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CITY OF AUSTIN, TEXAS

PURCHASE SPECIFICATIONS

FOR

VAPOR PHASE BIO TRICKLING FILTER ODOR CONTROL SYSTEM
1.0 SCOPE AND CLASSIFICATION
1.1 Scope

This specification establishes the minimum requirements for a Vapor Phase Bio 
Trickling Filter Odor Control System (System) for the City of Austin’s Water Utility.  Included in these specifications are sections on Scope and Classification, Applicable Specifications, Material Requirements, Contractor Requirements, Warranty, Training, and Invoicing.

1.2 This System will be installed at the Big Walnut Creek Site, 6201 ½ Springdale Road, Austin, Texas.  It will be used for the purpose of reducing wastewater odors throughout the area.
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This specification, until revised or rescinded, shall apply to each future purchase and contract for the commodity described herein.  Retain for future reference.

2.0 APPLICABLE REFERENCES/SPECIFICATIONS
2.1 ASTM E679:  “Standard Practice of Odor and Taste Thresholds by a Forced-Choice Ascending Concentration Series Method of Limits” (Presentation Rate–20 lpm.)
· ASTM 679-91

2.2 ASTM D-2563:  “Recommended Practice for Classifying Visual Defects in Glass Reinforced Plastic Laminate Parts”

2.3 ASTM D-2583:  “Standard Test Method for Indentation Hardness of Rigid Plastics by Means of Barcol Impressor”

2.4 ASTM D5504

2.5 American National Standards Institute (ANSI)
· ANSI C80.1-Rigid Aluminum Conduit and Rigid Galvanized Steel Conduit
· ANSI C80.4-Fittings and Supports for Conduit and Cable Assemblies

· ANSI C40.5
2.6   National Electrical Manufacturers Association (NEMA)
· TC-2-785

· 250-Enclosures for Electrical Equipment (1,000 volts maximum)

· TC2-Electrical Plastic Tubing (EPT) and Conduit (EPC-40)

· TC3-PVC Fittings for use with Rigid PVC Conduit and Tubing

2.7   National Electrical Code (NEC), NFPA 70
2.8   National Fire Protection Agency (NFPA), 820

2.9   Underwriters Laboratories (UL)

· UL7 514B-Fittings for Conduits and Outlet Boxes

· UL 651-Schedule 40 Rigid PVC Conduit

2.10 Plumbing Code, Detail 52S-11B (Appendix B)

2.11 ETL (Electrical Testing Labs) PVC-001.
2.12 The Contractor shall be responsible for obtaining the necessary City inspections, electrical and plumbing permits.  Copies of license(s) shall be provided to the Contact Person within 10 business days after award of contract.
2.13 Work shall be performed by licensed Contractor employees.

2.14 Any other federal, state and local guidelines, resolutions, and ordinances not listed.

3.0
MATERIAL REQUIREMENTS
3.1 The Contractor shall include labor, materials, equipment, freight needed to install and activate to full operation of this System for the control of atmospheric H2S and other noxious odors.  

3.2 The System and components shall be new and unused.  
3.3 The system shall be manufactured by BioAir Solutions, or Siemens Water Technologies or Biorem Technologies or approved equal.  Contractors shall provide at least five references to document #0700 Reference Sheet and these references shall have successful installations of same/similar size biotrickling filter units that meet these specifications and have been operating successfully for a minimum of two years.
3.4 The System shall be a dual-technology bio-trickling filter with carbon polishing odor control complete with centrifugal fan, filter vessel(s) complete with synthetic plastic media, activated carbon, interconnecting ductwork, nutrient addition system, water addition system and electrical control panel along with instrumentation and prewired controls.  
3.5 The System shall include the following components:
3.5.1 Single stage biotrickling filter vessel(s) with a final carbon polishing stage in series.  The High Density Polyethylene (HDPE) or Fiber Glass Reinforced Plastic (FRP) vessel shall be, low profile configuration operating in a counter-current manner and shall house both stages of treatment in a single system. The synthetic media zone shall house the synthetic media and a single water/nutrient injection spray system.  The exterior color shall be base white.
3.5.2 Structured, engineered synthetic media to optimize mass transfer and facilitate the growth of bacteria necessary for biological oxidation of odorous compounds.  The media bed shall be uniform and structured throughout and made entirely of a synthetic plastic, non-reactive material.  

3.5.3 Granular Activated Carbon (GAC) bed suitable for final adsorption polishing of the airstream before discharge into atmosphere.  Pelletized virgin carbon will also be considered.  

3.5.4 If a skid mount and hold down lugs are required, it shall be manufactured from 304 Stainless Steel.  
3.5.5 A UL, factory-labeled electrical control panel housing a single Programmable Logic Controller (PLC) system with components required for the control and monitoring.  A relay logic with a single timer may also be considered, but the unit must provide high and low flow alarms and low nutrient flow alarm.
3.5.6 An Irrigation Water Control System (IWCS).

3.5.7 Odor control blower(s) to move the odorous air from the source and be able to compensate for pressure losses at the design airflow.

3.6 The blower(s) shall be single-width wheel, single-inlet as designed and  manufactured by Verantis, The New York Blower Company or approved equal.
3.7 The blower shall be constructed such that all surfaces in contact with the odorous    airstream are to be made of corrosion resistant FRP.

3.8 All nuts, bolts and fasteners in contact with the gas stream shall be type 316 SS. 

3.9 Blowers shall be Air Movement and Control Association (AMCA) Arrangement 9 or 10.  AMCA Arrangement 4, which places the motor shaft in the odorous airstream, is not allowed.

3.10 Blower ratings shall be based on tests made in accordance with AMCA Standard  210 and licensed to bear the AMCA Certified Ratings Seal for Air Performance. Blowers not licensed to bear the AMCA Seal for performance shall be tested, at Contractor’s expense, in an AMCA Registered Laboratory.

3.11 Blower brake horsepower shall be equal to or less than 1.3 BHP at 1,000 CFM and 4 inches static pressure.

3.12 Blower shall be constructed in accordance with ASTM D-4167 standard specification for FRP blowers to ensure structural integrity.

3.13 Blower housing shall be constructed of polyester resin.

3.14 Wheel shall be radial, or backwardly-inclined, non-overloading design.  Wheel shall be fabricated of vinyl ester resin.

3.15 Wheel hub shall be permanently bonded to the shaft and completely encapsulated in FRP to ensure corrosion-resistant integrity.  Steel wheels coated with FRP, or wheels with taper-lock hubs are not allowed.
3.16 The blower motor shall be a standard efficiency, explosion proof, 480V/3/60 electric motor as manufactured by US Electric Motors, Baldor, Reliance or approved equal.
3.17 Blower shall be equipped with a Teflon shaft seal.
3.18 The System shall remove hydrogen sulfide, organic reduced sulfur compounds (RSCs) and other odorous compounds from the foul air stream using a biotrickling filter operating in a counter-current fashion. Co-current systems shall not be allowed. Prior to discharge to atmosphere, the treated airstream shall be further polished by a GAC bed. The System shall be operated under vacuum with the blower mounted after the treatment stages.  

3.19 The foul air shall enter the System at the bottom of each reactor and flow upward through each of the media layers.  The media bed shall be intermittently irrigated from above using suitable reclaimed plant effluent or potable water, and a sump shall be provided to collect the drain water at the bottom of the reactor.  The hydrogen sulfide is oxidized by the autotrophic bacteria resident on the lower media layer(s).  As the foul air passes through the upper media layer (s), the resident heterotrophic bacteria will oxidize other organic odorous compounds.  The airstream will then pass through the GAC bed and blower before being released into the atmosphere via an exhaust stack.  
3.20 The drain water from the System shall pass from the sump in the bottom of the reactor vessel and be piped to a discharge point into the wet well.  

3.21 The System shall be designed for the following operating conditions.  Prior to ordering and installing the System, the Contractor shall be responsible for verifying the air flow and H2S concentrations to ensure proper sizing and data verification.
Duty
Continuous (air supply and odor source)

Location




Outdoors

Inlet air temperature



55 – 100°F

Inlet air relative humidity


60 - 100%


Air Flow Rate, cfm



1000 cfm (Air flow rate shall be confirmed by contractor by performing field measurements to insure proper sizing of unit.)

Pressure Drop, in w.g.



1 - 6


Average Inlet H2S Conc., ppmv

1

Peak Inlet H2S Conc., ppmv


10  


Maximum Outlet H2S Conc., ppm v

0.5



Minimum Removal Efficiency, %

99.0


Number of Systems



1

Contaminants
Hydrogen sulfide, organic RSC’s, ammonia, methyl mercaptan and sulfuric acid.

Average H2S-removal > 99.5% or H2S -outlet < 0.1 ppmv, whichever is higher.

Average Odor-removal > 95% or Odor-outlet < 150 DT*, whichever is higher.

3.22 The synthetic media shall be high porosity, chemically resistant, engineered synthetic porous material.  Organic, carbon derived media, and/or non-synthetic plastic inorganic media or adsorbent materials shall not be allowed.  

3.23 The synthetic media shall resist compaction or swelling due to varying moisture levels and shall not degrade when subjected to low pH (i.e. pH<2) conditions.  

3.24 The uniform structure of the synthetic media shall minimize the potential for short-circuiting and encourage a uniform water and airflow pattern over the entire media cross-sectional area.  

3.25 Sufficient synthetic media shall be included to ensure that performance requirements listed are met.  

3.26 The Synthetic media shall be pre-installed in the System module(s) prior to shipment and be supplied with a certificate of conformance and a computer generated airflow model demonstrating homogeneity of airflow across the media surface with a tolerance of ±6%.
3.27 Reactor(s) shall be configured with at least one irrigation point which shall distribute the irrigation water evenly over the entire upper surface of the synthetic media layer.  

3.28 The Irrigation Water Control System (IWCS) shall be tested by the Contractor and a certificate of conformity shall be included with the shop drawings to show that the nozzle has been tested and meets the Contractor’s standards for uniform distribution.  

3.29 The IWCS shall include a nutrient addition system that provides macro and micronutrients required by the bacteria for optimal metabolism of the odorous compounds.  

3.30 The IWCS shall include valves, motorized ball valves, strainers, instruments and piping to control the irrigation system and shall operate from control signals from the odor control unit.  

3.31 The IWCS shall allow for a single connection to either a potable water source or suitable final effluent plant water source.  

3.32 The IWCS shall include, if applicable, a nutrient addition system.
3.33 The system shall be able to fit within a 7 ft x 17 ft foot print.
4.0
CONTRACTOR REQUIREMENTS

4.1 The Contractor shall include in their bid submittal, resumes, licenses, and/or certifications of System designers, electricians and plumbers.  Designers must have a minimum 10 years experience in biotrickling technology and process control experience.
4.2 The Contractor shall be responsible for permits, etc. at no additional cost to the City.
4.3 The Contractor shall be fully responsible for the complete installation and active operation, including but not limited to electrical and plumbing which shall be coordinated with the Contact Person.  

4.4 The Contractor shall install an operable System within three (3) weeks after beginning work.  Contractor shall be responsible for the full installation, including jump starting the bio-trickling filter unit to complete operation meeting performance specifications.
4.5 The Contractor shall provide 2 copies of the Shop drawings and 3 copies of the Operation and Maintenance manuals within 3 business days after requested by Contact Person.  Shop Drawings shall include, but are not limited to:
· Certified shop and erection drawings showing every detail of construction, dimensions, and anchor bolt locations.

· Descriptive literature, bulletins and catalogs.

· The total weight of the equipment including the weight of the single largest item.
· A synthetic media computer generated airflow model demonstrating homogeneity of airflow across the media surface with a tolerance of ±6%.
· Calculations showing theoretical anticipated life of the carbon media based on continuous duty and an average inlet H2S concentration of 0.1 ppm.

· Carbon MSDS and specification sheets.

4.6 The Contractor shall place, install, bolt to the pad and connect the ductwork, electrical work, water piping, and drainage piping.  Any plumbing work shall be performed by a licensed plumber.    
4.7 Performance testing shall commence after the Contractor and Contact Person agree that the System has been satisfactorily started-up and sufficient time has been allowed for the acclimation of bacteria.  

4.8 After System start-up is switched to normal operation, the Contractor shall, in the presence of the Contact Person, demonstrate that the biological portion shall perform as required.  

4.9 The Contractor shall provide the Contact Person with a written test protocol. 
4.10 The Contractor shall provide, install and operate equipment, sensors and instrumentation necessary to complete the performance test.
4.11 H2S Testing procedure (Biological portion only)

4.11.1 The Contractor shall measure airflow into each unit and, if necessary, adjust to the design airflow +/- 10%.   Airflow shall be witnessed by the Contact Person.  Airflow shall be measured at the beginning of the test period.    The set position on the damper(s) shall be marked or noted.  Airflow shall not change as long as damper(s) remain in position.  

4.11.2 The Contractor shall measure pressure drop across the entire System at the beginning of the test period.  

4.11.3 The Contractor shall measure temperature and relative humidity of the inlet, outlet and ambient air.  

4.11.4 The Contractor shall perform the performance test period at a time agreed to with the Contact Person and last for a minimum of four hours.  H2S data from the inlet location and from the outlet(s) of the biological stage shall be measured and logged once every 10 minutes to demonstrate performance.  
4.11.5 The inlet H2S data shall be logged with a pre-calibrated OdaLog gas data logger with appropriate range and accuracy for the inlet air stream (0-1000 ppmv or 0 - 200 ppmv range, 1 ppm display resolution or 0.0 - 50.0 ppmv range, 0.1 ppmv display resolution), or pre-calibrated portable H2S analyzer such as Interscan 1170 or Jerome 631X .  

4.11.6 The biological section outlet H2S data (measured in between the biological and carbon stages) shall be logged with a pre-calibrated OdaLog gas data logger with appropriate range and accuracy for the outlet air stream. (0.00 - 2.00 ppmv range, 0.01 ppmv display resolution or 0.0 - 50.0 ppmv range, 0.1 ppmv display resolution) or pre-calibrated portable H2S analyzer such as Interscan 1170 or Jerome 631X .   

4.11.7 The System’s H2S removal efficiency shall be determined by calculating the average inlet H2S concentration and the average outlet H2S concentration and using the following formula: H2S removal efficiency (%) = (1 – average inlet H2S concentration/average outlet H2S concentration) x 100.  

4.11.8 The System shall have passed the H2S performance test if the average H2S removal efficiency across the biological portion of the system is 99% or higher for inlet air H2S concentrations ≥ 50 ppmv, or the average outlet air H2S concentration is ≤ 0.5 ppmv, whichever is greater.    

4.12 Odor  and Reduced Sulfur Compound (RSC) Testing procedure (across the entire System).  

4.13 Measure airflow into each unit and, if necessary, adjust to the design airflow +/- 10%.   Airflow balancing shall be witnessed by the Contact Person.  Airflow shall be measured at the beginning of the test period.    The set position on the damper(s) shall be marked or noted.  Airflow will not change as long as damper(s) remain in position.  

4.14 Measure pressure drop across the System at the beginning of the test period.  

4.15 Measure temperature and relative humidity of the inlet, outlet and ambient air.  

4.16 Two sets of air samples, each consisting of one inlet air sample and one outlet air sample from each odor control system, shall be collected in 10 L Tedlar bags using two (2) Vac’Scent air sampling chambers simultaneously. Each set of samples shall be collected in duplicate to minimize the risk of sample loss during shipping.  Only one set of bag samples per System shall be analyzed for odors and one set shall be analyzed for RSC’s.  Odor bag samples shall be shipped to St. Croix Sensory (Lake Elmo, MN) or a buyer approved equal laboratory via UPS Next Day Air for analysis within 30 hours in accordance with ASTM 679-91 and EN 13725.  The airflow presentation rate shall be 20 L/min. RSC bag samples shall be shipped to Columbia Analytical or a buyer approved equal laboratory for analysis in accordance with ASTM D5504.  

4.17 The System’s odor removal efficiency shall be determined by calculating the average inlet odor Detection Threshold and the average outlet odor Detection Threshold and using the following formula: odor removal efficiency  (%) = (1 – average inlet odor Detection Threshold / average outlet odor Detection Threshold) x 100.  

4.18 The System shall have passed the odor performance test if the average (if more than one sample per System) inlet and outlet odor Detection Thresholds indicate 95% removal of odors for inlet air odor Detection Thresholds ≥ 3,000.  If the inlet air has an average odor Detection Threshold of < 3,000 OU then the outlet air will have an average Detection Threshold of ≤ 150 OU.  

4.19 Odor measurements that exceed the dilution limit of the laboratory shall be presented as >60,000 OUs, and for purposes of estimating the odor removal efficiency, 1OU = 0.5ppb H2S. For measurable values the laboratory shall present the results as the actual odor value, plus the upper and lower 95% confidence interval range of the measured value (“Range”). The odor removal acceptance shall be acceptable if the guaranteed odor value falls within the Range.
4.20 Contractor shall be responsible for electrical wiring and conduit work from the bio filter electrical control box to the disconnect.  

4.21 The available power is 480 volt, 3-phase
4.22 The Electrical Control Panel (ECP) enclosure shall be NEMA 4X and constructed of FRP.  The panel shall be mounted to the vessel skid.  

4.23 The ECP shall house the necessary electronic components and an Allen Bradley Micrologix 1100 PLC, for the control and monitoring of the IWCS. The IWCS shall be controlled for the irrigation cycle and irrigation time and shall be adjustable to sustain conditions appropriate to the activity of the bacteria. Dry contacts shall be included for external notification of alarm status. Alarms shall be included for low irrigation water flow, high irrigation water flow, no nutrient flow and blower failure. The IWCS spray valve shall be capable of being manually opened (located in the WCP) to perform routine maintenance checks; however, the valve shall remain closed.  The system requires reporting alarms, as long as the relay logic can provide these alarms, then the relay logic controls shall be considered.  

4.24 The ECP shall require a single electrical connection of 480V/3Phase/60Hz 10 amp supply. Transformers shall be provided, as needed, for power and control voltages.  
4.25  Conductors of all sizes of wire shall be stranded. The color of the wire shall be  selected to conform in instances to the following table:
CITY OF AUSTIN STANDARD WIRE COLOR CODES 

VOLTAGE, 3 PHASE 
PHASE 480/277 120/208 120/240 

A BROWN RED RED 

B YELLOW BLACK ORANGE (High Leg) 

C PURPLE BLUE BLACK 

G GREEN GREEN GREEN 

N GRAY WHITE WHITE 
VOLTAGE, 1 PHASE 
A RED 

B BLACK 

G GREEN 

N WHITE 

CONTROL PANEL WIRING 

AC Controls Red 

Annunciator Contacts Yellow 

DC Controls Blue 

DC (+) Power Red 

DC (-) Power Black 

AC Hot Black 

AC Neutral White 

PLC/RTU Contacts Purple 

 4.26
Wiring shall be color coded and tagged according to City wire tagging standards.  

4.27
Unless noted elsewhere in specifications all power and control wire shall be 98% conductivity copper, stranded, conductor THWN-2/THHN-2.  

4.28 Control panel wiring shall be flexible 41 strand #14 AWG, 600 volt insulation type SIS, color coded as outlined in wiring specification.  

4.29 Wire shall be new, unused, in good condition and shall be delivered in standard coils, packages or reels. If wire used is different than what is specified, samples of wire shall be submitted within 3 business days to the Contact Person for the purpose of determining acceptability of the wire. Wire which has been rejected shall not be used again. Such rejected wire shall be removed from the City's premises. Decisions as to the quality of the wire furnished and the acceptance of such wire shall be made by the Contact Person.   
4.30 No power conductors smaller than No. 12 wire shall be used except for control and alarm wiring where No. 14 wire shall be used as minimum size wire when protected by a 15 amp fuse/ breaker.   

4.31 The Contractor shall use larger sized conductors than those required. In no case shall there be a voltage drop greater than that allowed by the NEC. 
4.32 Instrument wiring (4-20 milliamp signal wiring) shall be twisted pair, #16 AWG stranded copper conductor with PVC 600 volt insulation over each conductor, a tinned copper drain wire, an overall aluminum mylar shield and an outer overall PVC jacket (35 mils). 
4.33 Support conductors in vertical conduits or raceways in the manner set forth in Item 300-19 of the latest revision of the NEC. Do not use lighting fixtures for raceways or circuits other than parallel wiring of fixtures. 
4.34 Do not make any splices or taps in any conductor except where absolutely required for 120 volt circuits feeding lights or receptacles. Such splicing may only take place in splice/junction boxes. Elapsed time meters are the only exception to not using a junction box. 
4.35 Tag power wiring in pull boxes, wireways, motor control center wireways, panel board wiring gutters, light switch boxes, receptacles, disconnect switches etc. Use flame slip-on type tags, approved for this use, as manufactured by Brady, or buyer approved equal.   

4.36 Devices (relays, terminal blocks, etc.) shall be labeled using phenolic labels.
4.37 Interconnect wiring going from one compartment to another or between two separate pieces of equipment must terminate at a terminal block on each end; i.e. entering and leaving a compartment or piece of equipment. 
4.38 Wiring passing between cabinets shall be protected by a rubber grommet or approved nipple. 
4.39 Wire terminations shall be made with a mechanical compression type lug or with terminals specifically designed to accept stranded wire. Do not terminate by wrapping the wire around the screw. 
4.40 Number 8 AWG and larger wire shall utilize a crimper with a die set to install lugs to the wire. 
4.41 No more than two wires/ lugs per terminal will be allowed unless ring type lugs are used. A maximum of three wires will be permitted if all wires are using ring lugs.  
4.42 Current transformer loops shall utilize ring terminals and shorting terminal boards to avoid open circuiting the secondary of a current transformer.   

4.43 Wiring run to the front door panel shall have a spiral wrap and ty wrapped to protect wires from being pinched between door and panel. A loop shall be provided to allow door to open freely. 
4.44 Main panel wiring shall be run in a raceway such as Panduit. Wiring run from the Panduit to the devices shall be neatly run and ty wrapped.  If Panduit is not practical, wires shall be neatly run and ty wrapped. 
4.45 Equipment grounding wire run in conduit shall have an identifying green covering or green color coding at each end terminations and at junction box or pull box locations along its run length.   
4.46 Where the capacity of a single feeder is great enough as to require parallel conductors in more than 1 conduit, each conduit must contain the same number and length of conductors in phases (legs) of the feeder, including any neutral conductors per the NEC.  

4.47 Under no circumstance shall circuits above 600 volts and those below 600 volts be pulled in the same conduit.   

4.48 Separate low level circuits (such as phone line) from noisy and power circuits by a minimum distance of 1 foot.   

4.49 Bolted connections for electrical conductors, without non-corrosive surfaces, shall be thoroughly cleaned and tinned or covered with a light film of commercial paste to prevent oxidation. Acceptable manufacturers are Noalox or buyer approved equal.   
4.50 Where mechanical assistance is used for pulling conductors, a wire pulling compound, Polywater, or buyer approved equal, having inert qualities that do not harm the wire insulation or covering shall be free from grease, filings or foreign matter before conductors are pulled.   

4.51 Wiring shall be tagged with Brady Wire Markers or buyer approved equal, at panel boards and termination points with numbers conforming to the City of Austin Wire and Cable Tagging Standard.   
4.52 Lighting and receptacle wiring may use silicone filled spring type wire connectors in approved locations. This applies to lighting and receptacle circuits only.   

4.53 In no case shall 24 volt DC circuits and AC circuits be pulled in the same conduit or raceway.   

4.54 Rigid Aluminum Metal Conduit System shall run above ground shall be UL listed 99 % copper free rigid aluminum and meet the requirements of ANSI C40.5.  Conduit pipe straps and hardware shall be 316 stainless steel. Conduit shall be manufactured by Allied Company or buyer approved equal.
4.55 Minimum above grade conduit size for all work shall be 3/4-inch. Minimum underground conduit size for work shall be one (1) inch.   

4.56 Conduit Seals shall be suitable for use in class-I, group B, C, and D, and class-II group F and G. Conduit seals shall also meet or exceed the following minimum requirements: 

· Seal body, nipples and closures shall be 99% copper-free aluminum. Seals bodies shall be filled with 3M 2123 Re-Enterable Sealing Compound. 

· Drain: Stainless steel 

· Removable Nipples: 99% copper-free aluminum 

· Seals can be installed/removed without disassembling the conduit system. 

4.57 Conduit seals to be manufactured by Crouse-Hinds type EYS drain seals with specified options or buyer approved equal.   

4.58 Seals shall be installed directly adjacent to and just immediately before entering wet well junction box.  
4.59 Conduit hubs shall be the grounding type, 99% copper-free aluminum (body, nipples, etc.), with integral insulated throat, and with solder-less grounding lugs as manufactured by Meyers, or buyer approved equal. Conduit hubs shall be furnished complete with rubber gasket.  
4.60 Conduit grounding bushing shall be 99% copper-free aluminum (body, nipples, etc.), with integral insulated throat, and with solder-less grounding lugs as manufactured by Meyers type STAG, or buyer approved equal.  
4.61 Conduit bodies shall be 99% copper-free aluminum. Conduit bodies shall be manufactured by Crouse-Hinds Form 7, or buyer approved equal.   

4.62 Conduit unions shall be threaded, 99% copper-free aluminum. Conduit unions shall be manufactured by Crouse-Hinds type UNF or UNY, or buyer approved equal by Appleton or O.Z. Gedney.  

4.63 Condulet Covers shall be die cast aluminum with 316 stainless steel screws. Snap on covers are unacceptable. Supply gaskets with all covers.  

4.64 Single runs of conduit may be supported with aluminum clamp backs with stainless steel hardware and standoffs. 
4.65 Conduit straps shall be 316 Stainless Steel. 
4.66 Conduit run underground in duct bank system shall be schedule 40 PVC, U.L. rated, No. 651, conforming to NEMA standard TC-2-75 and listed in conformity with Article 347 of the National Electrical Code (NEC). Conduit to be manufactured by Carlon, or buyer approved equal.  Solvent weld shall be a type approved by the conduit manufacturer. 
4.67 Transition point from underground to above ground shall be made utilizing PVC coated rigid galvanized steel conduit. PVC coated rigid steel conduit shall be factory bent coated with a 40 mil exterior coating and a 2 mil urethane interior coating. The coating system shall be in compliant with ETL PVC-001. Refer to Part 3-Execution of this Section, and to details provided on the contract drawings. PVC Coated Rigid Galvanized Steel conduit shall be Plasti-Bond REDH2OT or Perma-Cote coated conduit as manufactured by Rob Roy.   
4.68 Liquid tight flexible conduit shall be non-metallic type liquid tight conduit (2.5” and larger use standard seal tight with metal inner liner), formed from PVC plastic, accepts metallic or nonmetallic liquid tight fittings, and suitable for installation in temperature range between -20 degrees C to + 60 degrees C (suitable for use outdoors and indoors). Liquid tight flexible conduit and fittings shall be as manufactured by Electri-Flex series NM type B-PVC, Thomas & Bettis type LT-38P, or buyer approved equal.   

4.69 Liquid tight flexible conduit shall be used for connections to motors, field instruments, etc., and any equipment subject to vibration, and, where shown on the drawings. Maximum length shall be 36” unless otherwise noted on drawings. 
4.70 Electrical equipment and raceway support channels shall be fabricated with 316 stainless steel material manufactured by Unistrut Corporation series P-1000SS and P-1001SS, or buyer approved equal. Fastening hardware/components, fittings, supports, base posts, clamps, framing system, etc. shall also be fabricated with 316 stainless steel. Manufacturer shall be Unistrut Corporation or buyer approved equal. 
4.71 The Contractor shall install electrical equipment and raceway system conduit in accordance with the recommendations of the manufacturer, the requirements of the NEC, local codes, and the contract drawings.   

4.72 The Contractor shall install Schedule 40 PVC conduit underground in duct banks changing to PVC coated rigid galvanized steel conduit at the final 90 degree bend, transitioning from underground to the above ground conduit system. The transition from PVC coated rigid to aluminum rigid shall be made minimum of 6” above the ground, finished slab, and/or housekeeping pad. Duct banks and/or conduit banks shall remain reinforced (along the entire length utilizing stirrups on a minimum of 5’ spacing), encased in concrete to its final destination even when routed under building/structure, concrete floor slab, and/or equipment concrete/housekeeping concrete pad.  
4.73 Run exposed conduit parallel or at right angles to building lines. 
4.74 Secure conduits to cabinets and boxes with specified hubs and bonding jumpers in such a manner that each is electrically continuous throughout. 
4.75 Install conduits as a complete system before wiring is pulled in. Conduits shall be reamed and swabbed clean immediately before wiring is pulled in.   

4.76 Cap conduits during construction to prevent entrance of dirt, trash, and water.  

4.77 Equip conduit across structural joints, where structural movement is allowed with an O.Z./Gedney, or equal, 99 % aluminum expansion fittings of that conduit size.  

4.78 Conduit nipples shall have two independent sets of threads. Running threads shall not be used. Where conditions require joining two fixed conduits into a continuous run, a conduit union shall be used.   

4.79 Coat conduit threads with a Noalox, Penetrox, or buyer approved equal.   

4.80 Provide a minimum of 2-inches separation utilizing Plastic conduit chairs between conduits installed in concrete duct bank. Spacing may be less at panel boards, pull or junction boxes or other locations where the conduits have to be grouped.   

4.81 Link-Seal modular seals shall be used for cored conduit penetrations.   

4.82 PVC pipe shall be used for pour-in-place concrete conduit penetrations.   

4.83 Maintain 6” clearance between conduit and piping and 12” clearance between conduit and heat sources such as flues, steam pipes and heating appliances.  

4.84 Arrange conduits to maintain headroom and present a neat appearance.   

4.85 Conduits run above ground shall be supported at least every 10 feet and once in every change in direction and at the end of each straight run terminating in an enclosure and within three feet of every junction box. 
4.86 Secure conduit runs firmly to specified support channels by stainless steel conduit straps or by hangers, as required. 
4.87 Top of duct bank shall be installed a minimum of 18” below grade and shall slope 3” per 100’ from high points toward the manholes. 
4.88 Underground conduit joints shall be waterproofed in accordance with the manufacturer’s recommendations.  

4.89 Rigid conduit joints shall be cut square, threaded, reamed smooth and drawn up tight. Bends or offsets shall be made with standard conduit ells. Make field bends with an approved bender or hickey or hub type conduit fittings. Conduit shall contain no more than the equivalent or 3 90 degree bends between outlets or fittings.   

4.90 Backfilling shall be done in such a manner that voids will be minimized. Tamp backfill so that it is the same density as the surrounding soil. Excess soil shall be piled on top and shall be well tamped. Rock and debris shall be removed from the site at no additional cost to the City.   

4.91 Conduits joints shall be staggered a minimum of 6”.   

4.92 Where a duct bank penetrates or turns up next to a structure, dowel rebar a minimum of 4” into the structure at the point of connection/intersection tying the steel reinforcing of the duct bank to the structure at a minimum of 4 locations.   

4.93 Duct banks shall be placed under building slab (not in building slab) with longitudinal duct bank steel reinforcement tied to building slab steel reinforcement with an 18” overlap.  

4.94 Conduits shall penetrate building slab at 90 degrees and shall run in duct banks under building slab and not run parallel though building slabs.   

4.95 Utilize 316 stainless steel support channels to install raceways and any other surface mounted electrical, instrumentation and control equipment. 
5.0
WARRANTY 

5.1
The Contractor shall warrant the equipment from defects in materials and/or workmanship. This warranty shall be for a minimum of 18 months from equipment delivery to the job site or 12 months from equipment handover, whichever comes first. In the event that it is determined that a defect exists, the Contractor shall repair or replace the defective components or Systems, provided that any such defect was not the result of misuse of the component by the City. In the event the Contractor is unable to restore the system to meet the performance requirements, the Contractor shall remove and replace the odor control unit with one that meets the required performance as quickly as possible or shall refund the City the equipment cost for the odor control unit within ten (10) business days after notification.
5.2
The Contractor shall warrant the synthetic media against defects in material and workmanship for a minimum of 5 years from equipment delivery. In the event that it is determined that a defect exists, the Contractor shall repair or replace the defective components, provided that any such defect was not the result of misuse of the component by the City.  

5.3
The Contractor shall warrant the carbon media against failure to meet performance requirements for a minimum of 1 year after equipment has been delivery. In the event that it is determined that a defect exists, the Contractor shall replace the carbon, provided that System has been operated per the Contractor’s written Operation and Maintenance instructions and that the failure is not the result of misuse by the City.  
6.0     TRAINING
6.1
After Start-Up is complete and operational, the Contractor shall provide complete training, 2 hours minimum, for up to 3 plant employees. This training will include a training manual with excerpts of the Operation and Maintenance Manual with both classroom and hands-on on-site sessions.  At least four (4) operation and maintenance manuals shall be provided.
7.0
INVOICING
7.1
The Contractor shall submit invoice(s) within 5 calendar days after delivery and complete operable installation.
· Invoice shall include, but is not limited to, the following:

· Contractor’s name, on a professionally pre-printed form

· Contractor’s address and phone number

· City’s contract number/purchase order number

· Date of delivery

· Location of delivery

· Itemized description and pricing for each delivery

· Signed Certificate of Analysis, as applicable
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