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SECTION 23 40 13 – special filter systems
PART 1 -  GENERAL 

1.01 RELATED DOCUMENTS 
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section. 
B. Specifications throughout all Divisions of the Project Manual are directly applicable to this Section, and this Section is directly applicable to them.  

1.02 SUMMARY 
A. Perform all Work required to provide and install filters, housings and frames and filter gauges necessary for proper installation of special filter systems as indicated on the Contract Documents.  For standard filter systems, refer to Section 23 40 00.

1.03 REFERENCE STANDARDS 
A. The latest published edition of a reference shall be applicable to this Project unless identified by a specific edition date. 
B. All reference amendments adopted prior to the effective date of this Contract shall be applicable to this Project. 
C. All materials, installation and workmanship shall comply with the applicable requirements and standards addressed within the following references: 
1. AMCA 99 - Standards Handbook.

2. AMCA 500 - Test Methods for Louver, Dampers and Shutters.

3. NFPA 70 - National Electrical Code.

4. NFPA 90A. Standard for the Installation of Air Conditioning and Ventilating Systems.

5. SMACNA - HVAC Duct Construction Standards - Metal and Flexible.

6. ANST/UL-900 - Test Performance of Air Filter Units.

7. ANSI/UL 586 - Test Performance of High Efficiency Particulate, Air Filter Units.

8. ASHRAE 52.2 - Method of Testing Air Cleaning Devices.

9. IES-RP – CC-001-86-HEPA Filters.
10. IES-RP-CC-013-96-T- Equipment Calibration or Validation Procedures.

11. ASME N509 – Nuclear Power Plant Air-Cleaning Units and Components.
12. ASME N510 – Testing of Nuclear Air Treatment Systems.
1.04 QUALITY ASSURANCE 

A. Manufacturer: Company specializing in manufacturing the products specified in this Section with minimum three (3) years documented experience, who issues complete catalog data on total product.  Performance characteristics shall be published in the manufacturer’s literature.

B. Where installation instructions are not included in the Contract Documents, the manufacturer’s instructions shall be followed. All equipment affected by altitude shall be rated to operate at the altitude where it is installed.

C. In general, all capacities of equipment are shown on the Drawings. Reference shall be made to the schedules for such information. The capacities shown are minimum capacities. Variations in the characteristics will be permitted only on written approval of the Architect/Engineer.

D. The complete charged ionizing media air filtration system as assembled shall be listed by either UL or ETL.
1.05 SUBMITTALS 
A. Product Data:
1. Submit Shop Drawings, product data and installation instructions.

a. Indicate dimensions, weights, capacities, ratings, fan performance, motor electrical characteristics, gauges, and finishes of materials.  Indicate dimensions, weight, capacities, required clearances, and location and size of field connections.

b. Include data for filter media, filter performance data, filter assembly, and filter frames. 

c. Charged media ionizing air filtration systems:  Unit performance for particulate filtering efficiency and for killing pathogenic bacteria and fungi trapped by the system shall be certified through testing by two (2) independent testing laboratories.  Submit test data with product data.
B. Operation and Maintenance Data: 

1. Submit manufacturer's operation and maintenance data.

1.06 extra materials

A. Provide specified filters for temporary use during construction, and replace with new filters when the differential pressure is at 70 percent of dirty filter reading.
B. Replace filters at start of Commissioning and again at final acceptance by Owner.
C. Furnish one (1) extra set of new filters for each filter bank after Substantial Completion, including but not limited to the following:
1. Replaceable throwaway.

2. Replaceable dry type medium and high efficiency.

3. High efficiency caissons.

D. Furnish two (2) extra sets of new disposable filter media for each filter bank after Substantial Completion, for the following:

1. Charged media ionizing air filtration systems.

1.07 warranty

A. Charged media ionizing air filtration systems:  The unit shall be warranted by the manufacturer against any defect for parts and labor for two (2) years and for parts only for three (3) years.
PART 2 -  PRODUCTS 

2.01 GENERAL 
A. All materials shall meet or exceed all applicable referenced standards, federal, state and local requirements, and conform to codes and ordinances of authorities having jurisdiction. 
2.02 manufacturers
A. Camfil-Farr

B. Calgon Carbon Corporation.

C. Flanders-Precisionaire.
D. American Air Filter.
E. StrionAir, Inc. (charged media ionizing air filtration systems).

2.03 HOT CELL LAB FILTER SYSTEMs
A. High Efficiency Caissons:  Install Calgon Carbon Corporation caisson air filter housings which permit exchange of contaminated filter cells in a special bag-out manner. 

1. Housings shall include a supply plenum and motorized damper section, and accommodate bag-in bag-out compartments for prefilters, HEPA-type filters and carbon after-filters as shown on the plans. The caissons shall be constructed of welded 10- or 12-gage Type 304 stainless steel. Inside, cam-activated trays shall support the filters. 

2. The supporting tray shall be raised by the cam's rotation, compressing the filter gasket against an upper seal face to form an effective, leaktight seal. 

3. The two (2) camshafts shall be located within the housing's filtering area for added safety. The housing cover shall not close unless the filter is in the correct operating position to ensure the filter gasket is properly sealed against the filter frame when installed. 

4. All replaceable components inside the unit shall be Type 304L stainless steel.  

5. Provide stainless steel hardware to lock access doors to the main housing.
6.  A threaded capped drain stainless steel pipe nipple shall be provided for each filter compartment for cleaning purposes.

7. Caissons shall have provisions for installation of manometers. 

8. Construct the housings so that each pre-filter, HEPA filter and carbon absorber filter will have its own separate bag and door so each filter compartment can be accessed to without disturbing the another.  The HEPA filter compartment shall be equipped with a DOP injection port upstream of the HEPA filter and a sample port located on the downstream side of the HEPA filter.
9. Filter cells shall be arranged from upstream to downstream, with:

a. Pre-filter.

b. HEPA filter.

c. Carbon filters. 
d. No fluid seals are allowed.

B. Motorized Damper Sections: Housings shall be constructed similar to high efficiency caissons. All surfaces in the air stream shall be Type 304 stainless steel. Dampers shall be low leakage class with flanged connections.

C. Carbon Filter Cells: Shall be Calgon Carbon Corporation Model "FE" (nuclear grade) which has been tested in accordance with NRC standards for use with radioactive isotopes. The contours of the air pockets, as well as the thickness of the charcoal beds, shall be constant and rigid throughout their length. 

1. A non-perforated cap and bed divider shall be installed at each outer face edge to prevent high air velocity impingement. The cells shall be furnished in Type 304 stainless steel.  

2. Each filter cell shall be 24 inch x 24 inch x 11-½ inch nominal dimensions. 

3. At 1000 CFM, the carbon cell shall have a resistance of 1.0 inches w.g. Residence time shall not be less than 0.075 seconds. Cell shall meet the requirements of ANSI AG-1-1988.

D. HEPA Filter Cells:  HEPA type similar to AAF Astrocell III HCX High Capacity HEPA. Cell sides shall be constructed of Type 304 stainless steel and the filters shall contain 400 square feet of waterproof fire-retardant glass media. 

1. Efficiency shall be 99.97 percent on 0.3 micron DOP particles. 

2. Each cell shall be capable of being applied at 500 fpm so that at 2000 CFM the maximum pressure drop when clean will be 1 inches w.g. When applied at 1000 CFM, the resistance clean shall be 0.5 inches w.g. Each HEPA filter cell shall be 24 inch x 24 inch x 11-½ inch nominal dimensions. Final resistance at 2000 CFM shall not exceed 1.5 inches w.g.
E. Pre-filter cells shall be similar to AAF Renu or Camfil-Farr DC/22 type filter consisting of 18-gage galvanized steel frame with 11-gage hinged grid to house a 2-inch glass filter pad. Each 24 inch x 24 inch x 2 inch filter cell shall have a resistance of approximately 0.20 inch when clean and applied at 1000 CFM and 0.9 w.g. for final resistance. Cells shall be Type 304 stainless steel.

F. Draft Gauges:

1. Pre-filter: Dwyer Model No. 2002-AS, 0-2 inch range, 0.05 inch minor divisions.

2. Carbon filter: Dwyer Model No. 2002-AF, 0-2 inch range, 0.05 inch miner divisions.

3. HEPA: Dwyer Model No. 2004-AF, 0-4 inch range, 0.10 inch minor divisions.

4. Provide 16-gage stainless steel shield over the gauges.

G. Control Panel:  Provide a weatherproof control panel and install where shown on Drawings. Control panel equipment shall be completely assembled, wired, pneumatically connected and tested in the field after completely assembled. Provide the following:

1. Green pilot lights for status of each exhaust fan to be located on the front of panel.

2. Hand control for pneumatic actuation of each motorized damper to open and close for maintenance of filter systems.

3. An alternator to automatically and manually change the operation of the exhaust fans. Mount a two-position selector station in enclosure marked "Automatic" and "Non-automatic." Fan shall alternate automatically once every month.

4. Means on the control panel to operate an existing local alarm signal continuously with reset control after failure of a fan. 

5. A lock for security with keys from Owner.

6. Oil-free air compressor to be installed at base inside the control panel for control air. Compressor shall be sized to provide control air for motorized dampers in both the filter bank and at the fan inlet for modulation.

2.04 RADIOISOTOPE FILTER SYSTEMs
A. Furnish and install where shown on the Drawings, Flanders-Precisionaire Model-E caisson air filter housings to permit exchange of contaminated cells in special bag-out manner. The housing shall accommodate compartments for pre-filter, HEPA type filters and carbon adsorbers.
B. The caissons shall be constructed of welded 11- and 14-gage Type 304 stainless steel.  Caissons shall have provisions for installation of manometers.   

C. The filter locking mechanism shall be a replaceable locking tray having the required clamping load of approximately 1400 lbs. for a 24 inch x 24 inch filter to form an effective leaktight seal. All components of the filter locking mechanism shall be Type 304L stainless steel and shall be replaceable. An external drive bolt shall operate the mechanism that engages and disengages the filters on the internal sealing frame. To assure proper filter installation, the housing cover shall not close unless the filter is in the correct operating position. The hardware that locks the access doors to the main housing shall be of stainless steel. The HEPA filter compartment shall be equipped with a DOP injection port upstream of the HEPA filter and be equipped with a sample port located on the downstream side of the HEPA filter.   A threaded capped drain stainless steel pipe nipple shall be provided for each filter compartment for cleaning purposes. 

D. A separate access door shall be provided for each carbon filter compartment, for each HEPA filter compartment and for each pre-filter compartment to minimize system contamination. The housings shall be constructed so that pre-filter, HEPA filter and carbon filter will each have its own separate bag and each can be changed without disturbing other filters. The exact size and capacity of each unit shall be as indicated on the Drawings. Filter cells shall be arranged (from upstream to downstream) with:

1. Pre-filter.

2. HEPA filter.

3. Carbon filter.
E. The same manufacturer of the caisson shall manufacture the carbon adsorber (TEDA impregnated) filter cells. The filter cells shall be Flanders-Precisionaire V-Bed Carbon Absorbers with type "N" activated carbon. The carbon shall be nuclear grade per ANSI AG-1 and which has been tested in accordance with NRC standards for use with radioactive isotopes. The cell housing shall be no less than 14-gage Type 304 stainless steel with stainless steel screens and shall be 24 inch x 24 inch x 18 inch nominal dimensions. At 1000 CFM the carbon cell shall have a resistance of 1-inch w.g. The initial and final pressure drops for the 1000 CFM and 2000 CFM, when clean, shall be approximately 0.97 inches w.g. and 1.25 inches w.g. respectively. The cell shall have a non-perforated cap and bed divider shall be installed at each outer face edge to prevent high air velocity impingement. Residence time shall not be less than 0.156 seconds.

F. The HEPA filter cells shall be similar to Flanders-Precisionaire FX2 High Capacity HEPA. Cell sides shall be constructed of Type 304 stainless steel and the filters shall contain 600 square feet of waterproof, fire-retardant Pureform glass media. The filter element shall be constructed without the use of spacers of any kind, including aluminum, tape, strings or strips of media, by pleating a continuous sheet of medium back and forth upon itself so that it is self-supporting. Efficiency shall be 99.97 percent based on DOP method on 0.3 microns. Each cell shall be rated for 2000 CFM at 1.35 inches w.g. at 500 fpm. The initial pressure drop, when clean, shall be 0.52 inches w.g. for 1000 CFM and 0.67 inches w.g. for 2000 CFM; and 2.00 inches w.g. for the final pressure drop for both CFMs. HEPA filter cells shall have a nominal dimension of 24 inch x 24 inch x 11-½ inch.

G. Pre-filter cells shall be similar to Camfil-Farr DC/22 type filter consisting of 18 gage Type 304 stainless steel frame with hinged grid to house a 2 inch glass filter pad. Each 24 inch x 24 inch x 2 inch filter cell shall have a resistance of approximately 0.20 inches w.g. when clean and applied at 1000 CFM, and the final resistance shall not exceed 0.9 inches w.g.
H. Manually operated “Bubble Tight” isolation dampers shall be placed at the air inlet and air outlet of the filter housing. All surfaces in the air stream shall be Type 304L stainless steel. 

I. Draft Gauges:

1. Install air filter gauges for measuring resistance to airflow through the filters, one for each bank of filters. Gauges shall be diaphragm actuated, shall have 3-7/8 inch diameter white dial with black figures and graduations, and shall have pointer zero adjustment.  Furnish complete with two (2) static pressure tips, fitting for 1/4 inch metal tubing and means for mounting the gauge. Gauges shall be as manufactured by Dwyer Manufacturing Company, described below:
a. Prefilter:  Dwyer Model No. 2002-AF, 0-2 inch range, 0.05 inch minor divisions.

b. HEPA filter: Dwyer Model No. 2004-AF, 0-4 inch range, 0.1 inch minor divisions.

2. Provide copper tubing as required for each differential pressure device per Division 25, for reading pressure drop across the caisson systems. Final connections to the device shall be made by the building automation system (BAS) Provider.

2.05 ANIMAL FILTER EXHAUST SYSTEMs
A. Furnish and install gaseous contaminant filtration system; Calgon Carbon Corporation or Flanders-Precisionaire Filters, Inc., Micro Environmental Division Model PS30CT series, containing approximately 100 pounds of chemical media per 1000 CFM. 

B. The housing shall be welded construction, minimum 14 gage electrogalvanized steel conforming to ASTM A591. The housing shall include a built-in 2-inch pre-filter track and 2-inch pleated roughing filter. The unit shall have quick-entry, hinged side access, fully gasketed doors on each side of the housing to simplify filter installation and changeout. 

C. The absorber panels shall be Flanders-Precisionaire Filters Model TBT Type D Series. Panels shall be constructed of extruded aluminum frames and perforated screens. 

D. Each panel shall measure approximately 24 inch wide x 24 inch high x 1-½ inch deep, providing a nominal duct velocity of 500 fpm, filter face velocity of 50 fpm and superficial residence time of 0.15 seconds. The pressure drop at nominal velocity shall be maximum 0.5 inches w.g. across the chemical media panels.

E. Chemical media provided with the system shall be specifically designed for the control of odors associated with animal rooms. Specifically, chemical media shall include multiple stages of chemical media with different control capabilities. 
1. The first stage shall include a mixture of FFI/MED type TS-201/101, comprised of activated alumina impregnated with potassium permanganate and high capacity, virgin, coconut shell activated carbon. 
2. The second stage shall include FFI/MED type TS-204, chemically enhanced, activated to provide approximately 12-months of operation between chemical media replacement. 
3. The initial and final pressure drop shall be approximately 0.32 inches w.g. and 0.5 w.g., respectively.

F. Draft Gauges:

1. Install air filter gauges for measuring resistance to airflow through the filters, one for each bank of filters. Gauges shall be diaphragm actuated, shall have 3-7/8 inch diameter white dial with black figures and graduations, and shall have pointer zero adjustment.  Furnish complete with two (2) static pressure tips, fitting for 1/4 inch metal tubing and means for mounting the gauge. Gauges shall be as manufactured by Dwyer Manufacturing Company, described below:

a. Prefilter:  Dwyer Model No. 2002-AF, 0-2 inch range, 0.05 inch minor divisions.

b. HEPA filter: Dwyer Model No. 2004-AF, 0-4 inch range, 0.1 inch minor divisions.

2. Provide copper tubing as required for each differential pressure device per Division 25, for reading pressure drop across the caisson systems. Final connections to the device shall be made by the building automation system (BAS) Provider.

2.06 Charged media ionizING air filtration systems

A. System shall be capable of filtering airborne particles at a face velocity of 500 fpm with a minimum efficiency reporting value (MERV) of 16.  The filter efficiency for particles 1.0 microns and larger shall be 98 percent minimum; 95 percent minimum for particles 0.55 microns to 1.0 microns; and 91 percent minimum for particles from 0.30 to 0.54 microns. Efficiency shall be calculated by particle count, not by weight.  Performance shall be rated in accordance with ASHRAE Standard 52.2.

B. The filter media shall effectively kill living microorganisms trapped on the media through the use of electrically charged media.  Germicidal effectiveness shall be 95 percent minimum based on measurements of colony forming units of test organisms at certified independent laboratories for bacterial spores, mold spores, and gram positive and gram negative bacteria.

C. The system shall consist of a stainless steel electrode grid, flat 2-inch disposable filter media, control and power wiring, a system control module capable of communicating with the facility management system, and a modular aluminum frame designed to fit a standard air handling unit rigid filter section.  All modules shall interlock to form a continuous filter system. 

D. A single point power connection shall be used to serve the filter system with 120 Volt, single phase power.  Coordinate peak power demand with the Electrical Contractor.  A door switch with pilot light shall deactivate the unit and shall shut off power upon opening of the access door.  The control module shall be internally fused.  Each module of the filter system shall draw a maximum of 45 watts.

E. The system shall report status to the BAS and shall monitor the fan auxiliary relays to shut down power when the fan is not running.

F. A fin-seal gasket shall limit air bypass on the horizontal edges of the rack.  Foam gaskets and knife edge seals shall limit air bypass on the vertical edges.  The disposable filter media shall be downstream loading.

G. The initial air pressure drop for the system shall not exceed 0.40 inches w.g. at 500 fpm.
PART 3 -  EXECUTION 

3.01 INSTALLATION 
A. Installation shall meet or exceed all applicable federal, state and local requirements, referenced standards and conform to codes and ordinances of authorities having jurisdiction. 

B. All installation shall be in accordance with manufacturer’s published recommendations. 

C. Prevent passage of unfiltered air around filters with felt, rubber, or neoprene gaskets.

D. Filter supports and retention elements shall be coordinated to provide a substantial, structurally sound, leakproof installation.

E. Do not operate fan system until filters (temporary or permanent) are in place. Replace temporary filters used during construction.

F. Install filter gauge static pressure tips as in this Section.  Mount filter gauges on outside of filter housing or filter plenum, in accessible position. Adjust and level.

G. Units shall be factory tested for verification as a filter bank system.

H. Do not operate any handling equipment associate with hot cell lab without having prefilters in place and properly operating. 
I. When any system is ready to Start-up for testing, adjusting and balancing, etc., make the following provisions for filtering at no additional cost to the Owner:

1. Replaceable Throwaway:  Install on set at Start-up. Replace filters as required prior to final acceptance. At final acceptance, remove and throw away first set and install second set. 

2. Replaceable Dry Type Medium and High Efficiency: At final acceptance, install first set of filter media and turn second complete set of filters over to Owner.

3. High Efficiency Caissons: At final acceptance, install the first complete set of filters and turn second complete set of filters over to Owner.

3.02 TESTING 
A. Verify the proper installation of the filter housings and filters. Thoroughly inspect for proper fit and seal of all filters, especially filters of 60 percent or greater efficiency, comparing relative tightness of seal to that specified.

B. Visually inspect filters below 99 percent specified efficiency for proper installation and limited leakage.

C. A factory-trained representative shall supervise installation of the filter system in the air handling equipment and system Start-up.  
D. Filters of 99 percent and above specified efficiency shall be tested in place by subjecting the installed filter and filter installation to a DOP "Challenge" as specified in the Institute of Environmental Standard (IES), IES-RP-CC-001-86, "HEPA Filters."  

1. Testing shall be witnessed and certified by the TAB Firm and hood certification firm (see Testing and Balancing Specification Section). 

2. Certification shall be performed utilizing a dry silica challenge of a minimum of 300,000 particles (a portion of which shall be as small as 0.10 micron) per cubic foot. Particle concentration measurement will require at least one laser particle counter (Particle Measuring System Model PMS 110 or equal). Counter shall have been calibrated in accordance with IES-RP-CC-013-86-T, "Equipment Calibration or Validation Procedures." Leakage shall be limited to no greater than that recommended by IES-RP-CC-001-86.

E. The manufacturer of any existing units shall perform the DOP leak test or an accepted substitute leak test per ASHRAE standards at the time of test. Owner acceptance will be after receipt of written test reports indicating satisfactory performance.

F. The manufacturer of radioisotope filter units shall perform the halogen (Freon R-11) leak test, or an accepted substitute leak test per ASHRAE standards, in accordance with Barneby-Cheney testing method N-77B for all units after installation. Owner acceptance will be after receipt of written test reports indicating satisfactory performance.

3.03 training

A. Provide minimum 4-hour instruction in system trouble shooting and preventative maintenance to Owner’s maintenance personnel.
B. Charged media ionizing air filtration systems:  A manufacturer’s authorized representative shall visit the Project Site quarterly for the first year of operation to inspect system and report the system’s status to the Owner’s maintenance personnel.
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