 3.

2. Stranded Conductors. ASTM B 8.

3. Tinned Conductors. ASTM B 33.

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

5. Bonding Conductor. No. 4 or No. 6 AWG,
stranded conductor.

6. Bonding Jumper. Copper tape, braided
conductors, terminated with copper
ferrules; 1-5/8 inches (41 mm) wide and
1/16 inch (1.6 mm) thick.

7. Tinned Bonding Jumper . Tinned-copper

tape, braided conductors, terminated with
copper ferrules; 1-5/8 inches (41 mm)
wide and 1/16 inch (1.6 mm) thick.

Connectors.

a. Listed and labeled by a nationally recognized
testing laboratory acceptable to authorities
having jJurisdiction for applications in which
used, and Tfor specific types, sizes, and
combinations of conductors and other items
connected.
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Bolted Connectors For Conductors And Pipes.
Copper or copper alloy, bolted pressure-type,
with at least two bolts.

1. Pipe Connectors. Clamp type, sized for
pipe.
Welded Connectors. Exothermic-welding kits of

types recommended by kit manufacturer for
materials being joined and installation
conditions.

A) Grounding Electrodes.

a.

(©) Execution.

Ground Rods. Copper-clad steel; 3/4 inch byl0
feet (19 mm by 3 m) in diameter.

(€D Applications.

a.

Conductors. Install solid conductor for
No. 8 AWG and smaller, and stranded conductors
for No. 6 AWG and larger, unless otherwise
indicated.

Underground Grounding Conductors. Install bare
copper conductor, No. 2/0 AWG minimum. Bury at
least 24 inches (600 mm) below grade.

Conductor Terminations and Connections.

1. Pipe and Equipment Grounding Conductor
Terminations. Bolted connectors.

2. Underground Connections. Welded
connectors, except at test wells and as
otherwise indicated.

3. Connections to Ground Rods at Test Wells.
Bolted connectors.

4. Connections to Structural Steel. Welded
connectors.

) Equipment Grounding.

a.

Install insulated equipment grounding
conductors with the following items, in
addition to those required by NFPA 70:

1. Feeders and branch circuits.

2. Lighting circuits.

3. Receptacle circuits.
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4. Single-phase motor and appliance branch
circuits.

5. Three-phase motor and appliance branch
circuits.

6. Flexible raceway runs.

Heat-Tracing and Antifrost Heating Cables.

Install a separate insulated equipment
grounding conductor to each electric water
heater and heat-tracing cable. Bond conductor

to heater units, piping, connected equipment,
and components.

Signal and Communication Equipment. For
telephone, alarm, voice and data, and other
communication equipment, provide No. 4 AWG
minimum insulated grounding conductor in
raceway from grounding electrode system to each
service location, terminal cabinet, wiring
closet, and central equipment location.

1. Service and Central Equipment Locations
and Wiring Closets. Terminate grounding
conductor on a 1/4-by-2-by-12-inch (6-by-
50-by-300-mm) grounding bus.

2. Terminal Cabinets. Terminate grounding

conductor on cabinet grounding terminal.

(€)) Installation.

a.

Grounding Conductors. Route along shortest and
straightest paths possible, unless otherwise
indicated or required by Code. Avoid
obstructing access or placing conductors where
they may be subjected to strain, impact, or
damage.

Ground Rods. Drive rods until tops are 2
inches (60 mm) below Ffinished floor or final
grade, unless otherwise indicated.

Interconnect ground rods with grounding
electrode conductor below grade and as
otherwise indicated. Make connections without
exposing steel or damaging coating, if any.

For grounding electrode system, install at
least [three] rods spaced at least one-rod
length from each other and located at least the
same distance from other grounding electrodes,
and connect to the service grounding electrode
conductor.
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Test Wells. Ground rod driven through drilled
hole in bottom of handhole. Handholes shall be
at least 12 inches (300 mm) deep, with cover.

1. Test Wells. Install at least one test
well for each service, unless otherwise
indicated. Install at the ground rod

electrically closest to service entrance.
Set top of test well flush with finished
grade or floor.

Bonding Straps and Jumpers. Install in
locations accessible for inspection and
maintenance, except where routed through short
lengths of conduit.

1. Bonding to Structure. Bond straps
directly to basic structure, taking care
not to penetrate any adjacent parts.

2. Bonding to Equipment Mounted on Vibration
Isolation Hangers and Supports. Install
so vibration is not transmitted to
rigidly mounted equipment.

3. Use exothermic-welded connectors  for

outdoor locations, but if a disconnect-
type connection is required, use a bolted
clamp.

Grounding and Bonding for Piping.

1. Metal Water Service Pipe. Install
insulated copper grounding conductors, in
conduit, from building®™s main service
equipment, or grounding bus, to main
metal water service entrances to
building. Connect grounding conductors
to main metal water service pipes, using
a bolted clamp connector or by bolting a
lug-type connector to a pipe Tlange,
using one of the lug bolts of the flange.
Where a dielectric main water fitting 1is
installed, connect grounding conductor on
street side of Tfitting. Bond metal
grounding conductor conduit or sleeve to
conductor at each end.

2. Water Meter Piping. Use braided-type
bonding jumpers to electrically bypass
water meters. Connect to pipe with a
bolted connector.

3. Bond each aboveground portion of gas
piping system downstream from equipment
shutoff valve.
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L Bonding Interior Metal Ducts. Bond metal air
ducts to equipment grounding conductors of
associated fans, blowers, electric heaters, and
air cleaners. Install [tinned ]bonding jumper
to bond across flexible duct connections to
achieve continuity.

Field Quality Control.

a. Perform the following tests and inspections and
prepare test reports:

1. After installing grounding system but
before permanent electrical circuits have
been energized, test for compliance with
requirements.

2. Test completed grounding system at each
location where a maximum ground-
resistance level is specified, at service
disconnect enclosure grounding terminal,
and at ground test wells.

3. Measure ground resistance not less than
two full days after last trace of
precipitation and without soil being
moistened by any means other than natural
drainage or seepage and without chemical
treatment or other artificial means of
reducing natural ground resistance.

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

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

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

C. Excessive Ground Resistance. If resistance to
ground exceeds specified values, notify

Architect promptly and include recommendations
to reduce ground resistance

XX . HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS.

@

€))

€))

General.

Summary. This Subsection includes the following:

a.

b.

Hangers and supports for electrical equipment
and systems.

Construction requirements for concrete bases.

Performance Requirements.
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a. Delegated Design. Design supports for multiple
raceways, including comprehensive engineering
analysis by a qualified professional engineer,
using performance requirements and design
criteria indicated.

b. Design supports for multiple raceways capable
of supporting combined weight of supported
systems and its contents.

C. Design equipment supports capable of supporting
combined operating weight of supported
equipment and connected systems and components.

d. Rated Strength. Adequate 1iIn tension, shear,
and pullout force to resist maximum Hloads
calculated or imposed for this Project, with a
minimum structural safety factor of five times
the applied force.

3) Submittals.

a. Product Data. For steel slotted support
systems.
b. Fabrication Drawings. Show fabrication and

installation details and include calculations
for the following:

1. Trapeze hangers. Include Product Data
for components.
2. Steel slotted channel systems. Include
Product Data for components.
3. Equipment supports.
C. Welding certificates.

(€)) Quality Assurance.

a. Welding. Qualify procedures and personnel
according to AWS D1.1/D1.1M, "Structural
Welding Code - Steel.™
b. Comply with NFPA 70.
(b) Products.

(@D Support, Anchorage, and Attachment Components.

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

1. Available Manufacturers. Subject to

compliance with requirements,
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manufacturers offering products that may
be 1incorporated into the Work include,
but are not limited to, the following:

i. Allied Tube & Conduit.

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

ifli. ERICO International Corporation.
iv. GS Metals Corp.

V. Thomas & Betts Corporation.

Vvi. Unistrut; Tyco International, Ltd.

vii. Wesanco, Inc.

2. Metallic Coatings. Hot-dip galvanized
after fabrication and applied according
to MFMA-4 _

3. Nonmetallic Coatings. Manufacturer®s

standard PVC, polyurethane, or polyester
coating applied according to MFMA-4.

4. Painted Coatings. Manufacturer®s
standard painted coating applied
according to MFMA-4 .

5. Channel Dimensions. Selected for

applicable load criteria.

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

Conduit and Cable Support Devices. Steel and
malleable-iron hangers, clamps, and associated
fittings, designed for types and sizes of
raceway or cable to be supported.

Support for Conductors in Vertical Conduit.
Factory-fabricated assembly consisting of
threaded body and insulating wedging plug or
plugs for non-armored electrical conductors or
cables 1In riser conduits. Plugs shall have
number, size, and shape of conductor gripping
pieces as required to suit individual
conductors or cables supported. Body shall be
malleable iron.

Structural Steel for Fabricated Supports and
Restraints. ASTM A 36/A 36M, steel plates,
shapes, and bars; black and galvanized.
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Mounting, Anchoring, and Attachment Components.

Items for Tastening electrical items or their
supports to building surfaces include the
following:

1.

Powder-Actuated Fasteners. Threaded-
steel stud, for use in hardened portland
cement concrete, steel, or wood, with
tension, shear, and pullout -capacities
appropriate for supported loads and
building materials where used.

a. Available Manufacturers. Subject
to compliance with requirements,
manufacturers offering products
that may be 1incorporated into the
Work include, but are not limited
to, the following:

i. Hilti Inc.
ii. 1ITW Ramset/Red Head; a
division of I1linois Tool

Works, Inc.

ili. MKT Fastening, LLC.

iv. Simpson Strong-Tie Co., Inc.;
Masterset Fastening Systems

Unit.
Mechanical-Expansion Anchors. Insert-
wedge-type, [zinc-coated] [stainless]

steel, for use in hardened portland
cement concrete with tension, shear, and
pullout capacities appropriate for
supported loads and building materials in
which used.

a. Available Manufacturers. Subject
to compliance with requirements,
manufacturers offering products
that may be incorporated into the
Work 1include, but are not limited
to, the following:

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

Empire Tool and Manufacturing
Co., Inc.

Hilti Inc.
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iv. ITW Ramset/Red Head; a
division of I1linois Tool
Works, Inc.

V. MKT Fastening, LLC.
3. Concrete Inserts. Steel or malleable-

iron, slotted support  system units
similar to MSS Type 18; complying with

MFMA-4 or MSS SP-58.
4. Clamps for Attachment to Steel Structural
Elements. MSS SP-58, type suitable for
attached structural element.
5. Through Bolts. Structural type, hex
head, and high strength. Comply with
ASTM A 325.
6. Toggle Bolts. All-steel springhead type.
7. Hanger Rods. Threaded steel.

(@) Fabricated Metal Equipment Support Assemblies.

a.

(©) Execution.

Description. Welded or bolted, structural-
steel shapes, shop or field fabricated to fit
dimensions of supported equipment.

(@D Application.

a.

Comply with NECA 1 and NECA 101 for application
of  hangers and supports for electrical
equipment and systems except If requirements in
this Section are stricter.

Maximum Support Spacing and Minimum Hanger Rod
Size for Raceway. Space supports for EMT, IMC,
and RMC as required by NFPA 70. Minimum rod
size shall be 1/4 inch (6 mm) in diameter.

Multiple Raceways or Cables. Install trapeze-
type supports Tfabricated with steel slotted
support system, sized so capacity can be
increased by at least 25 percent in Tfuture
without exceeding specified design load limits.

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

Spring-steel clamps designed for supporting
single conduits without bolts may be used for
1-1/2-inch (38-mm) and smaller raceways serving
branch circuits and communication systems above
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suspended ceilings and for fastening raceways
to trapeze supports.

Support Installation.

a.

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

Raceway Support Methods. In addition to
methods described in NECA 1. IMC, and RMC may
be supported by openings through structure
members, as permitted in NFPA 70.

Strength of Support Assemblies. Where not
indicated, select sizes of components so
strength will be adequate to carry present and
future static loads within specified loading
limits. Minimum static design load used for
strength determination shall be weight of
supported components plus 200 Ib (90 kg).

Mounting and Anchorage of Surface-Mounted
Equipment and Components. Anchor and fasten
electrical items and their supports to building
structural elements by the following methods
unless otherwise indicated by code:

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

2. To New Concrete. Bolt to concrete
inserts.

3. To Masonry. Approved toggle-type bolts

on hollow masonry units and expansion
anchor fasteners on solid masonry units.

4. To Existing Concrete. Expansion anchor
fasteners.
5. Instead of expansion anchors, powder-

actuated driven threaded studs provided
with lock washers and nuts may be used in
existing standard-weight concrete 4
inches (100 mm) thick or greater. Do not
use for anchorage to lightweight-
aggregate concrete or for slabs less than
4 inches (100 mm) thick.

6. To Steel. Beam clamps (MSS Type 19, 21,
23, 25, or 27) complying with MSS SP-69
or Spring-tension clamps.

7. To Light Steel. Sheet metal screws.
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e. Drill holes for expansion anchors in concrete
at locations and to depths that avoid
reinforcing bars.

Installation of Fabricated Metal Supports.

a. Cut, fit, and place miscellaneous metal
supports accurately in location, alignment, and
elevation to support and anchor electrical
materials and equipment.

b. Field Welding. Comply with AWS D1.1/D1.1M.

Concrete Bases.

a. Construct concrete bases of dimensions
indicated but not less than 4 inches (100 mm)
larger in both directions than supported unit,
and so anchors will be a minimum of 10 bolt
diameters from edge of the base.

b. Use 3000-psi (20.7-MPa), 28-day compressive-
strength concrete.
C. Anchor Equipment To Concrete Base.
1. Place and secure anchorage devices. Use
supported equipment manufacturer®s

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

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

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

Painting.

a. Touchup. Clean field welds and abraded areas of
shop paint. Paint exposed areas iImmediately
after erecting hangers and supports. Use same
materials as used for shop painting. Comply

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

1. Apply paint by brush or spray to provide
minimum dry Ffilm thickness of 2.0 nmils
(0.05 mm).

b. Touchup. Comply with requirements in painting
Sections for cleaning and touchup painting of
field welds, bolted connections, and abraded
areas of shop paint on miscellaneous metal.
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XX . ELECTRICAL

C. Galvanized Surfaces. Clean welds, bolted
connections, and abraded areas and apply
galvanizing-repair paint to comply with ASTM A
780.

IDENTIFICATION.

@)

C))

General.

(€D Summary.

a. This Subsection includes the following:

1. Identification for conductors and
communication and control cable.

2. Warning labels and signs.

3. Equipment identification labels.

(@)) Submittals.

a. Product Data. For each electrical
identification product indicated.

(€)) Quality Assurance. Comply with ANSI A13.1.

(€)) Coordination. Coordinate identification names,
abbreviations, colors, and other features with
requirements in the Contract Documents, Shop
Drawings, manufacturer®s wiring diagrams, and the
Operation and Maintenance Manual, and with those
required by codes, standards, and 29 CFR 1910.145.
Use consistent designations throughout Project.

Products.

(@D Conductor and Communication and Control-Cable
Identification Materials.

a. Marker Tape. Vinyl or vinyl-cloth, self-
adhesive wraparound type, with circuit
identification legend machine printed by
thermal transfer or equivalent process.

) Warning Labels and Signs.

a. Comply with NFPA 70 and 29 CFR 1910.145.

b. Self-Adhesive Warning Labels. Factory printed,
multicolor, pressure-sensitive adhesive labels,
configured for display on front cover, door, or
other access to equipment, unless otherwise
indicated.

C. Baked-Enamel Warning Signs. Preprinted
aluminum signs, punched or drilled for
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fasteners, with colors, legend, and size
required Tfor application. 1/4-inch (6.4-mm)
grommets in corners Tfor mounting. Nominal
size, 7 by 10 inches (180 by 250 mm).

Metal-Backed, Butyrate Warning Signs. Weather-
resistant, nonfading, preprinted, cellulose-
acetate butyrate signs with 0.0396-inch (1-mm)
galvanized-steel backing; and with colors,
legend, and size required for application.
1/4-inch (6.4-mm) grommets in corners Tfor
mounting. Nominal size, 10 by 14 inches (250
by 360 mm).

Fasteners for Signs. Self-tapping, stainless-
steel screws or stainless-steel machine screws
with nuts and flat and lock washers.

Warning Blabel and sign shall include, but are
not limited to, the following legends:

1. Multiple Power Source Warning. "DANGER -
ELECTRICAL SHOCK HAZARD - EQUIPMENT HAS
MULTIPLE POWER SOURCES.™

2. Workspace Clearance Warning. "WARNING -
OSHA REGULATION - AREA IN FRONT OF
ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR
FOR 36 INCHES (915 mm).™

(€)) Equipment ldentification Labels.

a.

Execution.

Adhesive Film Label with Clear Protective
Overlay. Machine printed, in black, by thermal
transfer or equivalent process. Minimum letter
height shall be 3/8 inch (10 mm). Overlay
shall provide a weatherproof and ultraviolet-
resistant seal for label.

Self-Adhesive, Engraved, Laminated Acrylic or
Melamine Label. Adhesive backed, with white
letters on a dark-gray background. MEnimum
letter height shall be 3/8 inch (10 mm).

(@D Application.

a.

Auxiliary Electrical Systems Conductor and
Cable Identification. Use marker tape to
identify field-installed alarm, control,
signal, sound, intercommunications, voice, and
data wiring connections.

1. Identify conductors, cables, and
terminals iIn enclosures and at junctions,
terminals, and cable pull points.
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Identify by system and circuit
designation.

2. Use system of designations that is
uniform and consistent with system used
by manufacturer for factory-installed
connections.

Warning Labels for Indoor Cabinets, Boxes, and
Enclosures for Power and Lighting. Comply with
29 CFR 1910.145 and apply self-adhesive warning
labels. Identify system voltage with black
letters on an orange background. Apply to
exterior of door, cover, or other access.

1. Equipment with Multiple Power or Control
Sources. Apply to door or cover of
equipment including, but not limited to,
the following:

i. Power transfer switches.

ii. Controls with external control
power connections.

2. Equipment Requiring Workspace Clearance
According to NFPA 70. Unless otherwise
indicated, apply to door or cover of
equipment but not on TFflush panelboards
and similar equipment in finished spaces.

Equipment Ildentification Labels. On each unit
of equipment, install unique designation label
that is consistent with wiring diagrams,
schedules, and Operation and Maintenance
Manual . Apply labels to disconnect switches
and protection equipment, central or master
units, control panels, control stations,
terminal cabinets, and racks of each system.
Systems include power, lighting, control,
communication, signal, monitoring, and alarm
systems unless equipment is provided with 1its
own identification.

1. Labeling Instructions.
i. Indoor Equipment. Adhesive Film
label with clear protective
overlay. Unless otherwise

indicated, provide a single line of
text with 1/2-inch- (13-mm-) high
letters on 1-1/2-inch- (38-mm-)
high label; where 2 lines of text
are required, use labels 2 1inches
(50 mm) high.
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ii. Outdoor Equipment. Engraved,
laminated acrylic or melamine
label, drilled for screw
attachment.

iii. Elevated Components. Increase

sizes of labels and legend to those
appropriate for viewing from the

floor.
2. Equipment to Be Labeled.
i. Panelboards, electrical cabinets,

and enclosures.
ii. Transformers.

iii. Disconnect switches.

iv. Enclosed circuit breakers.
V. Motor starters.
Vi . Push-button stations.

vii. Power transfer equipment.

viii. Contactors.

Installation.

a.

Verify identity of each item before installing
identification products.

Location. Install identification materials and
devices at locations for most convenient
viewing without interference with operation and
maintenance of equipment.

Apply identification devices to surfaces that
require Ffinish after completing finish work.

Self-Adhesive Identification Products. Clean
surfaces before application, using materials
and methods recommended by manufacturer of
identification device.

Attach nonadhesive signs and plastic labels
with screws and auxiliary hardware appropriate
to the location and substrate.

Color-Coding for Phase and Voltage Level
Identification, 600 V and Less. Use the colors
listed below for ungrounded service, feeder,
and branch-circuit conductors.

1. Color shall be factory applied.
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2. Colors for 208/120-V, 3 phase amp
240/120V single phase Circuits.

i. Phase A. Black.
ii. Phase B. Red.

iii. Phase C. Blue.

CONDUCTORS AND CABLES.

@

C))

General.

€))

Summary. This Subsection includes the following:
a. Building wires and cables rated 600 V and less.

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

C. Sleeves and sleeve seals for cables.
(@)) Submittals.
a. Product Data for each type of product
indicated.
b. Field quality-control test reports.
(€)) Quality Assurance.
a. Electrical Components, Devices, and
Accessories: Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency
acceptable to authorities having jurisdiction,
and marked for intended use.
b. Comply with NFPA 70.
Products.
(@D Conductors and Cables.
a. Copper Conductors. Comply with NEMA WC 70.
b. Conductor Insulation. Comply with NEMA WC 70
for Types THW, THHN-THWN and XHHW.
C. Multiconductor Cable. Comply with NEMA wWC 70
for Type SO with ground wire.
(@)) Connectors and Splices.

a. Available Manufacturers. Subject to compliance
with requirements, manufacturers offering
products that may be incorporated into the Work
include, but are not limited to, the following:
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i. AFC Cable Systems, Inc.

Hubbell Power Systems, Inc.

iii. 0-Z/Gedney; EGS Electrical Group LLC.

iv. 3M; Electrical Products Division.

V. Tyco Electronics Corp.

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

type, and class fTor application and service
indicated.

Sleeves for Cables.

a.

Steel Pipe Sleeves. ASTM A 53/A 53M, Type E,
Grade B, Schedule 40, galvanized steel, plain
ends.

Cast-lron Pipe Sleeves. Cast or fabricated
"wall pipe," equivalent to ductile-iron
pressure pipe, with plain ends and integral
waterstop, unless otherwise indicated.

Sleeve Seals.

a.

Available Manufacturers. Subject to compliance
with requirements, manufacturers offering
products that may be incorporated into the Work
include, but are not limited to, the following:

i. Advance Products & Systems, Inc.

ii. Calpico, Inc.

iii. Metraflex Co.

iv. Pipeline Seal and Insulator, Inc.

V. Crouse-Hinds

Description. Modular sealing device, designed

for field assembly, to TFfill annular space
between sleeve and cable.

1. Sealing Elements. EPDM interlocking
links shaped to fit surface of cable or
conduit. Include type and number
required for material and size of raceway
or cable.

2. Pressure Plates. Stainless steel.

Include two for each sealing element.
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3. Connecting Bolts and Nuts. Stainless
steel of length required to secure
pressure plates to sealing elements.
Include one for each sealing element.

Execution.

Conductor Material Applications.

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

b. Branch Circuits. Copper. Solid for No. 10 AWG
and smaller; stranded for No. 8 AWG and larger.

Conductor Insulation And Mullticonductor Cable
Applications And Wiring Methods.

a. Service Entrance. Type XHHW, single conductors
in raceway.

b. Exposed Feeders. Type THHN-THWN, single
conductors in raceway

C. Feeders or Branch Circuits Concealed in
Ceilings, Walls, Partitions, and Crawlspaces.
Type THHN-THWN, single conductors in raceway or
Metal-clad cable, Type MC.

d. Feeders or Branch Circuits Concealed in
Concrete, below Slabs-on-Grade, and
Underground. Type THHN-THWN, single conductors
in raceway.

e. Exposed Branch Circuits, Including in
Crawlspaces. Type THHN-THWN, single conductors
in raceway.

. Cord Drops and Portable Appliance Connections.
Type SO, hard service cord with stainless-
steel, wire-mesh, strain relief device at
terminations to suit application.

g- Class 1 Control Circuits. Type THHN-THWN, 1in
raceway -

h. Class 2 Control Circuits. Type THHN-THWN, 1in
raceway -

Installation Of Conductors And Cables. Conceal

cables in Tfinished walls, ceilings, and floors,
unless otherwise indicated.

Use manufacturer-approved pulling compound or
lubricant where necessary; compound used must not
deteriorate conductor or insulation. Do not exceed
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manufacturer®s recommended maximum pulling tensions
and sidewall pressure values.

Use pulling means, including fish tape, cable, rope,
and basket-weave wire/cable grips, that will not
damage cables or raceway.

Install exposed cables parallel and perpendicular to
surfaces of exposed structural members, and follow
surface contours where possible.

Support cables according to Subsection HANGERS AND
SUPPORTS FOR ELECTRICAL SYSTEMS.

Identify and color-code <conductors and cables
according to Subsection ELECTRICAL IDENTIFICATION.

Tighten electrical connectors and terminals according
to manufacturer®s published torque-tightening values.
IT manufacturer"s torque values are not indicated,
use those specified in UL 486A and UL 486B.

Make splices and taps that are compatible with
conductor material and that possess equivalent or
better mechanical strength and insulation ratings
than unspliced conductors.

Use oxide inhibitor in each splice and tap conductor
for aluminum conductors.

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

Sleeve Installation For Electrical Penetrations.
Coordinate sleeve selection and application with
selection and application of firestopping

For concrete slabs and walls, install sleeves for
penetrations unless core-drilled holes or formed
openings are used. Install sleeves during erection
of slabs and walls.

Cut sleeves to length for mounting flush with both
wall surfaces.

Extend sleeves installed in floors 2 inches (60 mm)
above finished floor level.

Size pipe sleeves to provide 1/4-inch (6.4-mm)
annular clear space between sleeve and cable unless
sleeve seal is to be installed.

Seal space outside of sleeves with grout for
penetrations of concrete and masonry.

For aboveground exterior-wall penetrations, seal
penetrations using sleeves and mechanical sleeve



10/2/2012

XX.

®)

@

seals. Size sleeves to allow for 1-inch (25-mm)
annular clear space between pipe and sleeve for
installing mechanical sleeve seals.

For underground exterior-wall penetrations, install
cast-iron "wall pipes" for sleeves. Size sleeves to
allow for 1-inch (25-mm) annular clear space between
cable and sleeve for installing mechanical sleeve
seals.

Sleeve-Seal Installation. Install to seal
underground exterior-wall penetrations.

Use type and number of sealing elements recommended
by manufacturer for <cable material and size.

Position cable 1iIn center of sleeve. Assemble
mechanical sleeve seals and install in annular space
between cable and sleeve. Tighten bolts against

pressure plates that cause sealing elements to expand
and make watertight seal.

Field Quality Control. Perform tests and inspections
and prepare test reports.

a. Tests and Inspections.

1. After installing conductors and cables
and before electrical circuitry has been
energized, test service entrance and
feeder conductors, for compliance with
requirements.

2. Perform each  visual and mechanical
inspection and electrical test stated in
NETA Acceptance Testing Specification.
Certify compliance with test parameters.

b. Test Reports. Prepare a written report to
record the following:

1. Test procedures used.

2. Test results that comply with
requirements.

3. Test results that do not comply with
requirements and corrective action taken
to achieve compliance with requirements.

C. Remove and replace malfunctioning units and
retest as specified above.

RACEWAYS AND BOXES.

@

€3

General.

Summary .
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This Subsection includes raceways, fittings,
boxes, enclosures, and cabinets for electrical
wiring.

Product Data. For surface raceways, wireways
and fittings, floor boxes, hinged-cover
enclosures, and cabinets.

Fabrication Drawings. For custom enclosures
and cabinets. Include plans, elevations,
sections, details, and attachments to other
work .

Quality Assurance.

a.

b.

Products.

Metal

Electrical Components, Devices, and
Accessories: Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency
acceptable to authorities having jJurisdiction,
and marked for intended use.

Comply with NFPA 70.

Conduit And Tubing.

Rigid Steel Conduit. ANSI C80.1.

IMC. ANSI C80.6.

EMT. ANSI C80.3.

FMC. Zinc-coated steel.

LFMC. Flexible steel conduit with PVC jacket.
Fittings for Conduit (Including all Types and
Flexible and Liquidtight), EMT, and Cable.
NEMA FB 1; Hlisted for type and size raceway

with which wused, and for application and
environment in which installed.

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

2. Fittings for EMT. Compression type.

Nonmetallic Conduit And Tubing.

a.

b.

ENT. NEMA TC 13.

RNC. NEMA TC 2, Type EPC-40-PVC, unless
otherwise indicated.

LFNC. UL 1660.
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d. Fittings for ENT and RNC. NEMA TC 3; match to
conduit or tubing type and material.

e. Fittings for LFNC. UL 514B.

Metal Wireways.

a. Available Manufacturers. Subject to compliance
with requirements, manufacturers offering
products that may be incorporated into the Work
include, but are not limited to, the following:
i. Cooper B-Line, Inc.

ii. Hoffman.
ili. Square D; Schneider Electric.

b. Description. Sheet metal sized and shaped as
indicated, NEMA 250, Type 1, unless otherwise
indicated.

C. Fittings and Accessories. Include couplings,
offsets, elbows, expansion joints, adapters,
hold-down straps, end caps, and other fittings
to match and mate with wireways as required for
complete system.

d. Wireway Covers. Screw-cover type.

e. Finish. Manufacturer®s standard enamel finish.

Surface Raceways.

a.

Surface Metal Raceways. Galvanized steel with
shap-on covers. Manufacturer®s standard enamel
finish.

Available Manufacturers. Subject to compliance
with requirements, manufacturers offering
products that may be incorporated into the Work
include, but are not limited to, the following:

1. Thomas & Betts Corporation.

Walker Systems, 1Inc.; Wiremold Company

iii. Wiremold Company (The); Electrical Sales
Division.

Boxes, Enclosures, And Cabinets.

a.

Sheet Metal Outlet and Device Boxes.
NEMA OS 1.
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Execution.

Cast-Metal Outlet and Device Boxes. NEMA FB 1,
aluminum, Type FD, with gasketed cover.

Nonmetallic Outlet and Device Boxes.
NEMA 0OS 2.

Small Sheet Metal Pull and Junction Boxes.
NEMA 0OS 1.

Cast-Metal Access, Pull, and Junction Boxes.
NEMA FB 1, cast aluminum with gasketed cover.

Hinged-Cover Enclosures. NEMA 250, Type 1,
with continuous-hinge cover with flush latch,
unless otherwise indicated.

1. Metal Enclosures. Steel, finished inside
and out with manufacturer®s standard
enamel.

Cabinets.

1. NEMA 250, Type 1, galvanized-steel box

with removable interior panel and
removable Tfront, finished inside and out
with manufacturer®s standard enamel.

2. Hinged door 1in front cover with Tlush
latch and concealed hinge.

3. Key latch to match panelboards.

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

5. Accessory feet where required for
freestanding equipment.

(@D Raceway Application.

a.

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

1. Exposed Conduit. Rigid steel conduit.

2. Concealed Conduit, Aboveground. Rigid
steel conduit.

3. Underground Conduit. RNC, Type EPC-40 -
PVC, direct buried or as indicated on the
Drawings.

4. Connection to Vibrating Equipment

(Including Transformers and Hydraulic,
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Pneumatic, Electric Solenoid, or Motor-
Driven Equipment). LFMC.

5. Boxes and Enclosures, Aboveground.
NEMA 250, Type 4X.

Comply with the Tfollowing indoor applications,
unless otherwise indicated:

1. Exposed and Subject to Severe Physical
Damage. Rigid steel conduit. Includes
raceways in the following locations:

i. Wet well off pump station.

2. Concealed in Ceilings and Interior Walls
and Partitions. EMT.

3. Connection to Vibrating Equipment
(Including Transformers and Hydraulic,
Pneumatic, Electric Solenoid, or Motor-
Driven Equipment). FMC, except use LFMC
in damp or wet locations.

4. Damp or Wet Locations. Rigid steel
conduit.
5. Boxes and Enclosures. NEMA 250, Type 1,

except use NEMA 250, Type 4X, stainless
steel in damp or wet locations.

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

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

Rigid and Intermediate Steel Conduit. Use
threaded rigid steel conduit fittings, unless
otherwise indicated.

Installation.

a.

Comply with NECA 1 for installation
requirements applicable to products specified
in Part 2 except where requirements on Drawings
or in this Article are stricter.

Keep raceways at least 6 inches (150 mm) away
from parallel runs of flues and steam or hot-
water pipes. Install horizontal raceway runs
above water and steam piping.

Complete raceway installation before starting
conductor installation.
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Support raceways as specified 1in Subsection
HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS.

Arrange stub-ups so curved portions of bends
are not visible above the finished slab.

Install no more than the equivalent of three
90-degree bends in any conduit run except for
communications conduits, for which fewer bends
are allowed.

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

Raceway Terminations at Locations Subject to
Moisture or Vibration: Use insulating bushings
to protect conductors, including conductors
smaller than No. 4 AWG.

Install pull wires 1in empty raceways. Use
polypropylene or monofilament plastic line with
not less than 200-1b (90-kg) tensile strength.
Leave at least 12 inches (300 mm) of slack at
each end of pull wire.

Raceways for Communications Cable. Install as

follows:

1. 3/4-Inch (19-mm) Trade Size and Smaller.
Install raceways in maximum lengths of 50
feet (15 m).

2. 1-Inch (25-mm) Trade Size and Larger.
Install raceways in maximum lengths of 75
feet (23 m).

3. Install with a maximum of two 90-degree

bends or equivalent for each length of
raceway unless Drawings show stricter
requirements. Separate lengths with pull
or junction boxes or terminations at
distribution frames or cabinets where
necessary to comply with these
requirements.

Install raceway sealing fittings at suitable,
approved, and accessible locations and Tfill
them with [listed sealing compound. For
concealed raceways, install each fitting in a
Fflush steel box with a blank cover plate having
a FTinish similar to that of adjacent plates or
surfaces. Install raceway sealing fittings at
the following points:

1. In areas defined as explosion proof or
classified.
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2. Where otherwise required by NFPA 70.

Flexible Conduit Connections. Use maximum of
72 inches (1830 mm) of flexible conduit for
equipment subject to vibration, noise
transmission, or movement; and for transformers
and motors.

1. Use LFMC in damp or wet locations subject
to severe physical damage.

Installation OF Underground Conduit.

a.

Direct-Buried Conduit.

1. Excavate trench bottom to provide Ffirm
and uniform support for conduit. Prepare
trench bottom.

2. Install backfill.

3. After installing conduit, backfill and
compact. Start at tie-in point, and work
toward end of conduit run, leaving

conduit at end of run free to move with
expansion and contraction as temperature
changes during this process. Firmly hand
tamp backfill around conduit to provide
maximum  supporting strength. After
placing controlled backfill to within 12
inches (300 mm) of finished grade, make
final conduit connection at end of run
and complete backfilling with normal
compaction

4. Install manufactured duct elbows for
stub-ups at poles and equipment and at
building entrances through the floor,
unless otherwise indicated. Encase
elbows for stub-up ducts throughout the
length of the elbow.

5. Install manufactured rigid steel conduit
elbows for stub-ups at poles and
equipment and at  building entrances
through the floor.

i. Couple steel conduits to ducts with
adapters designed for this purpose,
and encase coupling with 3 inches
(75 mm) of concrete.

For stub-ups at equipment mounted
on outdoor concrete bases, extend
steel conduit horizontally a
minimum of 60 inches (1500 mm) from
edge of equipment pad or
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foundation. Install insulated
grounding bushings on terminations
at equipment.

6. Warning Tape. Bury warning tape
approximately 12 inches (300 mm) above
direct-buried conduits, placing them 24
inches (600 mm) o.c. Align tape along
the width and along the centerline of

conduit.
XX . WIRING DEVICES.
() General.
(@D Summary .
a. This Subsection includes the following:
1. Receptacles, receptacles with integral
GFCI, and associated device plates.
2. Snap switches and wall-box dimmers.
(@)) Submittals.

a. Product Data. For each type of product
indicated.

b. Fabrication Drawings. List of legends and
description of materials and process used for
premarking wall plates.

C. Operation and Maintenance Data. For wiring
devices to include in all manufacturers”
packing label warnings and instruction manuals
that include labeling conditions.

A) Quality Assurance.

a. Electrical Components, Devices, and
Accessories. Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency
acceptable to authorities having jurisdiction,
and marked for intended use.

b. Comply with NFPA 70.

(b) Products.
(@D Manufacturers.
a. Manufacturers” Names: Shortened versions

(shown in parentheses) of the following
manufacturers®™ names are used iIn other Part 2
articles:
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i. Cooper Wiring Devices; a division of
Cooper Industries, Inc. (Cooper).

ii. Hubbell Incorporated; Wiring Device-
Kellems (Hubbell).

iii. Leviton MFfg. Company Inc. (Leviton).

iv. Pass & Seymour/Legrand; Wiring Devices &
Accessories (Pass & Seymour).

Straight Blade Receptacles.

a.

Convenience Receptacles, 125V, 20 A. Comply
with NEMA WD 1, NEMA WD 6 configuration 5-20R,
and UL 498.

1. Available Products. Subject to
compliance with requirements, products
that may be incorporated into the Work
include, but are not Ilimited to, the

following:

2. Products. Subject to compliance with
requirements, provide one of the
following:

i. Cooper; 5351 (single), 5352
(duplex).

ii. Hubbell; HBL5351 (single), CR5352
(duplex).

ili. Leviton; 5891 (single), 5352
(duplex).

iv. Pass & Seymour; 5381 (single), 5352
(duplex).

GFCI Receptacles.

a.

General Description. Straight blade, [feed] -
through type. Comply with NEMA WD 1,
NEMA WD 6, UL 498, and UL 943, Class A, and
include indicator light that is lighted when
device is tripped.

Duplex GFClI Convenience Receptacles, 125V,
20 A.
1. Available Products. Subject to

compliance with requirements, products
that may be incorporated into the Work
include, but are not limited to, the
following:
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2. Products. Subject to compliance with
requirements, provide one of the
following:

i. Cooper; GF20.

ii. Pass & Seymour; 2084.

Snap Switches.

a.

b.

Comply with NEMA WD 1 and UL 20.

Switches, 120/277 V, 20 A.

1. Available Products. Subject to
compliance with vrequirements, products
that may be incorporated into the Work
include, but are not limited to, the

following:

2. Products. Subject to compliance with
requirements, provide one of the
following:

i. Cooper; 2221 (single pole), 2222
(two pole), 2223 (three way), 2224
(four way).

ii. Hubbell; CS1221 (single pole),
CS1222 (two pole), CS1223 (three
way), CS1224 (four way).

ili. Leviton; 1221-2 (single pole),
1222-2 (two pole), 1223-2 (three
way), 1224-2 (four way).

iv. Pass & Seymour; 20AC1 (single
pole), 20AC2 (two pole), 20AC3
(three way), 20AC4 (four way).

Wall Plates.

a.

Single and combination types to match
corresponding wiring devices.

1. Plate-Securing Screws. Metal with head
color to match plate finish.

2. Material for Finished Spaces. Smooth,
high-impact thermoplastic (1.2 mm) thick
anodized aluminum

3. Material for Unfinished Spaces. Smooth,
high-impact thermoplastic.

4. Material for Damp Locations. Cast
aluminum with spring-loaded lift cover,
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and listed and labeled for use in
locations.”

wet

Wet-Location, Weatherproof Cover Plates.
NEMA 250, complying with type 3R weather-
resistant, die-cast aluminum with lockable
cover.

(6) Finishes.

a.

©) Execution.

Color. Wiring device catalog numbers in
Section text do not designate device color.

1. Wiring Devices Connected to Normal Power
System, Gray unless otherwise indicated
or required by NFPA 70 or device listing.

(€D Installation.

a.

Comply with NECA 1, including the mounting
heights listed in that standard, unless
otherwise noted.

Coordination with Other Trades.

1. Take steps to insure that devices and
their boxes are protected. Do not place
wall Finish materials over device boxes
and do not cut holes for boxes with
routers that are guided by riding against
outside of the boxes.

2. Keep outlet boxes free of plaster,
drywall joint compound, mortar, cement,
concrete, dust, paint, and other material
that may contaminate the raceway system,
conductors, and cables.

3. Install wiring devices after all wall
preparation, including painting, is
complete.

Conductors.

1. Do not strip insulation from conductors

until jJust before they are spliced or
terminated on devices.

2. Strip insulation evenly around the
conductor using tools designed for the
purpose. Avoid scoring or nicking of

solid wire or cutting strands from
stranded wire.
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The length of free conductors at outlets
for devices shall meet provisions of
NFPA 70, Article 300, without pigtails.

Existing Conductors. Cut back and
pigtail, or replace all damaged
conductors.

Straighten conductors that remain and
remove corrosion and foreign matter.

Pigtailing existing conductors is

permitted provided the outlet box is
large enough.

Device Installation.

1.

Replace all devices that have been in
temporary use during construction or that
show signs that they were installed
before building finishing operations were
complete.

Keep each wiring device in its package or
otherwise protected until it is time to
connect conductors.

Do not remove surface protection, such as
plastic film and smudge covers, until the
last possible moment.

Connect devices to branch circuits using
pigtails that are not less than 6 inches
(152 mm) in length.

When there is a choice, use side wiring
with binding-head screw terminals. Wrap
solid conductor tightly clockwise, 2/3 to
3/4 of the way around terminal screw.

Use a torque screwdriver when a torque 1is
recommended or required by the
manufacturer.

When conductors Qlarger than No. 12 AWG
are installed on 15- or 20-A circuits,
splice No. 12 AWG pigtails for device
connections.

Tighten unused terminal screws on the
device.

When mounting into metal boxes, remove
the fiber or plastic washers used to hold
device mounting screws iIn yokes, allowing
metal-to-metal contact.
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Receptacle Orientation. Install ground pin of
vertically mounted receptacles up, and on
horizontally mounted receptacles to the right.

Device Plates. Do not use oversized or extra-
deep plates. Repair wall finishes and remount
outlet boxes when standard device plates do not
fit flush or do not cover rough wall opening.

Arrangement of Devices. Unless otherwise
indicated, mount flush, with @long dimension
vertical and with grounding terminal of
receptacles on top. Group adjacent switches
under single, multigang wall plates.

Identification.

a.

Comply with Subsection ELECTRICAL
IDENTIFICATION.

1. Receptacles. Identify panelboard and
circuit number from which served. Use
hot, stamped or engraved machine printing
with white-filled lettering on face of
plate, and durable wire markers or tags
inside outlet boxes.

Field Quality Control.

a.

Perform tests and inspections and prepare test
reports.

1. Test Instruments. Use iInstruments that
comply with UL 1436.

2. Test Instrument for Convenience
Receptacles. Digital wiring analyzer
with digital readout or illuminated LED
indicators of measurement.

Tests for Convenience Receptacles.

1. Line Voltage. Acceptable range is 105 to
132 V.

2. Percent Voltage Drop under 15-A Load. A
value of 6 percent or higher is not
acceptable.

3. Ground Impedance. Values of up to 2 ohms

are acceptable.

4. GFCI Trip. Test for tripping values
specified in UL 1436 and UL 943.
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5. Using the test plug, verify that the
device and its outlet box are securely
mounted.

6. The tests shall be diagnostic, indicating

damaged conductors, high resistance at
the circuit breaker, poor connections,
inadequate fault current path, defective
devices, or similar problems. Correct
circuit conditions, remove malfunctioning
units and replace with new, and retest as
specified above.

ELECTRICITY METERING.

@

4

Q)

General.
(@D Summary .

a. This Subsection includes equipment for utility
company®"s electricity metering.

) Submittals.

a. Product Data. For each metering component
specified.

b. Fabrication Drawings for Electricity-Metering
Equipment. Include dimensioned plans and
sections or elevation layouts. Include wiring
diagrams showing power, signal, and control
wiring specific to this Project.

C. Operation and Maintenance Data. For
electricity-metering equipment to include in
emergency, operation, and maintenance manuals.

(€)) Quality Assurance.

a.

Electrical Components, Devices, and
Accessories. Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency
acceptable to authorities having jurisdiction,
and marked for intended use.

Delivery, Storage, And Handling. Receive, store, and

handle modular meter center as specified in NECA 400.

Project Conditions.

a.

Interruption of Existing Electrical Service.
Do not interrupt electrical service to
facilities occupied by Owner or others unless
permitted under the Tfollowing conditions and
then only after arranging to provide temporary
electrical service according to requirements
indicated:
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1. Notify Owner no fewer than two days in
advance of proposed interruption of
electrical service.

2. Do not proceed with interruption of
electrical service without Owner-®s
written permission.

(6) Coordination.

a. Electrical Service Connections. Coordinate
with utility companies and components they
furnish.

(b) Products.
(@D Manufacturers.

a. Where  titles below introduce lists, the
following requirements apply to product
selection:

1. Available Manufacturers. Subject to
compliance with requirements,
manufacturers offering products that may
be 1incorporated into the Work include,
but are not limited to, manufacturers
specified.

(@)) Equipment For Electricity Metering By Utility

Company .

a. Current-Transformer Cabinets. Comply with
requirements of electrical power utility
company .

b. Meter Sockets. Comply with requirements of
electrical power utility company.

(©) Execution.
(@D Installation.

a. Comply with equipment installation requirements
in NECA 1.

b. Install equipment for utility company metering.

XX.

Install raceways and equipment according to
utility company”s written requirements.
Provide empty conduits for metering leads and
extend grounding connections as required by
utility company.

PACKAGED ENGINE GENERATORS.

@

General.
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Summary .

a.

This Subsection includes packaged engine-
generator sets for standby power supply with
the following features:

1. Diesel engine.

2. Unit-mounted cooling system.

3. Unit-mounted control and monitoring.

4. Outdoor sound attenuation enclosure.

b. See Subsection TRANSFER SWITCHES for transfer
switches including sensors and relays to
initiate automatic-starting and -stopping
signals for engine-generator sets.

Submittals.

a. Product Data. For each type of packaged engine
generator and accessory indicated.

b. Fabrication Drawings. Detail equipment
assemblies and indicate dimensions, weights,
loads, required clearances, method of field
assembly, components, and location and size of
each field connection.

1. Manufacturer Seismic Qualification
Certification. Submit certification that
engine-generator

C. Source quality-control test reports.

d. Field quality-control test reports.

e. Operation and maintenance data.

L Warranty. Special warranty specified in this
Section.

Quality Assurance.

a.

Installer Qualifications. Manufacturer-s
authorized representative who is trained and
approved for installation of units required for
this Project.

Manufacturer Qualifications. A qualified
manufacturer. Maintain, within 200 miles (321
km) of Project site, a service center capable
of providing training, parts, and emergency
maintenance repairs.
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C. Electrical Components, Devices, and
Accessories. Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency
acceptable to authorities having jurisdiction,
and marked for intended use.

d. Comply with ASME B15.1.

e. Comply with NFPA 37.

L Comply with NFPA 70.

g- Comply with NFPA 110 requirements for Level 1
emergency power supply system.

h. Comply with UL 2200.

i. Engine Exhaust Emissions. Comply with
applicable state and local government

requirements.

J- Noise Emission. Comply with applicable state
and local government requirements for maximum
noise level at adjacent property boundaries due
to sound emitted by generator set including
engine, engine exhaust, engine cooling-air
intake and discharge, and other components of
installation.

Project Conditions.

a. Environmental Conditions. Engine-generator
system shall withstand the following
environmental conditions without mechanical or
electrical damage or degradation of performance
capability:

1. Ambient Temperature. Minus 15 to plus 40
deg C.
2. Relative Humidity. O to 95 percent.
3. Altitude. Sea level to 1000 feet
(300 m).
Warranty.
a. Special Warranty. Manufacturer®s standard form
in which manufacturer agrees to repair or
replace components of packaged engine

generators and associated auxiliary components
that fail in materials or workmanship within
specified warranty period.

1. Warranty Period. One year from date of
Substantial Completion.
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Products.
(@D Manufacturers.

a. Available Manufacturers. Subject to compliance
with requirements, manufacturers offering
products that may be incorporated into the Work
include, but are not limited to, the following:
i. Caterpillar; Engine Div.

ii. Generac Power Systems, Inc.
iii. Kohler Co.; Generator Division.
iv. Magnetek, Inc.
V. Onan/Cummins Power Generation; Industrial
Business Group.
Vvi. Spectrum Detroit Diesel.
) Engine-Generator Set.

a.

b.

Factory-assembled and -tested, engine-generator
set.

Mounting Frame. Maintain alignment of mounted
components without depending on concrete
foundation; and have lifting attachments.

Capacities and Characteristics.

1. Power Output Ratings. Nominal ratings as
indicated.

2. Output Connections. Three-phase, four
wire.

3. Nameplates. For each major system

component to identify manufacturer®s name
and address, and model and serial number
of component.

Generator-Set Performance.

1. Steady-State Voltage Operational
Bandwidth. 3 percent of rated output
voltage from no load to full load.

2. Transient Voltage Performance. Not more
than 20 percent variation for 50 percent
step-load increase or decrease. Voltage
shall recover and remain within the
steady-state operating band within three
seconds.
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Engine.

a.

Fuel.

Steady-State Frequency Operational
Bandwidth. 0.5 percent of rated
frequency from no load to full load.

Steady-State Frequency Stability. When
system is operating at any constant load
within the rated load, there shall be no
random speed Vvariations outside the
steady-state operational band and no
hunting or surging of speed.

Transient Frequency Performance. Less
than 5 percent variation for 50 percent
step-load increase or decrease.
Frequency shall recover and remain within
the steady-state operating band within
five seconds.

Output Waveform. At no load, harmonic
content measured line to line or line to
neutral shall not exceed 5 percent total
and 3 percent for single harmonics.
Telephone influence factor, determined
according to NEMA MG 1, shall not exceed
50 percent.

Sustained Short-Circuit Current. For a
3-phase, bolted short circuit at system
output terminals, system shall supply a
minimum of 250 percent of rated full-load
current for not less than 10 seconds and
then clear the fault automatically,
without damage to generator  system
components.

Start Time. Comply with NFPA 110,
Type 10, system requirements.

Fuel oil, Grade DF-2.

Rated Engine Speed. 1800 rpm.

Maximum Piston Speed for Four-Cycle Engines.

2250 fpm (11.4 m/s).

Lubrication System. The following items are

mounted on engine or skid:

1.

Filter and Strainer. Rated to remove 90
percent of particles 5 micrometers and
smaller while passing full flow.

Thermostatic Control Valve. Control flow
in system to maintain optimum oil
temperature. Unit shall be capable of
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full flow and 1is designed to be fail-
safe.

3. Crankcase Drain. Arranged for complete
gravity drainage to an easily removable
container with no disassembly and without
use of pumps, siphons, special tools, or
appliances.

Engine Fuel System.

1. Main Fuel Pump. Mounted on engine. Pump
ensures adequate primary fuel flow under
starting and load conditions.

2. Relief-Bypass Valve. Automatically
regulates pressure in fuel line and
returns excess fuel to source.

Coolant Jacket Heater. Electric-immersion
type, Ffactory installed 1in coolant jacket
system. Comply with NFPA 110 requirements for
Level 1 equipment for heater capacity.

Governor. Adjustable isochronous, with speed
sensing.
Cooling System. Closed 1loop, liquid cooled,

with radiator factory mounted on engine-
generator-set mounting frame and integral
engine-driven coolant pump.

1. Coolant. Solution of 50 percent
ethylene-glycol-based antifreeze and 50
percent water, with anticorrosion
additives as recommended by engine
manufacturer.

2. Temperature Control. Self-contained,
thermostatic-control valve modulates

coolant flow automatically to maintain
optimum constant coolant temperature as
recommended by engine manufacturer.

MuFfler/Silencer. Critical type, sized as
recommended by engine manufacturer and selected
with exhaust piping system to not exceed engine
manufacturer®s engine backpressure
requirements.

1. Minimum sound attenuation of 25 dB at 500
Hz.
2. Sound level measured at a distance of 10

feet (3 m) from exhaust discharge after
installation is complete shall be 85 dBA
or less.



10/2/2012

4

Q)

Air-Intake Filter. Heavy-duty, engine-mounted
air cleaner with replaceable dry-filter element
and "blocked filter" indicator.

Starting System. 12-V electric, with negative
ground.

1. Components. Sized so they will not be
damaged during a Ffull engine-cranking
cycle with ambient temperature at maximum
specified in Part 1 "Project Conditions"
Article.

2. Cranking Motor. Heavy-duty unit that
automatically engages and releases from
engine flywheel without binding.

3. Cranking Cycle. As required by NFPA 110
for system level specified.

4. Battery. Adequate capacity within
ambient temperature range specified 1iIn
Part 1 "Project Conditions™ Article to
provide specified cranking cycle at least
twice without recharging.

5. Battery-Charging Alternator. Factory
mounted on engine with solid-state
voltage regulation and 35-A minimum
continuous rating.

6. Battery Charger. Current-limiting,
automatic-equalizing and Tfloat-charging
type. Unit shall comply with UL 1236.

Fuel Oil Storage.

a.

b.

Comply with NFPA 30.

Base-Mounted Fuel Oil Tank. Factory installed
and piped, complying with UL 142 fuel oil tank.
Features include the following:

1. Tank level indicator.

2. Capacity. Fuel for 24 hours®™ continuous
operation at 100 percent rated power
output.

3. Vandal-resistant fill cap.

4. Containment Provisions. Comply with
requirements of authorities having
jJurisdiction.

Control And Monitoring.
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Automatic Starting System Sequence of
Operation. When mode-selector switch on the
control and monitoring panel is in the
automatic position, remote-control contacts in
one or more separate automatic transfer
switches initiate starting and stopping of
generator set. When mode-selector switch is
switched to the on position, generator set
starts. The off position of same switch
initiates generator-set shutdown. When
generator set is running, specified system or
equipment failures or derangements
automatically shut down generator set and
initiate alarms.

Manual Starting System Sequence of Operation.
Switching on-off switch on the generator
control panel to the on position starts
generator set. The off position of same switch

initiates generator-set shutdown. When
generator set is running, specified system or
equipment failures or derangements

automatically shut down generator set and
initiate alarms.

Configuration. Operating and safety
indications, protective devices, basic system
controls, and engine gages shall be grouped in
a common control and monitoring panel mounted
on the generator set. Mounting method shall
isolate the control panel from generator-set
vibration.

Indicating and Protective Devices and Controls.
As required by NFPA 110 for Level 1 system, and
the following:

1. AC voltmeter.

2. AC ammeter.

3. AC frequency meter.

4. DC voltmeter (alternator battery
charging).

5. Engine-coolant temperature gage.

6. Engine lubricating-oil pressure gage.

7. Running-time meter.

8. Ammeter-voltmeter, phase-selector
switch(es).

9. Generator-voltage adjusting rheostat.
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10. Fuel tank derangement alarm.

11. Fuel tank high-level shutdown of fuel
supply alarm.

12. Generator overload.

Supporting Items. Include sensors,
transducers, terminals, relays, and other
devices and include wiring required to support
specified items. Locate sensors and other
supporting items on engine or generator, unless
otherwise indicated.

Common Remote Audible Alarm. Comply with
NFPA 110 requirements for Level 1 systems.
Include necessary contacts and terminals in
control and monitoring panel.

1. Overcrank shutdown.

2. Coolant low-temperature alarm.

3. Control switch not in auto position.
4. Battery-charger malfunction alarm.
5. Battery low-voltage alarm.

Remote Alarm Annunciator. Comply with NFPA 99.
An LED Ilabeled with proper alarm conditions
shall identify each alarm event and a common
audible signal shall sound for each alarm
condition. Silencing switch in face of panel
shall silence signal without altering visual
indication. Connect so that after an alarm is
silenced, clearing of initiating condition will
reactivate alarm until silencing switch is
reset. Cabinet and faceplate are surface- or
Fflush-mounting type to suit mounting conditions
indicated.

(6) Generator Overcurrent And Fault Protection.

a.

Generator Circuit Breaker. Molded-case,
thermal-magnetic type; complying with NEMA AB 1
and UL 489.

1. Tripping Characteristic. Designed
specifically for generator protection.

2. Trip Rating. Matched to generator
rating.
3. Shunt Trip. Connected to trip breaker

when generator set is shut down by other
protective devices.
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4. Mounting. Adjacent to or integrated with
control and monitoring panel.

Ground-Fault Indication. Comply with NFPA 70,
"Emergency System" signals for ground-fault.
Integrate ground-fault alarm indication with
other generator-set alarm indications.

Generator, Exciter, And Voltage Regulator.

a.

b.

Comply with NEMA MG 1.

Drive. Generator shaft shall be directly
connected to engine shaft. Exciter shall be
rotated integrally with generator rotor.

Electrical Insulation. Class H or Class F.

Stator-Winding Leads. Brought out to terminal
box to permit future reconnection for other
voltages if required.

Construction shall prevent mechanical,
electrical, and thermal damage due to
vibration, overspeed up to 125 percent of
rating, and heat during operation at 110
percent of rated capacity.

Enclosure. Drip proof.

Instrument Transformers. Mounted within
generator enclosure.

Voltage Regulator. Solid-state type, separate
from exciter, providing performance as
specified.

Adjusting rheostat on control and monitoring
panel shall provide plus or minus 5 percent
adjustment of output-voltage operating band.

Outdoor Generator-Set Enclosure.

a.

Description. Vandal-resistant, sound
attenuating weatherproof steel housing, wind
resistant up to 100 mph (160 km/h). Multiple
panels shall be lockable and provide adequate
access to components requiring maintenance.
Panels shall be removable by one person without
tools. Instruments and control shall be
mounted within enclosure.

Engine Cooling Airflow through Enclosure.
Maintain temperature rise of system components
within required limits when unit operates at
110 percent of rated load for 2 hours with
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(a1

€3)

C.

ambient temperature at top of range specified
in system service conditions.

1. Louvers. Fixed-engine, cooling-air inlet
and discharge. Storm-proof and drainable
louvers prevent entry of rain and snow.

Convenience Outlets. Factory wired[, GFCI]-
Arrange for external electrical connection.

Vibration Isolation Devices.

a.

Elastomeric Isolator Pads. Oil- and water-
resistant elastomer or natural rubber, arranged
in single or multiple layers, molded with a
nonslip pattern and galvanized-steel base
plates of sufficient stiffness for uniform
loading over pad area, and factory cut to sizes
that match requirements of supported equipment.

1. Material. Standard neoprene.

Finishes.

a.

Indoor and Outdoor Enclosures and Components.
Manufacturer®s standard finish over corrosion-
resistant pretreatment and compatible primer.

Source Quality Control.

a.

Execution.

Prototype Testing. Factory test engine-
generator set using same  engine model,
constructed of identical or equivalent
components and equipped with 1identical or
equivalent accessories.

1. Tests. Comply with NFPA 110, Level 1
Energy Converters and with IEEE 115.

2. Report Tfactory test results within 10
days of completion of test.

Installation.

a.

Comply with packaged engine-generator
manufacturers” written installation and
alignment instructions and with NFPA 110.

Install packaged engine generator to provide
access, without removing connections or
accessories, for periodic maintenance.

Install packaged engine generator with
elastomeric isolator pads having a minimum
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deflection of 1 inch (25 mm) on 4-inch- (100-
mm-) high concrete base. Secure sets to anchor
bolts installed in concrete bases. Concrete
base construction 1is specified iIn Subsection
HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS.

Electrical Wiring. Install electrical devices
furnished by equipment manufacturers but not
specified to be factory mounted.

Ground equipment according to  Subsection

Connect wiring according to Subsection

Identify system components according to
Subsection ELECTRICAL IDENTIFICATION.

Perform tests and inspections and prepare test

1. Manufacturer®s Field Service. Engage a
factory-authorized service representative
to inspect components, assemblies, and
equipment installations, including
connections, and to assist in testing.

d.
e.
GROUNDING AND BONDING.
f.
CONDUCTORS AND CABLES.
g-
Field Quality Control.
a.
reports.
b.

Tests and Inspections.

1. Perform tests recommended by manufacturer
and each electrical test and visual and
mechanical inspection for "AC Generators
and for Emergency Systems'"™ specified 1in
NETA Acceptance Testing Specification.
Certify compliance with test parameters.

2. NFPA 110 Acceptance Tests. Perform tests
required by NFPA 110 that are additional
to those specified here including, but
not Dlimited to, single-step Tfull-load
pickup test.

3. Battery Tests. Equalize charging of
battery cells according to manufacturer-®s
written instructions. Record individual
cell voltages.

i. Measure charging voltage and
voltages between available battery
terminals for  full-charging and
float-charging conditions. Check
electrolyte level and specific
gravity under both conditions.
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Test for contact integrity of all
connectors. Perform an integrity
load test and a capacity load test
for the battery.

iii. Verify acceptance of charge for
each element of the battery after
discharge.

iv. Verify that measurements are within
manufacturer~s specifications.

Battery-Charger Tests. Verify specified
rates of charge for both equalizing and
float-charging conditions.

System Integrity Tests. Methodically
verify proper installation, connection,
and integrity of each element of engine-
generator system before and during system
operation. Check for air, exhaust, and
fluid leaks.

Exhaust-System Back-Pressure Test. Use a
manometer with a scale exceeding 40-inch
wg (120 KkPa). Connect to exhaust line
close to engine exhaust manifold. Verify
that back pressure at full-rated load is
within manufacturer®s written allowable
limits for the engine.

Exhaust Emissions Test. Comply with
applicable government test criteria.

Voltage and Frequency Transient Stability
Tests. Use recording oscilloscope to
measure voltage and frequency transients
for 50 and 100 percent step-load
increases and decreases, and verify that
performance is as specified.

Harmonic-Content Tests. Measure harmonic
content of output voltage wunder 25
percent and at 100 percent of rated
linear load. Verify that harmonic
content is within specified limits.

Noise Level Tests. Measure A-weighted
level of noise emanating from generator-
set installation, including engine

exhaust and cooling-air intake and
discharge, at four Ilocations on the
property line, and compare measured
levels with required values.

Resistor Bank Test. After installation,
the generator set shall be subjected to
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all the following tests using resistor
bank. Certified reports for both of these
tests shall be submitted. The engineer
shall be notified one week prior to
testing so arrangements can be made.
Generator set shall be tested under
varying loads with guards and exhaust
system in place. Tests shall include; and
certified reports shall be submitted for:

i. Single-step load pickup.
ii. Transient and steady-state
governing.

ili. Safety shutdown device testing.

iv. Voltage regulation

V. Rated Power. 100% output for 4
hours.

Vi. Max imum Power output for 20
minutes.

Coordinate tests with tests for transfer
switches and run them concurrently.

Leak Test. After installation, charge system
and test for leaks. Repair leaks and retest
until no leaks exist.

Operational Test: After electrical circuitry
has been energized, start units to confirm
proper motor rotation and unit operation.

Test and adjust controls and safeties. Replace
damaged and malfunctioning controls and
equipment.

Remove and replace malfunctioning units and
retest as specified above.

Retest. Correct deficiencies identified by
tests and observations and retest until
specified requirements are met.

Report results of tests and 1iInspections 1in

writing. Record adjustable relay settings and
measured insulation resistances, time delays,
and other values and observations. Attach a

label or tag to each tested component
indicating satisfactory completion of tests.
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3) Demonstration.

a. Engage a factory-authorized service
representative to train Owner®"s maintenance
personnel to adjust, operate, and maintain
packaged engine generators.

XX - TRANSIENT VOLTAGE SUPPRESSION.

() General.

(@D Summary . This Subsection includes TVSSs for low-
voltage power equipment.

(@)) Submittals.

a. Product Data. For each type of product
indicated. Include rated capacities, operating
weights, operating characteristics, furnished
specialties, and accessories.

b. Field quality-control test reports.
C. Operation and Maintenance Data.

(€)) Quality Assurance.

a. Source Limitations. Obtain suppression devices
and accessories through one source from a
single manufacturer.

b. Electrical Components, Devices, and
Accessories. Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency
acceptable to authorities having jurisdiction,
and marked for intended use.

C. Comply with IEEE C62.41, "IEEE Guide for Surge
Voltages in Low Voltage AC Power Circuits,” and
test devices according to IEEE C62.45, "IEEE
Guide on Surge Testing for Equipment Connected
to Low-Voltage AC Power Circuits.”

d. Comply with NEMA LS 1, "Low Voltage Surge
Protection Devices."

e. Comply with UL 1283, "Electromagnetic
Interference Filters,” and UL 1449, "Transient
Voltage Surge Suppressors."

(@)) Project Conditions.

a. Service Conditions. Rate surge protection
devices Tfor continuous operation under the
following conditions, unless otherwise

indicated:
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Products.

1. Maximum Continuous Operating Voltage.

Not 1less than 115 percent of nominal

system operating voltage.

2. Operating Temperature. 30 to 120 deg F
(0 to 50 deg C).

3. Humidity. 0 to 85 percent,
noncondensing.

4. Altitude. Less than 20,000 feet (6090 m)

above sea level.

(@D Manufacturers.

a.

Available Manufacturers. Subject to compliance
with requirements, manufacturers offering

products that may be incorporated into the

Work

include, but are not limited to, the following:

of

1. Advanced Protection Technologies, Inc.

2. Cutler-Hammer, Inc.; Eaton Corporation.

3. General Electric Company.

4. Innovative Technology, Inc.

5. Intermatic, Inc.

6. LEA International.

7. Leviton Mfg. Company Inc.

8. Liebert Corporation; a division
Emerson.

9. Siemens Energy & Automation, Inc.

10. Square D; Schneider Electric.

11. Surge Suppression Incorporated.

12. Transtector Systems, Inc.

13. Tycor; Cutler-Hammer, Inc.

) Service Entrance Suppressors.

a.

Surge Protection Device Description:
modular, sine-wave-tracking type with
following features and accessories:

1. LED indicator Qlights for power
protection status.

Non-
the

and
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2. Audible alarm, with silencing switch, to
indicate when protection has failed.

3. Fuses: rated at 200-kA interrupting
capacity.
4. Integral disconnect switch.
5. Redundant suppression circuits.
6. Surge-event operations counter.
b. Peak Single-Impulse Surge Current Rating. 160
kA per phase.
C. Connection Means. Permanently wired.
Enclosures. NEMA 250, with type matching the

enclosure of panel or device being protected.

(©) Execution.

€))

@

€))

Installation OF Surge Protection Devices.

a. Install devices at service entrance on load
side, with ground @lead bonded to service
entrance ground.

b. Install devices Tfor panelboard and auxiliary
panels with conductors or buses between
suppressor and points of attachment as short
and straight as possible. Do not exceed
manufacturer®s recommended lead length. Do not
bond neutral and ground.

1. Provide multipole, 30 -A circuit breaker
as a dedicated disconnect for suppressor,
unless otherwise indicated.

Placing System Into Service. Do not energize or
connect service entrance equipment to their sources
until surge protection devices are installed and
connected.

Field Quality Control.

a. Testing. Perform the following field tests and
inspections and prepare test reports:

1. Complete startup checks according to
manufacturer®s written instructions.

2. Perform each  visual and mechanical
inspection and electrical test stated in
NETA ATS, "Surge Arresters, Low-Voltage
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Surge Protection Devices" Section.
Certify compliance with test parameters.

XX . ENCLOSED SWITCHES AND CIRCUIT BREAKERS.

@

C))

General.

(@D Summary .

a.

This Subsection includes the following
individually mounted, enclosed switches and
circuit breakers:

1. Fusible switches.

2. Nonfusible switches.

3. Molded-case circuit breakers.
4. Enclosures.

(@) Submittals.

a.

Product Data. For each type of enclosed
switch, circuit breaker, accessory, and
component indicated.

Fabrication Drawings. Diagram power, signal,
and control wiring.

Field quality-control test reports.

Operation and maintenance data.

(€)) Quality Assurance.

a.

b.

Products.

Electrical Components, Devices, and
Accessories: Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency
acceptable to authorities having jurisdiction,
and marked for intended use.

Comply with NFPA 70.

(@D Manufacturers.

a.

In other Part 2 articles where titles below
introduce lists, the Tfollowing requirements
apply to product selection:

1. Available Manufacturers. Subject to
compliance with requirements,
manufacturers offering products that may
be 1incorporated into the Work include,
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but are not limited to, manufacturers
specified.

Fusible And Nonfusible Switches.

a.

Manufacturers.

1. Eaton Corporation; Cutler-Hammer
Products.

2. General Electric Co.; Electrical

Distribution & Control Division.
3. Siemens Energy & Automation, Inc.
4. Square D/Group Schneider.

Fusible Switch. A NEMA KS 1, Type HD, with
clips or bolt pads to accommodate specified
fuses, lockable handle with capability to
accept two padlocks, and interlocked with cover
in closed position.

Nonfusible Switch. NEMA KS 1, Type HD,
lockable handle with capability to accept two
padlocks, and interlocked with cover in closed
position.

Accessories.

1. Neutral Kit. Internally mounted;
insulated, capable of being grounded, and
bonded; and labeled for copper and
aluminum neutral conductors.

2. Auxiliary Contact Kit. Auxiliary set of
contacts arranged to open before switch
blades open.

Molded-Case Circuit Breakers And Switches.

a.

Manufacturers.

1. Eaton Corporation; Cutler-Hammer
Products.

2. General Electric Co.; Electrical

Distribution & Control Division.
3. Moeller Electric Corporation.
4. Siemens Energy & Automation, Inc.

5. Square D/Group Schneider.
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a.

b. Molded-Case Circuit Breaker. NEMA AB 1, with
interrupting capacity to meet available fault
currents.

1. Thermal-Magnetic Circuit Breakers.
Inverse time-current element for low-
level overloads and instantaneous
magnetic trip element for short circuits.
Adjustable magnetic trip setting for
circuit-breaker frame sizes 250 A and
larger.

2. Adjustable Instantaneous-Trip Circuit
Breakers. Magnetic trip element with
front-mounted, field-adjustable trip
setting.

3. GFCI Circuit Breakers. Single- and two-
pole configurations with 5 or 30-mA trip
sensitivity.

C. Molded-Case Circuit-Breaker Features and
Accessories.

1. Standard frame sizes, trip ratings, and
number of poles.

2. Lugs. Mechanical style with compression
lug kits suitable for number, size, trip
ratings, and conductor material.

3. Application Listing. Type SWD  for
switching Ffluorescent lighting loads;
Type HACR for heating, air-conditioning,
and refrigerating equipment.

4. Ground-Fault Protection. Integrally
mounted relay and trip unit with
adjustable pickup and time-delay
settings, push-to-test feature, and
ground-fault indicator.

(C)) Enclosures.

a. NEMA AB 1 and NEMA KS 1 to meet environmental
conditions of installed location.

1. Outdoor Locations. NEMA 250, Type 4X
Stainless Steel.

Execution.
(@D Installation.

Coordinate size and location of concrete bases.
Verify structural requirements with structural

engineer.
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TRANSFER SWITCHES.

(2) Field

Concrete base is specified 1iIn Subsection
HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS.

Comply with applicable portions of NECA 1,
NEMA PB 1.1, and NEMA PB 2.1 for installation
of enclosed switches and circuit breakers.

Mount individual wall-mounting switches and
circuit breakers with tops at uniform height,
unless otherwise indicated. Anchor floor-
mounting switches to concrete base.

Comply with mounting and anchoring requirements
specified in Subsection HANGERS AND SUPPORTS
FOR ELECTRICAL SYSTEMS.

Temporary Lifting Provisions. Remove temporary
lifting eyes, channels, and brackets and
temporary blocking of moving parts from
enclosures and components.

Identify field-installed conductors,
interconnecting wiring, and components; provide
warning signs as specified 1in Subsection
ELECTRICAL IDENTIFICATION.

Quality Control.

@

General.

Prepare for acceptance testing as follows:

1. Inspect mechanical and electrical
connections.

2. Verify switch and relay type and labeling
verification.

3. Verify rating of installed fuses.

Perform the following field tests and
inspections and prepare test reports:

1. Perform each electrical test and visual
and mechanical inspection stated in
NETA ATS, Section 7.5 for switches and
Section 7.6 for molded-case circuit

breakers. Certify compliance with test
parameters.
2. Correct malfunctioning units on-site,

where possible, and retest to demonstrate
compliance; otherwise, replace with new
units and retest.
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(€D Summary. This Subsection includes automatic transfer
switches rated 600 V and less.

(@) Submittals.

a.

Product Data. Include rated capacities,
weights, operating characteristics, furnished
specialties, and accessories.

Fabrication Drawings. Dimensioned plans,
elevations, sections, and details showing
minimum clearances, conductor entry provisions,
gutter space, installed features and devices,
and material lists for each switch specified.

1. Field quality-control test reports.

2. Operation and maintenance data.

(€)) Quality Assurance.

a.

Products.

Electrical Components, Devices, and
Accessories: Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency
acceptable to authorities having jurisdiction,
and marked for intended use.

Comply with NEMA ICS 1.

Comply with NFPA 70.

Comply with NFPA 99.

Comply with NFPA 110.

Comply with UL 1008 wunless requirements of
these Specifications are stricter.

(@D Manufacturers.

a.

Available Manufacturers. Subject to compliance
with requirements, manufacturers offering
products that may be incorporated into the Work
include, but are not limited to, the following:

1. Contactor Transfer Switches.
i. Emerson; ASCO Power Technologies,
LP.
ii. GE Zenith Controls.

iii. Russ Electric, Inc.

2 General Transfer-Switch Product Requirements.
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Indicated Current Ratings. Apply as defined in
UL 1008 for continuous loading and total system
transfer, including tungsten filament lamp
loads not exceeding 30 percent of switch ampere
rating, unless otherwise indicated.

Tested Fault-Current Closing and Withstand
Ratings. Adequate for duty imposed by
protective devices at installation locations in
Project under the fault conditions indicated,
based on testing according to UL 1008.

1. Where transfer switch includes internal
fault-current protection, rating of
switch and trip unit combination shall
exceed indicated fault-current value at
installation location.

Solid-State Controls. Repetitive accuracy of
all settings shall be plus or minus 2 percent
or better over an operating temperature range
of -20 to 70°C.

Resistance to Damage by Voltage Transients.
Components shall meet or exceed voltage-surge
withstand capability requirements when tested
according to |1EEE C62.41. Components shall
meet or exceed voltage-impulse withstand test
of NEMA ICS 1.

Electrical Operation. Accomplish by a
nonfused, momentarily energized solenoid or
electric-motor-operated mechanism, mechanically
and electrically interlocked in both
directions.

Switch Characteristics. Designed for
continuous-duty repetitive transfer of full-
rated current between active power sources.

1. Limitation. Switches using molded-case
switches or circuit breakers or
insulated-case circuit-breaker components
are not acceptable.

2. Switch Action. Double throw;
mechanically held in both directions.

3. Contacts. Silver composition or silver
alloy for load-current switching.

Conventional automatic  transfer-switch
units, rated 225 A and higher, shall have
separate arcing contacts.

Neutral Terminal. Solid and Tfully rated,
unless otherwise indicated.
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h.

Enclosures. General-purpose NEMA 250, Type 1,
complying with NEMA ICS 6 and UL 508, unless
otherwise iIndicated.

Automatic Transfer Switches.

a.

b.

Comply with Level 1 equipment according to
NFPA 110.

Switching Arrangement. Double-throw type,
incapable of pauses or intermediate position
stops during normal functioning, unless

otherwise indicated.

Signal-Before-Transfer Contacts. A set of
normally open/normally closed dry contacts
operates in advance of retransfer to normal

source. Interval is adjustable from 1 to 30
seconds.
In-Phase Monitor. Factory-wired, internal

relay controls transfer so it occurs only when
the two sources are synchronized in phase.

Motor Disconnect and Timing Relay. Controls
designate starters so they disconnect motors
before transfer and reconnect them selectively
at an adjustable time interval after transfer.
Time delay for reconnecting individual motor
loads is adjustable between 1 and 60 seconds,
and settings are as indicated.

Automatic Transfer-Switch Features.

1. Undervoltage Sensing for Each Phase of
Normal Source. Sense low phase-to-ground
voltage on each phase. Pickup voltage
shall be adjustable from 85 +to 100
percent of nominal, and dropout voltage
is adjustable from 75 to 98 percent of
pickup value. Factory set for pickup at
90 percent and dropout at 85 percent.

2. Adjustable Time Delay. For override of
normal-source voltage sensing to delay
transfer and engine start signals.
Adjustable from zero to six seconds, and
factory set for one second.

3. Voltage/Frequency Lockout Relay. Prevent
premature transfer to generator. Pickup
voltage shall be adjustable from 85 to
100 percent of nominal. Factory set for
pickup at 90 percent. Pickup frequency
shall be adjustable from 90 to 100
percent of nominal. Factory set for
pickup at 95 percent.
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11.

12.

Time Delay for Retransfer to Normal
Source. Adjustable from 0 to 30 minutes,
and factory set for 10 minutes to
automatically defeat delay on loss of
voltage or sustained undervoltage of
emergency source, provided normal supply
has been restored.

Test Switch. Simulate normal-source
failure.

Switch-Position Pilot Lights. Indicate
source to which load is connected.
Source-Available Indicating Lights.
Supervise sources via transfer-switch
normal - and emergency-source sensing
circuits.

i. Normal Power Supervision. Green

light with nameplate engraved
"Normal Source Available."

Emergency Power Supervision. Red
light with nameplate engraved
"Emergency Source Available."

Unassigned Auxiliary Contacts: Two
normally open, single-pole, double-throw
contacts for each switch position, rated
10 A at 240-V ac.

Transfer Override Switch. Overrides
automatic retransfer control so automatic
transfer switch will remain connected to
emergency power source regardless of
condition of normal source. Pilot light
indicates override status.

Engine Starting Contacts. One isolated
and normally closed, and one isolated and
normally open; rated 10 A at 32-V dc
minimum.

Engine Shutdown Contacts. Instantaneous;
shall initiate shutdown sequence at
remote engine-generator controls after
retransfer of load to normal source.

Engine Shutdown Contacts. Time delay
adjustable from zero to five minutes, and
factory set for five minutes. Contacts
shall initiate shutdown at remote engine-
generator controls after retransfer of
load to normal source.
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13. Engine-Generator Exerciser. Solid-state,
programmable-time switch starts engine
generator and transfers load to it from
normal source for a preset time, then
retransfers and shuts down engine after a
preset cool-down period. Initiates
exercise cycle at preset intervals
adjustable from 7 to 30 days. Running
periods are adjustable from 10 to 30
minutes. Factory settings are for 7-day
exercise cycle, 20-minute running period,
and 5-minute cool-down period. Exerciser
features include the following:

i. Exerciser Transfer Selector Switch.
Permits selection of exercise with
and without load transfer.

ii. Push-button programming control
with digital display of settings.

iii. Integral battery operation of time
switch when normal control power is
not available.

(C€)) Source Quality Control. Factory test and inspect
components, assembled switches, and associated
equipment. Ensure proper operation. Check transfer
time and voltage, frequency, and time-delay settings
for compliance with specified requirements. Perform
dielectric strength test complying with NEMA ICS 1.

Execution.

(€D Installation.

a. Identify components according to Subsection
ELECTRICAL IDENTIFICATION.

b. Set field-adjustable intervals and delays,
relays, and engine exerciser clock.

) Connections.

a. Ground equipment according to  Subsection
GROUNDING AND BONDING.
b. Connect wiring according to Subsection
CONDUCTORS AND CABLES.
(€)) Field Quality Control.

a. Manufacturer®s Field Service. Engage a
factory-authorized service representative to
inspect, test, and adjust components,

assemblies, and equipment installations,
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including connections. Report results in
writing.

Perform tests and inspections and prepare test
reports.

1.

Manufacturer®s Field Service. Engage a
factory-authorized service representative
to inspect components, assemblies, and
equipment installation, including
connections, and to assist in testing.

After installing equipment and after
electrical circuitry has been energized,
test for compliance with requirements.

Perform each visual and mechanical
inspection and electrical test stated in
NETA Acceptance Testing Specification.
Certify compliance with test parameters.

Measure insulation resistance phase-to-
phase and phase-to-ground with
insulation-resistance tester. Use test
voltages and procedure recommended by
manufacturer. Comply with manufacturer®s
specified minimum resistance.

i. Check for electrical continuity of

circuits and for short circuits.

Inspect for physical damage, proper
installation and connection, and
integrity of barriers, covers, and
safety features.

iii. Verify that manual transfer
warnings are properly placed.

iv. Perform manual transfer operation.

After energizing circuits, demonstrate
interlocking sequence and operational
function for each switch at least three
times.

i. Simulate power fTailures of normal
source to automatic transfer
switches and of emergency source
with normal source available.

Simulate loss of phase-to-ground
voltage for each phase of normal
source.

Verify time-delay settings.
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iv. Verify pickup and dropout voltages
by data readout or inspection of
control settings.

V. Perform contact-resistance test
across main contacts and correct
values exceeding 500 microhms and
values for 1 pole deviating by more
than 50 percent from other poles.

Vi. Verify proper sequence and correct
timing of automatic engine
starting, transfer time delay,
retransfer time delay on

restoration of normal power, and
engine cool-down and shutdown.

6. Ground-Fault Tests. Coordinate with
testing of ground-fault protective
devices TfTor power delivery from both
sources.

i. Verify grounding connections and

locations and ratings of sensors.

Coordinate tests with tests of generator and
run them concurrently.

Report results of tests and inspections in
writing. Record adjustable relay settings and
measured insulation and contact resistances and
time delays. Attach a label or tag to each
tested component indicating satisfactory
completion of tests.

Remove and replace malfunctioning units and
retest as specified above.

(€)) Demonstration.

a.

b.

Engage a factory-authorized service
representative to train Owner®"s maintenance
personnel to adjust, operate, and maintain
transfer switches and related equipment as
specified below.

Coordinate this training with that  for
generator equipment.

ENCLOSED CONTROLLERS.

@

General.

(@D Summary .
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This Subsection includes ac, enclosed
controllers rated 600V and less, of the
following types:

1. Across-the-line, manual and magnetic
controllers.

(@)) Submittals.

a.

Product Data. For each type of enclosed
controller.

Fabrication Drawings. For each enclosed
controller.

1. Include wiring diagrams.

Field quality-control test reports.
Operation and maintenance data.

Load-current and overload-relay heater list.

Load-current and list of settings of adjustable
overload relays.

(€)) Quality Assurance.

a.

Electrical Components, Devices, and
Accessories. Listed and labeled as defined in
NFPA 70, Article 100.

Comply with NFPA 70.

Product Selection for Restricted Space.
Drawings indicate maximum  dimensions  for

enclosed controllers, minimum clearances
between enclosed controllers, and for adjacent
surfaces and other items. Comply with

indicated maximum dimensions and clearances.

(C€)) Coordination.

a.

Products.

Coordinate features of enclosed controllers and
accessory devices with pilot devices and
control circuits to which they connect.

Coordinate features, accessories, and functions
of each enclosed controller with ratings and
characteristics of supply circuit, motor,
required control sequence, and duty cycle of
motor and load.

(@D Manufacturers.
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Available Manufacturers. Subject to compliance
with requirements, manufacturers offering
products that may be incorporated into the Work
include, but are not limited to, the following:

1. ABB Power Distribution, Inc.; ABB
Control, Inc. Subsidiary.

2. Eaton Corporation; Cutler-Hammer
Products.

3. General Electrical Company; GE Industrial
Systems.

4. Rockwell Automation; Allen-Bradley Co.;
Industrial Control Group.

5. Siemens/Furnas Controls.

6. Square D.

(2) Across-The-Line Enclosed Controllers.

a.

Manual Controller. NEMA ICS 2, general
purpose, Class A, with T"quick-make, quick-
break™ toggle or pushbutton action, and marked

to show whether unit 1is "OFF," "ON," or
“TRIPPED."
1. Overload Relay. Ambient-compensated type

with 1inverse-time-current characteristics
and NEMA ICS 2, Class 10 tripping
characteristics. Relays shall have
heaters and sensors in each phase,
matched to nameplate, TfTull-load current
of specific motor to which they connect
and shall have appropriate adjustment for
duty cycle.

Magnetic Controller. NEMA ICS 2, Class A, full
voltage, nonreversing, across the line, unless
otherwise indicated.

1. Control Circuit. 120 V; obtained from
integral control power transformer with
a control power transformer of sufficient
capacity to operate connected pilot,
indicating and control devices, plus 100
percent spare capacity.

2. Overload Relay. Ambient-compensated type
with inverse-time-current characteristic
and NEMA ICS 2, Class 20 tripping
characteristic. Provide with heaters or
sensors in each phase matched to
nameplate full-load current of specific
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motor to which they connect and with
appropriate adjustment for duty cycle.

3. Adjustable Overload Relay. Dip switch
selectable for motor running overload
protection with NEMA ICS 2, Class 20
tripping characteristic, and selected to
protect motor against voltage and current
unbalance and single phasing. Provide
relay with Class 11 ground-fault
protection, with start and run delays to
prevent nuisance trip on starting.

Combination Magnetic Controller. Factory-
assembled combination controller and disconnect
switch.

1. Fusible Disconnecting Means. NEMA KS 1,
heavy-duty, fusible switch with
rejection-type fuse clips rated for
fuses. Select and size fuses to provide
Type 2 protection according to IEC 947-4-
1, as certified by an NRTL.

2. Nonfusible Disconnecting Means.
NEMA KS 1, heavy-duty, nonfusible switch.

3. Circuit-Breaker Disconnecting Means.
NEMA AB 1, motor-circuit protector with
field-adjustable, short-circuit trip
coordinated with motor locked-rotor
amperes.

Enclosures.

a.

Description. Flush- or surface-mounting
cabinets as indicated. NEMA 250, Type 1,
unless otherwise indicated.

1. Outdoor Locations. NEMA 250, Type 3R.

Accessories.

a.

Devices shall be factory installed in
controller enclosure, unlless otherwise
indicated.

Push-Button Stations, Pilot Lights, and
Selector Switches. NEMA ICS 2, heavy-duty

type.

Stop and Lockout Push-Button Station.
Momentary-break, push-button station with a
factory-applied hasp arranged so padlock can be
used to lock control circuit open.
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d. Control Relays. Auxiliary and adjustable time-
delay relays.

e. Phase-Failure and Undervoltage Relays. Solid-
state sensing circuit with isolated output
contacts for hard-wired connection. Provide

adjustable undervoltage setting.

ion.

Execut

Applications.

a. Features of each enclosed controller to
coordinate with ratings and characteristics of
supply circuit and motor; required control
sequence; duty cycle of motor, controller, and
load; and configuration of pilot device and
control circuit affecting controller functions.

Installation.

a. For control equipment at walls, bolt units to
wall or mount on lightweight structural-steel
channels bolted to wall. For controllers not
at walls, provide freestanding racks.

b. Install freestanding equipment on concrete
bases.
C. Comply with mounting and anchoring requirements

specified iIn Subsection HANGERS AND SUPPORTS
FOR ELECTRICAL SYSTEMS.

d. Enclosed Controller Fuses. Install fuses 1in
each fusible switch. Comply with requirements
in Subsection FUSES.

Identification. Identify enclosed controller,
components, and control wiring according to
Subsection ELECTRICAL IDENTIFICATION.

Control Wiring Installation.

a. Install wiring between enclosed controllers
according to Subsection CONDUCTORS AND CABLES.
Bundle, train, and support wiring in
enclosures.

b. Connect hand-off-automatic switch and other
automatic-control devices where applicable.

C. Connect selector switches to bypass only
manual- and automatic-control devices that have
no safety functions when switch 1s in hand
position.



10/2/2012

XX.

@)

Q)

PANELBOARDS .

Field

Connect selector switches with enclosed
controller circuit in both hand and automatic
positions for safety-type control devices such
as low- and high-pressure cutouts, high-
temperature cutouts, and motor overload
protectors.

Quality Control.

General .

€3

€)

Prepare for acceptance tests as follows:

1. Test insulation resistance for each
enclosed controller element, bus,
component, connecting supply, feeder, and
control circuit.

2. Test continuity of each circuit.

Perform the following field tests and
inspections and prepare test reports:

1. Perform each electrical test and visual
and mechanical inspection, except
optional tests, stated in NETA ATS,
""Motor Control - Motor Starters."
Certify compliance with test parameters.

2. Correct malfunctioning units and retest
to demonstrate compliance; otherwise,
replace with new units and retest.

Summary . This Subsection includes distribution

panelboards and lighting and appliance branch-circuit

panelboards.

a.

Submittals.

Product Data. For each type of panelboard,
overcurrent protective device, accessory, and
component indicated. Include dimensions and
manufacturers® technical data on Tfeatures,
performance, electrical characteristics,
ratings, and finishes.

Fabrication Drawings. For each panelboard and
related equipment.
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1. Dimensioned plans, elevations, sections,
and details. Show  tabulations of
installed devices, equipment Ffeatures,
and ratings. Include the following:

i. Enclosure types and details for
types other than NEMA 250, Type 1.

ii. Bus configuration, current, and
voltage ratings.

ifli. Short-circuit current rating of
panelboards and overcurrent
protective devices.

iv. UL Tlisting for series rating of
installed devices.

V. Features, characteristics, ratings,
and factory settings of individual
overcurrent protective devices and
auxiliary components.

2. Wiring Diagrams. Power, signal, and
control wiring.

3. Field quality-control test reports.

4. Operation and maintenance data.

(€)) Quality Assurance.

a.

b.

C.

Products.

Electrical Components, Devices, and
Accessories: Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency
acceptable to authorities having jurisdiction,
and marked for intended use.

Comply with NEMA PB 1.

Comply with NFPA 70.

(€D Manufacturers.

a.

Available Manufacturers. Subject to compliance
with requirements, manufacturers offering
products that may be incorporated into the Work
include, but are not limited to, the following:

1. Panelboards, Overcurrent Protective
Devices, Controllers, Contactors, and
Accessories.

Eaton Corporation; Cutler-Hammer

Products.
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General Electric Co.; Electrical
Distribution & Protection Div.

Siemens Energy & Automation, Inc.

Square D.

Manufactured Units.

a.

Enclosures. Flush- and surface-mounted
cabinets. NEMA PB 1, Type 1.

1. Rated for environmental conditions at
installed location.

i. Outdoor Locations. NEMA 250,
Type 3R.

Other Wet or Damp Indoor Locations.
NEMA 250, Type 4.

Hazardous Areas Indicated on
Drawings. NEMA 250, Type 7C.

2. Front. Secured to box with concealed
trim clamps. For surface-mounted fronts,
match box dimensions; for flush-mounted
fronts, overlap box.

3. Hinged Front Cover. Entire front trim
hinged to box and with standard door
within hinged trim cover.

Phase and Ground Buses. Tin-plated aluminum.

Conductor Connectors. Suitable for use with
conductor material.

Ground Lugs and Bus Configured Terminators.
Compression type.

Service Equipment Label. UL labeled for use as
service equipment Tfor panelboards with main
service disconnect switches.

Future Devices. Mounting brackets, bus
connections, and necessary appurtenances
required for future installation of devices.

Panelboard Short-Circuit Rating. Fully rated
to interrupt symmetrical short-circuit current
available at terminals.

Branch-Circuit Panelboards.
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b.

Branch Overcurrent Protective Devices. Bolt-on
circuit breakers, replaceable without
disturbing adjacent units.

Doors. Concealed hinges; secured with Fflush
latch with tumbler lock; keyed alike.

(C)) Overcurrent Protective Devices.

a.

C.

Molded-Case Circuit Breaker. UL 489, with
interrupting capacity to meet available fault
currents.

1. Thermal-Magnetic Circuit Breakers.
Inverse time-current element for low-
level overloads, and instantaneous

magnetic trip element for short circuits.
Adjustable magnetic trip setting for
circuit-breaker frame sizes 250 A and

larger.

2. GFCI Circuit Breakers. Single- and two-
pole configurations with [5] [30]-mA trip
sensitivity.

3. Molded-Case Circuit-Breaker Features and
Accessories. Standard frame sizes, trip

ratings, and number of poles.

i. Lugs. suitable for number, size,
trip ratings, and conductor
materials.

Fused Switch. NEMA KS 1, Type HD; clips to

accommodate specified fuses; lockable handle.

Fuses are specified In Subsection FUSES.

B) Accessory Components And Features.

a.

Execution.

Furnish accessory set including tools and
miscellaneous items required for overcurrent
protective device test, inspection,
maintenance, and operation.

Furnish portable test set to test functions of
solid-state trip devices without removal from
panelboard.

(@D Installation.

a.

Install panelboards and accessories according
to NEMA PB 1.1.

1. Comply anchoring requirements
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2. Mount top of trim 74 inches (1880 mm)
above Tfinished floor, unless otherwise
indicated.

3. Mount plumb and rigid without distortion

of box. Mount recessed panelboards with
fronts uniformly flush with wall finish.

4. Install Filler plates in unused spaces.

5. Identify field-installed conductors,
interconnecting wiring, and components;
provide warning signs as specified in
Section " Electrical ldentification."

6. Panelboard Nameplates. Label each
panelboard with engraved metal or
laminated-plastic nameplate mounted with
corrosion-resistant screws.

7. Ground equipment according to Subsection
GROUNDING AND BONDING.

8. Connect wiring according to Subsection
CONDUCTORS AND CABLES.

(@)) Field Quality Control.

a.

XX . FUSES.

() General.

Prepare for acceptance tests as follows:

1. Test iInsulation resistance Tfor each
panelboard bus, component, connecting
supply, feeder, and control circuit.

2. Test continuity of each circuit.

Perform the following field tests and
inspections and prepare test reports.

Perform each electrical test and visual and
mechanical inspection stated in NETA ATS,

1. Section 7.5 for switches and Section 7.6
for molded-case circuit breakers.
Certify compliance with test parameters.

2. Correct malfunctioning units on-site,
where possible, and retest to demonstrate
compliance; otherwise, replace with new
units and retest.

(@D Summary .



10/2/2012

®)

©

a. This Subsection includes the following:

1. Cartridge fuses rated 600 V and less for
use iIn switches.

(@)) Submittals.
a. Product Data. For each fuse type indicated.
b. Operation and maintenance data.

(€)) Quality Assurance.

a. Electrical Components, Devices, and
Accessories. Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency
acceptable to authorities having jurisdiction,
and marked for intended use.

b. Comply with NEMA FU 1.

C. Comply with NFPA 70.

Products.
(@D Manufacturers.

a. Available Manufacturers. Subject to compliance
with requirements, manufacturers offering
products that may be incorporated into the Work
include, but are not limited to, the following:
1. Cooper Bussman, Inc.

2. Eagle Electric Mfg. Co., Inc.; Cooper
Industries, Inc.

3. Ferraz Shawmut, Inc.

4. Tracor, Inc.; Littelfuse, Inc.

Subsidiary.

b. Cartridge Fuses.

1. Characteristics. NEMA FU 1, nonrenewable
cartridge fuse; class and current rating
indicated; voltage rating consistent with
circuit voltage.

Execution.
(@D Fuse Applications.

a. Motor Branch Circuits. Class RK1, time delay.

b. Other Branch Circuits. Class RK1, time delay.
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Installation. Install fuses 1in Tfusible devices.

Arrange fuses so vrating information is readable
without removing fuse.

Identification. Install labels indicating fuse
replacement information on inside door of each fused
switch.

HAZARDOUS GAS ALARM SYSTEM.

@

®)

General.
(@D Work Included.

a. Furnishing gas detectors, control cabinets,
alarms and wiring.

b. Installation

) Submittals.

a. Submit fabrication drawings. Shop drawings are
to be complete including details of external
connections, wiring, sizing and dimensions.

b. Submit four (4) copies of Operation and
Maintenance Manuals.

Products.
(@D Acceptable Manufacturers.

a. Gas Detection System. Det-Tronics;
Minneapolis, MN, Rexnor or equal.

b. Substitutions. Products of equal or better
quality, detail, function and performance may
be proposed for substitution.

) Description OF System.

a.

General.

1. A permanently installed continuously
operating gas detection system using
remote detector heads; and a control
monitor. The alarm system shall provide
two N.O. contacts for interface with the
alarm system.

2. Upon monitoring 10% of the LEL, the
system shall function as follows:
i. When low set point is reached, it
shall:

Activate warning relay.
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I1luminate indicator light.
Sound audible horn.

When high set point is reached, it
shall:

Activate danger relay.
Il1luminate indicator light.
Sound audible horn.

Transmit alarm to dry contact.

b. Alarm Zone Location And Gas Hazard.

1. Pump Station Wet Wells.

2. As otherwise indicated on drawings.

C. Each gas sensor shall be capable of remote
calibration by one person at the sensor
location.

d. Each sensor shall have individual span and zero
adjustments.

Materials.

a. Gas Sensors (Infrared Hydrocarbon Gas
Detector).

1. Input Voltage. 24 VDC nominal .
Operating range is 18 to 32 VDC including
ripple.

2. Warm-up Time. Two minutes from cold
power-up to normal mode; 1 hour minimum
recommended.

3. Current Output. Linear 4 to 20 ma
(current source/sink, isolated/non-

isolated) rated at 60 ohms maximum loop
resistance at 24 VDC operating voltage.

4. Detection Range. 0O to 100% LEL standard.
Other ranges are configurable.

5. Detectable Gases. Most flammable
hydrocarbon vapors are detectable.
Standard gases include methane, ethane,
ethylene, propane, butane and propylene.

6. Calibration. All units are methane-
calibrated at the factory. Device
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11.

12.

13.

14.

configuration 1is required for detection
of vapors other than methane.

Device Configuration. Configuration
parameters include tag number,
measurement range, signal processing
algorithm, alarm levels, and other

selectable parameters.

Temperature Range.

i. Operating. -40 to 75°C (40 to
167°F).

ii. Storage. -55 to 85°C (-67 to
185°F).

Humidity (Non-Condensing).

i. 0 to 99% R.H. (Det-Tronics
verified).

ii. 5 to 95% R.H. (FM/CSA/CENELEC
verified).

Alarm Setpoint Range.

i. Low Alarm: 5 to 60% LEL.
ii. High Alarm: 5 to 60% LEL.

Accuracy . +3% from O to 50% LEL, +5%
from 41 to 100% LEL.

Optics Protection. Weather baffle
assembly is Polythalimide plastic, UV-
resistant, static dissipating black.
Optional internal hydrophobic  filter
recommended for areas with high levels of
airborne particulates or humidity.

Visual Status Indicator: Tri-color LED.

i. Red = alarm.
ii. Green = power on/OK.
iii. Yellow = fault.

Wiring Terminals. Field wiring screw
terminals are UL/CSA rated for 14 to 24
AWG wire and are DIN/VDE rated for 2.5
mm2 wire. Screw terminal required torque
range is 0.4 - 0.5 N-m. Wiring
compartment is dual rated Explosion-proof
(Div. 1) and Increased Safety (EEx e).
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Execution.

15. Infrared gas detector sensor shall be
equal to Det-Tronics Model PIRECL

Control Monitor. Methane monitor unit shall
include the following:

1. Warning, danger and malfunction
relays/lights.

2. Audible horn.

3. Reset and acknowledge pushbuttons.

4. Bypass switch.

5. Audible alarm set points.

6. Sensors.

7. 120 VAC, l1l-phase power requirement.

8. Shall be rack mounted in enclosure.

9. Dry Contacts. Two normally open (close

on alarm), 120 VAC, 10 amps contacts.

Wiring.

1. Wiring between sensors and control panel
shall be as required by system
manufacturer .

2. Wire size shall be adequate for length of
run required and 1increased in size as
required.

Spare Parts.

1. Spare parts shall be as recommended by
the manufacturer. As a minimum, the
following shall be Tfurnished in sealed
and labeled boxes:

i. One (1) spare for each type of
plug-in relay used in the system.

One (1) box of pilot lights for
each type used, excluding LED
indicators.

(@D Installation.

a.

Install system per manufacturer®s instructions.
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b. Coordinate location of all equipment before
mounting.

C. Provide and install all necessary conduit,
seals, wiring, etc. for proper operation of
equipment.

d. Provide guards or shields, if required, to
prevent damage to sensor units by dust, rain or
splashing.

e. Provide adequate opening 1in the existing
digester control panel cover door for
installation of new detector. Exact location

as directed by ENGINEER in the field.

METHOD OF MEASUREMENT. The quanti of Special Provision (Sewage
Pump Station w/Valve Vault) to be

measured for payment will be on a unit basis for each system
installed in the complete and accepted work.

BASIS OF PAYMENT. The quanti of Special Provision (Sewage Pump
Station w/Valve Vault) will be paid for

at the Contract lump sum price.

Payment shall be full compensation for furnishing all labor,
tools, equipment and materials; for excavation, sheeting and
bracing, dewatering, and backfilling; for furnishing and
installing pumps, pipes, Tfittings, precast structures, manholes,
valves, davit arm, and appurtenances; for furnishing and
installing an odor control chemical feed system; for furnishing
and installing all electrical, control, and iInstrumentation
systems (including generator, all power supply, equipment and
coordination, wiring, conduit, etc.); for grading, site work,
gravel walk, fence and gate, seeding, and mulching; for
coordination with OWNER and maintenance of existing utilities;
for coordinating and minimizing disturbances to rest area
facilities; and for all work incidental to the Sewage Pump
Station, as shown on the Plans and called for in the
specifications and not paid under other Contract items.

Payment will be made under:

Pay Item Pay Unit
900.645 Special Provision (Sewage Pump Station Lump Sum

w/Valve Vault)(Location)
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