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SECTION 232101
PREFABRICATED STEEL CONDUIT AND MANHOLES

PART 1   GENERAL

1.01
RELATED WORK SPECIFIED ELSEWHERE


A.
Cleaning and Testing:  Section 230593.

1.02
REFERENCES


A.
ASME B31.1 - Code for Power Piping.


B.
ASME Boiler and Pressure Vessel Code Section IX, part QW (Welding) and Part QB (Brazing).

1.03
DESIGN REQUIREMENTS


A.
Component Design:  By the prefabricated steel conduit piping system manufacturer.


B.
Allowable Stress:  Do not exceed the values given in ASME B31.1 during normal operation.



1.
Do not use the sustained load margin to increase the thermal expansion allowance.



2.
No allowance for cold spring will be accepted for stress, thrusts, and moments.


C.
System Layout:  The minimum acceptable system layout shall be shown on drawings.


D.
Load Requirements:



1.
Systems for ordinary conditions, and under flexible and rigid pavements shall meet AASHTO H-20 loading plus 25 percent impact for 24 inches of cover.



2.
Systems under railroad spurs and sidings shall meet Cooper E-72 loading plus full impact for 18 inches of cover.


E.
The piping system shall be installed at ambient temperatures or above.  It shall not be preheated or mechanically stretched.


F.
Ambient Temperature for Design Purposes:  40 degrees F.

DELETE MANHOLES IN PARAGRAPH BELOW IF NOT REQUIRED.

G.
The conduit(s) and manhole(s) shall be qualified under the Federal Agency Coordinated Specification 15705 for underground water conditions and temperature classifications including Class A and high temperature (450 degrees F) respectively, and shall have received a federal letter of acceptability for Class A conduit.

EDIT PARAGRAPH BELOW AS REQUIRED, FILL IN THE BLANKS.  WORD PROCESSING PERSON:  DELETE UNDERLINE BEFORE ENTERING INFORMATION.

H.
Carrier Piping Operating Temperatures and Pressures for Design Purposes:



1.
______Pressure Steam:  ______degrees F, ______psig.



2.
Condensate Pumped Return:  ______degrees F, 125 psig.



3.
Hot Water Supply and Return:  250 degrees F, ______psig.



4.
High Temperature Hot Water Supply and Return:degrees, ______psig.



5.
Domestic Hot Water and Circulating Hot Water: ______degrees, 125 psig.

1.04
SUBMITTALS


A.
Submittals Package:  Submit shop drawings, product data, and quality control submittals at the same time as a package.  Submittals package shall be prepared by the prefabricated steel conduit system manufacturer.


B.
Shop Drawings:



1.
System layout to scale.



2.
Show details of anchors, wall entry, end seals, pipe supports, expansion loops and elbows showing calculated expansion and cross sections for all diameters, and locations of field joints.




a.
Include sufficient information to show thermal expansion of pipes allowed for by changes in the direction of the run of pipe or by expansion loops without the use of cold springing.



3.
Cathodic system drawing showing location of anodes, cables, test stations, etc.



4.
Cathodic system technical data, and field survey reports.

DELETE SUBPARAGRAPH BELOW IF NOT REQUIRED.


5.
Manholes.


C.
Product Data:  Catalog sheets, specifications, load ratings, equipment and materials lists, and installation instructions for specified products and appurtenances.


D.
Quality Control Submittals:



1.
Design Data:




a.
Stress analysis including thrusts and moments.




b.
Heat loss analysis and calculations for system expansion and contraction.




c.
Copy of Federal Agency Letter of Acceptability for Class A Conduit and any subsequent letters of compliance.



2.
Test Report:  Factory hydrostatic test.



3.
Test Procedures:  Copy of air test procedures.



4.
Instrument Certification:  Instrument manufacturer's written affidavit stating date of calibration and crest voltage setting of high voltage holiday detector.



5.
Company Field Advisor Data:




a.
Name, business address and telephone number of Company Field Advisor secured for the required services.




b.
Certified statement from the Company listing the qualifications of the Company Field Advisor.




c.
Services and each product for which authorization is given by the Company, listed specifically for this project.



6.
Corrosion Engineer Data:




a.
Name, business address and telephone number of corrosion engineer secured for the required services.




b.
Copy of corrosion engineers personal certification as a Corrosion Specialist from National Association of Corrosion Engineers (NACE).

USE SUBPARAGRAPH BELOW WITH WELDED STEEL PIPING.


7.
Welder Qualification Data:  Copies of certification; include names, home addresses and social security numbers of welders.

USE SUBPARAGRAPH BELOW WITH TYPE L COPPER.


8.
Brazer Qualification Data:  Copies of certification; include names, home addresses and social security numbers of brazers.



9.
Contractor Qualification Data:  Name and addresses of 3 projects of similar size and complexity that Contractor has completed during the past 5 years.



10.
Quality Assurance Inspection:  Inspection of fabrication and testing of conduit system components may be made at the discretion of the Director.




a.
If inspection is made by the State, it shall not relieve the manufacturer, contractor, or fabricator of responsibility for their own quality assurance programs.




b.
Representatives of the Director and/or designated inspection laboratory shall be given free and easy access to fabrication shop when work is in progress.




c.
Quality assurance inspections (if made) will be without cost to the Contractor.


E.
Contract Closeout Submittals:

DELETE MANHOLES IN SUBPARAGRAPH BELOW IF NOT REQUIRED.


1.
Reproducible as built drawings showing dimensions, accurate locations of manholes, anchors, loops, cathodic test stations, etc., and depth of burial at 100 ft intervals.  Marked up Contract Drawings will not be acceptable.



2.
Operation and Maintenance Data:  Deliver 2 copies, covering the installed products, to the Director's Representative.



3.
Warranty:  Copy of specified warranty.



4.
System acceptance test report.



5.
Performance Test Reports:




a.
Upon completion and testing of installed cathodic protection system, submit test reports in booklet form tabulating all field tests and measurements performed.




b.
The initial test report shall include a summary analysis of the condition of the cathodic protection system, and a professional judgment as to its' expected life.




c.
Subsequent test reports shall analyze and explain differences from earlier test data, including a summary analysis of the condition of the system, and a professional judgment as to its' expected life.



6.
Certificate:  Affidavit, signed by the Company Field Advisor and notarized, certifying that the system meets the contract requirements and is operating properly.

1.05
QUALITY ASSURANCE


A.
Equipment Qualifications For Products Other Than Those Specified:



1.
At the time of submission provide written notice to the Director of the intent to propose an “or equal” for products other than those specified.  Make the “or equal” submission in a timely manner to allow the Director sufficient time to review the proposed product, perform inspections and witness test demonstrations.



2.
If products other than those specified are proposed for use furnish the name, address, and telephone numbers of at least 5 comparable installations that can prove the proposed products have performed satisfactorily for 3 years.  Certify in writing that the owners of the 5 comparable installations will allow inspection of their installation by the Director's Representative and the Company Field Advisor.



a.
Make arrangements with the owners of 2 installations (selected by the Director) for inspection of the installations by the Director's Representative.  Also obtain the services of the Company Field Advisor for the proposed products to be present.  Notify the Director a minimum of 3 weeks prior to the availability of the installations for the inspection, and provide at least one alternative date for each inspection.




b.
Only references from the actual owner or owner’s representative (Security Supervisor, Maintenance Supervisor, etc.) will be accepted.  References from dealers, system installers or others, who are not the actual owners of the proposed products, are not acceptable.





1)
Verify the accuracy of all references submitted prior to submission and certify in writing that the accuracy of the information has been confirmed.


3.
The product manufacturer shall have test facilities available that can demonstrate that the proposed products meet the contract requirements.




a.
Make arrangements with the test facility for the Director's Representative to witness test demonstrations.  Also obtain the services of the Company Field Advisor for the proposed product to be present at the test facility. Notify the Director a minimum of 3 weeks prior to the availability of the test facility, and provide at least one alternative date for the testing.



4.
Provide written certification from the manufacturer that the proposed products are compatible for use with all other equipment proposed for use for this system and meet all contract requirements.
USE PARAGRAPH BELOW WITH WELDED STEEL PIPE.

B.
Qualifications of Welding Procedures, Welders and Welding Operators:  Comply with Section IX ASME Boiler and Pressure Vessel Code, Part QW Welding.

USE PARAGRAPH BELOW WITH COPPER TUBING.

C.
Qualifications of Brazers:  Comply with Section IX ASME Boiler and Pressure Vessel Code, Part QB Brazing.


D.
Contractor Qualifications:  The Contractor shall have completed work on at least 3 projects of similar size and complexity within the last 5 years.


E.
Corrosion Engineer Qualifications:



1.
Regularly engaged in the design of cathodic protection systems for a minimum of 5 years in the State of New York.



2.
Personally certified as Corrosion Specialist by National Association of Corrosion Engineers (NACE).


F.
Field Examples:  The persons installing the waterproofing material for field closures shall demonstrate acceptable installation techniques to the Director's Representative.



1.
Perform demonstrations on Contractor supplied sample materials, prior to field installations.

FILL IN BLANK IN PARAGRAPH BELOW., CHECK WITH DESIGNER.  WORD PROCESSING PERSON:  DELETE UNDERLINE BEFORE ENTERING INFORMATION.

G.
Company Field Advisor:  Secure the services of a Company Field Advisor for a minimum of ______ working hours for the following:



1.
Render advice regarding installation of the system.



2.
Supervise the following at initial point in each step:




a.
Inspection and unloading of materials.




b.
Holiday testing of as delivered product.




c.
Inspection of trench prior to laying conduit.




d.
Inspection of concrete thrust blocks.




e.
Hydrostatic tests.




f.
Field joint closure work.




g.
Conduit air test.




h.
Cathodic protection installation and tests.




i.
Holiday testing in trench.




j.
Initial backfill to 12 inches above top of conduit.




k.
Coating repairs.

DELETE SUBPARAGRAPH BELOW IF MANHOLES NOT REQUIRED.



l.
Fill and backfill for manholes.



3.
Issue written report at the conclusion of each critical installation phase listed in 2. above, stating whether or not conditions are in accordance with the plans, specifications and approved manufacturer's installation recommendations.  Furnish copy to the Director's Representative.



4.
Witness final system test and then certify with an affidavit that the system is installed in accordance with the Contract Documents and is operating properly.

FILL IN BLANK IN PARAGRAPH BELOW, CHECK WITH DESIGNER.  WORD PROCESSING PERSON:  DELETE UNDERLINE BEFORE ENTERING INFORMATION.

H.
Corrosion Engineer:  Secure the services of a Corrosion Engineer for a minimum of __________ working hours for the following:



1.
Supervise and inspect the installation of cathodic protection system.



2.
Field installation instruction may be conducted by a full time employee of the Corrosion Engineer.  This employee shall have been trained in corrosion control and shall be familiar with the details of the piping system and cathodic protection requirements for the type of system being installed.



3.
The Corrosion Engineer shall perform tests and measurements required for the Performance Test, and prepare Performance Test Report.



4.
Twelve months after the acceptance of the Performance Test Report by the State, The Corrosion Engineer shall return to the site and repeat the tests and measurements required for the Performance Test, and prepare and submit  Performance Test Report each year of the 2 year warranty period.


I.
Working hours for Company Field Advisor and Corrosion Engineer shall be on-site time and shall not include travel time.  Hours shall be cumulative.



1.
A maximum of 10 percent of Company Field Advisor's working hours may be used for repair of coatings.

1.06
DELIVERY, STORAGE AND HANDLING


A.
Delivery:



1.
Conduit manufacturer shall ensure proper preparation and loading of conduit for damage-free shipment.



2.
Deliver conduit components with openings sealed weathertight.


B.
Handling:  Unload and handle conduit with fabric or other non-metallic slings.  Handle and place conduit in strict accordance with the manufacturer's recommendations.


C.
The Director's Representative may reject any section of conduit and order it removed from the Site if more than 50 sq inches per 10 ft length fails visual inspection.


D.
Flaking or other damage to galvanized coatings shall be cause for rejection of conduit section.



1.
Field repair of damaged coatings is not acceptable.

DOCUMENT 007306 MUST BE EDITED AND INCLUDED IN THE PROJECT MANUAL.
1.07
WARRANTY


A.
Special Warranty:  The one year period required by paragraph 9.8 of the General Conditions is extended to 2 years for the Work of this Section.  Refer to Supplementary Conditions.  Performance bonds shall be supplied by the piping system manufacturer as follows:



1.
A performance bond guaranteeing design, workmanship and materials for period of two years.



2.
A performance bond guaranteeing that performance tests will be performed annually for 2 years.

1.08
CATHODIC PROTECTION SYSTEM ANNUAL TEST


A.
The conduit manufacturer shall perform annual testing of the cathodic protection system for the 2 year warranty period, and shall submit written reports to the Facility.  Reports shall include test findings regarding conditions of cathodic protection system and recommendations for maintaining the system in satisfactory working condition.

1.09
CONDUIT SYSTEM ANNUAL INSPECTION


A.
The conduit manufacturer shall perform annual inspection of the conduit system for the 2 year warranty period, and shall submit written reports to the Facility.  Reports shall include procedures, results, conclusions, and recommendations.



1.
Inspect vent and drain piping for internal corrosion.



2.
Inspect manhole interior and manhole appurtenances for corrosion damage.



3.
Blow air into high end of each run and check vent at corresponding low end for vapor or liquid.



4.
Demonstrate that the system remains in an air tight condition.

PART 2   PRODUCTS

2.01
PREFABRICATED STEEL CONDUIT


A.
General Design:  Factory fabricated unitized product consisting of single or multiple pipe cores as shown on drawings with cellular glass pipe insulation, pipe supports and pipe guides, totally enclosed in a drainable, dryable,  and air testable steel conduit casing  suitable for Class A site conditions.



1.
Piping within conduit shall be free to expand and contract without stress or wear on the pipe, insulation, and casing.



2.
Allow a minimum 1 inch annular air space between the outer surface of pipe insulation and the inner surface of the conduit.



3.
Conduit casing diameters listed on the drawings are minimum.



4.
The minimum acceptable conduit layout shall conform to the layout shown on the drawings.




a.
Do not reduce total number of expansion loops, horizontal offsets, vertical runs and anchors.




b.
Do not reduce dimensions shown on the drawings.  Increase dimensions if required to meet ASME B 31.1.


B.
Conduit Casing Sections:



1.
Options:




a.
Option No. 1:  Smooth wall steel casings with spiral welded seams, hot dip galvanized inside and outside after fabrication in accordance with ASTM A123.

CHECK WITH DESIGNER IF LARGER SIZES ARE REQUIRED IN SUBPARAGRAPH BELOW.




1)
Furnish steel casings with properties as follows:

	CASING
	DIAMETER
	MINIMUM THICKNESS

	Zinc coated smooth wall
	Up thru 21 inch ID
	10 gage (0.1345 inch)

	
	
	






2)
Factory fabricate casing sections, including the welding of end collars to light gage casings before galvanizing.  Do not weld steel less than 10 gage (0.1345 inch) thick after galvanizing.





3)
Waterproofing:






a)
Option 1:  Factory applied chemically bonded polyurethane, minimum of 30 mils thickness.






b)
Option 2:  Factory applied, high solids, low viscosity urethane elastomer.  Apply a minimum of 2 coats with a minimum total film thickness of 50 mils.




b.
Option No. 2:  Epoxy coated steel casing.





1)
Multiple coating of fusion bonded and factory applied epoxy applied to an ungalvanized minimum 10 gage steel casing.






a)
First layer:  Minimum 20 mil thickness of 3M's Scotchkote 206N, applied by an approved 3M licensed fabricator.  Use 3M's 206P Hot Melt Patch Compound for factory and/or field repair of first layer.






b)
Second Layer:  Minimum 20 mil thickness epoxy compound securely bonded to, and compatible with first layer of fusion bonded epoxy.  No blisters or delamination will be acceptable.



2.
Expansion Loops, Valve Boxes, Elbows and Tees:  Factory fabricated, of the same manufacturer and materials as the conduit.




a.
Provide expansion loops and expansion elbows with free air space between insulation and pipe cores for lateral expansion.




b.
Size expansion fittings to maintain at least one inch clearance between insulation outer surface and conduit casing walls at hot and cold design temperatures.




c.
Changes of conduit diameters shall allow free drainage of conduit with no possibility for pockets of water formation.



3.
Pipe Supports Within Conduit:




a.
Designed to allow for continuous airflow and drainage of conduit.




b.
Support carrier piping within casing at maximum 10 ft intervals.




c.
Design straight supports to occupy maximum of 10 percent of annular air space.




d.
Thermally and electrically isolate carrier pipe from outer conduit.




e.
Supports which directly contact both carrier pipe and outer conduit are not acceptable.




f.
Lagging pieces, slip ring arrestors, stabilizing rods, nodal slip rings, etc: Refer to Contract Drawings.




g.
Maintain insulation thickness at supports.




h.
Moment Guides:  Point of first standard type support in any direction from expansion turns, offsets, or loops.





1)
Location:  Minimum of 8 feet from pipe elbows.



4.
Line Anchors:  Dielectric anchors shall be provided as detailed on drawings or as recommended by the conduit manufacturer.  Sizes shall be as indicated on drawings.



5.
End Seals:  Provide end seals on terminal ends of conduits.




a.
Steel Carrier Pipe:  Steel bulkhead plate welded to the conduit and carrier pipe.




b.
Copper Carrier Pipe:  Steel bulkhead plate welded to the conduit, and steel collar brazed to the carrier pipe, and electrically isolated from the bulkhead plate, bolts and washers.




c.
Furnish plugged drain and vent tappings, unless otherwise shown.




d.
Gland seals are not acceptable.



6.
Conduit Accessories:  As furnished by the conduit manufacturer.



7.
Leak Plates:  1/4" thick steel plate, welded to the outside of steel sleeve and extending a minimum of 4" from the sleeve.


C.
Carrier Piping Materials:

USE SUBPARAGRAPH BELOW WITH STEAM AND HEATING HOT WATER PIPING.


1.
Steel Pipe and Fittings:




a.
Pipe:  Standard Weight Schedule 40 or Extra Heavy Weight Schedule 80, Black Steel:  ASTM A53, or ASTM A135.




b.
Fittings:  Butt weld type, carbon steel; ASME B16.9.




c.
Flanges, welding neck type; ASME B16.5, class to match design pressure.

USE SUBPARAGRAPH BELOW WITH DOMESTIC HOT WATER PIPING.


2.
Copper Tubing and Fittings:




a.
Tubing:  Water tube, Type K; ASTM B88.




b.
Fittings:  Wrot copper water tube fittings; ASME B16.22.


D.
Factory Applied Insulation:



1.
Cellular glass insulation conforming with ASTM C 552 - Specification for Cellular Glass Thermal Insulation, except when fabricated by methods utilizing insulation in beveled, lags or segments.




a.
Fittings fabrication adhesive, if required, shall be HYDROCAL B-11 gypsum cement by United States Gypsum.



2.
Insulation thickness on fittings shall be the same thickness as straight pipe insulation.



3.
The cellular glass insulation shall have one of the following factory applied jackets:




a.
(Foil-Scrim-Kraft) facing constructed with 0.0007 inch aluminum foil, tri-directional fiberglass scrim and natural kraft.




b.
0.03 inch resin bonded, non-woven fiberglass mat.



4.
Band cellular glass insulation on carrier pipe with 1/2 inch stainless steel bands on 12 inch centers, using no less than 2 bands per 2 feet of insulation.


E.
Joining and Sealant Materials:

USE SUBPARAGRAPH BELOW WITH HEATING HOT WATER AND STEAM PIPING.


1.
Electrodes and Welding Rods:




a.
Electrodes for Use in Arc Welding:  Heavily coated, not larger than 3/16 inch diameter exclusive of coating, unless otherwise approved.




b.
Welding Rods:  Free flowing when fused, so as to avoid excessive puddling.




c.
Filler material shall conform to the appropriate AWS-ASTM specification.

USE 2 SUBPARAGRAPHS BELOW WITH DOMESTIC HOT WATER PIPING.


2.
Brazing Flux:  AWS Class FB3A; Handy and Harman's Handy Flux, or J.W. Harris Co. Inc.



3.
Brazing Alloys:




a.
Type 1:  AWS A5.8, Class BCuP-5, for brazing copper to brass, bronze, or copper; Engelhard's Silvaloy 15, J.W. Harris Co. Inc.'s Stay-Silv 15, and Handy & Harman's Sil-Fos.


F.
Zinc Rich Paint:  Carboline's Carbo Zinc D7 WB.


G.
Heat Shrink Sleeve:  Raychem Ultratec Division, wraparound pipe sleeve WPC 120.


H.
Rock Shield:  Full circumference polyethylene sleeve.



1.
Wall Thickness:




a.
For casings up to 8 inch size:  150 mil.




b.
For casings over 8 inch size:  175 mil.



2.
Minimum Length:  12 inches longer than field joint final closure coating/sleeve.


I.
Mechanical Modular Seals:  Thunderline Corp.'s Link Seal for cathodic protection with metal parts encased in solid rubber sealing elements or dielectric plastic pressure plates.

USE ARTICLE BELOW WHEN DIRECTED BY DESIGNER.
2.02
MANHOLE


A.
Manhole (By Conduit Manufacturer):  Watertight, factory fabricated, pre-piped, welded construction with accessories; designed to accommodate the piping, valves, insulation and miscellaneous equipment with sufficient working room for maintenance.  Manhole shall be watertight and factory airtested at 5 psig.  Concrete manholes are not acceptable.



1.
Outer Shell:  1/4 inch thick carbon steel.



2.
End Bulkheads:  1/2 inch thick galvanized steel.



3.
Stub-Outs:  Same as connecting prefabricated steel conduit.



4.
Access:  Single entry with 30 inch diameter access riser, 1/4 inch thick galvanized steel, extended a sufficient height above grade to allow for proper operation of bolts on the access cover.




a.
Cover:  Locking waterproof hinged type, domed 30 inch diameter with locking T bolts and a self-energizing static O-ring gasket or, a flat airtight galvanized steel cover.




b.
Ladder:  Galvanized steel, securely fastened to manhole.



5.
Anchors Inside Manhole:  1/2 inch thick x 2 feet long black steel plate Pipe welded to pipe and bottom plate of the manhole with two gusset plates 1/2 inch thick welded to manhole bottom plate under and in line with pipe anchors.




a.
Manhole wall shall not be used as an anchor.



6.
Sump:  12 inch deep, 14 inch Schedule 80 galvanized steel pipe with 3/8 inch thick galvanized steel bottom.



7.
Main Vents:  Galvanized steel, 8 ga. with mushroom caps.



8.
Conduit Vents:  XH Black Steel Pipe.



9.
Insect Screens:  Furnish on outdoor vent terminations (main vents, and conduit vents).



10.
Coating:  Factory coat exterior and interior surfaces of manhole, excluding ladders.




a.
Exterior:  Apply primer as recommended by the coating system manufacturer, then apply waterproofing as specified for prefabricated steel conduit.




b.
Interior:  Prime with zinc rich coating such as Carboline's Carbo Zinc D7WB, top coat with catalyzed epoxy system or as recommended by the manhole manufacturer.



11.
Piping Protection in Manhole:  Cover insulated piping in manhole, with the exception of fittings, valves, flanges and irregular surfaces, with 18 gage aluminum sheet metal or piping jacketing, secured in place with 14 gage aluminum or stainless steel wire.



12.
Signal Conduit Entry:  Furnish manhole short vent with one inch ips plugged tapping, 12 inches above grade.



13.
Sump Pump Discharge Piping Stub Out:  Extra heavy weight black steel pipe.

2.03
VALVE ACCESS BOX


A.
Factory prefabricated full welded metal, designed to accommodate the piping and valves.  Valve box shall be watertight and air tested at 5 psi.



1.
Outer Shell:  1/4 inch thick galvanized steel.  Flanges and covers shall be 1/2 inch thick galvanized steel.



2.
Stub-Outs:  Same as connecting prefabricated steel conduit.



3.
Access:  Single entry with 24 inch diameter access riser, 1/4 inch thick galvanized steel, extended a sufficient height above grade to allow for proper operation of bolts on the access cover.



4.
Coating:  Factory coat exterior and interior surfaces same as conduit system.




a.
Exterior:  Apply primer as recommended by the coating system manufacturer, then apply waterproofing as specified for prefabricated steel conduit.




b.
Interior:  Prime with zinc rich coating such as Carboline's Carbo Zinc D7WB, top coat with catalyzed epoxy system.

2.04
CATHODIC PROTECTION SYSTEM


A.
General:



1.
The conduit manufacturer shall be responsible for design of the cathodic protection system and furnish cathodic protection materials to be installed.



2.
The cathodic protection system shall be designed by a NACE accredited corrosion specialist and furnished for the entire system supplied by the manufacturer.



3.
The cathodic protection system  shall provide flow of direct current from sacrificial anodes to the outer surface of the conduit.

DELETE MANHOLE IN SUBPARAGRAPH BELOW IF NOT REQUIRED.


4.
The cathodic protection system shall be designed on the earth resistivity and earth chemical analysis at proposed depth of conduit and/or manhole.



5.
The number and size of sacrificial anodes shall be sufficient for a minimum 20-year life.



6.
The system shall be tested by Corrosion Engineer or their employee after installation has been completed and backfilled.  Submit report to Director's Representative.




a.
Conduit-to-soil readings and anode current output shall be included in the report.




b.
Additional anodes or alterations shall be provided as required for satisfactory operation of the system.



7.
The installation of the cathodic protection system shall conform with applicable rules of NFPA 70 - National Electric Code.


B.
Anodes:  Magnesium anodes shall be Type III (ASTM B 843).


C.
Connecting Wire:  Number 12 AWG solid copper wire, not less than 10 feet long, unspliced, complying with NFPA 70, Type THWN or equal insulation.



1.
Factory install connecting wires for magnesium anodes with the place of emergence from the anode in a cavity sealed flush with a dielectric sealing compound.


D.
Artificial Backfill:  Factory package anodes with an artificial backfill in a water permeable fabric sack or cardboard container.



1.
Package anodes on a vibrating platform to attain dense packing, and assure centering by means of spacers.


E.
Miscellaneous Materials:



1.
Electrical Wire:  Number 10 AWG stranded copper wire with NFPA 70, Type RHW-USE insulation.  Connecting wire splicing shall be copper split bolt connections made for the purpose of exothermic welds following instructions of the manufacturer.



2.
Conduit:  Rigid galvanized steel conduit and accessories shall conform to UL 6.



3.
Test Boxes and Junction Boxes:  Boxes shall be outdoor type conforming to UL 514.



4.
Joint, Patch, Seal and Repair Coating:




a.
Sealing and Dielectric Compound:  Black, rubber based compound that is soft, permanently pliable, tacky, moldable and unbacked.  Compound shall be applied as recommended by the manufacturer but not less than 1/2 inch thick.




b.
Covering:  Pipeline wrapping.




c.
Preformed Sheaths:  Sheaths for encapsulating electrical wire splices to be buried underground shall fit the insulated wires entering the spliced joint.




d.
Epoxy Potting Compound:  Compound for encapsulating electrical wire splices to be buried underground shall be a two package system made for the purpose.




e.
Test Stations:  Furnish test stations with an insulated terminal block having the indicated number of terminals, and lockable cover.


F.
Electrical Isolation:



1.
Electrically isolate piping from internal building piping at the point of connection inside the building.  Install dielectric flanges on each pipe.  Isolate pipe from the building wall with wall sleeve and mechanical modular seal.

USE SUBPARAGRAPH BELOW WITH MANHOLES AND/OR VALVE BOXES.


2.
Electrically isolate piping from conduit outer casing and manhole or valve box outer casings.

2.05
LEAK DETECTION SYSTEM


A.
Continuous operation leak detection system for prefabricated steel conduit installed in normal and hazardous (Class I, Division 1 and 2, Groups A, B, C, and D) environments.


B.
Probes:  Capacitive sensing, moisture sensitive type with no moving or mechanically actuated components, and capable of detecting conductive and non-conductive fluid leaks.



1.
The probe activates its own visual and audio alarm.



2.
Probes capable of withstanding 100 psig pressure against the sensing area.



3.
Probe Housing:  Type 304 stainless steel.



4.
Probe Insertion Depth:  Maximum 1 inch.


C.
Alarm Monitor Panel (Located Inside Building):  Custom designed for requirements of particular conduit system.



1.
Audibly and visually indicates probe status (wet or dry) and probe operational status (normal or failure) for each probe.



2.
Features:

ENCLOSURE IN SUBPARAGRAPH BELOW IS STANDARD BUT OTHER ENCLOSURE TYPES ARE AVAILABLE.  CHANGE ENCLOSURE TYPE WHEN DIRECTED BY DESIGNER.



a.
NEMA 12 enclosure.




b.
Status indicating lights.




c.
Audible alarm.




d.
Remote relay contacts rated at 1 amp, 120 V ac minimum for remote alarms.




e.
Power Conduit Isolation and Disconnects:  Dielectric union installed in probe piping to piping conduit system.




f.
Power input:  120 V ac, 60 Hz.


D.
Drain Assembly:  Allows for testing, and disposal of fluids which collect at each probe location.


E.
Instrumentation Control Conduit and Wiring:  Connects probe and electrical junction box to alarm monitor panel, as recommended by manufacturer of leak monitor system.  Run control/alarm wiring in rigid galvanized steel signal conduit.

2.06
UNDERGROUND CONDUIT IDENTIFICATION


A.
Marker Tape:  FL Industries Blackburn/Holub's Type YT6, or Seton Nameplate Corporation's Type 6 ELE, imprinted with message suited to item buried below.

PART 3   EXECUTION

3.01
MANUFACTURER'S SUPERVISION


A.
Make available the conduit manufacturer's Company Field Advisor to supervise critical phases of the installation, testing and backfilling of the conduit system.

3.02
INSTALLATION


A.
Install the Work of this Section in accordance with the manufacturer's printed installation instructions.

3.03
PREFABRICATED STEEL CONDUIT INSTALLATION

DELETE MANHOLES IN PARAGRAPH BELOW IF NOT REQUIRED.

A.
Install conduit piping systems complete with fittings, anchors, expansion loops, leak plates, conduit ends, wall connections, manholes, field joints, and accessories required for the systems.


B.
If the relative location of the piping within the conduit differs from the arrangement indicated on the drawings, make final connections as required and directed.


C.
Field Piping Connections:

USE SUBPARAGRAPH BELOW WITH STEAM AND HEATING HOT WATER APPLICATIONS.


1.
Steel Carrier Pipe and Prefabricated Steel Conduit:  Weld all joints.  Make changes in direction in welded piping with weld fittings.  V bevel pipe and fitting ends (70 to 90 degree included angle).

USE SUBPARAGRAPH BELOW WITH DOMESTIC HOT WATER APPLICATIONS.


2.
Copper Carrier Pipe and Prefabricated Steel Conduit:  Braze all joints.  Make changes in direction in brazed piping with wrot copper water tube fittings.




a.
Thoroughly clean tube and inside of fitting with emery cloth, sand cloth, or wire brush.




b.
Apply flux to precleaned surfaces.  Install fitting, heat to brazing temperature, and join the metals together with brazing alloy.  Remove residue.

CHECK WITH DESIGNER FOR PIPING MATERIALS FOR HIGH TEMPERATURE HOT WATER SUPPLY AND RETURN AND INSERT IN PARAGRAPH BELOW.

D.
Carrier Pipe Schedule:



1.
Heating Hot Water Supply and Return (HWS & HWR) 125 psig and Less:  Standard weight black steel pipe with welded end standard weight steel fittings.



2.
Heating Hot Water Supply and Return (HWS & HWR) 126 psig to 250 psig:  Standard weight black steel pipe with welded end standard weight steel fittings.



3.
Steam (LPS & MPS) 125 psig and Less:  Standard weight black steel pipe with welded end standard weight steel fittings.



4.
Steam (HPS) 126 to 250 psig:  Standard weight black steel pipe with welded end standard weight steel fittings.



5.
Condensate Returns (MPR & Pumped Return) 125 psig and Less:  Extra heavy weight black steel pipe with welded end extra heavy steel fittings.



6.
Domestic Hot Water (DHW) 125 psig and Less:  Type K hard temper copper tubings, with wrot copper water tube fittings, and brazing alloy.


E.
Conduit Field Joints:



1.
Field join conduit sections on dry days.  Protect open field joints from weather and moisture, during period before conduit closure.



2.
Remove temporary weatherproof shipping closures and tie rod from conduit ends.




a.
Slip split casing connector band over one end of casing section.




b.
Field join piping and perform hydrostatic pressure testing of completed pipe joint or joints.



3.
Insulate bare piping between casing sections, with split sections of pipe insulation of the same material, thickness, and jacketing, as the insulated pipe in casing sections.




a.
Secure insulation with stainless steel bands, furnished by the conduit manufacturer.




b.
Slide casing connector band over insulated piping closure and weld in place carefully follow manufacturer's suggested sequence of circumferential welds to reduce tendency of outer coating to soften or run.




c.
Do not field weld within 2 inches of a factory weld.



4.
Air test field welds in conduit closures for leaks, before the waterproof wrapping is applied.



5.
Waterproof field casing joints, between factory fabricated casing sections, in accordance with the conduit manufacturer's printed installation manual.




a.
Materials for waterproofing casing joints shall be furnished as part of the conduit system, by the conduit manufacturer.




b.
As a minimum, hammer welds and wire brush clean welds to bare metal, apply primer coat of zinc rich or epoxy coating, top coat with repair coat compatible with the factory applied coating.





1)
Apply ambient cure liquid epoxy coatings only during minimum 48 hour periods with outdoor air temperatures over 55 degrees F.




c.
After thorough drying, apply a field closure heat shrink sleeve completely covering the conduit field joint.





1)
Shrink sleeve shall be suitable for 248 degrees F.




d.
Prior to backfilling, install single rock shield that completely covers the heat shrink sleeve.


F.
Leak Plates:  Provide leak plates at building wall penetrations of conduit.  Install leak plates at right angles to the conduit, located in the approximate center of the wall.

DELETE MANHOLES IN PARAGRAPH BELOW IF NOT REQUIRED.

G.
Conduit Ends:  Terminate conduit ends inside building walls and manholes, with end seals, each fitted with 3/4 inch IPS vent and drain connections, located on the vertical center line of the conduit, top and bottom.  Extend conduit a sufficient distance inside structures, to allow sufficient room for venting and draining of conduit system.


H.
Wall Connections:  Seal conduit on the outside surfaces of buildings wall, as indicated on the drawings.


I.
Underground Conduit Identification:  Install marker tape 4 inches below finished grade directly over the prefabricated steel conduit.

3.04
CATHODIC PROTECTION SYSTEM


A.
Anode Installation:  Install anodes of the size and at the locations as recommended by conduit manufacturer.



1.
Install anodes as indicated in a dry condition after plastic or waterproof protective covering has been completely removed from the water permeable, permanent container housing anode metal.



2.
Do not use the anode connecting wire for lowering anode into hole.



3.
Backfill annular space around the anode with fine earth in 6 inch layers, with each layer hand tamped.



4.
Exercise care not to strike anode or connecting wire with tamper.



5.
Apply approximately 5 gallons of water to each filled hole after anode backfilling and tamping has been completed to a point about 6 inches above anode.



6.
After water has been absorbed by earth, complete backfilling to ground surface level.



7.
Direct connect single anodes to pipeline, allowing adequate slack in connecting wire to compensate for movement during backfill operation.



8.
Connect groups of anodes to collector cable in quantity and location as recommended by conduit manufacturer.  The collector cable shall make contact with structure to be protected only through a test station.



9.
Do not use resistance wires to reduce current output of individual or group anodes.



10.
Electric arc welded connections and other types of welded connections to ferrous pipe and structures as directed.



11.
Bury anodes in undisturbed soil.




a.
Firmly pack soil around anode to avoid air pockets.




b.
Drench anodes thoroughly with water, about 5 gallons per 17 lb. anode, so that the prepared anode backfill is saturated.




c.
Once anodes are wetted, precautions must be taken to prevent anodes from drying out, by immediately backfilling to 12 inches above anode.


B.
Underground Cable Splices:



1.
Use copper compression bolts for underground splices.



2.
Makeup underground splices as follows:




a.
Strip away about 2 inches of insulation from wire, attach compression bolt.




b.
Cover connection with one layer of electrical putty.




c.
Wrap three layers 1/2 lap with 3/4 inch wide rubber insulating tape.




d.
Finish with three layers 1/2 lap 3/4 inch wide vinyl plastic electrical tape.


C.
Connection of Wire:



1.
Use the thermit welding process for electrical wire connections to conduit.



2.
Materials for welding copper cables to the piping shall be as manufactured by  Cadweld Division of Erico Products, Inc.



3.
Connection and weld type shall be suitable for steel pipe.



4.
Cartridge alloy tube shall be CA15.



5.
Procedure:




a.
Clean pipe surface to bare metal by filing, grinding, or other methods before applying the thermit welding process.  Clean off grease, tar or oil residue with solvent.




b.
After connections are made, remove slag.  Cover weld thoroughly with  bitumastic coating or other material that is compatible with pipeline coating.




c.
Render connections moisture proof.


D.
Test Stations:  Curb box mounted, of type and locations as recommended by conduit manufacturer.  Provide buried electrically insulating joints with test wire connections brought to a test station.  Unless otherwise shown, other test stations shall be located as follows:



1.
At 1,000 foot intervals or less.



2.
Where pipe or conduit crosses other metal pipes.



3.
At both ends of casings under roadways.



4.
Where both sides of an insulating joint are not accessible above ground for testing purposes.


E.
Electrical Isolation:



1.
Prevent shorting of system to building steel, reinforcing steel in buildings, foundations and other buried metallic structures.



2.
Install electrical isolating flanges on piping at building entries and wherever else required to electrically isolate the piping system.  Electrical isolation materials must be suitable for temperatures and pressures of piping system.


F.
Criteria of Protection:  Criteria for determining the adequacy of protection of a buried pipe shall be in accordance with NACE RP-0169, and shall be selected by the Corrosion Engineer as applicable.



1.
Iron and Steel Pipe:  One of the following methods shall apply:




a.
A negative voltage of at least minus 0.85 volt as measured between pipe and saturated copper-copper sulfate reference electrode contacting earth directly over the pipe.  Determination of this voltage shall be made with cathodic system in operation.




b.
A negative voltage shift of at least 300 millivolts as measured between pipe and saturated copper-copper sulfate reference electrode contacting earth directly over pipe.  Determination of this voltage shift shall be made with  protective current applied.  This criteria applies to pipes not in electrical contact with dissimilar metals.




c.
A minimum polarization voltage shift of 100 millivolts as measured between the pipe and saturated copper-copper sulfate reference electrode contacting the earth directly over pipe.  This polarization voltage shift shall be determined by interrupting protective current and measuring polarization decay.  When protective current is interrupted, an immediate voltage shift will occur.  The voltage reading, after the immediate shift, shall be used as the base reading from which to measure polarization decay.


G.
Electrical Continuity of Pipe Joints:  Underground pipe shall be electrically continuous except at places where electrically insulating joints are specified.


H.
Electrical Isolation of Structures:



1.
Install isolating flanges and couplings above ground, or within manholes, wherever possible.  An isolating device that electrically separates a pipeline shall not be installed in a confined area where a combustible atmosphere may collect unless precautions are taken to prevent arcing, such as by means of externally located lightning arresters, grounding cells, etc.



2.
Locate isolating flanges and couplings in piping entering buildings at least 12 inches above grade or floor level.  Piping entering buildings either below or above ground shall be electrically isolated from the structure wall with an electrically isolating wall sleeve and mechanical modular seal.


I.
Electrical Isolation of Casing:  Where conduit is installed in a casing under a roadway, the conduit shall be electrically isolated from the casing and annular space sealed against incursion of water.

3.05
LEAK DETECTION SYSTEM INSTALLATION


A.
Install probes at low points in prefabricated steel conduit.


B.
Probe mounting method used shall not restrict flow of fluid to sensing area of probe, and shall permit safe cleanup should leaks occur.


C.
Probe mounting hardware shall permit easy sampling of leaking fluids.

3.06
FIELD QUALITY CONTROL


A.
Conduit Field Testing:  Perform tests in the presence of the Director's Representative.  Furnish necessary labor, equipment, test instruments, gages, conduit caps, temporary piping, connections and accessories required to conduct tests.



1.
Pressure Testing of Pipe Joints:  Upon completion of the joining of piping within conduit casings, and before the installation of pipe insulation at closure joints, perform a hydrostatic test on piping, in accordance with the requirements specified in Section 15951 - Cleaning and Testing.



2.
Conduit Air Test:




a.
Air test field welds in conduit closures for leaks, before waterproof exterior wrapping is applied.




b.
Check welds during air test with strong solution of soap and water.




c.
Reweld leaks if detected until casing is proven air tight at 15 psig for a period of not less than 2 hours.




d.
Air test valve boxes concurrently with attached conduit sections.



3.
High Voltage Holiday Leak Detector Test:  Field test wrapped conduit, fittings, and field joints with high voltage holiday detector.




a.
Use detector with silicone rubber electric wire brush, or coil probe testing set, with positive signaling device, to indicate flaws, holes or breaks in wrapping, when tested at conduit manufacturer's specified voltage.




b.
Prior to installation, perform holiday test on random sections comprising  minimum of ten percent of the factory wrapped conduit sections.  Test additional sections if directed.





1)
If test indicates factory wrapping is inadequate, reject section and test every section on the site.





2)
Repair defects, using materials identical to original wrapping, or materials used for field joints, as directed.





3)
Retest repaired voids to prove holiday free.




c.
Upon completion of conduit installation and prior to backfilling, test entire waterproofed exterior wrapping of system, including field joints, for holidays.





1)
Promptly repair holidays revealed to a condition equal to the rest of system, or replace system.



4.
Conduit Start-Up Procedure:




a.
After backfilling conduit, and prior to placing it in service, demonstrate that system is dry.




b.
Induce forced ventilation of air space throughout the system at rate of not less than 2 cfm while heat is applied to internal piping.




c.
Place chilled mirror at exhaust point(s) at intervals as recommended by conduit manufacturer.




d.
Position mirror so it will indicate (by fogging) moisture in the system.




e.
Continue ventilating until no fogging appears on mirror.




f.
If the air test has been made on conduit and the system is known to be air tight, do not apply heat to the piping system before placing it in service.




g.
Vacuum may be pulled on the conduit with a commercial type vacuum cleaner.




h.
Perform chilled mirror fogging test at vacuum exhaust.




i.
Hold mirror at a point where surrounding air will not fog the mirror.

DELETE PARAGRAPH BELOW IF NOT REQUIRED.

B.
Manhole Field Testing:



1.
Perform hydrostatic test on valves, pipe, fittings, and appurtenances in manhole in accordance with the requirements in Section 15951 - Cleaning and Testing.



2.
Prior to backfilling, perform holiday spark test on exterior surfaces at manufacturer's specified voltage for manhole field testing.



3.
Air testing:




a.
Secure manholes air tight by sealing vents with test caps furnished by conduit manufacturer.




b.
Air test manholes by internal application of 5 psig for minimum of 2 hours.




c.
Repair leaks if detected, and retest until proven air tight.


C.
Cathodic Protection System Testing and Measurements:



1.
Test cathodic protection system in accordance with NACE Recommended Practice No. RP-0169.  Testing shall be performed by a NACE accredited Corrosion Specialist.




a.
Test cathodic protection system within 6 months of completion of backfilling.



2.
Baseline Potentials:  Measure static potential-to-soil of pipe after backfilling of pipe and anodes is completed, but before anodes are connected to pipe.



3.
Insulation Testing:  Perform isolation test at each isolating joint or fitting before anode system is connected to pipe.




a.
This test demonstrates that no metallic contact, or short circuit exists between the 2 insulated sections of pipe.




b.
Report defective insulating fittings to the Director's Representative.



4.
Anode Output:  Measure current output with low resistance ammeter as anodes or groups of anodes are connected to pipe.  Record obtained values, date, time, and location of measurements.



5.
Pipe to Reference Electrode Potential Measurements:




a.
Make electrode potential measurements upon completion of installation of entire operational cathodic protection system.




b.
Make measurements using copper-copper sulfate reference electrode and  potentiometer-voltmeter or direct current voltmeter having internal resistance (sensitivity) of not less than 100,000 ohms per volt, and full scale of 1 or 2 volts.




c.
Make measurements at same locations used for baseline potentials.  Record obtained values, date, time, and location of measurements.



6.
Interference Testing:  Perform interference test with respect to existing buried metal structures before final acceptance of installation.  Record results and submit report to Director's Representative.



7.
Location of Measurements:

DELETE MANHOLES IN SUBPARAGRAPH BELOW IF NOT REQUIRED.



a.
For coated conduit and manholes, measurements shall be taken from the reference electrode located in contact with earth, directly over conduit.




b.
Connection to conduit shall be made at connection points, valves, test leads, or by other means suitable for test purposes.




c.
Measurements shall be made at intervals not exceeding 400 feet.





1)
A minimum of 3 measurements shall be made over each length of conduit.





2)
Additional measurements shall be made at each connection point, with the reference electrode placed directly over conduit.



8.
Recording Measurements:




a.
Record pipe-to-soil potential measurements including initial potentials.




b.
Locate, correct, and report short circuits to foreign pipes encountered during checkout of installed cathodic protection system to the Director's Representative.




c.
Pipe-to-soil potential measurements are required on as many pipes as necessary to determine the extent of protection or to locate short circuits.

END OF SECTION
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