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SECTION 02045 

CUTTING AND PATCHING  

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section includes the requirements and limitations for cutting and patching of work.   

1.02 SUBMITTALS 

A. Submittals Procedures:  Section 01300. 

B. Submit written request in advance of cutting or altering elements which affects the following: 
1. Structural integrity of the element. 
2. Integrity of weather exposed or moisture-resistant elements. 
3. Visual qualities of elements exposed to sight. 
4. Operations of the facility 

PART 2  PRODUCTS (NOT USED) 

PART 3  EXECUTION 

3.01 CUTTING AND PATCHING 

A. Employ skilled and experienced installer to perform cutting and patching work.   

B. Execute cutting, fitting, and patching to complete the work and to: 
1. Fit several parts together, to integrate with other work. 
2. Provide openings in elements of work for penetrations of mechanical and electrical work.   
3. Restore existing surfaces exposed by removal of work. 
4. Uncover work to install or replace ill-timed work.   
5. Remove and replace defective and non-conforming work.   

C. Execute work by methods which will avoid damage to other work, and provide proper surfaces to 
receive patching and finishing.   

D. Cut rigid materials using masonry saw or core drill.    

E. Restore work with new products in accordance with requirements of Contract documents.  

F. Fit work tight to pipes, sleeves, ducts, conduit, and other penetrations through surfaces.  Maintain 
integrity of wall, ceiling, or floor construction: completely seal voids.  

G. Where existing construction is cut or otherwise disturbed to permit demolition work, match and 
patch existing disturbed construction.  Used methods and materials similar in appearances and 
equal in quality to areas or surfaces being repaired and as specified follows: 

H. Completely replace or repair, as directed by the Project Representatives those sections of 
remaining pavement spalled, blemished, or otherwise damaged during the work.  Execute the 
replacement or repair work following the procedures and using equipment specified in the 
specifications applicable and as directed by the Project Representative.  

END OF SECTION 
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SECTION 02050 

DEMOLITION AND SALVAGE 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies demolishing, removing, and salvaging the following: facilities, pavement, 
utilities, appurtenant structures, and other items. 

B. The existing Praxair building to be demolished is shown on the Drawings. This structure shall be 
demolished and removed from the Site. Demolished concrete and rebar shall be salvaged and/or 
delivered to an approved recycling facility.  

C. The demolition of existing asphalt concrete pathways and driveways shall be removed by the 
contractor.  Demolished asphalt concrete shall be salvaged and/or delivered to an approved 
recycling facility.  

1.02 DEFINITIONS 

A. Salvage:  Recovery of materials for on-site reuse, or offsite sale of donation to a third party. 

B. Approved Facility:  See Section 01715. 

1.03 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of a listed document, the 
requirements of this Section shall prevail. 
Reference   Title 
King County Title 10  Solid Waste Handling 
Chapter 296-62 WAC  General Occupational Health Standards 

B. Qualifications: 
1. Demolition Contractor shall be appropriately certified, competent, experienced, and 

knowledgeable about the specific work identified herein, with a minimum of two years of 
experience in similar projects. 

2. Personnel and supervision that are appropriately certified, licensed, and experienced in each 
component of work. 

C. The overall scope of the demolition work includes demolishing and removing at-grade and below-
grade facilities and materials to completely clear the project areas for future development, and 
installation of final grading and site controls as described herein.  

1.04 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Copies of permits, notices, and other submittal required by regulatory and permitting agencies 
and municipalities necessary for conducting the work. 

C. Demolition Work Plan. 

D. Disposal receipts, manifests, and weigh tickets from disposal site. 

E. Utility severance certificates. 

F. Rodent Control Plan. 

G. Rodent Control Inspection Report. 
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1.05 REGULATORY REQUIREMENTS 

A. Obtain and conform to permits required by the work as indicated in Section 01062 and as 
required by federal, state or local code and regulation for conduct of the work. 

1.06 INSPECTION REPORTS 

A. As part of the Contract Work, Contractor is responsible for reviewing available drawings, 
conducting field investigations, and determining demolition requirements as part of the work.  
Information on the utilities, etc. are a general depiction of existing conditions based on available 
data, and the conditions of the facilities may vary from the information presented herein.  

1.07 RODENT CONTROL PLAN 

A. Prepare and submit a rodent control and extermination plan prior to commencing demolition of 
the Praxair building. 

B. The plan shall be prepared and overseen by a qualified rodent control specialist. 

C. Do not use rodenticide chemicals.  

PART 2  PRODUCTS (NOT USED) 

PART 3  EXECUTION 

3.01 GENERAL 

A. Notify Project Representative 48 hours prior to starting work. 

B. Completion of a phase shall include the temporary site controls, abatement, demolition, waste 
management, and final grading and site control work described in the Contract Documents to 
completely clear the project areas for the future development.  The work area for each phase 
shall be vacant of all Contractor equipment, waste, stockpiles, parking, and temporary field offices 
at the completion of the phase.  The area shall be graded, paved, and Temporary Erosion 
Sediment Control facilities operational prior to final inspection and completion of the phase.   

C. The Contractor shall remove all facilities that were installed to support construction operations.  
These may include equipment foundations, gravel work pads, storage, and asphalt paving.  
These disturbed areas shall be cleaned back to match existing grades or to the final grades 
shown.  Graded as necessary to drain.   

D. Provide shoring, bracing, and other supports as required to prevent movement, settlement, or 
collapse of remaining or adjacent structures or improvements.  

E. Take all precautions necessary to prevent damage to existing remaining work or to adjacent 
facilities. 

3.02 DEMOLITION OF PRAXAIR BUILDING 

A. In the presence of the Project Representative, conduct a pre-demolition inspection of the building 
to document all items that are hazardous, potentially hazardous or items requiring special 
disposal at a licensed, approved disposal site.  Example items are fluorescent light bulbs and light 
fixture transformers.  Include type, size, location and quantity of items identified.   

B. Remove items identified in the pre-demolition inspection prior to demolishing the building 
structure.  Dispose of items at a legal, permitted disposal site or approved facility. 

C. Provide written documentation to the Project Representative of proper disposal for all items 
identified in the pre-demolition inspection. 
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3.03 DISPOSAL 

A. All materials shall upon their demolition, become the property of the Contractor. 

B. All such material, including those containing hazardous or potentially hazardous substances shall 
be removed and promptly disposed of at a legal, permitted disposal Site or Approved Facility for 
recycling and/or reuse. 

C. Burning of materials and burial onsite is forbidden under all circumstances. 

D. Material disposed of shall meet the requirements of King County Title 10. 

E. Transport and legally dispose of demolition materials in accordance with all federal, state, and 
local laws and regulations. 

3.04 SITE ACCESS AND SECURITY 

A. Comply with the requirements of Section 01500 and 01570. 

3.05 PREPARATION 

A. Make the necessary preparations to prevent the movement, settlement, or collapse of the 
adjacent facilities to remain, including sidewalks, roadways, building, and fences.  

B. Provide, erect, and maintain temporary barriers, safety, and security devices.  

C. Protect underground and overhead utilities to remain. 

D. Mark location of disconnected, capped, or abandoned utilities on Record Drawings.  Section 
01720. 

3.06 CONCRETE AND ASPHALT DEMOLITION AND CRUSHING 

A. All removed concrete and reinforcing steel shall be delivered to a facility that will make the waste 
materials available for recycling. 

B. Remove all asphalt pavement and on grade slabs.  Deliver to a recycling facility.  

C. Assume all concrete contains reinforcement.  

D. Blasting will not be allowed.  

3.07 CLEANUP 

A. Completely remove and dispose of materials generated from the work 

B. Conduct final cleanup following demolition work.  There shall be no debris, rubble, or litter left at 
the Site from any of the demotion operations and the Site shall be clean.  

3.08 CUTTING AND PATCHING 

A. Conform to the requirements of Section 02045. 

3.09 ARCHAEOLOGICAL AND HISTORICAL PRESERVATION 

A. Conform to the requirements of Paragraph 3.13 in Section 01560. 

3.10 RODENT CONTROL 

A. Implement rodent control plan for the demolition of the Praxair building. 

END OF SECTION 
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SECTION 02100 

INTERCEPTOR CHAMBER 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section identifies specific submittals, constraints and diversion requirements that apply to 
the Interceptor Chamber construction at the intersection of 2nd Avenue NW and NW Canal Street. 

B. See Section 01014 for scheduling and work hour constraints that will impact construction of the 
Interceptor Chamber. 

C. The Contractor shall be responsible for the design, implementation, operation and removal of a 
diversion system or systems for all handling of sewage flow within the existing 108-inch diameter 
interceptor sewer and Interceptor Chamber as required to perform the Work.  Contractor shall 
also design and construct restoration of the existing interceptor sewer.  Diversion systems shall 
be in accordance with Section 02105. 

1.02 DEFINITIONS 

A. Dry weather – See Section 01014 

B. Wet weather – See Section 01014 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. See Section 02105 for sewer bypassing.  

C. Required Submittals 

1. Flow Bypass Systems: 
a. Detail drawings of temporary diversion trench for interceptor chamber construction 

designed by a professional engineer licensed in the State of Washington. 
b. Methods to manage combined sewage flows in existing 108-inch diameter interceptor 

sewer during construction of Interceptor Chamber. 
c. Methods to manage combined sewage flows from COS Sand Catcher during construction 

of Interceptor Chamber. 

2. Detail drawings and design calculations for restoration of existing 108-inch diameter 
interceptor. 

3. Emergency Cleanup Plan in accordance with Section 02105. 

4. Submit 60 days prior to the start of diversion trench work a detailed narrative and plan 
drawing showing the means and methods the contractor will employ to support and protect 
the 8-inch high pressure gas line during all phases of construction. Plan to receive PSE 
approval prior to the start of work (see Section 01195). 
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1.04 CONSTRAINTS FOR INTERCEPTOR CHAMBER 

A. The following constraints apply to construction of the Interceptor Chamber: 

Construction Item Construction Activity Constraint 

Existing Forebay and 
Interceptor Chamber 

Demolition and construction 
within NW Canal Street 

June 1 through October 15 of 
any calendar year  

Interceptor Chamber Closure of intersection at 2nd Ave 
NW and NW Canal Street 

June 1 through October 15 of 
any calendar year  

108-in pipe Construction within pipeline July 1 through October 1 of any 
calendar year 

1. Complete restoration of street pavement shall be made by the end of the timeframe specified 
for the constraint. 

B. Demolition of the existing 108-inch Forebay and connection of the 108-inch pipe is further 
constrained by the water surface elevation in the 108-inch pipe.  

1. Continuously monitor weather conditions and forecasts to schedule the work in response to 
the following constraints: 

a. During drier weather periods between June 15 and October 15, historic monitoring of 
water surface elevations in the 108-inch pipe indicate levels vary from a low of 
approximately 114.2 at about 7:00 AM to a high of approximately 115.1 from 2:00 PM to 
10:00 PM.  Historic average flow rates in the pipe at this time are approximately 50 
million gallons per day.  Be responsible for actual water surface levels and flow rates that 
may vary from historic records.  

b. During wet weather, historic monitoring of water surface elevations in the 108-inch pipe 
indicates water surface levels will rise and can remain in excess of elevation 125. During 
storm events, flow rates in the 108-inch pipe may exceed 220 million gallons per day.  
This can cause flooding of work area(s) exposed to the water surface elevation and will 
result in flow velocity forces on temporary construction devices inside the 108-inch pipe. 
Any costs for delay, clean-up or other damage caused by flooding of the work area shall 
be the responsibility of the Contractor. 

c. The water surface variability in the 108-inch pipe shall be anticipated during the 
construction of the North Junction Chamber and the trench excavation between the 
Junction Chamber and the Siphon Inlet. Submit and receive acceptance from the Project 
Representative for the construction sequence connecting the Junction Chamber and the 
Siphon Inlet prior to commencing work. No flows shall be allowed into the Siphon riser 
pipes until all 108-inch conveyance systems are complete, ready for operational status, 
and accepted by the Project Representative. 

PART 2  EXECUTION 

2.01 MANAGEMENT OF SEWER FLOWS 

A. Existing sewer flows shall be maintained at all times and shall not be reduced or otherwise 
constricted for the duration of the work. The Contractor shall install flumes or other flow 
management measures necessary and as approved by King County to complete the work 
associated with these sewers.  

B. In accordance with Section 02105, sewage diversion for the 108-inch diameter County sewer 
shall not be completed by pumping.  A diversion trench shall be constructed as specified herein. 
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2.02 DIVERSION FOR INTERCEPTOR CHAMBER CONSTRUCTION 

A. In addition to the requirements listed in Section 02105 for sewer bypassing, the following 
additional requirements shall also apply for the Interceptor Chamber. 

B. Temporarily relocate COS 8-inch waterline to accommodate the size and nature of diversion from 
the 108-inch pipe.  The relocation indicated on the Drawings is based on an assumed size for the 
diversion and shall be modified to accommodate the Contractor’s diversion operation. 

C. Protect 8-inch diameter PSE high pressure gas main through the diversion trench. This main will 
not be relocated. Protection shall be coordinated with PSE and meet PSE requirements. 

D. The temporary diversion trench indicated on the Drawings for Interceptor Chamber construction 
shall be designed to provide suitable hydraulic capacity and minimize impact to the function of the 
existing interceptor sewer system. The diversion trench shall be a minimum of 5 feet wide clear 
opening, the bottom of the trench shall match the invert of the 108-inch diameter interceptor at 
the connection point, match the bottom of the flow channel at the connection to the existing 
Forebay, and have uniform slope between the two points. The diversion trench shall be 
completely covered at ground level. Within NW Canal Street, the cover shall withstand vehicular 
loading (FHWA Class 3).  

E. Equipment shall be determined and selected by the Contractor to meet the requirements of this 
Section and the Contract Documents. 

2.03 STANDBY EQUIPMENT 

A. In accordance with Section 02105 

2.04 RESTORATION AND REPAIR 

A. Once the Interceptor Chamber is fully constructed and the temporary diversion trench is 
decommissioned, restore COS 8-inch waterline into full service. Coordinate effort with SPU.  

B. Remove all sheeting, shoring, concrete and other appurtenances used for the diversion trench 
that are not an integral part of the finished Interceptor Chamber.  Backfill the trench with Type A2 
backfill material, as specified in Section 02200, and backfill in accordance with applicable 
provisions of Section 02221. 

C. Contractor shall design and construct a restoration to the 108-inch diameter interceptor sewer 
that restores structural and hydraulic capacity of the interceptor where removed and/or modified 
to utilize the diversion trench.  The restored interceptor shall match the cross section of the 
existing interceptor and be designed to withstand soil, groundwater and traffic loads. 

END OF SECTION 
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SECTION 02105 

SEWER BYPASSING 

PART 1  GENERAL 

 SUMMARY 1.01

 This Section specifies the requirements for all temporary diversion, bypassing and dewatering of A.
sewers. 

 The Contractor shall be responsible for all handling of sewage flow as required to perform the B.
Work. 

 Sewage flows within the existing conveyance system shall not be reduced or constricted in any C.
way for the duration of the Work. Be responsible for managing flows within sewers and diversions 
as necessary to complete the Work. 

 Due to high flow rates, sewage diversion for the 108-inch and 138-inch diameter King County D.
sewers shall not be completed by pumping. 

 See Section 02100 for sewer bypassing requirements specific to the Interceptor Chamber. E.

 QUALITY ASSURANCE (NOT USED) 1.02

 SUBMITTALS 1.03

 Procedures:  Section 01300. A.

 General: Submit drawings and complete design data showing methods and equipment that the B.
Contractor proposes to utilize at all locations for use in sewer diversion, bypassing and 
dewatering of the sewer.  

 Design shall be designed, stamped, dated, and signed by a licensed Professional Engineer 1.
registered in the State of Washington.  

 Obtain the approval from the City of Seattle prior to submitting to King County when the 2.
bypassing impacts a City of Seattle sewer. 

 The submittal shall include the following information: 3.
 Drawings indicating the location of temporary sewer plugs, bypass and diversion a.

discharge lines. 
 Capacities of pumps, prime movers, and standby equipment. b.
 Design calculations proving adequacy of the bypassing system and selected equipment. c.

 Details of the pumping system controls, control logic, and alarm lights and signals: 4.
 Provide control system logic description of automatic operation of the bypass pumping a.

system and standby pumping system. 
1) Indicate high water level elevation. 

 Include a condition/response table describing the actions to be taken in the event of b.
various planned or unplanned occurrences such as: 
1) The automatic level monitoring system indicates a high water level condition in the 

location monitored. 
2) Mechanical or electrical failure of the pumping system. 

 Traffic control plan per Section 01570. c.
 Acoustical information to confirm noise control compliance per Section 01560. d.
 Side sewer protection plan for each private sewer potentially impacted. e.
 Complete listing of any additional permits to be obtained. f.

 Site Specific Submittals: C.
 Flow Bypass Systems: 1.

 North Site – CSO Pipeline: a.
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1) Methods to manage combined sewage flows during the construction of the new CSO 
Pipeline and transfer of flows to the new CSO Pipeline. 

2) Allow a minimum of 60 days for review of the submittal by Seattle Public Utility (SPU) 
and the Washington State Department of Ecology (Ecology). 

 South Site: b.
1) Methods to manage combined sewage flows in existing 138-inch diameter interceptor 

sewer during construction of Junction Chamber. 
2) Methods to manage combined sewage flows in existing 138-inch and 60-inch 

diameter interceptors during isolation of MH N25-1. 
 Methods for cleanup, disinfection and removal of diversion and bypass systems. 2.
 Contingency Plans. 3.

 Emergency Cleanup Plan D.

 Sewer Service Interruption Notification Plan E.

 JOB CONDITIONS 1.04

 Protection: A.
 Where bypassing is required, ensure that location of connecting laterals and side sewers are 1.

identified and service is not disrupted, unless noted otherwise. 
 Discharge all bypassed flow into another sewer or appropriate vehicle or container, as 2.

approved by the Project Representative, for proper disposal. 
 Bypassing to the ground surface, receiving waters, or which results in groundwater 3.

contamination or potential health hazards is prohibited. 
 Monitor upstream and downstream manholes for flow backup and obstructions. 4.

 Do not shut down the bypassing and dewatering systems between shifts, on holidays or B.
weekends, or during work stoppages without permission from the Project Representative.   

 Contractor shall schedule work or provide for sewer service operations to allow businesses to C.
operate during their normal hours of operation. Coordinate with businesses and submit data as 
part of the Sewer Service Interruption Notification Plan. 

 SEWER SERVICE INTERRUPTION NOTIFICATION PLAN 1.05

 Side sewer flows shall be maintained. Provide plan for side sewer interruption for beyond four A.
hours. 

 Update as necessary for the weekly Contract meetings and include the addresses of affected B.
business/property owners and the estimated dates that sewer service will be interrupted. 

 Submit a Sewer Service Interruption Notification Plan prior to excavation and update for weekly C.
Contract meetings a Notification Schedule to maintain sewer service for adjacent or affected 
properties and businesses. 

 Notification Plan and Schedule shall include: D.
 Address of affected property. 1.
 Estimated week of service interruption of affected property. 2.
 Provide specific plans and special issues for maintaining sewer service, if applicable. 3.

 Request and obtain written approval from the Project Representative and the Local Sewerage E.
Authority before interrupting sewer service. 

 Initial notification of the residents living adjacent to the work may be provided by King County in F.
advance of the construction in the area of work. Coordinate with King County. 

 Place door hangers, provided by the Project Representative, to directly inform individual G.
household residents at least 48 hours in advance of beginning the work to minimize or eliminate 
inconveniences to the public.  Inform household residents of work which blocks the side sewer 
service connection. 
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 Contractor's notifications regarding work performed shall be in such detail as to give the time of H.
commencement and completion of the work. 

 On the day that sewer service is interrupted, notify in person, each residence or business served I.
by the sewer.  The occupant(s) shall be advised that sewer service will be interrupted and the 
occupant(s) are to refrain from discharge to the sewer.  The notification shall provide the 
estimated time of service restoration.  Maintain a record of the residences and businesses that 
were visited, the time of the visit, and whether or not personal contact was made with the 
occupant(s). 

 EMERGENCY CLEANUP PLAN 1.06

 Submit an Emergency Cleanup Plan prior to start of excavation. A.

 The plan shall include provisions for an industrial hygienist and a standby subcontractor for the B.
cleanup of ground surface, exterior and building interior spaces that might be affected by a spill or 
overflow.   

 The industrial hygienist and the cleanup subcontractor shall be certified by the Institute of C.
Inspection Cleaning and Restoration (IIRC) and follow the Standard and Reference Guide for 
Professional water damage Restoration IICRCS500 for the cleanup of Category-3 Gray/Black 
Water. 

 Include and prominently display emergency names and phone numbers for the Contractor, D.
emergency cleanup contractor, King County, and industrial hygienist. 

PART 2  PRODUCTS (NOT USED) 

PART 3  EXECUTION 

 MANAGEMENT OF SEWER FLOWS 3.01

 Install flumes or other flow management measures necessary and as approved by King County to A.
complete the work associated with these sewers.   

 Certain hydraulic profiles and flow rates estimated for dry-weather and wet-weather conditions B.
are included in the Drawings.  The Contractor is cautioned that, during wet-weather periods, 
sewage flow rates increase significantly and flow depths at these locations can exceed the top of 
the pipes as described in Section 01014. 

 Implement sewer diversion and bypassing as necessary to obtain satisfactory working conditions C.
and to maintain progress of the Work in a safe manner.  

 Unless otherwise indicated, bypass operations shall not occur between the hours of 6 PM Friday D.
and 7 AM Monday. Sanitary sewer service shall be restored to residences during this time. 

 SEWER BYPASSING 3.02

 Schedule construction activities based on flow data from the Project Representative and National A.
Weather Service Forecasts to reduce the probability of high flows and surcharging during 
construction. 

 Sewer Bypassing shall be done in such a manner as not to damage private or public property, or B.
create a nuisance or public menace.  

 Pumped sewage shall be in an enclosed hose or pipe that is adequately protected from traffic, C.
and shall be redirected into the sewer system.   

 Dumping or free flow of sewage on private property, excavations, gutters, streets, sidewalks, or D.
into storm sewers is prohibited. 
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 Sewer bypass systems that utilize constructed channels, flumes or other conduits shall be of E.
watertight construction, installed and maintained to meet or exceed limits for infiltration and 
exfiltration in compliance with COS standard specification 7-17.3(4). Constructed channels shall 
be constructed of steel or concrete such that the trench is resilient to erosion from sewage flows. 

 Take all necessary precautions including constant monitoring of bypass pumping. At a minimum, F.
monitor the manhole immediately upstream of the bypass lateral to ensure that no private 
residences or properties are subjected to a sewage backup or spill. Be liable for all cleanup, 
damages, and resultant fines in the event of a spill. After the work is completed, flow shall be 
restored. 

 Due to high flow rates, sewage diversion for the 108-inch and 138-inch diameter King County G.
sewers shall not be completed by pumping. 

 Equipment: H.
 Provide pumps, conduits, and other equipment necessary to bypass the sewer flow. 1.
 Dewatering hoses and piping shall be protected with ramps to allow vehicular, bicycle and 2.

pedestrian crossing. 
 Furnish the necessary labor and supervision to set up and operate the pumping, diversion 3.

and bypass systems. 
 Pumps, diversion and bypass lines shall be of adequate capacity and size to control the 4.

flows. 
Monitor all operating pumps 24 hours per day. 

 Standby Pumping System: I.
 Maintain on site. 1.
 Automatically commence operations when the following conditions occur: 2.

 Failure, including mechanical and electrical, of primary bypass pumping system. a.
 Exceedance of capacity of bypass pumping system. b.

 Provide float switch or equivalent.  3.
 Size pump as required to handle flows.  4.

 Automatic Level Monitoring: J.
 Provide and install automatic level monitoring to detect high water levels due to malfunction 1.

of the bypass pumping system and increases in the system flows. 
 Level switch is to activate a flashing red light and audible alarm to indicate high water level 2.

elevation.  
 The high water level elevation shall be above the normal operating level.  3.
 Level switch shall activate the auto dialer when the water levels rise above the normal high 4.

water operating level. 

 Audible Alarm K.
 Provide on/off switch. 1.
 Light, horn, and pushbutton are to be mounted adjacent to the bypass pumping system. 2.

 Set up, maintain and operate the bypass and standby pumping system.  L.

 Install equipment in a manner that shall not cause sewers to surcharge during maximum flows.  M.

 Monitor operating pumps 24 hours per day. N.

 Provide standby generator to ensure continuity of the pumping operation in the event of a power O.
failure. An automatic transfer switch is required. 

 Keep pumps and generators fueled and operational at all times. P.

 Comply with noise requirements per Section 01560. Q.

 Provide sewage spill containment equipment. R.
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 AUTO DIALER 3.03

 Provide auto dialer third party service to notify the Contractor Representative and the Project A.
Representative when any portion of the operating system is not functioning properly.  

 Within 30 minutes of notification by the auto dialer, mobilize on Site to mitigate the effects and B.
impacts of the system failure and repair as needed to return the system to its required reliability.  

 Test a minimum of once every two weeks to ensure it operates as required when the system fails. C.

 The Contractor may propose the use of other systems or methods to monitor the operation of the D.
bypass system in lieu of the auto dialer.  Use of such systems is at the discretion of the Project 
Representative and only if proposed prior to implementation.  

 STANDBY EQUIPMENT 3.04

 Maintain on-site: A.
 Sufficient equipment and materials to ensure continuous and successful operation of the 1.

bypass and dewatering systems. 
 A sufficient number of valves, tees, elbows, connections, tools, sewer plugs, piping and other 2.

parts or system hardware to ensure immediate repair or modification of any part of the 
system as necessary. 

 For engine powered pumps, provide a standby pump on site. 3.
 For electric motor driven pumps, provide standby generators. 4.

 Keep  pumps and generators fueled and operational at all times. B.

 Provide sewage spill containment equipment. C.

 SYSTEM TEST 3.05

 Perform test of the bypass pumping system before the scheduled date of the actual need for A.
sewer bypassing. 

 Demonstrate that the proposed methods of sewer bypassing are fully functional and reliable 1.
and capable of continuously diverting flows. 

 Demonstrate automatic operation of the standby pumping system.  B.

 Test duration:  Two hours between 9:00 pm and 5:00 am Monday through Friday.  Do not C.
conduct the test on a Saturday, Sunday, or a holiday.  

 The test shall be deemed to have failed if at any time during the test flows are not accommodated D.
for whatever reason and for whatever length of time. 

 If the test fails, determine and correct the deficiencies that caused the test to fail and conduct E.
another test. 

 Perform until flow is accommodated for the entire test. F.

 Do not begin bypassing until a successful test has been completed. G.

 RESTORATION AND REPAIR 3.06

 Repair any damage that may result from the work of this Section. Restore areas affected by A.
bypassing systems. 

 Cleanup shall be in accordance with the approved Emergency Cleanup Plan. B.

END OF SECTION 
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SECTION 02110 

SITE CLEARING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies site clearing and grubbing. 

1.02 NOT USED 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

1.04 JOB CONDITIONS 

A. Existing conditions:  Determine the actual condition of the site as it affects this portion of work. 

B. Protection: 
1. Do not damage structures, landscaping, or vegetation adjacent to the site. 
2. Repair or replace property damaged by Contractor's activities. 

PART 2  PRODUCTS (NOT USED) 

PART 3  EXECUTION 

3.01 PERFORMANCE 

A. Clearing and grubbing:   
1. Notify Project Representative prior to commencement of clearing and grubbing activities, 

including activities intended for survey or other site investigation work. 
2. Unless otherwise indicated on the Drawings, do not remove trees or significant vegetation 

without authorization from Project Representative. 
3. Unless otherwise indicated, remove obstructions such as brush, trees, logs, stumps, roots, 

heavy sod, vegetation, rock, stones larger than 6 inches in any dimension, broken or old 
concrete and pavement, debris, and structures where the completion of the work require their 
removal. 

4. Provide for disposal of materials in accordance with applicable provisions of Section 02050.   

B. Utility interference:  Where existing utilities interfere with the work, relocate them in accordance 
with Section 01195. 

C. Protection:  Provide protection devices, including barricades, fencing, warning signs, lights and 
other items necessary to ensure the security of, and safety within, the work site during this phase 
of the work. 

D. Notify the Project Representative when site clearing is complete.  

END OF SECTION 
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SECTION 02121 

GEOTECHNICAL INSTRUMENTATION AND CONDITION INSPECTIONS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section describes the qualifications, installation, monitoring protection, maintenance, 
reporting and removal requirements for instruments to measure ground movements, structure 
and utility settlement, groundwater levels, vibrations, the performance of conditions inspections of 
structures, and the decommissioning of existing and contractor installed groundwater monitoring.   

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed document, the 
requirements of this Section shall prevail. 
Reference   Title 
AASHTO H-20   Standard Specification for Highway Bridges – H-20 Truck Load  
Chapter 173-160 WAC  Minimum Standards for Construction and Maintenance of Wells 
Chapter 173-162 WAC  Rules and Regulations Governing the Regulation and Licensing 

of Well Contractors and Operators 

B. Qualifications 
1. Surveyor 

a. Professional land surveyor licensed in the State of Washington per Section 01050. 
b. Experienced in specified work. 

2. Instrumentation Specialist 
a. At least five years experience in installation, data collection, monitoring, and analyzing 

similar types of instrumentation in urban environments. Experienced in managing 
acquisition and data collection of the specified instrumentation. 

b. Professional Engineer or Licensed Geologist registered in the State of Washington. 
c. Employed by a firm regularly engaged in geotechnical instrumentation and monitoring. 

3. Conditions Inspection Engineer 
a. Professional Engineer registered in the State of Washington and has completed a 

minimum of four projects providing construction condition inspection. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Qualifications. 

C. Instrumentation Installation and Monitoring Plan. 
1. Contractor Designed Instrumentation Program to monitor Contractor Designed Excavation 

Support, Contractor Designed Dewatering System(s), and properties adjacent to these 
systems. 

2. Plan showing proposed instrument locations, including the following: 
a. All instrumentation shown on the Contract Drawings. 
b. All instrumentation in Contractor Designed Instrumentation Program  
c. Instrument type, action levels, and monitoring schedule, and locations. 

3. Schedule and outline of procedures for installation of instrumentation: 
a. Summary table for all instrument installations by number and location showing: 

1) Timing of installation 
2) Baseline reading schedule 
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3) Timing of monitoring commencement and schedule of monitoring 
4) Timing of instrument decommissioning 

4. Sealing plan in accordance with WAC 173-160-251 requirements for instruments installed 
below Elevation 50 feet, in the confined aquifer. 

5. Driller’s water well license number in the State of Washington and qualifications. 
6. Manufacturer’s descriptive literature for proposed instruments, including: 

a. Technical specifications  
b. Calibration certificates 
c. Installation procedures 
d. Operation manuals 

7. Details including casing, covers, and grout backfill. 
8. Sample reports showing how instrumentation data will be shown for each instrument type. 
9. Instrument replacement procedures: If an instrument is repaired, replaced or moved 

subsequent to installation record, submit new instrumentation type and as built location. 
Report the reason the original instrument was altered and the date the new instrument was 
operational. 

D. Boring Logs and Start Cards. 
1. Notice of Intent (Start Card) filed with Department of Ecology. 
2. Logs of the Instrumentation Well borings (in a standard, legible format), completed by the 

Instrumentation Specialist or a Licensed Geologist registered in the State of Washington 
under the supervision of the Instrumentation Specialist, including: 
a. Detailed soil descriptions per Unified Soil Classification System (USCS) 
b. Standard Penetration Test blow counts every 5 feet at a minimum. 
c. Detailed description of instrument installations and borehole backfill for each hole in 

which instrumentation is installed. 
3. Department of Ecology Well Tag ID Number. 
4. Department of Ecology Resource Protection Well Report. 

E. As-built drawings: Using project datum. 

F. Monitoring data including baseline readings.  
1. If monitoring data is submitted using the Contractor's specialized software, Contractor must 

supply King County with software and training. 
2. Present baseline and monitoring data using project datum. 
3. Transmit electronic monitoring data to the Project Representative within 24 hours of the 

readings being taken and submit hardcopies weekly. 
4. On each set of data, clearly indicate the instrument identification number and location, 

reference elevation and depth for readings as appropriate, directions of movement as 
appropriate or directed, the date and time that the readings were taken, and names of 
individuals who performed the measurement. 

5. Reporting Data from Settlement Points  
a. Licensed surveyor shall set control for settlement monitoring points and instrumentation 

and supervise surveying of settlement monitoring. 
b. Electronic monitoring data shall be readable in Microsoft Excel. At a minimum, include 

the following information: 
1) Distance between the instrument and the construction or dewatering activities at the 

time of the reading. 
2) Any construction loading in the vicinity of the instrumentation. 
3) Tables of current readings and Action Levels for each instrument. 
4) Change in elevation from initial elevation and change in horizontal position, if 

applicable. 
5) Plots of all measured data versus date for each instrument. 

6. Reporting of Data from Vibration Monitoring  
a. At a minimum, include the following information: 

1) Distance between the instrument and the construction activities at the time of the 
reading. 
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2) Histogram of peak particle velocities (PPV) with time. Total time plotted not to exceed 
24 hours.  

3) Tables of maximum PPV values for the recording period with Action Levels. 
7. Reporting of Data from Inclinometers 

a. At a minimum, include the following information: 
1) Plots of cumulative displacement versus depth for both A and B directions for five 

most recent readings and baseline readings with the Action Levels. 
2) Plots of cumulative displacement versus time for shallowest point in the A and B 

directions. 
8. Reporting of Data for Groundwater Monitoring  

a. Electronic monitoring data submitted within 24 hours of the readings being taken shall be 
readable in Microsoft Excel. At a minimum, include the following information: 
1) Distance between the instrument and the construction or dewatering activities at the 

time of the reading. 
2) Any construction loading in the vicinity of the instrumentation. 
3) Tables of current readings for each instrument. 
4) Change in groundwater level. 
5) Plots of all measured data versus date for each instrument. 

G. Well Protection Plan: Within 30 days of Notice to Proceed. 
1. Provide a plan detailing methods for protecting Existing Wells BH-03, BH-05, and BH-06. 

Include sequencing of protection methods during various stages of construction, including 
final restoration and paving. 

H. Well Decommissioning Work Plan. At a minimum, include the following in the work plan: 
1. Schedule of activities. 
2. Method and procedures of decommissioning. 
3. List of equipment to be used. 
4. Driller’s water well license number and qualifications. 
5. Waste management procedures. 
6. Variances, if any approved. 

I. Well Decommissioning Documentation. 
1. Notices of Intent to Decommission a Well filed with the Department of Ecology. 
2. Department of Ecology Resource Protection Well Reports. 
3. Documents required by the Department of Ecology and other permitting agencies. 

J. Corrective Action Plan, if required. 

K. Preconstruction Condition Inspection Report. 

L. Post-construction Condition Inspection Report. 

1.04 DEFINITIONS 

A. Action Level: Specified amount of measured movement at which point action shall be taken to the 
monitoring, excavation, and construction operations. The two action levels are Trigger Level and 
Maximum Level. 

B. Existing Well: See Section 02140. 

C. Instrument: Settlement points, vibration monitoring geophones, inclinometers, and piezometers. 

D. Instrumentation Well: A well in which pneumatic or electric geotechnical or hydrological 
instrumentation is permanently or periodically installed to measure or monitor subsurface strength 
and movement. Instrumentation well includes borehole extensometers, slope indicators, 
pneumatic or electric pore pressure transducers, and load cells. 

E. Observation Well: See Section 02140. 

F. Maximum Level: Maximum allowable value for a specific instrument. 



Fremont Siphon Project C00762C14 GEOTECH INSTRUMENTATION & CONDITION INSPECTIONS 
May 2014  02121 - 4 

G. Settlement Points: Near Surface Settlement Point, Structure Settlement Point, Surface Settlement 
Point, Utility Settlement Point, Optical Survey Points. 

H. Trigger Level: Intermediate value for a specific instrument that serves as a trigger for additional 
remedial measures and enhanced monitoring requirements to be implemented. 

1.05 PROJECT CONDITIONS 

A. Identification of areas of monitoring by King County shall not relieve the Contractor of its 
responsibility for the work and shall not be regarded as an assumption of risks or liability by King 
County. 

B. Availability of data: 
1. Monitoring data becomes the property of King County and are not to be disclosed to third 

parties or published without written permission of King County. 
2. Upon specific request, data developed by King County will be available to the Contractor 

within 24 hours of being acquired. 

C. Permits and Coordination 
1. Permits, easements, and rights-of entry obtained by King County are defined in Section 

01062. All other permits and easements required to perform the Work shall be obtained by 
the Contractor.  

2. Coordinate activities affecting utilities with the appropriate utility company. 
3. Preconstruction and Post-Construction Condition Inspection: In accordance with Section 

01195 Protection and Maintenance of Property and Work. 

D. There are three Existing Wells, BH-03, BH-05, and BH-06, shown on the Drawings that shall be 
monitored as per this Section. 

1.06 INSTRUMENTATION SPECIALIST RESPONSIBILITIES 

A. Manage, coordinate, and supervise installation, baselining, monitoring, data collection and 
reporting of monitoring activities. 

B. Review and provide quality control of monitoring data. 

C. Provide interpretation of the monitoring data with respect to construction activities. 

D. Attend project progress meetings and present monitoring data and interpretations if requested. 

E. Notify Contractor and Project Representative of readings that reach Action Levels, as indicated 
herein. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. All reading devices, fixtures, cables, and necessary software for the various monitoring systems 
are to be provided by the Contractor. 

B. Use instruments and equipment that are the manufacturer’s standard products without 
modifications. 

2.02 PROTECTIVE ENCLOSURES 

A. Materials: Heavy-duty steel or cast iron construction. 

B. With the following features 
1. Bolted Lids. 
2. Gasketed. 
3. Dimensions appropriate to borehole diameter and instrumentation requirements. 
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C. For enclosures subjected to vehicular traffic, mount the enclosure flush with the ground surface 
and design for the H-20 AASHTO loading. 

2.03 SETTLEMENT POINTS 

A. Surface Settlement Points: As indicated in the Drawings. 

B. Utility Settlement Points: As indicated in the Drawings. 

C. Structure Settlement Points:  
1. Bonded survey targets or as indicated in the Drawings. 

D. Near Surface Settlement Points: As indicated in the Drawings. 

E. Optical Survey Points: Adhesive-backed targets, Leica Models # 635-317, 635-318, or 635-319 or 
accepted equal. 

2.04 SURVEY SYSTEM 

A. System Accuracy Requirements 
1. The accuracy requirements established in this Section apply to the final data, including the 

composite effects of reflectors, readout instruments, measurement methods, temperature, 
operator variability, and other contributing factors. 

2. An associated confidence level of 90 percent for all accuracies in this Section. 
3. Surveyed settlement points: 

a. Within 0.01 foot vertical 
b. Within 0.01 foot horizontal 

2.05 PIEZOMETERS 

A. Housing: Stainless Steel 

B. Vibrating Wire Piezometers: Slope Indicator VW Piezometer #5261130 or accepted equal. 

C. Measurement Requirements: 
1. Resolution: Within 0.025 percent full scale 
2. Accuracy: Within 0.1 percent full scale 
3. Range: 100 psi 

D. Readout devices: Slope Indicator VW Minilogger #52613500 or accepted equal. 

E. Provide connector cables for instruments to be read with the readout unit. 

F. Factory calibrated within 1 year of data acquisition.  

G. Protective Enclosure: As specified herein with at least 12 inches internal diameter. 

2.06 INCLINOMETERS 

A. Casing: Slope Indicator Co. Model #51101100 or approved equal 
1. Material: ABS Plastic with internal grooves at 90 degree intervals 
2. Diameter: 2.75-inch outer diameter, 2.32-inch inner diameter 
3. Spiral: No more than 0.033 per foot 
4. Couplings, caps, and ancillary equipment as recommended by manufacturer 

B. Backfill: Grout mix as recommended by manufacturer. 

C. Protective Enclosure: as specified herein. 

D. Ancillary Equipment: Provide pulley assembly compatible with casing and probe and other 
accessories for a complete and functional system. 

E. Inclinometer Probe: Slope Indicator Co. Model 50302500 or approved equal. 

F. Measurement Requirements: 
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1. Resolution: 0.0012 feet per 2 feet 
2. Accuracy: Within 0.3 inch per 50 readings 
3. Range: Within 35 degrees of vertical 

G. Inclinometer Cable: Slope Indicator Co. Model #50601000 or approved equal. 

H. Readout Unit: Slope Indicator Co. Model #50310900 or approved equal. 

I. Inclinometer Probe and Cable: Factory calibrated within 1 year of data acquisition.  

J. Inclinometer Software: 
1. Software compatible with the specified probe and readout device for uploading information to 

readout device, downloading instrument readings to the computer, data reduction, and 
plotting. 

2. Capable of plotting multiple profiles of the same casing the same plot calculated form the 
bottom up or the top down.  

K. Capable of plotting time-displacement at selected depths. 

2.07 VIBRATION MONITORING GEOPHONES 

A. Portable seismographs for monitoring velocities of ground vibrations resulting from construction 
activities, Model Minimate Plus, as manufactured by Instantel Inc. or approved equal. Include: 
1. External triaxial geophone. 
2. Three channels for vibration monitoring, plus a fourth channel for air overpressure monitoring. 
3. Two power sources: internal rechargeable battery and charger and 115 volts AC, capable of 

supplying power to monitor vibrations continuously for up to 8 days. 
4. Self-triggering waveform capture mode capable of recording single-component peak particle 

velocities, peak overpressure, and frequencies of peaks. 
5. Continuous monitoring mode capable of recording single-component peak particle velocities, 

and frequency of peaks with an interval of one minute or less. 

B. Measurement requirements: 
1. Seismic range: 0.005 to 10 inches per second.  
2. Accuracy: +/-5 percent of the measured peak particle velocity or better at frequencies 

between 4 Hertz and 125 Hertz. 
3. Resolution:  0.005 in/sec or less 

C. Factory calibrated within 1 year of data acquisition.  

D. Computer software: for performing continuous monitoring, data downloading, analysis, and to 
produce reports. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Project Representative shall have access to monitor the geotechnical instruments and review 
data. 

B. Be responsible for safety during all instrument installation and monitoring activities. Conduct all 
instrumentation activities in accordance with applicable Federal, State, and local regulations and 
all project-specific health and safety plans. The most stringent regulations and plans apply where 
conflicting requirements are encountered. 

C. Allow time for and include all instrumentation, monitoring baseline readings, and associated work 
in the construction schedule. 

D. Verify locations of buried utilities before installing instruments that involve digging and drilling. 
The Contractor is solely responsible for damage to utilities, structures, or other facilities. 
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E. Notify the Project Representative at least 7 days prior to the start of work and for any installations 
located on private property 

3.02 INSTRUMENT INSTALLATION  

A. General locations of instruments are shown on the Drawings. Locate points within 10 feet of the 
location shown on the Drawings. Locate instruments to allow for readings at the specified 
frequencies during all phases of construction.  

B. Install all instruments in accordance with the manufacturer’s recommendations and requirements 
unless otherwise specified.  

C. Install all instruments and make operational, with stable baseline a minimum of one week prior to 
the start of monitoring unless specified otherwise. 

D. Settlement Points: 
1. Locate structure settlement monitoring points in masonry joints or other locations to 

minimize damage to facade and facilitate repair after removal.  
2. Points installed in pavements shall be installed to minimize traffic disturbance. 
3. Any over chipping shall be filled with epoxy grout, as approved by the Project 

Representative, so that no depression is evident beyond the shoulders of the monitoring 
point. 

3.03 MAINTENANCE 

A. Maintain and protect all monitoring points and replace damaged instrumentation at no additional 
cost to King County. 

B. Maintain all instrumentation in accordance with manufacturer’s recommended procedures and 
schedule, or as directed by the Project Representative. 

C. Keep protective access covers in place and locked other than during manual monitoring and 
maintenance. 

D. Immediately report all damaged or non-functional instrumentation to the Project Representative. 

E. Repair or replace damaged instruments within 48 hours of detection.  

3.04 INSTRUMENT MONITORING 

A. General 
1. Project Representative will observe instrumentation activities. 
2. Project Representative may conduct Quality Assurance monitoring of instrumentation  
3. Provide all necessary assistance in the form of labor and equipment to enable to access 

those instruments, which the Project Representative will occasionally monitor. These may 
include, but are not limited to, removing obstacles or obstructions and providing access to 
elevated instruments. 

B. Monitor instruments as shown on the Contract Drawings, in accordance with the approved 
Instrumentation and Monitoring Plan, and this Section.  

C. Monitoring Points shall be measured relative to survey bench marks: 
1. Survey bench marks shall be located more than 150 feet away from excavations. 

D. Baseline Readings: 
1. Provide baseline readings by conducting three separate and complete sets of readings on 

each instrument at least one day apart each. Readings will be taken with sufficient accuracy 
to produce similar results in each of the three readings. 

2. Baseline readings shall be comparable and equal within the rated instrument accuracy. 

E. Action Levels 
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1. Action Levels for ground movements are indicated on the Contract Drawings. Action levels 
for each type of instrumentation are as follows: 
a. Optical survey points: The vector sum of vertical and horizontal movement. 
b. Near surface settlement points, structure settlement, surface settlement, and utility 

settlement points: Vertical movements. 
c. Inclinometers: Cumulative horizontal movements. 
d. Vibration Monitoring Geophones: Peak Particle Velocity. 

F.  Exceeding Trigger Levels:  
1. Take immediate steps to stop the cause of exceedance. 

2. Notify the Project Representative immediately.  
3. Develop and provide a Corrective Action Plan within 24 hours with the Project 

Representative. Include the identified cause of the exceedance. 
4. Verify measurement. 
5. For instruments read twice per week, increase frequency of readings to daily. For all other 

reading frequencies, double the frequency of readings. Continue increased frequency of 
monitoring until the relative incremental change of movement has returned to the pre-action 
trigger level rate or stabilized as determined by the Project Representative.  

6. Implement corrective actions per the Corrective Action Plan. Under some circumstances, 
corrective actions may require modification of construction procedures. 

7. Verify success of corrective actions. 

G. Exceeding Maximum Level:  
1. Take immediate steps to stop the cause of exceedance. 
2. Notify the Project Representative immediately.  
3. Develop and provide a Corrective Action Plan within 24 hours with the Project 

Representative. Include the identified cause of the exceedance. 
4. Verify measurement. 
5. For instruments read twice per week, increase frequency of readings to daily. For all other 

reading frequencies, double the frequency of readings. Continue increased frequency of 
monitoring until the relative incremental change of movement has returned to the pre-action 
trigger level rate or stabilized as determined by the Project Representative.  

6. Implement corrective actions per the Corrective Action Plan. Under some circumstances, 
corrective actions may require modification of construction procedures. 

7. Verify success of corrective actions. 
8. The Project Representative may suspend work activities at that location and require the 

submittal of alternative proposals for minimizing further movements. 
9. If work activities are suspended, obtain approval from the Project Representative prior to 

restarting work activities at that location, under approved procedures. 
10. With the Project Representative, contact the owners of any damaged properties or affected 

facilities and structures and perform corrective and restorative measures on an agreed 
timetable. 

3.05 REMOVAL AND DECOMMISSIONING OF INSTRUMENTATION 

A. The removal and decommissioning of Geotechnical Instruments shall be completed within one 
month following the completion of monitoring, as approved by the Project Representative, and 
prior to restoration in the area of the monitoring. 

B. Decommission wells in accordance with Chapter 173-160 WAC requirements and the Well 
Decommissioning Work Plan. Do not decommission wells without approval from the Project 
Representative. 
1. North Site: Decommission three Existing Wells per DOE Regulations according to the 

schedule on the Drawings; two within Canal Park and one within private property. Notify 
Project Representative 14-days in advance to allow King County to obtain Right of Entry for 
decommissioning on private property. See Section 02140 and the Geotechnical Data Report. 
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2. South Site: Decommission two Existing  Wells per DOE Regulations according to the 
schedule on the Drawings; both located within King County property. See Section 02140 and 
the Geotechnical Data Report. 

C. Contain and store all groundwater flowing out of the wells during decommissioning. Store 
groundwater in 55-gallon drums or a temporary holding tank. 

D. Remove utility settlement points and access covers, surface settlement points, and structure 
settlement points.  

E. Fill holes drilled in concrete structures with epoxy mortar to match surrounding concrete. 

F. Restore disturbed or damaged surfaces as indicated in the Drawings, or if not indicated, the 
conditions existing before installation of instruments meeting the requirements of the Local 
Authority Having Jurisdiction. 

G. Remove instrumentation identification devices and protective barriers. 

H. Removal of instruments installed in a confined aquifer shall include drilling out the casing. 

I. For instruments installed above the confined aquifer, casing pipe shall be cut five feet below the 
ground surface, unless otherwise indicated.  

3.06 WASTE MANAGEMENT 

A. Collect, characterize, and properly dispose of all waste generated during instrumentation and well 
installation and decommissioning in accordance with applicable regulations. 

B. Handle and dispose of groundwater collected in accordance with Section 02140 and Section 
01560. 

C. Handle and dispose of well material and soil generated from the decommissioning procedure as 
solid waste. 

3.07 PRECONSTRUCTION AND POST-CONSTRUCTION CONDITION INSPECTIONS 

A. Condition inspections shall be completed prior to the start of construction and after restoration 
has occurred with the Project Representative present for both. 

B. Condition inspection photos shall meet the requirements specified for photographs in Section 
01380. 

C. Complete a condition inspection of the following structures: 
1. 322 West Ewing Street (King County Water Quality Laboratory) 
2. 3469 3rd Ave W (Otto Miller Hall – Seattle Pacific University) 
3. 140 NW Canal Street 
4. 142 NW Canal Street  
5. 126 NW Canal Street  

D. The condition inspection of each structure shall be performed by the Condition Inspection 
Engineer. 
1. Provide adequate numbers of photos of each building exterior and interior to document 

existing condition of structure and auxiliary buildings, such as garages, and include all cracks, 
sticking doors and windows, and structural distress areas.  Photographs shall be taken by the 
Condition Inspection Engineer. 

2. Prepare drawings to scale and indicate location of all existing cracks, sticking doors and 
windows, and structural distress. 

3. Measure, photograph, and record all initial existing crack widths. 
4. Measure, photograph, and record all new and developing crack widths. 
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5. Place 2-dimensional crack measurement templates, such as Avongard or similar, at critical 
and representative locations during preconstruction inspection.  

6. The measurements shall be taken at least twice before construction and once after 
construction prior to removal. 

E. Complete a condition inspection of Seattle Public Utilities’ sand catcher.  
1. Notify Seattle Public Utilities (SPU) one month prior to condition inspection to coordinate 

cleaning of the sand catcher by SPU and condition inspection. 
2. The sand catcher shall be considered a confined space. See Section 01063 for confined 

space entry requirements. 
3. Coordinate with SPU to perform condition inspection. 
4. Provide adequate numbers of photos of sand catcher interior to document existing condition 

of structure. 
5. Prepare drawings to scale and indicate location of all existing cracks 
6. Measure, photograph, and record all initial existing crack widths. 
7. Measure, photograph, and record all new and developing crack widths. 

F. Document results of the condition inspections in the Preconstruction Condition Inspection Report 
and the separate Post-Construction Condition Inspection Report that shall be prepared, stamped, 
dated, and signed by the Condition Inspection Engineer. 

END OF SECTION 
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SECTION 02140 

DEWATERING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies the design, responsibilities, operation, maintenance, removal, and 
execution of dewatering as well as associated reporting requirements. 

B. Water from dewatering operations deeper than 30 feet shall be treated and discharged to the 
Lake Washington Ship Canal in accordance with Section 02771. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
document. These references are a part of this Section as specified and modified. In case of 
conflict between the requirements of this Section and those of listed documents, the requirements 
of this Section shall prevail. 
Reference   Title 
AWWA A100   Standard for Water Wells 
Chapter 173-200 WAC Water Quality Standards for Groundwaters of the State of 

Washington 
Chapter 173-160 WAC  Minimum Standards for Construction and Maintenance of Wells 
Chapter 173-162 WAC       Rules and Regulations Governing the Regulation and Licensing 

of Well Contractors and Operators   

B. Qualifications: 
1. Dewatering System Designer: 

a. Professional Engineer or Hydrogeologist licensed in the State of Washington. 
b. A minimum of ten years experience in the design, installation, and operation of 

construction dewatering systems. 
c. A minimum of five completed dewatering projects of similar scope and complexity in 

similar soils and groundwater conditions, including at least two projects using pumped 
Dewatering Wells and at least two projects using Depressurization Wells with hydrostatic 
heads above ground surface. 

d. Demonstrate experience in the design and implementation of depressurization wells with 
hydrostatic head above ground surface, wellpoints, and dewatering wells. 

2. Dewatering Contractor:   
a. A minimum of ten years experience in the design, operation, maintenance, and 

decommissioning of similar Dewatering Systems.  
b. A minimum of five completed dewatering projects including at least two projects using 

pumped Dewatering Wells and at least two projects using Depressurization Wells with 
hydrostatic heads above ground surface. 

3. On-site Dewatering Supervisor: 
a. Employed by the Dewatering Contractor. 
b. A minimum of two years experience supervising the operation, installation, testing, 

monitoring, and maintenance of construction dewatering projects. 
4. Dewatering Well Driller:  

a. Licensed in the State of Washington by the Department Ecology with a minimum of ten 
years experience. 

b. Completed at least five dewatering projects of similar scope and complexity in similar 
soils and groundwater conditions. 

5. Analytical Lab: Accredited in accordance with Chapter 173-50 WAC. 
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1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Qualifications: 
1. Dewatering System Designer. 
2. Dewatering Contractor and on-site Dewatering Supervisor. 
3. Dewatering Well Driller. 
4. Analytical Lab. 

C. Groundwater Control Plan: 
1. Dewatering System for each type and location of Dewatering, including: 

a. Dewatering System or description of how each structure will be constructed safely 
without a Dewatering System for the North Shaft, Junction Chamber, Siphon Outlet, 
Interceptor Chamber, Siphon Inlet, tie-in pipe (north and south), trenching for 108-inch 
nominal interceptor, CSO replacement, and Odor Control Facility. 

b. Dewatering System for South Shaft shall at a minimum include depressurization of the 
Confined Aquifer to a level at least three feet below the existing ground surface. 

2. Design drawings showing the size, depth, and location of all system components, monitoring 
instruments, and discharge locations. 
a. Discharge water requirements and locations are per the discharge permit. 
b. Include connection from the Dewatering System for the South Shaft to the King County 

Environmental Laboratory. 
c. Locations and workings of primary and backup power supply. 

3. Monitoring: Provide Dewatering System(s) monitoring plan as part of Instrument Installation 
and Monitoring Program in Section 02121.  
a. Include all Observation Wells and VWPs shown on the Drawings. 
b. Instrument type and monitoring schedule for Contractor designed Dewatering System 

monitoring plan. 
4. Design calculations stamped, dated, and signed by the Designer, including: 

a. Anticipated flows from the Dewatering System and anticipated volume at each location of 
discharge. 

b. Selection of appropriate filter material, screen size and well diameter. 
c. Analyses/calculations supporting the capacities of proposed systems. 
d. Projected water level drawdown in Dewatering Wells, Depressurization Wells, Wellpoints, 

and Observation Wells. 
e. Dewatering System capacity and adequacy, including adequacy of selected equipment. 
f. All assumptions used to develop the Groundwater Control Plan. 

5. Schedule for installation, sequencing, maintenance, and removal of the Dewatering System. 
6. Drilling and development techniques and method for measuring sufficiency of development. 
7. Sealing plan in accordance with WAC 173-160-251 requirements for Dewatering Systems 

installed in the Confined Aquifer. 
8. Complete description of equipment, material, and instrumentation to be used, with 

installation, start up, operation, and maintenance procedures. Submit an Operation and 
Maintenance Manual within two days of system operation beginning.  Include technical data 
on each pump, monitoring elements of the system, and a discussion of the operation, 
scheduled or regular checking of the operation and fueling requirements if not electric driven. 
Include calibration documentation for all instrumentation. 

9. Contingency Plan for: 
a. Maintaining Dewatering System operation during power outage. 
b. Control of flowing artesian conditions from a Pumped Well/Depressurization Well. 
c. Excessive drawdown. 

D. Installation documentation and information: 
1. Within seven days of completion of well development. 
2. Drilling logs that include drilling method, location, soil descriptions, groundwater conditions, 

and borehole depth. 
3. Drilling Notice of Intents and Well Tag ID Numbers. 



Fremont Siphon Project C00762C14    DEWATERING 
May 2014  02140 - 3 

4. Well development records. 
5. Dewatering Well, Depressurization Well, and Wellpoint system diagrams that include: 

a. Well casing material and diameter. 
b. Total depth. 
c. Well screen material, slot size, length, and interval depth. 
d. Filter depth material and interval depth. 
e. Seal material and interval depth. 

6. Certificate of filter pack material quality and gradation. 
7. Flow meter calibration reports. 

E. As-built drawings: 
1. Plan drawing showing the as-built locations of Wells and Wellpoints as well as pumps and 

associated piping. 

F. Weekly Data Reports: 
1. Data shall be readable in Microsoft Excel. 
2. For each well provide: 

a. Installation date. 
b. Location. 
c. Type. 
d. Total flow indicated on flow meter. 
e. Rate of flow, measured daily. 
f. Sand content data, measured weekly in accordance with AWWA A100. 
g. Decommissioning date. 

G. Well Decommissioning Work Plan: 
1. At a minimum, include the following in the work plan: 

a. Schedule of activities. 
b. Method and procedures of decommissioning approach in accordance with Chapter 173-

160 WAC.  
c. List of materials and equipment to be used. 
d. Decommissioning of wells installed in a Confined Aquifer shall include drilling out the well 

casing.  Include specific methods, materials, and procedures for Artesian Dewatering 
Well decommissioning and sealing. 

e. Driller’s water well license number and qualifications. 
f. Waste management procedures. 
g. Variances, if any approved. 

H. Well Decommissioning Documentation: 
1. Notices of Intent to Decommission a Well filed with the Department of Ecology. 
2. Department of Ecology Resource Protection Well Reports. 
3. Documents required by the Department of Ecology and other permitting agencies. 
4. Daily field reports describing decommissioning procedures and materials and photographs of 

site restoration. 

1.04 DEFINITIONS 

A. General:  In addition to the definitions below, use the definitions listed in WAC 173-160-111 and 
WAC 173-200-020 for work of this Section. 

B. Annular Space (or Annulus):  The space between the soil surface of the wall of the drilled hole 
and the outer surface of the well casing. 

C. Aquifer:  Geologic formation, group of formations, or part of a formation that is saturated and 
sufficiently permeable to transmit water to Pumped Wells, Wellpoints, Eductors, and Sumps. 

D. Artesian or Confined Aquifer: An Aquifer bounded by soil or rock layers of lower permeability 
than the Aquifer itself and the Groundwater level in a well tapping the Aquifer rises above the 
bottom of the overlying confining layer. 
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E. Depressurization: Reduction of the hydrostatic pressure that exists due to the presence of water 
with a Confined Aquifer. 

F. Depressurization Well: A Pumped Well designed to reduce the hydrostatic heads/pressures 
within the subsurface soil profile. 

G. Dewatering:  Removal and lowering of Groundwater levels or hydrostatic heads within the 
subsurface soil profile. 

H. Dewatering System:  A system of Pumped Wells, Wellpoints, and Sumps that will lower the 
water table and confined hydrostatic pressure adequately to permit safe working conditions and 
excavation stability. 

I. Dewatering Well: See ‘Pumped Well’. 

J. Eductor: A Dewatering Well with a water jet pump that creates a vacuum (negative pressure) by 
circulating clean water at high pressure through a nozzle and Venturi arrangement located in a 
well. 

K. Existing Well: Wells installed prior to commencement of construction activities for this Project. 

L. Filter Pack: Clean, well rounded, smooth, uniform, sand or gravel, which is placed in the 
Annulus of the well between the borehole wall and the outside surface of the Well Screen. 

M. Flowing Artesian: A condition in which a well taps a Confined Aquifer with a Groundwater level 
above the ground surface. 

N. Formation: An assemblage of earth materials grouped together into a unit that is convenient for 
description or mapping.   

O. Groundwater:  Water in a Saturated Zone or stratum beneath the surface of land or below a 
surface water body. 

P. Observation Well: A well designed to measure the depth to Groundwater or hydrostatic head in 
an Aquifer. 

Q. Perched Groundwater: Groundwater separated from an underlying body of Groundwater by 
unsaturated soil. 

R. Pumped Well:  A hole in the ground with a casing and Screen that includes its own motorized 
pump in the casing or Screen to lift water to the surface. 

S. Saturated Zone: The part of the Unconfined Aquifer below the water table where the soil pores 
are completely filled with water. 

T. Screen (Well Screen): A cylinder of steel or plastic material used to allow water to enter a well 
while preventing sediment or rock particles from entering the well. 

U. Sump: Shallow hole in the ground adjacent to or in excavation trench with a slotted or 
perforated casing containing a pump and surrounded by filter pack to prevent the pumping of 
Formation material. 

V. Vibrating Wire Piezometer (VWP): A sensor designed for measurements of the pore water 
pressure in soil. A VWP utilizes a stainless steel diaphragm to which a vibrating wire element is 
connected. 

W. Well: Water wells, resources protection wells, dewatering wells, and geotechnical soil borings. 

X. Wellpoint:  A short slotted or perforated Screen (generally less than four inches in diameter and 
five feet long) attached to a riser pipe and typically jetted, driven or installed in a drilled hole. 

Y. Wellpoint System:  The system that consists of a number of well points placed at close intervals 
along and attached to a common header and a Wellpoint System pump. 
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1.05 RESPONSIBILITIES 

A. Dewatering System Designer: 
1. Design Dewatering Systems to manage Groundwater under confined, unconfined, and 

perched conditions. 
2. Review installation, development, performance, monitoring, and decommissioning of 

Dewatering Systems. 
3. Attend Progress Meetings if requested. 

B. Dewatering Contractor: 
1. Coordinate with Dewatering System Designer. 
2. Verify that installation meets the Dewatering System design. 
3. Provide data reports, installation documentation, and decommissioning documentation. 

1.06 DESIGN REQUIREMENTS 

A. Design, provide, install, operate, maintain, and remove dewatering Sumps and trenches as 
necessary to control perched or undrained pockets of groundwater not collected by Pumped 
Wells, Wellpoints, or Eductors. 

B. Design criteria for Dewatering Systems: 
1. Design in accordance with standard practice of the industry. 
2. Design for the soil and groundwater conditions and hydraulic conductivities described in the 

Geotechnical Baseline Report (GBR) and Geotechnical Data Report (GDR). See Section 
01036. 

3. Reduce Groundwater levels and hydrostatic pressures in Shallow/Unconfined Aquifer to a 
minimum of two feet below the excavation bottom.  

4. Design Dewatering System to reduce hydrostatic pressures from Confined Aquifers to an 
adequate factor of safety against collapse, sliding, buoyancy and bottom heave for the tunnel 
shaft excavation support systems, as described in Section 02180. 

5. Design Dewatering System to keep excavations hydrostatically stable during construction.  
6. Design Dewatering System to prevent piping and base instability within excavations.  

1.07 PERMIT REQUIREMENTS 

A. See Section 01062. 

B. Conditions of all permits required for the work are the responsibility of the Contractor, including 
monitoring, testing, and reporting. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Furnish all materials, tools, equipment, facilities, and services as required for the dewatering 
work.  

B. Provide instrumentation in accordance with Section 02121. 

C. Provide equipment and fittings for monitoring sand content. 

D. Meet noise requirements per Section 01560. 

2.02 FILTER MATERIAL 

A. Clean, rounded, washed select silica gravel and sand, free from silt, clay and other deleterious 
material. 

B. Use filters and filter packs such that soils are not subject to removal of fines upon pumping. 
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2.03 WELL SCREEN 

A. Well screens shall be new, factory-slotted, and sized appropriately for the filter pack and 
formation to prevent the removal of fines from the filter pack or formation. Groundwater entrance 
velocities through the well screen shall equal 0.01 feet per second or less. 

2.04 SUMPS 

A. Sumps shall include a slotted or perforated casing surrounded by filter pack to prevent movement 
of fines. 

2.05 FLOW METERS 

A. Capable of accurately measuring the flow from an Eductor, Pumped Well, or Wellpoint system 
within 10% of anticipated flow. 

B. Capable of reporting current flow in gallons per minute and total flow volumes in gallons or cubic 
feet. 

C. Factory calibrated within 1 year of data acquisition.  

D. Sized to account for the anticipated and actual flow rate of the well or discharge being monitored. 

2.06 STANDBY EQUIPMENT 

A. Maintain on site sufficient equipment and materials for continuous and successful operation of the 
Dewatering System and monitoring systems. 

B. If using electric pumps, provide 100 percent standby electrical generating capacity with automatic 
switching from line to generator, including all safety features to prevent back-feeding the electrical 
supply system. 

C. Manifold each diesel or electrically-powered centrifugal pump to a diesel pump of equal or greater 
performance capability.  

D. Maintain on Site a minimum of 60 feet of each size and type of header or discharge pipe used in 
the Dewatering System.  

PART 3  EXECUTION 

3.01 GENERAL 

A. Perform dewatering in accordance with the Contract Documents and Groundwater Control Plan. 
Keep the Project Representative advised of changes made to accommodate field conditions and, 
on completion of the Dewatering System installation, revise and resubmit as-built drawings and 
installation logs as necessary to indicate current configuration of the system. 

B. Notify the Project Representative a minimum of 48 hours prior to the start of Well or Wellpoint 
construction. 

C. Organize and schedule dewatering operations to maintain the groundwater level within 
excavations as required for execution of the work. 

D. Supply the electrical service used for dewatering separate from all other Contractor electrical 
requirements and dedicated solely to the operation of the Dewatering Systems. 

E. Comply with Chapter 173-160 WAC for development, drilling, and decommissioning of all wells. 

F. Prevent damage to adjacent buildings, structures, utilities, and other work that may result from 
settlement or other groundwater related effects.  

G. Locate dewatering facilities where they will not interfere with utility and construction work to be 
performed by others including any follow-on contractors.  



Fremont Siphon Project C00762C14    DEWATERING 
May 2014  02140 - 7 

H. Operate Dewatering System continuously until completion of backfill and compaction, or 
installation and curing of structurally connected invert slab. 

I. Dewatering System shall develop a substantially dry and stable base or face for execution of 
construction operations. 

J. Treat and dispose of groundwater in accordance with Section 02271. 

K. Coordinate with the Project Representative to provide the King County Environmental Laboratory 
facility on West Ewing Street water from the shaft dewatering discharge for their fish tank if 
needed. 

L. Provide a copy of all required documentation filed with the Department of Ecology for all wells. 

3.02 DEWATERING SYSTEM PROTECTION 

A. Take all reasonable precautions necessary to maintain continuous, successful operation of the 
system.  This includes adequate marking of all well, vacuum headers, pump and pipeline 
locations. 

B. Wherever Dewatering Wells, vacuum headers or discharge lines are to be crossed for access 
and egress, use steel ramps capable of supporting the heaviest equipment on site to protect the 
system from vehicular traffic. Provide at least one foot of clearance between the Dewatering 
System element and the underside of the ramp.  

3.03 EDUCTOR AND WELLPOINT CONSTRUCTION 

A. Use hydraulic jetting, sonic, or air rotary drilling techniques to install Eductors and Wellpoints. 
Mud rotary, continuous flight augers, hollow stem augers, drive and drill or other technologies 
which might result in the smearing of fines from silty materials to sandy materials shall not be 
used. 

B. Use two-pipe eductors. 

C. Vacuum pumps for Wellpoint systems shall provide a minimum of 25 inches of Hg and the system 
shall be able to deliver to each vacuum wellhead at least 20 inches of Hg.  

D. Test the vacuum at each Wellpoint head if requested by the Project Representative. 

3.04 PUMPED WELLS 

A. Use bucket auger, cable tool drill and drive, air rotary, or sonic drilling techniques to install. Mud 
rotary, continuous flight augers, hollow stem augers, drive and drill or other technologies which 
might result in the smearing of fines from silty materials to sandy materials shall not be used.  

3.05 PUMPS AND DISCHARGE PIPING 

A. Use pumps for Dewatering Wells and Wellpoint systems that are industry standard for the 
applications specified herein with sufficient capacity, head, horsepower, wiring, fittings, and 
switching facilities to maintain continuous operation throughout the duration of the dewatering 
system. 

B. Provide pipe of sufficient diameter to minimize the friction loss and backpressure to 
accommodate the flows necessary to achieve the specified drawdown within the total dynamic 
head limits of the pumps. 

C. Design vacuum header for Wellpoints with allowances for friction losses to convey extracted 
groundwater to the vacuum pump. 

D. Provide auto dialer third party service to notify the Contractor Representative and the Project 
Representative when the operating Dewatering System is not functioning properly. 
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E. Within one hour of notification by the auto dialer, mobilize on Site to mitigate the effects and 
impacts of operational changes in the Dewatering System and repair as needed to return the 
Dewatering System to its required reliability. Unless line power is not available, operation of 
backup generation is prohibited as part of the mitigation. 

F. Pumped Well Systems:  provision, install, operate, maintain and remove risers, discharge pipe, 
headers, manifolds, fittings, valves, and other piping hardware necessary to transport pumped 
water to the treatment system. 

G. Piping system to provide water to the King County Environmental Laboratory facility shall be 
designed to provide sufficient water supply to the fish tank. Flow rates and piping system size and 
layout shall be coordinated with the Project Representative and the laboratory facility. 

3.06 FORMATION PROTECTION AND WELL DEVELOPMENT 

A. Develop all Wells and Wellpoints after installation to remove all fines from jetting, drilling, and 
installation. 

B. Develop the Wells until the sand content of the discharge water during surging is less than 20 
parts per million (ppm) as determined by a centrifugal, separating meter such as a Rossum Sand 
Tester, or equivalent, in accordance with AWWA A100. 

C. Replace Wellpoint or Pumped Well that produces more than 20 ppm sand/silt unless otherwise 
authorized by the Project Representative. 

D. Conduct a minimum of 4-step pumping step-test for Pumped Wells. 

E. Develop Pumped Wells to a minimum 85% efficiency based on a minimum 4-step pumping step-
test and provide calculations and analyses supporting efficiency determination. 

F. Re-develop, rehabilitate, or replace Pumped Wells that do not maintain a minimum efficiency of 
85%. 

G. Discharge of development water in compliance with Section 02271. 

H. Submit development records for Pumped Wells including date, method, rate and length of 
development, drawdown, discharge and solids concentration at the beginning of development 
and drawdown, discharge and solids concentration at the end of development. 

I. Monitor system discharge sand content daily for one week after installing Wellpoint, Pumped 
Well, or sump and weekly thereafter. 

J. Operate Dewatering Systems so that soil fines are not removed from native and foundations 
soils. 

3.07 MONITORING SYSTEM 

A. Maintain an accurate and continuous record of water level, quality, sand content, and flow 
information. Report to the Project Representative the specific member(s) of the work force 
responsible for collecting and reporting the required information. 

B. Flow meters: 
1. Install flow meters on all Dewatering System discharge pipes, each Eductor pump return flow 

to the reservoir, Pumped Well, and Wellpoint pump discharge line, and each pump used for 
the collection of groundwater seepage from the excavation. 

2. Where diversions of discharge occur, install additional flow meters to insure that all water 
pumped from excavations is metered. 

3. Install all flow meters to manufacturer's specifications. 

C. Additional Observation Wells: 
1. Install any additional Observation Wells or VWPs deemed necessary to adequately monitor 

groundwater levels. 
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2. Number and obtain location coordinates and ground surface elevations for all Observation 
Wells and VWPs. 

3. Mark and survey all measuring points. 
4. Report all monitoring information in accordance with the Groundwater Control Plan and 

Section 02121. 

3.08 DAMAGES 

A. Repair any damage to work in place from installation, operation, or failure of the Dewatering 
System. 

3.09 SYSTEM REMOVAL 

A. Notify Project Representative for approval to decommission no less than one week prior to 
decommissioning.  

B. Dewatering Wells, Wellpoints, Observation Wells, VWPs, and Existing Wells and VWPs shall be 
decommissioned prior to Substantial Completion. 

C. Decommissioning: 
1. Decommission all Existing Wells, Dewatering System (s), and instrumentation used to 

monitor the Dewatering System (s) per Chapter 173-160 WAC, including specific standards 
for surface sealing (WAC 173-160-231), Formation Sealing (WAC 173-160-241), and sealing 
requirements for Artesian wells (WAC 173-160-251) and according to the Well 
Decommissioning Work Plan unless directed otherwise in writing by the Project 
Representative. 

2. Remove all Dewatering pumps, pipes and other assorted system hardware from the site. 
3. During decommissioning, do not interfere with site operations. 
4. After decommissioning, restore disturbed or damaged surfaces as indicated in the Drawings, 

or if not indicated, to the conditions existing before the installation meeting the requirements 
of LAHJ. 

END OF SECTION 



 

Gloria G Soto
Typewritten Text
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SECTION 02160 

EXCAVATION SUPPORT SYSTEMS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for excavation support systems of trenches and open 
excavations greater than four feet in depth.  This specification applies to all excavations not 
covered under Section 02180. 

B. Requirements for Tunnel Shaft Excavation Support Systems are provided in Section 02180. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference   Title 
Chapter 296-155 WAC, Part N Excavation, Trenching, and Shoring 
AWS D1.1   Structural Welding Code 
IBC    International Building Code 

B. Qualifications: 
1. Designer: The excavation shoring designer shall be a Professional Engineer registered in the 

State of Washington. The Designer shall have a minimum of 3 years of experience in 
designing earth retaining structures for temporary construction similar to the type and depth 
proposed by the Contractor. 

2. All welders shall hold current certification by AWS. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Qualifications 

C. Excavation Support System Plan. Provide for each location. 

D. Designer certification that installed excavation support systems are in compliance with their 
design. 

1.04 EXCAVATION SUPPORT SYSTEM PLAN 

A. Excavation support systems: provide for each location. 
1. Preliminary review: for Letter of Concurrence only. 
2. Complete review: to include design and permit approved by the COS. 

B. Design documents, including: 
1. Detailed written description of excavation support system to be used, including materials, 

required equipment, work sequence, and work schedule. 
2. Design drawings and calculations stamped and signed by the Designer. The calculations 

shall demonstrate the integrity of the proposed support system to withstand all ground, 
groundwater, and construction loads. Include calculations for anticipated wall deflections. 

3. Drawings shall include: 
a. Dimensions. 
b. Minimum section properties. 
c. Details of any guides or templates to be used. 
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d. Locations of all existing structures, utilities, right-of-way easements, public, and private 
easements. 

e. Locations of geotechnical instrumentation and monitoring. 
4. Methods and procedures for installing and removing excavation support systems. 
5. Shop drawings and manufacturer literature for all major equipment and installation systems. 
6. MSDS and manufacturer literature for any chemicals, polymers, and any other materials that 

shall be used, including slurry mix and drilling mud. 

C. Written disposal procedure for all applicable materials. 

D. Instrumentation Installation and Monitoring Plan as required by the shoring designer. 

E. All information required by Chapter 296-155 WAC, Part N. 

F. All applicable requirements of the rules of WISHA for excavation and construction. 

G. Other information as required for approval of the excavation support system by the COS. 

H. Approved permits from COS as needed to commence excavation. 

1.05 DESIGN REQUIREMENTS 

A. It is the responsibility of the Contractor to adequately size the excavation and to ensure that the 
excavation and shoring design submitted is free of errors or omissions which may affect its 
safety, functionality, or performance. 
1. Acceptance of design submittals does not relieve the Contractor of the aforementioned 

responsibility or liability. 
2. Acceptance of design submittals shall not be regarded in any way as an assumption of risk or 

liability by King County, Project Representative, or any of their affiliates. 

B. The design, planning, installation, and removal of all excavation support systems shall be 
accomplished in such a manner as to maintain the required excavation or trench section and to 
maintain the undisturbed state of the soils below and adjacent to the excavation. 

C. Impact pile driving is not allowed. 

D. Design the excavation support system in accordance with Chapter 296-155 WAC, Part N. 

E. Horizontal strutting below the barrel of a pipe and the use of pipe as support are not acceptable. 

F. Design to include dewatering requirements for support of the excavation and its support system. 
Comply with Section 02140. 

G. Address vibration and settlement effects on the surrounding structures, utilities, and property. 
Comply with Section 02121. 

H. Where applicable, the design shall be in accordance with the IBC, with special inspection and 
testing as required. 

I. Soil parameters and loading requirements shall be in accordance with the following: 
1. For all excavations except the cofferdam, use earth pressures provided in Appendix A as the 

minimum design parameters. Loading shall be increased as necessary to account for 
construction activities, sequencing, and loading. 

2. Cofferdam: 
a. Design cofferdam to resist an active equivalent fluid pressure of 39 pcf above the water 

surface and an active equivalent fluid pressure of 19 pcf below the water surface. 
b. Apply hydrostatic pressures based on a unit weight of 62.4 pcf and the highest water 

surface elevation. Water surface is shown on the Drawings. 
c. Include wave forces from ships navigating through the Lake Washington Ship Canal in 

the cofferdam design. 
d. A maximum allowable passive pressure of 278 pcf shall be used in the cofferdam design, 

but the top 2 feet of passive pressures shall be ignored. 



Fremont Siphon Project C00762C14    EXCAVATION SUPPORT SYSTEMS 
May 2014  02160 - 3 

3. Material stresses for any part of the excavation support system shall not exceed the 
prescribed stress by more than 20 percent. Overstressing shall not be allowed for any 
element of the excavation support system. 

4. Pile embedment and bending moments shall be calculated using both Free Earth and Fixed 
Earth Support methods. The design shall be able to withstand the largest calculated value for 
both the embedment and bending moments. 

5. Struts or other structural components shall be designed to withstand the maximum load 
produced using the following calculations:  Free Earth Support, Fixed Earth Support, and 
Apparent Earth Pressure. 

1.06 SUPPORT SYSTEM REQUIREMENTS 

A. Contractor to select and design excavation support systems, methods, and details to ensure 
safety to the public, adjacent property and the completed work. 

B. Cofferdam:  
1. Top of cofferdam shall be at Elevation 117.0 or less. 
2. The area of the Cofferdam shall not exceed 25 feet wide by 25 feet long. 

C. Dewatering: Section 02140. 

D. The excavation support system shall be of adequate strength to resist all soil, groundwater, and 
construction loading. 

E. The excavation support system integrity shall not diminish over time. 

F. The excavation support system shall be completely removed upon completion of intended 
construction activities. 

G. The excavation support system shall allow for site restoration to a state equal or superior to that 
which existed prior to construction. 

H. The excavation support system shall use only undamaged, industry tested and accepted 
materials in compliance with all federal, state, and other regulatory requirements. It is the 
responsibility of the Contractor to comply with all standards, regulations, laws, and requirements 
that may apply. 

1.07 EXCAVATION SUPPORT SYSTEM SUBMITTAL TO COS 

A. Be responsible for obtaining and securing approved excavation support system permits from the 
COS for the excavation support systems required to complete the Work. 

B. Comply with the design and submittal requirements of the COS and as indicated in this Section. 

C. Submit the Contractor proposed designs to the Project Representative for a limited specific 
purpose review (preliminary review) prior to submittal to the COS. 
1. This preliminary review is only for King County to review the submittal to provide a Letter of 

Concurrence, as required by the COS, from the Geotechnical Engineer of Record (as defined 
by the COS and agreed to by King County) that the design of the excavation support system 
has been developed consistent with the soil parameters and loading criteria per the 
Geotechnical Data Report and Temporary Lateral Earth Pressures included in Appendix A of 
this Section. 

2. Make modifications to the design as required by the Project Representative to enable the 
Letter of Concurrence to be completed. 

3. Plan on ten days for review of the submittal by the Project Representative. 

D. Initial Submittal: 
1. Upon receipt of the Letter of Concurrence, coordinate and submit the design with the Letter of 

Concurrence to the appropriate department of the COS. 
2. Provide King County a copy of the above COS submittal.  King County will not review the 

submittal. 
3. Contract Time and Contract Price will not be modified as a result of COS review time periods. 
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4. Recommended content of the submittal to the COS shall, at a minimum, include: 
a. Complete excavation support system design (drawings and calculations). 
b. Documentation of Contractor’s Commercial Liability Insurance. 
c. Letter of Concurrence described above. 
d. Geotechnical design criteria used for the design. 
e. Key map showing general project location. 
f. Site plan showing specific excavation support system location and dimensions to 

property lines of subject property. 
g. Settlement Monitoring Plan showing settlement monitoring point locations and monitoring 

procedures, limits, and action levels. 
h. Erosion Control Plan. 

5. The location of the excavation support system work will determine the department(s) within 
the COS that will review the excavation support system design. 

6. Plan for a minimum of 60 days for the COS to review the design after the date of the initial 
submittal before receiving correction notices, questions, and additional submittal 
requirements to be responded to by the Contractor. 

E. Respond to COS review comments and resubmit to the COS in a timely manner.  Plan on a 
minimum of 21 days for COS response. This response will result in either: 
1. Review and approval of the shoring submittal and receipt of the shoring permit after payment 

of fees for reviews and the permits by the Contractor; or 
2. Receipt of additional review comments to be responded to by the Contractor. 

F. Repeat the above process for each resubmittal to the COS, planning on a minimum of 21 days for 
review and response by the COS, until an approved permit is issued to the Contractor. 

G. Be solely responsible for requirements including costs associated with obtaining and reviewing 
the excavation support system that result from the acquisition of the shoring permit from the COS. 

H. Be responsible for the planning and scheduling of the work with full consideration of the amount 
of time for reviews and approvals of the excavation support system design by the COS. Do not 
assume the COS reviews will occur in less time than that specified. 

I. Provide a copy of the approved shoring permit and final excavation support system design 
approved by the COS to King County per Section 01300. 

J. Notify the Project Representative immediately if the COS does not agree with any of the Design 
Requirements of King County or if King County is required to provide information in order that the 
issue can be resolved prior to issuance of the approved permit from the COS. 

PART 2  PRODUCTS (NOT USED) 

PART 3  EXECUTION 

3.01 GENERAL 

A. Construct the excavation support systems in such a manner as to not disturb the state of soil 
adjacent to the trench or excavation and below the excavation bottom. 

B. Control water in accordance with Section 02140, Section 02271, and Section 01560. 

C. All construction activities shall observe all federal, state, and local regulatory requirements, as 
well as any applicable good practice guidelines. It is the Contractor’s responsibility to ensure 
construction activities are in compliance with all pertinent existing laws and regulations. 

D. Designer shall inspect the constructed excavated support system prior to use and certify that the 
excavation support systems were built in conformance with the design. Multiple certifications may 
be required. 
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E. Unless otherwise indicated, remove all components of the excavation support system after 
placement and compaction of backfill. 

F. Construction shall be performed in accordance with excavation support system that receives a 
disposition of “1” or “2” per Section 01300. 

G. Excavation and backfill shall be in accordance with Section 02200 and Section 02221. 

3.02 MONITORING 

A. Monitor for vibration and settlement: Section 02121. 

B. Provide Designer with all monitoring results no less than weekly. 

C. The Project Representative shall be notified immediately if the excavation support system exhibits 
any signs of damage or distress. 

D. Work shall be suspended by the Contractor if the excavation support system is deemed to be 
unsafe.  Work shall resume when the Designer and the Project Representative are satisfied with 
the system performance. 

END OF SECTION 
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APPENDIX A 
EARTH PRESSURES FOR TEMPORARY EXCAVATION SUPPORT – WITH BRACING 
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APPENDIX A 
EARTH PRESSURES FOR TEMPORARY EXCAVATION SUPPORT – WITHOUT BRACING 
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APPENDIX A 
EARTH PRESSURES FOR PERMANENT STRUCTURES  
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SECTION 02180 

TUNNEL SHAFT EXCAVATION SUPPORT SYSTEMS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for tunnel shaft excavation support systems (TSESS). 

B. TSESS shall include launch and reception shafts (including all tunnel and pipe penetrations) 
designed and constructed utilizing only methods specified herein and to be selected by the 
Contractor. 

C. Limitations: 
1. Shaft construction types identified in Paragraphs 1.01.D.1 and 1.01.D.2, are based only on 

the considerations of geotechnical conditions related to the Work of this Contract. Contractor 
shall be responsible for all other applicable considerations, including but not limited to: 
specific site conditions; the Contractor’s choice of equipment and means and methods; site 
layout, milestones, and constraints; Contract Time; constructability; and other requirements 
such as noise and work hour restrictions. 

2. In the shaft construction selection, and in the choice of size of the shaft, the Contractor is 
responsible for taking into consideration all requirements for the Work in this Contract at each 
respective Site to be constructed. 

D. Allowed methods for TSESS: 
1. North Site: 

a. Cutter Soil Mixing (CSM) 
b. Slurry Diaphragm Wall 
c. Secant Piles 
d. Ground Freezing with structural liner 

2. South Site: 
a. Cutter Soil Mixing 
b. Slurry Diaphragm Wall 
c. Secant Piles 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified. In case of 
conflict between the requirements of this Section and those of a listed document, the 
requirements of this Section shall prevail. 
Reference   Title 
Chapter 296-155 WAC, Part Q Underground Construction 
AWS D1.1   Structural Welding Code 
IBC    International Building Code 

B. Qualifications: 
1. General: Qualifications for construction methods not utilized by the Contractor shall not apply. 

Additional qualifications required by law and not stated herein shall also apply and be 
submitted. 

2. Designer: Licensed Structural Engineer currently registered in the State of Washington with a 
minimum of three years of recent design experience in designing TSESS with a minimum of 
two excavation support systems similar in scope and complexity to those to be used. A 
licensed Professional Engineer registered is the State of Washington may be acceptable to 
the COS with appropriate documentation of work experience. It is the responsibility of the 
contractor to obtain COS acceptance. 
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3. Contractor responsible for work of this Section: 
a. Contractor evaluated during the bid evaluation shall be used to perform the work of this 

Section. 
b. Superintendent evaluated during the bid evaluation shall be used to perform the work of 

this Section. 
c. Supervisor shall have TSESS experience on a minimum of two previous projects with 

TSESS to be installed exceeding 50 feet in depth. 
d. If a tremie-placed invert slab is to be used, Supervisor shall have experience on a 

minimum of two previous tremie-placed invert slabs, each having been placed beneath a 
minimum of 40 feet of standing water. 

4. All welders shall hold current certification by AWS. 
5. Quality Control Manager: Shall have experience on a minimum of two installed shafts 

exceeding 50 feet of depth. 

C. Certification: Designer shall certify in writing that the TSESS is constructed per the applicable 
stamped, dated, and signed permit documents, approved by the COS, following completion of 
each shaft. 

1.03 SUBMITTALS 

A. Procedures: Section 01300. 

B. Qualifications. 

C. TSESS: 
1. Provide for each location. The design documents shall be submitted in three stages with a 

pre-submittal meeting preceding the first submission date to review the planned submission. 
a. General layouts and overviews. 
b. Fully detailed version for preliminary review. Preliminary review is for Letter of 

Concurrence only, as required by the COS. 
c. Complete review: to include design and permit approved by the COS. 

2. General: Applies to any method selected. 
a. Written certification of compliance with applicable requirements of the WAC, IBC, and 

WISHA. 
b. Detailed design documents, drawings, and plans prepared, stamped, dated, and signed 

by the Designer. This shall include the following: 
1) Meeting the Design Requirements as required by this Section. 
2) Use of TSESS accepted in the bid evaluation. 
3) Dimensions of the shaft including: inside and outside dimensions, depth of TSESS, 

and depth to base. 
4) Estimates of likely deflections or deformations of the TSESS, shaft walls and shaft 

bottom during its use. 
5) The estimated earth and groundwater loads imposed on the TSESS during the shaft 

construction and during its use prior to backfilling. 
6) Proposed method(s) shall comply with Chapter 173-160 WAC to prevent the vertical 

migration and mixing of groundwater from the shallow upper unconfined groundwater 
table with groundwater from deeper confined water-bearing zones during shaft 
construction. 

7) Calculations that demonstrate the TSESS provides an adequate factor of safety 
against collapse, sliding, buoyancy and bottom heave. 

c. Concrete mix design including strength at 3-day, 7-day and 28-day ages, as well as 
slump immediately after mixing. 

d. Methods statement and work sequence for TSESS installation through completion for 
each shaft. Address each work element including the equipment, layout, methods and 
sequence for shaft support, excavation, bottom slab installation, and shaft un-watering. 

e. Method statement, calculations, and drawings for groundwater depressurization. 
f. Design of all TSESS penetrations, including soft eyes for tunnel penetrations, including: 

1) Locations and dimensions 
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2) Calculations 
3) Seal details including materials, and method of installation and attachment to shaft 

wall. 
g. Tremie slab placement methods, layout and sequencing (if applicable).  
h. Methods to verify bottom stability of each shaft prior to un-watering (if applicable).  
i. Methods and location for legal disposal of all materials per Section 01570.  

3. Cutter Soil Mixing: 
a. Guide wall details, width, and height. Show reinforcing if used. 
b. Installation sequence of the panels forming the shaft wall. 
c. Time limits for installing the individual panels, as well as time limits for installing 

overlapping panels. 
d. Configuration and details of panels. Show reinforcing and any embeds. 
e. Methods or procedures to assure complete and uniform mixing throughout each panel. 
f. Method of monitoring deviation from vertical of panels during mixing, and details of 

proposed corrective measures to be implemented if necessary. 
g. Slurry design, including tests to be performed and monitoring and testing frequency. 
h. Slurry mixing, storage, and delivery equipment. 
i. Equipment and procedures to obtain wet bulk samples of mixed soil. 

4. Secant Pile: 
a. Guide wall details, width, and height. Show reinforcing if used. 
b. Installation sequence of the secant piles forming the shaft wall. 
c. Time limits for drilling overlapping bore holes. 
d. Configuration and details of secant piles, including reinforcing and embeds. 
e. Methods or procedures to assure the pile hole's alignment and stability. 
f. Method of checking and proving the cleanliness of pile bottoms prior to concreting. 
g. Method and locations of slurry preparation, site distribution, reclamation, and disposal. 
h. Slurry design, including tests to be performed and monitoring and testing frequency. 
i. Method of monitoring deviation from vertical of bore holes during excavation, and details 

of proposed corrective measures to be implemented if necessary. 
5. Slurry Diaphragm Wall: 

a. Guide wall details, width, and height. Show reinforcing if used. 
b. Reinforcing, including provision for lifting, stiffening, splicing, and orientation of fabricated 

cages within the panel excavation. 
c. Details of any plates, sleeves, pipes, and other embedded items. 
d. Details of any wall penetrations. 
e. Details of block-out material, block-out locations, and block-out removal procedures. 
f. Panel layout and construction sequence. 
g. Time limits for excavating overlapping panels. 
h. Method and locations of bentonite slurry preparation, site distribution, reclamation, and 

disposal. 
i. Slurry mix composition and methods of monitoring and testing to comply with 

requirements specified. 
j. Method of monitoring and maintaining slurry level in excavation left open overnight and 

over periods greater than overnight. 
k. Method of maintaining stability of excavated trenches in case of sudden loss of bentonite 

suspension. 
l. Method of monitoring deviation from vertical of wall panels during excavation. 
m. Method of correcting panels that are out of tolerance vertically. 
n. Method of checking and proving the cleanliness of trench bottoms prior to concreting. 
o. Method of forming and cleaning joints between adjacent wall panels. 
p. Method of placing concrete; and pumping, treating, and testing displaced slurry. 
q. Method of containing, storing, pumping, and disposing of the excavated materials and 

bentonite slurry. 
6. Ground Freezing: 

a. Detailed design of the freeze plant system, freeze pipe geometry, distribution manifold, 
refrigeration plant size and specifications. Include the following: 
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1) Type of coolant. 
2) Size, type, and power capacity of the compressor. 
3) Size, type and temperature drop of the chiller/evaporator. 
4) Type and expected temperature range of the coolant. 
5) Volume capacity of coolant circulation pump. 
6) Projected maximum and average operating ranges. 

b. Manufacturer’s literature for all equipment including shop drawings. Equipment shall 
include piping as well as refrigeration units, drilling assemblies and other ancillary 
equipment. 

c. Plans for monitoring instrumentation placement to assess growth of freeze, temperatures, 
and state of closure. 

d. Plans for monitoring impacts on overlying or adjacent utilities, existing structures, 
completed work and any other property from effects such as ground heave, frost 
expansion pressure, and freezing temperatures. 

e. Plans for insulating the frozen soil mass to maintain its integrity during excavation and 
structural lining installation operations. 

f. Plans for dismantling and removing the ground freezing system including freeze pipe 
decommissioning. 

g. Plans for disposal of refrigeration gas and circulating coolant in accordance with all 
applicable local, state and federal regulations including the United States Environmental 
Protection Agency (USEPA) and Washington State Department of Ecology. 

h. Detailed ground freezing calculations performed by the Designer shall include the 
following: 
1) Detailed numerical analysis indicating the capability of the refrigeration system and 

manifold to provide flow rates that are sufficient to maintain frozen ground which is 
safe to excavate to the shaft design depth. 

2) Detailed numerical analysis defining design thicknesses for mass of frozen ground 
required for safe excavation, taking into account both thermal and structural 
complications, and setting forth volumetric extent of frozen ground that is expected to 
be required. 

3) Estimates of energy required for initial freezing and freeze maintenance phases. 
4) Time estimates for freezing and minimum frozen ground thickness required prior to 

excavating. 
5) Heave estimates and control measures. 
6) Calculations for frozen soil mass temperature-strength correlation at the shaft site. 
7) Calculations demonstrating ground freezing meets strength design requirements for 

safe excavation including the expected factor of safety. 
i. Plan for a groundwater monitoring devices as recommended by the Designer to measure 

the internal and external groundwater levels prior to and during the ground freezing 
operation. The plan shall include thermocouples, monitoring wells and piezometers as 
appropriate. 
1) Prior to excavating into frozen ground, submit an analysis by the Designer based on 

site data demonstrating complete closure and adequate growth of frozen ground 
mass. 

2) Groundwater monitoring wells and piezometers used in the monitoring system shall 
conform to the applicable requirements of Section 02121. 

j. Detailed descriptions of instrument installations to monitor ground freezing including 
drilling progression rates and borehole backfill for each hole in which instrumentation is 
installed. 

k. Detailed design calculations for the structural liner that shall include the following: 
1) Detailed calculations which demonstrate the structural liner can withstand earth, and 

groundwater pressures imposed in conjunction with additional loading by construction 
equipment and materials while maintaining an appropriate factor of safety. 

2) Buoyancy calculations that demonstrate the structural liner remains in place and 
structurally sound following full thawing of the soil.  
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l. Detailed shop and working drawings for the structural liner to be installed into the 
excavation. The drawings shall include: 
1) Placement of all reinforcement elements including rebar and dowels where used. 
2) Installation of support elements, their sequence of installation, loading and expected 

deflection. 
3) Concrete placement techniques including dimensions and type of forms where 

applicable. 

D. Quality Control Plan.  

E. Certification. 

F. Construction Reports: 
1. Provide the information daily and in a format acceptable to the Project Representative. 
2. General: 

a. Bottom Slab Placement 
1) Concrete mix identification and test results. 
2) Actual and theoretical concrete volumes. 
3) Batch time, delivery ticket number, placement start and stop time, volume, and 

placement location for each concrete delivery. 
b. Shaft Unwatering (if applicable) 

1) Water treatment method and test results. 
2) Discharge flow rate, total volume, and start and stop time for each discharge. 

c. Identify any problems encountered during TSESS installation. 
3. Cutter Soil Mixing: 

a. Panel identification and size. 
b. Daily start and end depths of mixing. 
c. Finished panel top and bottom elevations. 
d. Obstructions. 
e. Verticality measurements. 
f. Slurry use and testing. 
g. Material proportioning for each panel. 
h. Reinforcement placement. 
i. Verticality report for each panel. 

4. Secant Pile: 
a. Pile identification and diameter. 
b. Daily start and end depths of excavation. 
c. Finished pile top and bottom elevations. 
d. Groundwater conditions and casing use details. 
e. Soil descriptions. 
f. Obstructions. 
g. Verticality measurements. 
h. Slurry use and testing (if applicable). 
i. Reinforcement placement. 
j. Concrete placement: 

1) Mix identification. 
2) Start and stop time. 
3) Volume. 
4) Issues (i.e., cold joints) 
5) Test results. 

5. Slurry Diaphragm Wall: 
a. Excavation Report: Submit after each panel excavation has been completed. Report to 

include descriptions and elevations of the actual soils encountered. 
b. Verticality Verification Report: Submit after excavation of each section (bite) of each 

panel is completed. Report to include actual versus anticipated panel verticality. 
c. Bentonite Slurry Report: Submit daily for each panel. Report to include actual slurry 

properties. 
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d. Reinforcement Placement Report: Submit as-built after each panel is completed.  
e. Concrete Placement Report: Submit after each concrete placement. Report to include 

mix identification, placement location, actual concrete volume, theoretical concrete 
volume, placement rate, sampling schedule, and test results. 

f. Panel Installation Schedule Report: Submit weekly detailing scheduled versus actual 
panel installation progress. 

g. Slurry Wall Summary Report:  
1) Panel identification. 
2) Top and bottom elevations of completed panel. 
3) Dates and times of panel excavation. 
4) Obstructions 
5) Reinforcing placement. 
6) End-stop placement and removal (if used).  
7) Panel concrete placement, including theoretical and actual volume of concrete 

placed. 
6. Ground Freezing: 

a. Freeze pipe installation records. 
b. Ground and groundwater temperature measurements from all installed thermocouples (to 

commence at least one week prior to start of freezing operations). 
c. Refrigeration plant operation data during freezing. Include the following: 

1) Number of units operating. 
2) Coolant temperatures at supply and return lines. 
3) Energy consumption. 

d. Measurements of return coolant temperature from each pipe or grouped series of pipes. 
e. Coolant manifold pressure and flow monitoring data.  
f. Brine tank level monitoring data. 
g. Consumption rate of liquid nitrogen, where used.  
h. Groundwater monitoring data. 
i. Ammonia concentration monitoring data. 
j. Distribution system pressure testing results. 

1.04 DESIGNER COORDINATION DOCUMENTATION 

A. Certification: As required by Paragraph 02180-1.02C. 

B. Designer shall review the Contractor daily reports and notify the Contractor of all items that do not 
meet the requirements of the design. 

C. Designer shall be aware at all times of the work being completed for this Section and visit the Site 
of the work no less than once a week to review and confirm compliance with the approved 
permitted design and that it meets the requirements of this Section. Designer to submit report of 
its inspection to the Project Representative weekly. 

D. All Quality Control reports shall be provided to the Designer weekly during the work for the 
previous week of work. 

E. Designer shall meet with the Contractor weekly to review completed work and identify all items for 
Contractor to modify for the constructed design and to be accepted at the completion of the 
TSESS. 

1.05 DESIGN REQUIREMENTS 

A. General: 
1. The following list represents only requirements of King County related to the scope of work of 

this Section. Be responsible for all of the following King County requirements in the selected 
TSESS design, in addition to all the requirements of the Designer, the COS, and all 
applicable specifications, referenced standards, regulations, and applicable standards not 
specifically identified in this Section: 
a. Locate each TSESS entirely within King County property.  
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b. Maintain the stability of the TSESS and the undisturbed state of the soils below and 
adjacent to the excavation including soils supporting roadways, utilities, and structures. 

c. Design in accordance with all applicable OSHA, WISHA, and IBC requirements.  
d. Be responsible for the overall safety and functionality of the TSESS. 
e. Coordinate with MTBM thrust reaction backstop design requirements in 02345-1.06.C. 
f. At a minimum, use the lateral earth pressures provided in Appendix A.  
g. Design to withstand all earth pressures, hydrostatic pressure, bottom heave, equipment 

loads, traffic and construction loads, and other surcharge loads providing a safe and 
stable working environment at all times. 

h. Maintain the stability of the excavation and provide an appropriate factor of safety against 
collapse, buoyancy, sliding and bottom heave. 

i. Groundwater Seepage into completed shafts: 
1) Shall not exceed 20 gpm. 
2) No more than one-half-gallon per minute from any one square foot of wall. 
3) Meet the requirements of Section 02140 upon completion of TSESS. 

j. Minimum acceptable factor of safety for buoyancy shall be: 
1) 1.1 if only considering the dead weight of the TSESS (wall and bottom plug). 
2) 1.4 if considering the friction interaction between the TSESS wall and soil in addition 

to the TSESS dead weight. 
k. The critical buoyancy case shall be considered to be when the interior of the TSESS is 

empty (no interior fluid) and groundwater outside the TSESS is at the baseline level 
defined in the GBR. 

l. Groundwater Dewatering and Depressurization: Section 02140. 

B. Ground Freezing: 
1. The Contractor is solely responsible for evaluating subsurface conditions that may affect 

design, construction, and operation of a frozen ground support system, by performing 
additional drilling, sampling, laboratory testing, and groundwater monitoring. Subsurface 
conditions that cannot be reliably established from the subsurface investigation performed for 
this project include, but are not limited to: 
a. Thickness and lateral extent of gravel layers that may provide a conduit for high velocity 

groundwater flow. 
b. Groundwater flow gradients and flow velocities. 
c. Size and frequency of boulders capable of deflecting or impeding installation of freeze 

pipes. 
d. Thermal properties of soil. 
e. Chemical properties of groundwater in soil. 
f. Water content of partially saturated soils 

2. Design shall incorporate the following criteria: 
a. Temperature measurement thermocouple devices located throughout the frozen ground 

mass at a minimum of one device every 350 cubic feet of frozen soil and at all critical 
locations where relative spacing of the freeze pipes is greatest. 

b. The freezing system shall be designed to establish a structurally stable excavation, and 
groundwater cut-off until the permanent structural liner is completed. 

3. Structural Liner design shall incorporate the following: 
a. The design shall specify the factor of safety provided by the structural liner in both fully 

frozen and fully thawed ground.  The structural liner shall be capable of withstanding all 
earth and groundwater pressures applied in addition to construction loads in both fully 
frozen and thawed ground conditions. 

1.06 COS TSESS CONTRACTOR-OBTAINED SHORING PERMIT APPROVAL 

A. Be responsible for obtaining and securing approved TSESS permits from the COS for the 
excavation support systems required to complete the Work. 

B. Comply with the design and submittal requirements of the COS and as indicated in this Section. 
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C. Submit the Contractor proposed designs to the Project Representative for a limited specific 
purpose review (preliminary review) prior to submittal to the COS. 
1. This preliminary review is only for King County to review the submittal to provide a Letter of 

Concurrence, as required by the COS, from the Geotechnical Engineer of Record (as defined 
by the COS and agreed to by King County) that the design of the excavation support system 
has been developed consistent with the soil parameters and loading criteria per the 
Geotechnical Data Report and Temporary Lateral Earth Pressures included in Appendix A of 
this Section. 

2. Make modifications to the design as required by the Project Representative to enable the 
Letter of Concurrence to be completed. 

3. Plan on ten days for review of the submittal by the Project Representative. 

D. Initial Submittal: 
1. Upon receipt of the Letter of Concurrence, coordinate and submit the design with the Letter of 

Concurrence to the appropriate department of the COS within 100 days of the effective date 
of the Notice of Proceed for review and approval. 

2. Provide King County a copy of the above COS submittal.  King County will not review the 
submittal. 

3. If Contractor fails to meet the amount of days required, Contract Time and Contract Price will 
not be modified. 

4. Recommended content of the submittal to the COS shall, at a minimum, include: 
a. Complete TSESS design (drawings and calculations). 
b. Documentation of Contractor’s Commercial Liability Insurance. 
c. Letter of Concurrence described above. 
d. Geotechnical design criteria used for the design. 
e. Key map showing general project location. 
f. Site plan showing specific excavation support system location and dimensions to 

property lines of subject property. 
g. Settlement Monitoring Plan showing settlement monitoring point locations and monitoring 

procedures, limits, and action levels. 
h. Erosion Control Plan. 

5. The location of the excavation support system work will determine the department(s) within 
the COS that will review the excavation support system design. 

6. Plan for a minimum of 60 days for the COS to review the design after the date of the initial 
submittal before receiving correction notices, questions, and additional submittal 
requirements to be responded to by the Contractor. 

E. Respond to COS review comments and resubmit to the COS in a timely manner.  Plan on a 
minimum of 21 days for COS response. This response will result in either: 
1. Review and approval of the shoring submittal and receipt of the shoring permit after payment 

of fees for reviews and the permits by the Contractor; or 
2. Receipt of additional review comments to be responded to by the Contractor. 

F. Repeat the above process for each resubmittal to the COS, planning on a minimum of 21 days for 
review and response by the COS, until an approved permit is issued to the Contractor. 

G. Be solely responsible for requirements including costs associated with obtaining and reviewing 
the excavation support system that result from the acquisition of the shoring permit from the COS. 

H. Be responsible for the planning and scheduling of the work with full consideration of the amount 
of time for reviews and approvals of the excavation support system design by the COS. Do not 
assume the COS reviews will occur in less time than that specified. 

I. Provide a copy of the approved shoring permit and final excavation support system design 
approved by the COS to King County per Section 01300. 

J. Notify the Project Representative immediately if the COS does not agree with any of the Design 
Requirements of King County or King County is required to provide information in order that the 
issue can be resolved prior to issuance of the approved permit from the COS. 
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1.07 QUALITY CONTROL PLAN 

A. Be responsible for quality control and establish and maintain a Contractor's Quality Control Plan.  

B. Provide an Organization Chart for the Quality Program to be implemented. 

C. Include a minimum of weekly inspection of the construction of the TSESS by the Designer until 
completion of the TSESS. 

D. Identify the Quality Control Manager responsible for the execution of the work included as part of 
the Plan and submit qualifications. 

E. Program shall consist of plans, procedures, and an organization necessary to produce high 
quality works that meets the requirements of the Contract. 

F. Submit qualifications of each testing and each inspection organization to be utilized to meet the 
requirements of the plan. 

G. Include procedures for tracking construction deficiencies from identification through corrective 
action.  

H. Verification and acceptance testing procedures for each type of performance test. 

I. List of major elements of work and the quality control tasks, measurements, test, and inspections 
associated with each major element. 

1.08 SITE CONDITIONS 

A. Geological and hydro-geological conditions are presented in the GBR and GDR. Baseline ground 
and groundwater conditions are established in the GBR for this section. Boring logs, laboratory 
testing results and geotechnical data are provided in the GDR per Section 01036. 

B. The 12-inch augercast piles, which were part of the building foundation for 215 NW 36th Street, 
will be cut off 4 feet below grade for the site. Remove remaining lengths of augercast piles as 
needed for the construction of the North Shaft. See Section 01012 for locations and details for the 
augercast piles. 

PART 2  PRODUCTS (NOT USED)  

PART 3  EXECUTION 

3.01 GENERAL 

A. Construct TSESS in such a manner as not to disturb the state of soil adjacent to the excavation 
and below the excavation bottom. Comply with Section 02121. 

B. Employ construction methods that prevent the spillage of excavated materials, slurry, or concrete 
into the Lake Washington Ship Canal or offsite onto streets, sidewalks, or other facilities. If 
spillage occurs, clean up immediately. 

C. Unless otherwise indicated, remove all TSESS after placement and compaction of backfill to a 
minimum depth of five feet below the finished ground surface. If additional removal is required for 
permanent construction, remove as needed. 

D. Utility locate: 
1. Prior to construction of TSESS. 
2. Measures shall be taken to adequately protect all utilities, structures, and other existing 

facilities from damage during construction. 
3. Utilities that cannot be adequately protected shall be relocated prior to TSESS installation. 

E. All welding shall conform to AWS D1.1.  

F. Frozen ground constraints: 
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1. Permanent surface structures shall not be constructed over frozen ground. 
2. Confirm that frozen ground has thawed and sufficiently dissipated prior to construction of 

overlying permanent work. 

3.02 MONITORING 

A. Perform all monitoring as specified by the Designer, on the Drawings, and in accordance with 
Section 02121. 

B. Designer shall be provided, for review, all daily reports of the shaft construction within one day of 
completion of each days work. 

C. Designer shall coordinate and complete all requirements of the COS and the IBC. 

D. Follow requirements of Quality Control Plan and submit construction reports to the Project 
Representative. 

E. Perform other monitoring and testing as required by other standards and regulatory bodies and 
submit copy of same to the Project Representative. 

F. Follow work drawings and method statements identified in the submittal with acceptable 
disposition. 

3.03 SHAFT SECURITY 

A. Secure shaft excavations when the shaft site is unoccupied by Contractor or security personnel 
outside of working hours. 

B. Security measures shall be designed to prevent unauthorized or accidental entry of persons or 
objects into the shaft.  

END OF SECTION 
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APPENDIX A  
EARTH PRESSURES FOR NORTH SHAFT – WITH BRACING 
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APPENDIX A 
EARTH PRESSURES FOR NORTH SHAFT – WITHOUT BRACING 
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APPENDIX A 
EARTH PRESSURES FOR SOUTH SHAFT – WITH BRACING 
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APPENDIX A 
EARTH PRESSURES FOR SOUTH SHAFT – WITHOUT BRACING (SELF-SUPPORTING) 
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SECTION 02200 

EARTHWORK 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies earthwork which consists of excavation, material, backfilling, compacting, 
grading, and testing. Excavation, tenching, and backfilling for utilities and related structures is 
specified in Section 02221. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
document.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and that of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
AASHTO T85  Specific Gravity and Absorption of Coarse Aggregate 
AASHTO T96  Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion 

and Impact in the Los Angeles Machine 
AASHTO T176  Plastic Fines in Graded Aggregates and Soils by Use of the Sand 
   Equivalent Test 
ASTM C131  Standard Test Method for Resistance to Degradation of Small-Size 

Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine 
ASTM C136  Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates 
ASTM C535 Standard Test Method for Resistance to Degradation of Large-Size 

Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine 
ASTM D476  Standard Classification for Dry Pigmentary Titanium Dioxide Products 
ASTM D1556  Standard Test Method for Density and Unit Weight of Soil in Place by the 
   Sand-Cone Method 
ASTM D1557  Standard Test Method for Laboratory Compaction Characteristics of Soil  
   Using Modified Effort (56,000 ft-lbf/ft3(2,700 kN-m/m3)) 
ASTM D2216  Standard Test Method for Laboratory Determination of Water (Moisture)  
   Content of Soil and Rock by Mass 
ASTM D2922  Standard Test Method for Density of Soil and Soil-Aggregate in Place by  
   Nuclear Methods (Shallow Depth) 
ASTM D3017  Standard Test Method for Water Content of Soil and Rock in Place by 
   Nuclear Methods (Shallow Depth) 
ASTM E329  Standard Specification for Agencies Engaged in the Testing and/or  

and/or Inspection of Materials Used in Construction 
WAC 173-303-090(8)  Dangerous waste characteristics  
WAC 173-303-110  Sampling and testing methods 
WSDOT T113  Method of Test for Determination of Degradation Value 

B. Tests: 
1. Obtain services of an Independent Testing Laboratory (ITL) per Section 01410 to perform 

quality control tests and to document compliance with Contract requirements. 
2. Tests shall be conducted by a materials testing laboratory that is accredited for compliance 

with ASTM E329 in accordance with the following:  
Test Standard Procedure 
Moisture content ASTM D3017, ASTM D2216 
Gradation ASTM C136, ASTM D476 
Density in-place ASTM D1556, ASTM D2922 
Moisture-density relationships ASTM D1557 
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3. Submit laboratory test results of all fill sources proposed to the Project Representative. 

Provide adequate time for test results to be received and verified as in compliance.  
4. Take samples and perform moisture content, gradation, compaction, and density tests during 

placement of fill materials to check compliance with this Section. The frequency of 
compaction testing should be as indicated herein and Section 02221. 

5. Project Representative may request that the Contractor construct trenches for inspection in 
compacted or consolidated backfill to determine per ASTM D2922 that the Contractor has 
complied with the specifications. 

6. Testing by the Project Representative does not relieve the Contractor of its responsibility to 
document that the work meets the specifications. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Samples of all imported and native materials to be used 30 days in advance of use.  Samples 
shall consist of 0.5 cubic foot of each type of material. 

C. Laboratory test reports of all imported and native fill materials to be used, showing the suitability 
of the material as indicated herein, and certifying: 
1. Moisture density relationships and gradation test reports and curves. 
2. Gradation tests for non-cohesive materials. 
3. Any other requires of the material as described in Part 2 of this Section. 

D. Laboratory test reports of native materials at a minimum of every 200 cubic yards of material 
placed. Sampling and testing of imported materials at a minimum of every 400 cubic yards of 
material placed. 

E. Date, location, elevation, and results of all on-site density measurements (compaction tests). 

F. Geotextile fabrics:  per Section 02270.  

1.04 DEFINITIONS 

A. Compaction:  the degree of compaction is specified as percent compaction.  Maximum or relative 
densities refer to dry soil densities obtainable at optimum moisture content in accordance with 
ASTM D1557. 

B. Excavation slope:  an inclined surface formed by removing material from below existing grade. 

C. Embankment slope:  an inclined surface formed by placement of material above existing grade. 

D. Imported backfill:  select material which meets the Fill Class specified and is obtained from a 
supplier regularly engaged in the business of supplying soil and fill material.  It is not material 
which is obtained from any on-site excavation.  

E. Native material: materials excavated from within the project limits. 

F. Dust ratio: percent of material passing the No. 200 sieve divided by the percent of material 
passing the No. 40 sieve. 

G. Sand equivalent: The average of duplicate determinations from a single sample. The sand 
equivalent sample will be prepared in accordance with AASHTO T176.  

PART 2  MATERAILS 

2.01 FILL MATERIALS FOR KING COUNTY FACILITIES 

A. Native materials  
1. May be reused on the project provided they meet the requirements of the fill classification 

including gradation, moisture content and can achieve required in-place density. 
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2. Prior to reusing native materials submit samples to a laboratory for testing and 
documentation that they meet the fill specifications. Submit test results to the Project 
Representative before reusing the material. King County does not warrant that the contract 
geotechnical information is adequate to determine if native soils can meet the requirements 
for project fill. 

3. Native material not meeting the specifications cannot be used in the project and imported 
material must be used at no additional cost. 

B. Type A1, A2 (Pit Run): 
1. Select granular material free from organic matter. 
2. Sand equivalent value of not less than 20. 
3. Conform to the following gradation: 

U.S. Standard Sieve Size Percent by Weight Passing 
3-inch 100 

1-1/2-inch 95-100 
No. 4 35-80 

No. 10 10-70 
No. 40 0-50 
No. 100 0-30 
No. 200 0-5 (wet sieving) 

4. The coefficient of uniformity shall be three or greater. 
5. The material may be an imported quarry waste, clean natural sand or gravel, select trench 

excavation, or a mixture thereof. 

C. Type B (Clean Gravel-Sand): 
1. Clean gravel-sand mixture free from organic matter.  
2. Conform to the following gradation: 

U.S. Standard Sieve Size Percent by Weight Passing 
3-inch 100 

1-1/2-inch 95-100 
No. 4 35-100 

No. 10 10-100 
No. 40 0-60 
No. 100 0-30 
No. 200 0-10 

D. Type C1, C2 (Unclassified): 
1. Free from peat, wood, roots, bark, debris, garbage, rubbish or other extraneous material. 
2. Maximum size:  6 inches. 
3. Obtained from on-site excavations and from spoils piles. 
4. Moisture content:  less than optimum to allow compaction. 
5. Organic material:  maximum 3% by weight  
6. Percent passing No. 200 sieve:  5% maximum. 

E. Type E (Drain Rock): 
1. Clean, washed, and well graded. 
2. Composed of hard, durable, sound pieces having a specific gravity of not less than 2.65. 
3. Conform to the following gradation: 

U.S. Standard Sieve Size Percent by Weight Passing 
1-1/2 inch 100 
3/8-inch 0-2 

F. Type F (Crushed Rock): 
1. Composed of hard, durable, sound pieces having a specific gravity of not less than 2.65. 
2. Conform to the following gradation: 

U.S. Standard Sieve Size Percent by Weight Passing 
1-1/2-inch 87-100 
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3/4-inch 45-90 
No. 4 20-50 

No. 30 6-29 
No. 200 0-12 

G. Type G (Ballast): 
1. Crushed, partially crushed, or naturally occurring granular material. 
2. The portion of the ballast retained on sieve shall not contain more than 0.2 percent wood 

waste. 
3. The material from which the ballast is to be manufactured shall meet the following test 

requirements: 
Los Angeles Wear, 500 Rev 40% max 
Degradation Factor 15 min 

4. Meet the following requirements for grading and quality: 
U.S. Standard Sieve Size Percent by Weight Passing 

2-1/2-inch 100 
2-inch 65-100 
1-inch 50-85 

1/4-inch 30-50 
No. 40 16 max 
No. 200 9 max 

Sand Equivalent 30 min 
Dust Ratio 2/3 max 

H. Type L (Structural Fill): 
1. Well-graded sand and gravel, free of organic debris and other deleterious material. 
2. Conform to the following gradation: 

U.S. Standard Sieve Size Percent by Weight Passing 
2-1/2-inch 100 
3/4-inch 60-100 

No. 4 30-80 
No. 10 0-35 
No. 100 0-30 
No. 200 0-5 (wet sieving) 

I. Type M (Foundation Drain Filter): 
1. Well-rounded rock. 
2. Conform to the following gradation: 

U.S. Standard Sieve Size Percent by Weight Passing 
4-inch 100 
3-inch 80-100 

1-1/2-inch 40-90 
1-inch 20-65 

3/4-inch 5-50 
3/8-inch 0-15 

J. Type N (Trench Backfill): 
1. Free of stones greater than 2-1/2 inches in the greatest dimension, free from clay and organic 

matter, moisture content that is less than the material’s optimum value, and compacts readily. 
2. Conform to the following gradation and requirements: 

U.S. Standard Sieve Size Percent by Weight Passing 
2-1/2-inch 100 
1/4-inch 25 min 
No. 200 10 max 

Dust Ratio 2/3 max 
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K. Type O (Controlled Density Fill, CDF):  Section 03310. 

L. Type P (Crushed Surfacing Base Course): 
1. The fracture requirement shall be at least one fractured face and will apply to material 

retained on each specification sieve size U.S. No. 10 and above if that sieve retains more 
than 5 percent of total sample. 

2. The portion retained on a 1/4-inch sieve shall not contain more than 0.15 percent wood 
waste. 

3. Conform to the following gradation: 
U.S. Standard Sieve Size Percent by Weight Passing 

1-1/4-inch 100 
5/8-inch 50-80 
1/4-inch 30-50 
No. 40 3-18 
No. 200 0-5 

M. Type Q (Quarry Spalls): 
1. Conform to the following gradation: 

U.S. Standard Sieve Size Percent by Weight Passing 
8-inch 100 
3-inch 40 max 

3/4-inch 10 max 
2. For construction entrances, meet the above requirements with the exception that the percent 

passing the 3/4-inch screen shall be limited to 5 percent maximum. 

N. Type R (Crushed Surfacing Top Course): 
1. Conform to the following gradation: 

U.S. Standard Sieve Size Percent by Weight Passing 
3/4-inch 100 
1/4-inch 55-75 
No. 40 8-24 
No. 200 5% max 

% Fracture 75 min 
Sand Equivalent 35 min 

2. The fracture requirement shall be at least one fractured face and applies to material retained 
on each specified sieve size No. 10 and above if that sieve retains more than five percent of 
the total sample. 

3. The portion retained on a 1/4-inch sieve shall not contain more than 0.15 percent wood 
waste. 

O. Type S (Bedding Material for Rigid Pipe): 
1. Crushed, processed, or naturally occurring granular material.  It shall be essentially free from 

various types of wood waste or other extraneous or objectionable materials. 
2. Characteristics of size and shape that compacts readily. 
3. A maximum of five percent shall pass the No. 200 sieve for sanitary sewer installations. 
4. Conform to the following for grading and quality: 

U.S. Standard Sieve Size Percent by Weight Passing 
1-inch 100 
¼-inch 25-80 
No. 200 7 max 

Sand Equivalent 30 min 

P. Type U (Bedding Material for Flexible Pipe):  
1. Clean sand/crushed gravel mixture free from organic matter and conforming to the following 

gradation:  
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U.S. Standard Sieve Size Percent by Weight Passing 
¾-inch 100 

3/8-inch 70-100 
No. 4 55-100 

No. 10 35-95 
No. 20 20-80 
No. 40 10-55 
No. 100 0-10 
No. 200 0-3 

Q. Type V (Streambed Gravel):  
1. Well graded and uniform mixture of rounded, rock-derived particles conforming to the 

following gradation: 
U.S. Standard Sieve Size Percent by Weight Passing 

6 to 9-inch 100 
3 to 6-inch 85 

1-1/2  to 3-inch 70 
3/4 to 1-1/2-inch 55 
3/8 to 3/4-inch 40 
0.1 to 3/8-inch 25 
0.01 to 0.1-inch 10 

R. Type Z (Sand):  
1. Drain sand shall be graded as shown below: 

U.S. Standard Sieve Size Percent by Weight Passing 
3/8-inch 100 

No. 4 95-100 
No. 8 68-86 

No. 16 47-65 
No. 30 27-42 
No. 50 5-17 
No. 100 0-4 
No. 200 0-2.5 

S. Type ZZ (Riprap) 
1. Riprap shall consist of broken stone. 
2. For each piece of riprap, the length, or longest axis, must less than or equal to 3 times the 

thickness, or shortest axis. 
3. Riprap shall conform to the following requirements for quality: 

Aggregate Property Test Method Requirement 
Degradation Factor WSDOT T113 15 Minimum 

Los Angeles Wear, 500 Rev. AASHTO T96 50% Maximum 
Specific Gravity AAHSTO T85 2.55 Minimum 

 
4. Riprap shall meet the following requirements for grading: 

Percentage Size Range 
90% 100 lbs to 500 lbs 

(10 inches to 18 inches)
50% Greater than 200 lb 

(9 inches to 13 inches) 
10% 25 lbs to 100 lbs 

(6 inches to 10 inches) 

 

T. Pea Gravel is not acceptable for backfill or bedding. 
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2.02 FILL MATERIALS FOR CITY OF SEATTLE (COS) UTILITIES 

A. Unless otherwise specified or shown on the Drawings, bedding materials for COS sewer lines 
shall be in accordance with those shown on COS Standard Plan No. 284 and Class B Bedding 
shown on COS Standard Plan No. 285. Bedding types indicated shall be in accordance with COS 
Standard Specification 9-03.16. 

B. Bedding materials for COS water main shall be in accordance with Class B bedding shown on 
COS Standard Plan No. 350. Bedding types indicated shall be in accordance with COS Standard 
Specification 9-03.16. 

C. Backfill material above the pipe bedding shall be Type N or native material deemed suitable as 
specified herein. 

2.03 RECYCLED PORTLAND CEMENT CONCRETE RUBBLE 

A. Recycled Portland cement concrete rubble may be used as, or blended with: pit run, clean gravel-
sand, crushed rock, ballast, unclassified, structural fill,  trench backfill, crushed surfacing base 
course, crushed surfacing top course, bedding material for pipe, and bedding material for flexible 
pipe. 

B. A preliminary sample of the recycled concrete, and native material if any, used for ballast, 
crushed surfacing base and top course, and structural fill shall be submitted for testing for Los 
Angeles Wear and Degradation Factor according to ASTM C535 and/or ASTM C131 for the type 
of application being used. 

C. Recycled Asphalt Concrete Pavement:  A maximum of 20 percent by weight of recycled asphalt 
concrete pavement may be used in the blended product.  The asphalt concrete content is 
calculated as the amount of asphalt particles retained on all screens U.S. No. 4 and above. 

D. The recycled aggregates shall be stockpiled in such a manner that each certified test report will 
identify a single stockpile of not more than 10,000 tons. 

E. The Contractor shall certify that the recycled material is neither hazardous nor toxic.  The 
certification shall address the toxicity characteristics prescribed in WAC 173-303-090(8) under 
sampling and testing according to WAC 173-303-110.  Sampling and testing shall be one per 
10,000 tons from any single source and not less than one sample from any single source. 

F. Acceptance of the recycled concrete rubble aggregate for hazardous and toxic requirements shall 
be by Manufacturer’s Certificate of Compliance with accompanying test reports. 

G. Gradation, sand equivalent, and fracture requirements will be per the specific product outlined in 
these specifications. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Fill material shall be placed in horizontal layers and compacted with power operated tampers, 
rollers, idlers, or vibratory equipment. 

B. Control of water: 
1. Keep excavations free from water during construction. 
2. Draw down the groundwater level a minimum of two feet below the bottom of excavations to 

maintain the undisturbed state of natural soils. 
3. Disposal of water:  per Section 01560, Section 02140, and Section 02270. 

C. Monitor:  
1. Monitor all excavation by observation and smell for potentially contaminated soil, water, or 

foreign substance. 
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2. If any potentially contaminated soil, water, or foreign substance is detected, inform the 
Project Representative. 

D. Existing Utilities: 
1. Verify on site the location and depth of all existing utilities and services before performing 

excavation work. When excavating with 3 feet of an active utility line, perform excavation by 
hand. 

2. Immediately report the discovery of active utility lines which are not indicated in the Contract 
Documents to the Project Representative and utility owners involved. Allow the Project 
Representative and utility owners free access to determine the measures deemed necessary 
to repair, relocate, or remove the utility. 

E. Overexcavation: 
1. Where the undisturbed condition of natural soils is inadequate for support of the planned 

construction, overexcavate to adequate supporting soils and notify Project Representative. 
2. Fill the excavated space to the specified elevation with class backfill shown on the Drawings 

or per Table A if not shown. 
3. Unless otherwise specified, the overexcavated space under footings and structures shall be 

filled with Type L. 

F. Excavated material: 
1. Dispose of unsuitable excavated materials off-site per Section 01560. 
2. Select structural fill removed for structural excavation, or final grading or paving, shall be 

stockpiled outside of the existing structurally filled area. 
3. Dispose of surplus excavated material off-site in accordance with applicable ordinances and 

environmental requirements. 
4. Material shall not be stockpiled on the existing structurally filled area.  In addition, material 

shall not be stockpiled to a depth greater than five feet above foundation grade, or within 25 
feet of any excavation or structure. 

5. Use construction methods which preserve the stability of the soil adjacent to the excavation. 
6. Protect materials stockpiled for reuse from wind or rain erosion by covering with tarps or 

other effective methods. 

G. Hauling and Haul Roads:  per Section 01570. 

H. Control of erosion:  maintain earthwork surfaces true and smooth, and protected from erosion per 
Section 02270.  Where erosion occurs, provide fill or excavate as necessary to return earthwork 
surfaces to the grade and finish specified. 

I. Geotextile fabric: Install per 02270.   

J. Dust Control: Section 01560. 

3.02 QUALITY CONTROL 

A. Density tests: Test compacted fill and backfill to verify compliance with specified requirements in 
accordance with ASTM D2922. Conduct tests no less frequently than the following:  
1. Expansive Horizontal Fill: One test per 100 cubic yards fill or backfill placed or one test every 

second lift of fill or backfill placed, whichever is more frequent. 
2. Confined Areas: One test every second lift of fill or backfill placed. 
3. Trenches: According to Section 02221. 

3.03 CLASSIFICATION OF FILL 

A. Material type, maximum layer depth, relative compaction, and general application are specified in 
Table A below. 

B. Unless otherwise specified, fill classes shall be used where specified in Table A under general 
application. 
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TABLE A - FILL CLASSIFICATIONS 
  Maximum 

Loose 
 

Required 
* ASTM D1557 

  Lift Layer Percent  

Fill Material Thickness Relative*  
Class Type Inches Compaction General Application 
A1 A (Pit Run) 8 95 Slabs on grade (other than specified for 

Class E) and fill in all roadways. 
A2 A (Pit Run) 8 95 Subsequent pipeline backfill in roadways, 

embankments, and roadway shoulders. 
B B (Clean Gravel/Sand) 8 95 Structure backfill. 
C1 C (Unclassified) 8 90 Pipeline backfill in unimproved areas.  
C2 C (Unclassified) 8 95 Site fill and embankments. 
E E (Drain Rock) 8 90 Bedding and backfill around foundation 

drain pipes and directly under slabs for 
structures and tanks. 

F F (Crushed Rock) 6 95 Substation yard surfacing, placed loose. 
G G (Ballast) 6 95 Railroad bedding. 
L L (Structural Fill) 8 95 Fill under slabs or structures.  
M M (Foundation Drain 

Filter) 
8 95 Alternative foundation drain pipe bedding 

and backfill and for stone filter 
N1 N (Imported Trench 

Backfill) 
8 90 Imported trench backfill to replace 

unsuitable excavated materials in 
unimproved areas. 

N2 N (Imported Trench 
Backfill) 

8 95 Imported trench backfill to replace 
unsuitable excavated materials in improved 
areas. 

O O (Controlled Density 
Fill) 

- - Pipe bedding and for fill of abandoned 
buried pipes. 

P P (Crushed Surfacing 
Base Course) 

8 90 Roadway and parking area base course. 

Q Q (Quarry Spalls) 12 95 Temporary road base. 
R R (Crushed Surfacing 

Top Course 
6 95 Roadway and parking area top course. 

S S (Bedding Material for 
Rigid Pipe) 

6 95 Bedding for rigid pipe. 

U U (Bedding Material for 
Flexible Pipe) 

6 95 Bedding for flexible pipe. 

V V (Streambed Gravel) - -  
Z Z (Sand) - - Backfill around geotechnical instruments 

3.04 EARTHWORK FOR STRUCTURES 

A. Structure excavation:   
1. Ground shall not be dug by machinery nearer than three inches from finished subgrade.  The 

last three inches shall be removed without disturbing the subgrade. 
2. The bottom shall not be more than 0.15-foot above or below the lines and grades specified.  

If the elevation of structure excavation is not specified, the excavation shall be not more than 
0.15-foot above or below the elevation specified for fill material below the structure.   

3. Slopes shall vary no more than 0.5-foot from specified grade. 
4. Should the excavation be carried below the lines and grades specified on the Drawings, or 

should the bottom of the excavation be disturbed because of the Contractor's operations and 
require overexcavation and backfill, refill such excavated space to the proper elevation with 
Type P material at no additional cost to the County. 
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5. Unless otherwise specified, excavations shall extend a sufficient distance from walls and 
footings to allow for placing and removal of forms, and installation of services, except where 
concrete is specified to be placed directly against excavated surfaces. 

B. Structure backfill: 
1. Unless otherwise specified, placement of fill materials shall be in accordance with Table A. 
2. After completion of construction below the elevation of the final grade, and prior to backfilling, 

concrete forms shall be removed and the excavation shall be cleaned of debris. 
3. Do not place until the subgrade portions of the structure have been inspected by the Project 

Representative. 
4. No backfill material shall be deposited against concrete structures until the concrete has been 

in place for 28 days or until the concrete has developed the specified 28-day strength, 
whichever occurs first. 

5. Backfill material shall be placed in uniform layers, and shall be brought up uniformly on all 
sides of the structure. 

6. Perform compaction within two feet of walls with hand-operated vibratory compactors. 
7. Unless otherwise specified, backfill around and above pipelines within the excavation line of 

any structure shall be the same as that specified for structures. 
8. If there is a void between the shoring and the formwork for the wall construction, fill the void 

with CDF (per Section 03310) or a flowable grout approved by the Project Representative. 

3.05 FINISH GRADING 

A. Finish Grade all area to elevation and grades indicated on the Contract Drawings within the 
specified tolerance. 

B. In landscape areas where utility trenching or grading activities occurred, grade to the depth 
required below finished grade to allow placement of topsoil and/or mulch up to finished grade 
indicated in the Contract Drawings. 

C. Ditches shall be finished to drain readily. 

D. Finished surfaces shall be smooth, compacted, and free from irregularities.  The degree of finish 
shall be that normally obtainable with a blade-grader. 

END OF SECTION 
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SECTION 02221 

TRENCHING, BACKFILLING AND COMPACTING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for excavation, trenching, and backfilling utilities and related 
structures.  

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified. In case of 
conflict between the requirements of this Section and those of a listed document, the 
requirements of this Section shall prevail. 
Reference   Title 
Chapter 296-155 WAC  WISHA Safety Standards for Construction 
Section 2-04   City of Seattle (COS) Standard Specifications for Road, Bridge,  

And Municipal Construction 

B. To demonstrate conformance with the specified requirements as indicated herein, provide the 
services of an Independent Testing Laboratory (ITL) per Section 01410. 

1.03 SUBMITTALS 

A. Procedures: Section 01300.  

B. Section 02160: Excavation Support System Plan for trenches four feet or more in depth. 

C. Section 02200: Material source and all tests and certifications necessary to approve material 
including moisture/density relation test results. 

D. Date, location, elevation, and results of all on-site density measurements (compaction tests). 

PART 2  MATERIALS 

2.01 BEDDING AND BACKFILL 

A. Unless otherwise indicated, all bedding and backfill materials shall meet the requirements of 
Section 02200. 

B. Controlled density fill (CDF) used for pipe bedding or backfill shall comply with the requirements 
as specified in Section 03310. 

PART 3  EXECUTION 

3.01 PROTECTION OF PERSONS AND PROPERTY 

A. Erect and maintain temporary bracing, shoring, lights, barricades, signs, and other measures as 
necessary to protect the public, workers, and adjoining improvements from damage during 
trenching work in accordance with applicable codes and regulations. 

B. Protect utilities, pavements, and facilities from damage caused by settlement, lateral movement, 
undermining, washout, and other hazards created by the trenching operations. 
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C. Protect open trenches outside of secured fence areas with steel plates with non-slip surfaces or 
water filled barriers during non-working hours. Provide barriers to block pedestrians or vehicles 
from entering the work area and approaching trenches during working hours. 

3.02 CONTROL OF WATER 

A. Where water is encountered in the trench, dewater as specified in Section 02140. 

B. Do not use trench excavations as temporary drainage ditches. 

C. Grade surrounding areas or utilize alternative controls to prevent surface water from flowing into 
the excavations. 

3.03 TRENCHING 

A. Where trench excavation is deeper than four feet, construct and maintain safety systems that 
meet the requirements of the Washington Administrative Code (WAC) Chapter 296-155 WAC, 
Part N, Excavation, Trenching and Shoring.  

B. Do not undermine or disturb sidewalks, pavements, appurtenant structures, adjacent 
improvements or underground installations adjacent to and beyond the trench. 

C. Unless otherwise indicated, trench excavation shall be unclassified. 

D. The terms “earthwork” or “excavation” include all materials excavated or removed regardless of 
material characteristics. 

E. Provide free access to all fire hydrants, water valves, and meters.  Leave clearance to enable the 
free flow of storm water in all gutters, conduits and natural watercourses. 

F. Remove all ledgerock, boulders and stones three inches and larger to provide a minimum 
clearance of six inches under and around the pipe. 

G. Replace all excavated material with material specified on the Drawings that meets the 
requirements of Section 02200 or 03310 for CDF. 

H. Re-compact or remove the natural foundation soils at the trench bottom if disturbed or loosened 
because of the Contractor's operations. If material is removed, refill the area with material with 
material specified for the trench on the Drawings, as specified in Section 02200, at Contractor’s 
expense. 

I. Excavate all trenches in accordance with the lines and grades shown on the Drawings. Typical 
trench sections with maximum and minimum dimensions are shown on Drawings. 

J. Stockpiling and Reuse of Excavated Material: In accordance with COS Standard Specification 
Section 2-04.3(1)A. 

K. Utility Excavations: In accordance with COS Standard Specification Section 2-04.3(6). 

L. Monitor all excavation for contaminated materials by visual observation and smell. Notify the 
Project Representative if any potentially contaminated soil, water, or foreign substances are 
found. 

M. Unless otherwise indicated, fill materials are identified in this Section. 

3.04 PIPE FOUNDATIONS 

A. Inadequate Soils: 
1. Where the undisturbed condition of the natural soil material is inadequate for support of the 

planned pipeline, the Project Representative will direct the Contractor to over-excavate to 
adequate supporting soils. 

2. Fill the excavated space to the specified grade with backfill per Section 02200. 
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3. Should the excavation be carried below the lines and grades indicated on the Drawings 
because of the Contractor's operations, refill such excavated space to the proper elevation 
with backfill per Section 02200. 

B. Foundation Preparation: 
1. Properly prepare the foundation and place the foundation material prior to installation of all 

pipe bedding and pipe. 
2. This shall include the necessary preparation of the native trench bottom and/or the top of the 

foundation material to a uniform grade so that the entire length of pipe rests firmly on a 
suitable properly compacted material. 

3. Place bedding and backfill material around the pipe in a manner to meet requirements 
specified in the respective section for the type of pipe being installed. 

3.05 PIPE BEDDING 

A. Placement of bedding material in the pipe zone shall be as indicated on the Drawings or as 
specified in the section regarding the type of pipe being constructed. 

B. Keep pipe placed below the water table from floating by lowering the water level in accordance 
with Section 02140. 

3.06 BACKFILLING 

A. Complete pipe bedding and initial backfill as shown on the Drawings before subsequent 
backfilling operations are started.  

B. Take all necessary precautions to protect the pipe from any damage, movement or shifting.  In 
general, perform backfilling by placing the material so as not to damage the pipe. 

C. Unless specifically authorized in writing by the Project Representative, no timber bracing, lagging, 
sheathing or other lumber shall be left in any excavation.  

D. Do not operate heavy equipment over the top of the pipe until the backfill has reached a height 
above the top of the pipe suitable to protect the pipe from construction loads. 

3.07 COMPACTION REQUIREMENTS 

A. Equipment: 
1. Provide the proper size and type of compaction equipment and select the proper method of 

utilizing said equipment to attain the required compaction density. 
2. In all cases, select and use equipment so as to not damage the pipe or other utilities and 

structures. 
3. Truck-mounted drop hammers or truck-mounted impact hammers, impact pavement 

breakers, and similar types of mobile equipment will not be permitted for compacting backfill 
placed around or above pipes. 

B. Water settling methods of compaction shall not be permitted. 

C. The backfill material shall be placed in sufficiently thin lifts and compacted to achieve the 
compaction requirements. 

D. Frequency of Testing: 
1. Horizontal: Minimum of one location every 200 feet of trench or a minimum of two locations 

per pipe run between manholes and pipe angle points or a minimum of one per day, 
whichever is more frequent shall apply. Additional tests may be required when variations 
occur due to the Contractor’s operations, weather conditions, site conditions, etc. 

2. Vertical: For trenches 12 feet and shallower complete a minimum of one test at approximately 
50 percent of trench depth and an additional test at or near the surface.  For trenches 12 feet 
to 16 feet deep, complete one test at approximately 4 feet above the pipe, one test at or near 
the surface and one test approximately halfway in between.  For trenches greater than 16 
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feet deep, complete tests at approximately four foot intervals above the pipe to the surface or 
as directed by the Project Representative 

E. Additional in-place compaction tests may be made by the Project Representative.  

F. Remove and re-compact material that does not meet specified requirements. Areas that fail to 
pass testing shall require retesting at locations determined by the Project Representative. 
Compaction and acceptance shall be subject to approval of the LAHJ. Additional tests may be 
required when variations occur due to the Contractor’s operations, weather conditions, site 
conditions, etc. 

END OF SECTION 
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SECTION 02270 

EROSION AND SEDIMENT CONTROL 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies constructing and maintaining the drainage and temporary erosion and 
sediment control system, hereinafter "Erosion Control System". 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
ASTM A392  Standard Specification for Zinc-Coated Steel Chain-Link Fence 
   Fabric 
ASTM D882  Standard Test Method for Tensile Properties of Thin Plastic  
   Sheeting 
ASTM D1004  Standard Test Method for Initial Tear Resistance of Plastic Film  
   and Sheeting  
ASTM D1388  Standard Test Method for Stiffness of Fabrics 
ASTM D1777  Standard Test Method for Thickness of Textile Materials 
ASTM D3776  Standard Test Methods for Mass Per Unit Area (Weight) of 
   Fabric 
COS  City of Seattle Standard Specifications for Road, Bridge and Municipal 

Construction 
KCSWDM King County Surface Water Design Manual Surface Water Management 

Division 
COS SWM City of Seattle Stormwater Manual Volume 2 
SMMWW Department of Ecology Stormwater Management Manual for Western 

Washington 
SMC Seattle Municipal Code Title 22, Subtitle VIII (Chapters 22.800 – 22.808) 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Shop drawings and product data: 
1. Erosion and Sediment Control Plan. 

1.04 SEQUENCING AND SCHEDULING 

A. Construct erosion and sediment control system prior to commencing any work. 

1.05 EROSION AND SEDIMENT CONTROL PLAN (HEREINAFTER "THE PLAN") 

A. Any erosion control system indicated on the Drawings is a minimum to mobilize on the work site.  
Additional erosion control facilities are required based on the Contractor's means and methods to 
protect neighboring properties, the stormwater systems, sewer systems and receiving waters. 

B. Provide a site specific Contractor prepared plan which, at a minimum, provides the Contractor's 
plan for the following specific information for erosion control system: 
1. All requirements in the Drawings and Specifications. 
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2. Locations, construction, and product data for all ditches, berms, culvert pipes, sediment 
basins/tanks, filters, basin outfalls, and other erosion and sediment control materials. 

3. Control on soil and other material leaving the site. 
4. Locations, types and quantities of all plantings, slope coverings, and ditch liners. 
5. Installation, inspection and maintenance schedule for temporary erosion control facilities. 
6. Method and frequency of monitoring activities to assure compliance with specified 

regulations. 
7. Rerouting of existing surface water and underground drainage within site to erosion control 

facilities prior to release to the offsite drainage systems. 
8. Location of traps to collect transported sediment before entering the existing drainage 

systems. 
9. Location of outlets of subsurface drainage system. 
10. Method of monitoring water quality and quantity. 
11. Maintenance of erosion control system. 
12. Design information for all Contractor-designed components, including but not limited to 

manufacturer sizing of portable sediment tanks. 

C. The Plan shall address and demonstrate conformance with COS’s 18 elements of water quality 
and downstream resource protection per SMC 22.805.020.D: 
1. Mark Clearing Limits and Sensitive Areas 
2. Retain Top Layer 
3. Establish Construction Access 
4. Protect Downstream Properties and Receiving Waters 
5. Prevent Erosion and Sediment Transport from the Site 
6. Prevent Erosion and Sediment Transport from the Site by Vehicles 
7. Stabilize Soils 
8. Protect Slopes 
9. Protect Storm Drains 
10. Stabilize Channels and Outlets 
11. Control Pollutants 
12. Control Dewatering 
13. Maintain Best Management Practices (BMPs) 
14. Inspect BMPs 
15. Execute Construction Stormwater Control Plan 
16. Minimize Open Trenches 
17. Phase the Project 
18. Install Permanent Flow Control and Water Quality Facilities. 

D. Indicate methods to be used for erosion control in excavations, embankments, and for boundary 
control. 

E. Make changes to the erosion control system based on the actual construction methods and 
procedures. 

F. Systems used to treat dewatered groundwater and stormwater shall be sized for the cumulative 
flows from all water sources. 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. All materials shall conform to COS SWM Volume 2 requirements and the Drawings and 
Specifications. The most stringent requirements shall apply. 

B. Straw bales:  Tie with twine, with no excessive quantities of mature seed of noxious weeds or 
other plant species. 

C. Seeding: COS Standard Specifications 9-14.2(2) subject to acceptance by the Project 
Representative and Local Authority Having Jurisdiction. 
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D. Hydroseeding:   
1. Perform all seeding in accordance with SPU 8.01.3(4)A and SPU 8.01.3(7). 
2. Hydroseed Mulch: 

a. Nontoxic to plant and animals 
b. Wood cellulose fiber mulch from natural or recycled wood, newsprint, cardboard material 
c. Not containing rock, metal, plastics 
d. Treated with a nontoxic green dye 
e. Manufactured in a slurry to thoroughly mix for a homogenous slurry 
f. Organic content greater than 90% 

E. Quarry Spalls: Type Q per Section 02200 

F. Rip rap: 
1. Hard, sound, and durable, free from segregation, seams, cracks, and other defects tending to 

destroy its resistance to weather.  
2. Size:  Range from 1-inch to 8-inch, free of rock fines, soil, and other extraneous materials. 

G. Reinforced plastic fabric: 
1. Construed, copolymer laminate. 
2. Reinforcing:  Non-woven grid of high strength nylon cord submerged in a permanently flexible 

adhesive medium. 
3. Equal tear resistance in all directions. 
4. Color:  Black. 
5. Ultraviolet light stabilized. 
6. Material to be from a single manufacturer. 
7. Physical strength requirements: 

a. Tear strength, lbs:  130 per ASTM D1004. 
b. Elongation percent:  620 per ASTM D882. 
c. Minimum life expectancy:  2-1/2 years of normal outdoor exposure. 

H. Fabrics/mats/blankets: 
1. Geotextile fabric:   

Property   Test   Survivability 
AOS Sieve   ASTM D4751  20-45  US Standard Sieve 
Grab Tensile Strength ASTM D4751  200 PSI 
Grab Tensile Elongation ASTM D4623  30% max. 
Mullen Burst Strength ASTM D3786-80a 400 psi min. 

2. Jute mesh. 
3. Permanent revegetation mat: 

a. Highly flexible polymeric mat with a three dimensional web-like weave. 
b. Color:  Green. 
c. Biologically inert. 
d. Acid and alkaline resistant. 
e. Ultraviolet degradation resistant. 
f. Physical properties: 

1) Porosity:  85% - 95%. 
2) Flexibility:  2000 mg/cm ASTM D1388. 
3) Weight:  18 oz/sy ASTM D3776. 
4) Thickness:  0.12-inch ASTM D1777. 
5) Tensile strength:  Length 15 lbs, width 5 lbs. 
6) Elongation:  Length 150%, width 100%. 

4. Erosion control blankets: 
a. Biodegradable wood materials. 
b. No chemical additives. 
c. Photo degradable extruded plastic netting top and bottom. 
d. Smolder resistant. 
e. Physical properties of blanket for slope protection: 

1) Weight:  0.98 lbs/sy. 
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2) Netting:  1-inch x 2-inch. 
3) Physical properties of blanket for channel protection: 

a) Weight:  1.0 lbs/sy. 
b) Netting:  5/8-inch x 3/4-inch. 

I. Wire fabric: 
1. 2-inch x 2-inch mesh, 14 gage or approved equal. 
2. Hot-dip galvanized, ASTM A392, Class 2. 
3. Height:  As shown on Drawings. 

J. Hold downs: 
1. Sand bags. 
2. Secure with 1/4-inch polypropylene rope at 10 ft on center maximum each way.  
3. Anchor rope with 2-inch x 4-inch fir, standard or better. 

K. Perforated pipe:  PVC. 

PART 3  EXECUTION 

3.01 PREPARATION 

A. Stockpile and restock as needed, at a minimum, the following amounts of erosion control BMP 
materials and supplies on Site to be used during heavy storm events: 

Material Measure Quantity 

clear plastic, 6 mil 100 foot  1 - 2 

drainpipe, 6- or 8-inch diameter 25 foot section  4 - 6 

sandbags, filled each   25 - 50  

straw bales for mulching approx. 50 lbs each  10 - 20 

quarry spalls ton  2 - 4 

washed gravel cubic yard  2 - 4 

geotextile fabric 100 foot roll  1 - 2 

catch basin inserts each  2 - 4 

steel "T" posts each  12 - 24 

B. Prior to general stripping of topsoil and excavation, install clearing limit fences, perimeter dikes, 
silt fences, compost berms/socks, straw wattles, and swales, excavate sedimentation basins and 
traps, and construct rock dams. 

C. Machine compact all berms, dikes, and embankments for sediment basins and traps. 

D. Install straw bales and sediment fences where necessary. 

E. Unless otherwise indicated, hydroseed and provide temporary control blankets and permanent 
revegetation mats for all erosion control ditches, drainage ditches, and sediment ponds.  Fertilize 
and maintain in accordance with COS. 

3.02 INSTALLATION 

A. Install erosion and sediment control measures in accordance with this Section and as indicated 
on the Drawings.  

B. Discharge treated water in accordance with Section 02271. 

C. Stone filter for sediment basins: 
1. Thickness of layer:  12 inches below pipe to 12 inches above pipe. 
2. Width:  12 inches on each side minimum. 
3. Do not run equipment on unprotected areas. 
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4. Do not damage perforated drain pipe. 
5. Provide filter fabric around the entire perimeter of the stone filter to a level of at least one foot 

above the anticipated design flow. 

D. Grass seed: 
1. Hydroseed all disturbed areas following completion of construction of the erosion control 

system. 
2. Seed areas outside the protected areas that are damaged during excavation work: 

a. Surface:  Free of rocks, stones, or organic material. 

E. Rip rap: 
1. Construct in accordance with the locations shown on the Drawings and as necessary. 
2. One sieve analysis per 200 yd3 stone filter, rip rap, and rock check dam material placed. 

F. Temporary spoil piles 
1. Place material in a contained area with sediment control. 

a. Contain area with ecology blocks and sediment fences to control runoff 
b. Cover or sprinkler to control dust and sediment runoff. 

G. Plastic sheeting: 
1. Install in accordance with the Drawings at all excavation faces and at stockpiles. 
2. Completely cover stockpiles including slope faces. 
3. Anchor plastic sheeting in 2 ft x 2 ft trench around the entire perimeter of plastic sheeting. 
4. Overlap joints with minimum 2 ft lap and tape seam. 
5. Install hold downs at all excavation faces and at stockpiles. 
6. Secure hold downs with polypropylene rope at 10 ft on center, maximum each way, across 

the entire surface of plastic sheeting. 
7. Anchor the polypropylene rope by driving 2-inch x 4-inch stake at the top of excavations or 

bottom of stockpiles and tying rope to stake. 

H. Filter fabric sediment fence: 
1. Install filter fabric over wire fabric. 
2. Secure filter fabric to wire fabric: 

a. Use aluminum alloy wire, minimum 10 gage. 
b. Spacing at top:  Maximum of 4 ft on center. 

3. Bury filter fabric in trench upslope as shown on Drawings. 
4. Field joints: 

a. Lap joints: 
1) 6-inch lap, minimum. 
2) Remove all dirt, dust, moisture, and foreign materials. 
3) Splice only at support posts with aluminum alloy wire, minimum 10 gage, 6-inch on 

center. 
4) Repairs: 

a) Patch with filter fabric. 
b) Extend lap 6 inches from damaged area in all directions. 
c) Proceed as specified for joint. 

5) Extend filter fabric not more than 24 inches above the ground surface. 

I. Wire fabric: 
1. Install wire fabric for attachment of filter fabric for sediment fence. 
2. Secure wire fabric to posts with aluminum alloy wire, minimum 10 gage.  Secure at top, 

middle, and bottom. 
3. Bury 4-inch minimum of wire fabric in trench upslope and adjacent to the wood post for the 

full length. 
4. Set posts at 4 ft maximum. 
5. Wire fabric to extend not more than 24 inches above the original ground surface. 

J. Rock check dam: 
1. Construct at locations shown on "The Plan". 
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3.03 MAINTENANCE 

A. Maintain and modify the erosion control system throughout construction to meet the specified 
requirements and as indicated in the Plan. 

B. Continually modify the erosion control system to accommodate changing needs and prevent 
erosion. 

C. General maintenance activities: 
1. Inspect daily and immediately after each rainfall. 
2. Repair or replace damaged or missing items immediately. 
3. Maintain seeded surfaces throughout construction. 

D. Maintain erosion control system after excavation and/or grading.  

E. Provide necessary ditches, swales and dikes to direct all water towards and into sediment basins. 

F. Excavate sediment out of basins, catch basins, rock dams, and traps when capacity has been 
reduced by 50% or when more than one foot of sediment has accumulated, whichever occurs 
first: 
1. Remove sediment from behind sediment fence to prevent overtopping. 
2. Prevent sediments from being flushed to the downstream system during cleaning. 

3.04 COMPLETION OF CONSTRUCTION 

A. At completion of construction remove temporary erosion control facilities and restore area as 
required. 

B. In preparation of paving, clean catch basins and conveyance lines within work area. The cleaning 
operation shall not flush sediment-laden water into the downstream system. 

3.05 SYSTEM COMPLIANCE 

A. The Project Representative and regulatory agencies will determine the effectiveness of the 
erosion control system. 

B. If erosion control system is determined to be ineffective by the Project Representative or 
regulatory agencies, upgrade erosion control system to the satisfaction of Project Representative 
and regulatory agencies. 

C. Refusal to upgrade erosion control system may result in Project Representative having work 
completed and the cost of the work being withheld from the Application for Payment. 

END OF SECTION 
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SECTION 02271 

SITE WATER DISCHARGE 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies controls, treatment, authorizations required for discharge, monitoring, 
reporting, and inspection required for Site Water discharged during construction. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revisions of the 
following documents.  These references are part of this Section as specified and modified.  In 
case of conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
40 CFR Part 131.36 National Toxics Rule 
Chapter 173-50 WAC 
Chapter 173-200 WAC  

Accreditation of Environmental Laboratories 
Water Quality Standards for Groundwaters of the State of 
Washington 

Chapter 173-201A WAC  Water Quality Standards for Surface Waters of the State of 
Washington 

KCC  28.84.060 King County Industrial Waste Local Discharge Limits 
NPDES-CSWGP Ecology Construction Stormwater General Permit 
SMMWW 
 

Washington Department of Ecology (Ecology), Stormwater 
Management Manual for Western Washington  

B. Qualifications: 
1. Trained technician(s) when using a TAPE or C-TAPE approved stormwater treatment 

technology: 
a. Certified through an Ecology approved training program according to the GULD issued 

for the stormwater treatment technology.  
b. Five years minimum operating a Chitosan Enhanced Sand Filtration (CESF) or 

Electrocoagulation Subtractive Treatment System (ECST). 
c. Current certification as a Certified Erosion and Sediment Control Lead (CESCL) through 

an Ecology approved CESCL training course. 
2. Analytical Laboratory:  accredited in accordance with Chapter 173-50 WAC.  
3. Personnel in contact with Contaminated Water shall have HAZWOPER training.  

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Qualifications 

C. Water Management Plan: 
1. Submit separately for NPDES-CSWGP and IWD Authorization. 
2. Plan for a review time of a minimum of 60 days for NPDES-CSWGP.  This includes review by 

Ecology. 
3. Plan for a review time of a minimum of 45 days for the IWD Authorization.  This includes 

review by King County Industrial Waste. 
4. Meet the requirements of applicable permits included in Section 01062. 

D. Effectiveness of Treatment for NPDES-CSWGP. 

E. Monthly Monitoring Reports 
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F. Certification of Offsite Transport and Disposal documentation for Non-dischargeable Water. 

G. Reportable Event 

H. GULD Operating Period Information 

I. Site Log Book 

1.04 DEFINITIONS 

A. Authorized Discharges:  
1. Site Water discharged to Receiving Water that complies with the NPDES-CSWGP and the 

associated Ecology Administrative Order and other applicable standards identified in this 
Section. 

2. Site Water discharged to a sewer system that complies with the Industrial Waste Discharge 
(IWD) Authorization effluent limitations. 

B. Background Level:  levels of chemical or physical agents normally found in the environment. 
1. In Receiving Water it is the chemical or physical agent level found at the time of sampling at a 

location nearest to the point of Site Water discharge where the Receiving Water has not been 
affected by the chemical or physical agents in the Site Water discharge. 

C. Contaminated Water:  stormwater and groundwater containing metals and petroleum 
hydrocarbons that exceed discharge standards specified in this Section and in the permits. 

D. Dischargeable Water:  that portion of Site Water that meets the definition of Authorized 
Discharges. 

E. General Use Level Designation (GULD):  Ecology decision to permit use of a specific process for 
treatment of water prior to discharge to Receiving Waters subject to conditions. 

F. Ground Water Body:  water in a saturated zone or stratum beneath the land surface or a surface 
water body. 

G. Non-dischargeable Water:  that portion of Site Water that may not be discharged to Receiving 
Water nor to the sanitary sewer because: 
1. Authorized Discharge limits are not met. 
2. Treatment components are not working or have not been installed. 

H. Receiving Water:  the surface water body or ground water body at the point of discharge.  For this 
contract, the Receiving Waters are considered Fresh Waters. 

I. Reportable Event: 
1. Exceedance of Washington State Water Quality Standards and other applicable standards in 

this Section including, but not limited to: 
a. Turbidity:  

1) When sampling turbidity in the Receiving Water shows a 5 NTU increase in turbidity 
downstream of the discharge over the Background Level when that level in the 
Receiving Water is 50 NTU or less. 

2) When sampling turbidity in the Receiving Water shows a 10 percent increase in 
turbidity downstream over the Background Level when that level in the Receiving 
Water is 50 NTU or more. 

2. Discharges of Site Water above 25 Nephelometric Turbidity Units (NTU). 
3. Discharges of chitosan treated Site Water above 10 NTU or with residual chitosan greater 

than 0.2 parts per million. 
4. Discharges of iron-based automated ECST treated Site Water above 10 NTU and when 

greater than 0.3 ppm iron above the Background Level in the Receiving Water. 
5. Discharges of Site Water with pH less than 6.5 or greater than 8.5. 
6. Discharges of Site Water with a chlorine concentration of greater than 0.1 parts per million 
7. Exceedence of IWD Authorization effluent limitations. 
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J. Site Water:  water from the Site that requires discharge or disposal, however, Site Water does not 
include sewage. 

K. Surface Water Body:  lakes, rivers, ponds, streams, inland waters, salt waters, constructed 
surface water body conveyance systems, and other water bodies and water courses within the 
jurisdiction of the state of Washington. 

L. TAPE and C-TAPE: Ecology Technology Assessment Protocol for evaluation of emerging 
stormwater treatment technologies. 

M. Uncured Concrete:  concrete that has not been cured for a minimum of 21 days since placement. 

1.05 WATER MANAGEMENT PLAN (WMP) 

A. Work plan and procedures for conveyance, treatment, monitoring, testing, and discharge of Site 
Water. 

B. General:  Address the following in both the NPDES-CSWGP and the associated Ecology 
Administrative Order and the IWD permit WMPs 
1. Schedule of activities related to the treatment systems. 
2. Site layout of components and associated piping, pumps, valves, treatment systems, 

sampling locations, and appurtenances for proper operation and monitoring of Site Water 
discharge. 

3. Schematics and process flow diagrams specific to the proposed systems. 
4. Operation sequence and maintenance requirements of Site Water discharge systems. 
5. Start-up procedure that includes analytical testing to confirm water treatment system 

performance prior to initial discharge. 
6. Design criteria and calculations used to size tanks, pumps, and piping. 
7. Procedures for documenting compliance with permit requirements. 
8. Flow meter locations. 
9. Sampling and analysis plan including, but not limited to:  sampling responsibilities, discharge 

permit compliance requirements, sampling requirements, and inadvertent releases of non-
dischargeable substances. 

10. Testing location and frequency. 
11. Means used for pH modification, flocculation of suspended sediment, and Contamination 

removal. 
12. Design criteria and methods to monitor flow, turbidity, and pH levels. 
13. Collection and treatment of surface water prevented from entering storm drain system. 
14. Contingency Plan. 

C. For the NPDES-CSWGP WMP only: 
1. Treatment methods to meet the discharge limits. 
2. Address separately all of the items listed in the Corrective Actions Required in Page 2 and 3 

(of 5) of the Ecology Administrative Order. 
3. General Use Level Designation (GULD).for Ecology review and approval. 

D. For the IWD permit WMP only: 
1. Pretreatment plan for discharge to King County combined sewer. 
2. Plan shall be prepared, stamped, dated and signed by a Professional Engineer licensed in 

the state of Washington. 
3. Treatment methods to meet the discharge limits. 

1.06 MONTHLY MONITORING REPORTS 

A. Submit Discharge Monitoring Reports and Self-Monitoring Reports as required by the permits on 
the forms provided by the Project Representative no later than seven days following the end of 
the sampling period for discharges.  When a pollutant is monitored more frequently than required, 
include in data calculations and reporting. 

B. Include Certifications as indicated in this Section. 
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1.07 REPORTABLE EVENT 

A. Provide immediate verbal notification to the Project Representative upon becoming aware of a 
Reportable Event. 

B. Cease discharge until limits and indicator levels can be met. 

C. Submit a written report of the Reportable Event: 
1. The report shall include the following information: 

a. A description of the Event. 
b. Exact dates and times. 
c. Any sampling data taken associated with the Reportable Event. 
d. The steps taken or planned to be taken to reduce, eliminate, and prevent reoccurrence of 

the Reportable Event. 
2. Submit written notification to the Project Representative within two days of the initial Event 

occurrence. 

1.08 ECOLOGY TAPE OR C-TAPE APPROVED STORMWATER TREATMENT TECHNOLOGY 
SYSTEMS  

A. Sizing of treatment processes to be coordinated with the flow rates anticipated for each location.  

B. Provide documents required by Ecology to receive formal approval. 

C. Use only chemicals and treatment systems with a current GULD. 

D. Submit monitoring records and operating period information weekly for CESF and ECST as 
outlined in the GULD. 

1.09 CERTIFICATION STATEMENT 

A. When required on reports, provide the following signed certification: 
1. “I certify under penalty of law, that this document and attachments were prepared under my 

direction or supervision in accordance with a system designed to assure that qualified 
personnel properly gathered and evaluated the information submitted.  Based on my inquiry 
of the person or persons who manage the system, or those persons directly responsible for 
gathering information, the information submitted is, to the best of my knowledge and belief, 
true, accurate, and complete.  I am aware that there are significant penalties for submitting 
false information for knowing violations.” 

B. Required for: 
1. Discharge Monitoring Reports 
2. Self Monitoring Reports 
3. Reportable Event Notifications 
4. Monitoring records and operating period information for TAPE or C-TAPE approved 

stormwater treatment systems with a current GULD. 

1.10 CONTINGENCY PLAN 

A. Describes actions to be implemented in the event of Non-dischargeable Water following 
treatment and if treatment components are not in place. 

B. Procedures for revising and adjusting the water treatment system to treat water to meet discharge 
requirements. 

C. Procedures for storage of water. 

D. Procedures for off site legal disposal of the water including identification of the transporter(s) of 
the water and location of disposal. 

E. Be responsible for all actions of the Contingency Plan when implemented. 
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1.11 GENERAL REQUIREMENTS 

A. Be responsible for management and disposal of water generated to complete the Work.   

B. Contaminated Water will be encountered in excavations and requires treatment prior to 
discharge.  No groundwater remediation shall be required. 

C. Meet requirements of applicable permits included in Section 01062. 

D. Site Water discharged to Receiving Water shall be in accordance with the NPDES-CSWGP, 
Ecology Administrative Order and other applicable standards.    

E. If treatment system components are not in place and have not been inspected and authorized by 
the permittee, , Site Water shall be transported off site and disposed of in accordance with the 
Contingency Plan described in this Section. 

F. Activities associated with this Section shall be documented in the Site Log Book.  Submit to the 
Project Representative when requested. 

G. Process Water shall be pre-treated and discharged to the sanitary sewer in accordance with IWD 
Authorization or transported off site to a legal authorized disposal site if the IWD has been 
authorized for the discharge. 

H. Conduct work in accordance with the Water Management Plan and applicable federal, state, and 
local statutes, regulations, and standards. 

1.12 MONITORING EQUIPMENT 

A. Field equipment to be used shall meet the requirements in Table 1. 

Table 1 – Field Equipment Specification 

Parameter Range Accuracy Resolution 

pH 0 – 14 units +/- 0.5 pH units 0.5 pH units 

Turbidity 0 – 1,000 NTU, with range 
selection of 0 – 9.99, 0 – 99.9, 0 

– 1000 NTU 

+/- 2% of reading, +/- 3% if 
turbidity is 500 NTU or 

more 

0.01 NTU on 
lowest range 

1.13 SITE CONDITIONS 

A. Contaminated groundwater is present within the limits of the work and can migrate within the 
soils. 

B. Data from environmental sampling and analysis completed for the project are contained in the 
Geotechnical Data Report (GDR).   

C. Contaminated Water is not expected to be considered a RCRA Hazardous Waste or state of 
Washington Dangerous Waste. 

PART 2  PRODUCTS (NOT USED) 

PART 3  EXECUTION 

3.01 GENERAL 

A. See Attachment A of this Section for Site Water discharge protocols for both the north and south 
side of the Ship Canal. 
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B. Discharge allowed only at the points indicated in the Drawings. 

C. If discharge of Site Water sampling and analysis shows that the discharge does not meet 
Dischargeable Water requirements after revision of treatment systems per Attachment A, 
implement Contingency Plan. 

D. Be responsible for control of surface water, including on roadways where active work occurs, 
during both dry and wet weather.  In the area of active work, water flow is prohibited from entering 
the storm drain system and is the responsibility of the Contractor to collect, treat, and discharge 
or haul from Site. 

E. Uncured Concrete that is placed in direct contact with water or water used to wash concrete 
handling equipment and tools will become toxic to aquatic life.  Do not directly discharge water 
that has come into contact with Uncured Concrete to surface water bodies or conveyance 
systems. 

F. Prevent construction wastes such as, but not limited to, paper, wood, garbage, sanitary wastes, 
and fertilizer, from leaving the Site and entering waterways.  Dispose of wastes off site at a legal 
disposal site authorized for such wastes in such a manner that it cannot enter a waterway or 
cause water quality degradation. 

3.02 COMPLIANCE WITH STANDARDS  

A. Site Water discharges shall comply with following standards as applicable:  
1. Chapter 173-201A WAC. 
2. Chapter 173-200 WAC. 
3. KCC 28.84.060. 
4. Human health-based criteria in 40 CFR Part 131.36. 
5. Facilities that discharge either directly or indirectly via a stormwater conveyance system to 

waters listed as impaired by the State under Section 303(d) of the Clean Water Act, shall 
comply with Washington State Water Quality Standards of the named pollutants.   

6. Only discharges meeting the definition of Authorized Discharges are allowed. 

3.03 SAMPLING AND ANALYSIS OF SITE WATER DISCHARGES TO RECEIVING WATER 

A. Unless otherwise indicated, at a minimum, perform turbidity and pH sampling and analysis at 
points of discharge daily. 

B. Perform for petroleum hydrocarbons, metals, and Section 303(d) listed pollutants per the 
sampling and analysis plan and to meet the NPDES and Ecology Administrative Order. 

C. Perform sampling and analysis at the Receiving Waters at representative times and locations 
when the Contractor becomes aware of a situation when Washington State Water Quality 
Standards are not being met.  

D. Sampling and analysis of discharges from a TAPE or C-TAPE approved stormwater treatment 
system with a current GULD shall be in accordance with the Ecology approved GULD per the 
Water Management Plan. 

E. For non-TAPE and non-C-TAPE discharges, Site discharge to the Receiving Waters shall be 25 
NTU or less.  If 25 NTU is exceeded in any sample, the following steps shall be followed: 
1. Ensure all BMPs, as specified in Section 02270, are installed and functioning as intended. 
2. Assess whether additional BMPs shall be implemented and document the modified BMPs in 

the SWPPP as necessary. 
3. Sample discharge twice daily at the point of discharge until the discharge is: 

a. 25 NTU or lower. 
b. Washington State Water Quality Standards are met. 

3.04 SEWER DISCHARGE TREATMENT, SAMPLING, AND ANALYSIS 

A. Sample discharges to the sewer as required by the IWD Authorization. 
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B. Submit daily discharges monthly on the Self-Monitoring Report form provided by the Project 
Representative. 

3.05 TREATMENT FOR DISCHARGE TO RECEIVING WATERS 

A. Discharge to Receiving Waters requires Ecology approval prior to discharge. 

B. Effectiveness of treatment: 
1. Required to be provided to Ecology using empirical sampling results prior to discharge. 
2. A minimum of four weeks of sampling results (submitted weekly) shall be provided to Ecology 

prior to Ecology authorization of discharge to Receiving Waters. 
3. Prior to effectiveness of treatment being approved by Ecology, follow the flow chart in 

Attachment A for discharge.  
4. All limits in the NPDES-CSWGP and associated Ecology Administrative Order shall be met 

prior to discharge. 

C. Use Ecology TAPE or C-TAPE approved stormwater treatment technology systems when 
sediment tanks, ponds, traps, and filtration systems are not sufficient to prevent the discharge 
from causing an exceedance of standards in this Section. 

D. Use appropriate treatment technology to reduce contaminant concentrations to meet NPDES-
CSWGP and the associated Ecology Administrative Order criteria, SMMWW, and other standards 
in this Section. 

E. Perform treatment in accordance with Ecology approval and the GULD issued for the treatment 
process. 

3.06 FINES 

A. Be responsible for fines from governing authorities incurred from non-compliance with regulations 
and permit requirements. 

3.07 LEACHATE 

A. Do not allow leachate from its solid waste material to enter State Waters without providing known, 
available, and reasonable methods of treatment, nor allow such leachate to cause violations of 
Chapter 173-201A WAC or Chapter 173-200 WAC.   

END OF SECTION 
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SECTION 02310 

TURBIDITY CURTAIN 

PART 1  GENERAL  

1.01 SUMMARY 

A. This Section specifies requirements relating to the use of turbidity curtains.  

B. Turbidity curtain shall be used in accordance with Section 02323 to meet all permit requirements 
established by regulatory agencies.  

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporated by reference the latest revisions of the 
following documents.  These references are part of this Section as specified and modified.  In 
case of conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference   Title 
ASTM D4491 Standard Test Method for Water Permeability of Geotextiles by 

Permittivity 
ASTM D4595 Standard Test Method for Tensile Properties of Geotextiles by 

the Wide-Width Strip Method 
Chapter 173-201A WAC Water Quality Standards for Surface Waters of the State of 

Washington 

B. Qualifications:  Manufacturer; at least ten years’ experience in the design and manufacture of 
turbidity curtains of the size and type to be used.  

1.03 SUBMITTALS  

A. Procedures:  Section 01300. 

B. Qualifications 

C. Details of the curtain including: 
1. Curtain shop drawings including floats, skirt depth and material, connectors, ballast and 

tensioning system.  
2. Design calculations indicating the effectiveness of turbidity reduction will meet or exceed 

permit requirements.  
3. Installation plan and method of deployment. 
4. Anchoring plan.  
5. Maintenance plan. 
6. Methods for providing entry and exit through curtain(s).  

D. Weekly Inspection Reports 

1.04 CONSTRAINT 

A. The requirements of this Section shall be met before marine construction activities commence in 
the Lake Washington Ship Canal (LWSC).  

1.05 GENERAL REQUIREMENTS 

A. Design, manufacture, install, and maintain turbidity curtain for the duration of the in-water work in 
the LWSC. 

B. Manufacturer’s representative shall be on-site during the entire curtain installation until the 
completion and certify that the installation meets industry standard installation requirements. 
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C. Work shall be accomplished per the JARPA, attached to Section 01062, expect as modified by 
the Hydraulic Project Approval (HPA).  Maintain a copy of these permit related plans on-site 
during all phases of the in-water work. 

1.06 DESIGN REQUIREMENTS 

A. Design Criteria:  
1. The curtain system shall float above the water surface and extend to the bottom of the Ship 

Canal.  
2. Design the curtain system shall have a useful life of at least 24 months. 
3. Design the curtain system for all wind, wave, and current conditions at the Site as well as the 

anticipated varying LSWC water levels.  

PART 2  PRODUCTS 

2.01 CURTAIN FABRIC 

A. Turbidity Curtain: 
1. Impervious Section: Heavy-weight, flexible, nylon-reinforced, thermoplastic, minimum 22 

oz/sy. 
2. Meets the requirements of ASTM 04491 and ASTM 4595. 

2.02 CONNECTORS 

A. Provide the curtain with appropriate number of galvanized steel snap hooks and rings for 
connecting load lines. 

2.03 FLOTATION 

A. Provide a sufficient flotation system to keep the top of the curtain at or above the water surface 
with a minimum of 6 inches of freeboard at all times. Flotation devices shall be yellow or 
international orange in color unless otherwise required by local U.S. Coast Guard regulations. 

2.04 BALLAST AND ANCHORAGE 

A. Curtain(s) shall be equipped with a galvanized chain integrated into the bottom of the fabric to 
keep the curtain vertical.  

B. Fit the curtain(s) with galvanized wire rope with vinyl coating of sufficient strength to resist all 
internal and external loadings. 

PART 3  EXECUTION 

3.01 GENERAL 

A. In water work shall meet Chapter 173-201A WAC requirements. 

B. Provide the curtain with additional longitudinal panels that can be added when the ship canal 
water level rises and removable panels that can be pulled out when the Ship Canal level drops. 

C. Access Gate: Provide means for movement of Contractor’s equipment or materials through the 
curtain as may be required for Contractor’s operation. 

D. Modify turbidity curtain as required to meet Project Representative and regulatory agency 
requirements. 
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3.02 CURTAIN ANCHORAGE 

A. Curtain(s) shall also be anchored to the ship canal bed to prevent excessive displacement from 
wind, waves, and currents. The anchorage shall be designed by the curtain manufacturer. 
Anchors shall be sufficiently spaced to secure the curtain and keep it stable in all conditions. 
Anchorage and/or flotation shall be designed to keep the top of the curtain(s) above the water 
surface when subjected to wind or wave forces. 

3.03 UNDERWATER BRUSH REMOVAL 

A. At the Contractor’s option, before installing the curtain, remove from the curtain alignment, all 
vegetative growth along the Ship Canal bed that might interfere with the curtain deployment and 
operation, or place the curtain in and around the vegetative growth. The width of the cleared zone 
shall be determined by the Contractor, but shall not exceed the minimum width required for 
curtain installation.  

B. Remove debris from the cleaning operation from the jobsite and dispose in conformance with all 
applicable regulations.  

3.04 INSTALLATION 

A. Provide sufficient working room that is compatible with the construction methods and also within 
the temporary or permanent easements.  

B. Deploy the curtains in conformance with the manufacturer’s recommendations. 

3.05 MAINTENANCE 

A. Maintain, repair, and adjust the curtains as necessary throughout all construction activities in the 
Lake Washington Ship Canal.  

B. The Contractor shall visually inspect the turbidity curtain(s) at least twice daily. A written copy of 
the inspection report shall be provided to the Project Representative weekly. 

C. Warning lights and markers shall be operated and maintained in accordance local maritime 
regulations. 

3.06 REMOVAL 

A. At the completion of all construction activities within the areas requiring turbidity curtains, remove 
the turbidity curtains in their entirety. This includes all anchoring devices.  

B. Do not remove the curtains until the water inside the enclosed area has cleared and meets 
background turbidity and other water quality standards.  

C. Obtain Project Representative’s approval before removing curtains.  

END OF SECTION 
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SECTION 02323 

EXCAVATION AND BACKFILL FOR MARINE CONSTRUCTION 

 GENERAL Part 1 

 SUMMARY 1.01

 This Section specifies the work necessary for installation of the CSO pipeline in the waters of the A.
Lake Washington Ship Canal (LWSC) shown on the Drawings and as herein specified. 

 This Section also specifies disposal of the LWSC sediment and soils that shall be assumed to be B.
contaminated and require disposal at a managed waste facility. 

 Work within the LWSC shall be in strict accordance with the Joint Aquatic Resources Permit C.
Application (JARPA) included in Attachment A of Section 01062. 

 QUALITY ASSURANCE 1.02

 Referenced Standards: This Section incorporates by reference the latest revision of the following A.
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the more 
stringent requirements shall prevail. 

Reference Title 
Chapter 173-350 WAC Solid Waste Handling Standards 
Chapter 170.105 RCW Hazardous Waste Management 

 Qualifications B.
 Qualified Biologist: 1.

 A qualified biologist shall be defined as any person who has completed at least four years a.
of university training in wildlife biology or a related science and has demonstrated field 
experience in the identification and life history of salmonid species in the State of 
Washington. 

 SUBMITTALS 1.03

 Procedures: Section 01300. A.

 Qualifications for proposed Qualified Biologist. B.

 The source and type of fill materials to be supplied. C.

 Work plan and Methods Statements pertaining to the methods, equipment and techniques that it D.
plans to use for the work of this Section. 

 Schedule and sequence of work activities for work to be completed within 20 feet of the LWSC. E.

 Sheet pile cofferdam to be installed in the LWSC, in accordance with Section 02160. F.

 Testing, stockpiling, removal and disposal of sediment and soils removed from the LWSC. G.

 CONSTRAINTS 1.04

 See Section 01014 for schedule restraints on CSO replacement and work in the LWSC. A.

 See JARPA permit in Attachment A of Section 01062. B.

 PRODUCTS Part 2 

 MATERIALS 2.01

 As specified in Sections 02200 and 02160 and as necessary to complete the Work. A.
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 EXECUTION Part 3 

 GENERAL 3.01

 All Work related to the CSO replacement and conducted below the ordinary high water mark A.
(OHWM) of the LWSC shall be conducted in accordance with the construction BMPs listed on the 
Drawings and in the JARPA permit. 

 Turbidity monitoring shall be conducted during installation and removal of the sheet pile B.
cofferdam. 

 EXCAVATION 3.02

 Sheet pile cofferdam shall be installed and removed in accordance with the requirements of the A.
JARPA permit, including utilization of a vibratory hammer and installation of a turbidity curtain as 
specified in Section 02310.  Use of an impact hammer will not be allowed. 

 Prior to the first unwatering of the sheet pile cofferdam, the water shall be drawn down to such a B.
point that the Qualified Biologist can access the area as required by the permit and remove any 
salmonids trapped within the cofferdam. 

 The Contractor shall be responsible for excavation of underground and underwater utilities and C.
structures prior to excavation and shall take precautions to avoid damaging utilities or structures 
in the process of the Work. Existing utilities and other structures that are disturbed or damaged 
shall be reported to the Project Representative and restoration and repairs shall be made 
immediately. 

 An excavation of suitable size and depth shall be made at the work site of the new CSO outfall so D.
that the invert of the outfall pipe when placed is at the same end location as the existing CSO 
outfall. 

 A trench shall be excavated in the LWSC bottom of sufficient depth to accommodate the work E.
shown on the Drawings.  

 The profile of the trench bottom shall be such that upon pipe installation the maximum pipe joint F.
gap will not exceed ¾-inch. 

 In excavating for and installing the pipe, care shall be taken to keep the disturbance in the LWSC G.
to a minimum. The method shall be of a type to control or reduce dispersion of the excavated 
material.  The method shall have been utilized by the Contractor for a similar type of operation 
with a proven successful record.  A turbidity curtain and sheeting, together with other techniques 
and equipment, shall be used to contain any fines that cause siltation or may drift offsite.  Any 
work causing excessive disturbance shall be stopped until corrective measures are taken. 

 Excavated material shall be considered to be contaminated material.  Materials shall be removed H.
from the LWSC, handled, tested and disposed of according to this Section. 

 BACKFILL 3.03

 Trench Backfilling (excavated material) A.
 Backfilling of the pipe shall follow as closely as practicable behind the laying of the pipe.   1.
 Backfilling shall be done with extreme care to prevent large amounts bedding or backfill 2.

material causing a buildup of more material on one side of the pipe than on the other side.  
Bedding material shall be placed on the sides of the pipe to fill in the sides, haunches, and 
underneath prior to placing material on top of the pipe. 

 Backfilling shall be done so that the backfill material is not dropped from over three feet 3.
above the pipe and shall be deposited in the trench in layers not exceeding 12 inches in 
thickness and carried across the width of the trench. 

 The Contractor shall install a turbidity curtain in the waterway around the active in-water work 4.
area. 
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 Cover Stone B.
 On top of the trench backfill, a layer of riprap cover stone shall be placed over the backfilled 1.

pipelines. Use specified material to fill gaps between riprap. See Drawings and Section 
02200.   

 Riprap shall be new material of the same size and gradation as existing. Existing riprap within 2.
the excavation limits shall be disposed offsite. 

 The stone shall be placed by means that deliver it to the LWSC bottom without dropping over 3.
three feet and without damaging the new CSO pipe. 

 The cover stone shall be placed in a continuous layer across and along the trench to a 4.
minimum depth indicated on the Drawings. 

 DISPOSAL OF CONTAMINATED MATERIAL 3.04

 Environmental sampling was completed that identifies contamination of the sediment and shallow A.
soils (contaminated soil) of the LWSC.  The sampling procedures, location and contaminants are 
documented in the GDR. None of the suspect material is expected to be RCRA Hazardous Waste 
or Dangerous Waste, as defined by the State of Washington. 

 The Contractor shall sample and conduct qualified laboratory testing on materials to be removed B.
from the LWSC.  The testing shall be completed as required by the disposal site to designate soil 
for disposal on the basis of the test results.  Laboratory results shall be submitted to the Project 
Representative within 24 hours of receipt by the Contractor.  

 The Contractor shall handle, stockpile, test and dispose of contaminated materials according to C.
its work plan and in accordance with Chapter 173-350 WAC and Chapter 70.105 RCW.  King 
County will sign as the generator of contaminated soil. 

 The Contractor is responsible for treating or conditioning of contaminated excavated material that D.
is too wet or soupy to be acceptable for direct disposal at a disposal site.  This includes 
excavated material with water and other fluids segregating and bleeding from the solid waste 
during transport to the landfill.  Water and other fluids (leachate) removed from the contaminated 
excavated waste shall be treated and disposed of. 

 The Contractor shall provide watertight conveyance for any liquid, semi-liquid, or saturated solids E.
which tend to bleed during transport. No liquid loss from transported materials shall be permitted 
whether being delivered to the construction site or being hauled away for disposal. Fluid materials 
hauled for disposal shall be specifically acceptable at the selected disposal site. 

 If laboratory test results indicate materials are Hazardous or Dangerous Waste, as defined by the F.
State of Washington, the County will be responsible for additional costs associated with testing 
and disposal. 

END OF SECTION 
 



 

Gloria G Soto
Typewritten Text



 

 
Fremont Siphon Project C00762C14     MICROTUNNELING 
July 2014 02345 - 1 

SECTION 02345 

MICROTUNNELING   

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies the requirements for microtunneling installation of Carrier Pipe (single 
pass) and for the microtunnel installation of Casing Pipe and associated Carrier Pipe (two pass). 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
API 13A Drilling Fluid Materials 
ASTM C33 Standard Specification for Concrete Aggregates 
ASTM C150 Standard Specification for Portland Cement 
ASTM C494 Standard Specification for Chemical Admixtures for Concrete  
AWS D1.1 Structural Welding Code – Steel 
API Standard 1104 Welding of Pipelines and Related Facilities 

B. Qualifications: 
1. Microtunnel Boring Machine (MTBM) Manufacturer:  

a. As evaluated during the bid evaluation.  See Section 00440. 
2. Microtunneling Contractor: 

a. As evaluated during the bid evaluation.  See Section 00440. 
3. Microtunneling Superintendent: 

a. As evaluated during the bid evaluation. See Section 00440. 
4. Microtunnel Boring Machine (MTBM) Operator: 

a. Experience as a MTBM operator on three projects in the last ten years utilizing 
pressurized face microtunneling and having a tunneled finished diameter of 48-inches or 
greater.  Two of the three projects shall include a minimum of 35 feet of groundwater 
head and constructed in very dense, glacially overridden soils with Cobbles and 
Boulders. 

5. Instrumentation Specialist:  per Section 02121. 
6. Slurry Separation System Specialist: 

a. Experienced in the chemistry, design, and implementation of slurry systems (services) 
and the soil separation for soft ground indicated. 

b. Provided the services on a minimum of five projects in the past five years. 
7. Welders: 

a. Currently certified by the AWS. 

1.03 SUBMITTALS  

A. Procedures:  Section 01300.  

B. Qualifications 

C. Microtunneling System Plan: 
1. Meet with the Project Representative regarding the proposed submittal and its content within 

60 days of NTP prior to initial submittal.  If subsequent meetings are required, meet as 
requested by the Project Representative. 
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D. MTBM: 
1. Copy of the executed purchase and sale agreement between the Contractor and the MTBM 

Manufacturer for the purchase / lease of the MTBM.  Include details of all the components to 
be provided and the terms and conditions of the agreement.  Provide at the Preconstruction 
Conference indicated in Section 01200. 

2. Detailed schedule update (weekly) of fabrication, testing, and delivery.  

E. Microtunneling system tests prior to each drive. 

F. Reports and records: 
1. MTBM Post-Drive Inspection report completed by the MTBM Manufacturer between the first 

and second drives. 
2. Alignment surveys and checks:  Prior, during, and at completion of Casing Pipe installation. 
3. Daily microtunnel operation records and measurements. 
4. Daily record of microtunnel system maintenance and repairs. 
5. Geotechnical instrumentation  

G. Pipe repair procedures. 

1.04 DEFINITIONS 

A. Microtunneling: 
1. A construction technique used to excavate and jack into place a pipeline using a remotely 

controlled microtunnel boring machine (MTBM). 
2. The MTBM circulates slurry through the excavation chamber to remove the soil and Cobble 

and Boulder excavation cuttings while simultaneously installing pipe.  The slurry pressure 
provides support of the excavation and balances soil and groundwater pressure as the tunnel 
excavation advances. 

3. The microtunneling machine is operated from a console at the ground surface adjacent to the 
launch shaft and utilizes a laser or theodolite guidance system to control tunnel line and 
grade. Personnel entry not required for routine operation. 

B. Intermediate Jacking Station (IJS): 
1. A series of hydraulic jacks spaced around the pipe circumference and temporarily installed 

between two pipe segments. 
2. The jacks are installed inside a pipe fabricated to the same outside diameter as the jacking 

pipe. 
3. The jacking station is used to distribute the thrusting force along the pipe string by dividing 

the string into independent reaches. 

C. Boulders:  A rock that will not pass through a 12-inch square opening, no matter how it is oriented 
in the opening.  Boulder sizes are defined by the smallest opening the boulder can be oriented to 
pass through. 

D. Carrier Pipe:  
1. Single pass system: 

a. Installed directly by jacking from the launching or jacking shaft. 
b. Once installed, the pipe becomes the conduit for the flow. 
c. Designed to withstand the jacking forces exerted during construction and all long-term 

loads on the Carrier Pipe. 
2. Two pass system: 

a. Installed within the Casing Pipe from one of the shafts at either end of the tunnel. 
b. Annular space between the Casing Pipe and Carrier Pipe filled with grout. 
c. Designed to withstand all long-term loads on the Carrier Pipe. 

E. Casing Pipe:  
1. Single pass system: 

a. Installed directly by jacking from the launching or jacking shaft. 
b. Once installed, the pipe becomes the conduit for the flow. 
c. Designed to withstand the jacking forces exerted during construction and all long-term 
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loads on the Casing Pipe. 
2. Two pass system: 

a. Installed directly by jacking from the launching or jacking shaft. 
b. Designed to withstand the jacking forces exerted during construction and all short-term 

loads on the Casing Pipe until the Carrier Pipe is installed and the annulus between it 
and the Casing Pipe is backfilled with grout. 

F. Cobbles:  Soil particles between 3 inches and 12 inches in size in their longest dimensions in 
accordance with the United Soil Classification System.   

G. Cohesive Clay and Silt (CCS): Soil unit CCS consists of very stiff to hard, interbedded silt and 
clay.  CCS contains layers and lenses of TLD and CSG.  Cobbles will be present in this deposit.  

H. Cohesionless Sand and Gravel (CSG):  Soil unit CSG consists of dense to very dense sand with 
varying amounts of silt and gravel, as well as sandy gravel.  CSG contains layers and lenses of 
TLD and CCS. These layers and lenses will impede downward/upward and lateral movement of 
groundwater within CSG. CSG may also contain scattered organics. Cobbles and Boulders will 
be present in this deposit.  

I. Contact Grout: The grout injected into the External Void Space at the completion of the pipe 
jacking operation. 

J. Cutterhead Opening Ratio (COR): The percentage of total open area on the MTBM cutterhead. 

K. External Void Space: Void created between the pipe installed by microtunneling and the in situ 
soil, caused by the MTBM overcut or overexcavation.   

L. Lost Ground: Exceeding the theoretical excavation volume at any time during the Microtunnel 
Drive. 

M. Maximum Anticipated Jacking Load:  The calculated maximum jacking force required to complete 
the Microtunnel Drive including penetration of the retrieval shaft wall. 

N. Microtunnel Drive:  The drive starts after the penetration of the extrados of the shaft wall and 
ends with the contact of the extrados of the retrieval shaft. 

O. Pipe Jacking Lubricant: The bentonite and polymer injected into the External Void Space to 
reduce friction between the jacked pipe and the in situ soil during the pipe jacking operation. 

P. Slurry Pressure Balance System:  A tunneling system that uses a pressurized fluid to counter 
balance the ground and water pressure at the face of the tunnel and to transport the excavated 
spoil to the surface. 

Q. Till and Till-Like Deposits (TLD):  Soil unit TLD has a high spatial variability and will grade over 
short distances from an unsorted mixture of gravel, sand, silt, and clay, to an unsorted mixture of 
silt, sand, and gravel to clean or relatively clean sand and gravel.  TLD contains layers and lenses 
of CSG and CCS, which are adjacent to and transitional in nature with these TLD soils. TLD is 
characterized as dense to very dense or hard.  Cobbles and Boulders will be present in this 
deposit. 

1.05 MICROTUNNELING SYSTEM PLAN 

A. MTBM and ancillary equipment: 
1. Manufacturers’ literature describing in detail the equipment and the system. 
2. Machine type, dimensions, weight, power, torque, rotational capabilities, machine articulation 

and steering capabilities. 
3. Grade and alignment control system. 
4. Cutterhead: 

a. Method and distance of cutterhead retraction. 
b. Configuration of cutterhead with reasoning for selected tools and configuration, certified 

by the Manufacturer designer of the cutterhead. 
5. Method of tunnel spoils removal, decanting, and disposal. 
6. Method of handling Cobbles and Boulders Baselines for the Microtunnel in this Section 



 

 
Fremont Siphon Project C00762C14     MICROTUNNELING 
July 2014 02345 - 4 

including the rationale for the cutterhead opening ratio (COR).  Certification by the 
Cutterhead designer shall be submitted to meet this requirement. 

7. Selected overcut and reasons for selecting the amount. 
8. How the system meets each of the Design Requirements and will excavate the soils, Cobbles 

and Boulders Baselines and indicated in this Section. 

B. Jacking mechanism design including, but not limited to: 
1. Capacity, number, location, and arrangement of main jacks and intermediate jacks. 
2. Details of thrust restraint for jacking reaction frames. 
3. Anticipated jacking force curve (including use of the IJS) for ground conditions and 

Microtunneling Baselines indicated in this Section with supporting calculations stamped, 
dated, and signed by a Professional Engineer licensed in the state of Washington. Detail all 
assumptions used in the calculations. 

4. Jacking force monitoring and recording details. 

C. Casing Pipe: 
1. Wall thickness, inside diameter, and steel grade. 
2. Joint configuration. 
3. Description of Casing-imposed limitations on MTBM steering if more stringent than a 

maximum steering input of 1 inch in 25 feet of length. 
4. Calculations demonstrating Casing Pipe is adequate to withstand all anticipated loading 

conditions, stamped, dated, and signed by a professional engineer licensed in the state of 
Washington. 

5. Single Pass: Section 02627. 

D. Detailed tunneling activity description with assumptions of time for each drive length including at a 
minimum, but not limited to:  MTBM setup and testing, each Casing installation and welding; 
maintenance; repairs; mining; seal installation; separation system operation; ground improvement 
for each launch and receiving shaft; and inspection of the MTBM after the first drive.   

E. Shop drawings for the IJS showing size, anticipated location, and details of seals. 

F. Detailed layout drawings of each microtunnel jacking and receiving shaft. Include: 
1. Tunneling direction and sequence. 
2. Main hydraulic jack configuration. 
3. Thrust reaction backstop design. 
4. Pipe rail layout. 
5. Pipe entrance and exit seal detail that resists the expected groundwater, lubrication, and 

grouting pressures based on soils and groundwater expected.  Include calculations. 
6. Ventilation details. 
7. Ground improvement at each shaft as determined by the Contractor.  Include technical basis 

for selected ground improvement, and necessary calculations. 
8. Power system for all equipment. 

G. Details of pipe jacking lubrication injection system to be used during pipe jacking:  
1. Include injection port locations, injection pressures, and pipe jacking lubrication mix. 
2. Pressure gages: 

a. Provide at the pump.  
b. Suitable for the intended application.  
c. Capable of measuring full range of pressures. 
d. Sized such that the maximum anticipated pressure registers between 50 percent and 75 

percent of the full range of pressures covered by the gage. 

H. Details of contact grouting program: 
1. Mix design. 
2. Detailed grouting procedure including injection locations, sequence, and pressures. 
3. Calculations stamped, dated, and signed by a professional engineer licensed in the state of 

Washington demonstrating the grouting pressures and the maximum grouting pressure 
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allowed that will not damage the Casing Pipe and will not cause grout to be forced to the 
ground surface or into the Lake Washington Ship Canal, 

4. Method for controlling grout pressures. 
5. Method for preventing soil and water inflows into the Casing Pipe during grouting. 
6. Method for demonstrating complete filling of the External Void Space. 
7. Layout and description of grouting equipment and facilities. 

I. Slurry Quality Control Plan: 
1. Identify the target slurry viscosity range and density and describe how these will be measured 

and maintained. 
2. Identify additives to the slurry. 
3. Identify legal off site disposal of all soils and liquids from the soils separation operation. 
4. Identify legal off site transport and disposal of planned residual slurry that is not separated 

and requires off site disposal. 
5. Identify responsible staff and Slurry Separation System Specialist roles and responsibilities. 
6. Prepared and certified by the Slurry Separation System Specialist. 

J. Separation Plant: 
1. Layout with connecting piping and size and flow diagram including screen sizing of slurry 

separation system equipment. 
2. Listing of all components of the separation system and their function including, but not limited 

to:  centrifuges, clarifier, and mud separation plant. 
3. Include how each component works in series or parallel to meet the production rate 

anticipated. 
4. Integrate and identify the hours of operation of the separation system to meet the planned 

daily production rate for the soils, Cobbles, and Boulders Baselines and as indicated in this 
Section. 

5. Prepared and certified by the Slurry Separation System Specialist. 

K. Tunnel spoils handling and disposal plan including: 
1. Slurry handling. 
2. Slurry dewatering. 
3. Decanted liquid disposal plan. 
4. Chemical feed options and polymers used to aid settling. 
5. Settleability tests if additives are proposed for any spoil material removed. 
6. Stockpile locations and environmental protections. 

L. Written statement verifying that the thrust reaction frame backstop loads have been transmitted to 
the Contractor’s TSESS Designer per Section 02180 for use in the design of shaft.  

M. Tunnel Safety Plan: 
1. Provide detailed descriptions of the health and safety elements for microtunneling including a 

Tunnel Safety Plan and Emergency Rescue Plan that meets the requirements of Section 
01063. 

2. It shall be anticipated that workers may have to enter the tunnel at any time.  Include 
drawings and method statements for health and safety equipment installations including 
those required for air quality monitoring, fire protection, and gas detection. 

N. Shafts:  Per Section 02180. 

O. Shaft ventilation and lighting layout details and calculations. 

P. Noise levels anticipated by various elements and equipment utilized in the microtunneling 
operation both on surface and in shaft and detail how the City of Seattle noise control 
requirements will be met.  Coordinate with Section 01560. 

Q. Site water handling and discharge:  See Section 02271. 

R. Site layout: 
1. Plan view drawing for the jacking shaft showing tunneling operation including: 

a. Location of truck access. 
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b. Separation plant 
c. Ancillary equipment. 
d. Pipe material storage. 
e. Electrical equipment. 
f. Control container. 
g. Spoils stockpiling area. 

S. Maintenance Plan: 
1. Identify the components to be inspected and maintained and the frequency of that inspection 

and maintenance. 
2. Certify that the Plan meets the minimum requirements of the MTBM Manufacturer for the type 

of ground and Baselines indicated in this Section. 

T. Contingency Plan: 
1. Plan to meet specified line and grade tolerances should MTBM steering not be sufficient to 

meet the specified requirements. 
2. Unable to separate spoils from slurry. 
3. Laser distorted by heat, humidity, or physical disturbance. 
4. Jacking forces increasing dramatically or suddenly. 
5. Jacking forces reach design capacity of pipe, jacking frame, or thrust wall.   
6. Excessive settlement and subsidence. 
7. Slurry loss from tank or hydrofracture/slurry returns to ground surface or Lake Washington 

Ship Canal. Specifically, address the Plan for the locations of the two soil borings in the Ship 
Canal (BH-01 and BH-02) that were backfilled with bentonite chips that provide minimal 
resistance to pressurized fluids. 

8. Overexcavation that can cause settlement when the MTBM is beneath the shore and when 
beneath the Lake Washington Ship Canal. 

9. Groundwater inflows to shaft increase significantly and transports fines into shaft. 

U. Power source and setup for the microtunneling operations. 

1.06 DESIGN REQUIREMENTS 

A. Be responsible for the selection and design of the MTBM and its associated components in 
consideration of the minimum indicated requirements. 

B. Be responsible for the means and methods employed using the MTBM, the slurry separation 
system, and all ancillary equipment. 

C. MTBM: 
1. A new MTBM, certified by the MTBM Manufacturer as new, is required for the microtunneling 

operation; a refurbished or previously used MTBM, with or without manufacturer certification, 
is prohibited.  The MTBM shall meet all the requirements in this Section, be procured 
specifically for this Contract, and never have excavated any ground. 
a. Use the MTBM Manufacturer evaluated in the bid evaluation.  See Section 00440. 

2. General: 
a. Slurry pressure balance shield type. 
b. Design for twice the hydrostatic head calculated from the piezometric level indicated. 
c. Capable of supporting the face of the excavation both during excavation and during shut 

down. 
d. Capable of maintaining pressure applied at the face to balance the groundwater 

hydrostatic pressure without the use of external dewatering system and simultaneously 
permit removal of excavated material.   

e. Capable of positively measuring and recording the earth pressure at the face of the 
excavation. 

f. Main drive power:   
1) Single Pass System: 160 kW minimum available. 
2) Two Pass System: 250 kW minimum available. 

g. Utilizes hydraulic main drive motors. Electric motors are prohibited. 
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h. Designed for the drive length of the two drives, ground conditions and Microtunneling 
Baselines indicated in this Section. 

i. Capable of excavating and removing all materials indicated and as Baselined in this 
Section. This includes the capacity to pass, crush, excavate, transport, and cut gravel, 
Cobbles, and Boulders. 

j. MTBM shall be capable of being retracted to disengage the cutterhead from the 
excavation face. 

k. Cutterhead: 
1) Equipped with disc type cutters to fracture Cobbles and Boulders for the Cobble and 

Boulder Baselines and for the soils as indicated in this Section. 
2) Cutterhead Opening Ratio (COR):  25% maximum in total.   
3) Designed to allow cutting tools to be replaced from within the excavation chamber 

(back loading). 
4) Designed to allow face access from within the MTBM.  
5) Tools attached to the cutterhead shall be new prior to the start of each Microtunnel 

Drive. 
6) The cutterhead and the tools shall be prepared and capable of efficiently excavating 

the ground conditions and Microtunneling Baselines indicated in this Section 
including the Abrasivity Baseline.  

3. Line and grade: 
a. Laser guided and articulated to enable steering of the system to allow continuous 

alignment monitoring and course correction. 
b. Laser guidance system with a continuous digital readout display of x and y coordinates 

correlated to the location of the machine along the z axis; and pitch, yaw, and roll of the 
MTBM to plus or minus 0.01 foot and plus or minus one degree. 

c. Laser guidance equipment shall be calibrated at a minimum before each drive. 
d. Laser guidance equipment shall be checked regularly and kept in calibration. 

4. Other capabilities: 
a. Provisions that allow the void space created by the overcut to be continuously filled with 

bentonite and polymer type lubricant. Provide system and valves to allow independent 
lubricant injection separately between each injection port. 

b. Provides for efficient removal of muck. 
c. Equipped with automatic, continuous, real-time electronic data logging as indicated. 

5. Configuration and construction of the MTBM system, separation system, and ancillary 
equipment to resist very abrasive soils, Cobbles, and Boulders indicated in this Section. 

D. Pipe jacking system: 
1. Capable of jacking each pipe section forward as the excavation progresses in such a way as 

to provide complete and adequate ground support at all times.   
2. Suitable to jack the pipe into place under ground conditions indicated in this Section. 
3. Jacking operation shall not damage the pipe or result in Lost Ground. 
4. Jacking arrangement shall develop a uniform distribution of the jacking force around the 

circumference of the pipe.  
5. Thrust reaction backstop shall be designed to support the Maximum Anticipated Jacking 

Load with a minimum factor of safety of 2.0.  
6. Thrust reaction backstop shall be square with the pipe alignment and remain square 

throughout the jacking operation. 
7. Jacking frame shall be capable of resisting the maximum loading that can be applied to the 

Casing as required in this Section. 
8. Capable of continuously monitoring the jacking pressure. 

E. IJS: 
1. Design for twice the hydrostatic head calculated from the piezometric level indicated.  Gasket 

seals shall minimize leakage. 

F. Slurry separation system: Design for the ground conditions and Baselines as indicated in this 
Section and integrate with the planned production rate. 
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G. Contact Grout:  7-day minimum unconfined compressive strength of 200 psi. 

1.07 PERFORMANCE REQUIREMENTS 

A. Tolerance of tunneled pipe segment between jacking pit and receiving pit from the design line 
and grade:  
1. Horizontal deviation: Less than six inches at any point along the alignment. 
2. Vertical deviation: Less than two inches at any point along the alignment. 

B. Plan tunneling operations and frequency and amount of lubrication to minimize the jacking forces 
throughout the mining process. 

C. Groundwater Leakage: None.  

1.08 MTBM FABRICATION, TESTING, AND DELIVERY 

A. Update the schedule weekly through delivery to the site of all components.  Review at the weekly 
progress meeting: 
1. On going work. 
2. Planned tasks in the next month. 
3. Potential issues and impacts to the schedule. 

B. Notify the Project Representative a minimum of 14 days prior to testing of the MTBM at the 
factory. 

1.09 ACCESS AND RECORDS  

A. Project Representative shall have unrestricted access to the operator control container and 
operational data, power pack container, shafts, slurry separation plant, and lubrication plant prior 
to, during, and following all jacking operations. 

B. Supply a record of operational data in electronic form and submit to the Project Representative 
daily for the previous days’ operation. The electronic data shall be compatible with Microsoft 
Excel and be collected at intervals of one minute or less. PDF file formats are not acceptable. 

C. Provide a working, secure internet-based access to real time data in the Project Representative 
office prior to commencement of microtunneling through completion of microtunneling. 

D. Maintain hardware necessary for recording and real time viewing of data at the Site. In the event 
of downtime due to hardware, stop mining, notify the Project Representative of the issue, repair 
hardware, and restore internet-based access to real time data within 48 hours of the hardware 
failure. Do not resume mining until repairs have been made and equipment is fully operational. 
Maintain recording of data at all times. 

E. Be responsible for licensing, software, and any fees associated with providing the Project 
Representative with internet-based access to real time data as described herein.    

1.10 SITE CONDITIONS 

A. Comply with Paragraph 02345-3.03, Microtunneling Baselines.  As described more fully in 
Section 00700, as modified by Section 00800, the Baselines occupy the highest order of 
precedence in the Contract for purposes of subsurface condition indications and for purposes of 
administering the Differing Site Condition clause.  In the event anything in this Paragraph 02345-
1.09 is in conflict with the Baselines in Paragraph 02345-3.03, the Baselines will govern. 

B. Soil units to be encountered during microtunneling are as defined in this Section.  

C. Cobbles and Boulders: 
1. Due to the glacial history of the Northwest, the unconfined compressive strengths of Cobbles 

and Boulders can typically range from 18,000 to 45,000 psi.   
2. Notwithstanding the typical range of compressive strengths, the presence of Cobbles and 

Boulders having an unconfined compressive strength above 45,000 psi up to 62,000 psi is 
also possible. 
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3. Due to the glacial history of the Northwest, the amounts, locations, and orientation of Cobbles 
and Boulders are random and will vary within each Microtunnel Drive and throughout the 
lengths of both Microtunnel Drives.   

D. Boring logs, laboratory testing results, and geotechnical data are provided in the GDR. 

E. The two Project soil borings in the Ship Canal, BH-01 and BH-02, were backfilled with bentonite 
chips that provide minimal resistance to pressurized fluids. Project borehole locations are 
provided in the GDR. 

F. Soils, Cobbles, and Boulders in the Northwest in the soil units of the microtunneling can be very 
abrasive. 

G. Geotechnical information:  Section 01036. 

PART 2  PRODUCTS 

2.01 CASING PIPE 

A. Minimum inside diameter based on permanent installation as indicated in the Drawings. 

B. Steel Casing design strength shall be for a minimum allowable jacking capacity of 2500 tons. 

C. Two pass system: 
1. Steel Pipe: 

a. Watertight joints: 
1) Permalok 
2) Welded 

b. Welding procedures used to fabricate steel casings shall be consistent with the 
provisions of AWS D1.1 and API Standard 1104. 

c. Dimensional tolerances: 
1) Roundness: The maximum acceptable difference between the inside diameters at 

any point along a length of casing is one percent of the nominal diameter. 
2) Straightness:  1/8 inch is the maximum acceptable straightness deviation for any 

length of casing. 
3) End of the pipe:  Perpendicular to the longitudinal axis of the pipe within 1/16 inch per 

foot of diameter with a maximum deviation of 1/4 inch measured with a straight edge 
and square across the end of the pipe. 

D. Single Pass System: 
1. Section 02627 
2. Include the design of the grout plug to meet the requirements of no leakage allowed for the 

design life of the pipe. 

2.02 CARRIER PIPE 

A. Single pass system:  Section 02627. 

B. Two pass system: Section 02626. 

2.03 CONTACT GROUT 

A. Cement: ASTM C150, Type II. 

B. Sand: ASTM C33; fine aggregate 10 percent minus no. 16 mesh. 

C. Admixtures:  
1. ASTM C494, Type A. 
2. Containing no more than 0.1 percent chloride ion by weight of cement. 

2.04 LUBRICANTS 

A. Lubricants:  
1. Conform to API 13A. 
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2. Lubricants shall be bentonite or non-toxic environmentally safe materials. 

PART 3  EXECUTION 

3.01 GENERAL 

A. The microtunneling operation shall be in accordance with the Microtunneling System Plan. 

B. Surface drainage, site water discharge, and dewatering:  Section 02270, Section 02271, and 
Section 02140, respectively.  In addition, meet the requirements of Section 01560. 

C. Work hours and constraints:   
1. See Section 01014. 
2. Do not launch each MTBM from launch (jacking) shaft until the reception shaft is completely 

in place and ready to accept the MTBM.  This does not include the installation of the 
reception seal which is constrained by the MTBM progress as indicated in this Section. 

3. Do not launch the MTBM for the second Microtunnel Drive until the contact grout operations 
for the first drive are complete. 

4. Do not launch the MTBM for the second Microtunnel Drive until MTBM Post-Drive Condition 
Report has been completed following the first drive and submitted and evaluated by the 
Contractor and Project Representative. 

D. Scheduling requirements:  See Section 01310. 

E. Examine shafts: 
1. To determine modifications needed for shaft to serve intended purpose and provide required 

performance relative to jacking operations. 
2. To certify that the shafts are constructed as required and certified for the jacking operation 

per this Section. 

F. Provide, operate, and maintain required ventilation system, air quality monitoring system, and 
lighting system for: 
1. Duration of the microtunnel operation and the Carrier Pipe installation and testing. 
2. Inspections by the Project Representative. 
3. Required personnel entries during microtunneling operations. 

G. Power source:  Be responsible for and obtain the required power source so as not to impact the 
work and schedule.  

3.02 PAYMENT STRUCTURE 

A. Microtunneling is apportioned to two bid items as indicated in Section 01025.  One is the lump 
sum included within Bid Item 1 for most of the microtunneling costs.  The second item is the 
Mining Rate identified in Bid Item 3 which is a unit price provided by the Contractor and as 
defined in Section 01025.  Typically, the costs of the unit price are included in the lump sum for 
the microtunneling, however, as described further below and in Section 01025, a unit price for the 
specific work of this Bid Item is required by the bidder.  Bid Item 3 is separate and is not part of 
Bid Item 1. 

B. The Contract provides for payment mechanism to allow for the careful and deliberate excavation 
of the soils, Cobbles, and Boulders encountered during microtunneling.  This payment 
mechanism is in the form of a Mining Rate (see Section 01025). 

C. The Mining Rate is an hourly unit price applicable for the actual mining operation during execution 
of the microtunneling work as described in Section 01025.  The intent is to encourage a 
cooperative relationship and risk sharing between the County and the Contractor to carefully 
excavate the ground conditions and the Baselines indicated in this Section during the 
microtunneling to progress the microtunnel between the launch and reception shafts for each 
microtunnel.  The unit rate is applicable as stated in Section 01025. 

D. The Incentive Provision is a potential payment and not part of the Contract Price.  If applicable, it 
is a lump sum payment based on the Contractor meeting specific requirements as described in 
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Section 01014.  The Incentive Provision is related to the microtunneling only and is available as 
described in Section 01014 only if the Contractor encounters a Differing Site Condition and/or 
demonstrates its right to receive any additional time or money as a result of a Request for 
Change Order based on a Differing Site Condition, as defined in Section 00700 as modified by 
Section 00800, for each Microtunnel Drive.  The Incentive Provision is applicable as stated in 
Section 01014. 

3.03 MICROTUNNELING BASELINES (BASELINES) 

A. The County hereby establishes the following Baselines in Paragraph 02345-3.03 for the 
microtunneling part of the Contract.  Elsewhere, in the Geotechnical Baseline Report (GBR) for 
the shafts and ground improvement at the shafts, the County identified certain baselines 
applicable to shafts and ground improvement at the shafts only.  The shaft baselines in the GBR 
do not apply to the microtunneling work.  Instead, the Baselines for the microtunneling work are 
as set forth exclusively in Paragraph 02345-3.03. 

B. As described more fully in Section 00700 as modified by Section 00800, Order of Precedence, 
the Baselines in this Section prevail over any other part of this Contract (including without 
limitation the GDR) and will be used to administer the Differing Site Conditions clause.  Therefore, 
in the event the Baselines indicate subsurface conditions that are either not indicated in the GDR 
or that a bidder would not infer from the GDR alone, the Baselines shall govern and bidders are 
instructed to assume (in developing their bid prices) that the conditions indicated in the Baselines 
will be encountered along the microtunnel alignments. 

C. Gravel and Cobble Baseline: 
1. The Contractor is instructed to include in its bid that gravel and Cobbles will be encountered 

during the Work. 
2. During the microtunneling, excavate, break up, and ingest any and all quantities of gravel and 

Cobbles actually encountered whether nested or not and regardless of compressive strength. 
3. All costs associated with tunneling through such gravel and Cobbles (including abrasive and 

wear and tear on the MTBM) shall be included in the Contractor’s bid for the Contract.  Under 
no circumstances will gravel or Cobbles (nested or not) constitute a Differing Site Condition 
regardless of quantity, compressive strength, distribution, or location. 

D. Boulder Baseline: 
1. The Contractor is instructed to include in its bid that Boulders will be encountered during the 

Work. 
2. During the microtunneling, excavate, break up, and ingest any and all quantities of Boulders 

or parts of Boulders actually encountered whether nested or not, regardless of compressive 
strength, and measuring 42-inches or less in its longest dimension within the face of the 
microtunnel excavation.   

3. All costs associated with tunneling through and/or excavating the Boulder Baselines 
(including abrasive wear and mechanical wear and tear on the MTBM) shall be included in 
the Contractor’s bid for the Contract.  Under no circumstances will Baseline Boulders 
constitute a Differing Site Condition regardless of quantity, compressive strength, distribution, 
location or orientation. 

4. To be considered for additional payment, under the Differing Site Conditions clause, the 
Contractor shall prove (in addition to other requirements set forth in the Differing Site 
Condition clause) that the Boulder (1) has a longest dimension measuring greater than 42-
inches within the face of the microtunnel excavation and (2) stopped the forward progress of 
the MTBM in spite of diligent best efforts to overcome the Boulder. 

E. Abrasivity Baseline: 
1. For the purposes of preparing its bid for this Contract, the Contractor is instructed to assume 

that soils encountered in the tunnel alignment are very abrasive.  Under no circumstances will 
soil abrasivity constitute a Differing Site Condition. 

2. The Contractor is instructed that the MTBM shall be capable of excavating through very 
abrasive soils and that all costs associated with tunneling through such very abrasive soils 
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(including the cost of full refurbishment of the machine and its parts such as the cutterhead 
and its tooling, crushing chamber, slurry pumps, slurry hoses, bearing housings, separation 
plant, and other wear items) upon completion of the microtunnel operation shall be included 
in the bid for the Contract. 

3.04 PRECONSTRUCTION MEETING 

A. Within 30 days of the start of each drive of the microtunnel, hold meeting with a minimum of the 
following participants:  Project Representative, Microtunneling Superintendent, MTBM Operator, 
Instrumentation Specialist, and the Contractor Representative. 

B. The meeting shall discuss a minimum the following: 
1. All required Submittals for the work have been dispositioned as required by Section 01300 to 

allow implementation of the work. 
2. Microtunnel Operations 
3. Status of shaft seal installations and ground improvement.  
4. Safety training and plans. 
5. Haul routing and disposal site approvals. 
6. Water discharge plans. 
7. Erosion control plans.  
8. Hours of work and milestones. 
9. Settlement control plans and monitoring. 
10. Contingency plans. 
11. Routine and emergency personnel responsibilities. 
12. Planned adherence to the environmental control requirements. 
13. Specific requirements of each launch and reception shafts. 
14. Tunneling in the ground conditions and Microtunneling Baselines indicated in this Section. 
15. Ground improvement. 
16. Review the requirements and applicability of the unit price and incentive payment provisions. 
17. Items determined by the Project Representative. 

3.05 PREPARATION 

A. Perform a test of the full microtunnel system on completion of the set-up and prior to commencing 
each drive. 

B. Drive start-up:  prior to the commencement of a drive from all shafts, demonstrate that all required 
set-up procedures and system checks have been completed. 

C. MTBM Manufacturer representative: experienced with the MTBM and on-site to answer questions 
and provide trained advice prior to launch of the first drive, and during tunneling operations for a 
minimum of the first 150 feet of microtunneling on the first drive. 

D. Alignment survey and checks: 
1. Survey the location and orientation of the jacking frame prior to initiation of the jacking 

operations to ensure proper alignment.  Submit the results of this survey and the verification 
of proper orientation. 

2. Check baseline and benchmarks at the beginning of the work and submit immediately any 
changes, errors, or discrepancies. 

3. Establish control points sufficiently far from the tunnel operation so as not to be affected by 
ground movement. 

3.06 MTBM INSPECTION AND RETOOLING 

A. Following completion of the first drive and prior to the start of the second drive: 
1. Prepare a Post Drive Condition Report: 

a. The MTBM shall be inspected by a qualified manufacturer’s representative of the MTBM 
Manufacturer for deficiencies in the MTBM and for wear caused solely by the 
microtunneling of the first drive prior to replacement of all the cutterhead tooling as 
required in this Section. 
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b. The MTBM Manufacturer’s representative shall submit a written Post-Drive Condition 
Report to the Contractor detailing separately the following: 
1) Deficiencies in the MTBM. 
2) Observed wear in the MTBM that was caused by microtunneling of the first drive. 

c. Contractor shall submit the same report to the Project Representative immediately upon 
receipt. 

d. Contractor shall allow a minimum of seven days in its schedule between submittal of the 
Post-Drive Condition Report and the start of the second drive. 

2. Every tool on the cutterhead shall be replaced with new tools equivalent or better quality to 
the tools used at the start of the first drive.  Costs associated with the replacement and the 
tools shall be part of the Contract Price. 

3.07 SHAFT WALL PENETRATION 

A. Prior to penetration through shaft walls, securely install watertight shaft seals and install ground 
improvement adjacent to the penetration. 

B. Do not install the reception shaft seal until the MTBM cutterhead is within 40 feet of the reception 
shaft for each microtunnel. 

3.08 MICROTUNNELING OPERATIONS 

A. Tunnel excavation:  
1. Excavate to the lines and grades indicated in the Drawings.  Utilize methods that include 

safety for workers, adjacent structures and chambers, utilities, and the public. 
2. Steering corrections made to the MTBM shall be carried out in such a manner that the 

correction does not exceed one inch in 25 feet in length or as required by the manufacturer of 
the Casing Pipe.   

3. Provide stability of the face at all times even during advancement and non-advancement of 
the tunneling process. 

4. Discontinue procedures that result in pipe damage or Lost Ground and take immediate action 
to remedy the cause of the damage. 

5. Monitor and modify the effectiveness of the soil separation system to meet the progress of 
the MTBM whenever the separation system is in operation.  

6. Conduct density tests of the slurry being returned to the MTBM circuit at least once every four 
hours the separation plant is in operation. 

7. Tunnel spoils material:  
a. Remove from the Site to a disposal area legally permitted for the type and content 

(including moisture) of the material to be disposed per Section 01560. 
b. Provide decanting and dewatering for processing tunnel spoils to meet legal disposal 

requirements. 
8. Measurement and reporting data: 

a. MTBM operations data shall be displayed in real-time in the Project Representative 
office. 

b. During excavation, monitor and provide a jacking report with the following for each 
Casing Pipe installed.   
1) Microtunnel system parameters, recorded at least once each minute regardless of 

forward progress (real time data logging): 
a) Torque. 
b) Slurry flow rates and pressures. 
c) MTBM position relative to the laser. 
d) Position of the steering jack and pressures. 
e) By-pass valve position. 
f) Penetration rate. 
g) Jacking pressure and forces. 
h) IJS pressure and forces at each location.  
i) Advance rate. 

2) Description of the ground conditions encountered. 
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3) Effectiveness of the slurry separation system in relation to the progress of the MTBM.   
4) Quantity and type of lubricant used including pressures at pump and all points of 

injection. 
5) Density of the slurry being returned to the MTBM. 
6) Quantity of muck removed. 
7) Description of any unusual conditions or special actions taken. 
8) Personnel on site. 
9) Use format/form acceptable to the Project Representative. 

c. At times when no progress occurs, provide activities that are occurring a minimum of 
every 30 minutes. Include reason for the activities. 

d. Submit daily after each work shift. 
9. Limit equipment noise levels to comply with all noise requirements. Comply with Section 

01560. 
10. At a minimum, clean Site daily to remove spillage or spoils.   
11. Be responsible for operating and maintaining the MTBM in accordance with the 

Manufacturer’s recommendations and for the soils, Cobbles, and Boulders for the Baselines 
in this Section. 

12. Be responsible for the impacts and excavation of any and all Cobbles without consideration 
of:  number, nests, compressive strength, and orientation and as Baselined and as indicated 
in this Section. 

13. Be responsible for the impacts of and excavating all Boulders without consideration of:  
number, compressive strength, and orientation Baselined and as indicated in this Section. 

14. Be responsible for using slurry separation plant appropriate for the soils and Cobbles and 
Boulders Baselined and as indicated in this Section and operating it as required. 

15. Be responsible for the means and methods and impacts of the very abrasive soils, Cobbles 
and Boulders Baselined and as indicated in this Section on all equipment and components 
used in the microtunneling process. 

16. Stop tunneling when either the horizontal or vertical tolerances are exceeded.  Do not resume 
tunneling until a correction plan is agreed to with the Project Representative. 

17. Check the primary survey control for the tunneling system against an above ground 
undisturbed reference: 
a. At least once every shift. 
b. Any time the tunnel is moving out of tolerance. 
c. If there is any radical movement on the target. 
d. When there is significant temperature difference between the shaft and the tunnel. 

18. Check laser at a minimum: 
a. Once per shift and any time the tunnel is moving out of tolerance. 
b. When there is any radical movement of the target. 
c. Make adjustments and corrections in the jacked pipe as appropriate. 
d. Check alignment and grade by survey at a minimum once a week during tunneling or 

every 200 feet, whichever is more frequent. 
e. Allow Project Representative reasonable access to the survey information to verify line 

and grade as desired and provide assistance as needed. 

B. Pipe jacking: 
1. General: 

a. Jack each Casing Pipe section forward as the excavation progresses to provide complete 
and adequate ground support at all times.   

b. Provide a uniform distribution of jacking forces around the circumference of the Casing 
Pipe with a jacking frame. 

c. Single-Pass System: Apply adhesive to cushioning materials and install cushioning 
material rings concentrically with Casing Pipe joints.  Provide support until adhesive has 
securely set to maintain cushioning rings in their required location. 

d. Regularly inspect and verify condition of rails to ensure proper concentric assembly of 
Casing Pipe joints is maintained. 
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e. Positively prevent backward movement of the Casing Pipe while jacks are retracted for 
placement of new Casing Pipe sections. 

f. Install Casing Pipe with grout holes such that one of the grout holes per Casing Pipe 
section is located at the crown of the pipe. 

2. Over-excavation: Continuously monitor, record, and control the rate and amount of MTBM 
and pipe string advance to ensure that no over-excavation occurs.   

3. IJS: 
a. Minimum requirement:  Present in the first 100 feet of each MTBM drive. 
b. In addition to the above, install an IJS when jacking pressures exceed 75% of the 

allowable jacking load of the Casing Pipe, 75% of the allowable jacking load of the thrust 
wall, or 75% of the allowable jacking load of the main jacks, whichever is met first.  
Allowable loads shall include appropriate safety factors. 

c. Install the IJS to effectively break and ingest Boulders and Cobbles specified in the 
Baselines.  

d. At completion of Casing Pipe installation: 
1) Remove components of IJS, including thrust rings, to provide clearance for full inside 

diameter of Casing Pipe. 
2) Following removal of the IJS, jack the Casing Pipe together to form a continuous 

string.  
3) No visible leakage permitted at the location of the IJS. 

4. Pipe Jacking Lubricant: 
a. Apply lubricant under pressure using a manifold piping system within the microtunnel. 
b. Pump continuously at the heading and along the Casing Pipe throughout the pipe jacking 

operation.  
c. Initiate lubrication prior to having no more than 50 feet of Casing Pipe installed from the 

shaft. 
5. Damaged Casing Pipe: 

a. Repair Casing Pipe damaged during the jacking operation.    
b. Damaged pipes:  

1) Defined as cracking, spalling, or crushing. 
c. Submit proposed repairs procedures stamped, dated, and signed by a Professional 

Engineer licensed in the state of Washington. 
d. Certify and submit in writing that all repairs were completed under the direct supervision 

of a Professional Engineer and that the repair is equal to or exceeds the original strength 
of the specified Casing Pipe. 

e. If, in the opinion of the Project Representative, an acceptable repair is not possible, or the 
attempted repairs are not satisfactory, remove the damaged section of Casing Pipe 
completely at the next shaft. 

C. Settlement: 
1. Surface settlement limits:  See Drawings and Section 02121. 
2. All monitoring to be performed per Section 02121. 
3. Be responsible for damage as a result of settlement , resulting in damage to underground 

and surface structures, utilities, and to the ground surface and any improvements thereon. 
4. Fill the voids from within the microtunnel bore and from the surface.  Provide permits and 

easements for surface access per Section 01062. 

3.09 CONTACT GROUT 

A. Grout the External Void Space following completion of each Microtunnel Drive. 

B. Completely fill the External Void Space. 

C. Determine and control grout pressure to ensure that: 
1. Casing Pipe is not damaged. 
2. Grout is not forced to: 

a. The ground surface. 
b. Into the Lake Washington Ship Canal. 
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D. Use packers in the grout ports during grouting to prevent soil and water from entering the Casing 
Pipe. 

E. At completion of grouting, seal all grout ports with plugs designed to prevent long-term infiltration 
of soil and water into the Casing Pipe.  No leakage will be allowed. 

3.10 GEOTECHNICAL INSTRUMENTATION 

A. Provide as specified in Section 02121. 

B. Record baseline measurements at locations indicated prior to commencement of microtunneling 
operations. 

C. Record and analyze instrumentation measurements as indicated and submit daily. 

3.11 INSTALLATION OF CASING PIPE 

A. Two-Pass System: 
1. Welding:  

a. Completed by personnel currently certified with AWS. 
b. Utilizing procedures consistent with AWS D1.1 and AWWA C206. 

 

B. Align Casing Pipe so that a minimum of one grout hole is located at the crown for each pipe 
length.  

C. Watertightness:  No visible leakage will be allowed. 

D. Repair Casing Pipe damaged during the jacking operation. 

E. Alignment and Grade: 
1. Survey Casing Pipe upon completion of each Microtunnel Drive. 
2. Deviations in line and grade of the Casing Pipe will only be allowed to the extent that the 

Carrier Pipe can be shifted within the Casing Pipe to compensate for the deviation. 

3.12 INSTALLATION OF CARRIER PIPE 

A. Maintain the minimum annular space indicated in the Drawings between the Casing Pipe and the 
Carrier Pipe. 

B. Anchor the Carrier Pipe against flotation and install air release ports as required to facilitate the 
annular space grouting process. 

C. Install spacers at locations and spacing recommended by manufacturer. 

D. Minimize the joints for the Carrier Pipe within the Casing Pipe. 

3.13 CLEANING 

A. Casing Pipe: 
1. Visually inspect Casing Pipe prior to installation of the Carrier Pipe. 
2. Cleaning:  Leave free of debris. 

B. Carrier Pipe: Visually inspect and leave free of debris. 

3.14 PIPELINE INSPECTION AND TESTING 

A. Single pass: Section 02627. 

B. Two pass: Section 02626. 

3.15 MICROTUNNEL SAFETY  

A. General: 
1. Follow the Tunnel Safety Plan and train workers as required.  
2. Crews shall be given daily safety briefings to discuss any hazardous conditions or safety 

issues that may exist during that day’s activities. 
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3. Notify the Project Representative immediately upon: 
a. Encountering an emergency condition likely to endanger the microtunnel integrity, 

including but not limited to, pipe joints, portal seals, significant cracks, and any other 
detrimental observations. 

b. Encountering an emergency condition likely to endanger structures within the zone of 
influence of the microtunnel. 

END OF SECTION 
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SECTION 02521 

POROUS CONCRETE PAVING 

PART 1  GENERAL 

 SUMMARY 1.01

 This Section specifies subgrade preparation and installation of Porous Concrete Pavement. A.

 QUALITY ASSURANCE: 1.02

 Referenced Standards:  This Section incorporates by reference the latest revisions of the A.
following documents.  These references are part of this Section as specified and modified.  In 
case of conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
ACI 522.1 Specification for Pervious Concrete Pavement 
AASHTO American Association of State Highway Transportation Officials 
ASTM C29 Test for Unit Weight and Voids in Aggregate 
ASTM C33 Standard Specification for Concrete Aggregates 
ASTM C39 Test Method for Compressive Strength of Cylindrical Concrete 

Specimens 
ASTM C42 Test Method for Obtaining and Testing Drilled Cores and Sawed Beams 

of Concrete 
ASTM C150 Specification for Portland Cement” (Types I or II only). 
ASTM C172 Practice for Sampling Fresh Concrete 
ASTM C174 Test Method for Measuring Thickness of Concrete Elements Using 

Drilled Concrete Cores 
ASTM C494 Specification for Chemical Admixtures for Concrete 
ASTM C595 Standard Specification for Blended Hydraulic Cements 
ASTM D448 Standard Sizes of Coarse Aggregate for Highway Construction 
ASTM C1701 Test for Density and Void Content of Hardened Pervious Concrete 
ASTM C1754 Test Method for Density and Void Content of Hardened Pervious 

Concrete. 

 Qualifications: B.
 Porous concrete installer shall have a minimum of two completed Porous Concrete Paving 1.

projects: 
a. Addresses of the projects, name of the owner and owners representative, address and 

phone numbers. 
b. Unit weight acceptance data. 
c. In-Situ pavement test results including void content and unit weight. 

 Porous concrete crews shall be certified and experienced according to ACI 522.1. 2.

 Use adequate numbers of skilled workers who are thoroughly trained and experienced in the C.
necessary crafts and who are completely familiar with the specified requirements and the 
methods needed for proper performance of the work in this section. 

 Codes and Standards: D.
 Unless otherwise specified, all materials, methods of construction and workmanship shall 1.

conform to applicable requirements of ASTM and ACI Standards. 

 SUBMITTALS 1.03

 Procedures:  Section 01300. A.

 Qualifications B.
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 A written list identifying the supplier(s) from which the materials are to be obtained. C.

 Certificates, signed by the materials producer and the Contractor, stating that materials meet or D.
exceed the specified requirements. 

 Samples of coarse aggregates and filter fabric. E.

 MIix design with aggregate, cement, water, and admixture proportions for approval.  In addition to F.
any new data, submit any available past compressive strength test data. 

 PROJECT CONDITIONS 1.04

 Protection of Existing Improvements: A.
 Protect adjacent work from splashing of paving materials.  Remove all stains from exposed 1.

surfaces of paving, structures, and grounds.  Remove all waste and spillage. 
 Do not damage or disturb existing improvements or vegetation.  Provide suitable protection 2.

where required before starting work and maintain protection throughout the course of the 
work. 

 Restore damaged improvements, including existing paving on or adjacent to the site that has 3.
been damaged as a result of construction work, to their original condition or repair as to the 
satisfaction of the Project Representative. 

 Weather Limitations: B.
Pervious concrete placement shall not occur during rainy weather, nor shall pervious concrete be 
placed on frozen surfaces. The temperature of the fresh pervious concrete shall be between 50°F 
and 80°F.  Placement for each load or batch of pervious concrete shall be completed within 90 
minutes after hatching. 

 TEST PANELS 1.05

 Place, joint, and cure two test panels, each to be approximately 100 square feet at the specified A.
thickness to demonstrate that in-place unit weights can be achieved. 

 Place at any of the specified porous concrete paving locations.   B.

 Test for: C.
 Thickness in accordance with ASTM C174 1.
 Void structure in accordance with ASTM C1754 2.
 Compressive strength in accordance with ASTM C39 3.
 Satisfactory core unit weight in accordance with ASTM C1754 4.

 Determine satisfactory performance: D.
 Compacted thickness no less than ¼” of specified thickness. 1.
 Void Structure: 12% minimum; 21% maximum. 2.
 Unit weight plus or minus 5 pcf of the design unit weight. 3.
 If measured void structure falls below 15% or if measured thickness is more than ¼” thinner 4.

than the specified thickness or measured weight falls less than 5 pcf below unit weight, the 
test panel shall be removed and disposed of in an legal landfill. 

 If the test panel meets above the mentioned requirements, it can be left in-place and included 5.
in the completed work.  Remove if it does not meet specified requirements. 

PART 2  PRODUCTS 

 CONCRETE MIX DESIGN 2.01

 Concrete Strength:  Verify required average strength for each type of concrete on the basis of trial A.
mixtures. 

 For trial mixtures method, Independent Testing Laboratory shall be used for testing and 1.
reporting proposed mix designs. 



Fremont Siphon Project C00762C14  POUROUS CONCRETE PAVING 
May 2014  02521 - 3 

 Compressive strength: B.
 Pervious concrete cores will be tested for compressive strength by the Project 1.

Representative in accordance with ASTM C39. Prior to testing, saw cut the top and bottom of 
the cores to result in test specimens with a length to diameter ratio between 1.0 and 2.0. 

 The minimum average 7-day compressive strength of the pervious concrete cores taken for 2.
test panel acceptance shall be 2,000 psi. The minimum average 28-day compressive 
strength of the pervious concrete cores shall be 2,500 psi, with no single core less than 2,000 
psi. 

 MATERIALS 2.02

 Locally available material having a record of satisfactory performance shall be used.  Samples of A.
the following materials shall be submitted: 

 Bedding Course, Base Course and Open Graded Base: 1.
a. Unless otherwise indicated, coarse aggregates shall meet the size and grading 

requirements as defined in Standard Sizes of Coarse Aggregates, Table 4, AASHTO 
Specifications, Part I, 13th  Ed., 1982, or later. 

b. Coarse aggregate Base Course shall be 1-1/2-inch to 2-1/2-inch uniformly graded 
crushed coarse aggregate, with a wash loss of no more than 0.05%, AASHTO size 
number 2 per Table 4, AASHTO Specifications, Part I, 13th Ed., 1982, or later. 

c. Open Graded Base Course shall be 1-inch to No. 4, uniformly graded, crushed  Coarse 
Aggregate that meets AASHTO size number 57 grading per Table 4, AASHTO 
Specifications, Part I, 13th Ed., 1982 (p. 47). 

d. Bedding Course shall be 3/8-inch to 3/4-inch, uniformly graded, crushed  coarse 
aggregate that meets AASHTO size number 8 grading per Table 4, AASHTO 
Specifications, Part I, 13th Ed., 1982 (p. 47). 

 Portland Cement Porous Concrete: B.
 Cement:  Portland Cement Type I or II conforming to ASTM C150 or Portland Cement Type 1.

IP or IS conforming to ASTM C595. 
 Aggregate:  Use crushed gravel, stone or hydraulic cement concrete or combination thereof 2.

meeting No 8 coarse aggregate (3/8 to No. 16) per ASTM C33 or No. 89 coarse aggregate 
(3/8 to No. 50) per ASTM D448.  If other gradation of aggregate is to be used, submit data on 
proposed material. 

 Admixtures: 3.
a. Type D Water Reducing/Retarding – ASTM C494: 

1) A hydration stabilizer that meets the requirements of ASTM C494 Type B Retarding 
or Type D Water Reducing/Retarding admixtures. This stabilizer suspends cement 
hydration by forming a protective barrier around the cementitious particles, which 
delays the particles from achieving initial set.  1-1/2-inch fibrillated fiber at 1.5 lbs/CY. 

 Water:  Potable shall be used. 4.
a. Proportions: 

1) Aggregate and Cement Content:  the volume of aggregate, cement, water, and 
admixture per cu. yd. shall be equal to 27 cu.ft. when calculated as a function of the 
unit weight determined in accordance with ASTM C29 rodding procedure.  Fine 
aggregate, if used, should not exceed 3 cu. ft. and shall be included in the total 
aggregate volume. 

2) Admixtures:  Shall be used in accordance with the manufacturer’s instructions and 
recommendations. 

3) Mix Water:  Mix water shall be such that the cement paste displays a wet metallic 
sheen without causing the paste to flow from the aggregate. 

 Water to cement ratio shall be between 0.27 and 0.35. C.
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PART 3  EXECUTION 

 INSTALLATION 3.01

 Construction Requirements: A.
 The Project Representative shall be notified at least 48 hours prior to all recharge bed and 1.

porous paving work including subgrade preparation. 
 The Contractor shall hold a preconstruction meeting with the Project Representative, the 2.

drainage design Consultant, materials testing laboratory, placement contractor, and the 
pavement design Consultant a minimum of one week prior to the initiation of porous paving 
work, including subgrade preparation. 

 Subgrade preparation: B.
 Existing subgrade under bed areas shall not be compacted or subject to excessive 1.

construction equipment traffic prior to filter fabric and stone bed placement. 
 Where erosion of subgrade has caused accumulation of fine materials and surface ponding, 2.

this material shall be removed with light equipment and the underlying soils scarified to a 
minimum depth of 6 inches with a York rake or equivalent and light tractor. 

 Bring subgrade of aggregate base course, open graded base course and bedding course to 3.
line, grade, and elevations indicated.  Fill and lightly regrade any areas damaged by erosion, 
ponding, or traffic compaction before the placing of stone.  

 Underdrain Pipe Installation and Base Aggregate Installation: C.
 Upon completion of subgrade work, the Project Representative shall be notified to inspect 1.

before proceeding with underdrain pipe installation. 
 Filter fabric, pipe, and underdrain bed aggregate shall be placed immediately after Project 2.

Representative inspection of subgrade preparation at specified line and grade.  Any 
accumulation of debris or sediment which has taken place after installation of subgrade shall 
be removed prior to installation of filter fabric.  

 Place filter fabric in accordance with manufacturer's standards and recommendations.  3.
Adjacent strips of filter fabric shall overlap a minimum of 16 inches.  Allow enough excess 
fabric to completely enclose pipe and bed aggregate with a 6-inch overlap.   

 Install coarse aggregate in 8-inch maximum lifts.  Complete one pass over entire surface of  4.
each layer with vibratory compaction equipment, keeping equipment movement over storage 
bed subgrades to a minimum.  Install aggregate to grades indicated on the Drawings.  

 Install 2-inch thick open graded base course size No. 57 (AASHTO) aggregate evenly over 5.
surface of stone bed, sufficient to allow placement of pavement. 

 Portland Cement Porous Pavement Concrete Mixing, Hauling and Placing: D.
 Mix Time:  Truck mixers shall be operated at the speed designated as mixing speed by the 1.

manufacturer for 75 to 100 revolutions of the drum. 
 Transportation: 2.

a. Portland Cement aggregate mixture may be transported or mixed on site and shall be 
used within one hour of the introduction of mix water, unless otherwise approved by the 
Project Representative.  This time can be increased to 90 minutes when utilizing the 
hydration stabilizer specified in this Section. as long as the temperature of the concrete 
does not exceed 90 degrees Fahrenheit.  Under no circumstance will retempering of 
concrete be allowed after any water adjustments have been made to delivered concrete 
at jobsite.  Trucks used to transport porous concrete shall have no more than 3 
consecutive loads of material without hauling conventional concrete or rinsing. 

 Prior to placing concrete, the subbase shall be moistened and in a wet condition. 3.
 Discharge: 4.

a. Each mixer truck shall be inspected for appearance of concrete uniformity according to 
this Section. 

b. Water may be added to obtain the required mix consistency.  Any water adjustments 
made at the jobsite shall be made by QC representatives of the concrete supplier. 

c. A minimum of 20 revolutions at the manufacturer’s designated mixing speed shall be 
required following any addition of water to the mix. 
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d. Discharge shall be a continuous operation and shall be completed as quickly as possible.  
e. Concrete shall be deposited as close to its final position as practicable and such that 

fresh concrete enters the mass of previously placed concrete.  The practice of 
discharging onto subgrade and pulling or shoveling to final placement is not allowed.  

 Placing and Finishing Equipment: 5.
a. Unless otherwise approved by the Project Representative, provide mechanical equipment 

of either slipform or form with a rolling compactive unit that will provide a minimum of 10 
psi vertical force. 
1) The porous concrete pavement shall be placed to the required cross section and 

shall not deviate more than +/- 3/8 inch in 10 feet from profile grade. 
2) If placing equipment does not provide the minimum specified vertical force, a full 

width roller or other full width compaction device that provides sufficient compactive 
effort shall be used immediately following the strike-off operation. 

3) Cross rolling shall be performed using the minimum number of passes required to 
achieve an acceptable surface. 

4) If vibration, internal or surface applied, is used, it shall be shut off immediately when 
forward progress is halted for any reason. 

5) The Contractor shall be restricted to pavement placement widths of a maximum of 15 
feet unless the Contractor can demonstrate competence to provide pavement 
placement widths greater than the maximum specified to the satisfaction of the 
Project Representative. 

 Curing: 6.
a. Curing procedures shall begin within 20 minutes after the final placement operations.  
b. The pavement surface shall be covered with a minimum six mil thick polyethylene sheet 

or other approved covering material. 
c. Prior to covering, a fog or light mist shall be sprayed with a pump sprayer above the 

surface, when required due to ambient conditions (high temperature, high wind, and low 
humidity). 

d. The cover shall overlap all exposed edges and shall be secured (without using dirt or 
stone) to prevent dislocation due to winds or adjacent traffic conditions. 

 Cure Time: 7.
a. Portland Cement Type I, II, – 7 days minimum. 
b. No truck traffic shall be allowed for ten days.  No passenger car/light trucks for seven 

days. 
 Jointing: 8.

a. Control (contraction) joints shall be installed at intervals of a maximum of 15 feet, or as 
indicated in the Drawings. 

b. Install ¼-inch wide and at a depth of the 1/4 the thickness of the pavement. 
c. Joints may be installed in the plastic concrete or saw cut. 

1) If installed in plastic concrete, joints shall be constructed by a roller to which a 
beveled fin has been attached around the circumference of the roller. 

2) If saw cut, the procedure shall begin as soon as the pavement has hardened 
sufficiently to prevent raveling and uncontrolled cracking (normally after curing).   

d. Transverse constructions joints shall be installed whenever placing is suspended a 
sufficient length of time that concrete may begin to harden.  In order to assure aggregate 
bond at construction joints, a bonding agent suitable for bonding fresh concrete shall be 
brushed, rolled, or sprayed on the existing pavement surface edge. 

e. Isolation (expansion) joints shall not be used except when pavement is abutting slabs or 
other adjoining structures. 

 Portland Cement Porous Pavement Concrete Testing and Inspection: E.
 Laboratory Testing: 1.

a. Testing shall be conducted by the independent testing company per Section 01410. 
b. Materials Laboratory shall complete testing within two weeks from receiving of cores. 
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 Testing: 2.
a. Conduct a minimum of one test for each day’s placement of porous concrete in 

accordance with ASTM C174 and ASTM C1754 to verify unit weight. 
b. Delivered unit weights: 

1) Determined in accordance with ASTM C29 using a 0.25 cubic foot cylindrical metal 
measure. 

2) The measure is to be filled and compacted in accordance with ASTM C 29 paragraph 
11, Rodding Procedure. 

3) The unit weight of the delivered concrete shall be +/- 5 pcf of the design unit weight. 
4) Infiltration rate shall be +/- 15% of accepted core sample. 

c. Provide three cores taken from each panel in accordance with ASTM C42 at a minimum 
of seven days after placement of the porous concrete at locations determined by the 
Project Representative. 

d. If required by the Project Representative, take core samples and test for infiltration rate. 
e. Cores shall be measured for thickness, void structure, and unit weight. Untrimmed, 

hardened core samples shall be used to determine placement thickness. 
1) The average of all production cores shall not be less than the specified thickness with 

no individual core being more than ½ inch less than the specified thickness. 
2) After thickness determination, the cores shall be trimmed and measured for unit 

weight per ASTM C1754.  Ranges of satisfactory unit weight values are +/- 5 pcf of 
the design unit weight. 

 Repair of cored concrete: 3.
a. The Contractor shall fill the core holes with pervious concrete meeting the requirements 

of this Section. 
 

END OF SECTION 
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SECTION 02605 

UTILITY STRUCTURES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies standard precast concrete manholes and precast riser sections on King 
County sewers.  This Section also specifies associated frames, covers, steps, and appurtenances 
for manholes and miscellaneous concrete structures on King County sewers.  Standard details for 
manholes and miscellaneous concrete structures are included in the Drawings. 

B. Manholes and miscellaneous concrete structures on COS sewers shall conform to COS 
standards as indicated on the Drawings. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
AASHTO Standard Specifications for Highway Bridge 
ASTM A48 Specification for Gray Iron Castings 
ASTM A536 Specification for Ductile Iron Castings 
ASTM A615 Specification for Deformed and Plain Billet-Steel Bars for  

Concrete Reinforcement 
ASTM C55 Specification for Concrete Brick 
ASTM C139 Specification for Concrete Masonry Units for Construction of  

Catch Basins and Manholes 
ASTM C150 Specification for Portland Cement 
ASTM C443 Specification for Joints for Circular Concrete Sewer and Culvert Pipe,  

Using Rubber Gaskets 
ASTM C478 Specification for Precast Reinforced Concrete Manhole Sections 
ASTM D4101 Specification for Polypropylene Injection and Extrusion Materials 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Product information, including dimensions, for precast manholes inserts and steps. 

C. Shop drawings:  Indicate manhole locations and elevations and sizes and elevations of 
penetrations. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Utility structures and appurtenances for King County facilities shall be as specified herein. 

B. The use of salvaged or scrap materials will not be permitted. 

2.02 GROUTS AND ADHESIVES 

A. Per Section 03600 
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2.03 PRECAST CONCRETE MANHOLE SECTIONS 

A. Per ASTM C478. 

B. Cement:  ASTM C150, Type II. 

C. Size, length and pipe connection method as indicated on the Drawings. 

2.04 MANHOLE JOINT GASKETS 

A. Rubber gasket type:  ASTM C443. 

2.05 MANHOLE MASONRY UNITS 

A. Concrete manhole blocks and reducers:  ASTM C139 and ASTM C55, except that the nominal 
horizontal thickness shall be 6 inches measured radially, and semicircular grooves, 1 inch in 
diameter, shall be scribed in the ends. 

B. Concrete Grade Ring:  ASTM C139, sized per drawings. 

2.06 MANHOLE PIPE GASKETS OR CONNECTIONS 

A. Ductile iron pipe: 
1. A-LOK Pipe Connectors 
2. Thinderline, Link-Seal 
3. Approved equal 

B. Polyvinyl chloride pipe:  Use sand collar or Kor-n-Seal Boot for all plastic pipe-manhole 
penetrations. 

C. Reinforced concrete pipe:  Seal all concrete pipe-manhole penetrations with non-shrink epoxy 
grout per Section 03600. 

D. Pipe-to-structure connection for rigid pipe: 
1. Make flexible connection at all pipe-to-structure connections when the pipe diameter is 4 

inches or greater. 
2. Locate flexible connection within a distance no greater than one-half of the outside diameter 

of the pipe or 12 inches, whichever is greater. 

2.07 MANHOLE STEPS AND GRAB BARS 

A. General: 
1. ASTM C478. 
2. OSHA and WISHA standards. 
3. Equally space steps and hand holds no greater than 13-inches on center. 

B. Steps: 
1. Construction: 

a. 1-inch finished diameter copolymer polypropylene plastic encapsulating  rebar 
b. Grade 60 ASTM A615 deformed rebar, 
c. Step shaped “U”. 

2. Acceptable manufacturer: 
a. M.  A. Industries. 
b. Bowco Industries, Inc. 
c. Approved equal. 

C. Grab Bar (Hand Holds): 
1. Construction 

a. 1-inch finished diameter copolymer polypropylene plastic encapsulating rebar  
b. Grade 60 rebar,  
c. straight grab rail, not step shape  

2. Acceptable manufacturer: 
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a. M.  A. Industries. 
b. Bowco Industries, Inc. 
c. Approved equal. 

2.08 FRAMES AND COVERS 

A. Frames: 
1. Cast iron, ASTM A48, Class 30B. 

B. Covers: 
1. Ductile iron, ASTM A536, Grade 60-40-1B. 

PART 3  EXECUTION 

3.01 PLACING MANHOLE SECTIONS 

A. Foundation earthwork: Per Section 02200, place structural fill, Type L, to a minimum of 6 inches. 

B. Base pad:  Trowel top surface level if cast-in-place. 

C. Place sections plumb and level, trim to correct elevations, and anchor to base. 

D. Position eccentric cone section per the Drawings or as directed by the Project Representative. 

E. Cut and fit for pipe or pipe sleeves, and seal with resilient connectors or grout as indicated. 

F. Grout lift holes from the inside and the outside of the manhole prior to backfilling. 

G. Backfill around manholes and pipe connections, per Section 02200. 

H. Construct flow channels and shelves in manholes.  Channel height shall be a minimum of three-
fourths of the inside diameter of the largest pipe.  The shelf shall have a 1 percent slope. 

I. Unless otherwise indicated, set manhole frames and covers level.  Install manhole rims flush with 
the pavement or 6 inches above adjacent ground surface in unimproved areas. 

J. Restore surface as indicated on the Drawings. 

END OF SECTION 
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SECTION 02612 

REINFORCED CONCRETE PIPE (RCP) 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies all reinforced concrete pipe, gaskets, and accessories for 108-inch 
diameter gravity sewer, and 30-inch diameter CSO pipeline. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revisions of the 
following documents.  They are part of this Section insofar as specified and modified herein.  In 
case of conflict between the requirements of this Section and the listed documents, the 
requirements of this Section shall prevail. 

Reference  Title 
1. ASTM C76  Standard Specification for Reinforced Concrete Culvert, Storm Drain,  

and Sewer Pipe 
2. ASTM C443 Standard Specification for Joints for Concrete Pipe and Manholes Using 

Rubber Gaskets 
3. ASTM C1417 Standard Specification for Manufacture of Reinforced Concrete Sewer, 

Storm Drain, and Culvert Pipe for Direct Design 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Fabrication Drawings: Illustrate details of wall thickness, pipe joint, joint gasket, and 
reinforcement. Reinforcement details shall include the type of cage, the location of the cages in 
the pipe wall, the size and spacing of circumferential and longitudinal reinforcing steel, and the 
cross-sectional area of reinforcing steel in each cage per linear foot of pipe. Also details of miter 
bends and splices of reinforcement (including stirrups if required) shall be submitted. The gasket 
details shall include the diameter of the cross section and the circumferential length. 

C. Layout Drawings: The laying plan shall show the location of each pipe section and special piece, 
with each piece numbered or otherwise designated in sequence. All outlets and bends shall be 
made up into special lengths so that, when installed, they will be located as shown on the Plans. 
Where the pipeline is to be constructed on a curved alignment, the laying plan shall specifically 
show how the alignment shown on the Plans will be approximated using straight pipe lengths. 
Each pipe and fitting shall be marked on the outside and inside to indicate the location sequence 
number on the laying plan. Pipe shall be provided and installed in accordance with the reviewed 
laying plan. 

D. Pipe design calculations signed and stamped by a civil engineer licensed in the State of 
Washington. 

E. Concrete mix design. 

F. Certification: Submit certified copies of laboratory test reports showing conformance with the 
specified requirements for each of the following: 
1. Steel reinforcing. 
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2. Cement. 
3. Joint gaskets. 

G. Manufacturer's Written In-Plant Quality Control Program: Quality control procedures and 
materials testing to be used throughout manufacturing process. Submit prior to manufacture of 
any pipe for this Project. 

H. Letter from independent testing agency certifying that pipe provided meets requirements of this 
Section. 

I. Test or historical performance data to verify that joint design meets requirements of these 
specifications. 

J. Provide pipe and pipe joint test results with delivery of pipe. Only deliver pipe meeting test 
requirements to Project Site. 

K. Manufacturer's written recommendations for pipe handling and installation. 

L. Visual and CCTV inspection results. See Section 01655. 

PART 2  PRODUCTS 

2.01 REINFORCED CONCRETE PIPE (RCP) 

A. 108-inch diameter gravity and 30-inch diameter CSO pipe shall be manufactured in accordance 
with ASTM C76 and be Class III with a “B” or “C” wall thickness. 

B. Pipe manufacturer shall design and detail the pipe. All design calculations, assumptions and 
installation requirements shall be submitted to the Project Representative. 

C. Joints: 
1. Joint mating length shall provide allowance for manufacturer's allowable joint deflection, 

preset joint opening to allow for joint deflection, and allowances as necessary to ensure 
positive gasket sealing during joint movement. 

2. Joints may be manufactured either with or without steel joint rings. Provide detailed 
requirements for joints with and without steel joint rings.  
a. Joints Without Steel Joint Rings:  

1) Push-on, self-centering bell and spigot type, using rubber gaskets. 
2) Joints and gaskets shall conform to ASTM C443. Lubricant for joining pipe as 

approved by pipe manufacturer. 
3) Provide double cages of reinforcement at the bell and at the spigot. Reinforcement 

shall extend fully into the joint. 
4) Shall form watertight seal capable of resisting internal or external water head of 

minimum 22 feet. 
b. Joints With Steel Joint Rings: 

1) Push-on, self-centering bell and spigot type, using steel bell and spigot rings, 
conforming to requirements of ASTM C361. Lubricant for joining pipe as approved by 
pipe manufacturer. 

2) Flush bells with steel joint rings conforming to requirements of ASTM A361 shall be 
used. 

3) Steel joint rings shall extend beyond bell or spigot at least 2 inches. 
4) Shall form watertight seal capable of resisting internal or external water head of 

minimum 22 feet for gravity pipe and minimum 80 feet for carrier pipe. 
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D. Pipe Fabrication: 
1. Pipe: Manufacture using centrifugal spun process or wet-cast in stationary vertical forms with 

concrete compacted by high-frequency vibration. Rotating packer or platform methods will not 
be allowed. 

2. Concrete Pipe Fittings and Specials: Shop fabricate as shown and designed for same internal 
and external pressures as adjoining pipe. 

3. Concrete: 
a. Minimum Compressive Strength at 28 Days: 5,000 psi. 
b. Cement: ASTM C150, Type II. 
c. Fly ash or other cement substitutes will not be allowed. 
d. Minimum Cement Content: 564 pounds per cubic yard of concrete. 
e. Maximum Water-Cement Ratio: 0.49, by weight of concrete. 

4. Circular Reinforcing: 
a. Only circular reinforcing shall be used. Elliptical, quadrant, and triple cage reinforcing 

arrangements shall not be permitted. 
b. In no case shall areas of reinforcement in each cage be less than the minimum required 

on the Drawings. 
c. Modifications of required areas of reinforcing based on elliptical design shall not be used 

to reduce required reinforcing in either cage. 
d. Design of concrete covering over reinforcing as shown on the Drawings. 
e. Reinforcement shall be ASTM A615A615M Grade 40 or 60 deformed. Reinforcement to 

be welded shall be ASTM A706/A706M, deformed. 
f. Provide firm and positive support of reinforcing to prevent movement during concrete 

placement. 
g. Manufacturer cannot take advantage of the increase in yield strength. 

5. Longitudinal Reinforcing: 
a. Equally spaced ASTM A615/A615M, Grade 40 bars or Grade 60. Reinforcement to be 

welded shall be ASTM A706/A706M. 
b. Maximum Spacing: 12 inches or 3 times wall thickness, whichever is less, or as specified 

on the Drawings. 
6. Stirrups: ASTM A615/A615M Grade 40, or A706/A706M (weldable) or welded wire 

reinforcement according to ASTM A185 or A497. 
7. Sand and Aggregate: Nonreactive and shall conform to requirements of AWWA C302. 
8. Water: Clean, potable, and free of objectionable quantities of organic matter, alkali, salts, and 

other impurities. Agricultural water with total dissolved solids exceeding 1,000 milligrams per 
liter or plant recycle water shall not be used. 

9. Curing shall be in accordance with requirements of AWWA C302. 
10. Maximum pipe laying lengths shall be in accordance with AWWA C302. 
11. Marking: Each pipe section shall be marked in accordance with requirements of ASTM C76. 

In addition, each pipe section shall be marked with number associated with laying diagram. 

2.02 SOURCE QUALITY CONTROL 

A. Reinforced Concrete Pipe: 
1. Inspection of Pipe Fabrication Procedure: Select and provide independent testing agency to 

observe pipe fabrication and testing procedures. Provide a letter to Project Representative 
certifying that pipe provided meets requirements of this Section. 

2. Plant Testing:  
a. Three-Edge Bearing Test: 

1) D-load pipes shall be tested in accordance with Section 5.1.1 of ASTM C76 and 
Section 4 of ASTM C497. Acceptability shall be based on the results of the 3-edge 
bearing tests for the load to produce a 0.01-inch crack and the ultimate strength of 
the pipe. 
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2) One percent of the total number of pipes, with a minimum of 3 sections of each size 
and strength classification (batch) shall be provided and selected in accordance with 
Section 11, ASTM C76 for testing for the load to produce a 0.01-inch crack. Tested 
pipe, which meet the design test load requirements will be accepted for delivery 
provided all test cracks close completely and the pipe is not otherwise damaged. 

3) One out of three test specimens selected for testing for the load to produce a 0.01-
inch crack shall subsequently be tested to the ultimate load. No more than three 
pipes per batch need be tested to the ultimate load. 

4) Pipe of a given batch will be considered acceptable when its representative test 
specimens conform to these test specifications. Should any specimen fail to meet the 
test requirement, the manufacturer will be allowed to retest two additional specimens 
from the same batch. If either of these pipes fails, then all pipe in the batch shall be 
tested to the load required to produce the 0.01-inch crack or the design test load. Any 
individual pipe from the batch meeting these requirements will be accepted, provided 
all test cracks close completely and the pipe is not otherwise damaged. 

5) The pipe manufacturer shall notify the Project Representative well in advance of any 
scheduled D-load tests so that the Project Representative or the testing laboratory 
can witness the tests. 

3. Pipe Joint Shear Tests: 
a. The structural adequacy of the joints for each pipe batch shall be tested by applying a 

test load on four joint assemblies. A joint assembly is defined as a spigot inserted into a 
bell. Test specimens shall be selected by the Project Representative from pipes 
produced for the Contract. 

b. Test loads shall be determined by the pipe design.  
c. Upon removal of the test load and the disassembly of the joint, neither the bell nor the 

spigot shall show permanent deformation or damage. Any crack bigger than 0.01 inch is 
unacceptable. If any of the four joint assemblies tested should fail, four additional joint 
assemblies shall be tested.   

d. Failure of any of the additional joint assemblies so tested shall be cause for the rejection 
of the entire pipe batch represented or requiring 100 percent testing of all joint 
assemblies at the discretion of the Project Representative.   

e. Joint gaskets used for the test shall be discarded and new gaskets shall be provided for 
the pipe installation at the project site. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Notify Project Representative immediately of manufacturing imperfections or damage caused by 
improper handling. Mark all such pipe. 

B. Verify size, pipe condition, and pipe class prior to installation of pipe. 

C. Repairs to RCP pipe section will be allowed only if a repair procedure is submitted and approved 
in writing by Project Representative. Damaged pipe, which, in opinion of Project Representative, 
cannot be repaired, will be rejected and removed from the Project Site. 

D. In unloading, the pipe shall be handled with appropriate equipment to avoid sudden impact or 
damage. Under no circumstances shall pipe be dropped. Pipe must not be skidded or rolled 
against pipe already on the ground. 

E. When multiple-level stacking is necessary for storage, contact the pipe manufacturer for 
recommendations that will prevent possible damage to the pipe. 
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3.02 PREPARATION 

A. Pipe Distribution: Do not distribute more than 1 week's supply of materials in advance of laying, 
unless otherwise approved by Project Representative. 

B. Inspect pipe and fittings prior to lowering into trench to ensure no cracked, broken, or otherwise 
defective materials are being used. Do not install cracked pipes. 

C. Remove foreign matter and dirt from inside of pipe and fittings and keep clean during and after 
laying. Wash ends of section clean with wet brush prior to joining sections of pipe. 

3.03 INSTALLATION 

A. General: 
1. Install pipe sections in accordance with manufacturer's recommendations. 
2. Provide and use proper implements, tools, and facilities for safe and proper prosecution of 

Work. 
3. Lower pipe, fittings, and appurtenances into trench, piece by piece, by means of crane, 

slings, or other suitable tools and equipment, in such a manner as to prevent damage to pipe 
materials, protective coatings and linings. Do not drop or dump pipe into trenches. 

4. Type and preparation of bedding and initial and subsequent backfill shall be as specified in 
Section 02221 and as shown on the Drawings. Pipe shall be laid with uniform bearing under 
the full length of the barrel of the pipe. In general, pipe laying shall proceed upgrade with 
bells ahead. The interior of the pipeline shall be cleaned as the work progresses. 

B. Line and Grade: 
1. Establish line and grade for pipe by use of lasers. 
2. Measure for grade at pipe invert, not at top of pipe. 
3. Do not deviate from line or grade, as shown on Drawings, more than 1/2 inch, provided that 

such variation does not result in a level or reverse sloping invert.  

C. Laying and Jointing: 
1. Use gasket lubricant as recommended by gasket manufacturer. 
2. Lay pipe upgrade with bell ends pointing in direction of laying. 
3. When field cutting or machining pipe is necessary, use only tools and methods recommended 

by pipe manufacturer and approved by Project Representative. 
4. After section of pipe has been placed in its approximate position for jointing, clean end of pipe 

to be joined, inside of joint, and rubber ring immediately before joining pipe. 
5. Assemble joint in accordance with recommendations of manufacturer. 
6. Apply sufficient pressure in making joint to assure that joint is “home” as defined in standard 

installation instructions provided by pipe manufacturer. Inside joint space shall not exceed 50 
percent of pipe manufacturer's recommended maximum allowance.  

7. Place pipe to specified line and grade to form smooth flow line. 
8. Ensure that bottom of pipe is in contact with bottom of trench for full length of each section. 
9. Check for alignment and grade after joint has been made. 
10. Secure the pipe from movement before next joint is installed. 
11. When laying operations are not in progress, and at close of day's work close and block open 

end of last laid section of pipe to prevent entry of foreign material or creep of gasketed joints. 
12. Take precautions to prevent “uplift” or floating of line prior to completion of backfill operation. 
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3.04 CLEANING 

A. Clean each section of completed sewer pipeline prior to testing.  

B. Place screen or dam in downstream manhole of section being cleaned to catch debris. 

C. Remove material from each manhole section before cleaning the next section downstream. 

D. Method: Hand sweeping. 

E. Cleaning water may be discharged into existing sewer system after screening and removal of 
debris. 

3.05 INSPECTION 

A. Pipe shall be inspected visually and documented by Closed-Circuit Television (CCTV) video 
survey in accordance with Section 01655. Acceptance of the pipeline shall be based on a final 
inspection conducted jointly by the Contractor and Project Representative.  

B. Deficiencies Requiring Correction: 
1. Variations in alignment greater than specified herein. 
2. Joint separations greater than allowed by pipe manufacturer. 
3. Visible infiltration. 
4. Presence of debris or foreign objects. 
5. Obvious damage or defects in pipeline. 

END OF SECTION 
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SECTION 02626 

FIBERGLASS REINFORCED POLYMER PIPE 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies fiberglass reinforced polymer pipe (FRPP), gaskets and accessories for 
60-inch diameter siphon piping, installed via slipline, and siphon drop/riser pipes. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of a conflict between 
the requirements of this Section and those of a listed document, the requirements of this Section 
shall prevail. 

B. Reference  Title 
1. ASTM D2412 Standard Test Method for Determination of External Loading 

Characteristics of Plastic Pipe by Parallel-Plate Loading 
2. ASTM D3754 Fiberglass (Glass-Fiber-Reinforced Thermosetting-Resin) Sewer 

and Industrial Pressure Pipe 
3. ASTM D3839 Standard Guide for Underground Installation of “Fiberglass” (Glass- 

   Fiber-Reinforced Thermosetting-Resin) Pipe 
4. ASTM D4161 Fiberglass (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe  

   Joints Using Flexible Elastomeric Seals 
5. ASTM F477  Elastomeric Gaskets 
6. AWWA M45 Fiberglass Pipe Design 
7. AWWA C950 Fiberglass Pressure Pipe 

C. Qualifications: 
1. Pipe manufacturer: Minimum five-years of experience manufacturing FRPP of size similar to 

those required by the Contract. 

1.03 SUBMITTALS 

A. Procedures: Section 01300. 

B. Design Calculations:  
1. Submit calculations indicating the pipe design complies with all design requirements.  The 

submittal shall be stamped, signed, and dated by a licensed Professional Engineer registered 
in the State of Washington.   

C. Product data: 
1. Manufacturer's product data indicating: 

a. Handling, shipping, and storage requirements. 
2. Glass Reinforcement: 

a. Type and brand. 
3. Resin System: 

a. Type and brand. 
4. Sand: 

a. Type. 
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b. Gradation. 
5. Additives: 

a. Type and brand. 

D. Submit Shop drawings:  
1. Pipeline alignment and grade: 
2. Pipe/fitting wall construction details: 

a. Pipe cylinder type and thickness. 
b. Manufacturing tolerances. 

3. Gasketed joints: 
a. Joint design type. 
b. Joint details. 

4. Line layout and marking diagrams: 
a. Designation or serial number of each pipe section and fitting. 
b. Location and direction of each pipe section type and fitting in completed line. 
c. Pipe station and invert elevation of each pipe section laid. 
d. Elements of curves and bends, both in horizontal and vertical alignment, including 

elements of the resultant true angular deflections in cases of combined curvature. 
e. Station limits of each reach for each type of field joint and backfill. 
f. Details and locations of fittings, couplings, specials, and other pipe appurtenances. 
g. Details, locations, and structural design calculations for pipe restraint, including all 

proposed methods required to prevent pipe movement and excessive pipe wall stresses 
for joint testing of pipeline. 

h. Details and locations of closures for length adjustment and for construction convenience. 
i. Details of specials and fittings, including outlets, elbows and connections: 

1) Design for test pressure (circumferential and longitudinal) and external loading 
conditions. 

5. Reports: 
a. Dimensions check. 
b. Split ring test. 
c. Tolerance monitoring. 

6. Details of type, number, and position of slings, strutting, and other methods proposed for pipe 
handling during manufacturing, transport, and installation. 

E. Certifications: 
1. Of compliance for all pipes, specials, fittings, and other products or materials furnished under 

this Section as specified in ASTM D3754.  
2. Of compliance for all hydrostatic leak tests. 
3. Of compliance for gasket tests per ASTM F477.  
4. That pipe storage off-site is in accordance with this Section. 

F. Quality Control: 
1. Pipe Fabrication 

a. Plant quality control recordkeeping. 
b. Fiberglass reinforced polymer fabrication process. 
c. Physical testing methods and procedures for the fiberglass reinforced polymer pipe. 
d. Curing methods. 
e. Repair methods and limits of repairs. 

G. Visual and CCTV inspection results.  See Section 01655. 

1.04 QUALITY CONTROL REQUIREMENTS  

A. In addition to manufacturer's hold points, provide hold points, documentation, and appropriate 
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sign-off regarding adherence to the Contract. 

B. Include a system for documenting the pertinent information for each pipe section. 
1. Complete documentation as each pipe section is fabricated. 
2. Copy shall accompany the pipe section to the Site. 

C. Provide appropriate tolerance measurement system for pipe quality control monitoring in 
accordance with ASTM D3754. 

D. Equipment for tolerance checks to be available on Site at all times throughout the pipe installation 
operation.  

1.05 DESIGN CRITERIA AND REQUIREMENTS  

A. General: 
1. In accordance with ASTM D3754. 
2. Design pipe for deflection by using the design procedure in AWWA Manual M45, Chapter 5. 

Submit calculations for the pipe design using the following values: 
a. The pipe shall be designed for the following loads and conditions: 

1) Siphon piping and siphon drop/riser pipes shall be designed for an internal operating 
pressure of 30 PSI and test pressure of 45 PSI. 

2) External loading: Maximum deflection of two percent pipe diameter.  
3. Bending:  The pipe shall be designed to withstand a bending-induced moment from a 

diameter change equivalent to 0.2 percent of the pipe diameter. 
4. Construction Loads: The pipe and joints shall be designed to withstand a combination of 

installation, grouting and shipping loads without cracking, crushing, or otherwise damaging 
the pipe. 

5. Buckling: The pipe design shall indicate adequate resistance to buckling forces. 
6. Joints: 

a. Design utilizing nitrile rubber sealing gaskets as the sole means to maintain water 
tightness. 

b. Prevent both infiltration and exfiltration from occurring. 
c. Design for an external head of 60 feet above pipe invert. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Mark, package, handle, and ship in accordance with the manufacturer's recommendations and 
requirements of ASTM D3754.  

B. Do not roll the pipe off the truck. 

C. Use proper tools and equipment acceptable to the manufacturer to handle the pipe. 

D. Pipe shall not be handled using chain or cable slings or chokers. 

E. Slings shall be made of non-metallic webbing such as nylon or textile material that will not 
damage the pipe. 

F. Stockpiled pipe shall be supported on sand or earth berms free of rock exceeding three inches in 
diameter. 

G. Store pipe in accordance with the requirements of AWWA M45 and the Manufacturers’ 
recommendations.   
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PART 2  PRODUCTS 

2.01 ACCEPTABLE MANUFACTURER  

A. Not used. 

2.02 MATERIALS 

A. In accordance with ASTM D3754.   

B. Minimum Pressure Class (ASTM D3754): 50 psi. 

C. Minimum Stiffness Class (ASTM D2412): 46 psi. 

D. Resin Systems: Use only polyester or vinyl ester resin systems that have been used for pipe 
manufacture for a minimum of ten years. 

E. Internal corrosion liner shall consist of a minimum thickness of 0.04 inch.  

F. Outside pipe coating: 
1. Minimum thickness of 0.03 inch. 
2. Thermosetting polyester resin or thermosetting polyester resin/sand composite. 

G. Fittings shall be shop manufactured. 

H. Structural wall:  Glass fiber reinforcement thermosetting resin with or without sand proportioned 
and oriented such that when tested in accordance with ASTM D3754 the pipe meets all physical 
test requirements including those for the required pipe stiffness. 

I. Pipe shall have straight outside wall. 

J. Length of the sides shall not vary more than 1/4-inch in any length of pipe. 

K. Pipe ends: 
1. At right angles (90 degrees) to the centerline axis of the pipe. 
2. Permissible variation from a true plane at 90-degree angle shall not exceed 1/8-inch. 

L. Glass Reinforcements: The reinforcing glass fibers shall be of the highest quality commercial 
grade of E-glass filaments with binder and sizing compatible with the impregnating resins. 

M. Silica Sand:  Sand shall be minimum 98 percent silica with a maximum moisture content of 0.2 
percent. 

N. Additives:  Resin additives, such as curing agents, pigments, dyes, fillers, and thixotropic agents 
shall not detrimentally affect the performance of the pipe. 

O. Pipe Joint:  
1. Siphon drop/riser pipe : structural sleeve coupling with full-face EPDM membrane gasket. 
2. Slipline (tunnel carrier pipe): structural sleeve coupling with full-face EPDM membrane 

gasket.  One end of coupling shall be permanently fixed to the pipe to avoid separation during 
lining insertion.  

P. Elastomeric Gaskets: 
1. In accordance with ASTM D4161. 
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2. Composition of the elastomer shall be suitable for domestic wastewater applications. 

Q. Grout Ports (if used in tunnel carrier pipe): 
1. Watertight 
2. Stainless Steel 
3. Mechanical attachment to the pipe wall as the primary means of anchoring the grout port. 

Resin may not be the primary method of anchoring the grout port. 

2.03 FABRICATION 

A. Provide 30 day written notice to start of pipe fabrication. 

B. Provide within 30 days following completion of pipe fabrication: 
1. Dimensional check report. 
2. Split-ring test report. 

C. Use a single pipe manufacturer for furnishing pipe, specials, fittings, and appurtenances such as 
gaskets for each pipeline; siphon pipelines or the drop/riser pipelines. 

2.04 SOURCE QUALITY CONTROL 

A. Notify the Project Representative a minimum of 14 days prior to the testing so the Project 
Representative may witness the tests. 

PART 3  EXECUTION 

3.01 PIPE INSTALLATION 

A. FRPP shall be installed in accordance with all manufacturer recommendations. 

B. For direct bury installation, conform to the requirements of ASTM D3839 unless otherwise 
modified by manufacturer recommendations. 

3.02 FIELD INSPECTION AND TESTING 

A. Acceptance of the pipeline shall be based on the testing described herein and final inspection 
conducted jointly by the Contractor and Project Representative. 

B. Inspect pipe prior to placement to ensure that no cracked, broken, or otherwise defective 
materials are being used. 

C. Any pipe found to have visible cracks, scars, chips, spalls, or any damage in excess of the 
limitations specified shall not be used.  Damaged or defective pipe shall be clearly marked with 
permanent marking as being rejected and shall be promptly removed from the Site. 

D. Tolerance checks: 
1. Provide and make available at all times: master templates, working templates, gauges, 

calipers, and any other equipment necessary to inspect the pipe. 
2. Assist the Project Representative in the inspection of pipe as required. 

E. Joint Testing: 
1. Joint leakage test: 

a. Pressure test each pipe joint using portable pipe joint tester. 
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b. Provide pipe restraint during test. 
c. Test Medium: water or air. 
d. Test pressure: 10 psi 
e. Each joint shall be tested as an integral unit. 
f. Maintain test pressure for two minutes minimum. 
g. Repair joint leaks which do not meet leakage criteria and retest. 

F. Siphon drop/riser pipes shall be inspected visually and documented by Closed-Circuit Television 
(CCTV) video survey in accordance with Section 01655. 

G. Deficiencies Requiring Correction: 
1. Variations in alignment greater than specified herein. 
2. Joint separations greater than allowed by pipe manufacturer. 
3. Visible infiltration. 
4. Presence of debris or foreign objects. 
5. Obvious damage or defects in pipeline. 

END OF SECTION 
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SECTION 02627 

POLYMER CONCRETE JACKING PIPE 

PART 1 GENERAL 

1.01 SUMMARY 

A. This Section specifies the requirements for polymer concrete pipe, gaskets and accessories for 
60-inch diameter siphon piping, installed via microtunneling, and siphon drop/riser pipes. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and that of the listed documents, the requirements of this Section 
shall prevail: 

Reference  Title 
1. ASTM A276  Stainless Steel Bars and Shapes 
2. ASTM C33  Concrete Aggregates 
3. ASTM C1103 Standard Practice for Joint Acceptance Testing of Installed Precast 

Concrete Pipe Sewer Lines 
4. ASTM D4161 Standard Specification for “Fiberglass” (Glass-Fiber-Reinforced 

   Thermosetting-Resin) Pipe Joints Using Flexible Elastomeric Seals 
5. ASTM D6783 Standard Specification for Polymer Concrete Pipe 
6. ASTM F477  Elastomeric Seals (Gaskets) for Joining Plastic Pipe 

B. Qualifications: 
1. Pipe Manufacturer: 

a. Continuous experience manufacturing polymer concrete pipe for the past six years 
b. Use a single pipe manufacturer for furnishing pipe, specials, fittings, and appurtenances 

such as gaskets. 
c. Certified to ISO 9000, or Lloyd’s Register Quality Assurance (LRQA) 

2. Pipe testing laboratory:  Continuous experience for the past six years. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Pipe Design:   
1. Submit calculations indicating the pipe design complies with all design requirements.  The 

submittal shall be stamped, signed, and dated by a licensed Professional Engineer registered 
in the State of Washington.   

C. Product data: 
1. Manufacturer's product data indicating: 

a. Handling, shipping, and storage requirements. 
2. Resin System: 

a. Type and brand. 
3. Sand, aggregate and quartz powder: 

a. Type. 
b. Gradation. 

4. Additives: 
a. Type and brand. 

D. Submit Shop drawings:  
1. Pipeline alignment and grade: 
2. Pipe/fitting wall construction details: 
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a. Pipe cylinder type and thickness. 
b. Manufacturing tolerances. 

3. Gasketed joints: 
a. Joint design type. 
b. Joint details. 
c. Details of sleeves and couplings. 

4. Grout Ports: 
a. Locations 
b. Grout port details 

5. Line layout and marking diagrams: 
a. Designation or serial number of each pipe section and fitting. 
b. Location and direction of each pipe section type and fitting in completed line. 
c. Pipe station and invert elevation of each pipe section laid. 
d. Elements of curves and bends, both in horizontal and vertical alignment, including 

elements of the resultant true angular deflections in cases of combined curvature. 
e. Station limits of each reach for each type of field joint and backfill. 
f. Details and locations of fittings, couplings, specials, and other pipe appurtenances. 
g. Details, locations, and structural design calculations for pipe restraint and all proposed 

methods required to prevent pipe movement and excessive pipe wall stresses for joint 
testing of pipeline. 

h. Details and locations of closures for length adjustment and for construction convenience. 
i. Details of specials and fittings, including outlets, elbows and connections: 

1) Design for test pressure (circumferential and longitudinal) and external loading 
conditions. 

6. Reports: 
a. Dimensions check. 
b. Tolerance monitoring. 

7. Details of type, number, and position of slings, strutting, and other methods proposed for pipe 
handling during manufacturing, transport, and installation. 

E. Certifications: 
1. Of compliance for all pipes, specials, fittings, and other products or materials furnished under 

this Section and as specified in ASTM D6783.  
2. Of compliance for gasket tests per ASTM F477.  
3. That pipe storage off-site is in accordance with this Section. 

F. Quality Control: 
1. Pipe Fabrication 

a. Plant quality control recordkeeping. 
b. Physical testing methods and procedures. 
c. Curing methods. 
d. Repair methods and limits of repairs. 

G. Visual and CCTV inspection results.  See Section 01655. 

1.04 QUALITY CONTROL REQUIREMENTS  

A. In addition to manufacturer's hold points, provide hold points, documentation, and appropriate 
sign-off regarding adherence to the Contract. 

B. Include a system for documenting the pertinent information for each pipe section. 
1. Complete documentation as each pipe section is fabricated. 
2. Copy shall accompany the pipe section to the Site. 

C. Provide appropriate tolerance measurement system for pipe quality control monitoring in 
accordance with ASTM D6783. 
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D. Equipment for tolerance checks to be available on Site at all times throughout the pipe jacking 
operation.  

1.05 DESIGN CRITERIA AND REQUIREMENTS 

A. Measure minimum pipe wall thickness at the bottom of the spigot gasket groove, where the wall 
cross section has been reduced.   

B. Pipe tolerances:  
1. Pipe wall thickness shall not vary by more than plus or minus 1/8-inch. 
2. Pipe ends shall be at right angles (90 degrees) to the centerline axis of the pipe. 

a. Permissible variation from a true plane at 90-degree angle shall not exceed 0.125 
degrees. 

C. The pipe shall have a straight outside wall.  No bell ends will be allowed. 

D. Thrust capacity and material strengths shall be coordinated such that the maximum bearing 
stresses imposed upon the pipe material by the pipe jacking shall not be greater than 40 percent 
of the ultimate strength of the pipe material. 

E. Pipe joints: 
1. Pipe sections shall be joined by field connected joints that utilize elastomeric sealing gaskets 

as the sole means to maintain water tightness. 
2. Joints shall prevent both infiltration and exfiltration. 
3. Elastomeric gaskets: 

a. Conform to the requirements of ASTM F477.  
b. Composition of the elastomer shall be suitable for domestic wastewater applications. 

4. Design for external groundwater head of 89 feet above the pipe invert.  

F. Grout ports: 
1. Provide three grout ports in each pipe length to be installed via microtunneling. 
2. Port and plug shall be designed for test pressures. 
3. Grout port position: 

a. Alternating at crown, left-45 degrees, right-45 degrees. 

G. Pipeline to have a maximum deflection of two percent of pipe diameter. 

H. Design pipe for using the following loads and conditions: 
1. Soil loading equal to the lesser of the following: 

a. Uniform radial load equal to the depth of overburden multiplied by 125 pounds per cubic 
foot of soil. 

b. Uniform radial load equal to six times the outside diameter of the pipe multiplied by 125 
pounds per cubic foot of soil plus any hydrostatic load above six times the outside 
diameter of the pipe. 

2. Construction loads: 
a. Designed to withstand a combination of ground, pipe jacking, and grouting loads and be 

coordinated with requirements of Section 02345. 
b. Capable of resisting anticipated shipping, handling and erection loads. 
c. Take into account all irregular-loading conditions resulting from steering the shield and 

jacking pipe. 
3. Design for internal operating pressure of 30 psi and test pressure of 45 psi. 

1.06 DELIVERY, STORAGE AND HANDLING 

A. Use proper tools and equipment to handle the pipe. All techniques and equipment for handling 
and moving the pipe shall be approved by the Pipe Manufacturer. 

B. Only slings made of rope, nonmetallic webbing, or other materials that will not damage the pipe 
shall be used to handle the pipe. 

C. Do not use cable, chain slings, or chokers to handle pipe.  
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PART 2 PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Meyer Polycrete 

B. Al Watani Polycrete  

2.02 MATERIALS 

A. Minimum compressive strength: 13,000 psi. 

B. Minimum pipe wall thickness: 7.2 inches. 

C. Resin: 
1. Manufacturer shall use only polyester or vinyl ester resin systems designed for the service 

intended.   
2. Pipe shall not contain Portland cement or other corrodible elements. 

D. Filler:  All aggregate, sand and quartz powder shall meet the requirements of ASTM C33. 

E. Additives:  Resin additives, such as curing agents, pigments, dyes, fillers and thixotropic agents 
shall not be detrimental to the pipe. 

F. Elastomeric Gaskets:  Conform to the requirements of ASTM F477and shall be suitable for the 
service intended.   

G. Stainless Steel Sleeve Coupling:  Meet the requirements of ASTM A 276. 

2.03 FABRICATION 

A. Pipe:   
1. Fabricated by the vibratory vertical casting process resulting in a dense, non-porous, 

corrosion-resistant, homogeneous, composite structure.   
2. Sequentially number all pipes during manufacture.  Numbers to be clearly marked on the pipe 

and on delivery reports. 

B. Joints:   
1. Stainless steel coupling utilizing an elastomeric sealing gasket. 
2. Meet the performance requirements of ASTM D4161. 
3. Flush with the outside diameter of the pipe when pipe is assembled. 

C. Provide Project Representative a minimum of ten days’ notice prior to starting production of pipe. 

2.04 LABORATORY TESTING AND CERTIFICATION 

A. Verify the pipe and joint design and manufacture in a certified laboratory.  The test results shall 
be certified in writing and stamped, signed, and dated by a licensed Professional Engineer 
registered in the State of Washington. 

2.05 MANUFACTURING TESTING 

A. One random section of the pipe shall be delivered to the lab and tested to failure to establish the 
allowable loads that the pipe and the joints will withstand. 

B. Minimum tests shall include, but not be limited to: 
1. Deflection. 
2. Pipe compression and joint compression. 

C. This is a onetime test to certify the pipe. 

D. Notify the Project Representative a minimum of two weeks prior to the testing so the Project 
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Representative can witness the tests if so desired. 

PART 3 EXECUTION 

3.01 PIPE INSTALLATION 

A. Per Section 02345. 

3.02 FIELD INSPECTION AND TESTING 

A. Acceptance of the pipeline shall be based on the testing described herein and final inspection 
conducted jointly by the Contractor and Project Representative. 

B. Join leackage test: 
a. Pressure test each pipe joint using portable pipe joint tester. 
b. Provide pipe restraint during test. 
c. Test Medium: water or air. 
d. Test pressure: 10 psi 
e. Each joint shall be tested as an integral unit. 
f. Maintain test pressure for two minutes minimum. 
g. Repair joint leaks which do not meet leakage criteria and retest. 

C. Plugged Grout Ports: Visual. No leakage shall be observed. 

D. Inspect all pipe prior to lowering into the jacking pit to ensure that no cracked, broken, or 
otherwise defective materials are being used.   

E. Any pipe found to have visible cracks, scars, chips, spalls, or any damage in excess of the 
limitations specified, shall not be used.  Damaged or defective pipe shall be clearly marked with a 
permanent marking as being rejected and shall be promptly removed from the Site 

F. Inspect joints during installation.  Pipe(s) damaged or misaligned during the tunnel operation shall 
be repaired per Section 02345. 

G. Tolerance checks: 
1. Provide and make available at all times master templates, working templates, gauges, 

calipers, and any other equipment necessary to inspect the pipe. 
2. Assist the Project Representative in the inspection of pipe as required. 

H. In-Place pipe shall be inspected visually and documented by the Project Representative prior to 
final acceptance. 

I. Deficiencies Requiring Correction: 
1. Variations in alignment greater than specified herein. 
2. Joint separations greater than allowed by pipe manufacturer. 
3. Visible infiltration. 
4. Presence of debris or foreign objects. 
5. Obvious damage or defects in pipeline. 

END OF SECTION 
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SECTION 02795 

POROUS FLEXIBLE PAVING SYSTEM 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies porous flexible paving system, which provides vehicular and heavy load 
support over grass areas. The porous flexible paving system provides vehicular and pedestrian 
load support for grass areas, while protecting grass roots from harmful effects of traffic 

B. Major Components of the Complete System 
1. Porous flexible paving units 
2. Sand and gravel base course 
3. Soil amendment and fertilizer 
4. Sand fill  
5. Selected grass from seed 
6. Selected topsoil  
7. Mulch 

C. The porous flexible paving units, sand, and base course work together to support imposed H-20 
loading and provide high resistance to movement or breakage from vehicle turning stresses and 
torsional loads. 

D. The flexible grass paving units, soil amendment and sand fill contribute to vegetation support. 

1.02 QUALITY ASSURANCE  

A. ASTM F 1951 Standard Specification for Determination of Accessibility of Surface Systems Under 
and Around Playground Equipment 

B. ASTM D 638 Standard Test Method for Tensile Properties of Plastics  

C. ASTM C 33 Standard Specification for Concrete Aggregates 

D. AASHTO M6 Standard Specification for Fine Aggregate for Hydraulic Cement Concrete 

1.03 SUBMITTALS 

A. Submit under provisions of Section 01300. 

B. Shop Drawings: Submit design detail showing proper cross-section. 

C. Samples: Submit manufacturer's sample unit section of porous flexible paving material. 

D. Installation Instructions: Manufacturer’s printed installation instructions. Include methods for 
maintaining installed products. 

E. Certificates:   
1. Submit Material Certificates for base course and sand  fill materials 

F. LEED Submittals: Provide documentation of how the requirements of Credit will be met: 
1. List of proposed materials with recycled content; indicate post-consumer recycled content 

and pre-consumer recycled content for each product having recycled content. 
2. Product data and certification letter indicating percentages by weight of post-consumer and 

pre-consumer recycled content for products having recycled content. 
3. Description of porous flexible paving in stormwater design to limit the disruption of natural 

hydrology by reducing impervious cover, increasing on-site infiltration, reducing or eliminating 
pollution from stormwater runoff and eliminating contaminants 

4. Designing elements for porous flexible paving system to limit the disruption and pollution of 
natural water flows by managing stormwater runoff. 
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5. Documenting the use of porous flexible paving system to reduce heat islands to minimize the 
impact on microclimates and human and wildlife habitats. 

G. Substitutions: No material will be considered as an equivalent to the porous flexible paving 
system specified herein unless it meets all areas of this specification without exception. 
Manufacturers seeking to supply what they represent as equivalent material must submit records, 
data, independent test results, samples, certifications, and documentation deemed necessary by 
the Project Representative to prove equivalency.  

H. Manufacturer’s Material Certification: Product manufacturers shall provide certification of 
compliance with all applicable testing procedures and related specifications upon written request. 
Request for certification shall be submitted by the purchasing agency no later than the date of 
order placement.  

I. Product manufacturers shall also have a minimum of 10 years’ experience producing products for 
porous paving systems.  

1.04 DELIVERY, STORAGE, AND HANDLING 

A. Store products in manufacturer’s unopened packaging until ready for installation. 

B. Protect porous flexible paving units/rolls from damage during delivery and store rolls upright, 
under tarp, to protect from sunlight, when time for delivery to installation exceeds one week.  

C. Store soil amendment and fertilizer in a dark and dry location 

D. Handling: Protect materials during handling and installation to prevent damage 

1.05 MAINTENANCE SERVICE 

A. Installer responsible for maintenance of grass plants – water/irrigation, fertilizing, and mowing – 
until acceptance. Do not aerate. 

1.06 PROJECT CONDITIONS 

A. Maintain environmental conditions within limits recommended by manufacturer for optimum 
results.  Do not install products under environmental conditions outside manufacturer's absolute 
limits. 

B. Do not begin installation of porous flexible pavements until all hard surface paving adjacent to 
porous flexible pavement areas, including concrete walks and asphalt paving, is completed. 

C. Install seed as allowed in Section 02900. 

D. In cold weather, do not use frozen materials or materials mixed or coated with ice or frost, and do 
not build on frozen base or wet, saturated or muddy subgrade. 

E. Protect partially completed paving against damage from other construction traffic when work is in 
progress. 

F. Adequately grass seed to assure germination of seed and growth of root system. 

G. Grass coverage on the sand-filled porous flexible paving units must be completed within one 
week: See Part 3 Execution. 

H. Do not drive, park on, or use porous flexible paving system for two or three mowing cycles until 
grass root system has matured (about 6 to 8 weeks for seeded areas).  Any barricades 
constructed must still be accessible by emergency and fire equipment during and after 
installation. 

PART 2  PRODUCTS 

2.01 POROUS FLEXIBLE PAVING  
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A. Composition: 
1. 100 percent chemical resistant UV stabilized impact resistant polymer materials. 

 
2. Color Uniformity: Uniform color throughout all units 

 

B. Performance Properties: 
1. Maximum Loading Capability: 5721 psi (39,273 kPA) when filled with sand 
2. Wheelchair Access testing for ADA Compliance: Passing ASTM F 1951-08 
3. Wheelchair Access testing for ADA Compliance: Passing Rotational Penetrometer testing 
4. System Permeability (porous flexible paving, sand, base course): 1.5 to 50 inches of water 

per hour. 

2.02 SYSTEM MATERIALS 

A. Base Course:  Type P as specified in Section 02200   

B. Sand Fill shall be 65% coarse well-draining clean washed sand Type Z as specified in Section 
02200 and 35% Organic Amendment as Specified in Section 02920. 

C. Turf Conditioner:  
1. Hydrogrow manufactured by Invisible Structures, Inc.  
2. Approved equivalent 

D. Grass – Seed shall be as specified in Section 02930.  

PART 3  EXECUTION 

3.01 INSPECTION 

A. Examine subgrade and base course installed conditions. Do not start porous flexible paving 
installation until unsatisfactory conditions are corrected. Check for improperly compacted 
trenches, debris, and improper gradients. 

B. Start of installation constitutes acceptance of existing conditions and responsibility for satisfactory 
performance. If existing conditions are found unsatisfactory, contact Project Representative for 
resolution. 

3.02 PREPARATION 

A. Subgrade Preparation: 
1. Prepare subgrade in accordance with porous paving system manufacturer’s instructions. 
2. Proper subgrade preparation will enable the porous flexible paving units to connect properly 

and remain level and stationary after installation. 
3. Excavate area allowing for unit thickness, the engineered base depth (where required), and 

0.5 inch (1.25 cm) for depth of sod root zone or topsoil germination area (when applicable). 
4. Provide adequate drainage from excavated area if area has potential to collect water, when 

working with in-place soils that have poor permeability. 
5. Ensure in-place soil is relatively dry and free from standing water. 
6. Uniformly grade base. 
7. Level and clear base of large objects, such as rocks and pieces of wood. 

B. Base Preparation: 
1. Install Base per manufacturer’s instructions. Verify engineered base (if required) is installed in 

accordance with porous paving system manufacturer’s instructions. 
2. Coordinate base installation and preparation with subdrains. 
3. If required, place a geotextile separation layer between the natural ground and the 

‘engineered base’. 
4. If required, install the specified sub-drain and outlet according to Drawings. 
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5. Coordinate base installation and preparation with irrigation and drip irrigation lines specified 
in Section 02810. 

6. Unless required otherwise by manufacturer’s instructions, place engineered base in lifts not 
to exceed 6 inches (150 mm), compacting each lift separately to 95 percent Modified Proctor. 

7. Unless required otherwise by manufacturer’s instructions, leave 1 inch (2.5 cm) of depth 
below final grade for porous paver unit and sand fill and 0.5 inch (1.25 cm) for depth of sod 
root zone or topsoil germination area (when applicable). 

3.03 SOIL AMENDMENT INSTALLATION 

A. Spread soil amendment in accordance with the manufacturer’s instructions.  Spread evenly over 
the surface of the base course with a hand-held, or wheeled, rotary spreader. 

3.04 POROUS FLEXIBLE PAVING INSTALLATION 

A. Install the porous flexible paving units in strict accordance with manufacturer’s written 
instructions. 

3.05 INSTALLATION OF GRASS 

A. Grass coverage on the sand-filled units shall be completed within one week.  
1. Preferred method: Hydroseeding/hydro-mulching - A combination of water, seed and fertilizer 

are homogeneously mixed in a purpose-built, truck-mounted tank. The seed mixture is 
sprayed onto the site at rates shown on plans and per hydroseeding manufacturer's 
recommendations. Coverage must be uniform and complete. Following germination of the 
seed, areas lacking germination larger than 20 cm x 20 cm (8" x 8") must be reseeded 
immediately. Seeded areas must be fertilized and kept moist during development of the turf 
plants. ). Do not drive on system: Hydroseeded/hydro-mulch areas must be protected from 
any traffic, other than emergency vehicles, for a period of 6 to 8 weeks, or until the root 
system has penetrated and established well below the porous flexible paving units. 

B. Adequately water sod or grass seed to assure germination of seed and growth of root system. 

3.06 PROTECTION 

A. Seeded areas must be protected from any traffic, other than emergency vehicles, for a period of 4 
to 8 weeks, or until the grass is mature to handle traffic.  

B. Sodded areas must be protected from any traffic, other than emergency vehicles, for a period of 3 
to 4 weeks, or until the root system has penetrated below the porous flexible paving units. 

3.07 FIELD QUALITY CONTROL 

A. Remove and replace segments of porous flexible paving units where three or more adjacent rings 
are broken or damaged, reinstalling as specified, so no evidence of replacement is apparent. 

B. Perform cleaning during the installation of work and upon completion of the work. Remove all 
excess materials, debris, and equipment from site. Repair any damage to adjacent materials and 
surfaces resulting from installation of this work. 

3.08 MAINTENANCE 

A. Maintain grass in accordance with manufacturer’s instructions and as specified in Section 02930. 

B. Lawn Care: Normal turf care procedures should be followed, including de-thatching.  

C. Do not aerate. Aerator will damage the porous flexible paving units. Aeration is not necessary in a 
sand root zone. 

END OF SECTION 
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SECTION 02810 

IRRIGATION SYSTEMS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies irrigation systems in the vicinity of this project. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of the listed documents, the requirements of this Section 
shall prevail. 

Reference  Title 
ASTM B3  Specification for Soft or Annealed Copper Wire 
NEC  National Electrical Code 

B. Qualifications:  Contractor must be a Washington State licensed landscape contractor.  The 
irrigation system must be installed under the direct supervision of a journey irrigation mechanic or 
journey plumber.  All potable water system components shall be installed by a licensed plumber 
and all testing of the backflow prevention equipment shall also be done by a licensed plumber. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Descriptive literature/information for all operating characteristics including operating pressures, 
pressure losses, materials used in product, test certificates, special features, etc.  

C. A complete list of all specified and approved irrigation products which are proposed for 
installation. 

D. Shop drawings for review and approval prior to beginning work. 

E. Irrigation piping and sprinkler layout drawing when vary from Contract Drawings  

F. Record Drawings:  Section 01720. 

G. Operating and maintenance information:  Section 01730. 

H. Equipment or materials installed or furnished without prior approval of the Project Representative 
will be rejected and such materials will be required to be removed and replaced with approved 
materials at the complete expense of the Contractor. 

1.04 DELIVERY, STORAGE AND HANDLING 

A. Protect all PVC materials from direct sunlight until time of installation. 

1.05 PROTECTION 

A. Confine work to designated areas: 
1. Do not disturb existing vegetation outside of Contract limit lines. 
2. Protect all trees within Contract limits not designated to be removed.  
3. Repair or replace vegetation damaged as a result of construction activities. 

B. Protection of utility lines and other existing facilities: 
1. Verify locations of all utility lines and underground obstructions per Section 01195. 
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2. Be familiar with all utility, irrigation, mechanical, and electrical plans so that digging and 
drilling operations do not damage lines. 

3. Repair or replace any damage to buildings, equipment, underground utilities, irrigation 
equipment, paving, surfacing, stairs, and/or forms. 

C. Any existing automatic irrigation system shall be maintained in an operational, functional 
condition as needed.  A temporary piping and wiring system shall be constructed and protected to 
facilitate irrigation during construction. 

D. Notify the Project Representative two weeks prior to modifying the irrigation system, to allow the 
opportunity to salvage and remove irrigation equipment. 

1.06 GUARANTEES 

A. Provide one year written guarantee. 

B. Include one complete winterization and one complete de-winterization of the irrigation system. 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Pipe and fittings: Section 15050. 

B. Irrigation heads: 
1. Shrub spray:  12 to 18 inch high irrigation heads             
2. 3-inch pop-up rotor:  Toro XP-300-00-02,  
3. MPR Nozzles, or approved equal. 

C. Valves and valve boxes: 
1. Backflow Prevention Valve 

a. Double Check Valve Assembly must be listed on the Washington State Department of 
Health Approved Backflow Prevention Assembly list.  

b. Double Check Valve  
c. Point of Connection Vault shall be Christy Utility Vault N40 with B40-61D lid or approved 

equal.  
2. Automatic control valve: Rainbird EFB-CP-PRS 

a. Rainbird EFB-CP-PRS bronze bodied 
b. Approved equal 

3. Quick coupling valve: 
a. Rainbird 33DRC 
b. Approved equal, and key coupler to fit. 

4. Gate valves:  per Sections 15050 
a. Kennedy 
b. Mueller 
c. Hammond 
d. Approved equal 

5. Drain Valves 
a. Mueller Mark II Oriseal H-10284 
b. Approved equal 

6. Valves boxes:  per Section 15050. 

D. Controller Acceptable Manufacturer:    
1. Rainbird ESP controllers; or approved equal 

E. Master Valve 
a. Rainbird EFB-CP-PRS bronze bodied 
b. Approved equal 
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F. Drain valves and protective sleeves: 
1. Unless otherwise specified, enclose all drain valves in protective sleeves with locking caps. 
2. Sleeves:  4-inch diameter, PVC. 
3. Caps Acceptable Manufacturer:  Rainbird, Toro, or approved equal. 

G. Valve keys and valve box cover keys: 
1. Five sets of all keys required for valves, valve box covers, and valve protective sleeve caps 

and locking covers. 

H. Control wiring: 
1. Control wire: 

a. Insulated single strand-copper minimum AWG #14, 600 V. UL approved as Type UF. 
b. Copper conductor:  ASTM B3.  
c. Red, white, orange and black colors. 
d. Control wire size:  Rainbird, Toro, or approved equal irrigation control wire specifications. 

2. Splice:  watertight electrical wire splices with either 3M-Scott's Lock Seal tack 3576-78, Pen-
Tite PVC socket and sealing plug, or approved equal. 

3. Electrical tape:  black plastic, 3/4-inch wide, minimum of 0.007-inch thick, and all-weather 
type. 

4. Duct tape:  all-weather cloth tape. 

I. Drain rock:  Unfractured rock:  Type F per Section 02200. 

J. Magnetic tracing tape: 
1. Blue detectable tape:  2-inch minimum width, with metallic backing. 
2. Imprinted with "Irrigation Water." 
3. Inert plastic capable of stretching during direct burial. 

PART 3  EXECUTION 

3.01 EXISTING CONDITIONS 

A. Before proceeding with any work, measure all dimensions pertaining to location of walks, vaults, 
lights, standards, hydrants, all utilities, and any other existing conditions. 

3.02 SITE INSPECTION AND LAYOUT 

A. Discrepancies in Drawings: 
1. Report to the Project Representative any deviations between Drawings and the site.  Failure 

to do so prior to the installation of equipment may result in the replacing, and/or relocating 
equipment.  

B. Pressure verification: 
1. Prior to the start of any work, measure static pressure at point of connection and notify 

Project Representative of pressure available. 

C. Plant material: 
1. Consider tree locations in the layout of the irrigation system.  Irrigation equipment shall be 

located a minimum of three feet from the tree trunks. 
2. Field adjust all existing plant material to avoid irrigation equipment. 

3.03 INSTALLATION 

A. General: 
1. Make no adjustments from the Drawings without approval of the Project Representative.  
2. Water service connections:  as set forth in the requirements of all codes and the supplying 

agency. 
3. Unless otherwise specified, install all equipment per manufacturer's recommendations. 
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4. Before starting work, determine that work may proceed without disruption of activities of other 
trades. 

B. Point of Connection 
1. Contractor shall install point of connection equipment as shown on drawings.  

C. Layout of sprinkler irrigation system: 
1. Stake the sprinkler irrigation system following the diagrammatic design shown on the 

Drawings before construction.  
2. Contractor is responsible for taking all reasonable investigative actions and precautions when 

working around all utility systems. 
3. The Contractor shall carefully check grades to ensure that area is ready to begin work. 
4. Make alterations and changes in the layout in order to conform to the ground conditions and 

to obtain full and adequate coverage of water. 
5. Provide layout for approval of the Project Representative prior to installation. It is understood 

that corrective measures in the system may become necessary, but no changes or 
alterations in the system as planned shall be made without the prior written authorization of 
the Project Representative. 

D. Trenching: 
1. General: 

a. Excavate pipe trenches to provide a minimum depth of cover below finish grade of 24 
inches for live lines (mains) and laterals and 18 inches for all others. 

b. Maximum trench excavation depth:  36 inches. 
c. Trench width:  No wider at any point than is necessary to lay the pipe or install 

equipment. 
d. Excavate with vertical sides and provide with bracing to be placed as required, straight 

and without abrupt changes in grade. 
e. Locate outside of paved areas wherever possible. 
f. Slope trenches to drain valve locations. 
g. Remove materials unsuitable for bedding of pipe to a depth 4 inches below trench bottom 

and backfill with Type B fill per Section 02200. 
2. Compact trench bottom prior to placing bedding. 
3. Suitable bedding material:  Type ‘Z’ per Section 02200. 
4. Trenching near trees: 

a. Exercise care when excavating trenches near existing trees. 
b. Where roots are 2 inches and greater in diameter, except in the direct path of the pipe, 

hand excavate and tunnel. 
c. When roots larger than three inches in diameter are exposed, wrap with heavy burlap for 

protection and prevent excessive drying. 
d. For trenches dug by machines adjacent to trees having roots 2 inches and less in 

diameter, hand trim the sides making a clean cut of the roots. 
e. Backfill and compact trenches having exposed tree roots within 24 hours unless 

protected by moist burlap or canvas. 
5. When topsoil exists, keep the top six inches of topsoil separate from subsoil, and replace as 

the top layer. 
6. All trenches must be straight, with appropriate pipe-fittings used to allow pipe to be laid 

without undue bending and not have abrupt changes in grade. 
7. The trench bottom must be free of rocks or sharp-edged objects. 

E. Piping: 
1. Drain locations: 

a. Install at end points of all mains and all other locations indicated on the Drawings. 
b. Each drain to terminate in a 1/2-cubic yard drain rock sump unless otherwise noted. 
c. Install drain valves per detail on Drawings. 
d. Locate sumps outside of paved areas; use offsets if necessary. 
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e. Construct system in a manner that allows winterizing by compressed air blowout through 
quick coupler. 

2. Install pipe in a manner so as to provide for expansion and contraction as recommended by 
the manufacturer. 

3. Lay pipe so that it slopes to drain valve. 
4. Keep interior of pipes clean and free from dirt, debris, excess solvent, pipe cuttings or burrs 

and ream to full diameter. 
5. Where pipe laying is not in progress, close ends of pipe. 

F. Sleeves:  Irrigation and Control Wire: 
1. Separate for live lines and control wire under all paving and surfacing and as indicated on 

Drawings. 
2. Schedule 40 steel. 
3. Irrigation: unless otherwise specified, twice the diameter of insert pipe. 
4. Control wire: unless otherwise specified, 1-inch diameter. 
5. Extend sleeve a minimum of 12 inches beyond edge of paving and surfacing. 

G. Jointing: 
1. Threaded Joints: 

a. Seal with Teflon tape, or paste 
b. Avoid overtightening the metal pipe to PVC fittings. 

2. PVC pipe: 
a. The Contractor shall exercise care in handling, loading, unloading and storing to avoid 

damage.  The pipe and fittings shall be stored under cover, and shall be transported in a 
vehicle with a bed long enough to allow the length of pipe to lay flat, so as not to be 
subject to undue bending or concentrated external load at any point.  Any pipe that has 
been dented or damaged shall be discarded until such damage has been cut out and the 
pipe is rejoined with a coupling. 

b. PVC pipe ends shall be cleaned of all cutting burrs prior to cementing.  Use approved 
reaming tool. 

c. Use two-step solvent weld: Section 15064 
d. Do not permit water in pipe until a period of at least ten hours has elapsed for solvent 

weld setting and curing. 
e. Allow the joints to cure at least 24 hours before pressure is applied to the system.  
f. Only factory threaded Schedule 80 PVC pipe may be connected to a threaded fitting 

without an adapter. 
g. Use no male PVC adapters, only female PVC adapters three inches minimum length. 
h. Street ells only where indicated:  schedule 40 high-density polyethylene. 

3. Brass Pipe and Fittings: 
a. Brass pipe shall be installed in accordance with the local Plumbing Code and as shown 

on the Plans and Details. 
b. Teflon tape all male threads to prevent leaks and corrosion. 
c. Wrap all brass pipes with black PVC tape where they pass through grouted openings in 

concrete vaults. 

H. Sprinkler heads/quick coupler: 
1. Risers for all sprinkler heads and quick coupler valves:  As detailed on the Drawings. 
2. Minimum riser size:  equal to the pipe size of the sprinkler head or quick coupler. 
3. Unless otherwise specified, set perpendicular to finished grades. 

I. Valves: 
1. Enclose all valves and valve boxes including extensions, except manual or drain valves 

which are to be enclosed in protective sleeves, with locking caps. 
2. Install per Drawing detail. 
3. Valve bonnet packings and bolts:  Check and tighten before backfilling. 
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J. Irrigation controller unit: 
1. Unless otherwise specified, receive approval from the Project Representative for the location 

of the controller unit prior to installation. 
2. Attach wire markers to the ends of control wires inside the controller unit housing. 
3. Label wires with the identification number of the automatic control valve to which the wire is 

connected. 
4. Program the controller to operate every other day with equal run times to provide 1” of water 

per week to planting and lawn areas. 
5. Wiring between automatic controller and automatic control valves: 

a. Comply with NEC. 
b. Have a common neutral, white, and separate control conductor for each valve. 

6. When more than one automatic controller is required, provide a separate common neutral for 
each controller and the automatic valves which it controls. 

7. Splices:  
a. Permitted only at junction boxes, valve boxes, or at control equipment. 
b. Leave a minimum of two feet of excess conductor at all splices, terminal and automatic 

control valves to facilitate inspection and future splicing. 
c. Pig-tail free ends of control wiring inside each of the valve boxes before making final 

connections to automatic control valves. 
d. Encapsulate all splices with approved sealants. 

8. Tape control wires together at five foot intervals with electrical tape, then tape this bundle to 
the bottom of the main (supply) line at ten foot intervals with at least one full wrap of duct 
tape. 

9. Install the control wires on the bottom of the PVC mainline with duct tape every ten feet. 
10. Tie a loose 20-inch loop in all wiring at changes of direction greater than 30 degrees. 
11. Untie all loops after all connections have been made. 
12. Run one unconnected continuous spare control wire (orange) through each intermediate 

valve box between controller and furthest automatic control valve. 
13. At Contractor's option, the control wire may be placed to the side of the main rather than 

below as indicated above, provided that the wire is not installed above the top of the main nor 
more than eight inches from the side of the main. 

14. Tape the bundle of control wires together at 5-foot intervals as originally specified. 
15. Seal conduit to controller watertight. 
16. Insert plastic film warning tape 12 inches above wire with the following wording:  "CAUTION: 

BURIED ELECTRIC LINE BELOW". 

K. Flushing: 
1. Mains:  two full-open flushings; one prior to placement of valves, the second after placement 

of valves and prior to testing. 
2. Laterals:  one fully open flushing prior to placement of sprinkler heads and/or drain valves. 

L. Backfill: 
1. At Contractor's option, the pipe may be partially backfilled and manually compacted as it is 

laid, keeping all joints and appurtenances exposed for flushing, pressure testing, preliminary 
inspection, and as-built location. 

2. Complete backfill and compaction after completion of preliminary inspection, flushing and 
pressure testing of system.  Cover all but valve boxes. 

3. Backfill when PVC pipe is not in an expanded condition due to heat or pressure.  Cooling of 
the pipe can be accomplished by operating the system a short time before backfill or by 
backfilling in the early part of the morning, before the heat of the day. 

4. Backfill the first six inches above the pipe with Type B per Section 02200 and tamp. 
a. Subsequent backfill material to contain no lumps or rocks larger than 2 inches. 
b. Lay detectable tape one foot above the centerline of buried mainline pipes and the 

centerline of lateral pipes. Lay tape flat with label face up. 
c. Unless otherwise specified, for the top six inches of backfill, use topsoil free from rocks 

over 1-inch, subsoil, or trash; otherwise, use select fill dirt or sand. 
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d. Thoroughly water-settle trenches; sluicing will not be permitted. 
e. Backfill trenches uniformly, flush with the surrounding grade, rake and roll with a 260-

pound roller. 
5. Unless otherwise specified, remove all roots, rocks and surplus excavation from the site. 
6. Backfill trenches under roads or paved areas and tamp with a mechanical tamper in 

successive 6-inch maximum lifts.  Compact per Section 02200 for material type. 

3.04 TESTING 

A. General: 
1. Per Section 01660. 
2. Notify Project Representative 48 hours in advance of testing. 
3. If, for any reason, any part of the sprinkler system is backfilled before inspection or testing, it 

shall be completely uncovered and exposed until successful completion of testing. 
4. Gauges: 

a. Certify within six months prior to use in the testing of water pressures by an independent 
testing laboratory. 

B. Preliminary inspection/pressure testing: 
1. Prior to notification for pressure testing, accomplish the following: 

a. Perform preliminary testing and make any adjustments required. 
b. Test mains after all mains and laterals have been installed with all pipe and valves, 

including drain valves and quick couplers, and all other equipment in place, except 
sprinkler heads. 

c. Cap all risers. 
d. Purge all air from main lines. 

2. Test mains, laterals, and valves per Section 15050. 

C. Final testing/operation and coverage check: 
1. Prior to request for final testing, accomplish the following: 

a. Final inspection: 
1) Complete all work including balancing, adjusting the system (pressure-reducing 

valves, flow adjustment keys, nozzles, etc.) to provide optimum coverage without 
fogging. 

2) Complete all wiring, adjustments, and set time sequence at irrigation controller unit 
for entire system. 

3) Backfill all except valve boxes.  
2. Coverage check:  operate each zone of the system to show it meets specified requirements. 

3.05 TRAINING 

A. Notify the Project Representative for approval of the date and time of the training session two 
weeks prior to the planned training and orientation session. 

B. Conduct a training session for King County personnel covering the operation, adjustment, 
locations, and maintenance of the irrigation system. 

C. Review the record drawings and operations manual and explain all features.  

3.06 CLEAN-UP 

A. Upon completion of operations and prior to watering, clean all adjoining areas such as paving, 
curbs, and lawns of debris caused by the work on this project, or any part of this project.  All hard 
surfaced areas shall be washed clean 
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3.07 GUARANTEE 

A. Contractor shall submit a written guarantee, in approved form, stating that all work showing 
defects in materials or workmanship will be repaired or replaced, paid for by the Contractor, for a 
period of one year from date of Substantial Completion. 

END OF SECTION 
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SECTION 02833 

METAL PICKET FENCES AND GATES 

PART 1  GENERAL 

1.01 THE REQUIREMENT 

A. The Contractor shall provide metal picket fencing and gates and appurtenant work, complete and 
operable, in accordance with the Drawings and Specifications. 

B. Single Manufacturer: Metal picket fencing, gates, accessories, fittings, and fastenings shall be 
products of a single manufacturer. 

1.02 CONTRACTOR SUBMITTALS 

A. General: Furnish submittals in accordance with Section 01300 - Submittals. 

B. Shop Drawings 
1. Manufacturer’s technical data, product specifications, standard details, certified product test 

results, installation instructions and general recommendations. 
2. Scale layout of fencing, gates, and accessories.  Drawings shall show fence height, post 

layout, including sizes and sections; post setting and bracing configuration, details of gates 
and corner construction, and other accessories which may be necessary. 

C. Samples: Samples of proposed fence components, at least 12-inches long, to illustrate the 
selected color and finish. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Steel material for fence posts, rails and pickets shall conform to the requirements of ASTM 
A653/A653M, with a minimum yield strength of 45,000 psi (344 MPa) and a minimum zinc (hot-
dip galvanized) coating weight of 0.60 oz/ft2, Coating Designation G-60.  

B. Posts and pickets shall conform to ASTM F 2408.  

C. Panel Assembly: Panels for fencing and gates shall be factory fabricated for field erection. 
Pickets shall be inserted into pre-punched holes in the rails and aligned to standard spacing. The 
aligned pickets and rails shall be form fit or welded at each into a rigid panel assembly, to prevent 
movement of pickets or rails. 

2.02 FRAMING AND ACCESSORIES 

A. Line Posts:  Line posts shall be spaced no more than 8-feet on center. Line posts shall be 
constructed of minimum 11 Gauge, 4-inch square tubing. 

B. End, Corner and Pull Posts: End, corner, and pull posts shall be constructed of minimum 11 
Gauge, 4-inch square tubing.  

C. Gate Posts:  Gate posts and concrete bases shall be as indicated in the drawings. 
1. Pedestrian Gates: Gate posts for pedestrian gates (leaf width 4-feet and less) shall be 

constructed of minimum 11 Gauge, 4-inch square tubing. 
2. Vehicular Gates: Gate posts for vehicular gates (leaf width greater than 4-feet) shall be 

constructed of minimum 3/16-inch thick, 6-inch square tubing. 

D. Post Caps: Post Caps shall be press on type steel caps, zinc plated per ASTM B633, Service 
class II or malleable steel caps galvanized per ASTM A123. 
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E. Rails:  Fence shall be provided with 3 rails. Rails shall be minimum 12 Gauge thickness, 
minimum 1-3/4 inch formed channel.  
1. Minimum rail steel thickness of 13 Gauge is acceptable if rails are provided as a minimum 2 

inch formed channel. 

F. Pickets:  Pickets shall be square tubing, with curved security arch above the top rail. Picket 
dimensions shall be as indicated on the drawings. Picket steel shall be minimum 14 Gauge. 
1. Minimum picket steel thickness of 16 Gauge is acceptable if pickets are welded to the rails. 

2.03 GATES 

A. General:  Materials and dimensions of gate rails and pickets shall match the adjacent fence, 
unless otherwise indicated.  

B. Swing Gates:  Perimeter frames and gate ends for swing gates shall be constructed of the same 
material as the top rails, with dimensions as shown, and shall be fabricated by welding. Welds 
shall be ground smooth prior to hot-dip galvanizing. 
1. Hardware and accessories shall be provided for each gate, galvanized in conformance with 

ASTM A 153, and in accordance with the following: 
a. Hinges:  Hinges shall be of size and material to suit gate size, non-lift-off type, offset to 

permit 180-degree gate opening.  Three hinges shall be provided for each leaf 6-feet or 
more in height. 

b. Latch:  Latch shall be forked type or plunger-bar type, permitting operation from either 
side of the gate, with padlock eye as an integral part of the latch. 

c. Keeper:  Keeper shall be provided which automatically engages the gate leaf and holds it 
in the open position until it is manually released. 

d. Double Gates: Gate stops shall be provided for double gates, consisting of mushroom 
type flush plate with anchors, set in concrete, and designed to engage center drop rod or 
plunger bar.  Locking device and padlock eyes shall be provided as an integral part of the 
latch, permitting both gate leaves to be locked with a single padlock.  

2.04 COATINGS 

A. Fencing steel components shall be hot-dip galvanized after fabrication.  

B. Posts, post caps, rails, pickets, brackets, joint extrusions and other appurtenances shall be 
coated with a finish coating after galvanization. Finish coating shall meet the following minimum 
properties:  
Property  ASTM Test Method Requirement 
Adhesion  D3359 – Method B Tape and Knife Test: Coating retention of not  

less than 90% 
Corrosion Resistance B117, D1654  No more than 1/8” coating loss from scribe and  

minimum blister rating of 8  
D1654 B117  after 1,000 hours of exposure to 5% salt solution  

and 95°F operational temperature per. 
Impact Resistance D2794   Not less than 60 inch-pounds 

C. Finish coating shall be epoxy primer with acrylic topcoat, or a TGIC polyester powder coating of 
the “Super-Durable” class. The finish coating shall be shop applied to a minimum thickness of 2 
mils.  

D. Finish coating shall be black in color. 

2.05 RELATED ITEMS 

A. Concrete:  Concrete for post bases, security strips, and other concrete fencing accessories shall 
be provided according to Section 03300.  

B. Provide concrete security strip below the fence at all locations, unless otherwise noted. Concrete 
security strip dimensions shall be as shown on the standard detail drawings. 
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C. Nuts, bolts and screws shall be steel, minimum size 3/8-inch diameter, hot-dip galvanized after 
fabrication, with finish coating per the fence manufacturer’s recommendation. 

D. Brackets and gusset plates shall be steel, and shall be sized, coated, and fastened per the fence 
manufacturer’s recommendation. 

2.06 MANUFACTURERS 

A. Manufacturer’s Qualifications: Metal picket fencing and gates shall be products of a single 
manufacturer which has been successfully engaged in the production of such items  for a period 
of at least 10 years. 

B. Installer’s Qualifications: Installation of the metal picket fence shall be by the manufacturer or by a 
firm approved by the manufacturer. 

C. Manufacturers, or equal 
1. Ameristar Fence Products, Tulsa, OK – Montage II Industrial Invincible 
2. Betafence USA/ Payne, Ennis, TX – UpGrade-I Industrial 

PART 3  EXECUTION 

3.01 INSPECTION 

A. Prior to commencing installation, require Installer to inspect all areas and conditions within which 
work of this Section will be performed.  Dimensions and clearances shall be verified.  Final 
grading shall be completed and all earth, brush, or other obstructions which interfere with the 
proper alignment and construction of fencing shall be removed. 

3.02 INSTALLATION 

A. General:  Unless otherwise indicated, all posts shall be set in concrete.  Gate and related posts, 
corner posts, and other critical elements shall be provided with concrete foundations which are 
designed by an engineer to safely accommodate the loads to which they will be subjected. Install 
fencing to withstand wind load as specified. 

B. Install fence and gates in accordance with manufacturer’s instructions and approved installation 
drawings.   

C. Excavation:  Holes for posts shall be drilled or hand excavated to the diameters and spacings 
indicated, in firm, undisturbed or compacted soil.  Post foundations which are not designed by an 
engineer shall comply with the following: 
1. Holes for line posts shall be excavated to a diameter not less than 12-inches (18-inches for 

corner or gate posts) or not less than 5 times the largest dimension of the post being 
anchored, whichever is larger. 

2. Depth for holes shall be not less than 40-inches; excavated approximately 4-inches lower 
than the post bottom, with bottom of posts set not less than 36-inches below finish grade 
surface.    

D. Setting Posts:  Line posts shall be spaced at not more than 8-foot intervals, measured from 
center to center of the posts, parallel to the ground slope.  Posts shall be set plumb and shall be 
centered in holes, 4-inches above the bottom of the excavation, with posts extending not less 
than 36-inches below finish grade surface, unless noted otherwise on the Drawings.  
1. Corner posts shall be installed where changes in the fence lines equal or exceed 15 degrees, 

measured horizontally. 
2. Each post shall be properly aligned vertically and its top aligned parallel to the ground slope.  

Posts shall be maintained in proper position during placement and finishing operations. 

E. Concrete 
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1. Concrete for footings may be placed without forms, providing the ground is firm enough to 
permit excavation to neat line dimensions.  Prior to placing concrete, the earth around the 
hole shall be thoroughly moistened. 

2. Encasement concrete for footings shall be placed immediately after mixing in a manner such 
that there will be no concentration of the large aggregates.  The concrete shall be 
consolidated by tamping or vibrating.   

3. Concrete footings shall have a neat appearance and shall be extended 2-inches above grade 
and troweled to a crown to shed water.   

4. A minimum of 7 days shall elapse after placing the concrete footings before the fence panel 
assembly is fastened to the posts. 

F. Fasteners:  Attach fence rails to posts using panel hanger brackets as recommended by 
manufacturer. Field welding of panels to posts is unacceptable. Attach hardware using tamper-
resistant or concealed means.  Nuts and hardware bolts shall be installed on the secure side of 
the fence.  Ends of bolts shall be peened or the threads scored to prevent removal of nuts. 

G. Handle fence components to protect finish coating from any scuffs, abrasion or other damage 
during installation.  Excessive damage to factory applied coatings will be cause for rejection. 
1. Damage to coatings shall be repaired by light sanding, thorough cleaning, and application of 

a zinc-rich cold galvanizing primer followed by a high quality acrylic lacquer paint to match 
finish. Primer and paint shall be as provided or recommended by the paint manufacturer.   

2. Field applied touch-up coating is inferior in performance and appearance to factory applied 
finishes. If the required field touch-ups are excessive, at the discretion of the Project 
Representative, the pertinent fencing section(s) shall be completely replaced by the 
Contractor with new fence material at no additional cost to King County and no additional 
schedule allowance. 

END OF SECTION 
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SECTION 02900 

LANDSCAPING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies all landscaping except for lawns and grasses, which include soil 
preparation, planting mix installation fine grading, plant removal, plant transplanting, plant 
installation, fertilizing, desiccant, staking, cleanup, installation of concrete paving slabs warranty, 
and maintenance work. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
ASTM D 422  Method for Particle-Size Analysis of Soils 
ANSI Z60.1-2004 American Standard for Nursery Stock, 2004 Edition 
ASTM D1557  Standard Test Methods for Laboratory Compaction Characteristics of  
   Soil Using Modified Effort (56,000 ft-lbf/ft3 (2,700 kN-m/m3)) 
COS 2011  COS Standard Plans for Municipal Construction  
IBC   International Building Code 

B. Manufacturer's qualifications:  Materials to be provided under this Section are to be the product of 
firms regularly engaged in the cultivation of the specified species or manufacture of a specified 
material.  The landscaping materials shall be removed and installed by specialists possessing 
sufficient technical competence, skills, resources and ability to complete the work specified under 
this Section with a requisite degree of competence in a timely manner. 

C. Codes and standard specifications:  Material specified by reference to the number, symbol, or title 
of a specific standard, such as commercial standard, federal specification, a trade association 
standard or other similar standard. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Supplier and supplier's type designation for all fertilizers and commercial products. 

C. Planting Mix and amendments Analysis Reports:  A report certified by an analytical laboratory 
which shows results of analyzing representative samples of planting mix, organic amendment 
proposed for use.  Approval of the report does not constitute final acceptance of the planting mix. 

1.04 WARRANTY 

A. The warranty shall include replacing and planting the same size and species of plant material, as 
shown on the Drawings or included in the plant list. 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Soils and additives: per Section 02920. 

B. Tree staking materials as shown on planting details. 
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C. Water Absorbing Polymer 
1. Hydrosorb 2001 as manufactured by Hydrosorb, Inc., www.hyrsosorb.com, or approved 

equal. 

D. Plant Fertilizer Tablets 
1. Tablets shall be 21 grams each 20-10-5"Agriform," or approved equal 

E. Water:  Supply water necessary to ensure an adequate supply to meet the needs of this Contract.  
Provide necessary hose, equipment, attachments, and accessories for the adequate watering of 
plant areas as may be required to complete the work as specified. 

F. Concrete Paving Slabs:  
1. Concrete Paving Slabs shall be Saturna Finish, Color: Charcoal  2” thick  24”x24”  
2. Compressive Strength: Average compressive strength shall not be less than 8000 PSI (55 

MPA) with no individual unit less than 7300 PSI (50 MPA) when tested not less than 28 days 
from the date of production in accordance with CSA A231.1 – 06. 

3. Flexural Strength: Average flexural (transverse) strength shall be at least  
4. 655 PSI (4.5 MPA) with no individual unit below 582 PSI (4.0 MPA) when tested in 

accordance with CSA A231.1 – 06. 
5.  Water Absorption: Average water absorption shall not be greater than five percent (5%) with 

no individual unit greater than seven percent (7%), when tested in accordance with CSA 
A231.1 – 06. 

6. Scaling Resistance: Specimen shall not have an average loss of mass  
greater than 300 g/m2 of the total inundated surface area of the individual paving slab after 28 
cycles of freezing and thawing, or  800 g/m2 after 49 cycles. Specimens with an architectural 
finish shall not have an average loss of mass greater than 500 g/m2 of the total inundated surface 
area of the individual paving slab after 28 cycles of freezing and thawing, or 1200 g/m2 after 49 
cycles, when tested in accordance with CSA A231.1 – 06. 
7. Dimensions: Dimensions of paving slabs, and concave or convex warpage shall not differ 

from those agreed upon by the manufacturer by more than the following amounts: 
a) Length and width: - 1.0 mm to + 2.0 mm 
b) Height:  + 3.0 mm 
c) Concave or convex warpage in one dimension by the following amounts: 

i. Up to 450 mm, 2.0 mm; or 
ii. Over 450 mm, 3.0 mm 

Dimensions are based on manufacturer’s standard drawing for particular shape identified.  
8.  Center Point Load Test of Pedestal-supported Slabs: 1,800 lbs. 
9. Manufactured in a plant where paving products are certified by ICPI as having   passed 

manufacturer designated CSA requirements in this specification. 
10. As Manufactured by Abbotsford Concrete Products     Toll Free: 1-800-663-4091 Fax: 

(604)852-4819, or Approved Equal 

G. Root Barrier 
1. Shall be black injection Molded Panels of 0.080” wall thickness in modules 24” long by 18” 

deep manufactured with a minimum 50% post-consumer recycled polypropylene plastic with 
added ultraviolet inhibitors; recyclable.  

2. Each panel shall have not less than 4 molded integral vertical root deflecting ribs of at least 
0.06” thickness protruding ½” at 90 degrees form interior of the barrier panel, spaced 6” 
apart.  

3. A double top edge consisting of two parallel integral horizontal ribs at the top of the panel of a 
minimum 0.06” thickness, 3/8”” wide and ¼” apart with the lower rib attached to the vertical 
root deflecting ribs.  

H. Jute Erosion Control Netting 
1. Organic temporary erosion control blanket shall meet the following requirements: 

a. Made of natural plant fibers. 
b. Have a minimum weight of 8 oz./sq. yd. and a minimum limiting shear stress of 0.45 

lb./sq. ft. 
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c. Netting, if present, shall be biodegradable or photodegradable 

I. STAKING MATERIALS 
1.  Stakes for supporting trees shall be sound No. 2 Fir or Hemlock of uniform size not less than 

2-inch by 2-inch or 2-1/2 inch min diameter wood posts of lengths on the staking details.  All 
knots shall be solid.   

2. Tying material shall be ¾” wide soft polypropylene tree tying material color ‘Green’. 
3. Tree ties of other materials may be used with prior approval of Project Representative. 

2.02 MISC. MATERIALS 

A. Bench shall be 6’ long TimberForm® Antigo series model No. 2120, with armrests, in the length 
and color finish selected by the owner's representative and in the quantity shown on the project 
drawings.  Manufacturer, Columbia Cascade Company, 1300 SW Sixth Avenue, Suite 310, 
Portland OR 97201-3464 U.S.A. 

B. Or Approved Equal. 

PART 3  EXECUTION 

3.01 SITE GRADING AND SOIL PREPARATION  (NOT BANK RESTORATION AREAS) 

A. Prepare a consistent subgrade 12 inches below top of adjacent pavement or adjacent finish 
grade. 

B. Rototill subgrade to a depth of 8 inches, removing rocks, clods, roots, pieces of wood and plastic, 
pieces of metal or wire and other construction related debris over 2 inches in any dimension. 

C. Place ½ specified depth planting mix and rototill to thoroughly mix into subgrade 4” depth.  

D. Place remainder of planting mix, grade smooth, place recommended soil amendments and 
incorporate 6” depth into soil profile.  Bring planting bed grade even with top of adjacent 
pavement or finish grade after compaction. 

E. Provide a consistent, smooth planting bed. 

F. Compact subgrade and topsoil fill at 85 percent maximum density per ASTM D1557. 

G. After planting apply a 2” layer of Organic Amendment per Section 02920.  

3.02 SITE GRADING AND SOIL PREPARATION (BANK RESTORATION AREAS)  

A. Clear and grub surface roots and weeds. 

B. Place a 3” layer of Organic Amendment and incorporate into subgrade to a depth of 12 inches, 
removing rocks, clods, roots, pieces of wood and plastic, pieces of metal or wire and other 
construction related debris over 2 inches in any dimension. 

C. Provide a consistent, smooth planting bed. 

D. After installation of plant material install a 4” layer of Coarse Compost per Section 02920. 

3.03 PLANTING OPERATIONS 

A. General: 
1. Transport plant materials to their final location with care. 
2. Tie down branches, if necessary, and protect bark with burlap bags to prevent damage from 

chafing by ropes and wires. 
3. Do not drag plants on the ground. 
4. Properly place in a manner which provides complete protection for the roots and branches. 
5. Plant trees during normal periods for such work, as determined by the season, weather, and 

accepted practice. 
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6. Remove rejected plants from the site immediately. 

B. Pruning:   
1. After planting, prune plant material in compliance with the best horticultural practice, 

appropriate to the type of plant. 
2. Top pruning shall remove damaged twigs and branches, and compensate for loss of roots 

during planting operation. 
3. Unless otherwise indicated, top growth removal to compensate for root loss shall not exceed 

1/3 of the top growth. 
4. Remove top growth in such a manner as to retain the natural growth characteristics of the 

plant. 
5. Treat cuts greater than 3/4-inch in diameter with an approved tree wound dressing. 
6. Produce a clean cut without bruising or tearing the bark; living wood shall be left where the 

wound can heal over properly. 
7. Do not prune evergreen plants except to remove dead or broken branches. 

C. Inspection and Approval:  Required by the Project Representative prior to removal and 
transplanting. 

D. Existing Onsite Trees Transplanting Planting Season:  Remove trees and shrubs and transplant 
between November 15 and March 15. 

E. Planting Time:  Planting of trees and shrubs shall be done only during periods that are normal for 
such work as determined by weather conditions and accepted practice. 

F. Antidesiccant:  Apply to all plant material in accordance with manufacturer's recommendations. 

G. Digging and handling plant stock: 
1. Use reasonable care and skill to prevent injuries to the trunk, branches, and roots. 
2. Replace plant material damaged during the digging and handling process. 
3. The replacement material shall be of the same kind and size as the damaged material. 
4. The replacement material shall be guaranteed for the duration of the temporary transplanting 

and shall be alive and in satisfactory growth at the end of such period. 

3.04 MISC. MATERIALS 

A. Contractor shall install bench according to manufacturer’s recommendations.  

B. Plant Locations: 
1. Indicate on Drawings (Grading and Paving Plans) the holding area to which plant material to 

be salvaged is to be relocated. 
2. Tag each plant to be salvaged and mark transplanted locations in holding area with stakes. 
3. Indicate on stakes the type of tree at each location. 
4. Obtain the Project Representative's approval prior to planting.  This requirement will be 

strictly enforced. 

C. Prepared topsoil:  Supply, incorporate and mix thoroughly into the imported topsoil fertilizer and 
compost at the following rates: 
1. Trees:  Apply 6-10-8 fertilizer at 1 pound per inch caliper of tree plus 5 pounds of compost. 
2. Shrubs:  Apply 6-10-8 fertilizer at 3 pounds per 1,000 square feet in shrub area plus compost 

at a 50 percent by volume mix with soil. 

D. Trees and shrubs: 
1. Removal: 

a. Ball and burlap plants. 
b. Dig with firm natural balls of earth of sufficient diameter and depth to encompass the 

fibrous and feeding root system necessary for full recovery of the plant. 
c. Firmly wrap with burlap and bound with twine or wire mesh. 
d. Where necessary to prevent breaking or cracking of the ball during the process of 

planting, secure the ball to a platform. 
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e. No plant will be accepted if the ball is cracked or broken before or during planting 
operations. 

2. Planting: Use pocket planting technique. 
a. Create planting pockets of prepared soils large enough to sustain the newly installed 

landscape materials. 
b. Use reasonable care to dig planting pockets and prepare soil prior to moving plants to 

their respective locations for planting to ensure that they will not be unnecessarily 
exposed to drying elements or to physical damage. 

c. Dig circular pockets with vertical sides.  Diameter of pits for trees and "B&B" shrubs shall 
be at least 2 feet greater than the diameter of the ball. 

d. The depth of pockets for trees and shrubs shall be enough to accommodate the ball 
when the plant is set to finished grade allowing for a minimum of 6 inches of compacted 
prepared topsoil in the bottom of the pit. 

e. The finished grade level of the plant after settlement shall be the same as that at which 
the plant was grown. 

f. Place the plants carefully in the prepared planting pockets. 
g. Remove binding of upper 1/3 of the ball and loosen burlap. 
h. Remove all burlap over irrigation systems 
i. Prepare topsoil to fill planting pit 2/3 deep and tamp into place with foot. 
j. Add water sufficient to flood hole. 
k. When surface drains off, fill hole to proper depth with topsoil and form a 4-inch basin 

around each tree exceeding the diameter of the planting pocket. 
l. Add organic amendment and flood with water again to thoroughly soak basin. 
m. When surplus water drains away, tamp soil firmly and add mulch as required to fill 

depressions and give a neat appearance. 
n. Immediately stake each tree. 

E. Concrete Paving Slabs 
1. Contractor shall install concrete paving slabs as shown on the contract documents.  

F. Root Barrier 
1. Contractor shall install root barrier as shown on the contract documents.  

G. Bench Installation 
1. Contractor shall install specified benches according to manufacturer’s recommendations at 

locations shown on the contract documents.  
2. Project Representative shall approve location prior to installation.  

3.05 MAINTENANCE 

A. Preliminary inspection and approval: 
1. Request a preliminary inspection of planting work upon completion of all planting. 
2. No partial approvals will be given. 

B. Requirements:   
1. Maintain trees and shrubs in a vigorous, thriving condition through watering, pruning, 

cultivating, spraying, and other necessary operations for the total period of time the plant 
material is temporarily held. 

2. Protect trees and shrubs from damage by erosion or trespassing.  Erect proper safeguards. 

C. Cleanup:  Maintain landscaped and staging areas in a clean, neat, and orderly manner at all 
times. 

D. Final cleanup: 
1. Remove deleterious material and debris from all areas. 
2. Neatly rake planting areas to an even fine grade. 
3. Wash and clean hard surfaces. 

E. Final inspection: 
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1. Final inspection shall determine completion of Contract work.  Final inspection will be made 
by the Project Representative no earlier than two days after receipt of due notice requesting 
such inspection. 

2. The site shall be thoroughly cleaned and work shall be completed at the time of final 
inspection. 

END OF SECTION 
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SECTION 02920 

LANDSCAPE SOIL MATERIALS 

PART 1  GENERAL 

1.01 SUMMARY  

A. This Section specifies the planting soil for trees, shrubs, lawns, and ground cover. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of a listed document, the requirements of this Section 
shall prevail. 
Reference Title 
ASTM C136 Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates 
ASTM D422 Standard Test Method for Particle-Size Analysis of Soils 
ASTM D1557 Test Methods for Laboratory Compaction Characteristics of Soil Using 
  Modified Effort (56,000 ft-lbf/ft3 (2,700 kN-m/m3)) 
ASTM F1647 Total Organic Matter, loss on ignition method (dry wt.) 
ASTM D 4972  Standard Test Method for pH of Soils 

B. Control: Provide one individual who shall be present at all times during execution of this portion of 
the work, who is thoroughly familiar with the type of materials being installed, the proper materials 
and methods for their installation, the proper timing for installation. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300 

B. Materials List:  a complete list of materials proposed demonstrating conformance with the 
requirements specified.  Include names and addresses of all suppliers. 

C. Soil Materials:  0.25 cu.ft. representative samples of native soil and organic amendment taken 
from location at proposed planting beds 

D. Fertilizers:  manufacturer’s analysis 

E. Certificates 

F. Laboratory Testing documenting soil fertility 

1.04 TIMING OF WORK 

A. Work shall proceed as rapidly as the site becomes available, consistent with specified seasonal 
limitations for the planting. 

1.05 PRODUCT HANDLING 

A. Delivery and Storage: 
1. Furnish standard products in manufacturer’s standard containers bearing original labels 

showing quantity, analysis, and name or manufacturer. 
2. Store products with protection from weather or other conditions which would damage or 

impair the effectiveness of the product. 
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1.06 MATERIAL TESTING 

A. The Contractor shall provide test data reports for representative samples of the Planting Mix 
Raingarden soil and Organic Amendment used in the Work. Testing reports shall include name of 
product, source of individual components and testing results for each mixed material and 
components and shall include the following tests: 
1. Particle size distribution for Sand components (ASTM C136) 
2. Organic Content of Planting Mix and Organic Amendment by ‘Loss on Ignition Method’ 
3. Bulk Density of Planting Mix and Organic Amendment. 
4. Carbon to Nitrogen Ratio of Organic Amendment 
5. Particle size distribution (ASTM 422) for Planting Mix and Raingarden Soil 
6. Nutrient Analysis Reports of the Planting Mix and Raingarden Soil for the following 

a. pH 
b. Nutrients (ppm): Nitrogen (N), Phosphorus (P), Potassium (K) 
c. (ppm/lb/acre): Magnesium (Mg), (SO4). Sulfur. calcium 
d. Solvita maturity test for compost 

7. Testing Reports for Coarse Compost demonstrating product meets COS Standard 
Specifications 9-14.4(9) 

B. Testing reports shall be submitted a minimum of 48 hours prior to delivery of Planting Mix and 
Raingarden soil. 

C. Laboratory Tests as described herein shall be conducted by an independent A2LA laboratory with 
the experience and capability to conduct the tests indicated. 

PART 2  MATERIALS 

2.01 PLANTING MIX 

A. General: 
1. Native soils and organic amendment.  Use a topsoil mix consisting of 2/3 screened, natural 

sandy loam topsoil, free from debris, weeds, weed seeds and foreign matter and 1/3 organic 
amendment. 

B. pH: 
1. Range of 5.0 to 6.5 with dolomitic limestone added as necessary to attain this range. 

C. Fertilizers: 
1. Add fertilizers of the types and quantity as recommended by the accredited soils testing 

laboratory to bring the planting mix to optimum long-term fertility. 
2. Fertilizers shall meet the general requirements of this Section and the recommendations of 

the testing laboratory. 

2.02 RAINGARDEN MIX 

A. Raingarden Mix soil shall consist of 65% sand and 35% compost material per Section 9-14.1(3) 
of the COS Standard Specifications by volume, thoroughly mixed together. Bioretention Soil shall 
be pre-mixed either on site or off site prior to final placement. 

B. The sand shall meet the following: 
Sieve  Percent Passing 
3/8  100 
#4  90-100 
#8  70-100 
#16  50-85 
#30  25-60 
#50  5-30 
#100  0-10 
#200  0.0-4.02 
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C. The compost material shall be ‘Organic Amendment’ specified herein. 

2.03 ORGANIC AMENDMENT 

A. General  
1. The carbon to nitrogen ratio of the compost shall be below 25:1. 
2. The compost shall have an organic matter content of 35% to 65% as determined by “loss on 

ignition” test method. 

B. Compost for turf and groundcover:  
1. 100 percent Groco, manufactured by Groco and distributed by Sawdust Supply, 15 S. 

Spokane Street, Seattle Washington, (206) 622-5141, or approved equal. 

C. Compost for pocket plantings 
1. 100 percent Groco or approved equal.  

2.04 COARSE COMPOST 

A. Compost for Bank Restoration Areas:  
1. Compost for top dress bank restoration areas shall be Coarse Composted per COS Standard 

Specifications 9-14.4(9) 

2.05 FERTILIZERS 

A. General: 
1. Standard commercial grade of organic or inorganic fertilizer containing the amounts of total 

nitrogen, available phosphoric acid, and water-soluble potash specified below. 
2. Furnish in standard unopened containers with weight, name of plant nutrients, and 

manufacturer’s statement of analysis clearly marked, in accordance with state and federal 
laws. 

B. Fertilizer: 
1. General: 

a. 6-8-10 complete fertilizer,50 percent of the nitrogen to be derived from natural organic 
sources or ureaform. 

b. Available phosphoric acid shall be from superphosphate, bone, or tankage. 
c. 50 percent of the potash shall be derived from sulfate of potash-magnesium. 

1) 6 percent nitrogen. 
2) 10 percent phosphoric acid. 
3) 8 percent potash. 

2. Additives: 
a. F.T.E.:  2 percent. 
b. Multiracin:  0.5 percent. 

3. Gradation: 
a. No. 4 sieve retains 0 percent. 
b. No. 20 sieve retains 65 percent. 
c. No. 80 sieve retains 100 percent. 

2.06 LIME 

A. General: 
1. Agricultural grade mineral soil conditioner containing 35 percent minimum magnesium 

carbonate and 49 percent minimum calcium carbonate, 100 percent passing No. 65 sieve. 

B. Acceptable manufacturer: 
1. Kaiser Dolomite 65 AG. 
2. Approved equal. 
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2.07 PHOSPHORUS 

A. Agricultural grade fertilizer providing the amount of available phosphoric acid specified below. 

B. Bone Meal (1-23-0), superphosphate (0-20-0), or approved equal. 

PART 3  EXECUTION 

3.01 RAINGARDEN MIX PLACEMENT 

A. Contractor shall minimize site disturbance in the proposed Raingarden area. Once excavation 
has begun in the Raingarden area, Contractor shall rope off and flag around the proposed 
Raingarden area using high-visibility construction fencing placed as a temporary protection 
measure.    

B. No heavy equipment shall be operated, driven or parked within the Raingarden perimeter during 
excavation, placement of Raingarden Soils, planting, or mulching of the facility. 

C. No materials or substances shall be mixed or dumped within the Raingarden area that may be 
harmful to plant growth, or prove a hindrance to the planting or maintenance operations.   

D. The proposed Raingarden area shall not be used for sediment control facilities (i.e., no temporary 
sediment trap or pond) at any time during construction, and all drainage shall be directed away 
from the Raingarden after excavation has begun. Runoff from contributing drainage area shall not 
be allowed to enter the Raingarden until Raingarden and contributing drainage areas are 
stabilized according to erosion and sediment control BMPs and to the satisfaction of the Project 
Representative, in order to prevent clogging of the subgrade and Raingarden Soils.  Contractor 
shall direct flow away from the facility with temporary diversion swales or other approved 
protection.  If deposition of fines occurs in the Raingarden area, native and fill material shall be 
removed and replaced as necessary at the Contractor’s expense, and the surface scarified to the 
satisfaction of the Project Representative. 

E. Contractor shall minimize compaction of the base and sidewalls of the Raingarden area.  
Contractor shall avoid compaction of the infiltration area and surrounding soils during 
construction.  Excavation shall be performed by machinery operating adjacent to the Raingarden 
and no heavy equipment with narrow tracks, narrow tires, or large jugged, high pressure tires 
shall be allowed on the bottom of the Raingarden.  If machinery must operate in the Raingarden 
for excavation, light weight earth-moving, low ground-contact pressure equipment (e.g., backhoes 
or wheel and ladder type trenchers) shall be used and the base shall be scarified at completion to 
refracture soil to a minimum of 12 inches.  The sidewalls and bottom shall be roughened where 
scraped and sealed by excavation equipment. 

F. Excavation, soil placement, or soil amendment shall not be performed during wet or saturated 
conditions. Contractor shall not excavate within 6 inches of final native soil grade when conditions 
are wet. If rain is predicted within 2 days of the date Contractor anticipates performing native soil 
excavation of the future Raingarden Soil area, Contractor shall cover soil area with clear plastic 
sheeting such that precipitation falling on the area is directed away from the bottom Raingarden 
area to prevent area from becoming saturated. Excavation shall not be permitted if soil area is 
saturated or has been subjected to water within 48-hours prior to excavation. Project 
Representative shall determine if soil is saturated more than 3 percent beyond optimum moisture 
content; laboratory testing to verify saturation can be conducted by the Contractor if soil 
saturation is in dispute. Moisture content test may take several days to complete. 

G. Contractor shall avoid smearing of soil at the interface of the basin floor and sides. 

H. The Contractor shall establish the number of survey points to clearly identify bottom and top 
shape and elevations. At a minimum, the construction points supplied by the King County shall be 
surveyed. After staking, the Contractor shall delineate Raingarden shape and centerline with 
marking paint. The Project Representative shall approve survey information, and Raingarden 
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shape before excavation begins. Upon approval of paint markings, stakes shall be set to maintain 
limits of excavation as directed by the Project Representative.   

I. Grading within critical root zones of existing trees to be protected shall be under the direction of 
the Project Representative. Should grading conflict with existing site conditions, consult with the 
Project Representative prior to proceeding with the work.  

J. After excavation and prior to placement of Raingarden soils the Contractor shall collect a native 
soil sample. The native soil sample shall be placed into clean 5 gallon bucket.  The sample shall 
be representative of soil located within the bottom of the Raingarden, and include approximately 
equal volumes from a minimum of 2 collection sites within the bottom of the Raingarden. The 
Contractor shall label the bucket with the number of the location and provide the Project 
Representative with the soil sample. The Project Representative will transfer sample to King 
County Materials Laboratory for analysis. Soil analysis data will be used for future system 
performance evaluation.    

K. Prior to placement of Raingarden soil, the Contractor shall notify the Project Representative to 
inspect and take a photograph of the Raingarden. If any sediment-laden runoff has entered 
Raingarden, the sediment deposition shall be removed by overexcavating the Raingarden by a 3 
inch minimum. An additional 3 inches of Raingarden Soil shall be imported and placed at the 
Contractor’s expense. 

L. No soil mixing shall occur while raining on site or wet conditions exist. Stockpiled Raingarden 
soils, stockpiled prior to mixing, shall be stored in a manner that prevents them from becoming 
wet from rain, stormwater runoff, or other sources of water. Soil mixing or placement shall not be 
allowed if soil area is saturated or has been subjected to water within 48-hours prior to mixing or 
placement. Project Representative shall have final authority to determine if wet or saturated 
conditions exist. 

M. Raingarden Soil components shall be mixed together to achieve a uniform consistency. The 
Raingarden Soil mixture shall be a uniform mix, free of stones, stumps, roots or other similar 
objects larger than two inches. Mixing of the Raingarden Soil to a homogeneous consistency 
shall be done to the satisfaction of the Project Representative. No soil mixing shall occur while 
raining on site or wet conditions exist. 

N. The Raingarden Soil Mixture shall be a uniform mix, free of stones greater than 3/8-inches, 
stumps, roots or other similar objects larger than 2 inches. Mixing of the Bioretention Soil to a 
homogeneous consistency shall be done to the satisfaction of the Project Representative.  

O. Contractor shall contact King County’s materials lab 10 days prior to soil placement for in situ 
density testing.   

P. Raingarden Soil shall be placed in lifts not exceeding 6 inches to the total compacted depths 
shown on the Drawings. Soil shall not be placed when the ground or soil is frozen, excessively 
wet or, in the opinion of the Project Representative, in a condition detrimental to the work. The 
Contractor shall compact each lift of the soil by proof rolling with a handheld device (e.g., water-
filled drum) approved by the Project Representative. Use of mechanical vibratory compaction 
equipment is NOT permitted.   

Q. After all Raingarden Soil has been placed and compacted, the Contractor shall grade the 
Raingarden bottom areas to the elevation as shown on the Drawings to allow placement of 
mulch, inlet cobble, rain garden overflow and clean out. 

3.02 PLANTING MIX PLACEMENT 

A. Place Planting Mix in proposed lawn and planting beds as described in Section 02900. Place 
organic amendment in all areas to be planted. 

B. In all areas not otherwise designated for planting, paving or other surface treatment as follows:  
1. Place minimum five inches compacted depth of organic amendment. 
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2. Rototill and thoroughly mix the five inch depth of organic amendment and the fertilizers (at 
manufacturer’s recommended rate for plantings) into the subgrade to a depth of 15 inches. 

3. Compact to 85 percent maximum density per ASTM D1557. 
4. Install grass seed as specified in Section 02930. 

END OF SECTION 
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SECTION 02930 

LAWNS AND GRASSES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies lawns and grasses necessary for finish grading, placing, soil preparation 
and treatment, and maintenance. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified. In case of 
conflict between the requirements of this Section and those of a listed document, the 
requirements of this Section shall prevail. 
Reference  Title 
ANSI Z60.1  Nursery Stock 

B. Plant material: Washington Grade No. 1 as per State of Washington Department of Agriculture 
Order Numbers 1229, 1230, and 1322. Quality, size, and condition as determined by standards 
set forth in the aforementioned standards and ANSI Z60.1. Plant names shall conform to latest 
edition of "Standardized Plant Names" as adopted by American Joint Committee of Horticulture 
Nomenclature. 

C. Fertilizer: comply with Washington State Department of Agriculture Laws and Federal 
Specification 0-F-241D pertaining to commercial fertilizers. 

D. Soil: per Section 02920 

E. Seed: Comply with the standards for:   
1. "certified" grade seed or better  
2. draught resistant 
3. weed free 

1.03 SUBMITTALS 

A. Procedures:  Section 01300 

B. Product Data 

1.04 JOB CONDITIONS 

A. Protect work and adjacent property, and be responsible for any damage or injury arising due to 
actions or neglect. 

B. Confine work to areas designated. Do not disturb existing vegetation outside of limit lines.  Repair 
or replace vegetation damaged as a result of Contractor's operation. 

C. Provide necessary safeguards for the protection of planted areas for such time as is required to 
assure vigorous establishment of the plant material. 

PART 2  PRODUCTS 

2.01 SOIL PREPARATION MATERIALS 

A. Additive materials for soil preparation of planted areas shall be as follows: 
1. Fertilizer, 10-20-20 
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2. Fertilizer, 6-2-4 
3. Lime, Dolomite 
4. 100 percent Groco, as supplied by Sawdust Supply Company, Inc. No substitutions will be 

accepted. 

2.02 SEED MIX  

A. Seed shall conform to applicable LAHJ regulations. Seed shall be mixed by dealer. The 
Contractor shall furnish dealer's guaranteed germination figure for each variety. Grass seed shall 
not be delivered until samples have been approved in writing by the Project Representative. 
Approval of samples, however, shall not affect the right of the Project Representative. Seed that 
has become wet, moldy, or otherwise damaged prior to use will not be accepted. 

B. Grass seed shall be fresh, clean, new-crop seed, composed of the following varieties mixed in the 
proportions by weight. Purity and germination percentage shall be the results of testing. 

C. Lawn Seed mixes shall comply with COS Standard Specifications for Road, Bridge and Municipal 
Construction Section 9-14.2(4) Irrigated Lawn or Athletic Playfield Mix (Seed Mix #3). 

D. Erosion Control Seed mix shall comply with COS Standard Specifications for Road, Bridge and 
Municipal Construction Section 9-14.2(2) Erosion Mix (Seed Mix #1). 

PART 3  EXECUTION 

3.01 INITIAL PREPARATION 

A. Prepare a consistent subgrade 4 inches below top of adjacent pavement or adjacent finish grade. 

B. Remove existing weeds and wild grass growing in the work area. 

C. Rough grade to a smooth finish, eliminating low spots that would cause ponding of surface water. 

D. Rake up rocks, stones, and chunks of concrete larger than 2 inches in diameter and dispose of 
offsite. 

E. Remove from the site pieces of metal, wire, lumber, plastic, and other construction related debris 
larger than 2 inches in diameter or 4 inches in length from the site.  

3.02 FINISH GRADING 

A. Bring area to smooth finish grade allowing for future settlement. Depth after completion and 
settlement shall 1 inches below top of adjacent pavement or finish grades after compaction. 

B. Fine-grade planting areas to even finish grade. 

C. Unless otherwise indicated, grade shall be 1/2-inch below the level of the adjacent paved 
surfaces after settlement. 

D. Correct depressed grades. 

3.03 SOIL PREPARATION 

A. Use care to avoid garden areas. 

B. Broadcast 3 inches of Gro-Co on turf areas, and rototil into the top 8 inches of subgrade. 

C. Apply 10-20-20 fertilizer to the prepared seedbed at the rate of 30 pounds per 1,000 square feet, 
together with dolomite limestone at the rate of 50 pounds per 1,000 square feet. 

D. Immediately before grass installation, lightly rake the seedbed. 

E. If soil is dry, lightly sprinkle before grass installation. A footprint depressing of approximately 1/8-
inch will indicate proper soil condition. 
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3.04 BROADCAST SEEDING 

A. Broadcast seeding shall be performed where indicated or as directed in the field by the Project 
Representative. 

B. The soil shall be prepared per soil preparation instructions. The Project Representative will 
inspect and approve the soil preparation prior to commencing with seeding and fertilizing. The 
Contractor shall prepare only enough ground that can be planted within 24 hours thereafter. 

C. Fertilizer shall be evenly applied to the prepared ground at a rate 1 pound of actual nitrogen per 
1,000 sq ft. Fertilizing shall be completed prior to seeding. 

D. Sow seed at the application rates indicated above. Equal quantities of seed shall be sown in two 
directions at right angles to each other to produce an even distribution of seed over the entire 
area. 

E. The seed shall then be covered with a fine layer of soil to a depth not greater than 1/4-inch. 

F. Critical areas within 12-feet of streams or other water bodies shall be mechanically or hand raked 
to cover seed prior to mulching or installation of erosion control fabric.  The Project 
Representative may designate in the field other areas that require raking. 

G. Flat, seeded areas shall be evenly covered with a weed-free straw mulch at the rate of 2,000 
pounds per acre. Areas with slopes steeper than 4 horizontal to 1 vertical shall be covered with 
the indicated erosion control matting. 

H. Broadcast seeding method shall be utilized between March 15 and October 15. 

I. Mechanical application (hydroseeding) is acceptable. The Contractor shall notify the Project 
Representative of proposed method, mulch, and type of equipment to be used and shall receive 
approval before beginning this operation. 

3.05 HYDROSEEDING 

A. General:  Areas labeled turf shall be hydroseeded or drill seeded if flat and larger than 1/2 acre. 

B. Hydroseeding method shall be utilized between March 15 and October 15. 

C. Equipment:  Mixing shall be performed in a tank. The tank shall have a built-in continuous 
agitation and circulation system, of sufficient operating capacity to produce a homogenous slurry 
of mulch, stabilizer, seed, fertilizer and water in the designated unit proportions for a minimum 
coverage of one-half acre. The tank shall have a discharge system which will permit attachment 
of at least 500-feet of hose extensions, a change of elevation of 150-feet in height from tank to 
discharge nozzle, and still retain enough pressure to apply the slurry to the areas at a continuous 
and uniform rate. 

D. Proportions:  Proportions per acre shall be as follows: 
1. Mulch, 2,500 pounds 
2. Seed, proportioned to mixture of seed as specified herein 
3. Stabilizer, 120 pounds 
4. Fertilizer, 350 pounds 
5. Water, 3,000 gallons 

E. Application 
1. With agitation system operating at part speed, water shall be added to the tank and good 

recirculation shall be established. Materials shall be added in such a manner that they are 
uniformly blended into the mixture. 

2. When the tank is 1/3 filled with water, add the following materials in the sequence listed: 
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Sequence Material 

1 Stabilizer, 1/2 acre requirement 

2 Three 50 pounds bales mulch 

3 Seed, 1/2 acre requirement 

4 Fertilizer, 1/2 acre requirement 

 
3. Agitate mixture at full speed when the tank is half filled with water. 
4. Add remainder of mulch requirement before tank is 3/4 full. 
5. Slurry distribution shall begin immediately. Application of slurry shall be done only when rain 

is not anticipated for at least three days after slurry application. 
6. The entire tank of each batch of slurry shall be emptied and the slurry evenly applied to areas 

to be hydroseeded within a 2 hour period following the mixing of each slurry batch. Slurry 
batches not applied during this time will be rejected. 

3.06 MAINTENANCE 

A. Perform maintenance of the lawn materials beginning immediately after the placement. 

B. Keep grass areas watered through the first mowing, after which, fertilize the grass with 33-1/2 
pounds of 6-2-4 fertilizer per 1,000 square feet. 

C. Maintain, mow, and water until Final Acceptance. 

END OF SECTION 
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SECTION 03100 

CONCRETE FORMS AND ACCESSORIES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies formwork for cast-in-place concrete, with shoring, bracing and anchorage, 
openings for other work, form accessories, and form stripping. 

1.02 QUALITY CONTROL 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  They are a part of this Section as specified and modified.  In case of conflict 
between the requirements of this Section and that of the listed documents, the requirements of 
this Section shall prevail. 
Reference Title 
ACI 301 Structural Concrete for Buildings 
ACI 318 Building Code Requirements for Reinforced Concrete and Commentary 
ACI 347R Guide to Formwork for Concrete 

B. Perform work of this section in accordance with ACI 347R, ACI 301, and ACI 318. 

1.03 SUBMITTALS 

A. See Section 01300 - Procedure. 

1.04 REGULATORY REQUIREMENTS 

A. Conform to applicable code for design, fabrication, erection and removal of formwork. 

1.05 DELIVERY, STORAGE, AND PROTECTION 

A. Deliver void forms and installation instructions in manufacturer's packaging. 

B. Store void forms off ground in ventilated and protected manner to prevent deterioration from 
moisture. 

PART 2  PRODUCTS 

2.01 FORM MATERIALS 

A. Form Materials:  Materials for concrete forms, formwork, and falsework shall conform to the 
following requirements. 
1. Lumber shall be Douglas Fir or Southern Yellow Pine, construction grade or better, in 

conformance with U.S. Product Standard PS 20 - American Softwood Lumber Standard. 
2. Plywood for concrete formwork shall be new, waterproof, synthetic resin bonded, exterior 

type Douglas Fir or Southern Yellow Pine plywood manufactured especially for concrete 
formwork, shall conform to the requirements of PS 1 – Construction and Industrial Plywood, 
for Concrete Forms, Class I, and shall be edge sealed. 

3. Form materials shall be metal, wood, plywood, or other material that will not adversely affect 
the concrete and will facilitate placement of concrete to the shape, form, line, and grade 
indicated.  Metal forms shall accomplish such results.  Wood forms for surfaces to be painted 
shall be Medium Density Overlaid plywood, MDO Ext. Grade. 

4. Metal leave in place forms shall not be used. 

B. Form Release Agent:  Form coating shall not bond with, stain or adversely affect concrete surface 
and shall not impair subsequent treatment of concrete surfaces. Coating containing minerals oils 
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or other non-drying ingredients will not be allowed. Provide DUOGARD manufactured by W.R. 
Meadows. 

C. Nails, Spikes, Lag Bolts, Through Bolts, Anchorages:  Sized as required, of sufficient strength 
and character to maintain formwork in place while placing concrete. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify lines, levels and centers before proceeding with formwork.  Ensure that dimensions agree 
with drawings. 

3.02 EARTH FORMS 

A. Hand trim sides and bottom of earth forms.  Remove loose soil prior to placing concrete. 

3.03 ERECTION - FORMWORK 

A. Erect formwork, shoring and bracing to achieve design requirements, in accordance with 
requirements of ACI 301. 

B. Provide bracing to ensure stability of formwork.  Shore or strengthen formwork subject to 
overstressing by construction loads. 

C. Arrange and assemble formwork to permit dismantling and stripping.  Do not damage concrete 
during stripping.  Permit removal of remaining principal shores. 

D. Align joints and make watertight.  Keep form joints to a minimum. 

E. Obtain approval before framing openings in structural members that are not indicated on 
drawings. 

F. Provide fillet strips on external corners of beams, joists, and columns. 

G. Install void forms in accordance with manufacturer's recommendations.  Protect forms from 
moisture or crushing. 

H. Coordinate this section with other sections of work that require attachment of components to 
formwork. 

I. If formwork is placed after reinforcement, resulting in insufficient concrete cover over 
reinforcement, request instructions from Project Representative before proceeding. 

3.04 APPLICATION - FORM RELEASE AGENT 

A. Apply form release agent on formwork in accordance with manufacturer's recommendations. 

B. Apply prior to placement of reinforcing steel, anchoring devices, and embedded items. 

C. Do not apply form release agent where concrete surfaces will receive special finishes or applied 
coverings that are affected by agent.  Soak inside surfaces of untreated forms with clean water.  
Keep surfaces coated prior to placement of concrete. 

3.05 INSERTS, EMBEDDED PARTS, AND OPENINGS 

A. Provide formed openings where required for items to be embedded in passing through concrete 
work. 

B. Locate and set in place items that will be cast directly into concrete. 

C. Coordinate with work of other sections in forming and placing openings, slots, reglets, recesses, 
sleeves, bolts, anchors, other inserts, and components of other work. 
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D. Install accessories in accordance with manufacturer's instructions, so they are straight, level, and 
plumb.  Ensure items are not disturbed during concrete placement. 

E. Provide temporary ports or openings in formwork where required to facilitate cleaning and 
inspection.  Locate openings at bottom of forms to allow flushing water to drain. 

F. Close temporary openings with tight fitting panels, flush with inside face of forms, and neatly fitted 
so joints will not be apparent in exposed concrete surfaces. 

3.06 FORM CLEANING 

A. Clean forms as erection proceeds, to remove foreign matter within forms. 

B. Clean formed cavities of debris prior to placing concrete. 
1. Flush with water or use compressed air to remove remaining foreign matter.  Ensure that 

water and debris drain to exterior through clean-out ports. 

3.07 FORMWORK TOLERANCES 

A. Construct formwork to maintain tolerances required by ACI 301. 

3.08 FORM REMOVAL 

A. Formwork shall not be disturbed until the concrete has hardened adequately, but in no case 
sooner than 24 hours after placement of concrete.  

B. Do not remove forms or bracing until concrete has gained sufficient strength to carry its own 
weight and imposed loads. 

C. Loosen forms carefully.  Do not wedge pry bars, hammers, or tools against finish concrete 
surfaces scheduled for exposure to view. 

D. Store removed forms to prevent damage to form materials or to fresh concrete.  Discard 
damaged forms. 

E. Any repairs needed or finish treatment required on surfaces shall be performed immediately after 
form removal and shall be followed by the specified curing. 

3.09 REUSE OF FORMS 

A. Forms may be reused only if in good condition and only if acceptable to the County.  Prior to 
reuse, forms shall be cleaned and repaired as necessary to achieve specified concrete finishes. 
Holes from bolts and ties shall be carefully plugged and brought smooth and flush to the 
formwork surface.  

END OF SECTION 
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SECTION 03200 

CONCRETE REINFORCEMENT 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies reinforcing steel for use in reinforced concrete.  Epoxy coated reinforcing 
steel is not included in this Section. 

1.02 QUALITY CONTROL 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
ACI 117 Standard Specifications for Tolerances for Concrete Construction and Materials 
ACI 315 Details and Detailing of Concrete Reinforcement 
ACI 318 Building Code Requirements for Structural Concrete  
ASTM A185 Standard Specification for Steel Welded Wire Reinforcement, Plain, for Concrete. 
ASTM A510 Standard Specifications for General Requirements for Rods and Coarse Round 

Wire, Carbon Steel 
ASTM A615 Standard Specifications for Deformed and Plain Carbon-Steel Bars for Concrete 
  Reinforcement 
ASTM A706 Standard Specification for Low-Alloy Steel Deformed and Plain Bars for Concrete 

Reinforcement 
AWS D1.4 Structural Welding Code-Reinforcing Steel  
CRSI-MSP1 Manual of Standard Practice 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Shop Drawings and Product Data: 
1. Technical data of reinforcing bars, dowel bars, tie bars, bar supports. 
2. Reinforcing bar shop and placement drawings. Shop drawings shall show bending diagrams, 

assembly diagrams, splicing and laps, shapes, dimensions, details and schedules of bar 
reinforcing and accessories in accordance with ACI 315. 

3. Bar lists and bending details. 
4. Bar tags. 

C. Welding Reinforcement Bars-(Permitted only with written approval from Project Representative) 
1. If reinforcement steel is to be spliced by welding at any location, submit mill test reports 

containing the information necessary for determination of the carbon equivalent per AWS 
D1.4 - Structural Steel Welding Code - Reinforcing Steel. 

2. Submit a written welding procedure for each type of weld for each size of bar which is to be 
spliced by welding; merely a statement that AWS procedures will be followed is not 
acceptable. 

3. If reinforcement steel is spliced by welding at any location, submit certifications of procedure 
qualifications for each welding procedure and certification of welder qualifications, for each 
welding procedure and for each welder performing on the WORK. 
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PART 2  PRODUCTS 

2.01 MATERIALS 

A. Bar Reinforcement:  Deformed billet steel conforming to ASTM A615, Grade 60,unless otherwise 
indicated. 

B. Welded Reinforcement: 
1. Bar and spiral reinforcement that is welded shall conform to ASTM A 706 - Low Alloy Steel 

Deformed and Plain Bars for Concrete Reinforcement, for Grade 60 reinforcement, unless 
otherwise indicated. 

2. The carbon equivalent in reinforcing that is welded shall not exceed 0.55 percent. 

C. Tie Bars:  Deformed billet steel bars conforming to the requirements of ASTM A615, Grade 60. 

D. Bar Supports and Trim Steel: 
1. Locate in accordance with CRSI Manual of Standard Practice. 
2. Metal accessories including spacers, chairs, ties and other devices necessary for proper 

placement, spacing, supporting and fastening reinforcement in place shall conform to the 
CRSI MSP1.  

3. Show all reinforcing steel required on the Shop Drawing. 
4. Unless otherwise indicated, use standard steel supports for other work. 
5. Non-corrosive, non-rusting material where bar supports will be exposed to air, soil, water or 

sewage. 

E. Tie Wire: Black annealed steel, 16 gage or heavier conforming to ASTM A 510. 

F. Wire fabric: Welded steel mesh conforming to ASTM A185. Furnish sheets; rolls are not 
acceptable. 

G. Mechanical couplers and connections shall meet the requirements of ACI 318 and shall develop 
in tension and compression 125 percent of the specified yield strength of the bars being spliced. 
Coupler shall be positive locking, thread type manufactured from high quality steel. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Fabrication: 
1. Reinforcing steel: 

a. Do not bend, straighten, or rebend in a manner that will damage the material. 
b. Do not use bars with kinks or with bends not shown. 

B. Delivery, Storage, and Handling 
1. Reinforcement and accessories shall be shipped together with items of same size and shape. 

Items shall be fastened in bundles with securely wired-on identification tags giving size and 
mark . 

2. Reinforcement and accessories shall be stored above ground on platforms, skids, or other 
supports to allow for drainage below. 

3. Reinforcement shall be protected from damage and from foreign substances that will reduce 
bond.  

C. Placement: 
1. Reinforcement shall be furnished full length to the extent practical minimizing the number of 

bar splices.  
2. Place reinforcing steel in accordance with CRSI, the Drawings, and the applicable shop 

drawing per the reinforcing steel supplier. 
3. Include all reinforcing steel as required by CRSI when not shown specifically on the Drawings 

or explicitly referred to in the Specifications. 
4. Unless otherwise indicated, use concrete cover as shown on the Drawings. 
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5. Position reinforcing steel accurately and secure against displacement at intersections with tie 
wire and support by concrete or metal chairs, spacers or metal hangers. 

6. Support reinforcing steel on rock foundations with steel rods and pegs. 
7. Support and position reinforcement on compacted fill foundations with concrete blocks 

(dobies) having the same or higher compressive strength as specified for the concrete in 
which it located. Reinforcement shall be wire tied to the concrete block supports. 

8. Unless otherwise indicated, do not place reinforcing steel on fresh concrete or force the steel 
into fresh concrete. Special care shall be taken to prevent disturbance of reinforcement in 
concrete that has been already placed. 

9. When moisture-proofing is used, support reinforcing steel or mesh with supports designed 
with flat bases to protect the membrane at all times. 

10. Tolerances on reinforcement placement shall be in accordance with ACI 117. 

D. Splicing: 
1. Lap splice reinforcing steel shall conform to the requirements of ACI 318 and as shown on 

the Drawings. 
2. Bars in lapped splices shall be in contact and shall be tied to maintain bar spacing as shown. 
3. In slabs, beams, girders, and walls subject to lateral pressure, do not splice reinforcing steel 

in areas of maximum stress.   
4. Stagger splices of adjacent bars. 
5. For bars of different sizes, the lap length shall be that given for the smaller size bar or shall 

be equal to the embedment length of the larger size bar, whichever is greater. 

E. WELDED SPLICES 
1. Welded splices shall be provided where indicated and where approved by the ENGINEER. 
2. Welded splices of reinforcement steel shall develop a tensile strength that exceeds 125 

percent of the yield strength of the reinforcement bars that are connected. 
3. Materials as required to conform the welded splices to AWS D1.4 shall be provided. 
4. Welder qualifications and procedure qualifications shall be as indicated in AWS D1.4 
5. Repair welds that fail to meet AWS D1.4. 

F. Cleaning: 
1. Clean steel of mill rust scale, dried concrete, or other coatings that may reduce bond. 
2. Reinforcement reduced in section is not acceptable. 
3. Remove all debris in the placement area prior to concrete placement. 
4. When concrete placement is delayed, special cleaning of reinforcement may be required by 

the Project Representative. 

3.02 TESTING   

A. Demonstrate conformance with the specified requirements for concrete reinforcement  

B. King County may elect to also test concrete reinforcement per 01410.  

END OF SECTION 



 

Gloria G Soto
Typewritten Text
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SECTION 03300 

CAST IN PLACE CONCRETE 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies the requirements for cast-in-place concrete, including embedded material 
and formwork. 

B. All concrete structures shown on the drawings are to be Cast-In-Place unless specifically 
designated precast or other. 

C. Alternates to Cast-In-Place will be considered solely at the Project Representative's discretion 
considering impacts to service, quality, cost and/or schedule. Onsite batching and continuous 
mixing may be utilized. 

1.02 QUALITY CONTROL 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  They are a part of this Section as specified and modified.  In case of conflict 
between the requirements of this Section and that of the listed documents, the requirements of 
this Section shall prevail. 

Reference  Title 
1. ASTM C33  Std. Specification for Concrete Aggregates 
2. ASTM C39  Std. Test Method for Compressive Strength of Cylindrical Concrete  

Specimens 
3. ASTM C94  Std. Specification for Ready-Mixed Concrete 
4. ASTM C150 Std. Specification for Portland Cement  
5. ASTM C173 Std. Test Method for Air Content of Freshly Mixed Concrete by the 

Volumetric Method. 
6. ASTM C260 Std. Specification for Air-Entraining Admixtures for Concrete 
7. ASTM C494  Std. Specification for Chemical Admixtures for Concrete 
8. ASTM C618 Std. Specification for Coal Fly Ash and Raw or Calcined Natural  

Pozzolan for Use as a Mineral Admixture in Concrete 
9. ASTM C685 Std. Specification for Concrete Made by Volumetric Batching and  

Continuous Mixing 
10. ASTM C881 Std. Specification for Epoxy-Resin-Base Bonding Systems for Concrete 
11. ASTM C989 Specification for Ground Granulated Blast-Furnace Slag for Use in 

Concrete and Mortars 
12. ASTM C1059 Std. Specification for Latex Agent for Bonding Fresh to Hardened  

Concrete 
13. ASTM C1107 Std. Specification for Packaged Dry, Hydraulic-Cement Grout  

(Nonshrink) 
14. ASTM D1751 Std. Specification for Preformed Expansion Joint Filler for Concrete  

   Paving and Structural Construction (Nonextruding and Resilient  
   Bituminous Types) 

15. COE CRD-C 513 Corps of Engineers Specifications for Rubber Waterstops 
16. COE CRD-C572 Corps of Engineers Specification, Polyvinyl Waterstops 

1.03 SUBMITTALS 

A. Section 01300:  Procedure. 

B. Concrete Mix design and verification of mix strength with laboratory testing 
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C. Product Data:  Submit manufacturers' data on specified products showing compliance with 
specified requirements. 

D. Product Data:  Submit manufacturers' data on contractor selected products showing quality and 
suitability for the application. Contractor selected products are to be standards typically used in 
the industry for similar applications. 

E. Samples:  Submit samples of materials as specified 

F. Manufacturer's Installation Instructions:  Submit installation procedures and interface required 
with adjacent construction for concrete accessories. 

G. Project Record Documents: per Section 01720 showing all concealed or embedded conduits, 
fabricated metal frames, and other utilities and components. 

1.04 PRE-PLACEMENT CONFERENCE 

A. Within thirty (30) calendar days after the approval of the Contractor’s bond, but before Contractor 
starts Work at the site, the County will schedule a Pre-placement Conference. 

B. Agenda shall be prepared by the County or Engineer and shall include, but not be limited to the 
following: 
1. Project safety procedures and requirements. 
2. County’s requirements for inspection and acceptance protocols. 
3. Procedures for processing of field dimensions, changed conditions, and proposal request. 
4. Survey. 
5. Security and housekeeping procedures. 
6. Procedures for testing. 
7. Procedures for maintaining Record Documents. 
8. Procedures for handling submittals such as substitutions and Shop Drawings.  
9. Direction of correspondence, and coordinating responsibility. 
10. Laboratory and field-testing requirements. 
11. Provisions for inventory of material stored on-site or off-site storage if authorized. 

1.05 QUALITY CONTROL 

A. Be responsible for controlling the quality of the materials and work. 

B. Obtain services of an independent testing laboratory to perform required tests to document 
compliance with the Contract requirements. 

C. Perform work of this section in accordance with ACI 301 and ACI 318. 
1. Maintain one copy of each document on site. 

D. Follow recommendations of ACI 306R when concreting during cold weather. 

PART 2  PRODUCTS 

2.01 FORMWORK 

A. Comply with requirements of Section 03100. 

2.02 REINFORCEMENT 

A. Comply with requirements of Section 03200 

B. Do not use reinforcement having any of the following defects: 
1. Bar lengths, depths, or bends exceeding the specified fabricating tolerances. 
2. Bends or kinks not indicated on the Drawings or required for this work. 
3. Bars with cross-section reduced due to excessive rust or other causes. . 
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2.03 CONCRETE MATERIALS 

A. Cement:  ASTM C 150, Type II - Portland. 
1. Non-false setting and low alkali, containing less than 0.60 percent alkalis 
2. The requirement for low alkali cement shall be waived if certification is provided by the 

supplier that the aggregate source supplies non-alkali reactive aggregate. 

B. Fine and Coarse Aggregates:  ASTM C 33. 
1. General: 

a. Regard fine and coarse aggregates as separate ingredients. 
b. Non-reactive. 
c. Wash before use. 

2. Fine aggregate: 
a. Hard, dense, durable particles of either sand or crushed stone regularly graded from 

coarse to fine meeting the requirements of ASTM C33.  
b. The sand equivalent value shall be no less than 75 when tested in accordance with 

ASTM D2419. 
c. The fineness modulus of sand used shall not be greater than 3.1 

3. Coarse aggregate: 
a. Hard, dense, and durable gravel or crushed rock free from injurious amounts of soft and 

friable particles, alkali, organic matter, and other deleterious substances and meeting the 
requirements of ASTM C33 Class Designation 4S. 

b. Coarse aggregate shall conform to ASTM C33 Size Number 467(MSA=1.5”). 
c. Before and during field trial mixes, minor adjustments may be made to the above 

gradation to produce the specified concrete. 
d. Coarse aggregate shall be from a single source 

C. Fly Ash:  ASTM C 618, Class C or F. 
1. Contain less than 3 percent by weight carbon. 
2. Loss on ignition shall not be more than 6 percent by weight. 
3. Water soluble alkalis, as Na2O, shall be less than 1.5 percent. 

D. Calcined Pozzolan:  ASTM C 618, Class N. 

E. Ground Granulated Blast-Furnace Slag: 
1. Grade 100 or Grade 120, GGBF Slag, conforming to ASTM C989. 
2. Slag supplied for all mix designs shall be from the same single source. 

F. Water:  Clean, free of silts, organics and other compounds detrimental to concrete, meeting the 
requirements of ASTM C1602. 

2.04 ADMIXTURES 

A. Air Entrainment Admixture:  ASTM C 260.  Submit product data. 

B. Chemical Admixtures, as required:  ASTM C 494/C 494M,  
1. Type A - Water Reducing, 
2. Type C - Accelerating, 
3. Type G - Water Reducing, High Range and Retarding. 
4. Type D - Water Reducing and Retarding 
5. Do not use chemicals that will result in soluble chloride ions in excess of 0.1 percent by 

weight of cement. 

2.05 CONCRETE ACCESSORIES 

A. Reglets:  Formed steel sheet, galvanized, with temporary filler to prevent concrete intrusion 
during placement.  Submit product data 

B. Bonding Agent:  ASTM C 1059, Type II acrylic non-redispersable type. Submit product data  
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C. Epoxy Bonding System:  ASTM C 881, type as required by project conditions.  Submit product 
data 

D. Underslab Vapor Retarder:  Polyethylene sheet, minimum 6 mils thick. Submit two each 12 inch 
by 12 inch samples. 

E. Non-Shrink Grout:  ASTM C 1107; premixed compound consisting of non-metallic aggregate, 
cement, water reducing and plasticizing agents. 

F. Curing Materials:  Submit product data 
1. Dissipating resin curing compound: 
2. Conforming to ASTM C309, Type 1. 
3. The film shall chemically break down in a two to four week period. 

2.06 JOINT DEVICES AND MATERIALS 

A. Waterstops:  
1. Rubber type, COE CRD-C 513., made from natural rubber, suitable synthetic rubber or a 

blend of both.  Submit product data. 
2. PVC Type: 

a. Waterstops shall be extruded from an elastomeric polyvinyl chloride compound 
containing the plasticizers, resins, stabilizers, and other materials necessary to meet the 
indicated requirements of this Section. 

b. No reclaimed or scrap material shall be used. 
c. The CONTRACTOR shall obtain from the waterstop manufacturer and shall furnish to the 

ENGINEER for review, current test reports and a written certification of the manufacturer 
that the material to be shipped to the Site meets the physical requirements as outlined in 
the U.S. Army Corps of Engineers Specification CRD-C572-PVC Waterstops, and those 
indicated. 

d. Flatstrip and Center-Bulb Waterstops 
1) Flatstrip and center-bulb waterstops shall be manufactured such that at no place 

shall the thickness of waterstops, including the center bulb type, be less than 3/8 
inch. Water length shall be 6 inch. 

2) The waterstop shall be provided with hog rings installed at 12 inches on centers 
along the waterstop. 

3) Shapes shall be as indicated, or as acceptable to the ENGINEER. 
e. Used for maximum design head up to 125 ft. 
f. Acceptable manufacturer: 

1) 6-inch PVC Type RB6-38H, Vinylex by Gamco Inc. 
2) 6-inch PVC Type 732, Greenstreak Products. 
3) 6-inch PVC Type 6380, W.R. Meadows. 
4) Or Approved Equal. 

3. Expansive waterstops, comprised of hydrophilic, modified chloroprene rubber.  
a. The cross-sectional area of the waterstop shall not be less than 0.5 square inch. 
b. Hydrophilic waterstop shall be the type that expands in the presence of water to form a 

watertight joint seal without damaging the concrete in which it is cast. 
c. The waterstop shall be manufactured from butyl rubber with hydrophilic properties. 
d. The waterstop shall have a delay coating to inhibit initial expansion due to moisture 

present in fresh concrete. 
e. The minimum expansion ratio of modified chloroprene shall be not less than 2-to-1 

volumetric change in distilled water at 70 degrees F (21 degrees C). 
f. The bonding agent for hydrophilic waterstop shall be the manufacturer's recommended 

adhesive for wet, rough concrete. 
g.  Acceptable manufacturer 

1) Hydrotite CJ-Type 1020-2k with adhesive, Greenstreak Products. 
2) UltraSeal Type MC2010 MN with adhesive, ADEKA. 
3) Hydro-Flex Waterstop, Henry Co. 
4) Or Approved Equal.  
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h. Submit product data 

B. Joint Filler:  Nonextruding, resilient asphalt impregnated fiberboard or felt, complying with ASTM 
D 1751, 1/2 inch thick and 4 inches deep; tongue and groove profile. Submit product data  

C. Construction Joint Devices:  Integral galvanized steel, formed to tongue and groove profile, with 
removable top strip exposing sealant trough, knockout holes spaced at 6 inches, ribbed steel 
spikes with tongue to fit top screed edge. Submit product data. 

2.07 CONCRETE MIX DESIGN 

A. Proportioning Normal Weight Concrete:  Comply with ACI 211.1 recommendations. 

B. Concrete Strength:  Verify required average strength for each type of concrete on the basis of  
trial mixtures, as specified in ACI 301. 
1. For trial mixtures method, employ an experienced independent testing agency acceptable to 

Project Representative for testing and reporting proposed mix designs. 

C. Admixtures:  Add acceptable admixtures as recommended in ACI 211.1 and at rates 
recommended by manufacturer. Submit product data. 

D. Normal Weight Concrete: 
1. Compressive Strength, see Part 3, this section 
2. Fly Ash Content:  Maximum 15 percent of cementitious materials by weight. 
3. Calcined Pozzolan Content:  Maximum 10 percent of cementitious materials by weight. 
4. Cement Content:  as designed. 
5. Slag content: Maximum 25 percent of cementitious materials by weight. Slag substitution 

shall not be used with fly ash substitution. 
6. Water-Cementitious Material (W/CM)  Ratio:  Maximum 40 percent by weight for concrete 

mixes with compressive strength of 4,000 psi at 28 days or greater. For all other lower 
strength mixes use W/CM ratio maximum of 50 percent by weight.  

7. Total Air Content:  3 to 6 percent for maximum aggregate size of 1.5 inch determined in 
accordance with ASTM C 173/C 173M. 

8. Slump:  Minimum 3 inches and Maximum 5 inches. 
9. Sand content: Maximum percentage of fine aggregate of total aggregate by weight shall not 

exceed 44 percent for Class M, S, and P concretes. For all other Classes of concrete the 
maximum percentage of fine aggregate of total aggregate by weight shall not exceed 50 
percent. 

10. Maximum Aggregate Size:  1-1/2 inch. 

2.08 MIXING 

A. On Project Site:  Mix in drum type batch mixer, complying with ASTM C 685 

B. Transit Mixers:  Comply with ASTM C 94/C 94M. 
1. Proportion materials by weighing. 
2. Weigh separately and introduce pozzolan or flyash into the mixer with cement and other 

components of the concrete mix; pozzolan or flyash shall not be introduced into a wet mixer 
ahead of other materials or with mixing water. 

3. Introduce water at the time of charging the mixer; additional water may be introduced within 
45 minutes from charging the mixer provided the specified slump or water cementitious 
material ratio is not exceeded. 

4. Arrange with the ITL for inspection as required to comply with these Specifications. 
5. No retempering of concrete which has set shall be allowed. 
6. Addition of water at the site to ready-mix concrete may be allowed under the following 

conditions: 
a. Maximum water to cementitious material ratio has not been exceeded. (Batch ticket shall 

state limit of additional water allowable). 
b. Maximum allowable mixing and agitation time (or drum revolution) are not exceeded. 

(300 revolutions or 1 ½ hours mix time are the limitations.) 
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c. Concrete is remixed for at least half the minimum mixing time or number of revolutions. 
d. Maximum allowable slump is not exceeded. 

7. Redosage with the specified high-range water-reducing admixture (superplasticizer) may be 
done with the prior approval of the County regarding dosage and time periods. 

8. Deliver to the Site and discharge concrete within 90-minutes after introduction of the water to 
the mixture when ambient temperature is below 75 degrees F and within 60-minutes when 
ambient temperatures is 75 degrees F or above where concrete batched loses slump. 

2.09 BONDING AGENT AND ANTI-CORROSION COATING 

A. Provide a bonding agent that is a solvent-free, moisture-tolerant, epoxy-modified, cementitious 
product, specifically formulated as a bonding agent and anti-corrosion coating on reinforcement 
bars. 

B. Bonding Agent Manufacturer, or Equal 
1. Sika Corporation - Lyndhurst, NJ: Armatec 110 EpoCem for bonding agent and reinforcement 

coating. 
2. BASF - Shakopee, MN: Emaco P24 for bonding agent and Zincrich Rebar Primer for 

reinforcement coating. 

2.10 OTHER MATERIALS 

A. Provide other materials, not specifically described but required for a complete and proper 
installation, as selected by the Contractor. Submit product data. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify lines, levels, and dimensions before proceeding with work of this section. Correct 
conditions detrimental to timely and proper completion of the Work.  Do not proceed until 
unsatisfactory conditions are corrected. 

B. Place no concrete until all embedded conduits, fabricated metal frames, utilities and other 
components are recorded on the Record Drawings and a photographic image made to document 
the items presence. Submit photographs. 

C. Embedments:   
1. Unless otherwise indicated, set and secure in the forms prior to concrete placement, all  

frames, gate thimbles, special castings, channels, angles, or other materials that are to be 
embedded in the concrete. 

2. Embed in concrete as indicated on the Drawings with all anchor bolts and inserts. 
3. Use nailing blocks, plugs, strips, and the like, necessary for the attachment of trim, finish, and 

similar work. 
4. Temporarily fill voids in sleeves, inserts, and anchor slots with readily removable material to 

prevent the entry of concrete into the voids. 
5. Position operators or sleeves for gate or valve stems to clear reinforcing steel, conduit and 

other embedments, and to align accurately with equipment. 

3.02 PREPARATION 

A. Formwork: 
1. Verify reveals and other design elements are properly laid out. 
2. Erect forms in accordance with Section 03100-3.03. 
3. Verify that forms are clean and free of rust before applying release agent. 
4. Remove all dirt, chips, sawdust, and other foreign matter from within the forms before any 

concrete is deposited therein 
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5. Coordinate placement of joint devices with erection of concrete formwork and placement of 
form accessories 

6. Construct formwork to provide the dimensional tolerances in finished concrete construction in 
accordance with ACI 117. 

7. Rigidly close openings in formwork 
8. Support formwork against movement during placement of concrete 
9. Wet wood forms sufficiently to tighten up cracks; wet other material sufficiently to maintain 

workability of the concrete. 

B. Prepare previously placed concrete by sandblast cleaning. 

C. In locations where new concrete is doweled to existing work, drill holes in existing concrete, insert 
steel dowels and fill epoxy resin grout in accordance with grout manufacturer guidelines. 

D. Install vapor retarder under interior slabs on grade.  Lap joints minimum 6 inches and seal 
watertight by taping edges and ends.  Cover with sand to depth shown on drawings; repair 
damaged vapor retarder before covering. 

3.03 WATERSTOPS 

A. GENERAL 
1. Waterstops shall be embedded in the concrete across joints as indicated. 
2. Waterstops shall be fully continuous for the extent of the joint. 
3. Splices necessary to provide such continuity shall conform to the printed instructions of the 

waterstop manufacturer. 
4. The CONTRACTOR shall take suitable precautions and provide means to support and 

protect the waterstops during the progress of the WORK, and shall repair or replace any 
waterstops damaged during progress of the WORK at no additional cost to the OWNER. 

5. Waterstops shall be stored so as to permit free circulation of air around the waterstop 
material.   

6. When any waterstop is installed in the concrete on one side of a joint while the other portion 
of the waterstop remains exposed to the atmosphere for more than 2 Days, suitable 
precautions shall be taken to shade and protect the exposed waterstop from direct rays of the 
sun during the entire exposure time until the exposed portion of waterstop is embedded in 
concrete. 

B. SPLICES IN PVC WATERSTOPS 
1. Splices in PVC waterstops shall be performed by heat sealing the adjacent waterstop 

sections in accordance with the manufacturer's printed recommendations. 
2. It is essential that: 

a. The material shall not be damaged by heat sealing. 
b. The splices shall have a tensile strength of not less than 80 percent of the unspliced 

material. 
c. The continuity of the waterstop ribs and of its tubular center axis shall be maintained. 
d. No edge welding will be accepted. 

3. Butt joints of the ends of 2 identical waterstop sections may be made while the material is in 
the forms. 

4. Other Joints 
a. Joints with waterstops involving more than 2 ends to be jointed together, and joints that 

involve an angle cut, alignment change, or the joining of 2 dissimilar waterstop sections, 
shall be prefabricated prior to placement in the forms, allowing not less than 24-inch long 
strips of waterstop material beyond the joint. 

b. Upon inspection and approval, such prefabricated waterstop joint assemblies shall be 
installed in the forms and the ends of the 24-inch strips shall be butt-welded to the 
straight run portions of waterstop in place in the forms. 

5. Where a centerbulb waterstop intersects and is jointed with a non-centerbulb waterstop, care 
shall be taken to seal the end of the centerbulb, using additional PVC material if needed. 

C. JOINT CONSTRUCTION 
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1. Setting Waterstops 
a. In order to eliminate faulty installation that may result in joint leakage, particular care shall 

be taken as to the correct positioning of the waterstops during installation. 
b. Adequate provisions shall be made to support and anchor the waterstops during the 

progress of the WORK and to ensure proper embedment in the concrete. 
c. The symmetrical halves of the waterstops shall be equally divided between the concrete 

pours at the joints. 
d. The center axis of the waterstops shall be coincident with the joint openings. 
e. Thoroughly work the concrete in the vicinity of joints for maximum density and 

imperviousness. 
2. Waterstop Placement 

a. In placing waterstops in the forms, means shall be provided to prevent them from being 
folded over by the concrete as it is placed. 

b. Waterstops shall be held in place with light wire ties on 12-inch centers, which shall be 
passed through hog rings at the edge of the waterstop and tied to the curtain of 
reinforcing steel. 

c. Horizontal waterstops, with their flat face in a vertical plane, shall be held in place with 
continuous supports to which the top edge of the waterstop shall be tacked. 

d. In placing concrete around horizontal waterstops with their flat face in a horizontal plane, 
the concrete shall be worked under the waterstops by hand in order to avoid the 
formation of air and rock pockets. 

3. In placing centerbulb waterstops in expansion joints, the centerbulb shall be centered on the 
joint filler material. 

4. Waterstop in vertical wall joints shall terminate 6 inches from the top of the wall, where such 
waterstop does not connect with any other waterstop and is not to be connected to a future 
concrete placement. 

3.04 CONVEYING 

A. Perform concrete placing at such a rate that concrete which is being integrated with fresh 
concrete is still plastic. Allow no cold joints to form. 

B. Deposit concrete as nearly as practicable in its final location so as to avoid separation due to 
dropping, rehandling and flowing. 

C. Do not use concrete which becomes non-plastic and unworkable, or does not meet required 
quality control limits, or has been contaminated by foreign materials. 

D. Remove concrete from the work site that does not meet specifications. 

E. Do not convey or move concrete by using vibrators. 

F. Provide a sufficient number of chutes or tubes so that the concrete can be placed in the lifts 
uniformly. 

3.05 PLACING CONCRETE 

A. Place concrete in accordance with ACI 304R. 

B. Place concrete for floor slabs in accordance with ACI 302.1R. 

C. Notify Project Representative not less than 24 hours prior to commencement of placement 
operations. 

D. Ensure reinforcement, inserts, waterstops, embedded parts, and formed construction joint 
devices will not be disturbed during concrete placement. 

E. Repair underslab vapor retarder damaged during placement of concrete reinforcing.  Repair with 
vapor retarder material; lap over damaged areas minimum 6 inches and seal watertight. 

F. Install joint devices in accordance with manufacturer's instructions. 
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G. Install construction joint devices in coordination with floor slab pattern placement sequence.  Set 
top to required elevations.  Secure to resist movement by wet concrete. 

H. Apply sealants in joint devices in accordance with manufacturers recommendations. 

I. Maintain records of concrete placement.  Record date, location, quantity, air temperature, and 
test samples taken. 

J. Place concrete continuously between predetermined expansion, control, and construction joints. 

K. Do not interrupt successive placement; do not permit cold joints to occur. 
1. If cold joints are required, prepare them with forms, keyway and waterstop. 

L. Place floor slabs in checkerboard or saw cut pattern or as otherwise indicated on the drawings. 

M. Saw cut joints within 24 hours after placing.  Use 3/16 inch thick blade, cut into 1/4 depth of slab 
thickness as indicated on Drawings. 

N. Screed floors level, maintaining surface flatness of maximum 1/16 inch depression [bird bath]. 

3.06 PLACING CONCRETE BY PUMPING. 

A. General: 
1. If pumped concrete does not produce required end results, discontinue the pumping 

operation and rectify problems before concreting proceeds. 
B. Pumping Equipment: 

1. Have two cylinders and be designed to operate with one cylinder in case the other is not 
functioning. In lieu of this requirement, have alternate standby pump available on the site 
within 30 minutes notice to avoid cold joints in the structural elements being placed. 

2.  Submit alternates methods or procedures for concrete placement to the Owner’s 
Representative prior to start of concreting. 

3. The minimum diameter of the hose conduits shall be in accordance with ACI 304.2R. 
a. Pumping equipment and hose conduits that are not functioning properly shall be 

replaced. 
b. Aluminum conduits for conveying the concrete shall not be permitted 

3.07 SEPARATE FLOOR TOPPINGS 

A. Prior to placing floor topping, roughen substrate concrete surface and remove deleterious 
material.  Broom and vacuum clean. 

B. Place required dividers, edge strips, reinforcing, and other items to be cast in. 

C. Apply bonding agent to substrate in accordance with manufacturer's instructions. 

D. Apply sand and cement slurry coat on base course in accordance with topping manufacturer’s 
guidelines, immediately prior to placing toppings. 

E. Place concrete floor toppings to required lines and levels. 

F. Place topping in checkerboard panels not to exceed 12 ft in either direction. 

G. Screed toppings level, maintaining surface flatness of maximum 1:1000. 

3.08 CONCRETE FINISHING 

A. Repair surface defects, including tie holes, immediately after removing formwork. 

B. Unexposed Form Finish:  Rub down or chip off fins or other raised areas 1/4 inch or more in 
height. 

C. Exposed Form Finish:  Rub down or chip off and smooth fins or other raised areas 1/4 inch or 
more in height.  Provide finish as follows: 
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D. Smooth Rubbed Finish:  Wet concrete and rub with carborundum brick or other abrasive, not 
more than 24 hours after form removal. 

E. Grout Cleaned Finish:  Wet areas to be cleaned and apply grout mixture by brush or spray;  scrub 
immediately to remove excess grout.  After drying, rub vigorously with clean burlap, and keep 
moist for 36 hours. 

F. Cork Floated Finish:  Immediately after form removal, apply grout with trowel or firm rubber float;  
compress grout with low-speed grinder, and apply final texture with cork float.   

G. Concrete Slabs:  Finish to requirements specified 
1. In areas with floor drains, maintain floor elevation at walls; pitch surfaces uniformly to drains 

at 1:100 nominal. 

3.09 CURING AND PROTECTION 

A. Comply with requirements of ACI 308.  Immediately after placement, protect concrete from 
premature drying, excessively hot or cold temperatures, and mechanical injury. 

B. Maintain concrete surface temperature between 50 degrees F and 80 degrees F for at least five 
days. 

C. Maintain concrete with minimal moisture loss at relatively constant temperature for period 
necessary for hydration of cement and hardening of concrete. 
1. Normal concrete:  Not less than 7 days. 
2. High early strength concrete:  Not less than 4 days. 

D. Formed Surfaces:  Cure by moist curing with forms in place for full curing period. 

E. Surfaces Not in Contact with Forms: 
1. Start initial curing as soon as free water has disappeared and before surface is dry.  Keep 

continuously moist for not less than three days by water ponding, water-saturated sand, 
water-fog spray, or saturated burlap. 

2. Begin final curing after initial curing but before surface is dry. 

F. Application and maximum coverage quantities of curing/sealing compound per manufacturer's 
instructions. 

G. Spray-on type membrane shall not be used on construction joints and other surfaces where bond 
is required nor where surface repairs are to be made. 

3.10 FIELD QUALITY CONTROL 

A. Be responsible for Quality Control of Work for materials, placement, curing, and finish. 

B. Perform tests of concrete and concrete materials  to ensure conformance with specified 
requirements per ACI 318. County may perform spot checks.  County testing does not relieve the 
Contractor for quality control and documentation of its Work. 

C. Compressive Strength Tests:  ASTM C 39/C 39M.  For each test, mold and cure three concrete 
test cylinders.  Obtain test samples for every 100 cu yd or less of each class of concrete placed 
per day. Test cylinders shall be 6 inch dia. by 12 inch length.  

D. Air entrainment: Test for entrained air to document compliance with the Specifications; test once 
for each mix design delivered per day.  

E. Take one additional test cylinder during cold weather concreting, cured on job site under same 
conditions as concrete it represents. 

F. Perform one slump test for each set of test cylinders taken, following procedures of ASTM C 
143/C 143M. 

G. Additional cylinders shall be taken when an error in batching is suspected. 
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H. A final strength test shall consist of the average strength of two cylinders cast from material taken 
from a single load of concrete. 

I. Where compression tests are to be used for the determination when forms may be removed, then 
at least two additional cylinders shall be made and cure on site in accordance with ASTM C31. 

J. No individual strength test results shall be less than the specified strength by more than 500 
pounds per square inch. 

K. If compressive test results indicate concrete in place may not meet structural requirements per 
the concrete class, tests shall be made to determine if the structure or portion thereof is 
structurally sound in accordance with ACI 301 criteria.  Tests may include, but not be limited to, 
cores in accordance with ASTM C42 and any other analyses or load tests acceptable to the 
County. 

3.11 DEFECTIVE CONCRETE 

A. Defective Concrete:  Concrete not conforming to required lines, details, dimensions, tolerances or 
specified requirements. 
1. Repair or replacement of defective concrete as required by the Project Representative.  The 

cost of additional testing shall be borne by Contractor when defective concrete is identified. 
2. Submit a repair plan to the Project Representative for patch, fill, touch-up, repair, or 

replacement of defective concrete.  

3.12 TREATMENT OF SURFACE DEFECTS 

A. As soon as forms are removed, all exposed surfaces shall be carefully examined and any 
irregularities shall be immediately rubbed or ground in a satisfactory manner in order to secure a 
smooth, uniform, and continuous surface.  Plastering or coating of surfaces to be smoothed will 
not be permitted.  The Contractor shall make no repairs until after inspection.  In no case will 
extensive patching of honeycombed concrete be permitted.  Concrete containing minor voids, 
holes, honeycombing, or similar depression defects shall have them repaired as specified herein.  
Concrete containing extensive voids, holes, honeycombing, or similar depression defects, shall 
be completely removed and replaced.  The Contractor at its own expense shall promptly execute 
all repairs and replacements herein specified. 

B. Defective surfaces to be repaired shall be cut back from trueline a minimum depth of 1-inch 
minimum over the entire area.  Feathered edges will not be permitted.  Where chipping or cutting 
tools are not required in order to deepen the area properly, the surface shall be prepared for 
bonding by the removal of all laitance or soft material, and not less than 1/32-inch depth of the 
surface film from all hard portions, by means of an efficient sandblast.  After cutting and 
sandblasting, the surface shall be wetted sufficiently in advance of shooting with cement mortar 
so that while the repair material is being applied, the surfaces under repair will remain moist, but 
not so wet as to overcome the suction upon which a good bond depends.  The material used for 
repair proposed shall consist of a mixture of one sack of cement to 3 cubic feet of sand.  For 
exposed walls, the cement shall contain such a proportion of white portland cement as is required 
to make the color of the patch match the color of the surrounding concrete. 

C. Holes left by tie-rod cones shall be reamed with suitable toothed reamers so as to leave the 
surfaces of the holes clean and rough.  These holes then shall be repaired in an approved 
manner with dry-packed cement grout.  Holes left by form-tying devices having a rectangular 
cross-section, and other imperfections having a depth greater than their least surface dimension, 
shall not be reamed but shall be repaired in an approved manner with dry-packed cement grout 
as defined in Section 03600 – Grouts and Adhesives. 

D. All repairs shall be built up and shaped in such a manner that the completed Work will conform to 
the requirements of this Section, as applicable, using approved methods which will not disturb the 
bond, cause sagging, or cause horizontal fractures.  Surfaces of said repairs shall receive the 
same kind and amount of curing treatment as required for the concrete in the repaired section. 
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3.13 PATCHING HOLES IN CONCRETE 

A. Patching Small Holes 
1. Holes, which are less than 12 inches in their least dimension and extend completely through 

concrete members, shall be filled as specified herein. 
2. Small holes in members, which are water-bearing or in contact with soil or other fill material, 

shall be filled with nonshrink grout.  Where a face of the member is exposed to view, the 
nonshrink grout shall be held back 2 inches from the finished surface.  The remaining 2 
inches shall then be patched according to Paragraph 3.13 "Treatment of Surface Defects." 

3. Small holes through all other concrete members shall be filled with nonshrink grout, with 
exposed faces treated as above. 

B. Patching Large Holes 
1. Holes which are larger than 12 inches in their least dimension, shall have a keyway chipped 

into the edge of the opening all around, unless a formed keyway exists.  The holes shall then 
be filled with concrete as specified herein. 

2. Holes, which are larger than 24 inches in their least dimension and which do not have 
reinforcing steel extending from the existing concrete, shall have reinforcing steel set in grout 
in drilled holes.  The reinforcing added shall match the reinforcing in the existing wall unless 
otherwise shown. 

3.14 CARE AND REPAIR OF CONCRETE 

A. Protect all concrete against injury or damage from excessive heat, lack of moisture, overstress, 
heat of hydration, concrete temperatures differences between the interior and surface, or any 
other cause until final acceptance by the Owner.  Particular care shall be taken to prevent the 
drying of concrete and to avoid roughening or otherwise damaging the surface.  Any concrete 
found to be damaged, or which may have been originally defective, or which becomes defective 
at any time prior to the final acceptance of the completed Work, or which departs from the 
established line or grade, or which, for any other reason, does not conform to the requirements of 
the Contract Documents, shall be satisfactorily repaired or removed and replaced with acceptable 
concrete at the Contractor's expense. 

 

3.15 SCHEDULE - CONCRETE STRENGTHS 

A. Use the Table 1 classifications unless otherwise specified or shown on the drawings. 

 
Table 1: Concrete Classifications 

Type of Use Application 

Class of Concrete  

Designation of 
Concrete 

Specified 28-
day 

Compressive 
Strength, psi 

Foundation walls and 
ground Supported 
slabs 
 

Odor Control Facility-
Foundations 

Class N 4,000 

Structural  and 
Underside Beam 
Supported Floors  
 

All buried structures used for 
tunnel conveyance. 

Class S 5,000 

Structural Precast 
Concrete 

Precast concrete panels-removal 
covers 

Class P 6,000 

Fill Concrete  and 
Miscellaneous 
Concrete 

Curbs and sidewalks, Conduit 
encasements and pipe 
encasements not integral with 

Class M 3,000 
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Table 1: Concrete Classifications 

Type of Use Application 

Class of Concrete  

Designation of 
Concrete 

Specified 28-
day 

Compressive 
Strength, psi 

 foundations, fill for forming flow 
channels. 

 

END OF SECTION 



 

Gloria G Soto
Typewritten Text
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SECTION 03310 

CONTROLLED DENSITY FILL (CDF) 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies high slump concrete slurry for bedding purposes and for fill of abandoned 
buried pipes.  

B. Purpose: The main intent of specifying the use of concrete slurry for bedding material is to ensure 
the placement and consolidation of materials under the haunch of the pipe and to maintain the 
slope and elevations shown on the Drawings. The fluidity and workability of the concrete slurry is 
therefore of principal concern. 

1.02 QUALITY CONTROL 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified. In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
ASTM C150  Specification for Portland cement 
ASTM C260  Specification for Air-Entraining Admixtures for Concrete 
ASTM C618  Specification for Coal Fly Ash and Raw or Calcined Natural 
   Pozzolan for Use as a Mineral Admixture in Concrete 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Mix Designs. 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Concrete slurry:  Composed of Portland cement, aggregate, pozzolan, admixtures and water. 

B. Mix Proportioning: 
1. Aggregate, cement, pozzolan and water:  Proportioned by weight or by volume. 
2. Cementitious materials:  Consisting of Portland cement and pozzolan. 
3. Combined content of cement and pozzolan:  Between 300 and 400 pounds per cubic yard 

with water totaling between 400 and 500 pounds per cubic yard of material produced. Within 
these limits, the amounts of cement and pozzolan may be varied to produce a fluid workable 
mix. 

4. Minimum 7-day compressive strength: 75 psi. 
5. Maximum 28-day compressive strength: 500 psi. 
6. Water content: Sufficient to produce the fluid workable mix but not exceeding that required to 

maintain the fine aggregate in suspension and prevent segregation. 

C. Aggregate: 
1. Type A, Pit Run per Section 02200. 
2. Aggregate grading requirements: Per approved submittal or as agreed to by the Project 

Representative. 
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D. Air Entraining Agents: 
1. May be added to improve the workability of the mix, provided the air content of the concrete 

slurry mix does not exceed 15 percent by volume. 
2. Conform to ASTM C260. 

E. Pozzolan: ASTM C618, Class F. 

F. Portland Cement: ASTM C150, Type I or II, low-alkali. 

G. Water: clean and potable. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Prior to placing as pipe bedding, place the pipe to proper alignment and grade and support by 
blocking underneath the pipe to provide the minimum bedding depth shown on the Drawings. 

B. Place concrete slurry bedding in such a manner and rate that the pipes being installed do not 
become buoyant or otherwise disturbed. 

C. Weather Conditions: 
1. At the time of placement, CDF must have a temperature of at least 40 degrees F. 
2. Stop mixing and placement when the temperature is 38 degrees F or less. 
3. Make each stage of placement of fill as continuous an operation as practicable. 
4. Do not place CDF on frozen ground. 

D. Remove groundwater in trench prior to placement of CDF. 

E. Contain trench sections to be filled at either end of trench section by bulkhead or earthfill. 

F. Place in the trench bottom in lifts to prevent pipe flotation. Place lifts uniformly on both sides of 
the pipe and allow to set prior to placing the subsequent lift. 

G. Vibrate by hand-operated mechanical compactor to remove voids underneath the pipe. 

3.02 TESTING 

A. Prior to the start of construction, demonstrate the workability, setting characteristics, and strength 
of the resultant mix through the preparation of a trial or test section of the pipeline. 

B. The test section shall simulate, as nearly as possible, the field installation conditions in a typical 
lower trench area of the work. Modifications may require an additional test section for approval, 
as determined by the Project Representative. 

3.03 MIXING 

A. Thoroughly mix the concrete slurry in a rotary drum or other approved type mixer. 

B. Continue mixing until the cement and water are thoroughly dispersed throughout the material. 

C. Place concrete slurry within 1 hour after mixing. 

3.04 PLACEMENT 

A. Be responsible for ensuring the integrity of the completed pipeline system, conforming to the 
requirements of the trench bedding, and backfill details shown on the Drawings. 

END OF SECTION 
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SECTION 03600 

GROUTS AND ADHESIVES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies grout for use in applications including but are not limited to grouts for 
leveling machine bases to equipment pads and manhole masonry units and precast manhole 
sections; 

B. And adhesives for concrete applications including, but not limited to pressure injection of cracks 
and doweling of anchor bolts, threaded rod anchors and reinforcing bar dowels.   

C. Grouts for Brick Masonry and CMU are covered in their specification sections. Grout for Annular 
space is covered in another section. 

1.02 QUALITY CONTROL 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
ASTM C33 Concrete Aggregates 
ASTM C40 Test Method for Organic Impurities in Fine Aggregates for Concrete 
ASTM C88 Test Method for Soundness of Aggregates by Use of Sodium Sulfate or 

Magnesium Sulfate 
ASTM C109 Standard Test Method for Compressive Strength of Hydraulic Cement Mortars 

(Using 2-in [50-mm] Cube Specimens) 
ASTM C117 Test Method for Materials Finer than No. 200 Sieve in Mineral Aggregates by  
  Washing 
ASTM C136 Test Method for Sieve Analysis of Fine and Course Aggregates 
ASTM C150 Portland Cement 
ASTM C289 Test Method for Potential Alkali-Silica Reactivity of Aggregates  
  (Chemical Method) 
ASTM C307 Standard Test Method for Tensile Strength of Chemical-Resistant Mortar, Grouts,  
  and Monolithic Surfacings 
ASTM C494 Standard Specification for Chemical Admixtures for Concrete  
ASTM C496 Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete 

Specimens 
ASTM C579 Standard Test Methods for Compressive Strength of Chemical-Resistant  
  Mortars, Grouts, Monolithic Surfacings, and Polymer Concretes 
ASTM C580 Standard Test Method for Flexural Strength and Modulus of Elasticity of  
  Chemical-Resistant Mortars, Grouts, Monolithic Surfacings, and Polymer  
  Concretes 
ASTM C827 Standard Test Method for Change in Height at Early Ages of Cylindrical  
  Specimens of Cementitious Mixtures 
ASTM C881 Standard for Epoxy-Resin-Base Bonding Systems for Concrete 
ASTM C882 Standard Test Method for Bond Strength of Epoxy-Resin Systems Used With 

Concrete By Slant Shear 
ASTM C939 Standard Test Method for Flow of Grout for Preplaced-Aggregate Concrete (Flow  
  Cone Method) 
ASTM C1017 Chemical Admixtures for Use in Producing Flowing Concrete 
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ASTM C1090 Standard Test Method for Measuring Changes in Height of Cylindrical  
  Specimens of Hydraulic-Cement Grout 
ASTM C1107 Standard Specification for Packaged Dry, Hydraulic-Cement Grout (Nonshrink) 
ASTM D695 Standard Test Method for Compressive Properties of Rigid Plastics 
ASTM D2419 Test Method for Sand Equivalent Value of Soils and Fine Aggregate 
ASTM E329 Standard Specification for Agencies Engaged in the Testing and/or Inspection of  
  Materials Used in Construction 
CRD-C621 Corps of Engineers Specification for Non-shrink Grout 

B. Qualifications: 
1. Grout Manufacturer’s Representative:  Authorized and trained representative of grout    

manufacturer.  Minimum of 1-year experience that has resulted in successful installation of 
grouts similar to those for this Project. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Manufacturer's Product Data for the following: 
1. Non-shrink cementitious grout 
2. Epoxy grout 
3. Admixtures for cement grout 
4. Adhesive for pressure injection of cracks 
5. Adhesive for doweling 
6. Retardants. 
7. Bonding compounds 
8. Certified Test Reports:  Before delivery of materials or grout, submit certified reports of the 

tests specified herein.  Accompany the certified reports on previously tested materials with 
the manufacturer's certified statement that the previously tested material is of the same type, 
quality, manufacture, and make as that proposed for use in this Contract.  Certified test 
reports are required for the following: 
a. All cement grout constituents, including cement and aggregates. 

C. Forming method for fluid grout placements. 

D. Curing method for grouts. 

E. Manufacturer’s Written Instructions: 
1. Cement-water ratio of grout topping. 
2. Mixing of grout. 

F. Manufacturer’s Certificate of Compliance: 
1. Grout free from chlorides and other corrosion-causing chemicals. 
2. Nonshrink grout properties of Category II, verifying expansion at 3 or 14 days will not exceed 

the 28-day expansion and nonshrink properties are not based on gas or gypsum expansion. 

G. Manufacturer’s Certificate of Proper Installation. 

H. Statements of Qualification: Grout manufacturer’s representative. 

I. Test Reports: 
1. Field test reports and laboratory test results for field-drawn Samples. 

J. List of Contractor’s equipment installation staff that has completed: 
1. Epoxy grout manufacturer’s epoxy grout training. 
2. Non-shrink grout manufacturer’s non-shrink grout training. 
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PART 2  PRODUCTS 

2.01 GENERAL 

A. Grout mixes and admixtures shall not contain more than 0.05 percent chloride ions. 

B. Water for washing aggregate, for mixing and for curing: 
1. Shall be free from oil and deleterious amounts of acids, alkalis, and organic materials 
2. Shall not contain more than 1,000 mg/L of chlorides as Cl, nor more than 1,300 mg/L of 

sulfates as SO4 
3. Shall not contain an amount of impurities that may cause a change of more than 25 percent 

in the setting time of the cement nor a reduction of more than 5 percent in the compressive 
strength of the grout at 14 days when compared with the result obtained with distilled water. 

4. Water used for curing shall not contain an amount of impurities sufficient to discolor the grout. 

2.02 APPLICATION 

A. Unless indicated otherwise, grouts shall be provided as listed below whether indicated on the 
Drawings or not. 

Application Type of Grout 

Anchor bolts and reinforcing steel required to be set in 
grout that is not in high temperature or high fire risk 
areas. 

Adhesives-Epoxy Grout 

Structural concrete crack repair Epoxy Grout 

Filling blockout spaces for embedded items such as 
railing posts, gate guide frames, etc. 

Non-Shrink - Class I 
(Class II where 

placement time exceeds 
20 min.) 

Surface repairs of concrete Cement Grout 

Repair of holes and defects in concrete members 
which are not water bearing and not in contact with 
soil or other fill material 

Non-Shrink - Class I 

Repair of holes and defects in concrete members 
which are water bearing or in contact with soil or other 
fill materials 

Non-Shrink - Class II 

Any application not listed above, where grout is 
indicated 

Non-Shrink Class I, 
unless specifically 

indicated otherwise 

2.03 GROUT 

A. Use grout specified on the Contract Documents or as specified in the equipment 
recommendations. 

B. Non-shrink cementitious grout (Class I): 
1. General 
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a. Cement-based non-shrink grout shall be a prepackaged, inorganic, fluid, non-gas 
liberating, non-metallic, cement type grout requiring only the addition of water.  Cement 
from kilns burning metal-rich hazardous waste fuel shall not be used.   

b. Manufacturer's instructions shall be printed on each bag or other container in which the 
materials are packaged.  The specific formulation for each class of non-shrink grout shall 
be as recommended by the manufacturer for the particular application. 

c. Grout shall not contain chlorides or additives that may contribute to corrosion. 
d. Grout shall be formulated to be used at any consistency from fluid to plastic. 
e. Cement-based non-shrink grout shall have the following minimum properties when tested 

at a fluid consistency, at 28 Days 
f. Minimum tensile splitting strength of 500 psi per ASTM C 496.  
g. Minimum flexural strength of 1,000 psi per ASTM C 580. 
h. Minimum bond strength (concrete to grout) of 1900 psi per modified ASTM C 882. 
i. Grout shall be certified for use in freeze/thaw environments. 

2. Cementitious grout that conforms to ASTM C1107, CRD-C-621-83, "Corps of Engineers 
Specification for Non-Shrink Grout", and the following requirements: 
a. Class I non-shrink grout shall have a minimum 28 Day compressive strength of 5,000 psi 

when mixed at a fluid consistency. 
b. Non-metallic aggregate. 
c. Acceptable manufacturers: 

1) Euclid Chemical Co., "Euco NS" 
2) DeGussa Building System, “Masterflow 713” 
3) U.S. Grout Corp., “Five-Star Grout” 
4) US SPEC NA 
5) Approved equal. 

C. Non-Shrink Cementitious Grout (Class II) 
1. Class II non-shrink grout shall be a high precision, fluid, extended working time, grout.  The 

minimum 28-Day compressive strength shall be 7,500 psi, when mixed at a fluid consistency. 
2. Grout shall have a maximum early age height change of 4.0 percent expansion, and shall 

have no shrinkage (0.0 percent) in accordance with ASTM C 827. 
3. Grout shall have no shrinkage (0.0 percent) and a maximum of 0.3 percent expansion in the 

hardened state when tested in accordance with ASTM C 1090. 
4. Class II non-shrink grout shall have an extended working time of 30 minutes minimum when 

mixed to a fluid consistency as defined in ASTM C 827 at temperature extremes of 45 to 90 
degrees F in accordance with ASTM C 1107. 

5. Class II non-shrink grout shall meet the requirements of ASTM C 1107, Grade B or C when 
tested using the amount of water needed to achieve fluid consistency per ASTM C 939. 

6. The grout when tested shall not bleed or segregate at maximum allowed water content. 
7. Provide certification that its non-shrink property is not based on gas production or gypsum 

expansion. 
8. Acceptable manufacturers: 

a. Masterflow 928 by MBT/Degussa Building Systems, 
b. Five Star Fluid Grout 100 by Five Star Products 
c. Crystex by L&M Construction Chemicals,  
d. Approved equal. 

D. Epoxy grout for structural concrete repairs: 
1. The epoxy grout shall develop a minimum compressive strength of 9,000 psi in 24 hours and 

13,000 psi in seven days when tested in accordance with ASTM C 579, Method B. 
2. Non-shrink epoxy grout shall have the following minimum properties when tested at 7 Days: 

a. Minimum bond strength to concrete of 3,000 psi per ASTM C 882 modified. 
b. Minimum bond strength to steel of 1,700 psi per ASTM C 882 modified. 
c. Minimum flexural strength of 2,500 psi per ASTM C 580. 
d. Suitable for use on dry or damp surfaces. 
e. Comply with ASTM C881. 
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f. Acceptable manufacturer: 
1) DeGussa Building System, “SCB Concresive 1350 or 1360” 
2) Sika Corporation, “Sikadur 35, Hi-Mod LV” 
3) Approved equal 

E. Cement grout 
1. A mixture of one part Portland cement, 1 to 2 parts fine aggregate, and with sufficient water 

to impart workability but not such that the grout will flow. Cement grout shall develop 
minimum compressive strength of 5,000 psi at 28 Days. 
a. Cement shall be Portland cement, ASTM C150 Type II  and shall be low alkali cement, 

containing less than 0.60 percent alkalis. 
b. Fine aggregate shall conform to ASTM C33 and to the following requirements: 

1) Non-reactive and washed before use. 
2) When sources of aggregate are changed, provide test reports for the new material.  

Perform the tests specified prior to commencing grout work. 
3) Fine aggregate shall be hard, dense, durable particles of either sand or crushed 

stone regularly graded from coarse to fine.  
4) When tested in accordance with ASTM C136, gradation of fine aggregate shall be 

such that 100 percent by weight will pass a standard No. 8 mesh sieve and no less 
than 45 percent by weight will pass a standard No. 40 mesh sieve. 

5) Variation from the specified gradations in individual tests of fine aggregates will be 
accepted if the average of 3 consecutive tests is within the specified limits and the 
variation is within the permissible variation listed below. 

6) Comply with ASTM C33 as modified herein. 
U.S. STANDARD SIEVE SIZE PERMISSIBLE VARIATION, PERCENT 
30 or coarser   2 
50 or finer    0.5 

7) Other tests shall be in accordance with the following specifications: 
TEST METHOD TEST   REQUIREMENTS 
ASTM C40  Organic Impurities Color lighter than standard 
ASTM C117 Passing 200 sieve 3 percent max. 
ASTM C88  Soundness  10 percentage max loss with sodium 

sulfate 
ASTM C289 Reactivity  Innocuous aggregate 
ASTM D2419 Sand Equivalent Minimum 80 

F. Admixtures 
1. Admixtures shall be compatible with the grout and shall conform to the following 

requirements:  
a. Calcium chloride, thiocyanates or admixtures containing more than 0.05 percent chloride 

ions are not permitted. 
b. Use admixtures in accordance with the manufacturer's recommendations and add 

separately to the grout mix. 
c. Chemical admixtures for flowing concrete grout shall comply with ASTM C1017. 
d. Water reducing, retarding admixture  

1) The admixture shall comply with ASTM C494 Type D requirements and not contain 
more chloride ions than are present in municipal drinking water.   
a) Acceptable manufacturers: 
b) Euclid Chemical Co., "Eucon Retarder-75". 
c) Master Builders, "Pozzolith 100 XR". 
d) Sika Corporation, “Plastiment". 
e) Approved equal. 

2) Lubricant for cement pressure grouting: 
a) Acceptable manufacturer: 
b) Intrusion Prepakt, “Intrusion Aid”. 
c) Sika Chemical Corp., “Intraplast N”. 
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d) Approved equal. 

2.04 ADHESIVES 

A. Adhesive for doweling of anchors and reinforcing bars in concrete:  
1. A two-component, moisture tolerant, epoxy gel conforming to ASTM C881 for load-bearing 

applications. 
2. Develops compressive strength  of 10,000 psi minimum as per ASTM D 695. 
3. Acceptable manufacturers: 

a. Euclid Chemical Co., "Euco #452  
b. Sika Corporation, "Sikadur Anchor  Fix-4" 
c. Approved equal. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Mix, place and cure in accordance with the manufacturer's instructions. 

B. For grouting of equipment base plates, refer to manufacturer's instructions for appropriate 
procedures. 

3.02 EXAMINATION 

A. Inspect concrete surfaces to receive grout or mortar and verify that they are free of ice, frost, dirt, 
grease, oil, curing compounds, paints, impregnations, and all loose material or foreign matter 
likely to affect the bond or performance of grout or mortar. 

B. Inspect baseplate and anchor systems for rust, oil, and other deleterious substances that may 
affect the bond or performance of grout. 

C. Confirm that newly placed concrete has been cured sufficiently to attain its design strength and 
limit further shrinkage. 

D. Verify that temperature of cementitious or epoxy grout does not exceed manufacturer's 
recommendations. 

3.03 PREPARATION 

A. Surface Preparation: 
1. Roughen all concrete surfaces by heavy sandblasting, chipping, or other mechanical means 

to assure bond. Loose or broken concrete shall be removed. 
2. All grease, oil, dirt, curing compounds, laitance, and other deleterious materials that may 

affect bond that were identified in the inspection process shall be completely removed from 
concrete and bottoms of baseplates. All metal surfaces should have a 2 to 3 mil peak-to-
valley profile for epoxy grouts. 

3. For cementitious mortars and grouts, concrete shall be saturated surface damp. Any standing 
water shall be removed prior to placing grouts. 

4. For epoxy grouts, do not wet concrete surfaces with water. Instead, where required, wet 
surfaces with epoxy for horizontal work or epoxy gel for vertical or overhead work prior to 
placing epoxy grouts. 

B. Forms and Headboxes for Cementitious or Epoxy Grouts: 
1. Forms for grouts shall be built of material with adequate strength to withstand the placement 

of grouts. 
2. Forms must be rigid and liquid tight. All cracks and joints shall be caulked with an elastomeric 

sealant. All forms shall be lined with polyethylene for easy grout release. Forms carefully 
waxed with two coats of heavy-duty paste wax shall also be acceptable. 
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3. Forms shall be 4 to 6 inches higher than the baseplate on one side of the baseplate 
configuration when using head pressure for placement. 

4. A sufficient number of headboxes shall be built to facilitate placement of grouts. 
5. Air relief holes a minimum 1/8 inch in diameter shall be provided when required by a 

baseplate configuration to avoid entrapping air underneath. 

3.04 NON-SHRINK CEMENTITIOUS GROUT 

A. Prepare concrete surfaces in accordance with the grout manufacturer's instructions. 

B. Do not retemper grout by adding more water after stiffening. 

3.05 EPOXY GROUT 

A. Prime concrete in accordance with the grout manufacturer's instructions. 

B. Epoxy grouts shall be mixed in complete units. Do not vary the ratio of components or add 
solvent to change the consistency of the mix. 

C. Mix until aggregate is uniformly wetted. Over mixing will cause air entrapment in the mix. 

3.06 PRESSURE INJECTION OF CRACKS 

A. Design system to permit injection of adhesive resin at pressures up to 50 psi. 

B. Injection Equipment 
1. Include a mixer and holdover agitator tanks. 
2. Provide gages to indicate pressure used. 
3. Provide a meter capable of indicating the volume of grout used to 1/10 of a cubic foot. 

3.07 DOWEL INSTALLATION 

A. Drill horizontal holes for dowels at a slight downward angle to facilitate holding the resin until 
setting is complete. 

B. After drilling the hole, roughen the surfaces of the hole as recommended by the manufacturer and 
then blow the hole clean. 

C. Slightly bend the bolts or reinforcing steel installed in horizontal grout holes accordingly. 

D. Install the resin adhesive in accordance with the manufacturer's recommendations, ensuring full 
encapsulation without voids. 

E. Set deformed reinforcing bars to a minimum depth of 10 bar diameters and set smooth bars to a 
minimum depth of 15 bar diameters, unless otherwise noted or approved. 

3.08 CURING 

A. Cementitious Grouts: 
1. Clean equipment and tools as recommended by the grout manufacturer. 
2. Cure Grouts in accordance with manufacturer's specifications and recommendations. Keep 

grout moist for a minimum of 3 days. The method needed to protect grouts will depend on 
temperature, humidity, and wind. Wet burlap, a soaker hose, sun shading, ponding, and, in 
extreme conditions, a combination of methods shall be employed. 

3. Grouts shall be maintained above 40 degrees Fahrenheit until they have attained a 
compressive strength of 3,000 pounds per square inch, or above 70 degrees Fahrenheit for a 
minimum of 24 hours to avoid damage from subsequent freezing. 

B. Epoxy Grouts: 
1. Cure grouts in accordance with manufacturers' specifications and recommendations. Do not 

wet cure epoxy grouts. 
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2. Consult the manufacturer for appropriate cure schedule. In no case should any surface in 
contact with epoxy grout be allowed to fall below 50 degrees Fahrenheit for a minimum of 48 
hours after placement. 

3.09 TESTING 

A. To ensure compliance with the specified requirements for grout, provide the services of an 
independent testing laboratory that complies with the requirements of ASTM E329, ASTM C 109, 
and ASTM C 579, Method B. 

B. The testing laboratory will sample and test grout materials and submit results to the Project 
Representative. 

C. During the course of construction, the Project Representative may take separate field samples of 
the following materials for confirming tests: 
1. Cement. 
2. Aggregates. 
3. Cement grout mixture. 
4. Commercially manufactured grout products. 

END OF SECTION 
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SECTION 03610 

ANNULAR SPACE GROUTING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies annular space grouting of the micro-tunnel carrier pipes.  The annular 
space (void between the casing and carrier pipes) shall be completely grouted to support the 
carrier pipe and provide long-term stability. 

1.02 QUALITY CONTROL 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
ASTM C94 Ready-Mixed Concrete  
ASTM C109 Test Method for Compressive Strength of Hydraulic Cement Mortars (Using 2-in.  
  (or 50-mm) Cube Specimens) 
ASTM C138 Test Method for Density (Unit Weight), Yield, and Air Content (Gravimetric) of  
  Concrete 
ASTM C150 Portland Cement 
ASTM C495 Test Method for Compressive Strength of Lightweight Insulating Concrete 
ASTM C939 Test Method for Flow of Grout for Preplaced-Aggregate Concrete (Flow Cone  
  Method) 
ANSI B40 Pressure Gauges and Gauge Attachments 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Mix Designs – for each mix: 
1. Proposed grout mix. 
2. Proposed densities and viscosities. 
3. Initial set time of the grout. 
4. Anticipated maximum heat of hydration temperature. 
5. 24-hour and 28-day minimum compressive strength. 

C. Working Drawings and Method Statements, including: 
1. Proposed grouting method, including method to ensure and demonstrate that the annular 

space is completely filled. 
2. Maximum injection pressures. 
3. Grout head pressure calculations and buckling calculations for the carrier pipe. 
4. Calculations and plan to stabilize pipe against buoyant forces during grout placement. 
5. Proposed grout volumes for each individual placement lift. 
6. Bulkhead designs. 
7. Grouting and vent location plans. 
8. Flow control measures. 
9. Methods to control water during grouting to protect grout. 

D. Quality Control: 
1. Procedures for verifying mix ingredient quality and performing sampling, testing, and record 

keeping. 
2. Methods for assuring that the Annular Space is completely filled. 
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3. Methods for assuring that injection pressures and hydration temperatures do not damage the 
casing or carrier pipes. 

E. Certifications: 
1. Pressure gauge certification. 
2. Certified Test Reports:  Manufacturer's certified statement that materials used during testing 

is of the same type, quality, manufacture, and make as that proposed for use in this Contract.  
Certified test reports are required for the following: 
a. Cement. 
b. Additives. 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Grout: 
1. Portland cement and/or additives. 
2. Fly Ash:  Conforming to ASTM C618, Class F. 
3. GGBF Slag: Conforming to ASTM C989, Grade 100 or Grade 120. 
4. Combination of Flyash and GGBF shall not exceed 50% of total cementitious material. 
5. Water Content:  No more than 50 percent of total cementitious content. 
6. Other light-weight material that minimizes the buoyant forces on the liner. 
7. Compressive Strength: 

a. Minimum of 50 psi in 24 hours when tested in accordance with ASTM C495 or ASTM 
C109. 

b. Minimum   of 250 psi in 28 days when tested in accordance with ASTM C495 or ASTM 
C109. 

8. Mix Designs:  To completely fill the annular space, develop one or more mixes based on the 
following requirements: 
a. Size of the annular void. 
b. Provision of adequate retardation. 
c. Maximum heat of hydration temperature to comply with the carrier pipe manufacturer’s 

requirements.. 
d. Less than 1 percent shrinkage by volume. 

PART 3  EXECUTION 

3.01 GENERAL  

A. Completely fill the annular space. 

B. Accomplish grouting using means to ensure the grout head pressure does not exceed the 
allowable buckling pressure of the carrier pipe. 

C. Accomplish grouting using means to ensure the carrier pipe does not float during the grouting 
operation. 

3.02 PREPARATION 

A. After carrier pipe installation, and prior to grouting, capping, and/or bulkheading of the ends, 
supply appropriate venting. 

Submit a detailed plan for a method that will hold the carrier pipe in place to prevent buoyant uplift 
during annular space grouting. 
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3.03 GROUTING EQUIPMENT 

A. Mix the materials in equipment of sufficient size and capacity to provide the desired amount of 
grout material for each stage in a single operation. 

B. The equipment shall be capable of mixing the grout at densities required for the approved 
procedure and shall also be capable of changing density as dictated by field conditions any time 
during the grouting procedure. 

3.04 INJECTION PROCEDURE 

A. The gauged pumping pressure shall not exceed the carrier pipe manufacturer’s approved 
recommendations. 

B. Place gauges to monitor grout pressure immediately adjacent to each injection location. 
1. The gauge shall conform to an accuracy of no more than 1/2 percent error over the full range 

of the gauge. 
2. The range of the gauge shall not be more than 100 percent greater than the design grout 

pressure. 
3. Pressure gauges shall be instrument oil-filled and attached to a saddle-type diaphragm seal 

(gauge saver) to prevent clogging with grout. 
4. All gauges shall be certified and calibrated in accordance with ANSI B40, Grade 2A. 

3.05 PERFORMANCE REQUIREMENTS 

A. Provide sufficient gauges, monitoring devices and tests to determine the effectiveness of the 
grouting operation and to ensure compliance with the design parameters and carrier pipe 
manufacturer recommendations. 

3.06 TESTING 

A. Collect samples for testing at the injection point. 

B. Grout Testing Responsibility: 
1. Provide testing of the materials for each grouting lift. 
2. Submit results to the Project Representative. 

C. Compression Tests: 
1. Two sets of three cylinders for every 50 cubic yards placed, but no less than two sets per 

day.  
2. Test one cylinder at seven days, one cylinder at 28 days, and two at 56 days. The remaining 

two cylinders from each set shall be used as needed to substantiate test results not meeting 
design parameters.  

D. Onsite Test Equipment: 
1. Verify density by ASTM C138 or by other methods as approved by the Project 

Representative. 
2. Check viscosity with a flow cone provided by the Contractor and test in accordance with 

ASTM C939. 

3.07 QUALITY CONTROL 

A. Provide batch tickets for each load at a minimum, for every 10-cubic yards of grout in accordance 
with ASTM C94 

B. Measure, record, and compare volume of grout placed with the theoretical volume. 

C. Daily Placement Report for grout placement: 
1. Date, location, and time of injection at each injection location used. 
2. Beginning and ending Stations where grout was placed. 
3. List of personnel, equipment, and reason for any down or idle time. 
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4. Listing of all materials used. 
5. Results of Temperature and Wet Density testing. 
6. Record of Test samples taken, including locations. 
7. Record of actual and theoretical volume of grout placed. 

3.08  CLEAN-UP 

A. Remove waste materials and other debris from the tunnel and carrier pipes. Comply with 01560. 

END OF SECTION 
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SECTION 04200 

CONCRETE MASONRY UNIT 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies concrete masonry and structural brick masonry, installation of architectural 
precast concrete, reinforcement, anchorage, accessories, mortar, and grout for use in masonry 
structures. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and that of the listed document, the 
requirements of this Section shall govern. 
Reference Title 
ACI 315 Details and Detailing of Concrete Reinforcement 
ACI 530.1 Building Code Requirements for Masonry Structures & Specifications for  
  Masonry Structures & Commentaries 
ASTM A82 Specification for Steel Wire, Plain, for Concrete Reinforcement 
ASTM A116 Standard Specification for Metallic-Coated, Steel-Woven Wire Fence Fabric 
ASTM A167 Standard Specification for Stainless and Heat-Resisting Chromium-Nickel Steel  
  Plate, Sheet, and Strip 
ASTM A951 Standard Specification for Masonry Joint Reinforcement 
ASTM C5 Specification for Quicklime for Structural Purposes 
ASTM C67 Standard Test Methods for Sampling and Testing Brick and Structural Clay Tile 
ASTM C90 Specification for Loadbearing Concrete Masonry Units 
ASTM C140 Standard Test Methods for Sampling and Testing Concrete Masonry Units and  
  Related Units 
ASTM C144 Specification for Aggregate for Masonry Mortar 
ASTM C150 Specification for Portland Cement 
ASTM C207 Specification for Hydrated Lime for Masonry Purposes 
ASTM C216 Specification for Facing Brick (Solid Masonry Units Made from Clay or Shale) 
ASTM C270 Specification for Mortar for Unit Masonry 
ASTM C404 Specification for Aggregates for Masonry Grout 
ASTM C652 Specification for Hollow Brick (Hollow Masonry Units Made from Clay or Shale) 
ASTM C780 Standard Test Method for Preconstruction and Construction Evaluation of 

Mortars for Plain and Reinforced Unit Masonry 
ASTM C1019 Standard Test Method for Sampling and Testing Grout 
ASTM C1072 Standard Test Method for Measurement of Masonry Flexural Bond Strength 
ASTM E514 Standard Test Method for Water Penetration and Leakage Through Masonry 
IMIAC  Recommended Practices and Guide Specifications for Cold Weather Masonry  
  Construction 

B. Regulatory Requirements:  Comply with requirements of IBC. 

C. Mock-up: 
1. Construct panels approximately 6 feet long x 4 feet high on site for each type of masonry unit 

as a sample of workmanship and jointing. 
2. Sample panels shall be used to establish a visual representation of quality of masonry work 

required. 
3. Panels may remain as part of the work with the approval of the Project Representative. 
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D. Testing:  To demonstrate conformance with the specified requirements for unit masonry, provide 
the services of an independent testing laboratory per Section 01410 and comply with the 
requirements of ASTM C67, ASTM C140, ASTM C780, and ASTM C1019. 

E. Basis for Quality:  Comply with ACI 530.1, except as modified herein. 

1.03 SUBMITTALS 

A. Procedures: Section 01300 

B. Samples:  Three samples of decorative block, structural brick, units to illustrate color, texture, and 
extremes of color range 

C. Masonry unit certificates:  For each type of masonry unit 

D. Material Safety Data Sheets (MSDS) 

E. Manufacturer's literature: 
1. For anchor ties and other accessories along with Contractor's proposed placement details 
2. For mortar and grout admixtures along with Contractor's proposed usage details 

F. Mix designs and results 

G. Reinforcement placing drawings: 
1. Conform to the requirements of ACI 315.   
2. Shall include bar lists, schedules, bending details, placing details, and placing plans and 

elevations as required to fully delineate this portion of the work 

1.04 ENVIRONMENTAL REQUIREMENTS 

A. Protect masonry work against freezing for a period of 48 hours after lay up. 

B. Hot weather requirements:  Wet mortar board before loading and cover mortar to retard drying 
when not being used. 

C. Cold weather requirements:   
1. In accordance with Recommended Practices and Guide Specifications for Cold Weather 

Masonry Construction by IMIAC, provide adequate equipment for heating the mortar and 
grout materials when air temperature is below 40°F.   

2. Temperatures of the separate materials, including water, shall not exceed 140°F when placed 
in the mixer.   

3. When air temperature is below 32°F, maintain mortar temperature on boards above freezing. 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Packing and Shipping:  Deliver mortar admixture to the work site in manufacturer’s original 
containers with seals unbroken and labeled with manufacturer’s batch number. 

1.06 DEFINITIONS 

A. Hot Weather Construction:  per ACI 530.1 defined as occurring when ambient temperatures 
exceed 100°F or 90°F when the wind velocity is greater than 8 mph. 

B. Cold Weather Construction:  per ACI 530.1 defined as occurring when ambient temperatures are 
below 40°F. 
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PART 2  PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Admixtures: 
1. Mortar: 

a. Master Builders: Omicron Mortarproofing  
b. Sonneborn Contech: Hydrocide Powder 
c. Or approved equal 

2. Grout: 
a. Sika: Silka Grout Aid 
b. Master Builders: Pozzolith 200N 
c. Or approved equal 

2.02 CONCRETE MASONRY UNITS 

A. Hollow Load Bearing Block Units, Solid Load Bearing Block Units, and Decorative Block Units: 
1. ASTM C90, Grade N, Type I, medium weight. 
2. Size as indicated on Drawings.  Provide special shapes and sizes as required. 
3. Decorative block units: Provide Special surface texture or architectural faces as indicated on 

the Drawings. 
4. Color and texture: As indicated on the Drawings 

2.03 HOLLOW STRUCTURAL BRICK UNITS 

A. Hollow Structural Brick Units:  
1. ASTM C652, Grade SW, Type HBS, class 60V 
2. Size: Provide special shapes and sizes as indicated on the Drawings or as required. 
3. Color and Texture: as indicated on the Drawings. 

2.04 ARCHITECTURAL PRECAST CONCRETE:   

A. Consists of the materials specified in Section 03300 Concrete with a 28-day compressive 
strength of not less than 5,000 psi. 

B. Reinforcing shall be provided as specified. 

2.05 MORTAR AND GROUT 

A. Portland Cement:  ASTM C150, Type II, low alkali, containing less than 0.60 percent alkali.   

B. Mortar Aggregate:  Sand conforming to ASTM C144. 

C. Grout Aggregate:  Conform to ASTM C404. 

D. Color: Natural sand and cement color unless otherwise indicated on the Drawings. 

E. Lime: 
1. Quicklime conforming to ASTM C5 or hydrated lime types conforming to ASTM C207. 
2. Make lime putty from quicklime or hydrated lime. 

F. Water:  Clean, potable, and free from injurious amounts of oil, acid, alkali, organic matter, or other 
harmful substances. 

G. Admixtures:  Use in strict accordance with manufacturer's specifications. 

H. Water Repellent Admixture:   
1. Liquid polymeric admixture formulated for mixing with mortar mix to cross-link into mortar to 

provide resistance to water penetration and achieve a Class E rating when tested in 
accordance with ASTM E514.   

2. Admixture shall not reduce flexural and compressive strength of the mortar when tested in 
accordance with ASTM C1072 and C780. 
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I. Mortar Mix: 
1. Comply with ASTM C270 for Type S mortar using 1 part cement, 1/2 part lime, and 4 1/2 

parts aggregate. 
2. Compressive strength: 

a. For Concrete Masonry Units:  1800 psi 
b. For Hollow Brick Units:  1800 psi 

3. Cure admixture. 
4. Measurement:  Accurately measure materials by ASTM C270 by the Proportions Method per 

Table 1. 
5. Mix cementitious materials and aggregates 3 to 5 minutes in a mechanical mixer. Small 

amounts of mortar may be mixed by hand.  
6. Adjust consistency of the mortar depending on the absorptive quality of the units being laid, 

and to the satisfaction of the mason.  
7. If mortar begins to stiffen, it may be retempered by adding water within a basin formed by the 

mortar, and remixing. 
8. Use within 2-1/2 hours of initial mixing and no mortar shall be used after it has begun to set or 

after it has become harsh or non-plastic.  

J. Grout Mix:  proportion by volume and add sufficient water to produce a consistency for pouring 
without segregation. 
1. Fine grout: 

a. Composed of 1 part cement, not more than 1/10 part lime, and 2 1/4 to 3 parts fine 
aggregate. 

b. Use in spaces smaller than those specified for coarse grout. 
2. Coarse grout: 

a. Composed of 1 part cement, not more than 1/10 part lime, 2 to 3 parts fine aggregate, 
and not more than 2 parts coarse aggregate. 

b. Use in continuous grout spaces 2 inches or more wide and in cells 4 inches x 4 inches or 
larger. 

c. Equivalent to pea gravel. 
3. Compressive strength: 

a. For Concrete Masonry Units:  2000 psi 
b. For Hollow Structural Brick Units:  2500 psi 

4. Job-Site Mixed:  In accordance with ASTM C476 
5. Transit-Mixed: 

a. Unless otherwise indicated, designed by the supplier or an independent testing laboratory 
with a minimum compressive strength of 2000 psi in 28 days.  

b. Slump:  not to exceed 8 inches (200mm), unless otherwise indicated on the Drawings.  
c. Use within 1-1/2 hours of initial mixing and use no grout after it has begun to set or after it 

has become harsh or non-plastic.  
d. Course grout may be used in cavity walls with a horizontal dimension of 2 inches (50mm) 

or more, and in hollow cell construction 4 inches (100mm) or more in both horizontal 
directions. 

2.06 REINFORCEMENT AND ANCHORAGE 

A. Reinforcing Steel: 
1. Reinforcing steel wire: 

a. Comply with ASTM A82 
b. Supply in prefabricated units with special units for corners and intersections 

2. Bar:  per Section 03200 
3. Masonry Joint Reinforcement:  

a. Comply with ASTM A951 
1) Wire Size for Side Rods: # 9 gauge. 
2) Wire Size for Cross Rods: # 9 gauge. 
3) Spacing of Cross Rods, Tabs, and Cross Ties: Not more than 16 inches o.c. 
4) Single-Wythe Masonry: Either ladder or truss type with single pair of side rods. 
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b. Hot-Dip Galvanized, Carbon-Steel wire for exterior walls. 

B. Anchor Ties:  
1. Non-corrodible or corrosion protected metal, zinc-coated steel conforming to ASTM A116 

zinc coating wire or Type 304 stainless steel meeting ASTM A167.   
2. Used for installation of veneer with a minimum size as required by IBC 2103.11.5. 

C. Special Anchors: To secure small areas of masonry at corners and openings and as indicated in 
the Drawings.    

2.07 FLASHINGS 

A. Through Wall Flashings:   
1. Shall be minimum of 5-ounce copper sheet laminated between two layers of dense fiberglass 

fabric 
2. Laminated non-asphaltic copper flashing 
3. Acceptable manufacturer: 

a. Advanced Building Products Inc.: Copper Sealtite 2000  
b. Or approved equal 

2.08 ACCESSORIES 

A. Slot Weeps:   
1. 1/2-inch x 3-1/2-inch X3-1/2-inch cell vent weep hole ventilator of polypropylene copolymer 
2. Acceptable manufacturer 

a. Dur-O-Wall  
b. Or approved equal 

B. Joint Filler:  Closed cell polyvinyl chloride, oversized 50 percent to joint width 

C. Cleaning Solution:  Non-acidic, not harmful to masonry work or adjacent materials as 
recommended by masonry unit supplier 

D. Compressible filler:  Where indicated in the Drawings provide neoprene compressible filler in 
thickness required to fill joints.   

PART 3  EXECUTION  

3.01 PREPARATION 

A. Foundations for masonry work shall be straight and level. 

B. Surfaces to be bonded with masonry shall be clean and free from laitance or foreign materials. 

C. Reinforcing dowels: as indicated on the Drawings. 

D. Coordinate the placement and location of anchor ties, inserts, and other embedded items in 
concrete or other adjoining work to suit the masonry work. 

3.02 COURSING AND PLACEMENT 

A. Construct to meet dimensions indicated on the Drawings. 
1. Use full-size units without cutting if possible. 
2. If cutting required, cut units with motor-driven saws; provide clean, sharp, unchipped edges. 
3. Install cut units with cut surfaces and, where possible, cut edges concealed. 

B. Start courses from the corners where possible. 

C. Maintain story poles and level lines. 

D. Raise string lines with the work. 
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E. Tolerances: 
1. Maximum variation from vertical alignment shall be 1/16 inch per foot of height, 1/4 inch in 10 

feet and 1 inch maximum for the total height.  
2. Maximum variation in horizontal alignment shall be 1/16 inch per foot, 1/4 inch in 10 feet and 

1/2 inch for the total length.   
3. Maximum variation in level for any course shall be 1/8 inch in 10 feet, 1/2 inch for the total 

length. 

F. Lay concrete masonry units in running bond. 

G. Form concave mortar joints. 

H. Unless otherwise indicated in the Drawings, lay brick units in running bond. 

I. Isolate masonry partitions from vertical structural framing members with a control joint.   

J. Isolate top joint of masonry partitions from horizontal structural framing members and slabs or 
decks with compressible joint filler.   

K. Provide windbreaks and shelters when wind is in excess of 15 mph.  Wind breaks or shelters 
shall be translucent. 

L. Wet installed units using fog spray of clean water. 

M. Cover installed work immediately after installation to slow rate of loss of moisture from units. 

N. Do not use frozen or ice coated materials. 

O. At end of each day or at shutdown, cover tops of all walls not enclosed or sheltered with clear 
polyethylene minimum 6-mil thick. Extend down each side of wall minimum of 16 inches and 
secure. 

P. Temporary Facilities: 
1. Construct and maintain temporary protection required to permit continuous and orderly 

progress of work. 
2. Provide and maintain heat sufficient to assure temperature above 32°F within protected 

areas. 
3. Remove all temporary facilities after completion of work. 

3.03 GROUTING 

A. Hollow Units: 
1. Lay with bed and head joint depth from each face at least as thick as face shells. 
2. Fully seal cells containing reinforcing with mortar around cell to prevent grout leakage. 
3. Provide cleanout openings at bottom of each pour which exceeds four feet in height. 
4. Remove overhanging mortar, mortar droppings and debris from inside of cells. 
5. Seal cleanout openings after inspection and before grouting. 
6. Pour grout in lifts not more than eight feet high. 
7. Consolidate grout with a stick or vibrator immediately after pouring. 
8. When work is stopped for more than one hour, stop grout 1/2 inch below top unit, with 

horizontal steel fully covered. 
9. Unless otherwise indicated in the Drawings, grout only cells containing reinforcing bars or 

wire. 

B. The compressive strength will meet the specifications if the average of three consecutive tests of 
the grout is equal to or greater than the specified strength and no individual strength test falls 
below the specified strength by more than 500 psi. 

C. Do not re-temper. 

3.04 REINFORCEMENT AND ANCHORAGE 

A. Reinforcing Steel Bars:  Unless otherwise indicated on the Drawings: 
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1. Hold in position at top and bottom and at intervals not exceeding 192 bar diameters.   
2. Minimum clear distance between bars, except for lapped splices, shall be 1 1/2 bar diameters 

at columns and 1 bar diameter elsewhere.   
3. Lap splices:  40 bar diameters.   
4. Minimum masonry cover: Two inches.   
5. Vertical bars shall be on wall centerline for single curtain reinforcing. 

B. Reinforcing Steel Wire: Unless otherwise indicated on the Drawings: 
1. Lap spliced 12 inches for smooth wire and 6 inches for deformed wire.   
2. Minimum masonry cover:  5/8 inch. 

3.05 MASONRY FLASHINGS 

A. Through Wall Flashing: Lay through wall flashing in slurry of fresh mortar and topped fresh bed of 
mortar.  Carry flashing through the wall  

B. Provide weep holes at each concrete cap joint immediately on top of flashing. 

C. Lap flashing end joints minimum 6 inches and seal watertight with flashing manufacturer's 
recommended adhesive and sealer.   

D. Seal flashing at all rebar penetrations watertight with flashing manufacturer’s recommended 
sealer. 

E. Expose flashing beyond the face of wall as indicated on the Drawings. 

3.06 CLEANING AND PROTECTION 

A. Keep exposed faces of masonry clean as the work progresses. 

B. Do not allow mortar and grout stains to dry on faces. 

C. Use clean water and fiber brushes only for cleaning. 

D. Do not use muriatic acid. 

E. Fill and point holes or defects in mortar joints when necessary. 

F. Protect masonry work from damage or staining at all times. 

G. Replace damaged units. 

3.07 FIELD QUALITY CONTROL 

A. Per Section 00700 

B. Project Representative may conduct tests and inspections as necessary to verify quality and 
strength of mortar and grout.  Allow inspectors access to scaffolding and work areas as needed to 
perform inspections. 

C. Place grout only after inspectors have verified compliance of grout spaces and grades, sizes, and 
locations of reinforcement. 

D. Testing:  Perform field tests and inspections indicated below and prepare test reports: 
1. Testing Frequency: One set of tests for each 5000 ft2 of wall area placed each day or portion 

thereof. 
2. Clay Masonry Unit Test:  For each type of unit provided, per ASTM C67. 
3. Concrete Masonry Unit Test:  For each type of unit provided, per ASTM C140. 
4. Mortar Test (Property Specification):  For each mix provided, per ASTM C780. 
5. Grout Test (Compressive Strength):  For each mix provided, per ASTM C1019. 

END OF SECTION 



 

Gloria G Soto
Typewritten Text
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SECTION 04250 

ARCHITECTURAL BRICK MASONRY 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies brick veneer. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are part of this Section as specified and modified. In case of a 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
ASTM A116 Zinc-Coated (Galvanized) Steel Woven Wire Fence Fabric 
ASTM A167 Stainless and Heat-Resisting Chromium-Nickel Steel Plate, Sheet, and Strip 
ASTM C67 Sampling and Testing Brick and Structural Clay Tile 
ASTM C216 Facing Brick (Solid Masonry Units Made from Clay or Shale) 

1.03 SUBMITTALS 

A. Procedures:  Section 01300 

B. Provide the following: 
1. Certification of Compliance:  certificate that materials and fabrication work herein complies 

with specified requirements. 
2. Product Data: Submit manufacturer’s published literature for specified products and 

accessories as applicable, including manufacturer; specifications, physical characteristics 
and performance data. Submit as a supplement, manufacturer’s instructions and directions 
for application if not included in manufacturer’s published literature. 

3. Mortar mix design and test results 
4. Order of Installation:  written description of the order of installation of vapor barrier, adhesive, 

insulation, anchors and brick.  Indicate which personnel will be providing each component 
and the order of installation. 

5. Copy of elevations showing location of all required and proposed control and expansion joints 
in red. 

6. Samples:  submit samples of brick units on an 18” x 24” board in typical bond pattern and 
samples of colored mortar. 

7. Mock-Up. 

1.04 HANDLING 

A. Precautions: 
1. In freezing weather, do no masonry work unless approved means are provided for totally 

enclosing and heating materials and installed masonry. 
2. Protect from cold and frost until mortar has hardened. 
3. Adding of antifreeze ingredients to mortar will not be permitted. 
4. In rainy weather do work only under cover; take particular care to see that backing and 

substrate are free of surface moisture. 
5. Top of wall after each day’s work provide waterproof cover on.  

1.05 SEQUENCING 

A. Complete masonry installation and cleaning before installing metal items in adjacent areas.
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1.06 MOCKUP 

A. After approval of sample board and product data, build one sample brick masonry corner panel 
including architectural precast concrete shapes, typical base, cap, and opening. 

B. Minimum size approximately 4’ x 4’ and combined with the Precast Concrete sample. 

C. Mock-up will demonstrate mortar color, coursing, corbels, corner conditions, expansion joint, 
flashings, mortar barrier, slot weeps, sealants and brick masonry color range. 

D. Show cut away condition at edge of panel to reveal reinforcing, mortar barrier, insulation, and 
flashing. 

E. Allow sufficient time for mortar to dry. Apply anti-graffiti coating as specified in Section 09902. 

F. Obtain Project Representative approval in writing before proceeding with masonry work on 
building. 

G. Protect top of sample panel from rain throughout construction.  Remove panel from the site at the 
completion of the masonry work. 

H. All work shall conform to approved panel. 

PART 2  PRODUCTS 

2.01 BRICK MATERIALS 

A. Facing Brick:  ASTM C216, Grade:  SW, Type:  FBX.  Size:  Standard:  3-1/2 x 3-1/2 x 7-1/2 
inches.  Face Brick shall exhibit no more than slight efflorescence when tested in accordance with 
ASTM C67. 
1. Pattern: Running bond with soldier and row lock coursing and Flemish bond as detailed.   
2. Color: Color and texture will be selected from the full range of manufacturer’s colors and 

textures. Preliminary color/texture selection: Two colors and two textures (smooth and 
mission) total of two. 
a. Field Color:  To be selected by the Project Representative 
b. Acceptable Manufacturers: 

1) Mutual Materials 
2) H.C. Muddox/Interstate Brick 
3)  IXL Masonry Supplies 
4) Or approved equal. 

2.02 VENEER ANCHOR SYSTEM 

A. Masonry Anchor with Spring Clip (Alternate System): 
1. Dur-O-Wal D/A 213 stainless steel wire tie anchor system for seismic conditions as indicated 

in local governing code, or similar system. 
2. Wall plate shall be 12-gauge, with 11-gauge pintle.  Provide integral spring clip slot designed 

into plate to hold insulation tight against wall.  Provide stainless steel anchor pin applicable 
for installation conditions to meet local code. 

2.03 CLEANING AGENT 

A. Acceptable Manufacturers: 
1. Sure Klean 600 
2. Brick Kleenz 
3. Or approved equal. 

B.  Use of muriatic acid is prohibited. 
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2.04 FLASHINGS 

A. Wall Flashing: High-strength, cross-laminated polyethylene bonded to rubberized asphalt, total 
thickness 40 mils. 

B. Hemmed Drip: 16-ounce copper with mechanically hemmed drip edge and upturned back edge. 

2.05 MORTAR 

A. Design mortar for application.  Submit design and test results. 

B. Mortar for brick masonry:  Type S Portland cement colored lime mortar equal to Hydrament 
French Gray 70368 or Champagne 70372 as selected, or similar by Sonneborn or Soloman 
Grind-Chem Service, Inc. Davis True Tone 1# per 94# bag color range. 

2.06 ACCESSORIES 

A. Mortar Barrier: 1 ½ inch thick by 10 inches high plastic mesh. 
1. Acceptable manufacturer: 

a. Enkadrain Drainage Matting doubled as necessary. 
b. Or approved equal. 

B. Compressible Filler:  
1. Acceptable manufacturer: 

a. Dur-O-Wall Products: “Rapid Soft Joint and Rapid Expansion Joint,” sized to fit or qualify. 

C. Vapor Barrier Adhesive:  See Section 07210 for material specification. 

D. Cell Vents: 1/2 –inch by 3-1/2-inch by 3-1/2-inch weep hole ventilator of polypropylene copolymer  
1. Acceptable manufacturer: 

a. Dur-O-Wall 
b. Or approved equal. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Prior to beginning work verify installation conditions as satisfactory to receive materials of this 
Section. 

B. Review all sill and shelf angle conditions for level, elevation, and uniformity. 

C. Correct conditions that may impact masonry work. 

D. Coordinate carefully with concrete masonry units, insulation, and precast concrete installation. 

3.02 PREPARATION 

A. Verify all openings, penetrations, and the like. Layout coursing and patterns to assure proper 
alignment and module. Notify Project Representative of conditions that may affect the intended 
design. 

B. Protection: 
1. Protect surrounding areas and surfaces to preclude damage during work of this Section. 
2. Cold weather protection: 

a. Heat materials prior to installation. 
b. Cover installed work and apply heat.  For 72 hours, minimum, maintain newly laid work at 

temperatures not less than 40 °F. 
c. Coverings: 

1) Before stopping work for the day: 
a) Cover tops of walls with non-staining waterproof covering. Secure in place. 
b) Clean top surfaces of loose mortar, and wet as specified. 
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3.03 INSTALLATION 

A. Conform to International Building Code and Recommendations of Northwest Masonry Guide of 
the Washington Masonry Institute. 

B. General Workmanship: 
1. Unless otherwise indicated, lay work to true lines, plumb and level. 
2. Fill joints full of mortar. 
3. Build in work furnished by other trades, as required, without weakening or defacing masonry; 

obtain exact sizes or openings for ducts, grilles, piping, and other work furnished by other 
trades and properly build around same. 

4. Locate pipes and conduit within walls, where indicated, so as not to impair strength of wall; 
cut masonry neatly with machine where outlet boxes or other equipment are required. 

5. Fill around pipes and ducts passing through masonry walls solid with mortar or grout. 

C. Wetting Masonry Units: Dampen brick in accordance with Northwest Masonry Institute’s 
recommendations. 

D. Flashings: 
1. Install flashing at various locations as indicated. 
2. Cut sheet material in neat, clean strips in as long lengths as practicable. 
3. Where joints are required, bond adjacent lengths with adhesive and splice strips as 

recommended by the manufacturer. 
4. Exposed edge of wall flashing shall be neat, no ragged edges allowed. 
5. Provide a hemmed edge at all wall openings and self angles. 
6. Place wall flashing over hemmed drip. 
7. Extend flashing minimum two inches under adjacent units on each side of openings. 
8. Clean all areas to receive wall flashing by hosing and brushing and allow to dry before 

installing. 
9. Place wall flashing over hemmed drip flush with face of brick. 
10. Seal top edge of wall flashing as recommended by manufacturer. 

E. Control or Expansion Joints: 
1. Install joints where indicated using pre-molded products. 
2. Extend out to face of brick. 
3. Seal with approved joint sealer; take care to protect adjacent surfaces from stain or 

defacement. 
4. Lay factory face toward expansion joint. 
5. Do not saw cut brick to create expansion joint. 
6. Add additional joints recommended by Masonry Institute of Washington. 

3.04 LAYING BRICK UNITS AND ARCHITECTURAL PRECAST CONCRETE 

A. General: 
1. Do not begin laying brick veneer where adhered insulation is called for until the insulation is 

inspected and approved. 
2. Lay units in running bond and patterns as indicated. Solidly bed each course in mortar, tool 

exposed joints to slightly concave form, compacting mortar just after initial set. Where 
indicated, rake joints to form reveals in vertical or horizontal joints. 

3. Where precast concrete or special coursing are indicated, form bond and pattern as detailed.  
Saw cut brick as required to make mitered corners and to achieve special shapes and 
patterns. 

4. Where structural brackets and anchor plates are called for, cut brick to fit around steel, 
allowing space for sealant on all sides. 

5. Do not fit bricks tight to structure or other items. 
6. Set architectural precast concrete plumb and true is proper alignment with brick work and 

secure to structure in accordance with applicable code requirements.  
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B. Anchors: 
1. For masonry veneer coordinate the placement of anchors with the insulation application to 

minimize cutting of insulation. 
2. Use drill fitted with governor to set appropriate depth of anchor holes. 

C. Slot Weeps in Brick Veneer: Provide slot weeps with cell vents in first brick course at bottom of all 
brick veneer, at all relief angles and over openings and elsewhere as noted.  Install weep and 
vents at 2’-0 on center. 
1. Form holes by laying adjacent brick with unbuttered joint. Remove all mortar to expose 

flashing. 
2. Lay the first two courses struck clean on back side, and fill the cavity one course high with 

mortar barrier. 
3. Exercise care to keep air space back of veneer free from mortar. 

D. Flashing:  Install flashing where indicated. Lap to maintain positive flow of water out of building. 

E. Vapor Barrier/Insulation: 
1. Apply by trowel or roller immediately prior to rigid insulation application. 
2. For areas of rigid board insulation, place wall flashing against wall adhering to substrate. 
3. Apply Adhesive/Vapor barrier and set insulation into adhesive to fully bond it to wall and lap 

over wall flashing at base. 
4. Provide vapor barrier on all exterior masonry veneer walls. 

F. Finishing:  Pointing: Upon completion, point exposed brickwork; fill all holes and cracks; remove 
all loose mortar from brick and precast concrete; cut out defective work and re-point. 

G. Surface Preparation: In accordance with Section 09902. 

H. Hemmed Drip:  Apply at sill conditions, at lintels, and as indicated. 

3.05 SPECIAL INSPECTION 

A. Per Section 01410 

B. Notify Project Representative at least 48 hours before inspection will be required. 

END OF SECTION 



 

Gloria G Soto
Typewritten Text
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SECTION 05120 

STRUCTURAL STEEL 

PART 1  GENERAL 

1.01 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revisions of the following 
documents. They are part of this Section. In case of conflict between the requirements of this 
Section and the listed documents, the Contractor shall point out the conflict to the Project 
Representative; lacking a definitive answer otherwise, the requirements of the Contract 
Specifications shall prevail. 
Reference Title 
AISC  Allowable Stress Design Specification for Structural Joints using ASTM A325 o 

 A490 
  Bolts 
AISC  Code of Standard Practice for Steel Buildings and Bridges, excluding Sections 3,  
  4, 7.11.3.3, 7.11.4, 7.11.5, and 7.13 
AISC  Erector Certification Program 
AISC  Quality Certification Program 
AISC  Seismic Provisions for Structural Steel Buildings 
AISC  Specification for Structural Steel Buildings-Allowable Stress Design and Plastic 
  Design, excluding Section A7.1 
ASTM A36 Standard Specification for Structural Steel 
ASTM A53 Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated  
  Welded  
  and Seamless 
ASTM A123 Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel  
  Products 
ASTM A143 Standard Practice for Safeguarding Against Embrittlement of Hot-Dip Galvanized  
  Structural Steel Products and Procedures for Detecting Embrittlement 
ASTM A153 Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 
ASTM A325 Standard Specification for High-Strength Bolts for Structural Steel Joints 
ASTM A384 Standard Practice for Safeguarding Against Warpage and Distortion During Hot- 
  Dip Galvanizing of Steel Assemblies 
ASTM A385 Standard Practice for Providing High-Quality Zinc Coatings (Hot-Dip) 
ASTM A500 Standard Specification for Cold-Formed Welded and Seamless Carbon Steel  
  Structural Tubing in Rounds and Shapes 
ASTM A563 Standard Specification for Carbon and Alloy Steel Nuts 
ASTM A780 Standard Practice for Repair of Damaged and Uncoated Areas of Hot-Dip  
  Galvanized Coatings 
ASTM A992 Standard Specification for Steel for Structural Shapes for Use in Building Frames 
ASTM B695 Standard Specification for Coatings of Zinc Mechanically Deposited on Iron and  
  Steel 
ASTM F436 Standard Specification for Hardened Steel Washers 
ASTM F959 Standard Specification for Compressible-Washer-Type Direct Tension Indicators  
  for Use with Structural Fasteners 
ASTM F1852 Standard Specification for “Twist Off” Type Tension Control Structural  
  Bolt/Nut/Washer Assemblies, Steel, Heat Treated, 120/150 ksi Minimum Tensile  
  Strength 
AWS D1.1 Structural Welding Code-Steel 
IBC  International Building Code 
ASTM A6 Mill identification marks  
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AISC  Certification for fabricator: Conventional Steel Structures (Sbd). 
AISC   Certification as certified steel erector (CSE), or documented experience in  
  erection of at least five similar structural steel facilities over the past 10 years in  
  lieu of AISC certification. 
AWS  Welding Qualifications 
AGA  Quality Assurance Manual of the American Galvanizers Association. 

1.02 SUBMITTALS 

A. Procedures: Section 01300. 

B. Shop Drawings: 
1. Erection plans. 
2. Members and their connections. 
3. Anchor bolt layouts. 
4. Hardened washer details. 
5. Joint details for complete penetration welds. 
6. Schedules for fabrication procedures. 
7. Primer and other coatings. 

C. Name and address of manufacturer(s) for products used 

D. Product specifications. 

E. Manufacturers' testing procedures and standards. 

F. Preparation and installation or application instructions, as appropriate. 

G. Mill Certificates of tests made in accordance with ASTM A6. 

H. High-strength bolts (plain noncoated and hot-dip galvanized): 
1. Certificates of Compliance that products meet chemical and mechanical requirements of 

standards specified. 
2. Manufacturer's inspection test report results for production lot(s) furnished, to include: 

a. Tensile strength. 
b. Yield strength. 
c. Reduction of area. 
d. Elongation and hardness. 

3. Certified mill test reports for bolts and nuts: 
a. Name and address of manufacturer. 
b. Bolts correctly marked. 
c. Marked bolts and nuts used in required mill tests and manufacturer's inspection tests. 

I. Direct tension indicators (DTIs): Furnish manufacturer's test report meeting requirements of 
ASTM F959. 

J. Tension control (TC) bolts: Furnish manufacturer's test report meeting requirements of ASTM 
A325 and ASTM F1852. 

K. Methods proposed to resolve misalignment between anchor bolts and bolt holes in steel 
members. 

L. Welding procedures, qualifications, and inspection report:  

M. Hot-dip galvanizing: Certificate of compliance signed by galvanizer with description of material 
processed and ASTM standard used for coating. 

N. AISC quality certification: AISC certificate showing name and address of certified firm, effective 
date, and category of certification; or, for erectors, documentation of similar project experience to 
include project name, location, date of completion, and name and phone number of owner's 
contact person. 
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1.03 DELIVERY, STORAGE, AND HANDLING 

A. Delivery: Load structural members in such a manner that they will be transported and unloaded 
without damage to coatings and without being excessively stressed, deformed, or otherwise 
damaged. 

B. Storage: 
1. Protect structural steel members and packaged materials from corrosion and deterioration. 
2. Store in dry area and not in direct contact with ground. 
3. Protect fasteners from dirt and moisture. Do not remove lubricant from bolts and nuts. 

C. Handle materials to avoid distortion or damage to members or supporting structures. 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Rolled plates, shapes except W-shapes, and bars: ASTM A36, unless indicated otherwise.  

B. W-shapes: 
1. ASTM A992 (ASTM A572, Grade 50 per AISC Technical Bulletin No. 3, March 1997). 
2. Plate material for frame connections shall be ASTM A572, Grade 50, where indicated on 

Drawings. 

C. Steel pipe: ASTM A53, Type E or S, Grade B. 

D. Round hollow structural sections (HSS): ASTM A500, Grade B (Fy equals 42 ksi). 

E. Square and rectangular hollow structural sections (HSS): ASTM A500, Grade B (Fy equals 46 
ksi). 

2.02 FASTENERS 

A. Anchor bolts: As specified in Section 05501. 

B. High-strength bolts: ASTM A325, bolt type 1, galvanized,. Bolt length and thread length shall be 
as required for the connection type shown, with hardened washers as required. 

C. Direct tension indicators (DTIs) or load indicator washers: 
1. ASTM F959, coating type to match bolt finish. 
2. Type A325, to match bolt type. 
3. Manufacturers and products:  

a. TurnaSure LLC, Langhorne, PA; DTI's. 
b. Applied Bolting Technology Products, Ludlow, VT; DTI's, regular or Squirter type. 
c. Or Approved Equal. 

D. Tension control (TC) bolts: 
1. High-strength, ASTM A325 and F1852. 
2. Manufacturers: 

a. LeJeune Bolt Company, Burnsville, MN. 
b. Nucor Fastener, Saint Joe, IN. 
c. Haydon Bolts, Philadelphia, PA. 
d. Vermont Fasteners Manufacturing, Swanton, VT. 
e. Or Approved Equal. 

E. Nuts: ASTM A563, type to match bolt type and finish. 

F. Hardened Steel Flat and Beveled Washers: ASTM F436, type to match bolt finish. 

G. Welded Anchor Studs: As specified in Section 05500. 
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2.03 ANCILLARY MATERIALS 

A. Surface preparation and primer: As specified in Section 09900. Primer to be used on structural 
steel shall conform to the requirements of Section 09900 and shall be compatible with the final 
finish coats required in Section 09900 and Section 09901. Contractor to submit technical data on 
primers. 

B. Grout: As specified in Section 03600. 

2.04 FABRICATION 

A. General: 
1. Fabricate as shown and in accordance with AISC Specification for Structural Steel Buildings 

and AISC Code of Standard Practice for Steel Buildings and Bridges. 
2. Columns shall be full length members without splices, unless shown otherwise or approved 

by Project Representative. 
3. Mark and match mark materials for field assembly. 
4. Complete assembly, including bolting and welding of units, before start of finishing 

operations. 
5. Fabricate to agree with field measurements. 
6. Provide camber as indicated on Drawings. 

B. Connections: 
1. Shop connections: Weld or bolt, as shown. 
2. Meet requirements of AISC Manual of Steel Construction tables for bolted double-angle 

shear connections, unless indicated otherwise. 
3. Meet OSHA requirements for one independent bolt at beams framing in to column web 

connections. 
4. Provide oversized holes for anchor bolts in column base plates in accordance with AISC 

Manual of Steel Construction, unless indicated otherwise. 

C. Welded construction:  
1. As specified by AWS 
2. Groove and butt joint welds: Complete penetration, unless otherwise indicated. 

D. Interface with other work: 
1. Holes: 

a. As necessary or as indicated for securing other Work to structural steel framing, and for 
passage of other Work through steel framing members. 

b. No flame-cut holes will be permitted without prior approval of Project Representative. 
2. Weld threaded nuts to framing, and other specialty items as shown to receive other Work. 

E. Shop paint primer: 
1. All structural steel requiring painting shall be shop primed and field finished as specified in 

Section 09900 and Section 09901. 
2. Surface preparation and painting as specified in Section 09900. 
3. Do not shop prime the following surfaces, unless indicated otherwise: 

a. Faying surfaces of slip critical bolted connections. 
b. Within 2 inches of field-welded connections. 
c. Steel members to be completely encased in reinforced concrete or coated with 

cementitious fireproofing. 
4. Apply shop primer to top flange surfaces of composite steel beams unless indicated 

otherwise. 

F. Galvanizing: 
1. Fabricate steel to be galvanized in accordance with ASTM A143, A384, and A385. Avoid 

fabrication techniques that could cause distortion or embrittlement of steel. 
2. Provide venting and drain holes for tubular members and in accordance with ASTM A385. 



 

 
Fremont Siphon Project C00762C14   STRUCTURAL STEEL 
May 2014  05120 - 5 

3. Remove welding slag, splatter, burrs, grease, oil, paint, lacquer, and other deleterious 
material prior to delivery for galvanizing.  

4. Remove by blast cleaning or other methods surface contaminants and coatings not 
removable by normal chemical cleaning process in the galvanizing operation. 

5. Hot-dip galvanize steel members, fabrications, and assemblies after fabrication in 
accordance with ASTM A123. 

6. Hot-dip galvanize A325 bolts, nuts, washers, and hardware components in accordance with 
ASTM A153. Oversize holes to allow for zinc alloy growth. Shop assemble bolts, nuts, and 
washers with special lubricant and test in accordance with ASTM A325 and A563. 

7. Tension-control (TC) bolts, nuts, and washers shall be mechanically zinc coated in 
accordance with ASTM F1852 and B695, Class 50. 

8. Galvanize components of bolted assemblies separately before assembly. 

G. Slip critical bolted connections: 
1. Mask faying surfaces of slip critical (SC) bolted connections to be shop painted as specified 

in Section 09900. 
2. Roughen galvanized faying surfaces with hand wire brushing. 

PART 3  EXECUTION 

3.01 ERECTION 

A. Meet requirements of AISC Specification for Structural Steel Buildings and AISC Code of 
Standard Practice for Steel Buildings and Bridges, with exceptions as specified. 

B. Install Contractor-designed temporary construction bracing to provide necessary support until 
components are in place and construction is complete.  

C. Establish permanent benchmarks necessary for the accurate erection of structural steel.   

D. Check elevations of concrete and masonry bearing surfaces, and locations of anchor bolts and 
similar items, before erection proceeds. 

E. High-strength bolted connections: 
1. Tighten in accordance with AISC Specification for Structural Joints Using ASTM A325 or 

A490 bolts. 
2. Hardened washers: 

a. Provide at locations required by Washer Requirements section of AISC Specification for 
Structural Joints Using ASTM A325 or A490 Bolts, to include slip critical connections 
using slotted or oversized holes or A490 bolts. 

b. Use beveled style and extra thickness where required by AISC Specification. 
c. Use square or rectangular beveled washers at inner flange surfaces of American 

Standard beams and channels. 
d. Do not substitute DTIs for hardened flat washers required at slotted and oversize holes. 

3. For bearing-type connections not fully tensioned (N, X), tighten to snug tight condition. Use 
hardened washer over slotted or oversize holes in outer plies. 

F. Fully tensioned bolted connections: 
1. Use DTIs or TC bolts at slip critical (SC) and fully tensioned (FT) bearing-type connections. 
2. DTIs: 

a. Position within bolted assembly in accordance with ASTM F959. 
b. Install bolts, with DTIs plus hardened washers as required, in all holes of an assembly 

and tighten until plies are in firm contact and fasteners are uniformly snug tight. 
3. Final tighten bolts, beginning at most rigid part of bolted connection and progressing toward 

free edges, until final twist-off of TC bolts or until DTIs have been compressed to an average 
gap equal to or less than shown in Table 2, ASTM F959. 

G. Welded connections: 



 

 
Fremont Siphon Project C00762C14   STRUCTURAL STEEL 
May 2014  05120 - 6 

1. As specified by AWS and shown on the drawings 
2. Groove and Butt Joint Welds: Complete penetration, unless otherwise indicated. 

3.02 ANCHOR BOLTS 

A. Coordinate installation of anchor bolts and other connectors required for securing structural steel 
to in-place work. 

B. Provide templates and other devices for presetting bolts and other anchors to accurate locations. 

C. Projection of anchor bolts beyond face of concrete and threaded length shall be adequate to 
allow for full engagement of all threads of hold-down nuts, adjustment of leveling nuts, washer 
thicknesses, and construction tolerances, unless indicated otherwise. 

D. Placement tolerances: 
1. As required by AISC Code of Standard Practice for Steel Buildings and Bridges, unless 

indicated otherwise. 
2. Embedded anchor bolts shall not vary from the dimensions as shown on Drawings by more 

than the following: 
a. Center to center of any two bolts within an anchor group: 1/8 inch. 
b. Center to center of adjacent anchor bolt groups: 1/4 inch. 
c. Variation from perpendicular to theoretical bearing surface: 1:50. 

3.03 SETTING BASES AND BEARING PLATES 

A. Clean concrete and masonry bearing surfaces of bond reducing materials and roughen to 
improve bond to surfaces. 

B. Clean bottom surface of base and bearing plates. 

C. Set loose and attached baseplates and bearing plates for structural members on wedges, shims, 
leveling nuts, or other adjustable devices. Use leveling plates where indicated. 

D. Tighten anchor bolts after supported members have been positioned and plumbed. Do not 
remove wedges or shims, but if protruding, cut off flush with edge of base or bearing plate prior to 
placing grout. Weld plate washers to base plates where indicated. 

E. Grout under baseplates: As specified in Section 03600, prior to placing loads on structure. 

3.04 FIELD ASSEMBLY 

A. Set structural frames accurately to lines and elevations shown. 

B. Clean bearing surfaces and other surfaces that will be in permanent contact before assembly. 

C. Align and adjust various members forming a part of a complete frame or structure before 
permanently fastening. 

D. Level and plumb individual members of structure within tolerances shown in AISC Code of 
Standard Practice for Steel Buildings and Bridges. 

E. Establish required leveling and plumbing measurements on mean operating temperature of 
structure. Make allowances for difference between temperature at time of erection and mean 
temperature at which structure will be completed and in service. 

F. Perform necessary adjustments to compensate for minor discrepancies in elevations and 
alignment. 

G. Do not field cut or alter structural members without approval of Project Representative. 

H. Provide additional field connection material as required by AISC Code of Standard Practice for 
Steel Buildings and Bridges. 

I. Splice members only where indicated and accepted on shop drawings.  
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3.05 MISFITS AT BOLTED CONNECTIONS 

A. Where misfits in erection bolting are encountered, immediately notify Project Representative for 
approval of one of the following methods of correction: 
1. Ream holes that must be enlarged to admit bolts and use oversized bolts. 
2. Plug weld misaligned holes and redrill holes to admit standard size bolts. 
3. Drill additional holes in connection, conforming with AISC Standards for bolt spacing and end 

and edge distances, and add additional bolts. 
4. Reject member containing misfit, incorrect sized, or misaligned holes and fabricate new 

member to ensure proper fit. 

B. Do not enlarge incorrectly sized or misaligned holes in members by burning or by use of drift pins. 

3.06 MISFITS AT ANCHOR BOLTS 

A. Resolve misalignments between anchor bolts and bolt holes in steel members in accordance with 
approved submittal. 

B. Do not flame cut to enlarge holes without prior approval of Project Representative. 

3.07 GAS CUTTING 

A. Do not use gas-cutting torches in field for correcting fabrication errors in structural framing. 

B. Secondary members not under stress and concealed in finished structure may be corrected by 
gas cutting torches, if approved by Project Representative. 

C. Finish flame-cut sections equivalent to sheared and punched appearance. 

3.08 REPAIR AND CLEANING 

A. Immediately after erection, clean field welds, bolted connections, and abraded areas of shop 
primer. 

B. Remove and grind smooth tack welds, fit-up-lugs, and weld runoff tabs. 

C. Remove weld back-up bars and grind smooth where indicated on Drawings. 

D. Apply touchup paint primer by brush or spray of same thickness and material as that used in shop 
application and as specified in Section 09900. 

3.09 REPAIR OF DAMAGED HOT-DIP GALVANIZED COATING 

A. Conform to ASTM A780. 

B. For minor repairs at abraded areas, use sprayed zinc conforming to ASTM A780. 

C. For flame cut or welded areas, use zinc-based solder, or zinc sticks, conforming to ASTM A780. 

D. Use magnetic gauge to determine that thickness is equal to or greater than base galvanized 
coating. 

3.10 FIELD QUALITY CONTROL 

A. High-strength bolted connections: 
1. Inspect  

a. Marking identification and conformance to ASTM standards. 
b. Alignment of bolt holes. 
c. Placement, type, and thickness of hardened washers. 
d. Tightening of bolts. 

2. Bearing-type connections not fully tensioned (N, X): Snug tight condition with plies of joint in 
firm contact. 
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3. Fully tensioned (FT) bearing and slip critical (SC) connections: 
a. Conduct pre-installation test. 
b. Monitor installation and tightening of DTIs or TC bolts. 
c. Monitor condition of faying surfaces for slip critical connections. 

4. Pre-installation test: 
a. Conduct jobsite test prior to start of work using a bolt tension measuring device. 
b. Select representative sample of not less than three bolts of each diameter, length, and 

grade. 
c. Include DTIs and flat hardened washers as required to match actual connection 

assembly. 
d. Conduct test in accordance with Specification for Structural Joints Using ASTM A325 or 

A490 Bolts. 
5. Nondestructive testing (NDT) report: Prepare and submit a written NDT report identifying 

location of inspected bolted connections and summary of corrections as required to meet 
code acceptance criteria. 

6. Defective connections: Correct and reinspect defective and improperly tightened high-
strength bolted connections. Retest fully tensioned bolts as necessary to demonstrate 
compliance of completed work. 

B. Welded connections: 
1. Perform inspections on 

a. Groove welds: 
1) Radiographic (RT) or ultrasonic (UT) testing for 10 percent of randomly selected 

welds, unless otherwise indicated. 
2) Use RT only for butt joint groove welds. 

b. Fillet welds larger than 5/16 inch: Liquid penetrant (PT) or magnetic particle (MT) for 10 
percent of randomly selected welds, unless otherwise indicated. 

c. All welds: 100 percent visually inspected (VT). 
2. Repair and retest defective welds per AWS 

C. Welded anchor studs: 
1. Inspect and test welded anchor studs as specified in Section 05500. 

END OF SECTION 
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SECTION 05310 

STEEL DECK 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies fabrication and erection of steel roof and floor deck. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revisions of the following 
documents. They are part of this Section. In case of conflict between the requirements of this 
Section and the listed documents, the Contractor shall point out the conflict to the Project 
Representative; lacking a definitive answer otherwise, the requirements of the Contract 
Specifications shall prevail. 

 Reference  Title 
1. AISI  Specifications for the Design of Cold Formed Steel Structural Members 
2. ASTM A611  Standard Specification for Structural Steel (SS), Sheet, Carbon, Cold- 

   Rolled 
3. ASTM A653  Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or  

   Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process 
4. ASTM A780  Standard Practice for Repair of Damaged and Uncoated Areas Hot-Dip  

   Galvanized Coating 
5. ASTM A924  Standard Specification for General Requirements for Steel Sheet,  

   Metallic-Coated by the Hot-Dip Process 
6. AWS D1.3  Structural Welding Code - Sheet Steel 
7. IBC   International Building Code 
8. ICC-ES  International Code Council Evaluation Services 
9. DSI   Design Manual for Composite Decks, Form Decks and Roof Deck  

   Diaphragm Design Manual 
10. UL   Fire Resistance Directory 

B. General: For metal decking section properties, meet requirements of AISI Specifications for 
Design of Cold-Formed Steel Structural Members. 

C. Mechanical Fasteners: Packing containers shall show name of manufacturer and product and 
FMRC approval mark. 

D. Qualifications for Field Welding: As specified by AWS 

E. Erector Qualifications: Minimum of three years experience on comparable steel deck projects. 

F. Install steel deck to meet requirements of the IBC. 

1.03 SUBMITTALS 

A. Procedures: Section 01300. 

B. Shop Drawings: 
1. Plan view layout of decking, showing type and section properties of deck panels, reinforcing 

channels, pans, special jointing, and accessories. 
2. Location of openings, deck laps, and deck attachment details. 
3. Details of accessories, showing sump pans, ridge and valley plates, and closure strips. 
4. Location of temporary shoring for placement of concrete topping. 

C. Decking manufacturer's installation requirements. 

D. Welding Procedures, Qualifications, and Inspection Report:  
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E. Operation manuals for mechanical fastener installation tools. 

F. Manufacturer's Certificate of Compliance. 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. Protect steel deck from corrosion, deformation, and other damage during delivery, storage, and 
handling. 

B. Store deck bundles on platforms or pallets, with one end elevated to provide drainage. 

C. Protect bundles against condensation with a ventilated waterproof covering. 

D. Stack bundles so there is no danger of tipping, sliding, rolling, shifting or material damage. 

E. Architecturally exposed deck shall be appropriately packaged and protected to prevent damage 
during shipment. 

PART 2  PRODUCTS 

2.01 METAL DECKING 

A. Provide metal deck as shown on the Drawing.  

B. Materials and Finishes: 
1. Galvanized Deck: 

a. Sheet steel for galvanized deck and accessories shall conform to ASTM A653 Structural 
Quality Grade 33 or higher, as shown in Steel Deck Schedule.  

b. Galvanizing shall conform to ASTM A924 with coating class of G90 as defined in ASTM 
A653. 

C. Manufacturers: 
1. Vulcraft Division of Nucor Co., Brigham City, UT. 
2. Verco Manufacturing, Inc., Phoenix, AZ. 
3. United Steel Deck, Inc., Summit, NJ. 
4. Or Approved Equal. 

2.02 SHOP PRIMER 

A. Not Used. 

2.03 ACCESSORIES 

A. Provide pour stops, column closures, end closures, edge closures, cover plates, girder fillers, 
ridge and valley plates, finish strips, reinforcing channels, and other accessories as indicated for 
complete installation. 

B. Accessories shall comply with requirements of SDI and deck manufacturer. 

2.04 MECHANICAL FASTENERS 

A. Self-Drilling Screws: 
1. Self-drilling, self-tapping screws with hexagonal washer head and corrosion-resistant finish. 
2. Manufacturers and Products: 

a. ITW Buildex, Itasca, IL; ICH Traxx Self-Drilling Fasteners with Climaseal Coating and 
Autotraxx Standup Installation Tool. 

b. Hilti, Inc., Tulsa, OK; Kwik-Pro HWH Self-Drilling Screws with Kwik-Cote Treatment and 
Kwik-Tapper Screwdriver. 

c. Or Approved Equal. 

B. Powder Driven Fasteners: 
1. Knurled shank, minimum 1/2-inch diameter steel washer, corrosion-resistant coating. 
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2. Pin diameter and length to suit deck type and flange thickness of steel support member. 
3. Manufacturers and Products: 

a. TW Buildex, Itasca, IL; Buildex BX14 pins with yellow dichromate galvanizing and BX900 
Installation Tool. 

b. Hilti, Inc., Tulsa, OK; ENP-series fasteners with electroplated zinc coating and DX-750 
Installation Tool. 

c. Or Approved Equal. 

2.05 FIELD FINISH 

A. Steel deck requiring field finish shall be in accordance with Section 09900 and Section 09901. 

2.06 ROOF INSULATION 

A. As specified in Section 07221. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Examine supporting framing and field conditions for compliance with requirements for installation 
tolerances and other conditions affecting performance of steel deck. 

B. Verify that surfaces to receive steel deck are free of debris. 

C. Do not proceed with installation until defects are corrected. 

D. Coordinate work with requirements of mechanical equipment installation requirements. 

3.02 INSTALLATION 

A. Install deck units and accessories in accordance with manufacturer's recommendations and shop 
drawings 

B. Locate deck bundles to prevent overloading of support framing members. 

C. Install at right angles to supporting members in a three span minimum lay-up, unless shown 
otherwise, and in accordance with Specification and manufacturer's installation recommendation. 

D. Bearing: 1-1/2 inches, minimum. 

E. Minimum of 2 inches and located over supports. 

F. Do not stretch side laps. 

G. Closure Plates: 
1. Install closure and cover plate accessories as recommended by SDI. 
2. Floor Deck and Form Deck Closures: 

a. Fasten column closures, cell closures, and zee closures to deck to provide tight fitting 
closures at open ends of ribs and sides of decking. 

b. Fasten cell closures at changes of direction of deck units unless otherwise indicated. 

H. Holes and Openings: 
1. Cut and fit roof deck units and accessories around projections through roof decking. 
2. Make cuts neat, square, and trim. 
3. Cut openings in roof deck true to dimensions using metal saws or drills. 
4. Do not use cutting torches if neat appearance is required. 
5. Locate holes and openings as shown to clear structural framing and bracing members. 
6. Reinforcement Around Openings: 
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a. Roof Deck: For hole sizes of at least 6 inches across, but not more than 12 inches across 
in roof deck, reinforce with 0.0474-inch design thickness steel plate, painted or 
galvanized to match deck coating. Extend plate at least 12 inches beyond opening in all 
directions and attach to top of roof deck with No. 10 self-drilling screws at 6-inch spacing 
and at all corners. For openings larger than 12 inches across, reinforce roof deck with 
framing as shown on Drawings. 

b. Composite Floor Deck and Form Deck: Reinforce openings as indicated on Drawings 

I. Protect deck areas from heavy concentrated loads or wheel traffic with planking or other 
approved means. 

J. Install temporary shoring, if required, to meet strength and deflection limitations, before placing 
any concrete topping on deck panels. 

K. Completed Deck: Free from buckles and irregularities, and in accordance with FM and UL 
requirements. 

3.03 DECK ATTACHMENT 

A. Fasten panels as shown on Drawings. 

B. Welded Connections: Weld deck sidelap s, attachment to framing, and accessories in accordance 
with AWS D1.3. 

C. Mechanical Fasteners: 
1. Self-Drilling Screws: 

a. Install screws in accordance with manufacturer's written instructions and with special 
installation tool. Do not over-torque. 

b. Remove and redrive screws at side laps where upper sheet is not drawn tightly against 
lower sheet. 

2. Powder Driven Fasteners: 
a. Install fasteners in accordance with manufacturer's written instructions and with special 

installation tool. 
b. Minimum Sidelap Edge Distance: 3/8 inch. 
c. Minimum End/End Lap Distance: 1 inch. 
d. Head Projection: As specified by manufacturer for correct penetration into flange of steel 

support member. 

3.04 TOUCHUP PAINTING 

A. Immediately following erection, remove unused deck edge trimmings, screws, fasteners, welding 
washers, butt ends of welding rods, and debris from completed installation. 

B. Clean field welds, bolted connections, rust spots, and abraded areas. 

C. Repair damaged galvanized surfaces in accordance with Section 05500. 

D. Use magnetic gauge to determine that thickness of repair is equal to or greater than base 
galvanized coating. 

3.05 PROTECTION 

A. Do not use deck units for storage or working platforms until permanently secured in position. 

B. Assure that construction loads do not exceed carrying capacity of deck. 

C. Replace damaged or warped panel. 

3.06 FIELD QUALITY CONTROL 

A. Inspect 
1. Welded Connections: Visually inspect in accordance with AWS D1.3. 
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2. Mechanical Fasteners: Visually inspect, in accordance with manufacturer's instructions, for 
each type of fastener. 

B. Repair or replace defective welds and fasteners. 

C. Welded Anchor Studs: Inspect and test as specified in Section 05500. 

END OF SECTION 
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SECTION 05500 

METAL FABRICATIONS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies fabricated metal items and other miscellaneous metalwork, galvanized or 
coated. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revisions of the 
following documents.  They are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference   Title 
ANSI/NAAMM MBG 531-00 Metal Bar Grating Manual 
ASTM A36   Structural Steel 
ASTM A53   Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded 
    and Seamless 
ASTM A108   Steel Bars, Carbon, Cold-Finished, Standard Quality 
ASTM A123   Zinc (Hot-Dip Galvanize) Coatings on Iron and Steel 
    Products 
ASTM A153   Zinc Coating (Hot-Dip) on Iron and Steel Hardware 
ASTM A167   Stainless and Heat-Resisting Chromium-Nickel Steel 
    Plate, Sheet and Strip 
ASTM A276   Stainless Steel Bars and Shapes 
ASTM A307   Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength 
ASTM A312   Seamless and Welded Austenitic Stainless steel Pipes 
ASTM A320   Alloy Steel Bolting Materials for Low Temperature Service 
ASTM A496   Steel Wire, Deformed, for Concrete Reinforcement 
ASTM A500   Cold-Formed Welded and Seamless Carbon Steel Structural  
    Tubing in Rounds and Shapes 
ASTM A563   Carbon and Alloy Steel Nuts 
ASTM A615   Deformed and Plain Billet-Steel Bars for Concrete Reinforcement 
ASTM A780   Repair of Damaged and Uncoated Areas of Hot-Dip Galvanized  
    Coatings 
ASTM A786   Rolled Steel Floor Plates 
ASTM A793   Rolled Floor Plate, Stainless Steel 
ASTM B209   Aluminum and Aluminum-Alloy Sheet and Plate 
ASTM B210   Aluminum and Aluminum-Alloy Drawn Seamless Tubes 
ASTM B211   Aluminum and Aluminum-Alloy Bar, Rod, and Wire  
ASTM B221   Aluminum and Aluminum-Alloy Extruded Bars, Rods, Wire,  
    Profiles, and Tubes 
ASTM B241   Aluminum and Aluminum-Alloy Seamless Pipe and Seamless  
    Extruded Tube 
ASTM B308   Aluminum-Alloy 6061-T6 Standard Structural Profiles 
ASTM B632   Aluminum-Alloy Rolled Tread Plate 
ASTM B695   Coatings of Zinc Mechanically Deposited on Iron and Steel 
ASTM F844   Washers, Steel, Plain (Flat), Unhardened for General Use  
AWS D1.1   Structural Welding Code of the American Welding Society 
AWS E70    Filler Material 
SSPS SP-5   White Metal Blast Cleaning 
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B. Shop and field welding shall conform to the requirements of: 
1. Tanks:  ASME BPVC for low pressure. 
2. All other fabrications:  AWS D1.1 minimum. 

C. The use of salvaged, reprocessed or scrap materials will not be permitted. 

D. All welding shall be by: 
1. Tanks:  ASME Section IX certified welders. 
2. All other fabrications: ASME Section IX or WABO certified welders. 

E. Observation of Work:  The Project Representative shall have access to any fabrication site or 
shop for the purpose of observing fabrication of items, structures, equipment, piping, electrical 
and other components which will be used in or incorporated in the work. 

F. Notification of Start of Work:  Notify the Project Representative in advance of the start of 
fabrication.  For fabrication sites within 50 miles of the project site, provide 48 hours notice.  For 
fabrication sites greater than 50 miles from the project site, provide 7 days notice. 

G. Notification of Finish Work:  Notify the Project Representative in advance of applying finish.  For 
fabrication sites within 50 miles of the project site, provide 48 hours notice.  For fabrication sites 
greater than 50 miles from the project site, provide 7 days notice. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Manufacturer's product data showing conformance to the specification. 

C. Detailed shop drawings. 

D. Welding/welding operator ASME Section IX and WABO certificates and qualifications for the work 
being performed. 

E. Welding procedures 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Steel: 
1. Sheets, plates and shapes  ASTM A36 
2. Pipe    ASTM A53, Grade B 
3. Square/rectangular tubing  ASTM A500, Grade B 
4. Headed Anchor Studs  ASTM A108 
5. Deformed anchor bars  ASTM A496 or A615 
6. Bolts    ASTM A307, Grade A 
7. Nuts    ASTM A563 
8. Washers    ASTM F844 

B. Stainless Steel: 
1. Sheets and plates   ASTM A240, Type 316 or 316L 
2. Shapes, bars, and similar items ASTM A479, Type 316 or 316L 
3. Pipe    ASTM A312, Type 316 or 316L 
4. Headed Anchor Studs  ASTM A193 or A320, Type 316 
5. Bolts    ASTM A193 or A320, Type 316 
6. Nuts    ASTM A194, Type 316 
7. Washers    Type 316 

C. Aluminum: 
1. Sheets and plates   ASTM B209, Type 6061-T6 
2. Bars, flats and similar items  ASTM B211 or B221, Type 6061-T6 
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3. Shapes    ASTM B221 or B308, Type 6061-T6 
4. Round tubing and pipe:  ASTM 210 or B221, Type 6061-T6 
5. Square and rectangular tubing Type 6063-T52 
6. Pipe    ASTM B211 or B241, Type 6061-T6* 
7. Bolts    ASTM A193 or A320, Type 316 
8. Nuts    ASTM A194, Type 316 
9. Washers    Type 316 

D. Checkered Plate: 
1. Steel    ASTM A786 
2. Stainless steel   ASTM A793, Type 304 
3. Aluminum    ASTM B632, Type 6061-T6 

E. Metal Bar Grating:   
1. Metal Bar Grating shall conform to the requirements of ANSI/NAAMM MBG 531-00 for 

galvanized welded steel grating.  All grating shall be banded unless noted otherwise. 

2.02 ANCHORAGE 

A. Supply components required for anchorage of fabrications.  Fabricate anchors and related 
components of same material and finish as fabrication. 

2.03 LIFTING LUGS 

A. Individual equipment and/or each field disassemblable part weighing in excess of 50 pounds shall 
be fitted with lifting lugs for easy handling. 

2.04 FASTENERS 

A. As listed in Section 05500. 

B. Finish:  unless otherwise indicated, steel bolts, screws, nuts, washers and all other steel 
fasteners shall be mechanically zinc-coated in accordance with ASTM B695, Class 50. 

C. Thread lubricant for stainless steel fasteners:  where stainless steel bolts and threaded fasteners 
are used, apply anti-seizing lubricant to the threads prior to making up the connections.  Lubricant 
shall be manufactured and labeled for use with stainless steel and shall contain substantial 
amounts of molybdenum disulfide, graphite, mica, talc or copper. 

2.05 FINISH 

A. Unless otherwise indicated: 
1. Steel items weighing 100 pounds or less: hot-dip zinc-coated, ASTM A123 or ASTM A153. 
2. Steel items weighing more than 100 pounds: coated as indicated in Section 09900. 
3. Stainless steel: none. 
4. Aluminum:  coated as indicated in Section 09900. 

PART 3  EXECUTION 

3.01 EXAMINATION AND PREPARATION 

A. Verify measurements at the site. 

B. Verify that field conditions are acceptable and are ready to receive work. 

C. Make provisions for erection loads with temporary bracing.  Keep work in alignment. 

D. Supply items required to be cast into concrete or embedded in masonry with setting templates. 
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3.02 FABRICATION 

A. Dropout tanks:  conform to ASME BPVC for low pressure. 

B. All other fabrications: conform to AWS D1.1 minimum. 

C. Grind exposed joints flush and smooth with adjacent finish surface.  Make exposed joints butt-
tight, flush, and hairline.  Remove all burrs and weld splatter.  Ease exposed edges to small 
uniform radius. 

D. Punch holes 1/16-inch larger than the nominal size of the bolts, unless otherwise indicated.  
Whenever needed because of the thickness of the metal, subpunch and ream or drill holes. 

E. Perform fabrication including cutting, drilling, punching, threading and tapping required for 
miscellaneous metal or adjacent work prior to hot-dip galvanizing. 

3.03 FINISH 

A. Welds and adjacent are to be prepared such that there are: 
1. No undercutting or reverse ridges on the weld beads. 
2. No weld spatter on or adjacent to the weld or any other area to be painted. 
3. No sharp peaks or ridges along the weld bead. 

B. All embedded pieces of electrode or wire and the adjacent weld shall be removed and replaced 
with new welds. 

C. Obtain Project Representatives approval before applying finish. 

3.04 INSTALLATION 

A. Install items plumb, level and square, accurately fitted, and free from distortion or defects. 

B. Allow for erection loads and provide temporary bracing to maintain true alignment until completion 
of erection and installation of permanent attachments. 

C. Fieldwork shall not be permitted on galvanized items.  Drilling of bolts or enlargement of holes to 
correct misalignment will not be allowed. 

D. Protect encased or embedded dissimilar metals (both metals must be encased or embedded) 
from galvanic corrosion by means of pressure tapes, coatings or isolators. 

E. Place metalwork to be embedded in concrete accurately and hold in correct position while the 
concrete is placed or, if indicated, form recesses or blockouts in the concrete.  Thoroughly clean 
the surfaces of metalwork in contact with or embedded in concrete.  If accepted, recesses may be 
neatly cored in the concrete after it has attained its design strength and the metalwork grouted in 
place. 

F. Seat angles, supports and guides:  Set seat angles for grating and supports for floor plates so 
that they maintain the grating and floor plates flush with the floor. 

3.05 FIELD REPAIR OF COATINGS 

A. Galvanized: 
1. Maximum area to be repaired shall be no more than 1/2 of 1 percent of the surface area or 36 

sq. in. per ton of piece weight, whichever is less.  Damage in excess of this requirement shall 
be repaired by stripping and recoating entire piece. 

2. Clean damaged areas to SSPC-SP5.  Repair with zinc-rich paint in accordance with the 
manufacturer's instructions and with ASTM A780, Annex A2.  Minimum thickness 
requirements shall be in accordance with ASTM A123, Paragraph 6.2.3. 

3. Use zinc-rich repair paint. 
4. Acceptable manufacturer: 

a. ZRC Galvilite. 
b. LPS Cold Galvanize 



Fremont Siphon Project C00762C14   METAL FABRICATIONS 
May 2014  05500 - 5 

c. Approved equal. 

B. Painted:  after installation, clean and touch up damaged areas of with the same materials used 
for the shop coat. 

END OF SECTION 
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SECTION 05501 

ANCHORAGE TO CONCRETE 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies all anchorage to concrete, complete with washers and nuts. 

B. Concrete anchorage systems indicated on the Drawings, or required to secure the various parts 
together and provide a complete installation, shall be generally indicated on the Drawings. The 
tabulation of items herein is not intended to be all inclusive, and it shall be the Contractor's 
responsibility to provide all metalwork and castings shown, specified, or which can reasonably be 
inferred as necessary to complete the project. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revisions of the 
following documents.  They are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
ASTM A36  Standard for Carbon Structural Steel 
ASTM A153  Standard for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 
ASTM A193  Standard for Alloy-Steel and Stainless Steel Bolting Materials for  High- 
   Temperature Service 
ASTM A194  Standard for Carbon and Alloy Steel Nuts for Bolts for High-Pressure and  
   High-Temperature Service, or Both 
ASTM A307  Standard for Carbon Steel Bolts and Studs, 60,000 PSI Tensile Strength 
ASTM A320  Standard for Alloy Steel Bolting Materials for Low Temperature Service 
ASTM A563  Standard for Carbon and Alloy Steel Nuts  
ASTM B695  Standard for Coatings of Zinc Mechanically Deposited on Iron and Steel 
ASTM C881  Standard for Epoxy-Resin-Base Bonding Systems for Concrete 
ASTM C882  Standard Test Method for Bond Strength of Epoxy-Resin Systems Used  
   With Concrete By Slant Shear  
ASTM D648  Standard Test Method for Deflection Temperature of Plastics Under  
   Flexural Load in the Edgewise Position  
ASTM D695  Standard Test Method for Compressive Properties of Rigid Plastics  
ASTM D746  Standard Test Method for Brittleness Temperature of Plastics and  
   Elastomers by Impact  
ASTM D1505  Standard Test Method for Density of Plastics by the Density-Gradient 
   Technique  
ASTM D1525  Standard Test Method for Vicat Softening Temperature of Plastics  
ASTM F844  Standard for Washers, Steel, Plain (Flat), Unhardened for General Use 
SSPC SP-1  Solvent Cleaning 
SSPC SP-2  Hand Tool Cleaning 
SSPC SP-3  Power Tool Cleaning 

B. The diameter and capacity of anchor bolts and concrete anchors shall be as recommended or 
required by the equipment or machinery manufacturer, including any recommended or required 
adjustment for seismic conditions listed in Section 01031.  In case of conflicting or ambiguous 
recommendations or requirements, the most stringent shall apply.  Verify that the capacities and 
configurations conform to the Drawings. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 
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B. Manufacturer's product data. 

C. Manufacturer's information showing the recommended installation equipment and procedures for 
the following: 
1. Drilled-in concrete anchors. 
2. Epoxy anchor shall include instructions for the safe handling of epoxy adhesives. 

D. Design calculations and details showing the required diameter, length, embedment, edge 
distance, confinement, and other conditions, stamped and signed by a currently licensed State of 
Washington structural engineer, for all anchor bolts and concrete anchors exceeding the 
capacities or not conforming to the configurations shown on the Drawings and as required by 
Section 01031. 

1.04 EXPOSURE CONDITIONS 

A. Dry:  indoor spaces not subject to moisture, washdown, hydrogen sulfide gas or chemicals. 

B. Wet and/or corrosive:  outdoor areas, or indoor areas subject to moisture, washdown, hydrogen 
sulfide gas or chemicals. 

C. Chlorine gas and hypochlorite off-gassing exposure 

D. Submerged:  at or below a point I.5 foot above maximum fluid surface. 

E. Unless otherwise indicated, all non-submerged surfaces shall be considered wet or corrosive. 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Unless otherwise specified, materials shall conform to the following: 
1. Anchor bolts: 

a. Carbon steel:  ASTM A307, Grade A. 
b. Stainless steel: ASTM A193 or A320, Type 316. 
c. Galvanized:  ASTM A307, hot-dip zinc coated per ASTM A153, Class C or mechanically 

coated per ASTM B695, Class 50. 
2. Threaded rod: 

a. Carbon steel:  ASTM A36. 
b. Stainless steel: Type 316, ASTM A193 or A320. 
c. Galvanized:  ASTM A36, hot-dip zinc coated per ASTM A153, Class C or mechanically 

coated per ASTM B695, Class 50. 
3. Nuts: 

a. Carbon steel:  ASTM A563. 
b. Stainless steel:  Type 316, ASTM A194. 
c. Galvanized:  ASTM A307, hot-dip zinc coated per ASTM A153, Class C or mechanically 

coated per ASTM B695, Class 50. 
4. Washers: 

a. Carbon steel:  ASTM F844. 
b. Stainless steel:  Type 316, ASTM A194. 
c. Galvanized:  ASTM F844, hot-dip zinc coated per ASTM A153, Class C or mechanically 

coated per ASTM B695, Class 50. 
5. Drilled-in concrete anchors 

a. Carbon steel:  ASTM A307. 
b. Stainless steel: Type 316, ASTM A193 or ASTM A320. 
c. Galvanized:  ASTM A307 mechanically zinc coated per ASTM B695, Class 50. 

6. Epoxy concrete anchors: 
a. Stainless steel: Type 316, ASTM A193 or ASTM A320. 
b. Epoxy adhesive:  ASTM C881, Type 1, Grade 3, Class A, B or C. 

7. Grouted concrete anchors: 
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a. Stainless steel: Type 316, ASTM A193 or ASTM A320. 
b. Grout:  Non-shrink as specified in Section 03600. 

B. Fasteners:  all components of mating fasteners, bolts, nuts and washers,  of the same material 
and coated by the same  process. 

2.02 ANCHOR BOLTS 

A. Unless shown otherwise on the Drawings, provide 3/4-inch minimum diameter by 12-inch long;  

B. Provide a minimum of two nuts and a washer of the same material for each bolt. 

C. Provide sleeves as shown on the Drawings for location adjustments. 

D. Provide anchor bolt material for the exposure conditions as noted below: 
1. Equipment and machinery: 

a. Dry exposure:  stainless steel. 
b. Wet or submerged exposure:  stainless steel. 
c. Chlorine gas and chlorine off-gass exposure: coated stainless steel. 

2. Fabricated metalwork or structural building or frame components: 
a. Dry Exposure: 

1) Steel anchoring:  galvanized steel. 
2) Other metal anchoring:  stainless steel. 

b. Wet or submerged exposure:  stainless steel. 
c. Chlorine gas and off-gassing exposure: coated stainless steel. 

E. Anchor Bolt Sleeve: high density polyethylene plastic. 
1. Single unit construction with deformed sidewalls such that the concrete and grout lock in 

place. 
2. The top of the sleeve shall be self-threading to provide adjustment of the threaded anchor 

bolt projection. 
3. Material requirements shall conform to the following: 

a. Plastic: high-density polyethylene. 
b. Density:  ASTM D1505. 
c. Vicat softening point:  ASTM D1525. 
d. Brittleness Temperature:  ASTM D746. 

F. Nonshrink Grout:  comply with the requirements of Section 03600. 

2.03 CONCRETE ANCHORS 

A. Drilled-in concrete anchors: 
1. Red Head Wedge anchors or Red Head Sleeve anchors by ITT Phillips; 
2. Kwik-Bolt stud type or HDI Drop-In anchors by Hilti, Inc.: 
3. Wej-It by Wej-It Corporation; 
4. Parabolt PB anchors by Molly Division of Emhart Corp.; 
5. Approved equal 

B. Threaded-Rod Anchors: 
1. Anchors shall have allowable working loads not less than those tabulated in the Structural 

General Notes.  Provide minimum diameter of 3/8 inch. 
2. Do not use where fire or elevated temperatures exceeding 150 degrees F can occur, unless 

specifically shown otherwise. 
3. Anchor Rod: Type 316 stainless steel threaded rod free of grease, oil, or other deleterious 

material with a 45-degree chisel point. 
4. Epoxy Adhesive: 

a. Meet ASTM C881, Type 1, Grade 3, Class A, B, or C. 
b. Two-component, 100 percent solids, nonsag, paste, insensitive to moisture, designed to 

be used in adverse freeze/thaw environments, and gray in color.  Cure Temperature, Pot 
Life, and Workability: Compatible for intended use and environmental conditions. 
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5. Mixed Epoxy Adhesive: Nonsag paste consistency with ability to remain in a 1-inch diameter 
overhead drilled hole without runout, holding the following properties: 
a. Slant Shear Strength, ASTM C881 and ASTM C882, No Failure in Bond Line, Dry/Moist 

Conditions: 5,000 PSI. 
b. Compressive Strength, ASTM D695: 14,000 PSI minimum. 
c. Tensile Strength, ASTM D695: 4,500 PSI. 
d. Heat Deflection Temperature, ASTM D648: 135 degrees F, minimum. 

6. Epoxy Adhesive Packaging: 
a. Disposable, self-contained cartridge system capable of dispensing both epoxy 

components in the proper mixing ratio and fit into a manually or pneumatically operated 
caulking gun. 

b. Dispense components through a mixing nozzle that thoroughly mixes components and 
places epoxy at base of predrilled hole. 

c. Mixing Nozzles: Disposable, manufactured in several sizes to accommodate sizes of 
anchor rods. 

d. Cartridge Markings: Include manufacturer's name, batch number, mix ratio by volume, 
product expiration date, ANSI hazard classification, and appropriate ANSI handling 
precautions. 

7. Storage of Epoxy adhesive: 
a. Store epoxy cartridges on pallets or shelving in a covered storage area. 
b. Control temperature above 60 degrees F and dispose of cartridges if shelf life has 

expired.  If stored at temperatures below 60 degrees F, test adhesive prior to use to 
determine if adhesive meets specified requirements. 

8. Acceptable manufacturers: 
a. Adhesives Technology Corp. 
b. Anchor-It Fastening Systems, HS 200 Epoxy Resin. 
c. Approved equal. 

C. Grouted concrete anchors shall be stainless steel threaded rod, anchored in a predrilled hole with 
nonshrink grout complying with the requirements of Section 03600.  Submit specific use and 
design calculations for review and approval by the Project Representative.  Loads shall not 
exceed values shown on the Drawings. 

D. Provide concrete anchors for the exposure conditions as noted below: 
1. Drilled-in Concrete Anchors.  

a. Dry exposure: galvanized steel. 
b. Wet exposure: stainless steel. 
c. Submerged exposure: do not use drilled-in concrete anchors for submerged exposure. 

2. Epoxy Anchors: 
a. Dry exposure: stainless steel. 
b. Wet or submerged exposure: stainless steel. 
c. Chlorine gas and off-gassing exposure: coated stainless steel. 
d. Epoxy anchors shall not be used in any overhead applications. 

3. Grouted concrete anchors: 
a. Dry exposure:  stainless steel. 
b. Wet or submerged exposure:  stainless steel. 
c. Chlorine gas and off-gassing exposure:  coated stainless steel. 

E. Coated concrete anchors shall be coated by fusion bonding.  Coating of threads is not required.  
Where threads are covered with a fusion bonded coating, provide the nut of proper size to fit and 
provide a connection of equal strength to the embedded anchor. 

2.04 STAINLESS STEEL FASTENER LUBRICANT (ANTI-SEIZING) 

A. Where stainless steel nuts and threaded fasteners are used, apply anti-seizing lubricant to the 
threads prior to making up the connections.  Lubricant shall be manufactured and labeled for use 
with stainless steel and shall contain substantial amounts of molybdenum disulfide, graphite, 
mica, talc, or copper. 
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PART 3  EXECUTION 

3.01 GENERAL 

A. Install per manufacturer's recommendations. 

B. All machinery or equipment with moving parts and all structural steel shall be anchored using 
grouted or cast-in-place anchor bolts. 

C. Drilled-in epoxy or expansion anchors:  not permitted unless specified.  

D. Drilled-in epoxy or expansion anchors:  not permitted for permanemt overhead attachment in an 
application subject to tension, withdrawl forces. Through bolts are required for existing concrete 
or cast in place bolts with embedded anchoring plate for new construction. 

E. Cutting and welding: not permitted. 

F. After anchors have been embedded, protect threads with grease or anti-seizing lubricant and 
install the nuts. 

G. Protect dissimilar metals from galvanic corrosion by means of pressure tapes, coatings, or 
isolators. 

H. Provide beveled washers where mating surface is not square with the anchor bolt. 

3.02 ANCHOR BOLT HOLES IN EQUIPMENT 

A. Shall not exceed the bolt diameters by more than: 
1. Bolts smaller than 1-inch:  25 percent 
2. Bolts 1-inch and larger:  1/4-inch. 

3.03 ANCHOR BOLTS 

A. Place anchor bolts to be embedded-in concrete accurately and hold in correct position while the 
concrete is placed or, if specified, form recesses or blockouts in the concrete and grout the 
metalwork in place in accordance with Section 03600. 

B. Thoroughly clean the surfaces of metalwork in contact with concrete. 

C. Anchor bolts shall have sufficient exposed length for leveling the machinery while maintaining a 
minimum of 1/2-inch clearance between the baseplate and the foundation. 

D. The annular space around the anchor bolt below the foundation surface and the machinery 
baseplate shall be filled with non-shrink grout in accordance with Section 03600.  Completely fill 
all voids.  The anchor bolt leveling nuts shall be blocked out of the grout. 

E. After the grout has attained its designed strength, the anchor bolt leveling nuts shall be backed off 
and the grout patched after the primary anchor bolt nuts are tightened 

3.04 DRILLED-IN CONCRETE ANCHORS 

A. Installation shall not begin until the concrete or masonry receiving the anchors has attained its 
design strength. 

B. Install in strict conformance with manufacturer's written instructions. 

C. Use manufacturer's recommended drills and equipment. 

D. Unless otherwise specified, embedded length shall not include housekeeping pads or fill grout. 

E. Epoxy anchors shall not be installed when the temperature of the concrete is below 35 degrees F 
or above 110 degrees F. 
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F. Furnish manufacturer's representative, for each type of concrete anchor used, to the jobsite to 
conduct jobsite training for proper installation, handling, and storage of each anchor system for 
personnel as required.  Notify Project Representative of training session schedule. 

G. Unless specifically shown on the Drawings, flush mounted concrete anchors shall not be used. 

3.05 GALVANIZING REPAIR 

A. Galvanized surfaces that are abraded or damaged at any time after the application of the zinc 
coating shall be repaired as follows: 
1. Solvent clean the damaged area per SSPC SP-1. 
2. Hand clean per SSPC SP-2 or power tool clean per SSPC SP-3 the damaged areas, 

removing all loose and cracked coating.  Surface preparation shall extend into the 
undamaged galvanized coating. 

3. Repair with organic zinc-rich paint in accordance with the manufacturer's instructions. 
4. Use zinc-rich repair paint. 
5. Acceptable manufacturer: 

a. ZRC Galvilite. 
b. LPS Cold Galvanize 
c. Approved equal. 

END OF SECTION 
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SECTION 05520 

HANDRAILING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies prefabricated aluminum, steel, and fiberglass handrailing. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of the listed documents, the requirements of this Section 
shall prevail. 
Reference  Title 
AA DAF-45  Designation System for Aluminum Finishes 
ASTM A53  Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated,  
   Welded and Seamless 
ASTM A120  Specification for Pipe, Steel, Black and Hot-Dipped Zinc-Coated  
   (Galvanized) Welded and Seamless for Ordinary Uses (REPLACED BY  
   A53/A53M) 
ASTM A320 Specification for Alloy/Steel Bolting Materials for Low-Temperature 

Service 
ASTM A123  Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel  
   Products 
ASTM A501  Specification for Hot-Formed Welded and Seamless Carbon Steel  
   Structural Tubing 
ASTM B241  Specification for Aluminum and Aluminum-Alloy Seamless Pipe and  
   Seamless Extruded Tube 
IBC   International Building Code 
SSPC   Society for Protective Coatings 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Certified test reports:  before fabrication of handrailing, provide certificates which attest to their 
material complying with this Section. 

C. Layout or installation shop drawings. 

1.04 DESIGN REQUIREMENTS 

A. Handrailing shall meet the requirements of the standards of the Occupational Safety and Health 
Administration, the Division of Industrial Safety and Health of the State of Washington, and the 
IBC. 

1.05 DELIVERY, STORAGE AND HANDLING 

A. Cushion wrap complete rails, modules and components to prevent scratching and denting during 
shipment, storage, and installation.  Leave wrap intact, insofar as possible, until railing is 
completely installed. 

1.06 FIELD MEASUREMENTS 

A. Verify that field measurements are as indicated on the Drawings; adjust as required. 
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PART 2  PRODUCTS 

2.01 GENERAL 

A. Unless otherwise indicated, handrails and guardrails shall be aluminum or galvanized steel. 

B. Provide toeboards at guardrails of materials matching the guardrails except where concrete curbs 
are indicated.  

C. System shall accommodate field cutting of posts to fit, prior to installation or attachment to base 
connections.   

2.02 ALUMINUM RAILING SYSTEM 

A. Acceptable Manufacturer:   
1. Reyno-Rail II:  Reynolds Metals Company  
2. Connectorail:  Julius Blum and Company, Inc.  
3. Thompson Fabricating Co. 
4. Uni-Rail:  Universal Products, Inc. 
5. Approved equal. 

B. Materials: 
1. Rails and posts:  1-1/2 inches nominal, ASTM B241, Alloy 6061-T6 or 6063-T6. 
2. Fittings:  cast aluminum elbows, T-shapes, wall brackets, escutcheons. 
3. Splice connectors:  aluminum concealed spigot. 
4. Bolts, nuts, washers:  ASTM A320, Type 304 stainless steel 

C. Finishes:  clear anodized in accordance with the Aluminum Association AA-M32-C22-A41.  
Anodize exposed prefabricated components, except stainless steel fasteners, after fabrication.   

2.03 STEEL RAILING SYSTEM 

A. Materials: 
1. Rails and posts:  steel tubing, ASTM A501 or steel pipe, ASTM A53, Type E or S, Grade B. 
2. Wall Brackets:  Malleable iron, round top, galvanized, as manufactured by: 

a. R & B Wagner, No 1765. 
b. Julius Blum, No. 1382. 
c. Approved equal. 

B. Finishes: 
1. Hot-dip galvanized steel after fabrication and after welding. 
2. See Section 09900. 

2.04 FABRICATION 

A. Fit and assemble components in largest practical sizes, for delivery to the site. 

B. Pipe cuts shall be clean, straight, square, and accurate for minimum joint gap.  Perform work in 
conformance with the handrail manufacturer's instructions.  Work shall be free from blemishes, 
defects, and misfits that can affect durability, strength, or appearance. 

C. Unless otherwise indicated, punch holes 1/16 inch larger than the nominal size of the bolts.  
Whenever needed because of the thickness of the metal, subpunch and ream or drill holes.   
Replace pieces with mismatched holes.  No drifting of bolts or enlargement of holes will be 
allowed to correct misalignment. 

D. Unless otherwise indicated, supply components required for anchorage of fabrications.  Fabricate 
anchors and related components of same material and finish as fabrication. 

E. Grind exposed joints flush and smooth with adjacent finish surface.  Make exposed joints butt-
tight, flush and hairline.  Ease exposed edges to small, uniform radius.   
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PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify measurements at the site. 

B. Verify that field conditions are acceptable and are ready to receive work. 

3.02 PREPARATION 

A. Supply items required to be cast into concrete or embedded in masonry with setting templates.  

3.03 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Protect dissimilar metals from galvanic corrosion by means of pressure tapes, coatings, or 
isolators. 

C. Protect aluminum in contact with concrete or grout with a heavy coat of bituminous paint. 

D. Install components plumb and level, accurately fitted, free from distortion or defects.   

E. Place metal to be embedded in concrete accurately and hold in correct position while the 
concrete is placed or, if specified, form recesses or blockouts in the concrete and grout the 
metalwork in place after concrete has attained its design strength in accordance with Section 
03300.  Thoroughly clean the surfaces of metalwork in contact with or embedded in concrete. 

F. Unless otherwise indicated, no field welding of handrails shall be permitted.  Where field welding 
is specified, grind, weld smooth to match adjacent pipe and coat. 

3.04 TOLERANCES 

A. Maximum variance from plumb:  1/4-inch per story. 

B. Maximum offset from true alignment:  1/4-inch. 

END OF SECTION 
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SECTION 06101 

ROUGH CARPENTRY 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies rough carpentry, consisting of wood framework using lumber and plywood, 
and rough hardware to join the members and anchor framework to other construction. 

1.02 QUALITY ASSURANCE 

A. As identified within this Section. 

B. Perform the work in accordance with the following agencies: 
1. Lumber Grading Agency: West Coast Lumber Inspection Bureau. 
2. Plywood Grading Agency: Certified by the Engineered Wood Association. 

1.03 SUBMITTALS 

A. Procedures: Section 01300 

B. A detailed list of materials and type of fasteners proposed for use. 

PART 2  PRODUCTS 

2.01 LUMBER MATERIALS 

A. Unless specified otherwise, Grades and species shall be: 
1. Douglas Fir: Graded in compliance with one of the following: 

a. West Coast Lumber Inspection Bureau - Standard Grading and Dressing Rules No. 16 
for Douglas Fir, West Coast Hemlock, Sitka Spruce, Western Red Cedar. 

b. Western Wood Products Association - Grading Rules. 
2. Western Larch - Western Hemlock: May be used in lieu of Douglas fir if of equal or better 

stress grade and quality than the grades of Douglas fir specified and if graded in compliance 
with either of the grading rules specified. 

B. Seasoning: 
1. Before surfacing, air or kiln dry to a moisture content not to exceed 19 percent. 
2. Before incorporation into the work, allow to attain a state of equilibrium with the local 

atmosphere.  
3. Air season not less than 30 days before covering with finish materials. 
4. If specifications for pressure treating state the maximum percentages of moisture content at 

the time of treatment, comply with those requirements. 

2.02 PLYWOOD 

A. Comply with U.S. Department of Commerce Product Standard PS 1-74. Grade and grade-mark 
by the Engineered Wood Association. 

B. Use the galvanized variety of bolts, nuts and washers, in compliance with ASTM A153, in 
locations subject to moisture, outside, in portions of the structure that are not completely 
enclosed, or as indicated elsewhere. 

2.03 ACCESSORIES 

A. Fasteners: Galvanized steel. 

B. Bolts: 
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1. Grade A, with square or hexagonal heads, comply with ASTM A307. 
2. Sizes and spacing shall be as required by the Drawings. 
3. Fit heads and nuts bearing on wood with washers. 

C. Nails: 
1. Sizes and types of nails shall be as indicated, specified or required for the purpose. 
2. Comply with FEDSPEC FF-N-105A. 
3. Unless otherwise indicated, use galvanized nails. 

D. Special Purpose Nails: 
1. Acceptable Manufacturer: 

a. Independent Nail Corporation, Bridgewater Mass. 
b. Philstone Nail Corp., Needham Heights, Mass. 
c. Approved equal. 

2. Types: 
a. "Screw Tite" common spiral thread nails. 
b. "Tite" hardened steel, knurled masonry nails (0.148-inch to 0.177-inch diameter). 
c. "Heavy Duty" masonry nails (0.250-inch diameter). 
d. Concrete stub nails (0.148-inch diameter). 

3. Requirements for galvanizing or other types of noncorrosive coating shall be as specified 
above. 

E. Building Paper: No. 15 asphalt saturated felt. 

2.04 WOOD TREATMENT 

A. Pressure treatment: Comply with FEDSPEC TT-W-5711. 

B. Lumber in contact with concrete or masonry shall be untreated western red cedar or pressure 
treated Douglas fir, larch or hemlock. 

C. Acceptable treatments: 
Applicable FEDSPEC  Final retention  
Preservative   formula lb/cu ft 
Chromated zinc chloride  TT-W-551 0.75 
Wolman salts   TT-W-573 0.35 
Acid cupric chromate  TT-W-546 0.50 
Chemonite   TT-W-571c 0.30 

PART 3  EXECUTION 

3.01 FRAMING 

A. Grounds and nailers: 
1. Accurately cut members to required sizes and securely fasten to the structure. 
2. Place horizontal members crown side up. 
3. Fasten wood nailers with recessed bolt heads and install with washers. 

B. Plywood: 
1. Perform nailing in accordance code requirements. 
2. Cover all plywood nailing only after it has been inspected and approved. 

C. Furring and stripping: Provide and shim where indicated or where necessary to align faces of 
finish materials in a single plane. 

3.02 FASTENERS 

A. Bolts: Holes for bolts in steel plates and angles shall be drilled 1/16-inch greater than bolt 
diameter. 
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B. Powder-actuated fasteners: 
1. Use powder-actuated fasteners only where specifically permitted hereinafter, or when 

subsequently approved, provided all available safety features and guards are used. 
2. If adequate, use low velocity equipment. 
3. Submit a detailed list of equipment and type of fasteners for the Project Representative's 

approval prior to use. 

3.03 CONNECTIONS 

A. Accurately saw-cut and fit lumber into the respective locations, true to line, grade and level, as 
indicated or required. Permanently secure in proper position with spikes, nails, lag screws, bolts, 
hangers, or other fastenings, to make the work substantial and rigid in all parts and connections. 

B. Make connections between members tight, accurate and secure. 

C. Place fastenings without splitting wood, using pre-drilling when required. 

D. Drill bolt holes to the same size as bolt diameters. 

E. Drill holes for lag screws to the same size as thread root diameters, and counterbore to the same 
depth and diameter as the shank. 

F. Turn lag screws into place, do not drive. 

G. Provide bolts and lag screws with washers under every head and nut that bear on the wood. 

H. Tighten bolts and lag screws at installation and carefully retighten just prior to closing in or at 
completion of the project. 

I. When treated members are cut to shape or size, perform such cutting or shaping before 
treatment.  

J. Where members are cut after treatment or countersunk for flush installation of bolt heads, paint 
the cut surfaces with two saturating coats of treating liquid before installation. 

END OF SECTION 
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SECTION 06510 

FIBERGLASS REINFORCED PLASTIC (FRP) 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for fiberglass reinforced plastic (FRP) hand railing, grating 
and structural shapes,  including items fabricated with both polyester and epoxy resins.   

B. Equipment-specific requirements are detailed in other sections of the contract documents 
pertaining to specific equipment.  This section is to be used in conjunction with the other related 
equipment specification sections and the drawings. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
ASME   Boiler and Pressure Vessel Code Section X, Fiberglass-Reinforced  
   Plastic Pressure Vessels Code 
ASTM C581  Standard Practice for Determining Chemical Resistance of  
   Thermosetting Resins Used in Glass-Fiber-Reinforced Structures  
   Intended for Liquid Service 
ASTM D570  Standard Test Method for Water Absorption of Plastics 
ASTM D638  Standard Test Method for Tensile Properties of Plastics 
ASTM D790  Standard Test Methods for Flexural Properties of Unreinforced and  
   Reinforced Plastics and Electrical Insulating Materials 
ASTM D883  Standard Terminology Relating to Plastics 
ASTM D2583  Standard Test Method for Indentation Hardness of Rigid Plastics  by  
   Means of a Barcol Impressor 
ASTM D3299  Specification for Filament-Wound Glass-Fiber-Reinforced Thermoset  
   Resin Corrosion-Resistant Tanks 
ASTM E84  Standard Test Method for Surface Burning Characteristics of Building  
   Materials National Bureau of Voluntary Standards PS 15-6 Custom  
   Contact-Molded Reinforced-Polyester Chemical-Resistant Process  
   Equipment 
ASTM D4097  Specification for Contact-Molded Glass-Fiber-Reinforced Thermoset  
   Resin Corrosion-Resistant Tanks (NBS PSl5-69 replacement) Thermoset  
   Resin Chemical-Resistant Tanks  
The Society of the Recommended Practice for Shipping and Installation of Plastics Industry, Inc. 
   Reinforced Plastic Pipe, Duct, and Tanks 
NFPA No. 30   Flammable and Combustible Liquids Code 

B. Allowable Tolerances: 
1. Test Tolerances: 

a. The average value of each of the tests performed on sample specimens for each 
individual FRP item shall satisfy the requirements set forth in: 
1) Table A, Hardness Requirements for Resins. 
2) Table B, Minimum Requirements for Laminate Fabrication, ASTM D3299 and PS 15-

69. 
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b. Should an individual FRP item be found deficient in any of the tests, the testing laboratory 
shall select a second series of sample specimens as specified in Paragraph 06510-
1.02C.1.a and shall perform all tests on these specimen coupons.  Failure of the second 
series of coupons to satisfy the physical requirements shall constitute cause for rejection 
of that individual FRP item. 

Table A Hardness Requirements for Resins a 
 Barcol hardness, c 
Resins b minimum average 

Type A (non-fire resistant)  
Atlac 382 30 
Atlac 382 (4010A)d 35 
Atlac 580 30 
Derakane 411-45d 30 
Derakane 470-36 40 
Dion Cor-Res 6694 30 
Dion Cor-Res 7000d 30 
Hetron 197 40 

Type A (fire-resistant) 
Atlac 711-05A plus 3 percent antimony trioxide 
(Sb2O3) 

30 

Atlac 797AT plus 3 percent antimony trioxide (Sb2O3) 40 
Derakane 510N                        

30 
Derakane 510A-40 plus 5 percent antimony trioxide 
(Sb2O3) 

30 

Dion Cor-Res 6695 plus 3 percent antimony trioxide 
(Sb2O3) 

30 

Hetron 92 FR 40 
Hetron 197 plus 5 percent antimony trioxide (Sb2O3) 40 
 Hetron 800 FR 40 

Type B (fire-resistant) 
Aropol 7240 40 
Atlac 400 35 
Dion/SO 6631 40 

Type B (fire-resistant) 
Atlac 793 plus 5 percent antimony trioxide (Sb2O3) 30 
Dion Cor-Res 6693 plus 5 percent antimony trioxide 
(Sb2O3) 

30 

NOTES: 
1) For resins not listed, Barcol hardness shall be at least 90 percent of the resin 

manufacturer's minimum specified hardness for the cured resin. 
2) For description of Types A and B resins, refer to Paragraph 06510-2.01A. 
3) Determined with Barcol impressor, Model GYZJ 934-1, calibrated at 2 points in 

accordance with ASTM D2583. 
4) Resins that shall be used for filament-winding construction. 

Table B  Minimum Requirements for Laminate Fabrication by Contact Molding, 
Matched Die Molding, and Filament Winding 

Method of 
Laminate 
Fabrication 

Property Laminate Thickness, inches 

  3/16 and 
less 

1/4 5/16 3/18 and 
up 

Contact molded, 
and matched die 
molded 

Glass content, 
percent 

25-30 30-34 34-38 38-42 

Filament wound Glass content, 25-30 30-34 34-38 38-42 
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process percent 
 Ultimate 

tensile 
strength, a psi 

40,000 40,000 40,000 40,000 

   Modulus of 
elasticity 

(tangent), b psi 

3x10 6 3x10 6 3x10 6 3x10 6 

NOTES: 
5) Minimum hoop tensile strength. 
6) Minimum hoop tensile modulus of elasticity. 

2. Product Tolerances: 
a. General:  Reject any FRP specialty item that does not satisfy the tolerances specified in 

this Section. 
b. Section Uniformity:  Wall, flange and edge thickness shall be uniform to within +1/32 of 

an inch in 12 inches. 
c. Color:  Items of a similar nature or subassemblies of a single unit shall be similar in color. 
d. Out-of-Round and Parallel: 

1) Unless otherwise indicated, the out-of-round tolerance for cylindrical sections 12 
inches in diameter and greater shall be 1/2 that listed in NBS PS-15 for ductwork.  
The out-of-round tolerance for cylindrical sections smaller than 12 inches in diameter 
shall be as listed in NBS PS-15. 

2) Out-of-parallel tolerance for rectangular and square sections shall be as specified for 
out-of-round. 

e. Flanges: 
1) Flange faces shall be flat and true to a tolerance of +1/32-inch for tanks, and 1 

percent of the nominal diameter or 1/8-inch for ducts, whichever is less. 
2) Variation in manhole flange thickness shall be within +1/16-inch.  Variations in all 

other flanges shall be within +1/32-inch.  Tolerance in bolt hole locations and in bolt 
circle diameter shall be within +1/16-inch. 

f. Surfaces:  Tolerances for defects on the surface of FRP items are specified in Table C of 
this a Section. 

Table C Allowable Product Surface Tolerances 
Defect Surface Inspected 
Cracks Process Side Non-process Side 
Crazing (fine surface  cracks) None Max. length:  1/2-inch    
  Max. density:  5 per sq. ft. 
  Min. separation:  2-inch. 
Blisters (rounded elevations 
of the laminate surface over 
bubbles) 

None Max. dimension:  1/4-inch 
dia x 1/8-inch high 

  Max. density:  1 per sq ft. 
  Min. separation:  2-inch 

apart 
Wrinkles and solid blisters Max. deviation:  10% 

of wall thickness, but 
not exceeding 1/8-
inch 

Max. deviation:  10% of 
wall thickness, but not 
exceeding 1/8-inch 

Pits (craters in the laminate 
surface) 

Max. dimension:  1/8-
inch dia. x 1/32-inch 
deep 

Max. dimension:  1/8-inch 
dia. x 1/16-inch deep 

 Max. number:  10 per 
sq ft 

Max. density: 10 per sq ft 

Surface porosity (pinholes or 
pores in the laminate 
surface) 

None None 

Chips None Max. dimension of break:  
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1/4 inch and thickness no 
greater than 10% of wall 
thickness; 

  Max. density:  1 per sq ft 
Dry spot (nonwetted 
reinforcing) 

None Max. dimension:  2 sq 
inch per sq ft 

  Max. dimension of break:  
1/4-inch and thickness no 
greater than 10% of wall 
thickness 

Entrapped air (bubbles or 
voids in the laminate) 

Max. dia.:  1/16-inch  Max. dia. and density:  
1/8-inch and 4 sq inch or 
1/16-inch and 10 per sq 
inch 

 Max. density:  10 per 
sq inch but none to a 
depth of 1/32 -inch 

 

Exposed glass None None 
Burned areas None None 
Exposure of cut edges None  None 
Scratches None Max. length: 1 inch 
  Max. depth:  0.010-inch 
Foreign matter None None 

1.03 SUBMITTALS  

A. Procedures:  Section 01300. 

B. Manufacturer and method of fabrication. 

C. Materials selected for laminates to be furnished for project. 

D. Manufacturer's shop drawings. 

E. Installation procedures, including field-jointing techniques. 

1.04 PRODUCT SHIPPING, STORAGE AND HANDLING 

A. Be responsible for proper packaging and protection of all materials to prevent damage during 
shipping, handling and storage. 

B. As material arrives on site, it will be inspected for compliance with "Recommended Practices for 
Shipping and Installation of Reinforced Plastic Pipe, Duct and Tanks".  The Society of the Plastics 
Industry, Inc. 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Resins: 
1. General: 

a. Resins used for FRP specialties exposed to view shall contain antimony compounds or 
other fire retardant agents and shall have a flame spread rating of 25 or less based on 
ASTM E84. 

b. No thixotropic agent shall be added to resins used for a corrosion barrier. 
1) Up to 2 percent by weight of thixotropic agent may be added for viscosity control of 

resins not used for a corrosion barrier. The quantity of thixotropic agent added, 
however, shall not interfere with visual inspection of the laminate. 
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2) No other fillers to the resin, including pigments, dyes and colorants, shall be 
permitted, unless approved in writing by the Project Representative.  

2. Type A Resin: 
a. Shall provide sufficient chemical resistance under the corrosive environments listed in the 

detailed specifications for FRP structures and equipment. 
b. Where specified, shall also meet flame spread requirements as given in Paragraph 

06510- 2.01A.1. 
c. Shall be selected from the resins listed in Table A of this Section. 

3. Type B Resin: 
a. Shall be suitable for weather-resistant, non-corrosive chemical service and, where 

specified, shall meet flame spread requirements as given in Paragraph 06510-2.01A.1. 
b. Shall be selected from the resins listed in Table A of this Section.   
c. Type A resins may be substituted for Type B resins. 

B. Reinforcement: 
1. General:  Glass reinforcement shall be Type C, chemical glass, or Type E, electrical glass, as 

specified. 
2. Surfacing Veil: 

a. Type C glass surfacing mat with silane finish and styrene-soluble barrier. 
b. Thickness:  10 to 20 mils for all applications except those involving exposure to chlorine 

or hypochlorite solutions, where a minimum 20-mils thickness shall be employed. 
c. Surfacing veils for applications where the glass may be attacked by compounds in the 

process shall be a suitable spun-laced synthetic organic entangled fiber fabric, such as 
Nexus, not less than 20 mils in thickness, backed by chopped strand in a Type A resin. 

3. Chopped Strand Mat:  Type E glass, 1 1/2 oz/sq ft, with silane finish and a styrene-soluble 
binder. 

4. Continuous Roving: 
a. That used in chopper guns for spray-up shall be Type E glass with chrome finish or silane 

coupling agent. 
b. Continuous roving used for filament winding shall be Type E glass with silane-type finish. 

5. Woven Roving:  Type E glass, 24 oz/sq yd, 4 by 5 weave, with silane-type finish. 
6. Woven Cloth:  Type E glass with silane-type finish. 

C. Miscellaneous: 
1. Stainless Steel:  Unless otherwise indicated, stainless steel nuts, bolts, washers, hangers 

and miscellaneous fabricated parts shall be ANSI Type 316. 
2. Gaskets:  Unless otherwise indicated, gaskets shall be neoprene. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Ship, install, join and erect FRP specialties under the direction of factory-trained specialists. 

B. Where jointing is required, employ workers who have been trained in proper jointing techniques 
by the FRP manufacturer's representative. 

C. Affix to fabricated equipment a warning reading "Plastic Equipment Handle with Care", stenciled 
on two sides in letters a minimum of 2 inches high. 

3.02 FABRICATION 

A. Fabricate FRP items by the contact molding, filament winding, or pultrusion method. 
1. Contact Molding:  Unless otherwise indicated, contact-molding fabrication shall be in 

conformance with NBS PS-15.  Perform lay-up in the following sequence: 
a. Provide an interior surface corrosion barrier consisting of the laminate specified in 

Paragraphs 2 and 3.  Laminate thickness shall be 100-mils minimum.  Do not use a 
separately cured, unreinforced gel coat. 
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b. Make the interior surface resin-rich, smooth and reinforced with a 10- to 20-mil Type C 
glass-surfacing veil saturated with Type A resin. 

c. Cover the interior surface layer with a minimum of 3 ounces per square foot of chopped 
strand mat and resin in 2 plies of 1 1/2-ounce mat saturated with Type A resin. 

d. Allow corrosion liner laminate consisting of the layers specified in Paragraphs 2 and 3 to 
gel. 

e. For laminates of 3/16-inch nominal thickness, continue mat plies or spray- as required 
with adequate rollout between the application of each chopped pass or mat. 

f. For laminates of 1/4-inch nominal and thicker, apply mat (1 1/2 ounces per square foot) 
or spray-up and woven roving (24-1/2 ounces per square yard, 5 x 4 weave) to the total 
required to achieve the desired nominal thickness. 
1) Two adjacent plies of woven roving will not be permitted. 
2) Roll out each ply or pass. 
3) Include at least 1 ply of woven roving for reinforcement for laminates having a 

nominal thickness of 1/4-inch. 
4) If interruption of laminate buildup is required for exotherm, such interruption shall be 

permitted only after every third ply of woven roving has been laid. 
g. Provide an exterior surface corrosion barrier of 100 mils minimum thickness for buried 

FRP storage tanks and for FRP specialties exposed to corrosive exterior environments. 
1) Corrosion barrier shall consist of a 2-pass chop, Type C glass veil and Type A resin 

as specified in Paragraphs 2 and 3. 
2) Exterior surfaces of FRP specialties not exposed to corrosive environments shall be 

Type C glass veil and Type A resin, 15 mils minimum thickness. 
h. Make the outer surface of the fabricated product relatively smooth and such that no glass 

fibers are exposed. 
i. Incorporate paraffin for full cure in the final coat of resin. 
j. Lap all edges of reinforcement material to a minimum of 1 inch for mat and 2 inches for 

woven roving. Stagger lapped edges of adjacent layers. 
k. For all cut edges on parts that will make up a secondary joint or will be incorporated into 

a finished product, first apply a seal with at least 2 coats of lay-up resin. 

B. Filament Winding:   
1. Unless otherwise indicated, filament-winding fabrication shall be in conformance with ASTM 

D3299.  Sequence of laminate construction shall be as follows: 
a. Provide an interior surface corrosion barrier consisting of the laminate specified in 

Paragraphs 2 and 3.  Laminate thickness shall be 100 mils minimum.  Do not use a 
separately cured unreinforced gel coat. 

b. Make surfaces exposed to the fluids to be resin rich, smooth and reinforced with a 10- to 
20-mil thick Type C glass veil mat saturated with Type A resin. 

c. Follow the inner surfacing layer with a minimum of 3 ounces per square foot or more of 
chopped strand mat and resin in a minimum of 2 plies saturated with Type A resin.  Glass 
content of this portion of the laminate shall be 25 to 30 percent by weight.  For laminates 
1/2-inch and thicker, the nominal 100-mil layer shall have a thickness of at least 90 mils 
after curing. 

d. Subsequent reinforcing shall be resin-saturated, continuous roving, as may be required to 
satisfy all other requirements of this Specification. 

e. Additional chopped roving and resin may be sprayed up between winding cycles to 
provide improved resistance to interlaminar shear. 

f. For underground FRP storage tanks and for FRP specialties exposed to corrosive 
exterior environments: 
1) Provide an exterior surface corrosion barrier of 100 mils minimum thickness. 
2) Corrosion barrier shall consist of a 2-pass chop, Type C glass veil and Type A resin 

as specified in Paragraphs 2 and 3. 
3) Exterior surfaces of FRP specialties not exposed to corrosive exterior environments 

shall be Type C glass veil saturated with Type A resin, 15-mils minimum thickness. 
g. Allow no glass fibers to be exposed on the outer surface. 
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h. Incorporate a paraffin for full cure in the final coat of resin. 
i. Provide a chemical resistant liner consisting of 2 mats and a veil for cut edges exposed to 

the chemical environment.  Do not use cloth or woven roving for this purpose. 
j. For all cut edges on parts that will make up a secondary joint or be incorporated into a 

finished product, first apply a seal with at least 2 coats of lay-up resin. 

3.03 ASSEMBLY AND ERECTION PLANS 

A. Prior to assembly and erection of FRP towers, tanks, stacks and similar structures, provide 
assembly and erection plans prepared by the FRP manufacturer. 

B. The plans shall provide details on handling, field connections and final installation. 

3.04 FIELD JOINTS 

A. Bell and spigot or butt-strap type. 
1. Bell and spigot: 

a. The provisions of this Section and the detailed specification with respect to surface veils, 
laminate thickness and design shall apply to both the bell and spigot without regard to 
any consideration that they will ultimately be joined to each other. 

b. Design bell and spigot to be airtight and watertight. 
c. Upon completion of jointing, wrap bell and spigot joints with a butt-strap joint as described 

below. 
2. Butt-strap: 

a. Thickness:  Not less than 1 1/2 times the longest cross-sectional dimension of the FRP 
specialty. 

b. Shall develop at least 200 percent of the strength of the parent laminate.  
Notwithstanding this requirement, butt-strap joints shall be comprised of at least 2 layers 
of surfacing veil plus sufficient reinforcing glass impregnated in the specified barrier resin. 

c. Surface preparation, methods of curing, and ultraviolet light protection shall be as 
specified for the parent laminate. 

3.05 DAMAGED OR DEFECTIVE AREAS 

A. Repair damaged or defective areas that are otherwise acceptable. 

3.06 TESTING 

A. Sampling: 
1. Cut sample specimens at locations selected by testing laboratory personnel from items 

fabricated for the project. 
2. Take sample specimens at a rate of 1 per 1,000 square feet of surface area, with a minimum 

of 5 specimens per individual item. 
3. An individual FRP item shall be defined as an FRP product that is unique in fabrication and 

dimension from all other FRP products. 
4. Identify sample specimens by item sampled and sampling location. 
5. Save cuttings required for nozzles, openings or connections and submit as sample 

specimens to be used for testing. 

B. Tests:  Tests to be performed on each sample specimen may consist of the following from the 
National Bureau of Standards Voluntary Standard PS 15: 

Glass Content: Subsection 4.3.1 
Tensile Strength: Subsection 4.3.2 
Flexural Strength: Subsection 4.3.3 
Modulus of Elasticity (Tangent): Subsection 4.3.4 
Hardness: Subsection 4.3.5 

END OF SECTION 
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SECTION 07130 

WATERPROOFING 

PART 1  GENERAL 

1.01 DESCRIPTION 

A. This Section includes specifications for furnishing and installing waterproofing as indicated on the 
drawings for the Odor Control Facility. 

1.02 SUBMITTALS 

A. Submit under provisions of Section 01300. 

B. Product Data: Submit manufacturer's product data, specifications, installation instructions, MSDS 
information, use limitations, and recommendations. 

1.03 QUALITY ASSURANCE 

A. Waterproofing shall be provided by a single manufacturer. 

1.04 DELIVERY, STORAGE AND HANDLING 

A. Deliver materials and products in labeled packages. Store and handle in strict compliance with 
manufacturer's instructions. Protect from damage from sunlight, weather, excessive temperatures 
and construction operations. Remove damaged material from the site and dispose of in 
accordance with applicable regulations. 

B. Protect flammable materials from possible sources of ignition. 

1.05 PROJECT CONDITIONS 

A. Perform work only when existing and forecasted weather conditions are within the limits 
established by the manufacturer. 

PART 2  PRODUCTS 

2.01 BRUSH OR SPRAY APPLIED WATERPROOFING 

A. Hydrocide 700B as manufactured by Sonneborn, a division of BASF, or approved equal. 

B. Cold-applied water-based emulsified-asphalt waterproofing and vapor-retarding coating for 
concrete and concrete block foundation and cavity wall applications, suitable for installation on 
“green” or slightly damp surfaces. 

C. Shall be reinforced with short fibers for application by brush or spray. 

PART 3  EXECUTION 

3.01 PREPARATION 

A. Examine conditions of concrete and concrete block prior to commencement of waterproofing 
installation. Correct conditions to comply with Manufacturer’s installation instructions for surface 
preparation. 

B. Apply waterproofing after wall penetrations have been made. Ensure that plumbing, electrical, 
mechanical and structural items passing through the waterproofing have been secured in proper 
positions and appropriately sealed and protected. 
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3.02 INSTALLATION 

A. Apply waterproofing in strict accordance with the manufacturer's instructions. 

B. Surfaces to be waterproofed shall receive 2 heavy coats, the first coat being carefully applied so 
that “holidays” or untreated air bubble depressions in the surface shall be completely filled and 
the second coat shall provide a 100 percent coating of the surface. 

C. Repair areas showing injury due to excessive scuffing, puncture, or distress. 

D. Install foundation insulation against damp proofing. 

END OF SECTION 
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SECTION 07210 

BUILDING INSULATION 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies thermal insulation: rigid board, glass fiber, and mineral batt. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified. In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 

 Reference Title 

 ASTM C 1289 Faced Rigid Cellular Polyisocyanurate Thermal Insulation Board   

ASTM E84 Standard Test Method for Surface Burning Characteristics of Building Materials 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Manufacturer's data showing compliance with the specified products and special storage, 
handling, and installation instructions. 

1.04 DELIVERY, STORAGE AND HANDLING 

A. Clearly identify manufacturer, contents, brand name, and R-value on each package. 

B. Store insulation materials off ground in a completely dry location. Protect against weather, 
condensation, and damage. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. All products shall contain no asbestos. 

2.02 INSULATION 

A. Polyisocyanurate cavity wall insulation: 
1. ASTM C1289 Type 11, Class1, Grade 3. 
2. Flame spread:  less than 25 when tested per ASTM E84. 
3. R-Value: R-12 (min)  
4. Acceptable manufacturer: 

a. Dow Chemical Co.  
b. UC Industries  
c. Approved equal 

2.03 ADHESIVE 

A. Adhesive for rigid board insulation shall be a system approved by the board manufacturer for the 
underlying substrate. 

B. Bond strength shall be 80 psi min on masonry when tested in accordance with ASTM D897.   
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PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that substrate, adjacent materials, and insulation boards are dry and ready to receive 
adhesive.   

3.02 INSTALLATION:  RIGID INSULATION 

A. Cut to fit neatly together and around corners. Butt joints tightly together. 

B. Apply adhesive to clean dry surface in quantities called for by manufacturer. 

C. Where thicker than 1 1/2 inches, install 2 layers of boards, staggering all joints six inches 
minimum. 

3.03 INSPECTION 

A. Do not cover Insulation installations until inspected by the Project Representative. 

END OF SECTION 
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SECTION 07221 

ROOF INSULATION 

PART 1  GENERAL 

1.01 SUMMARY 

A. This portion of the Specification describes materials required for the installation of insulation, 
crickets, cover board, and related materials over concrete decks. 

B. Documents affecting work of this Section include, but are not necessarily limited to General 
Requirements, Hot Built-Up Modified Bitumen Roofing System, and Drawings. 

C. The average overall roof insulation shall meet or exceed American Society of Heating, 
Refrigerating and Air-Conditioning, Inc. (ASHRAE) proposed standard 189 for an R-Value of 38. 

D. In combination with other roof components used for the installation, the insulation type, thickness 
and securement comply with FM Global Standards. 

1.02 QUALITY ASSURANCE 

A. Product Delivery, Storage, and Handling per Section 07513. 

B. All insulation materials must be approved by the warrantor of primary roof membrane materials.  
Samples should be provided and written approval from the warrantor of primary roof membrane 
materials is required before ordering new materials for the project. 

C. New insulation boards shall be full size except when cutting is required at roof edges and 
openings.  Boards that are broken, cracked, have been exposed to moisture or are otherwise 
damaged shall not be used. 

D. The proper installation and fit of wood nailers, blocking and other rough carpentry in appropriate 
locations shall be verified prior to installation of roof insulation. 

E. Caution shall be exercised with construction traffic to avoid damage to new insulation.  Breaking 
or crushing of insulation is unacceptable and any damaged insulation shall be replaced at the 
Contractor's expense. 

F. Insulation shall be laid with end joints staggered and all joints tight; however, boards shall not be 
forced into place. 

G. No more insulation shall be installed during any work period than can be waterproofed during the 
same work period.  At the end of the work period, temporary waterstops shall be installed to 
protect the roof insulation.  Upon resumption of work, they must be removed.  

H. Any new concrete decks must have a minimum of 28 days of cure time prior to the installation of 
any roofing components. 

I. Insulation surfaces shall be cleared of all debris before roofing is placed. 

J. Structural concrete decks shall have a surface preparation of #5 as defined by the International 
Concrete Repair Institute or as approved by the Project Representative. 

1.03 SUBMITTALS 

A. Procedures: Section 01300. 

B. Shop drawings, manufacturers literature, including installation instructions and product 
specifications.  

C. Refer to (specified roofing system). 
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1.04 DELIVERY AND STORAGE 

A. All material shall be delivered to the job site in unopened individual units bearing manufacturer's 
identification of type and quality.  Insulation shall be delivered dry and kept in a dry condition at 
the site until used. 

1.05 REGULATORY REQUIREMENTS 

A. 2012 International Building Code 

B. Underwriters Laboratories, Inc. “Class A Roofing System”. 

C. NFPA 820, Fire Protection in Wastewater Treatment and Collection Facilities. 

1.06 FIELD QUALITY CONTROL 

A. Manufacturer's Responsibilities:  In addition to the field inspection requirements during 
construction, the manufacturer’s technical representative shall be available within 24 hours notice 
during the entire course of the project for site inspection and consultation. 

B. Contractor's Responsibilities: 
1. A thermometer shall be installed and working on the asphalt kettle; a second thermometer 

shall be available on the kettle discharge at the roof to ensure that all manufacturer's 
temperature requirements are within required tolerances. 

2. Cut and patch roof cores as directed by the Project Representative for the Post-Construction 
Moisture Survey and Final Inspection.  When the Post-Construction Moisture Survey and 
Final Inspection disclose material deficiency or wetness, correct deficiencies in accordance 
with manufacturer's instructions and Section 07513. 

1.07 FIRE AND SMOKE PROTECTION 

A. Kettles shall be located so as to prevent damage or the entrance of fumes to buildings or other 
property.  They shall not be positioned on roof decks.  Mops shall be spun at the end of work 
periods to separate the strands and shall be stored in that condition to prevent spontaneous 
combustion.  Fire extinguishers shall be provided near kettles for immediate use.  

1.08 SAFETY PRECAUTIONS 

A. All King County and OSHA safety rules shall be adhered to in the execution of this work.  The 
fumes of hot bituminous materials may be toxic to some workers.  Adequate protection shall be 
provided, to prevent burns and skin irritation, in accordance with building owner safety 
requirements and Contractor’s Accident Prevention Program (APP) and Health and Safety Plan 
(HASP). 

B. Refer to NFPA 820, Fire Protection in Wastewater Treatment and Collection Facilities, and to 
Section 01063. 

1.09 ROOF TRAFFIC 

A. After work on roof is started, no traffic will be permitted on the roof other than that necessary for 
the roofing application and inspection.  Materials shall not be piled on the roof to the extent that 
design live loads are exceeded.  

B. Roofing materials shall not be transported over unfinished or finished roofing or existing roofs 
unless adequate protection is provided. 

C. Any damage to existing roofs shall be repaired as directed by Project Representative and at no 
expense to King County. 
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1.10 PROTECTION AGAINST SOILAGE 

A. Surface of walls, walks, pavements, adjacent property, etc. shall be protected as necessary to 
prevent soiling or other damage resulting from the application of roofing or transporting of 
materials.  If surfaces are stained or damaged in any way, they shall be restored by the 
Contractor at no cost to the County, in a manner acceptable to the Project Representative. 

B. Felt envelopes shall be installed where required to prevent bitumen drippage.  Refer to NRCA 
manual for felt enveloping techniques. 

1.11 PRODUCT DELIVERY, STORAGE AND HANDLING 

A. Materials shall be delivered to the site in new, dry, and unopened containers showing product 
name and manufacturer's name.  Materials shall be delivered in sufficient quantity to allow 
continuity of work.  Material received which is wet or is otherwise damaged shall be rejected.  Any 
material which indicates 20% or greater (Wood Scale) moisture content on a Delmhorst moisture 
meter or is damp to the touch shall be deemed wet. 

B. Storage should be either in a heated building or in a warehouse or similar type structure at 
ambient temperature and humidity.  Conditions should be such that the moisture content of felts 
at time of use does not exceed the equilibrium moisture content (EMC) at 75% RH. 

C. Storage under polyethylene or similar non-breathing film stock shall not be permitted.  Rolls of 
flashing and felts shall be stacked on their ends and never in contact with the ground.  Remove 
plastic packaging shrouds from insulation.  For felt rolls, slit the top of the plastic shrink wrap only.  
Cover top and sides of all stored materials with a properly secured tarpaulin.  Discard rolls which 
have been flattened, creased, or otherwise damaged.  Store roll goods on level pallets.  Do not 
stack pallets.  Bituminous emulsions and materials marked "KEEP FROM FREEZING" shall be 
stored in areas where temperatures will remain above 40ºF (5ºC). 

D. Proper storage on or off the site shall be the responsibility of the roofing Contractor.  The 
Contractor shall cover all materials when project is not in progress and maintain the ability at all 
times to cover the materials when required. 

E. Any unused roofing felt remaining on the roof at the end of the workday shall be returned to 
storage.  Materials shall be handled in a manner to avoid bending, tearing, or other damage 
during transportation and installation.  Material handling equipment shall be selected and 
operated so as not to damage existing construction or applied roofing. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Comply with Quality Control, References, Specification and Manufacturer's data.  Where conflict 
may exist, requirements that are more stringent govern. 

B. All components shall be products compatible with roof system and certified by the roofing material 
manufacturer as a single-source warranty roof system.  All materials shall be certified as 
"asbestos free" and shall achieve an ASHRAE proposed standard 189 for an R-Value of 38. 

2.02 MANUFACTURERS 

A. Isocyanurate - Johns Manville, Rmax or approved equal. 

B. Wood Fiber - Celotex, Johns Manville or approved equal. 

2.03 ROOF INSULATION 

A. Maximum thickness of any single insulation layer is 2".  

B. Non-tapered isocyanurate insulation system: 
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1. ASTM C 1289-02, FS HH-I-1972/2(1), Type II, Class 1, Grade 2, isocyanurate, minimum 20 
PSI. 

2. Black, glass fiber reinforced, non-asphaltic facer. 

C. Tapered isocyanurate insulation system: 
1. ASTM C 1289-02, FS HH-I-1972/2(1), Type II, Class 1, Grade 2, isocyanurate, minimum 20 

PSI. 
2. Black, glass fiber reinforced, non-asphaltic facer. 
3. Slope:  2% (1/4 inch per running foot). 
4. Minimum thickness:  1/2 inch 

D. Wood Fiber Cover Board insulation: 
1. Type:  ASTM C 208-95, Type II. 
2. Surface coating:  Asphalt coating on six (6) sides. 
3. Size:  4' x 8' x 1/2". 

2.04 RELATED MATERIALS 

A. Tapered Edge Strip: ASTM C728-82, perlite. 

B. Crickets: 
1. ASTM C 208-95, asphalt coated fiberboard, factory fabricated, 2' x 4' dimension. 
2. Slope shall be twice (2 times) the roof system slope, with a minimum of 1/2 inch per foot. 

C. Cant Strips:  Refer to Section 07513. 

D. Insulation Adhesive: Refer to Section 07513. 

E. Vapor Barrier: Refer to Section 07513. 

PART 3  EXECUTION 

3.01 DECK 

A. Contractor shall be responsible for providing the deck in clean, smooth and dry condition to 
receive insulation. 

3.02 INSTALLATION 

A. Prime existing concrete deck and vertical substrates with asphalt primer at a rate of 1 gallon per 
100 sq. ft. 

B. Roof insulation shall be installed as two layers.  Lay out joints to stagger with tapered insulation. 

C. Adhere crickets, isocyanurate insulation, and wook fiber cover board in solid moppins of specified 
asphalt. 
1. Install insulation boards in courses parallel to roof edges, mopping surface up. 
2. Firmly butt each insulation board to surrounding boards without deforming boards. 
3. Offset joints of top layer 6 inches in both directions from joints of base layer. 
4. Maximum elevation variation between boards at joints: 1/8 inch. 
5. Cut and fit insulation boards where roof deck intersects vertical surfaces.  Cut board 1/4 inch 

from vertical surface. 
6. Immediately after placement, walk insulation boards into hot bitumen to achieve solid bond. 
7. Promptly spread any bitumen pools that may accumulate on insulation surface to achieve 

smooth surface for roofing installation. 

D. Crickets: Install crickets as per tapered insulation design (minimum slope 1/2 inch per foot 
tapered to nothing) using solid moppings of specified hot adhesive. 

E. Perlite Cants: Cant strips shall be adhered at all 90-degree angles where the horizontal 
installation of insulation meets the vertical sides of roof penetrations and walls using solid 
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moppings of specified hot adhesive.  Cants must be installed prior to application of membrane 
and flashings. 

3.03 WATER CUTOFF 

A. No more insulation shall be laid than can be covered in 1 day. Insulation work must be closely 
coordinated with roof membrane application to protect insulation from water damage.  Insulation 
shall be place in conformance with manufacturer's instructions. Strip edges with twelve-inch wide 
ply sheet embedded completely in alternate uniform courses of specified Interply Adhesive or 
Asphalt Mastic. 

B. Remove embedded gravel/debris from top ply of felt along termination. Width: 18 inches. 

C. Install "deadman" insulation filler at insulation staggers. 

D. Extend roofing plies at least twelve inches onto prepared area of adjacent roofing.  Embed plies 
into Specified Interply Adhesive or Asphalt Mastic. 

E. At beginning of next day's work remove temporary connection by cutting felts evenly along edge 
of existing roof system.  Remove "deadman" insulation fillers.  Overlap previous day's work 24 
inches. 

END OF SECTION 



 

Gloria G Soto
Typewritten Text
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SECTION 07513 

HOT BUILT-UP MODIFIED ROOFING SYSTEM 

PART 1  GENERAL 

1.01 SUMMARY 

A. Provide all labor, equipment and materials to install modified roofing system over properly 
prepared concrete decks. 

1.02 QUALITY ASSURANCE 

A. General: 
1. Obtain primary roofing materials from a single manufacturer.  Provide secondary materials as 

recommended by manufacturer and warrantor of primary materials. 
2. Roofing materials, installation methods and workmanship shall be in strict accordance with 

the material manufacturer's recommendations, the latest edition of the Roofing and 
Waterproofing Manual, SMACNA manual, FM Global, Underwriters Laboratory and ASTM 
standards.  The most stringent standards shall apply where these are in conflict or when the 
requirements of the Specifications and Drawings exceed those of the manufacturer. 

3. Any new concrete decks must have a minimum of 28days of cure time prior to the installation 
of any roofing components. 

4. Installation of the roofing system shall not begin until all moisture has been totally dried from 
the roofing area. 

5. Refer to this Section for Post-Construction Moisture Survey and Final Inspection 
requirements. 

6. The roofing system shall be an FM Global approved system. 

B. Roofing Manufacturer/Supplier Must: 
1. 1. Be an ISO 9001 registered manufacturer prior to contract award.  Manufacturer shall 

provide proof of ISO 9001 registration by submitting a copy of the Certificate of Registration. 
2. 2. Provide a list of at least 5 projects available for inspection employing same roofing 

system within a 200 mile radius of the site. 

C. Qualification of Installers:  Contractor must be approved by the manufacturer prior to contract 
award and throughout the installation and be able to present a copy of his/her certification upon 
request by the Project Representative.   

D. The contractor shall test the substrate prior to the installation of the roofing system. Using the 
ASTM D 4541-95 Test Method as amended herein, set a 50mm dolly in Type III asphalt at a 
location designated by the King County Representative. Once the asphalt adhesive is cured the 
calibrated Type III self-aligning Adhesion Tester must reach a minimum of 150 psi prior to 
adhesive failure to assure proper adhesion to the roof deck. 

E. Any deficiencies noted during inspections must be corrected by the Contractor and approved by 
the material roofing Manufacturer’s Technical Representative.  

F. Material Samples:  During the course of the work, the Project Representative shall be allowed to 
secure samples of the materials being used from the containers on the jobsite and submit them to 
an independent testing laboratory for comparison.  All non-approved material installed or stored 
shall be removed from the construction site until it has been tested. Installed materials that do not 
conform to the contract shall be removed at no additional cost to King County. 

1.03 SUBMITTALS 

A. Procedures: Section 01300 

B. Materials 
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1. Submit shop drawing showing layout, details of construction including a cross section of the 
roofing system, and identification of materials. 

2. Submit tapered insulation layout identifying insulation thickness, slopes, and average R-
value. 

3. Submit four copies of the technical data on roofing materials, including material 
specifications, Material Safety Data Sheets, and installation procedures.  Roofing material 
manufacturer shall provide written verification that major roofing components, including but 
not limited to asphalts, coatings, cold process adhesives, roofing ply sheets, reinforcement 
fabric felts and mats, mastics, and sealants are all compatible with each other. 

4. Submit four copies of the technical data on insulation, vapor barrier/insulation envelopment 
membrane, sheet metal, flashings, lumber, sealants, and fasteners, specified herein and in 
Section 07221. 

5. Copy of material manufacturer’s 10-Year labor and material warranty. 

C. Copy of material manufacturer’s ISO 9001 Certificate of Registration. 

D. List of material manufacturer’s qualifying projects. 

1.04 REGULARTORY REQUIRMENTS 

A. 2012 International Building Code 

B. Underwriters Laboratories, Inc. “Class A Roofing System”. 

C. NFPA 820, Fire Protection in Wastewater Treatment and Collection Facilities. 

D. PSAPCA, Puget Sound Air Pollution Control Agency – Regulation I and II. 

1.05 FIELD QUALITY CONTROL 

A. Manufacturer's Responsibilities:  In addition to the field inspection requirements during 
construction, the manufacturer’s technical representative shall be available within 24 hours notice 
during the entire course of the project for site inspection and consultation. 

B. Contractor's Responsibilities: 
1. A thermometer shall be installed and working on the asphalt kettle; a second thermometer 

shall be available on the kettle discharge at the roof to ensure that all manufacturer's 
temperature requirements are within required tolerances. 

2. Cut and patch roof cores as directed by the Project Representative for the Post-Construction 
Moisture Survey and Final Inspection.  When the Post-Construction Moisture Survey and 
Final Inspection disclose material deficiency or wetness, correct deficiencies in accordance 
with manufacturer's instructions and as specified herein. 

1.06 FIRE AND SMOKE PROTECTION 

A. Kettles shall be located so as to prevent damage or the entrance of fumes to buildings or other 
property.  They shall not be positioned on roof decks.  Mops shall be spun at the end of work 
periods to separate the strands and shall be stored in that condition to prevent spontaneous 
combustion.  Fire extinguishers shall be provided near kettles for immediate use. 

1.07 SAFETY PRECAUTIONS 

A. All King County and OSHA safety rules shall be adhered to in the execution of this work.  The 
fumes of hot bituminous materials may be toxic to some workers.  Adequate protection shall be 
provided, to prevent burns and skin irritation, in accordance with building owner safety 
requirements and Contractor’s Accident Prevention Program (APP) and Health and Safety Plan 
(HASP). 

B. Refer to NFPA 820, Fire Protection in Wastewater Treatment and Collection Facilities, and to 
Section 01063. 



Fremont Siphon Project C00762C14   HOT BUILT-UP MODIFIED ROOFING 
May 2014    07513 - 3 

1.08 ROOF TRAFFIC 

A. After work on roof is started, no traffic will be permitted on the roof other than that necessary for 
the roofing application and inspection.  Materials shall not be piled on the roof to the extent that 
design live loads are exceeded.  Roofing materials shall not be transported over unfinished or 
finished roofing or existing roofs unless adequate protection is provided. 

B. Any damage to existing roofs shall be repaired as directed by Project Representative and at no 
expense to the County. 

1.09 PROTECTION AGAINST SOILAGE 

A. Surface of walls, walks, pavements, adjacent property, etc. shall be protected as necessary to 
prevent soiling or other damage resulting from the application of roofing or transporting of 
materials.  If surfaces are stained or damaged in any way, they shall be restored by the 
Contractor at no cost to the County, in a manner acceptable to the Project Representative. 

B. Felt envelopes shall be installed where required to prevent bitumen drippage.  Refer to NRCA 
manual for felt enveloping techniques. 

1.10 PRODUCT DELIVERY, STORAGE AND HANDLING 

A. Materials shall be delivered to the site in new, dry, and unopened containers showing product 
name and manufacturer's name.  Materials shall be delivered in sufficient quantity to allow 
continuity of work.  Material received which is wet or is otherwise damaged shall be rejected.   

B. Any material that indicates 20% or greater (Wood Scale) moisture content on a Delmhorst 
moisture meter or is damp to the touch shall be deemed wet. 

C. Storage should be either in a heated building or in a warehouse or similar type structure at 
ambient temperature and humidity.  Conditions should be such that the moisture content of felts 
at time of use does not exceed the equilibrium moisture content (EMC) at 75% RH. 

D. Storage under polyethylene or similar non-breathing film stock shall not be permitted.  Rolls of 
flashing and felts shall be stacked on their ends and never in contact with the ground.  Remove 
plastic packaging shrouds from insulation.  For felt rolls, slit the top of the plastic shrink wrap only.  
Cover top and sides of all stored materials with a properly secured tarpaulin.  Discard rolls which 
have been flattened, creased, or otherwise damaged.  Store roll goods on level pallets.  Do not 
stack pallets.  Bituminous emulsions and materials marked "KEEP FROM FREEZING" shall be 
stored in areas where temperatures will remain above 40ºF (5ºC). 

E. Proper storage on or off the site shall be the responsibility of the roofing Contractor.  The 
Contractor shall cover all materials when project is not in progress and maintain the ability at all 
times to cover the materials when required. 

F. Any unused roofing felt remaining on the roof at the end of the workday shall be returned to 
storage.  Materials shall be handled in a manner to avoid bending, tearing, or other damage 
during transportation and installation.  Material handling equipment shall be selected and 
operated so as not to damage existing construction or applied roofing. 

1.11 WARRANTY INSPECTION 

A. Upon completion, inspections shall be made by all parties to ascertain that the roofing system has 
been installed according to the roofing system warrantor’s published specifications and details. 

1.12 ROOFING WARRANTY 

A. 10-Year single-source labor and material warranty provided by the roofing material manufacturer 
shall cover all roof-related components installed under this Specification and shall not be limited 
to only those materials supplied by the manufacturer issuing the warranty.  This includes 
insulation, fasteners, membranes, base flashings, and sheet metal.  If the manufacturer is a 
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subsidiary company, the warranty must be issued by the parent company.  Warranty shall cover 
wind speeds up to and including 70 MPH.  Wind speeds shall be based on National Weather 
Service Data from Seattle-Tacoma International Airport.  The warranty shall not include routine 
roof inspection or maintenance services. The material manufacturer shall issue the warranty 
effective upon the date of Final Acceptance. 

1.13 POST-CONSTRUCTION MOISTURE SURVEY AND FINAL INSPECTION 

A. Conduct Post-Construction Moisture Survey and Final Inspection not sooner than 30 days after 
the manufacturer submits their warranty but prior to Final Acceptance of the roof.  

B. Refer to paragraph 3.12 for Post-Construction Moisture Survey and Final Inspection procedure. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Comply with Quality Control, References, Specification and Manufacturer's data.  Where conflict 
may exist, requirements that are more stringent govern. 

B. All components shall be products compatible with roof system and certified by the roofing material 
manufacturer as a single-source warranty roof system.  All materials shall be certified as 
"asbestos free". 

2.02 MANUFACTURERS 

A. Siplast 

B. Soprema 

C. Approved equal 

2.03 ROOFING SYSTEM COMPONENT MATERIALS 

A. Sheet Materials: 
1. SBS Modified, Polyester/Fiberglass reinforced, ASTM D-4601 Type II Base Sheet, Base 

Flashing Ply Sheet, and vapor barrier/insulation envelopment membrane: 
a. Parabase Plus, Siplast 
b. Modified Sopra-G, Soprema 
c. Approved equal 

   
Test Typical Value Test Method 
Thickness (avg) 47 mils min ASTM D 4601-04 
Breaking Strength @ 77ºF 44 lbf/in min ASTM D 146 or ASTM D 4601-

04 
Asbestos Content 0% EPA/600/R-93/116 

B. ASTM D-2178 Type IV Fiberglass Field Ply Sheet: 
1. Paradiene 20, Siplast. 
2. Elastophene Sanded, Soprema. 
3. Approved equal 

   
Test Typical Value Test Method 
Tear Strength 40 lbs Min ASTM D 6163 or ASTM D 5147 
Elongation @ 73ºF +/- 3.6 3% Min ASTM D 6163 or ASTM D 5147 
Dimensional Stability <0.5 % ASTM D 5147 or ASTM D 6164 
Compound Stability Temp 215º F ASTM D 5147 or ASTM D 6164 
Asbestos Content 0% EPA 600/M4-82-020 
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C. Finish Sheet: 
1. Fiberglass Reinforced SBS Modified Bitumen Cap Sheet 

a. Paradine 20 PR, Siplast. 
b. Elastophene 180 Sanded, Soprema 
c. Approved equal 

   
Test Typical Value Test Method 
Thickness, mils (mm) 90 mils min ASTM D 6163 or ASTM D 5147 
Elongation at 73.4 ºF +/- 3.6 56% min ASTM D 6163 or ASTM D 5147 
Tear Strength at 73.4ºF +/- 3.6 Min 73 lbf/in ASTM D 6163 or ASTM D 5147 
High Temperature Stability 215ºF Min ASTM D 6163 or ASTM D 5147 

D. Base Flashing: 
1. Fiberglass Reinforced SBS Modified Bitumen Cap Sheet 

a. Parafor 50 LT, Siplast. 
b. Sopralene 250 FR GR, Soprema 
c. Approved equal 
   
Test Typical Value Test Method 
Thickness, mils (mm) 154 mils min ASTM D 6163 or ASTM D 5147 
Elongation at 73.4 ºF +/- 3.6 54% min ASTM D 6163 or ASTM D 5147 
Tear Strength at 73.4ºF +/- 3.6 Min 100 lbf ASTM D 6163 or ASTM D 5147 
High Temperature Stability 230ºF Min ASTM D 6163 or ASTM D 5147 

E. Interply, Base Flashing, and Surfacing Adhesive, and vapor barrier/insulation envelopment 
membrane adhesive: 
1. PA-1000 Polymer Modified Asphalt, Siplast. 
2. SOPRACOLLE E, Soprema 
3. Approved equal 

   
Test Typical Value Test Method 
Softening Point Min 88 °F ASTM D 6152 
Flash Point 260°F or greater ASTM D 6152 
Penetration @25ºC 30-60 dmm ASTM D 6152 
Tensile Elongation 900% min ASTM D 6152 
Low Temperature Flexibility Pass @ 14ºF Max ASTM D 6152 
Elastic Recovery 80% ASTM D 6152 

F. Polyisocyanurate and Wood Fiber Insulation Adhesive 
1. ASTM D 6152, Type SEBS Modified Asphalt 

G. Related Roofing System Materials 
1. Asphalt Primer: 

   
Test Typical Value Test Method 
Asbestos Content 0% EPA 600/M4-82-020 
Viscosity 60 - 70 Ku ASTM D 562 
Specific Gravity 1.22 ASTM D 1475 
Percentage Solids 38.7% ASTM D 1644 
Volatiles by Volume 75% HRC Test 
   

2. Fibrated Asphalt Mastic: 
   
Test Typical Value Test Method 
Asbestos Content 0% EPA 600/R13/116 
Density @ 77°F 9.3 lbs/gallon ASTM D 1475 
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Non-Volatile Matter by Weight 80% ASTM D 4586 
Resistance to Sag 1/8", maximum ASTM D 4586 
Moisture Vapor Transmission 0.1-0.4 g/100 in2/24 Hrs. @ 

0.020 in 
ASTM E 398 

   
3. Glass Reinforcing Mesh: 

   
Test Typical Value Test Method 
Weight 1.3 lbs./ 100 sq. ft ASTM D 1668 
Tensile (Warp and Fill Directions) 65 lbf/in., min. ASTM D 146 
Moisture Absorption None ASTM D 146 
   

4. Elastomeric Sealant: 
   
Test Typical Value Test Method 
Tensile Strength 180 psi ASTM D 412 
Ultimate Elongation 550% ASTM D 412 
Adhesion-in-Peel 25 lbf ASTM C 794 
Hardness @ 77°F, 50% RH 
(Shore A) 

25 +/-5 ASTM C 661 

Weep & Sag Passes ASTM C 639 
Staining Passes ASTM C 510 
Weight-loss & cracking after 
aging 

Passes ASTM C 792 

Durability (Bond & Cohesion) Passes ASTM C 719 
VOC 62 g/L, max ASTM D 3960 
Asbestos Content 0% EPA 600/R13/116 
   

5. Cold Applied Self-Adhering Laminated Liner Under Metal Coping: 
a. CCW WIP 300HT, Carlisle Corp. 
b. Grace Ice & Water Shield, WR Grace & Co. 
c. Approved equal 
   
Test Typical Value Test Method 
Thickness, Membrane 40 mil ASTM D 3767 Method A 
Tensile Strength, Membrane 250 psi ASTM D 412 (Die C Modified) 
Elongation, Membrane 250% ASTM D 412 (Die C Modified) 
Low Temperature Flexibility Unaffected @ -20°F ASTM D 1970 
Permeance (Max) 0.05 Perms ASTM E 96 
   

6. Poly(methyl methacrylate) (PMMA) fleece membrane flashing system and related surface 
fillers and primers: 
a. Alsan RS Flashing System, Soprema  
b. ParaPro, Siplast  
c. Approved equal 

7. Roofing aggregate: NOT USED 

H. Wood Blocking and Curbs: 
1. Lumber: American Wood Protection Association (AWPA) No. 2 grade Southern Pine; free 

from warping and visible decay; pressure-treated according to AWPA Standard U1 for lumber 
and timber with copper azole, CA-B/CA-C or Standard P25-10 (SBX), to a retention of .1 
lb/ft3 for above ground use.  

2. Lumber for wood blocking and curbs shall be 2" x 6" minimum. 
3. Cedar shingles: bevel 1”x 6”. 
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4. Cant strips shall be ASTM C728-82, perlite, 4" x 4" cut on bias, and adhered per Section 
07511 3.07. 

2.04 MECHANICAL FASTENERS: 

A. Wood to wood:  
1. No. 10 coated or hot dip galvanized screw  which is compatible with SBX or CA pressure 

treated lumber and long enough to penetrate underlay blocking 1-1/4 inches 
2. Acceptable manufacturers: Grabber Construction Products, Concord, CA.; ITW Buildex, 

Itasca, IL.; or approved equal. 

B. Wood to concrete:  
1. 1/4 inch diameter, flat head anchor which is compatible with SBX or CA pressure treated 

lumber and long enough to provide minimum 1-1/2 inches embedment 
2. Acceptable manufacturers: Powers Fasteners, USA; ITW Buildex, Itasca, IL. or approved 

equal. 

C. Termination bars or metal channels to masonry/concrete: 
1. 1/4 inch diameter, flat head anchor with EPDM washer long enough to provide 1-1/4” 

embedment minimum 
2. Acceptable manufacturers: Powers Fasteners, USA; ITW Buildex, Itasca, IL. or approved 

equal. 

D. Roofing plies to wood: 
1. Nails: Spiral or annular ring shank, twelve (12) gage minimum, with integral 1 inch cap. 
2. Acceptable manufacturers: National Nail Corp., Grand Rapids, MI.; Simplex Nails, Inc., 

Americus, GA. or approved equal. 

E. Sheet Metal to Wood Blocking or metal channels: Self-drilling or self-tapping 410 stainless or 
zinc-alloy steel hex washer head with EPDM or PVC washer under heads of fasteners bearing on 
weather side of sheet metal 

F. Sheet metal to sheet metal:  High-strength aluminum or stainless-steel rivets. 

G. Drawband: Gold Seal stainless steel worm gear clamp by Murray Corporation, Cockeysville, MD., 
Power-Seal stainless steel worm drive clamp by Breeze Clamp Company, Saltsburg, PA., or 
approved equal.7 

2.05 INSULATION 

A. Refer to Section 07221. 

2.06 MISCELLANEOUS MATERIALS: 

A. Walkway Pads:  Bituminous, as recommended by the membrane manufacturer, minimum 1/2-
inch thick. 

B. Drains: Jay R. Smith, 1015 Series; Josam 21500 Series, or approved equal. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify conditions as satisfactory to receive work. 

B. Do not begin roofing until all unsatisfactory conditions are corrected.  Beginning work constitutes 
acceptance of conditions. 

C. Verify that work of other trades penetrating roof deck or requiring workers and equipment to 
traverse roof deck has been approved by the Project Representative and manufacturer. 
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D. Check projections, curbs, and deck for inadequate anchorage, foreign material, moisture, or 
unevenness that would prevent quality and execution of new roofing system. 

3.02 GENERAL WORKMANSHIP 

A. Remove existing roof systems down to the concrete deck.  

B. Inspect and test any existing vapor barrier for proper adhesion. This must be verified and 
approved by the Project Representative before proceeding. 

C. Prime existing concrete deck with asphalt primer at a rate of 1 gallon per 100 sq. ft. and install 
specified vapor barrier/insulation envelopment membrane, polyisocyanurate insulation, cover 
board insulation, and roofing system. 

D. Install specified flashings, skylights, coping, metal wall system, and sheet metal. 

E. The presence and activity of the manufacturer's representative or the Project Representative 
shall in no way relieve Contractor of contract responsibilities or duties. 

F. Substrate: Free of foreign particles prior to laying roof membrane. 

G. Traffic and equipment: Kept off completed plies until adhesive has set. 

H. Wrapper and packaging materials: Not to be included in roofing system. 

I. Entrapped aggregate:  Not permitted within new membrane.  Its discovery is sufficient cause for 
rejection. 

J. Ply shall never touch ply, even at roof edges, laps, tapered edge strips, and cants. 

K. Install new base and intermediate plies two inches beyond top edge of cants. 

L. Cut out and patch ‘fishmouths’/side laps which are not completely sealed.  Replace all sheets 
which are not fully and continuously bonded. 

M. Bitumen heating and application: 
1. Use low burner flames during initial melt-downs, circulate modified bitumen after initial melt-

down. 
2. Kettles shall be equipped with thermometers calibrated to indicate bitumen temperature and 

shall be free of any non-compatible materials. 
3. Maximum bitumen temperature: 25ºF below the flash point. 
4. Application temperature shall not vary more than 25 degrees F above or below the 

"equiviscous" temperature (EVT).  The EVT represents the ideal mop-bucket temperature for 
good application. Cutting or any other alteration of bitumens will not be permitted.  Asphalt 
adhesive application shall result in approximately 30 pounds of asphalt (± 25% on a total job 
average basis) per roof square. 

5. 5. Avoid prolonged heating of modified bitumen at high temperatures.  Reduce the modified 
bitumen temperature to below EVT if the modified bitumen is not being used for periods of 4 
hours or more. 

6. Kettle:  Free of contaminants, unapproved asphalt, or coal tar pitch. 
7. Bitumen temperatures shall be checked regularly to insure compliance with the above 

requirements. 
8. Miscellaneous Application Rates:  Bitumen quantities for waterstop/tie-offs, flashings, 

miscellaneous detail applications, and minimum kettle capacity are not included in application 
rates. To account for these factors, add approximately 25 percent additional bitumen on a 
total-job average basis. 

9. Definition of roof corner and perimeter widths: 
a. The perimeter strip is defined as the outside strip of a roof area. 
b. Where multi-level roofs adjoin, the edge of the upper roof is a roof perimeter when the 

difference in height between the upper and lower roof areas is greater than 3 feet. 
c. The corner area is defined as the overlap of perimeter strip areas. 
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d. The width of roof corners and perimeters is subject to a minimum width of 4 feet and 
defined as the smaller of either:  0.1 times the building lesser plan dimension; or 0.4 
times the eave height. 

3.03 PREPARATION 

A. Protection: 
1. Contractor shall be responsible for protection of property during course of work.  Lawns, 

shrubbery, paved areas, and building shall be protected from damage.  Repair damage at no 
extra cost to King County. 

2. Provide at site prior to commencing removal of debris, a dumpster or dump truck to be 
located adjacent to building where directed by the Project Representative. 

3. Roofing, flashings, membrane repairs, and insulation shall be installed and sealed in a 
watertight manner on same day of installation or before arrival of inclement weather. 

4. At start of each work day drains within daily work area shall be plugged.  Plugs to be 
removed at end of each work day or before arrival of inclement weather. 

5. Preparation work shall be limited to those areas that can be covered with installed roofing 
material on same day and before arrival of inclement weather 

6. Arrange work sequence to avoid use of newly constructed roofing for storage, walking 
surface, and equipment movement.  Move equipment and ground storage areas as work 
progresses. 

7. Construct an enclosed chute from roof for removal of debris from roof area.  Protect building 
surfaces at chute/set-up areas with tarpaulin.  Secure tarpaulin.  Remove dumpster from 
premises when full and empty at approved dumping or refuse area.  Deliver empty dumpster 
to site for further use.  Upon job completion, dumpster/chute shall be removed from premises.  
Spilled or scattered debris shall be cleaned-up immediately.  Removed material to be 
disposed from roof as it accumulates. 

8. At end of each day, contractor shall ensure that all roof areas are sealed with water stops 
along edges to prevent water entry. 

9. Provide clean plywood walkways and take other precautions required to prevent tracking of 
aggregate/debris from existing membrane into new work area where aggregate/debris pieces 
can be trapped within new roofing membrane.  Contractor shall instruct and supervise 
workers to ensure that aggregate/debris is not tracked into new work areas on workers shoes 
or equipment wheels.  Discovery of entrapped aggregate/debris within new membrane is 
sufficient cause for its rejection. 

B. Remove existing roofing 
1. Verify that roofing manufacturer’s technical representative is on site. 
2. Carefully remove existing ballast rock, membrane, and insulation to prevent damage to 

existing structures and equipment. 
3. Remove counterflashing as indicated on drawings. 
4. Remove flashings to substrate. 
5. Remove perimeter edge metal as indicated on drawings. 
6. Reuse all existing lumber that is suitable for use in the new roofing system. 
7. Sweep clean roof deck. 

3.04 CARPENTRY 

A. Wood curb locations: 
1. Mechanically attach wood blocking to deck at all wood curb locations as shown in the 

contract drawings.  Minimum 2 fasteners per section. 
2. Offset blocking layers 12 inches, weave corners. Blocking thickness shall be equal to final 

insulation thickness including tapered edge. Blocking width: 4 inches, nominal. 
3. Install wood cants to blocking if required in the contract drawings. Nail two (2) rows staggered 

to horizontal and vertical substrates.  Spacing in any one (1) row shall not exceed 24 inches. 

B. Wood blocking fastening pattern: Secure continuous wood blocking to substrate with mechanical 
fasteners attached in two (2) staggered rows at two (2) feet on center. 
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C. Wood Blocking Repairs and Modifications: 
1. Reattach loose blocking; replace warped or damaged blocking.  Fasten new continuous wood 

blocking to the substrate with a minimum of two (2) fasteners per section.  Countersink 
fasteners flush with blocking surface. 

2. Blocking thickness: 2 inches nominal. 
3. Blocking width: Flush with edges. 

3.05 THERMAL INSULATION 

A. Prime existing concrete deck and vertical substrates with asphalt primer at a rate of 1 gallon per 
100 sq. ft. 

B. Install vapor barrier/insulation envelopment membrane on deck, curbs, penetrations and parapets 
using methods described in paragraph 3.08B. 

C. Adhere isocyanurate insulation and wood fiber cover board insulation in solid moppings of 
specified hot adhesive. 
1. Install insulation boards in courses parallel to roof edges, mopping surface up 
2. Firmly butt each insulation board to surrounding boards without deforming boards. 
3. Offset joints of top layer 6 inches in both directions from joints of base layer. 
4. Maximum elevation variation between boards at joints: 1/8 inch. 
5. Cut and fit insulation boards where roof deck intersects vertical surfaces.  Cut board 1/4 inch 

from vertical surface. 
6. Immediately after placement, walk insulation boards into hot bitumen to achieve solid bond. 
7. Promptly spread any bitumen pools that may accumulate on insulation surface to achieve 

smooth surface for roofing installation. 

3.06 CRICKETS 

A. Install crickets as per tapered insulation design using solid moppings of specified hot adhesive. 

B. Install crickets with a minimum slope of ½” per foot. 

C. Taper crickets to nothing. 

3.07 PERLITE CANTS 

A. Cant strips shall be adhered at all 90-degree angles where the horizontal installation of insulation 
meets the vertical sides of roof penetrations and walls using solid moppings of specified hot 
adhesive. Cants must be installed prior to application of membrane and flashings. 

3.08 ROOF SYSTEM APPLICATION 

A. Install the following prior to application of the roofing system: 
1. Wood blocking at roof edge, curbs, and penetrations. 
2. Thermal insulation. 

B. One (1) ply of specified base sheet shall be adhered with solid moppings of specified adhesive.  
Beginning at low point of roof run plies parallel to ridge or high point of roof continuing to all 
projection bases and two inches beyond top edge of cants or as required by roofing system 
manufacturer. 

C. One (1) ply of specified interply sheet and one (1) ply of specified Finish sheet shall be adhered 
with solid moppings of specified adhesive.  Beginning at low point of roof run plies parallel to 
ridge or high point of roof continuing to all projection bases and two inches beyond top edge of 
cants or as required by roofing system manufacturer. 
1. Starter sheets shall be installed to maintain a minimum 2” side lap and there shall be a 

minimum of three plies at all locations.  Starter strips shall be installed according to NRCA 
guidelines.  Place ply sheets to ensure water will flow over or parallel to, but never against 
exposed edges. 
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2. Use minimum 19-1/2 inch wide plies to start and finish roof membrane along roof edges and 
terminations. 

3. Apply adhesive no more than ten (10) feet ahead of each roll being embedded.  Broom ply 
from unmopped side before adhesive cools. Under cool weather conditions or when wind 
gusts exceed 15 mph, apply adhesive no more than 5 feet ahead of each roll.  Ensure 
complete and continuous seal and contact between bitumen and ply sheets, including ends, 
edges, and laps without wrinkles, fish mouths, or blisters.  Broom width: 34 inches minimum. 

4. Cut out and patch all fish mouths/side laps which are not completely sealed.  Replace all 
sheets which are not fully and continuously bonded. 

5. Lap ply ends six (6) inches.  Stagger end laps three (3) feet minimum. 
6. Fit plies into roof drain rims; install lead flashing and finishing plies per Drawings and as 

specified herein. 
7. Base Flashings shall be installed as specified herein. 
8. Roof is to be inspected and approved by representative from roof system warrantor before 

application of surfacing. 
9. Install Gravel Stop in accordance with drawings. 

3.09 FLASHINGS 

A. Base Flashing to Wood Blocking and Masonry 
1. Ply Sheets 

a. Fully adhere one (1) ply of specified base flashing completely to flashing substrate, cant, 
and roofing.  Flashing should extend a minimum of 8" above finished roof membrane and 
to the top of the wood curb where possible. 

2. Cap Sheets 
a. Snap a chalk line 6” from the toe of cant out onto roof membrane. 
b. Measure the distance from the chalk line up the wall to where flashing will be terminated.  

On sloped roofs, take two measurements 39” apart. 
c. Measure down the length of a roll of specified cap sheet, and cut, in cross machine 

direction, a section the same length.  If roof is sloped, start at the bottom, and transfer 
height measurement to cutting of the flashing cap.  Each section is 39” in width. 

d. Apply section in specified adhesive using a strapping method, overlapping the exposed 
smooth selvage with each new section.  Bottom of flashing cap must be lined up 6” from 
toe of cant, on chalk line. 

e. Fully adhere the flashing cap ply over base ply in specified flashing adhesive. 
f. The selvage of the last section should be cut flush to the mineral surface prior to the 

application, ensuring that total flashing surface is mineral surfaced. 
g. Terminate in accordance with Drawings. 

B. Conduit Penetrations 
1. Cut new lead jack vertically and install around penetration.  Refer to Drawings. 
2. Solder side of lead jack to fit tightly around penetration. 
3. Band top of lead jack using a worm gear clamp. 
4. Apply specified sealant at top of lead. 
5. Prime metal flange with asphalt primer and allow to dry. 
6. Apply elastomeric mastic under flange and onto roof. 
7. Install flange, four inches wide minimum, completely around periphery of vent flashing.  Set 

flange into asphalt mastic. 
8. Flash with three stripping plies of flashing base ply felt, 4, 8 and 12 inches larger than lead 

flange. 

C. Urethane-polyester fleece membrane flashing details 
1. Refer to flashing system manufacturer’s instructions and Drawings. 
2. Locations for the urethane-polyester fleece membrane flashing include but are not 

necessarily limited to: 
a. Base flashings, inside and outside corners, and turn bars 
b. Wall joints 
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c. Duct penetrations  

3.10 SHEET METAL 

A. Two-piece Counterflashing/Reglet 
1. Install in accordance with Drawings, manufacturer’s instructions, SMACNA Manual,  

B. Perimeter Coping 
1. Install Cold Applied Self-Adhering Laminated Liner in accordance with Drawings and 

manufacturer’s instructions. 
2. Aluminum sheet metal shall not directly contact pressure treated lumber. 

C. Metal Wall Panel System 
1. Refer to wall panel system manufacturer’s installation instructions and Shop Drawings. 
2. General:  Install metal wall panels in orientation, sizes, and locations indicated on approved 

Shop Drawings. Install panels perpendicular to girts and subgirts unless otherwise indicated.  
Anchor metal wall panels and other components securely in place with provisions for thermal 
and structural movement. 

3. Rigidly fasten base end of metal wall panels and allow eave end free movement due to 
thermal expansion and contraction. 

4. Locate panel splices over, but not attached to, structural supports.  Stagger panel splices and 
end laps to avoid a four-panel lap splice condition. 

5. Apply elastomeric sealant as indicated or, if not indicated, as necessary for waterproofing. 
6. Provide weatherproof escutcheons for parapet wall penetrations. 
7. Metal Protection:  Where dissimilar metals will contact each other or corrosive substrates, 

protect against galvanic action as recommended by metal wall panel manufacturer. 
8. Aluminum sheet metal shall not directly contact pressure treated lumber. 
9. After metal wall panel installation, clear weep holes and drainage channels of obstructions, 

dirt, and sealant. 

D. Scuppers 
1. Install in accordance with Drawings, manufacturer’s instructions, SMACNA Manual,  

3.11 DAILY WATER STOP/TIE-INS 

A. Remove embedded gravel/debris from top ply of felt along termination. Width: 18 inches. 

B. Install "deadman" insulation filler at insulation staggers. 

C. Extend roofing plies at least twelve inches onto prepared area of adjacent roofing.  Embed plies 
into Specified Interply Adhesive or Asphalt Mastic.  Strip edges with twelve-inch wide ply sheet 
embedded completely in alternate uniform courses of specified Interply Adhesive or Asphalt 
Mastic. 

D. At beginning of next day's work remove temporary connection by cutting felts evenly along edge 
of existing roof system.  Remove "deadman" insulation fillers.  Overlap previous day's work 24 
inches. 

3.12 POST-CONSTRUCION MOISTURE SURVEY AND FINAL INSPECION 

A. Moisture Survey Procedure 
1. Contractor Responsibilities: Provide access to roof, make core cuts, and make all repairs at 

its own expense. 
2. King County’s Responsibilities: Provide moisture survey map, determine random moisture 

test locations using www.random.org, provide Delmhorst moisture meter, and take moisture 
readings. 

3. If the sum of all roof areas on a selected building is: 
a. <2,000 SF: Map 4 roughly equal-size areas onto the roof plan and randomly select 2 

areas out of the 4 to test for moisture, provided that at least one test is conducted on 
each separate roof area. 
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b. >2,000 SF but <10,000 SF: Map 10 roughly equal-size areas onto the roof plan and 
randomly select 5 areas out of the 10 to test for moisture, provided that at least one test 
is conducted on each separate roof area. 

4. The roughly equal-size areas should be mapped onto the roof plan accordingly: 
a. At least one test area should be mapped onto each roof area 
b. Round or curved roofs should be mapped with "pie slice" or similarly-shaped areas to 

achieve roughly equal-size. 
5. The inspector may choose the specific moisture test spot within each randomly selected test 

area (the spot most likely to be wet). 
6. 20% or greater moisture reading on a Delmhorst meter in any roof layer (base sheet, plies, 

insulation) or visible moisture on the deck is a positive test result and the entire test area shall 
be deemed wet. 

7. <20% moisture reading on a Delmhorst meter in all roof layers (base sheet, plies, insulation) 
and no visible moisture on the deck is a negative test result and the entire test area shall be 
deemed dry. 

8. For each positive moisture test the inspector will select 1 more untested roof area to test until 
another dry reading is taken or until all roof areas have been tested. 

9. Repair core cuts and restore roofing system per contract and manufacturer’s requirements. 
10. All test areas deemed wet shall be repaired or replaced at the contractor’s expense. The 

contractor, at its own expense may perform their own moisture tests to define smaller areas 
to propose repair or replacement of these smaller roof areas. The Project Representative 
may accept or reject these proposals at their discretion. 

11. If any portion of the roof is deemed wet the Project Representative may require a new Post-
Construction Moisture Survey at their discretion. 

B. Wind Uplift Test 
1. If any portion of the roof is deemed wet may the Project Representative may require an 

ASTM E907-96 (2004) wind uplift resistance test for any roof area at their discretion. 
2. Contractor Responsibilities: Provide access to roof, make core cuts or roof membrane 

preparations as required, and make all repairs at the contractors’ expense. 
3. King County’s Responsibilities: Hire wind uplift testing firm at its own expense. 
4. All test areas that fail the Wind Uplift Test shall be repaired or replaced at the contractor’s 

expense. 

3.13 ADJUSTING AND CLEANING 

A. Repair of deficiencies: Installations of details noted as deficient during final inspection must be 
repaired and corrected by applicator, and made ready for re-inspection, within five (5) calendar 
days. 

B. Clean-up: Immediately upon job completion, roof membrane and flashing surfaces shall be 
cleaned of debris. Clean drains, gutters, and downspouts of debris. 

END OF SECTION 
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SECTION 07620 

SHEET METAL FLASHING AND TRIM 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies flashing and sheet metal not specifically described in other sections but 
required to prevent penetration of water through the exterior shell of the building. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
ASTM A123  Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or  
   Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process 
ASTM D1784  Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and  
   Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds 

B. Perform the work in accordance with SMACNA: Architectural Sheet Metal Manual, as a minimum 
standard, and to normal good practice in the area except where in conflict with the Contract 
Documents, which shall govern. 

1.03 SUBMITTALS 

A. Procedures: Section 01300 

B. Product Data 

1.04 STORAGE AND HANDLING 

A. Stack preformed and prefinished material to prevent twisting, bending, or abrasion, and to provide 
ventilation. 

PART 2  PRODUCTS 

2.01 SHEET METAL 

A. Aluminum Sheet: 
1. Unless otherwise indicated, mill standard 3008 alloy aluminum sheet 
2. Unless otherwise indicated, 0.040 inch 

B. Shop Primed, Galvanized Steel: ASTM A123, Grade A, G90, 22-gage core steel 

2.02 ACCESSORIES 

A. Fasteners: Same material and finish as flashing metal, with soft neoprene washers, or Type 304 
stainless steel, with soft neoprene washers. 

B. Self-adhered Flashing Underlayment 
1. Cold-applied, self-adhering membrane composed of a high density, cross laminated 

polyethylene film coated on one side with a layer of rubberized asphalt adhesive. 
2. Acceptable manufacturer:  

a. Graze Ice & Water Shield as manufactured by W.R. Grace & Co. 
b. Approved equal 
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C. Sealant:  
1. For vertical plane surfaces: Sonolastic NP2, manufactured by Sonneborn, a divison of BASF, 

or equal. 
2. For horizontal or sloped plane surfaces: Sonolastic SL2, manufactured by Sonneborn, a 

division of BASF, or equal. 

D. Plastic Cement: Asbestos-free asphaltic base cement. 

2.03 REGLETS 

A. Cast in Concrete: 
1. ASTM D1784, Type II, extruded PVC. 
2. Minimum 0.075-inch thick. 
3. Acceptable Manufacturer: 

a. Fry Reglet, "Fry Springlok Type CO" 
b. C&J Metals, Masonry Reglet Set 
c. Approved equal 

2.04 FABRICATION 

A. Form components true to shape, accurate in size, square, and free from distortion or defects.  
Form pieces in longest practical lengths.   

B. Fabricate cleats and starter strips of same material as flashing, minimum 2 inches wide, 
interlockable with flashing. 

C. Hem exposed edges on underside 1/2-inch. Miter and seam corners. Fabricate vertical faces with 
bottom edge formed outward 1/4-inch and hemmed to form drip edge.   

D. Form material with standing seam. 

E. Fabricate corners in one piece, 8-inch legs, minimum. Seam for rigidity and seal with sealant.   

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that surfaces to be covered are smooth, clean, and free from holes. 

B. Drive flush all projecting nails. 

C. Do not proceed with installation until discrepancies have been resolved. 

3.02 INSTALLATION 

A. Separate flashings from dissimilar materials by a heavy bitumastic coating on the flashing. 

B. Expansion: 
1. Form, fabricate, and install sheet metal to adequately provide for expansion and contraction 

in the finished work. 
2. Unless otherwise indicated, provide suitable water-tight expansion joints for all runs of more 

than 40 feet. 

C. Reglets: 
1. Install level and true in forms a minimum of 7 inches above cant strip. 
2. Tape cut ends before installation. 
3. After roofing is applied install flashing by snapping into reglet without screws. 
4. Lap all joints and miter corners. 
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D. Fastening: 
1. Whenever possible, secure metal by means of continuous clips or cleats without nailing 

through the metal. 
2. In general, space nails, rivets, and screws not more than 8 inches apart. Where exposed to 

the weather, use neoprene washers. 
3. For nailing into wood, use 11-gage barbed roofing nails long enough to penetrate 3/4-inch. 
4. For fastening into concrete, use drilled plugholes and plugs. Penetrate 1 inch. 

E. Sealing: 
1. Sealants shall be provided where indicated on the Drawings. 
2. Surfaces to receive sealants shall be dry, free of oil, dirt, dust and other contaminants and 

loose materials and shall be in the proper condition as indicated by the manufacturer prior to 
application of the sealant. 

3. Masonry, concrete and cementitious products shall have been completely cured and the 
surface shall be free of frost at the time of application. 

4. Apply sealant in accordance with Manufacturer’s written instructions and referenced 
standards. 

END OF SECTION 
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SECTION 08110 

STEEL DOORS AND FRAMES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies steel doors, frames and interior borrowed light frames including transoms; 
non-rated and fire rated. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
ANSI A117.1  Making Buildings and Facilities Accessible to and Usable by Physically  
   Handicapped People 
ANSI/SDI 100  Standard Steel Doors and Frames 
ASTM A653  Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or  
   Zinc-Iron Alloy-Coated (Galvanealed) by the Hot-Dip Process Standard  
ASTM E413  Standard Steel Doors and Frames 
UL 10B   Fire Tests of Door Assemblies 

1.03 SUBMITTALS 

A. Procedures:  Section 01300 

B. Product specifications 

C. Manufacturers' storage, handling, and installation instructions 

D. Shop drawings, indicating: 
1. Door and frame elevations 
2. Internal reinforcement 
3. Cut-outs for glazing and finish 
4. Identification of each door: Noted with the same reference used on the Drawings. 

1.04 DELIVERY, STORAGE AND HANDLING 

A. Deliver doors and frames in packaging to prevent damage and deterioration. 

B. Store doors upright, in dry, protected area. Place at a minimum of 1 inch above ground and space 
at least 1/4 inch apart. 

1.05 GUARANTEE 

A. As a part of the general guarantee, replace doors warped in excess of 3/16 inch out of plane 
within the guarantee period complete, including hanging, finishing, glazing, etc. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Provide end products of one manufacturer to achieve standardization of appearance, operation, 
maintenance and spare parts. 
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B. Acceptable Manufacturer: 
1. Ceco Door Products. 
2. Curries Manufacturing. 
3. Overly Manufacturing Co. 
4. Republic Steel Corporation. 
5. Steelcraft Manufacturing Co. 
6. Approved equal. 

2.02 DOORS AND FRAMES 

A. Frames: 
1. 16-gage, welded type. 
2. Finished size, shape, cross section and profile as shown on Drawings. 
3. Fabricate with hardware reinforcement welded in place. 
4. Prepare frames for silencers and install. 

B. Doors: 
1. 16-gage face, ANSI/SDI-100 Grade III, Extra Heavy Duty, Model 1, with honeycomb or 

polyurethane core. 
2. Exterior doors shall have polyurethane core, R-value of 7 measured in accordance with 

ASTM E413. Configure doors to receive recessed weather-stripping. 
3. Provide top and bottom flush closures. 
4. Fabricate with the required reinforcement for specified hardware 
5. Provide custom recessed door pulls within single man doors as detailed on Drawings. 

 

C. Fire Rated Doors: 
1. Comply with requirements of UL. 
2. UL label each door and frame for class of rating scheduled. 

D. Interior Windows: fabricated in the same manner as other frames and provided with glazing 
stops. 

2.03 DOOR LOUVERS 

A. Stationary louvers: inverted "Y" design, 1 inch thick, of 18-gage steel, with metal molding on both 
sides. 

B. Acceptable Manufacturer: 
1. Airolite. 
2. Panelouvre. 
3. Custom Architectural Products. 
4. Approved equal. 

2.04 FACTORY FINISH 

A. Galvanize with G60 zinc coating in accordance with ASTM A653. 

B. Phosphate treat for paint adhesion. 

C. One coat, not less than one mil dry film thickness, baked-on rust inhibiting primer compatible with 
finish coating as specified in Section 09900. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install doors and frames in accordance with ANSI/SDI 100. 

B. Maintain scheduled dimensions, hold head level, and maintain jambs plumb and square. 
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C. Coordinate with masonry and wallboard wall construction for frame anchor placement. 

D. Fill frames installed in CMU or concrete construction with grout.  Use horizontal spreaders to 
keep jambs from bowing in as frames are being filled with grout. 

E. Wherever possible, leave frame spreader bars intact until frames are set perfectly square and 
plumb and anchors are securely attached. 

F. Coordinate installation with installation of hardware specified in Section 08710. 

G. Coordinate installation of glass and glazing. 

3.02 ADJUSTING 

A. Adjust door for smooth and balanced door movement. 

END OF SECTION 



 

Gloria G Soto
Typewritten Text
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SECTION 08710 

FINISH HARDWARE 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies finish hardware for doors. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified. In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
ADA  Americans with Disabilities Act  
IBC  International Building Code  

B. Standards: Comply with requirements of International Building Code (IBC) and the local Fire 
Marshall. 

C. Hardware to be installed on UL doors or frames shall be as approved by the National Board of 
Fire Underwriters. 

1.03 SUBMITTALS 

A. Procedures: Section 01300 

B. Finish Hardware: 
1. A complete schedule of finish hardware 
2. Completely detailed in vertical form including quantities, stock numbers, finishes and sizes 
3. List each opening separately 
4. A horizontal or coded form of schedule will not be accepted. 

C. Keying Schedule: after receipt of an acceptable hardware schedule 

D. Catalog cuts 

E. Three copies of an as-built hardware schedule, including keying 

F. Operations and maintenance information per Section 01730 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. Packing and Marking: 
1. Pack hardware items in their original factory shipping cartons. 
2. Mark each item of hardware individually for each opening as to location of installation in 

accordance with approved hardware schedule. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Butts: 
1. Acceptable Manufacturer: 

a. Stanley 
b. Hager Lawrence 
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c. Approved equal 
2. Types: as listed under Hardware Groups 
3. Sizes: as listed under Hardware Groups 
4. Outswinging exterior doors shall have non-removable pin feature. 
5. Quantities: 

a. Doors under 84 inches: three butts per leaf 
b. Doors over 84 inches: one butt added for each 30 inches of height 
c. Dutch doors: four butts per leaf 
d. Approved equal 

B. Exit Devices: 
1. Acceptable Manufacturer: 

a. Corbin Russwin 
b. Sargent 
c. Approved equal 

2. Types: 
a. Functions as listed in the Hardware Groups 
b. Reinforced crossbars 
c. Exit devices indicated for labeled fire doors less dogging feature and fully UL-approved 

C. Locksets and Latchsets: 
1. Acceptable Manufacturer: 

a. Corbin Russwin 
b. Schlage 
c. Sargent 
d. Approved equal 

2. Types: 
a. Cylindrical type with functions and designs as listed in the Hardware Groups 
b. Sufficient strike lip to protect trim 
c. Locks shall have wrought box strikes 
d. Latchsets: 

1) Levers in place of knobs. 
2) Acceptable Manufacturer: 

a) Pierce 
b) Corbin Russwin 
c) Approved equal 

D. Closers: 
1. Acceptable Manufacturer: 

a. Corbin Russwin 
b. Approved equal 

2. Types: 
a. Size as recommended by the manufacturer's catalog 
b. Take into consideration wind conditions or mechanical ventilation systems and increase 

the closer size accordingly. 
c. If, after the closers are installed, a larger size closer is required, provide the larger size. 
d. Guarantee against mechanical defects for a period of ten years by the manufacturer 
e. Hex nut and bolt type fastening 
f. Functions as listed in the Hardware Group 

E. Door Stops and Overhead Stops: 
1. Acceptable Manufacturer: 

a. BBW 
b. GJ 
c. Approved equal 

2. Types: 
a. Stops as listed in the Hardware Groups 
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b. Proper backing for wall type stops. Fasten stops applied to concrete with steel tampins 
and machine screws. 

c. Where wall stops are specified, but cannot be used because of a construction detail, 
provide floor stops. 

F. Pushes and Pulls: 
1. Acceptable Manufacturer: 

a. Cipco 
b. BBW 
c. Approved equal 

2. Types: for sizes and types listed in the Hardware Groups 

G. Kickplates, Mop Plates and Armor Plates: 
1. Acceptable Manufacturer: 

a. Cipco 
b. BBW 
c. Approved equal 

2. Types: 0.050-gage stainless steel with full threaded screws 
3. Kickplates: 10 inches high and 2 inches less than door width 
4. Types: sizes and types listed in the Hardware Groups 

H. Threshold and Weather-strip: 
1. Acceptable Manufacturer: 

a. Pemko 
b. National Guard 
c. Approved equal 

2. Types: comply with types and functions listed under specific Hardware Groups. 

2.02 KEYS AND KEYING 

A. Permanent cylinders.  Locksets for Wastewater Facilities shall accept Best Lock Company cores.  

2.03 HARDWARE FINISHES 

A. Deviations from the listed finishes shall be called out next to the specific items involved under the 
Hardware Groups. 
1. Butts: US32D  
2. Locksets: US32D 
3. Exit devices: US32D 
4. Push plates, pulls: US32D 
5. Closers: SBL-P 
6. Door stops: US26D 
7. Kickplates: US32D 

2.04 FABRICATION 

A. Make hardware for prefitted doors and frames to template.   

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Ensure proper installation and operation of hardware in locations specified. 

B. Protect exposed hardware surfaces during construction from damage to products and finishes. 

C. Provide a locked area to store finish hardware until installation is made. 

D. Fastenings: provide hardware with proper fastening devices to meet conditions of the work. 
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3.02 MOUNTING LOCATIONS 

A. As recommended by the manufacturer  

B. Measurements are from finish floor except top butt. 
1. Butts: 

a. Top: 11-3/4 inches center of butt to top of door 
b. Intermediate: Equal distance between top and bottom butts 
c. Bottom: 13 inches center of butt 

2. Knob Locks: 40-5/16 inches to center of strike 
3. Deadlocks: 60 inches to center of strike 
4. Exit Devices: 40-5/16 inches to center of strike 
5. Push Plates: 45 inches to center 
6. Pull Plates: 42 inches to center 
7. Door Closers: Per manufacturer's instructions 

3.03 ADJUSTMENTS 

A. Adjust moving parts to operate satisfactorily at time of substantial completion and during warranty 
period. 

B. Test and adjust closers for complete, silent, and smooth operation. 

C. Test and adjust locks and latches for smooth and easy operation. 

3.04 HARDWARE GROUPS 

A. Refer to door schedule and previously listed instructions for related information concerning the 
following hardware groups. 
1. HW – 2 (Door 103) 

Quantity Hardware description 
4 pr Butts BB191 4-1/2 x 4-1/2 NRP, BHMA No A5112 
1 ea Closer 4310 ME 
1 ea Kickplate 10 x 2 inch LDW 
1 ea Wall stop WC9 
2 set Top and Bottom Manual Flush Bolts each leaf 
  

2. HW – 1 (Door 101 & 102) 
Quantity Hardware description 
1-1/2 pr Butts BBl9l 4-1/2 x 4-1/2 NRP, BHMA No A5112 
1 ea Exit device ED 6200 with cylinder rim only on 

exterior 
1 ea Cylinder  
1 ea Closer  
1 ea Kickplate 10 x 2 inch LDW 
1 ea Threshold as per detail 
1 set Gasketing as per detail 
  

3.05 COMPLETION 

A. Provide three copies of an as-built hardware schedule, including keying, when all hardware 
installation is complete. 

B. Provide two sets of special tools required for installation and maintenance of hardware. 

END OF SECTION 
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SECTION 09900 

COATING SYSTEMS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies coatings and their surface preparation for field and shop-applied coating 
systems. 

B. Furnish all labor, equipment, including safety equipment, superintendence, materials, tools and 
incidentals necessary to prepare and coat the work as specified in this Section. 

1.02 DEFINITIONS: 

A. Coating systems: Includes surface description, surface preparation, required dry film thickness, 
and the number and application procedure of the prime and finish coatings. Systems are as 
specified within this Section on the Coating System Specification Sheets (COATSPEC). 

B. Field coating: The application of the coating system after installation of the surface at the work 
site. 

C. Dry film thickness (DFT): The thickness of a fully cured coating or coating system. 

D. Wet film thickness (WFT): The thickness of a coating while wet. 

E. Volatile organic content (VOC): The portion of the coating that is a compound of carbon, is 
photochemically reactive and evaporates during drying or curing, expressed in grams per liter or 
pound per gallon as defined in ASTM D3960. 

F. Shop coat: One or more coats applied in a shop or plant prior to shipment to the site. 

G. Lead containing: Any coating that contains any detectable amount of lead. 

H. Stripe coat: A coat of the specified coating, applied prior to the final coat by brush to all edges 
(cut or fabricated) on steel shapes, crevices, projections, welds, nuts, bolts, pits, flanges, and 
splice plates. 

I. Hard to reach: Areas that may not be accessible with spray equipment but can be reached by 
brush, mitt or roller. 

J. Inaccessible areas: Areas such as back-to-back angles, skip welds, and other areas that a brush, 
mitt, or roller cannot contact the surface. 

K. pH: A measure indicating whether a solution is acidic, neutral, or alkaline. 

1.03 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
document. It is a part of this Section as specified and modified. In case of conflict between the 
requirements of this Section and that of the listed document, the requirements of this Section 
shall prevail. 
Reference   Title 
ASTM D3359   Standard Test Methods to Measure Adhesion by Tape Test 
ASTM D3960   Standard Practice for Determining Volatile Organic Compound  
    (VOC) Content of Paints and Related Coatings 
ASTM D4263   Standard Test Method Indicating Moisture in the  Concrete by the  
    Plastic Sheet Method 
ASTM D4285   Standard Test Method for Indicating Oil or Water in Compressed  
    Air 
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ASTM D4417   Standard Test Method for Field Measurement of Surface Profile  
    of Blast Cleaned Steel 
ASTM D4541   Standard Test Method for Pull-off Adhesion 
ASTM E329   Standard Recommended Practice for Inspection and Testing  
    Agencies for Concrete, Steel and Bituminous Materials as Used  
    in Construction 
ASTM E337   Standard Test Method for Measuring Humidity With a  
    Psychrometer ICRI International Concrete Repair Institute,  
    Technical Guidelines 
MIL-A-22262A (SH)  Military Specification, Abrasive Blasting Media, Ship Hull Blast  
    Clean NACE Standard RP-0188 Recommended Practice Low,  
    High Voltage Electrical Inspection of Coatings, Discontinuity  
    (Holiday) Testing of Protective Coatings. 
SSPC    Steel Structures Painting Council, Volume 1 - Good Painting 
    Practices 
SSPC-Paint Application-PA-2 Measurement of Dry Paint Thickness with Type 2 Gauges 
SSPC SP-1   Solvent Cleaning 
SSPC SP-2   Hand Tool Cleaning 
SSPC SP-5   White Metal Blast Cleaning 
SSPC SP-7   Brush-Off Blast Cleaning 
SSPC SP-11   Power Tool Cleaning to Bare Metal 
SSPC SP-13/NACE 6  Surface Preparation of Concrete  
SSPC-VIS 1-67T  Visual Plates Used to Determine Blasting Standards 
SSPC - Guide 6   Guide for Containing Debris Generated During Paint Removal  
    Operations 
SSPC - Guide 15  Field Methods for Retrieval and Analysis of Soluble Salts on  
    Substrates 
SSPC Publication 91-12  Coating and Lining Inspection Manual 

1.04 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) FOR SHOP AND FIELD 

A. General: 
1. Manufacturer's printed instructions: Deviations from the manufacturer's printed instructions 

will not be allowed unless approved in writing by the manufacturer's representative and the 
Project Representative before execution of said change. 

2. Test result disagreement: In the event of a discrepancy between the Contractor and Project 
Representative's testing equipment, both parties shall check equipment in question for proper 
function and calibration. 

3. Make available all locations and phases of the work for access for inspection by the Project 
Representative or the manufacturer's representative. Contractor shall provide ventilation, 
egress, staging and whatever other means are required to access the work area. 

4. Contractor QC personnel shall be certified as National Association of Corrosion Engineers, 
(NACE) CIP, Level 1. 

B. Contractor's responsibilities: 
1. Quality control: responsible for the quality control of the coatings applied and performing 

check points as specified in 1.03D.  
2. Schedule:  prepare a schedule that is updated weekly or as necessary to show QC and QA 

Check Points as specified herein, and distribute to all parties related to installation of the 
coating system. The schedule shall allow time for remedial work to be completed as identified 
by inspection at the given check points. The Project Representative shall be informed within 
24 hours prior to the Contractor performing the tests specified. 

3. Reports: prepare daily inspection reports when any work is performed on site. Project 
Representative may ask that ambient conditions be recorded as often as needed to insure 
specified application conditions are met, but not less than twice daily. Use the “Daily 
Inspection Report” form found in Specification 01990. Submit copies of this report within 24 
hours of coating application to the Project Representative for signature to acknowledge the 
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report was timely produced. Submit all reports in bound form at the completion of coating 
work.  

4. Over coating: verify coating compatibility and primer quality to be equal to the specified 
primer when overcoating a primer or coating that was applied by others. 

5. Provide testing equipment required in this Section and as required to verify compliance with 
the Specifications. Record of equipment calibration must also be provided.  

C. Project Representative's responsibility: 
1. QA: determine acceptance or rejection of a coating based on the given specifications.  
2. Testing: may conduct tests on ambient conditions, surface temperature, coating(s) applied, 

target mil thickness, coating type (i.e. stripe coat), and coating batch numbers. 

D. Check points: Contractor is responsible to perform the check points specified below and as 
required in COATSPEC. The Project Representative may perform any or all of the check points 
listed in addition to, but not replacement of, the requirement for the Contractor to perform the 
inspection checkpoints as specified below. 
1. Blotter test: upon start-up of abrasive blasting, compressed air shall be checked daily for oil 

and water by blotter test per ASTM D4285.  
2. Anchor profile: Anchor profile of an abrasively blasted surface shall be tested using Testex 

tape per ASTM D4417. Test shall be conducted on the start-up of the blasting operation to 
insure proper selection of blast media and prior to prime coat application.  

3. Intermediate DFT readings: DFT readings shall be taken between coats to check consistency 
of the application and progress toward total system thickness.  

4. Final DFT readings: DFT readings shall be taken per SSPC PA-2 on total system thickness 
as criteria for final acceptance of a coating. If recoat time has been exceeded or if 
recommended by the manufacturer, deficient areas shall be scarified prior to top coating. Dry 
film thickness measurements in excess of the amounts specified in SSPC PA-2 may be 
acceptable if approved by the Project Representative. 

5. Holiday testing: perform for the entire coating per NACE RPO 188 in the presence of the 
Project Representative. Any holidays detected shall be repaired and retested after cure of the 
coating is complete.  

6. Surface preparation: shall be accepted by the Project Representative prior to the application 
of a coating.  

7. Ambient conditions: perform tests for relative humidity, surface temperature, dew point and 
ambient temperature to ensure compliance for materials applied. 

8. Adhesion: perform adhesion tests per ASTM D3359. It is the responsibility of the Contractor 
to repair any damage to the coating resulting from adhesion testing. 

9. Test to Determine Salt Contamination: Using the Bresle Method, the Contractor shall take 3 
random tests each day during surface preparation prior to coating application. For immersed 
surfaces, the reading shall not exceed 30 microsiemens/cm (30 us/cm). For non-immersed 
surfaces, the reading shall not exceed 70 microsiemens/cm (70 us/cm). If conductivity 
measurements exceed the respective values, the affected surfaces shall be cleaned until 
conductivity levels are acceptable.  

10. Moisture in Concrete: perform ASTM 4263-88, Standard Test Method Indicating Moisture in 
the Concrete by the Plastic Sheet Method. If the presence of moisture is indicated, dry the 
substrate prior to coating application. Perform this test once for every 200 square feet of area 
to be coated and more frequently at darkened concrete areas. Perform Calcium Chloride 
Moisture Vapor Emissions Tests in accordance with ASTM F-1869 for all floors, containment, 
below grade applications or any other moisture tests required by the manufacturer. 

Disputes: If questions arise concerning the acceptability of an applied coating, Tooke, adhesion, 
and other destructive/non-destructive tests may be performed to aid in resolution of the dispute.  
If the coating is determined to be defective: the Contractor will be responsible for the cost of 
repairs resulting from testing. If the coating is shown to be properly applied, King County will be 
responsible for the cost of inspection repairs. 
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1.05 SUBMITTALS  

A. Procedures: Section 01300. 

B. A list of materials shall be provided before materials are delivered to the worksite.  

C. A Waste Disposal Plan 

D. For each primer and finish coating, provide the manufacturer's application instructions which shall 
include the following: 
1. Surface preparation recommendations. 
2. Primer type, where required.  
3. Maximum dry and wet mil thickness per coat.  
4. Minimum and maximum curing time between coats, including atmospheric conditions for 

each.  
5. Curing time before submergence in liquid.  
6. Thinner to be used with each coating.  
7. Ventilation requirements.  
8. Allowable application methods.  
9. Maximum storage life.  
10. Material safety data sheets.  
11. Interpretation of batch code numbers.  
12. Minimum and maximum relative humidity requirements.  
13. Minimum and maximum surface temperature requirements.  
14. Minimum and maximum ambient temperature requirements.  
15. Manufacturer's recommended application procedure. 
16. LEED Submittal 
17. When color is not specified, provide manufacturer's range of standard colors. 
18. Contractor QC personnel qualifications. 

E. Provide information on blasting media including coating manufacture's recommended grit/shot 
size for coating systems specified.  

F. For each prime and finish coating, furnish a 12-inch square sample that shall match sample 
provided in color, texture and sheen. Field and/or samples may be requested by the Project 
Representative. 

G. For Systems A-2, B-2 and C-3, submit manufacturer's details for construction joints, penetrations, 
crack repair, and details at floor penetrations, wall bases, equipment bolts, embedded angle 
frames, transitions and terminations of the system and all other details specific to the structure 
being coated. 

1.06 DELIVERY, STORAGE AND HANDLING 

A. Deliver materials for field application to the job site in their original, unopened containers. Each 
container shall bear the manufacturer's name brand, batch number, date of manufacture, and 
storage life. 

B. Coatings shall be stored in enclosed structures and shall be protected from weather and 
excessive heat or cold. Coatings exceeding storage life recommended by the manufacturer or 
that have been visibly damaged shall be removed from the site. Flammable materials shall be 
stored in accordance with state and local codes.  

1.07 SITE CONDITIONS 

A. Coatings shall be applied only to surfaces that are dry, and only under such combination of 
humidity and temperatures of the atmosphere and surfaces to be coated as will cause 
evaporation rather than condensation. 
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B. During coating and for a period of at least 8 hours after the coating has been applied, the 
temperature of the surface and the atmosphere shall be maintained at a minimum of 5 degrees 
above the dew point. 

C. Provide environmental controls such as heaters and/or dehumidification if atmospheric 
requirements as specified in this Section are not met or workdays are lost due to weather. 

D. Supply ventilation if the cure time of the coating is slowed by the presence of coating or solvent 
vapor. 

1.08 CONTAINMENT 

A. Containment shall conform to SSPC-Guide 6. Level of containment shall be as specified to 
capture debris, contain dust, protect from adverse weather, and provide means to control ambient 
conditions, and shall be as specified for the material and service conditions in the COATSPEC. 

B. If containment is not required, do not spray apply coatings if wind velocity is above 15 mph or in 
any condition which could cause paint spray to drift to adjacent property. The Contractor is 
responsible for any damage resulting from surface preparation or painting operations.  

SSPC-GUIDE 6- TABLE A 

COMBINATIONS OF CONTAINMENT AND VENTILATION SYSTEMS COMPONENTS 

Containment 
Classification CONTAINMENT SYSTEM (5.3 of Guide) VENTILATION (5.4 of Guide) 

 5.3.1   
Containment 

Materials 

5.3.2    
Penetrability 

5.3.3       
Support 
Structure 

5.3.4       
Joints 

5.3.4     
Joints 

5.3.5  
Entry way 

5.4.1   
Make-up  

5.4.2      
Input 
Air 

Flow 

5.4.3         
Air 

Pressure 

5.4.4        
Air 

Movement 

5.4.5       
Exhaust 

Dust 
Filtration 

   

   

  

    
 

Class 1A 
 

B1-Air          
Impenetrable 

C1-Rigid    
C2-
Flexible 

D1-Full 
Seal      

D1-
Full 
Seal      

E1-Airlock 
E2-
Resealable 

F1-
Contolled      

G1-
Forced     
G2-
Natural   

H1-
Instrument 
Verification    
H2-Visual 
Verification 

I1-
Minimum 
Specified     

J1-Air 
Filtration  

Class 2A A1-Rigid          
A2-Flexible 

B1-Air          
Impenetrable 

C1-Rigid    
C2-
Flexible 

D1-Full 
Seal   

D1-
Full 
Seal   

E2-
Resealable 
E3-
Overlap 

F1-
Controlled   
F2-Open 

G1-
Forced     
G2-
Natural  

H2-Visual 
Verification 

I1-
Minimum 
Specified   

J1-Air 
Filtration 

Class 3A 
A1-Rigid          
A2-Flexible 

B1-Air 
Impenetrable    
B2-Air 
Penetrable 

C1-Rigid    
C2-
Flexible 

D1-Full 
Seal D2-
Partial 
Seal 

D1-
Full 
Seal 
D2-
Partial 
Seal 

E4-Open 
Seam 

F1-
Controlled   
F2-Open 

G1-
Forced     
G2-
Natural 

H3-Not 
required         

l2-Not 
specified 

J1-Air 
Filtration 

Class 4A A1-Rigid          
A2-Flexible B1-Air 

Impenetrable    
B2-Air 
Penetrable 

C3-
Minimal 

D2-
Partial 
Seal 

D2-
Partial 
Seal 

E4-Open 
Seam 

F2-Open G2-
Natural 

H3-Not 
required 

l2-Not 
specified 

J2-No 
Controls 
on 
Exhaust 

Note 1: The information in this table is provided for guidance only and does not guarantee that any 
specific levels of containment will be achieved by following the suggestions. The type of structure, 
wind conditions, soundness of the materials of construction, and many other factors play a role in 
containing dust and debris. 

Note 2: The table occasionally identifies two options for a given component. For example, containment 
materials (5.3.1) are shown as being either rigid or flexible. If the specifier requires the use of rigid 
materials only, this restriction must be specified separately. 

Note 3: The design suggestions made in this table are based on the use of open abrasive blast cleaning 
inside containment. The classifications are ordered from the greatest degree of dust and debris 
containment (Class 1A). Normally, the higher the degree of containment, the higher the costs. 

Note 4: Many other combinations of the components beyond those suggested above can be used to 
provide similar results. The method preparation can also be adjusted to reduce or eliminate dust 
emissions. 

Note 5: Certain combinations of components within which each class may not be suitable when removing 
hazardous paints (e.g., forced air input in combination with penetrable containment materials in 
Class 3A). 
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Note 6: When designing a ventilation system, care must be taken to balance the static pressure with the 
input air flow to avoid collapsing the containment due to high negative pressure. 

1.09 WARRANTY 

A. For the Work of this Section, provide all warranties as described in the General Conditions 00700, 
and special warranties as specified in the Technical Specifications. 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Standardization:  
1. Materials, supplies, and articles provided shall be the standard products of manufacturers.  

Coatings in a particular system shall be the products of a single manufacturer. 
2. The standard products of manufacturers other than those specified may be accepted when it 

is demonstrated that they are equal in composition, durability, usefulness, and convenience 
for the purpose intended.  Requests for substitutions will be considered when submitted per 
Section 01300 provided the following minimum conditions are met: 
a. The proposed coating system shall use an equal or greater number of separate coats to 

achieve the required dry film thickness. 
b. The proposed coating system shall use coatings of the same generic type. The directions 

for application and descriptive literature which includes generic type, non-volatile content 
by volume, material safety data sheets, VOC's by grams per liter, and other information 
confirms that the substitution is equal to the specified coating system. 

c. Certified laboratory data sheets showing the results of complete spectrographic and 
durability tests performed on the proposed substitute. Tests shall be performed by a 
laboratory which conforms to the provisions of ASTM E329 and which shall be a member 
of the American Council of Independent Laboratories. 

B. All coating materials shall not contain benzene, exceed 150 grams per liter of volatile organic 
compounds (VOC), or be lead containing. 

C. Blasting material shall meet MIL-A-22262A(SH) and shall be arsenic-free and contain no free 
silica.  Blasting material shall not be reused. The Contractor is responsible for removing and 
legally disposing of the spent blasting material from the job site.  The Contractor shall provide a 
copy of total characteristic leaching procedure (TCLP) results of the spent blast material to the 
Project Representative prior to Final Acceptance of the work.   

D. Nonskid additive shall be 20 to 40 mesh alumina oxide unless alternate non-skid media is 
recommended by the manufacturer. 

2.02 EQUIPMENT 

A. The Contractor is responsible for ensuring that all King County equipment including mechanical 
working parts and/or moving parts within the work area are protected from damage. Protection of 
equipment will be coordinated with the Project Representative.  

PART 3  EXECUTION 

3.01 PREPARATION 

A. General: 
1. Surfaces to be coated shall be clean. Before applying coating, oil and grease shall be 

removed per SSPC SP-1. All dirt, rust, loose mill scale, old weathered coatings, and other 
foreign substances shall be cleaned according to the SSPC standards specified in the 
COATSPEC. Oil and grease shall be removed before mechanical cleaning is started. Where 
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mechanical cleaning is accomplished by blast cleaning, the abrasive used shall be washed, 
graded, and free of contaminants, which might interfere with the adhesion of the coatings. 

2. Clean cloths and clean fluids shall be used in solvent cleaning. Cleaning and coating shall be 
scheduled so that dust and spray from the cleaning process will not fall on wet, newly coated 
surfaces. Ensure that field coating is compatible with factory applied or existing coatings.  

B. Metallic surfaces:  
1. Metallic surfaces shall be prepared in accordance with applicable portions of surface 

preparation specifications of the SSPC. Specific applicable standards are specified in each 
coating system. The solvent in solvent cleaning operations shall be as recommended by the 
manufacturer. 

2. Preparation of metallic surfaces shall be based upon comparison with SSPC-VIS-1-67T, or 
as described herein. To facilitate inspection on the first day of sandblasting operations, 
sandblast metal panels to the standards specified.  Plates of light metal steel shall measure a 
minimum of 8-1/2 inches x 11 inches. Panels meeting the requirements of the Specifications 
shall be initialed by the Contractor and the Project Representative and coated with a clear 
non-yellowing finish. One of these panels shall be prepared for each type of sandblasting and 
shall be used as the comparison standard throughout the work. 

3. Profile of blasted surfaces of new steel or previously coated steel shall be per the 
manufacturer's recommendation for each coating system but be no less than two mils.  
Tightly adhered, existing coating remaining on surface following SSPC SP-7, cleaning shall 
have a minimum surface profile of 2 mils. 

4. Surface preparation for aluminum, copper, brass, and stainless steel shall be as specified for 
the coating in the COATSPEC. 

5. Surface preparation for galvanized metal shall include a pressure wash with a cleaning 
solution recommended by the coating manufacturer, mixed and rinsed with 160 degree water 
and applied at 2500 psi. When the surface is dry, prepare for coating application by providing 
a cleaning per SSPC SP-7. Alternative surface preparation methods shall be per the 
manufacturer’s written direction for profile and surface cleanliness for the given application.   

6. Areas not accessible or appropriate for blast cleaning may be hand or power tool cleaned 
with written approval of the Project Representative. 

C. Concrete, masonry and plaster surfaces: 
1. Surfaces which are to be coated shall be allowed to age for at least 28 days or longer  to dry 

to the moisture content recommended by the coating manufacturer. Moisture content shall be 
tested per ASTM D4263. The presence of moisture indicates additional cure time will be 
required. Retest as required until concrete is sufficiently dry for coating. 

2. Muriatic acid solution shall not be used. 
3. Loose concrete and laitance shall be removed by blasting and chipping. Voids and cracks 

shall be repaired as specified in Section 03300. When repair work in Section 03300 is 
complete, prepare the surface per the following:  
a. Concrete floors shall be prepared with “blast track” style equipment or an Approved Equal  
b. All concrete surfaces shall be inspected per SSPC SP-13 to ICRI Technical Guideline 

#310.2-1997 and per the manufacturer’s recommendations.  
4. Surfaces shall be dry and clean and free from grit, loose plaster, and surface irregularities. 
5. Cracks and holes shall be repaired with acceptable patching materials, keyed to existing    

surfaces, and sanded smooth. Surfaces may require additional repair to provide a smooth 
surface prior to application of final coat.   

6. The pH of the surface shall register a '7', which indicates a neutral surface condition, before 
coating is applied. If indicator reads above '7', the alkali shall be neutralized. 

7. Surfaces shall be cleaned with clear water by washing and scrubbing to remove foreign and 
deleterious substances. 

8. Steam cleaning shall be used to clean wall surfaces of existing process channels, structures 
and tanks to be coated.   

D. Plastic surfaces: 
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1. Clean with solvent compatible with the specified primer and hand sanded with a medium grit 
sandpaper to provide sufficient profile for the coating system. Large areas may be power 
sanded or brush off blasted provided sufficient controls are employed so the surface is 
roughened without removing excess material. 

3.02 APPLICATION 

A. Workmanship: Coating shall be conducted in accordance with the requirements of SSPC, Good 
Painting Practice, Volume 1. 
1. Coated surfaces shall be free from runs, drips, ridges, waves, laps and brush marks. Coats 

shall be applied so as to produce an even film of uniform thickness. 
2. Coating equipment shall be designed for application of the materials specified.   

a. Compressors shall have traps and filters to remove water and oils.   
b. Spray equipment shall be equipped with mechanical agitators, pressure gages, and 

pressure regulators, and spray nozzles of the proper sizes and functioning in a manner 
suitable to perform the work. 

3. Each coat of paint shall be applied evenly and sharply cut to line.   

B.  Coating properties, mixing, and thinning: 
1. Coating shall provide a satisfactory film with smooth even surface. Glossy undercoats shall 

be lightly sanded to provide a surface suitable for the proper application and adhesion of 
subsequent coats. Orange Peel, overspray, pinholes and other surface defects shall be 
repaired.  

2. Coating shall be thoroughly stirred, strained, and kept at a uniform consistency during 
application.  

3. Coatings shall be mixed in accordance with the manufacturer's instructions.  

C. Method of coating application: 
1. Prime coatings may be shop or field applied. Shop-applied primer shall be as specified in 

each system. 
2. Provide mechanical equipment, including, but not limited to, pumps, valves, pipe, blowers, 

fittings, and miscellaneous appurtenances, with shop-applied primer and shop-applied finish 
coats. 

3. If the shop coating meets the requirements of this Section, the field coating may consist of 
touching up the shop prime coat to achieve the film thickness, continuity, and coating 
specified in the COATSPEC. Damaged and poorly applied shop coatings that do not meet 
the specified requirements shall be removed, surface prepared, and then recoated in 
accordance with the COATSPEC. 

4. Where two or more coats are required, alternate coats shall contain sufficient compatible 
color additive to act as indicator of coverage or the alternate coats shall be of contrasting 
colors. 

5. Mechanical equipment on which the manufacturer's shop-applied coating is acceptable shall 
be touch-up primed and coated with the specified coating system to match the color 
scheduled. 

6. Coating shall not be applied to a surface until it has been prepared as specified. 
7. A stripe coat shall be applied by brush to all edges (cut or fabricated), crevices, projections, 

nuts, bolts, pits, welds, flanges and splice plates. Subsequent coats may be either brush or 
spray applied. 

8. Where non-skid surface is scheduled, broadcast non-skid additive at 5 pounds per 30 square 
feet. Backroll on horizontal surfaces.  

D. Film thickness and continuity: 
1. Coating system thickness is the total thickness of primer and finish coats and does not 

include sealers, patching mortars or galvanized coatings. 
2. Coatings shall be applied to the thickness specified. No less than two coats shall be applied. 

E. Unsatisfactory Application: 
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1. If an item has an improper finish color or insufficient film thickness, clean surface and topcoat 
with specified paint material to obtain specified color and coverage. Obtain specific surface 
preparation information from coating manufacturer. 

2. Evidence of runs, bridges, shiners, laps, or other imperfections is cause for rejection. 
3. Repair defects in accordance with written recommendations of coating 

F. Damaged Coatings, Pinholes, and Holidays: 
1. Feather edges and repair in accordance with recommendations of paint manufacturer. 
2. Hand or power sand visible areas of chipped, peeled, or abraded paint, and feather the 

edges. Follow with primer and finish coat. Depending on extent of repair and appearance, a 
finish sanding and topcoat may be required. 

3. Apply finish coats, including touchup and damage-repair coats in a manner that will present a 
uniform texture and color-matched appearance. 

3.03 CLEANUP AND WASTE DISPOSAL 

A. At the end of each shift, remove surplus materials, protective coverings, and accumulated 
rubbish. 

B. Thoroughly clean all surfaces and repair any overspray or other paint-related damage when the 
work is complete. 

C. All solvents, unused coatings and cleaning solutions shall be removed from the site and disposed 
of legally when coating work is complete or if directed by the Project Representative.  

D. Prepare a Waste Disposal Plan to demonstrate all waste material is to be properly disposed. 
1. The Contractor is the generator of all waster materials generated by their business activities. 
2. The Contractor is responsible for properly managing and disposing of waste materials in 

accordance all applicable laws and regulations. 
3. Develop a Waste Disposal Plan to document waste types and quantities generated and their 

disposition. 
4. Appoint an employee who is qualified and authorized to enforce proper waste disposal and 

document the disposal 

3.04 PROTECTION 

A. Where protection is provided for coated surfaces, such protection shall be preserved in place until 
the coating film has properly dried and the removal of the protection is authorized by the Project 
Representative. Items which have been coated shall not be handled, worked on, or otherwise 
disturbed, until the coating is completely dry and hard. 

B. Hardware, electrical fixtures, nameplates, shims and similar accessories shall be removed or 
masked during preparation and coating operations or shall otherwise be satisfactorily protected.  
Equipment adjacent to walls shall be disconnected and moved to permit cleaning and coating of 
equipment and walls and, following coating, shall be replaced and reconnected. Any removal or 
disconnecting of equipment shall be coordinated with the Project Representative. 
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3.05 MANUFACTURER'S SERVICES 

A. Coating manufacturer's representative shall be present at site as follows: 
1. 1. On first day of application of any coating system. 
2. 2. A minimum of three additional site inspection visits, each for a minimum of 4 hours, in 

order to provide Manufacturer's Certificate of Proper Installation. 
3. 3. As required to resolve field problems attributable to or associated with manufacturer's 

product. 
4. 4. To verify full cure of coating prior to coated surfaces being placed into immersion service. 

3.06 COATING SYSTEMS 

A. Surfaces to be coated, surfaces not to be coated, coating systems to be used, and required 
finishes and colors are specified in Section 09901. 

3.07 COATING SYSTEM SPECIFICATION SHEET - COATSPEC 

A. Coating Systems specified for use appear on the following pages. Each of the Coating Systems 
and their requirements appear on individual pages. 

 A-1 
Coating Material: High Build Epoxy 
Surfaces: Metal  
Service Condition: Immersed, non-potable, corrosive environment.  
Surface Preparation:  
     Ferrous Metal: 1.  Ferrous metal surfaces shall be prepared in accordance with 

SSPC SP-5. 
 2.  Shop primed surfaces which are to be incorporated in the work 

shall be prepared in the field by cleaning all surfaces in accordance 
with SSPC SP-2. Damaged shop coated areas shall be cleaned in 
accordance with SSPC SP-11 and recoated with the primer specified.  
Previously-coated surfaces shall be feathered in at the edges. 
3.  Shop primed surfaces shall receive light abrasive blasting prior to 
application of finish coats. 

    Non-Ferrous and  
    Galvanized Metal: 

1.  Surface preparation for non-ferrous and galvanized metal shall 
include a pressure wash with a cleaning solution recommended by 
the coating manufacturer, mixed with 160 degree water and applied 
at 2500 psi. Rinse with 160 degree water, 2500 psi. When the 
surface is dry, prepare for coating application by providing a SSPC 
SP-7. Alternative surface preparation methods shall be per the 
manufacturer’s written direction for profile and surface cleanliness for 
the given application.   

 Inspection Check Points: 1. Anchor profile: Anchor profile of an abrasively blasted surface shall 
be tested using Testex tape per ASTM D4417. 
2. Holiday testing: Perform for the entire coating per NACE RP-0188 
in the presence of the Project Representative. All holidays to be 
repaired. 
3. Surface preparation: Shall be inspected and approved by the 
Project Representative prior to application of the coating. 
4. Adhesion: Perform adhesion tests per ASTM D3359. 

Application: Shop or field. 
 

     General: Drying time between coats shall be specified by the manufacturer for 
the site conditions. 

Inspection Check points: Check points 1 through 9 apply. 
System Thickness: 16 mils dry film minimum. 
Level of Containment: See 1.08. 
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Coatings:  
     ALTERNATIVE 1  
          Primer: One coat of Devoe's Bar Rust 233H Low VOC Epoxy 
          Stripecoat: One coat of Devoe’s Bar Rust 233H Low VOC Epoxy 
          Intermediate: 
          Finish: 

One coat of Devoe’s Bar Rust 233H Low VOC Epoxy 
One or more coats of Devoe's Bar Rust 233H Low VOC Epoxy 

  
     ALTERNATIVE 2  

 
          Primer: One coat of Sherwin Williams’ Macropoxy 646-100. 
          Stripecoat: 
          Intermediate:                

One coat of Sherwin Williams’. Macropoxy 646-100 
One coat of Sherwin William’s Macropoxy 646-100 

          Finish: One or more coats of Sherwin Williams’ Macropoxy 646-100 
     ALTERNATIVE 3  

 
          Primer: One coat of Tnemec's Series L69 Epoxoline. 
          Stripecoat: 
          Intermediate: 

One coat of Tnemec’s Series L69 Epoxoline  
One coat of Tnemec’s Series L69 Epoxoline  

          Finish: One or more coats of Tnemec's Series L69 Epoxoline  
    ALTERNATIVE 4 
 

 

          Primer:  One coat of Kelly Moore’s Gulf Coast PC-517 
          Stripecoat:  One coat of Kelly Moore’s Gulf Coast PC-517 
          Intermediate:  One coat of Kelly Moore’s Gulf Coast PC-517 
          Finish:  One or more coats of Kelly Moore’s Gulf Coast PC-517 
    ALTERNATIVE 5 
 

 

          Primer:   One coat of Ameron’s Amerlock 2 VOC 
          Stripecoat:   One coat of Ameron’s Amerlock 2 VOC 
          Intermediate:   One coat of Ameron’s Amerlock 2 VOC 
          Finish:   One or more coats of Ameron’s Amerlock 2 VOC 
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Coating System 
Identification 

A-2 
 
 

Coating Material: High Build Epoxy. 
 

Surfaces: Concrete, masonry, plaster. 
 

Service Condition: Immersed, non-potable, corrosive environment. 
 

Surface Preparation: For concrete, masonry and plaster. 
 

      Surfaces shall be allowed to age for at least 28 days and allowed to 
dry to the moisture content recommended by the coating 
manufacturer. Moisture content will be tested by the Contractor and 
witnessed by the Project Representative. Loose concrete, form oils, 
surface hardeners, curing compounds, and laitance shall be 
removed from surfaces and voids and cracks shall be repaired per 
Section 03300. When repair work in Section 03300 is complete, 
prepare concrete per SSPC SP-13 to ICRI Technical Guideline 
#310.2-1997. Holes or other joint defects shall be filled with mortar 
and re-pointed. Loose or splattered mortar shall be removed by 
scrapping and chipping. 

 Surfaces shall be cleaned with clear water by washing and scrubbing 
to remove foreign and deleterious substances. Muriatic acid shall not 
be used. After cleaning, apply skim coat of specified patching mortar 
to 100% of the surface to repair bugholes, other imperfections and 
provide a monolithic surface. 
 

     Application: 1.  Field.   
 2.  Patching mortar shall dry a minimum of 48 hours prior to primer 

application. 
 3.  Prime coat shall be applied as recommended by the coating 

manufacturer, provided the coating as applied complies with 
prevailing air pollution control regulations. 

 4.  Drying time between coats shall be as recommended by coating 
manufacturer. 
 

Inspection Check points: Check points 1 through 10 apply. 
System Thickness: 16 mils dry film, excluding patching mortar. 
Level of Containment: See 1.08. 
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Coatings:  
        ALTERNATIVE 1 
                

 

               Patching Mortar:      One or more coats of Devoe’s 145 Epoxy Filler. Note that epoxy filler 
shall be applied after application of primer. 

               Primer: One coat of Devoe's Pre-Prime 167, applied at 3 mils wet film. 
               Finish: One or more coats of Devoe's Bar Rust 233H Low VOC Epoxy, 

applied at 5 mils wet film each coat. 
        ALTERNATIVE 2 
                

   
 

               Patching Mortar:    One or more coats of Sherwin Williams’ Steel Seam FT910.. 
               Primer: One coat of Sherwin Williams’ Macropoxy 646-100, applied at 10 

mils wet film. 
               Finish: One or more coats of Sherwin Wiliams’ Macropoxy 646-100, applied 

at 10 mils wet film each coat. 
      ALTERNATIVE 3  
         
               Patching Mortar: 

   
One or more coats of Tnemec’s Series 215 

               Primer: One coat of Tnemec's Series 27WB Typoxy, applied at 9 mils wet 
film. 

               Finish: One or more coats Tnemec's Series L69  Epoxoline , applied at 9 
mils wet film each coat. 

 
     ALTERNATIVE 4           

   

  
              Patching mortar: One or more coats of Kelly Moore’s KM-615 
              Primer: One coat of Kelly Moore’s Gulf Coast PC-517 applied at 9 mils wet 

film. 
              Finish: 
 

One or more coats of Kelly Moore’s Gulf Coast PC-517 applied at 9 
mils wet film each coat. 
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 B-1 
Coating Material: Epoxy 
Surfaces: Metal  
Service Condition: Interior 
Surface Preparation:  
     Ferrous Metal: 1.  Ferrous metal surfaces shall be prepared in accordance with 

SSPC SP-5. 
 2.  Shop primed surfaces which are to be incorporated in the work 

shall be prepared in the field by cleaning all surfaces in accordance 
with SSPC SP-2. Damaged shop coated areas shall be cleaned in 
accordance with SSPC SP-11 and recoated with the primer specified.  
Previously-coated surfaces shall be feathered in at the edges. 

 3.  Shop primed surfaces shall receive light abrasive blasting prior to 
application of finish coats. 
 

    Non-Ferrous and  
    Galvanized Metal: 

1.  Surface preparation for non-ferrous and galvanized metal shall 
include a pressure wash with a cleaning solution recommended by 
the coating manufacturer, mixed with 160 degree water and applied 
at 2500 psi. Rinse with 160 degree water, 2500 psi. When the 
surface is dry, prepare for coating application by providing a SSPC 
SP-7. Alternative surface preparation methods shall be per the 
manufacturer’s written direction for profile and surface cleanliness for 
the given application   

 Inspection Check Points: 1. Anchor profile: Anchor profile of an abrasively blasted surface shall 
be tested using Testex tape per ASTM D4417. 
2. Holiday testing: Perform for the entire coating per NACE RP-0188 
in the presence of the Project Representative. All holidays to be 
repaired. 
3. Surface preparation: Shall be inspected and approved by the 
Project Representative prior to application of the coating. 
4. Adhesion: Perform adhesion tests per ASTM D3359. 
 

Application: Shop or field. 
     General: Drying time between coats shall be specified by the manufacturer for 

the site conditions. 
Inspection Check points: Check points 1 through 9 apply. 
System Thickness: 8 mils dry film minimum. 
Level of Containment: See 1.08. 
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Coatings:  
 

     ALTERNATIVE 1  
 

          Primer: One coat of Devoe's Bar Rust 233H Low VOC Epoxy 
          Stripecoat: One coat of Devoe’s Bar Rust 233H Low VOC Epoxy 
          Finish: One or more coats of Devoe's Bar Rust 233H Low VOC Epoxy 
  
     ALTERNATIVE 2  

 
          Primer: One coat of Sherwin Williams’ Macropoxy 646-100. 
          Stripecoat: One coat of Sherwin Williams’ Macropoxy 646-100. 
          Finish: One or more coats of Sherwin Williams’ Macropoxy 646-100. 
     ALTERNATIVE 3  

 
          Primer: One coat of Tnemec's Series 1 Omnithane  
          Stripecoat: One coat of Tnemec’s SeriesL69 Epoxoline 
          Finish: One or more coats of Tnemec's Series L69 Epoxoline  
      ALTERNATIVE 4 
 

 

          Primer:  One coat of Kelly Moore’s Sierra S-50/51 WB Epoxy  
          Stripecoat:  One coat of Kelly Moore’s Sierra S-50/51 WB Epoxy 
          Finish:  One or more coats of Kelly Moore’s Sierra S-50/51 WB Epoxy  
    ALTERNATIVE 5 
 

 

         Primer:   One coat of Carboline’s Carboguard 890 VOC 
         Stripecoat   One coat of Carboline’s Carboguard 890 VOC 
         Finish:   One or more coats of Carboline’s Carboguard 890 VOC 
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Coating System 
Identification 

B-2 
 
 

Coating Material: Epoxy. 
 

Surfaces: Concrete, masonry, plaster. 
 

Service Condition: Interior. 
 

Surface Preparation: For concrete, masonry and plaster. 
 

      Surfaces shall be allowed to age for at least 28 days and allowed to 
dry to the moisture content recommended by the coating 
manufacturer. Moisture content will be tested by the Contractor and 
witnessed by the Project Representative. Loose concrete, form oils, 
surface hardeners, curing compounds, and laitance shall be 
removed from surfaces and voids and cracks shall be repaired per 
Section 03300. When repair work in Section 03300 is complete, 
prepare concrete per SSPC SP-13 to ICRI Technical Guideline 
#310.2-1997 Holes or other joint defects shall be filled with mortar 
and re-pointed. Loose or splattered mortar shall be removed by 
scrapping and chipping. 
 

 Surfaces shall be cleaned with clear water by washing and scrubbing 
to remove foreign and deleterious substances. Muriatic acid shall not 
be used. After cleaning, apply skim coat of patching mortar specified 
to 100% of the surface to repair bugholes and other imperfections 
and provide a monolithic surface. 
 

     Application: 1.  Field.   
 2.  Patching mortar shall dry a minimum of 48 hours prior to primer 

application. 
 3.  Prime coat shall be thinned and applied as recommended by the 

coating manufacturer, provided the coating as applied complies with 
prevailing air pollution control regulations. 

 4.  Drying time between coats shall be as recommended by coating 
manufacturer. 
 

Inspection Check points: Check points 1 through 10 apply. 
System Thickness: 10-12 mils dry film, excluding patching mortar. 
Level of Containment: See 1.08. 
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Coatings:  
 

        ALTERNATIVE 1 
 
               Patching Mortar: 

 
 
One or more coats of Devoe’s 145 Epoxy Filler. Note that epoxy filler 
shall be applied after application of primer 

               Primer: One coat of Devoe's Bar Rust 233H Low VOC Epoxy, applied at 5 
mils wet film. 

               Finish: One or more coats of Devoe's Bar Rust 233H Low VOC Epoxy, 
applied at 5 mils wet film each coat. 

        ALTERNATIVE 2 
 
               Patching Mortar: 

 
 
One or more coats of Sherwin Wiliams’Steel Seam FT910.   

               Primer: One coat of Sherwin Williams’ Macropoxy 646-100, applied at 10 
mils wet film. 

               Finish: One or more coats of Sherwin Wiliams’ Macropoxy 646-100, applied 
at 10 mils wet film each coat. 

        ALTERNATIVE 3 
 
               Patching Mortar: 

   
 
One or more coats of Tnemec’s Series 215. 

               Primer: One coat of Tnemec's Series 27 WB Typoxy , applied at 9 mils wet 
film. 

               Finish: One or more coats Tnemec's Series L69 Epoxoline, applied at 9 mils 
wet film each coat. 

  
       ALTERNATIVE 5 
 
              Patching Mortar: 
              Primer: 
 
              Finish:                  
 
       ALTERNATIVE 6 
 
             Patching Mortar: 
             Primer:  
 
             Finish:      

 
 
One or more coats of Carboline’s Carboguard 510 
One coat of Carboline’s Carboguard 890 VOC applied at 5 mils wet 
film. 
One or more coats of Carboline’s Carboguard 890 VOC applied at 5 
mils wet film each coat. 
 
 
One or more coats of Kelly Moore’s KM-615.. 
One coat of Kelly Moore’s Sierra S-50/51 WB Epoxy applied at 5 
mils wet film. 
One coat of Kelly Moore’s Sierra S-50/51 WB Epoxy applied at 5 
mils wet film each coat. 
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Coating System 
Identification: 

B-3 
 
 

Coating Material: Epoxy 
 

Surfaces: Aluminum. 
 

Service Condition: Interior; exterior, where aluminum is in contact with concrete or 
dissimilar metals. 
 

Surface Preparation: Surface preparation for nonferrous and galvanized metal shall 
include a pressure wash with a cleaning solution recommended by 
the coating manufacturer, mixed with 160 degree water and applied 
at 2500 psi. Rinse with 160 degree water 2500 psi. When the 
surface is dry, prepare for coating application by providing a SSPC 
SP-7. See Preparation paragraph within this Section for alternative 
methods. 
 

Inspection Check points: Check points 1 through 9 apply. 
Application: Shop or field. 

 
Coatings:  

 
     ALTERNATIVE 1  

 
          Primer: One coat of Devoe’s Devran 203 WB Epoxy, 2 to 3 mils dry film. 
          Coating: One coat of Devoe’s Bar Rust 233H Low VOC Epoxy, 6 to 8 mils dry 

film thickness. 
  
     ALTERNATIVE 2  

 
          Coating: Two coats of Carboline’s Carboguard 890 VOC,  10 to 12 total mils 

dry film thickness. 
     ALTERNATIVE 3  

 
        Primer:   
 
        Coating: 

One coat of Kelly Moore’s Sierra S-70 Industrial Epoxy, 2-3 mils dry 
film thickness  
One coat of Kelly Moore’s Sierra S-50/51 WB Epoxy, 2-3 mils dry 
film thickness 
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Coating System 
Identification: 

B-4 
 
 

Coating Material: Fusion Bonded Epoxy 
 

Surfaces: Steel Dowels 
 

Service Condition: Steel expansion dowels embedded in concrete. 
 

Surface Preparation: SSPC SP-10 
 

Application: Shop 
 

General: TFE lube shall be shop applied. Grease lube alternative shall be field 
applied just prior to installation. 

System Thickness: 7 mils dry film, minimum for fusion bonded epoxy. Apply one coat of 
TFE lube or grease lube, as required to provide a slip surface. 

Coatings:  
 

     ALTERNATIVE 1  
 

          Coating: 3M Skotchkote 413, 1 or 2 coats. 
DuPont NapGuard 7-2719, 1 or 2 coats. 

          Lube: TFE liquid coating compatible with fusion bonded epoxy. 
RL 736 manufactured by Amrep, Inc., Marietta, GA. 
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Coating Systems 
Identification: 

C-1 
 
 

Coating Material: Epoxy primer, polyurethane finish, color required. 
 

Surface: Metal. 
 

Service Condition: Nonimmersed, exposure to moisture and sunlight, color required. 
Surface Preparation:  

 
     Ferrous Metal: 1.  Ferrous metal surfaces shall be prepared in accordance with 

SSPC SP-5. 
 2.  Shop primed surfaces which are to be incorporated in the work 

shall be prepared in the field by cleaning all surfaces in accordance 
with SSPC SP-2. Damaged shop coated areas shall be cleaned in 
accordance with SSPC SP-11 and recoated with the primer 
specified. Previously-coated surfaces shall be feathered in at the 
edges. 

 3.  Shop primed surfaces shall receive light abrasive blasting prior to 
application of finish coats. 
 

 Nonferrous and    
Galvanized Metal: 

Surface preparation for nonferrous and galvanized metal shall 
include a pressure wash with a cleaning solution recommended by 
the coating manufacturer, mixed with 160 degree water and applied 
at 2500 psi. Rinse with 160 degree water 2500 psi.  When the 
surface is dry, prepare for coating application by providing a SSPC 
SP-7. Alternative surface preparation methods shall be per the 
manufacturer’s written direction for profile and surface cleanliness for 
the given application   
 

Application: Shop or field. 
 

     General: Drying time between coats shall be as specified by the manufacturer 
for the site conditions. 
 

Inspection Check points: Check points 1 through 9 apply. 
System Thickness: As indicated below. 
Level of Containment: See 1.08. 
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Coatings:  
 

        ALTERNATIVE 1  
               
               Primer: 

 
One coat of Devoe's Bar Rust 233H Low VOC Epoxy applied at 4 
mils dry film. 

               Finish: One or more coats of Devoe's Devthane 379H UVA Low VOC HS 
Polyurethane, applied at 4 mils dry film. 

     System Thickness: 8 mils dry film. 
  
       ALTERNATIVE 2  

 
               Primer: One coat of Sherwin Williams’ Macropoxy 646-100, applied at 4 mils 

dry film. 
               Finish: One or more coats of Sherwin Williams’ Hi-Solids Polyurethane, 

applied at 4 mils dry film. 
     System Thickness: 7 mils dry film. 
         ALTERNATIVE 3  

 
               Primer: One coat of Tnemec’s Series 1 Omnithane  applied at 4 mils dry film. 
               Finish: One or more coats of Tnemec’s Series 750 Endura-Shield, applied 

at 4 mils dry film. 
     System Thickness: 
 
        ALTERNATIVE 4 
 
              Primer:                 
 
              Finish: 
 
    System Thickness:             

8 mils dry film. 
 
 
 
One coat of Kelly Moore’s JFB Hart HP-330 Hi-Solids Epoxy, applied 
at 10 mils dry film. 
One coat of Kelly Moore’s JFB Hart HP-105 High Performance, 
applied at 4 mils dry film. 
14 mils dry film. 
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Coating Systems 
Identification: 

C-3 
 
 

Coating Material: Modified Epoxy. 
 

Surfaces: Concrete, secondary containment: all vertical and horizontal 
surfaces within the containment area including the top of the 
containment wall. 
 
Concrete exposed to chemical leakage: pipe trenches and 
equipment pads associated with conveying the chemicals listed 
below. 

Service Condition: Chemical stored in containment or conveyed are: sodium hydroxide 
(25% concentration), ferric chloride (35-40% concentration), sodium 
hypochlorite (15% concentration), citric acid (50% concentration), 
and both liquid and dry polymers (50% concentration). 

Surface Preparation: For concrete, masonry and plaster. 
 
Allow new concrete and mortar to cure 28 days. Abrasive blast or 
mechanically abrade concrete to remove laitance, form release 
agents, curing compounds, hardeners, sealers, dirt, oil and other 
contaminants. Surfaces must be clean, dry and sound. Voids and 
cracks shall be repaired per Section 03300. When repair work in 
Section 03300 is complete, prepare concrete per SSPC SP-13 to 
ICRI Technical Guideline #310.2-1997. Following surface cleaning, 
apply skim coat of water-based cementitious patching mortar to 
entire surface to repair bugholes and other imperfections. 

General: Provide letter from manufacturer stating that the installer has notified 
the manufacturer of proposed installation and that manufacturer is in 
agreement with the intended application. 
 
Follow Manufacturer’s recommendation for crack repair and details 
at floor penetrations, wall bases, construction joints, equipment bolts, 
metal angle frames at trenches, transitions and terminations at edge 
of system, and other details specific to the structure being coated. 

Application: 1.  Field. 
2.  Patching, mortar shall dry a minimum of 48 hours prior to primer 
application. 
3.  Prime coat shall be thinned and applied as recommended by the 
coating manufacturer, provided the coating as applied complies with 
prevailing air pollution control regulations. 
4.  Drying time between coats shall be as recommended by coating 
manufacturer. 
5.  Extend coating completely under structures and equipment. 
6.  Provide continuous sealant, backing material, and joint-lining 
treatment recommended by the coating manufacturer at all 
expansion, isolation, and construction joints. 
7.  Coat over equipment anchors and base plates installed in areas 
receiving coating to maintain continuous liquidtight seal.  Provide 
written instructions for treatment of penetrations. 

Inspection Check points: Check points 1 through 10 apply. 
System Thickness: 16-20 mils dry film, excluding patching mortar. 
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Coatings:  
 

        ALTERNATIVE 1  
 

               Patching Mortar: Coating manufacturer’s recommendation. 
               Primer: One coat of Tnemec’s Series 280 Tneme-Glaze. 
               Finish: One or more coats of Tnemec’s Series 280 Tneme-Glaze. 

 
        ALTERNATIVE 2(A) For Sodium Hydroxide and Ferric Chloride 

 
               Patching Mortar: Coating manufacturer’s recommendation. 
               Primer: One coat of Ceilcote’s 664 Epoxy. 
               Finish: One or more coats of Ceilcote’s 664 Epoxy. 

 
       ALTERNATIVE 2(B) For Sodium Hypochlorite, Citric Acid, and Liquid and Dry Polymers 

 
               Patching Mortar: Coating manufacturer’s recommendation. 
               Primer: One coat of Ceilcote’s 242 Vinyl Ester. 
               Finish: One or more coats of Ceilcote’s 242 Vinyl Ester. 
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Coating System 
Identification: 

H-1 
 
 

Coating Material: Modified epoxy, or approved equivalent. 
 

Surface: Metal. 
 

Service Condition: Temperature to 600 degrees F, continuous. 
 

Surface Preparation: Metal surfaces shall be prepared in accordance with SSPC SP-10 
(Near White Metal Blast Cleaning). 
 

Inspection Check points: Check points 1 through 9 apply. 
Application: 1.  Field 
 2.  Curing as required by coating manufacturer. 

 
Coatings:  

 
      ALTERNATIVE 1 One coat of International’s Intertherm 601. 

 
     System Thickness: 4-6 mils dry film, minimum. 

 
     ALTERNATIVE 2 Or equal as approved by the Project Representative. 
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Coating System 
Identification: 

J-1 
 
 

Coating Material: Water-based Semi-gloss enamel. 
 

Surfaces: Concrete or masonry. 
 

Surface Preparation:  
 

     Concrete: Concrete surfaces shall be allowed to age for at least 28 days and 
allowed to dry to the moisture content recommended by the coating 
manufacturer. Moisture content will be tested by the Contractor and 
witnessed by the Project Representative per ASTM D4263, or 
approved equal. Loose concrete, form oils, surface hardeners, curing 
compounds, and laitance shall be removed from surfaces by 
sandblasting and chipping, voids and cracks shall be repaired per 
Section 03300. When repair work in Section 03300 is complete, 
prepare the concrete per SSPC SP-13 to ICRI Technical Guideline 
#310.2-1997. 

     Masonry: 1.  Masonry surfaces shall be allowed to age for at least 28 days.  
Holes or other joint defects shall be filled with mortar and re-pointed.  
Loose or splattered mortar shall be removed by scrapping and 
chipping. 

 2.  Masonry surfaces shall be cleaned with clear water by washing 
and scrubbing to remove foreign and deleterious substances. 

 3.  Muriatic acid shall not be used. After cleaning, masonry surfaces 
shall be cleaned and filled with block filler compatible with the 
specified primer. Sealer shall be applied as recommended by the 
coating manufacturer. 

 Application: 1.  Field. 
                                               2.  Sealer or filler shall dry a minimum of 48 hours prior to application 

of prime coat. 
 3.  Prime coat shall be thinned and applied as recommended by the 

coating manufacturer, provided the coating as applied complies with 
prevailing air pollution control regulations. 

Inspection Check points: Check points 1 through 10 apply. 
System Thickness: 5 mils dry film, minimum. 
 Primer coat shall be 4 mils wet film.  Finish coat shall be 3.5 mils 

wet film each coat. 
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Coatings:  
 

     ALTERNATIVE 1  
 

          Primer: One coat of ICI Paints’ 3210 – 1200 Ultrahide Gripper Acrylic. 
          Finish: Two coats of ICI Paint’s Dulux 1506 Advanced Alkyd WB  Semigloss 

Enamel. 
     ALTERNATIVE 2  

 
          Primer: One coat of Rodda’s 501601 Acrylic Primer 
          Finish: Two coats of Rodda’s 548901 Metal Master DTM  Enamel. 
     ALTERNATIVE 3  

 
          Primer: One coat of Sherwin Williams’ Loxon Conditioner A24-100. 
          Finish: One or more coats Sherwin Williams’ DTM Alkyd Enamel B55. 
     ALTERNATIVE 4  

 
          Primer: One coat of Tnemec’s Series 27 WB Typoxy 
          Finish: Two coats Tnemec’s Series 1029 Enduratone 
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Coating System 
Identification: 

J-2 

 
Coating Material: Water-based Semi-gloss enamel. 

 
Surfaces: 1.  All exposed surfaces of cast iron and steel piping inside buildings 

or tunnels and above grade outdoors, including valves, fittings, 
flanges, bolts, supports and accessories therefore, and including 
galvanized surfaces after proper priming. 

 2.  All exposed surfaces of electrical conduit inside buildings (except 
banks of conduits in multiple layers hung from ceilings), including 
fittings, boxes, supports, and accessories therefore, after proper 
priming. 
 

Service Condition: Interior/Exterior Metal 
 

Surface Preparation:  
 

     Ferrous Metal: 1.  Ferrous metal surfaces shall be prepared in accordance with 
SSPC SP-10. 

 2.  All shop primed surfaces which are to be incorporated into the 
work shall be inspected in the field by the Project Representative 
prior to all surface preparation. Damaged shop coating and ferrous 
metal with bleeding surfaces shall receive a SSPC SP-7 and 
recoated with specified primer prior to the application of finish coats. 
 

    Non-Ferrous and  
    Galvanized Metal: 

1.  Surface preparation for non-ferrous and galvanized metal shall 
include a pressure wash with a cleaning solution recommended by 
the coating manufacturer, mixed with 160 degree water and applied 
at 2500 psi. Rinse with 160 degree water, 2500 psi. When the 
surface is dry, prepare for coating application by providing a SSPC 
SP-7. Alternative surface preparation methods shall be per the 
manufacturer’s written direction for profile and surface cleanliness for 
the given application   

Application: Shop or field. 
 

 Shop-applied coat shall be a minimum of 3 dry mils or 1 mil above 
the maximum blast profile, whichever is greater. 
 

General: Drying time between coats shall be as specified by the manufacturer 
for the site conditions.  
 

     Ferrous, Nonferrous and 
Galvanized Metal: 

Prime coat shall be the primers specified. 
 
 

Inspection Check points: Check points 1 through 9 apply. 
System Thickness: 5 mils dry film, minimum. 
Level of Containment: See 1.08. 
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Coatings: 
 

 
        ALTERNATIVE 1  

 
               Primer: One coat of ICI Paints’  Devran 203 Galvanized Metal Primer 
               Finish: One or more coats of ICI Paints’ Dulux 1506 Advanced Alkyd WB 

Semi-Gloss  Enamel. 
        ALTERNATIVE 2    

 
               Primer: One coat of Sherwin Williams’ Kem Kromik Universal Metal Primer. 
               Finish: One or more coats of Sherwin Williams’ DTM Alkyd Enamel B55. 

        ALTERNATIVE 3 
   
 

               Primer: One coat of Tnemec’s Series 27 WB Typoxy Primer. 
               Finish: 
 
      ALTERNATIVE 4 
              Primer: 
              Finish: 

One or more coats of Tnemec’s Series 1029 Enduratone 
 
 
One coat of Rodda’s 70329 Ecologic Rustex Primer 
One coat of Rodda’s 548901 Metal Master DTM Enamel 
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Coating System 
Identification: 

J-3 

 
Coating Material: Water reducible epoxy. 

 
Surfaces: Concrete floors, interior. 

 
Service Condition: Traffic area, some standing water. 

 

Surface Preparation:  

 
     New Concrete: Concrete surfaces shall be allowed to age for at least 28 days and 

allowed to dry to the moisture content recommended by the coating 
manufacturer. Moisture content shall be tested by the Contractor and 
witnessed by the Project Representative in accordance with ASTM 
D4263, or approved equal. Loose concrete, form oils, surface 
hardeners, curing compounds and laitance shall be removed.  
Surface shall be cleaned by steam cleaning and abraded with a 
“blastrac”. Voids and cracks shall be repaired. 
 

     Existing Concrete: Loose concrete, form oils, surface hardeners, curing compounds and 
laitance shall be removed. Surface shall be cleaned by steam 
cleaning and abraded with a “blastrac”. Voids and cracks shall be 
repaired. 
 

Application: Field. 

 
     General: Follow manufacturer's instructions for mixing and "sweat-in" time. 

 
Inspection Check points: Check points 1 through 10 apply. 
System Thickness: Two coats at 5 mils wet film each. 

 

Color: 
East Division shall be gray. 
West Division shall be clear. 
 

Coatings: 
 

 
     ALTERNATIVE 1 Two coats of Devoe’s Devfloor 506H WB Epoxy.(clear)or 

Two coats of Devoe’s 4426/4428 TruGlaze WB Epoxy (pigmented) 
     ALTERNATIVE 2 
 
     ALTERNATIVE 3 

Two coats of Rodda’s Rustoleum Sierra Performance S40 Epoxy 
 
Two coats of Carboline’s Sanitile 555 
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Coating System 
Identification: 

L-1 

Coating Material: Latex semi-gloss enamel. 
 

Surfaces: Concrete, masonry, plaster, gypsum board. 
 

Surface Preparation:  

 
     Concrete: Concrete surfaces shall be allowed to age for at least 28 days and 

allowed to dry to the moisture content recommended by the coating 
manufacturer. Moisture content shall be tested by the Contractor and 
witnessed by the Project Representative per ASTM D4263, or 
approved equal. Loose concrete, form oils, surface hardeners, curing 
compounds, and laitance shall be removed from surfaces by 
sandblasting and chipping, and voids and cracks shall be repaired. 
 

     Masonry: 1.  Masonry surfaces shall be allowed to age for at least 28 days.  
Holes or other joint defects shall be filled with mortar and repointed.  
Loose or splattered mortar shall be removed by scrapping and 
chipping. 

 2.  Masonry surfaces shall be cleaned with clear water by washing 
and scrubbing to remove foreign and deleterious substances. 

 3.  Muriatic acid shall not be used. After cleaning, masonry surfaces 
shall be cleaned and filled with block filler compatible with the 
specified primer. 
 

     Plaster: Plaster surfaces shall be dry and clean and free from grit, loose 
plaster and surface irregularities. Cracks and holes shall be repaired 
with acceptable patching materials, keyed to existing surfaces, and 
sandpapered smooth. Surfaces shall be cleaned with clear water by 
washing and scrubbing to remove foreign and deleterious 
substances. After cleaning, surfaces shall be sealed with a 
compatible sealer. 

 
     Gypsum Wallboard: Tape joints and spackled nail heads shall be sanded smooth and 

dusted. Seal with PVA sealer. 
 

Application:  Field. 
 Sealer or filler shall dry a minimum of 48 hours prior to primer 

application. 
 Drying time between coats shall be as recommended by the coating 

manufacturer. 
 

Inspection Check points; Check points 1 through 10 apply. 

System Thickness: 4 mils dry film, minimum 
 6 mils wet film each coat. 
 Wet mils shall be for unthinned material. 
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Coatings:  

 
     ALTERNATE 1  
          Primer: One coat of Columbia’s 00-028-PP Alkali Resistant Primer for 

concrete, block and plaster. 
          Finish: Two coats of Columbia’s 02-752-WB Interior Acrylic Semi-Gloss. 

 

     ALTERNATE 2  
          Primer: One coat of ICI Paints’ 3210 – 1200 Ultrahide Gripper Acrylic Sealer. 
          Finish: Two coats of ICI Paints’ 1416 Ultrahide Acrylic Semi-Gloss Latex 

Enamel. 
 

     ALTERNATE 3  
          Primer: One coat of Sherwin Williams’ PrepRite 200 Wall Primer B28 W200. 
          Finish: Two coats of Sherwin Williams’ Pro Mar 200 Latex Semi-Gloss B31 

W200. 
 

     ALTERNATE 3  
          Primer: One coat of Tnemec’s Series 29 Tufcryl. 
          Finish: Two coats of Tnemec’s Series 29 Tufcryl. 

 
  



Fremont Siphon Project C00762C14   COATING SYSTEMS 
May 2014    09900 - 32 

Coating System 
Identification: 

L-2 

Coating Material: Elastomeric, or approved equivalent. 
 

Surfaces: Concrete, masonry or plaster. 
 

Service Condition: Exterior, nonimmersion, severe service, salt air. 

Surface Preparation:  

 
     Concrete: Concrete surfaces shall be allowed to age for at least 28 day s and 

allowed to dry to the moisture content recommended by the coating 
manufacturer. Moisture content shall be tested by the Contractor and 
witnessed by the Project Representative per ASTM 4263, or 
approved equal. Loose concrete, form oils, surface hardeners, curing 
compounds, and laitance shall be removed from surfaces by 
sandblasting and chipping, and voids and cracks shall be repaired. 
 

     Masonry: 
1. Masonry surfaces shall be allowed to age for at least 28 days.  

Holes or other joint defects shall be filled with mortar and 
repointed. Loose or splattered mortar shall be removed by 
scrapping and chipping. 

 2. Masonry surfaces shall be cleaned with clear water by washing 
and scrubbing to remove foreign and deleterious substances. 

 1. Muriatic acid shall not be used. After cleaning, masonry surfaces 
shall be cleaned and filled with block filler compatible with the 
specified primer. 

     Plaster: Plaster surfaces shall be dry and clean and free from grit, loose 
plaster and surface irregularities. Cracks and holes shall be repaired 
with acceptable patching materials, keyed to existing surfaces, and 
sandpapered smooth. Surfaces shall be cleaned with clear water by 
washing and scrubbing to remove foreign and deleterious 
substances. After cleaning, surfaces shall be sealed with a 
compatible sealer. 

Inspection Check points: Check points 1 through 10 apply. 

Application: 1.  Field. 
 2.  Sealer or filler shall dry a minimum of 48 hours prior to primer 

application. 
 3.  Drying time between coats shall be as recommended by the 

coating manufacturer. 
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Coatings:  
     ALTERNATE 1  
          Primer: One coat of ICI Paints’ 3210–1200 Prep and Prime Acrylic Sealer, 

applied at 3 mils wet film. 
          Finish: Two coats of ICI Paints’ 2260 DecraFlex Elastromeric, applied at 16 

mils wet film each coat. 
 

     ALTERNATE 2  
          Primer: One coat of Kelly Moore’s KM 247 Acry-Shield 100% Acrylic, applied 

at 4 mils wet film thickness 
          Finish: Twp coats of Kelly Moore’s KM 1128 Kel-Seal Acrylic Terpolymer, 

applied at 8-10 mils wet film thickness each coat 
 

     ALTERNATE 3  
          Primer: One coat of Rodda’s 501801 Surfbond II Masonry Conditioner, 

applied at 2-3 mils wet film thickness 
          Finish: Two coats of Rodda’s 511301 Super Roflex Elastomeric, applied at 

15 mils wet film each coat. 
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Coating System 
Identification: 

S-1 

Coating Material: Exterior Stain. 
 

Surfaces: Concrete walls, exterior. 

Surface Preparation:  

 
     New Concrete: Concrete surfaces shall be allowed to age for at least 28 day s and 

allowed to dry to the moisture content recommended by the coating 
manufacturer. Moisture content shall be tested by the Contractor and 
witnessed by the Project Representative per ASTM D4263-83, or 
Approved Equal. Loose concrete, form oils, surface hardeners, 
curing compounds, and laitance shall be removed from surfaces by 
sandblasting and chipping, and voids and cracks shall be repaired. 
 

Application: 1.  Field, spray 

 
Mockup: Prepare and stain one section of concrete, 10 feet, at a location 

selected by the Project Representative.  Use a “step” down mockup 
as follows: 
a.  Leave one-third of the surface exposed to allow observation of 
the surface preparation. 
b.  Stain one third of the surface with the first coat only. 
c.  Stain one third of the surface with the first and second coats.   
Leave mockup in place to serve as a reference and standard for the 
remaining work. 
 

Inspection Check points: Check points 1 through 10 apply.. 

Coatings:  

 
     ALTERNATE 1 Two coats of Kelly Moore’s Rustoleum Concrete Stain 

 

     ALTERNATE 2 Or Approved Equal as approved by the Project Representative. 

END OF SECTION 
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SECTION 09901 

FINISHES AND COLORS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies finishes and colors for rooms, equipment and other items which are to be 
painted or have other architectural finishes. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: Federal Standard 595 Paint Specification.  

B. General: Unless otherwise specified, all materials and workmanship shall conform to the 
applicable requirements of Section 09900. 

C. The King County Project Representative reserves the right to reselect any color, from the 
manufactures full range of available colors, during the submittal process. In case of conflict 
between requirements of this section and the specified or listed documents, the requirements of 
this section shall prevail. 

PART 2  PRODUCTS (NOT USED) 

PART 3  EXECUTION 

3.01 GENERAL 

A. In the following schedule, the coating system for each specified surface shall comply with those 
listed in COATSPEC, Section 09900. Coat surfaces indicated on this schedule unless specifically 
noted otherwise on the Drawings or in the Specifications. Color reference numbers from Federal 
Standard 595 Paint Spec. 

B. Special Equipment Colors: Paint equipment and piping as indicated, except as itemized below: 
1. Fire Protection Equipment, Pipes and Apparatus: OSHA Red 
2. Physical hazards in normal operating area and energy lockout devices, included but not   

limited to, electrical disconnects for equipment and equipment isolation valves in air and 
liquid lines under pressure: OSHA Yellow. 

C. Electrical conduit is not painted if coated with PVC or specifically noted otherwise on the 
Drawings or in the Specifications. 

3.02 FINISH SCHEDULES 
Surfaces Service Environment Coat 

System 
Color 

Miscellaneous metal- 
equipment, exposed conduit, 
piping, utilities, etc. 

Metal in immersed, non-
potable, non-immersed 
corrosive environment 

A-1 West Division:# 36270 

Miscellaneous concrete- wet 
wells, tanks, piping, etc. 

Concrete in immersed, non-
potable, non-immersed 
corrosive environment 

A-2 West Division # 36270 

Miscellaneous metal- 
equipment, exposed conduit, 
piping, utilities, etc. 

Interior/Exterior non-
immersed, moderate 
corrosive environment, not 
exposed to sunlight 

B-1 West Division: # 34089 
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Miscellaneous concrete- dry 
wells, wash down areas 

Interior/Exterior non-
immersed, moderate 
corrosive environment, not 
exposed to sunlight 

B-2 West Division: # 33711 

Miscellaneous metal- 
equipment, exposed conduit, 
piping, utilities, handrails, 
roof flashing, exterior doors 

Interior/Exterior non-
immersed, moderate 
corrosive environment, 
exposed to sunlight, salt air, 
abrasion resistance. 

C-1 West Division: # 36270 

Concrete, secondary 
containment. Concrete 
exposed to chemical 
leakage: battery storage, 
pipe trenches and equipment 
pads associated with the 
chemicals listed.  

Chemicals stored in 
containment or conveyed  
are: sodium hydroxide (25% 
concentration), ferric chloride 
(35-40% concentration), 
sodium hypochlorite (15% 
concentration), citric acid 
(50% concentration) and 
both liquid and dry polymers 
(50% concentration) 

C-3 West Division: # 33711 

Metal exhaust manifold, 
exhaust piping 

Temperature to 600 degrees 
F, continuously 

H-1 To be selected. 

Concrete Interior /Exterior walls, mild 
service, no corrosive, 
chemical, immersion or salt 
air exposure. 

J-1 West Division: # 33711 

Metal Interior/Exterior exposed cast 
iron and steel piping, 
including supports and 
accessories, interior 
electrical conduits. 

J-2 West Division: # 33711 

Concrete floors Interior, traffic area, some 
standing water. 

J-3 West Division: # 33711 

Concrete, masonry, plaster, 
gypsum board 

Interior, mild service. L-1 West Division: # 33711 

Concrete, masonry, plaster Exterior, non-immersion, 
severe service, exposure to 
salt air or chemicals. 

L-2 West Division: # 33711 

Aluminum, including 
flashings, doors, louvers, 
frames, and site accessories 

Interior/Exterior  
Anodize 

To be selected. 

For Special Equipment Colors see 3.01B. 
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SECTION 09902 

ANTI-GRAFFITI COATING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies anti-graffiti coatings for the exterior walls of the Odor Control Facility. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are part of this Section as specified and modified. In case of a 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
SSCP-PA2 Measurement of Dry Coating Thickness with Magnetic Gages 

B. Qualifications: 
1. Applicators:  shall have a minimum of five years experience in application of similar products 

on similar project. 

C. Coating manufacturer’s authorized representative shall provide written statement attesting that 
the applicator has been instructed on proper preparation, mixing and application procedures for 
coatings specified. 

D. Quality assurance procedures and practices shall be utilized to monitor all phases of surface 
preparation, application of coatings, and inspection throughout duration of work: 
1. Procedures or practices not specifically defined in this Section may be utilized, provided they 

meet recognized and acceptable professional standards and are accepted by Project 
Representative. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Product Data: Manufacturer's data sheets on each paint and coating product shall include: 
1. Product characteristics and coating manufacturer's guidelines and recommendations for 

surface preparation, painting, drying, curing, handling, shipping, and storage of painted 
structural steel 

2. Surface preparation requirements 
3. Storage and handling requirements and recommendations 
4. Application methods 
5. Volatile organic compounds (VOCs) compliance with Washington State Department of 

Ecology standards 
6. Safety Data Sheet (SDS) 

C. Work Plan and Methods Statement: 
1. Detail, but not be limited to, the following items: 

a. Methods of surface preparation, including containment, collection, and disposal of related 
debris, rinse water, and trash. 

b. Methods and equipment to be used for coating application, including containment, 
collection, and disposal of related debris, rinse water, and trash. 

c. Methods for maintaining proper environmental conditions during surface preparation, 
application, and curing cycles of the coating materials. 

d. Methods for maintaining a safe and secure jobsite during work activity. 
e. Methods to protect coating during curing, shipping, handling, and storage. 
f. Methods for storing materials.  
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g. Methods and examples of daily reports and work progress. 
h. Methods for maintaining a clean and safe work site.  

D. Verification Samples: For each substrate to be coated, submit samples that represent actual 
product, color, and sheen. 

E. Daily reports. 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. Delivery: Deliver manufacturer's unopened containers to the work site.  Packaging shall bear the 
manufactures name, label, and the following list of information:  
1. Product name, type (description) 
2. Application & use instructions 
3. Surface preparation 
4. VOC content: for two component products, provide mixed VOC in g/L 
5. Environmental issues 
6. Batch date 
7. Color number 

B. Storage: Store and dispose of solvent-based materials, and materials used with solvent-based 
materials, in accordance with requirements of Local Authority Having Jurisdiction (LAHJ). 
1. Store materials in an area that is within the acceptable temperature range, per 

manufacturer’s instructions. Protect from freezing. 

C. Handling: Maintain a clean, dry storage area, to prevent contamination or damage to the 
coatings. 

1.05 SITE CONDITIONS 

A. Maintain environmental conditions during surface preparation, application, and curing of installed 
coating system.  
1. Temperature, humidity, and ventilation shall be within limits recommended by manufacturer 

for optimum results.  Do not apply coatings under environmental conditions outside 
manufacturer's absolute limits and those conditions indicated in this Section. 

1.06 DAILY REPORTS 

A. Documentation: Identify all contractor activity on site and submit daily for work of the previous 
work day prior to new work being performed. 

B. Document sample shall be approved by the Project Representative prior to reporting.  

C. All documentation shall be delivered electronically to the Project Representative upon completion 
of the work.  

D. Documentation shall be consistent with inspection reports utilized by NACE certified inspectors. 

PART 2  PRODUCTS 

2.01 ACCEPTABLE MANUFACTURER 

A. Anti-Graffiti:  Siloxane Based, One Component 
1. The Sherwin-Williams Company:  Pro Industrial Anti-Graffiti Coating 
2. Or Approved equal 
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PART 3  EXECUTION 

3.01 SCOPE 

A. All exterior surfaces of the Odor Control Facility shall receive anti-graffiti coating. 

B. General surfaces not to be coated: 
1. Electrical panels when not adjacent to a painted surface 
2. Stainless steel items 
3. Fiberglass surfaces 
4. Prefinished metal such as Kynar coated. 

C. Coating manufacturer’s representative: 
1. Attend preconstruction conference and make periodic site visits at the Site to provide 

consultation and inspection services during surface preparation work and application of 
coatings. 

3.02 PRE-INSTALLATION CONFERENCE 

A. At a minimum, the Contractor, the installation contractor, and the coating system manufacturer’s 
representative shall meet on site with the Project Representative. 

B. Particular emphasis shall be placed on these specifications, safety, weather conditions, surface 
preparation, material application, and inspection. 

C. Contractor shall submit to the Project Representative revisions or changes agreed upon, reasons 
thereof, and parties agreeing or disagreeing with them. 

3.03 EXAMINATION 

A. Examine all substrates and conditions, with Contractor and Project Representative present for 
compliance with requirements for maximum moisture content, surface soundness, and other 
conditions affecting the performance of the work.  
1. Moisture content of concrete, and masonry substrates shall be appropriately tested using 

current technology moisture meter equipment. Moisture levels shall comply with 
manufacturers’ requirement. 

2. Concrete, CMU joint mortar, and all other curable materials shall have full cure properly 
tested for and confirmed.  

B. Do not begin application of coatings until substrates have been properly prepared.  Notify Project 
Representative of unsatisfactory conditions before proceeding 

C. Proceed with work only after conditions have been corrected, and approved by the Project 
Representative. 

D. Coating Application Accessories: Provide all primers, sealers, cleaning agents, cleaning cloths, 
sanding materials, and cleanup materials required per manufacturer’s specifications. 

3.04 SURFACE PREPARATION 

A. General: 
1. The surface shall be dry and in sound condition. Remove oil, dust, dirt, loose rust, and other 

contamination to ensure good adhesion.  
2. Follow all surface preparation guidelines for new construction. In the event of a discrepancy 

consider the more effective surface preparation as the default method.  
3. Verify that the atmospheric conditions are within the acceptable temperature, humidity and 

sun exposure limits. 
4. Adhere to manufacturer’s recoat time surface preparation requirements. 
5. Remove residual dusting or light surface contamination from prepared surfaces prior to the 

application of the coating system.  
6. Install coating systems to only properly prepared surfaces. 
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7. Protect all surfaces not being coated from damage due to surface preparation work process. 

B. Preparation of all surfaces and application of coatings specified in this Section shall be in strict 
accordance with coating manufacturer's instructions as supplemented by these specifications.  

3.05 INSTALLATION 

A. General Requirements: 
1. Apply all coatings and materials per manufacture specifications:   

a. Mix and thin coatings according to manufacture recommendation. 
b. Apply coatings by brush, roller, or spray equipment unless otherwise directed by the 

manufacturer. 
2. Wait at least 30 days before applying to new concrete or masonry or follow manufacturer’s 

procedures to apply appropriate coatings prior to 30 days. 
3. Do not apply to wet or damp surfaces. 

a. Test new concrete for moisture content.  Proceed only when moisture content meets 
coating manufacturer’s requirement. 

4. Uniformly apply coatings without runs, drips, sags, brush marks, and with consistent sheen. 
a. Apply coatings at spreading rate required to achieve the manufacturers recommended or 

specified dry film thickness.  
b. Regardless of number of coats specified, apply as many coats as necessary to 

completely hide and provide a uniform appearance. 
c. Final film of coatings shall have no visible, drips, overspray, dry spray, runs, ridges, sags, 

holidays, dry lap or brush marks.  
5. Inspection: The coated surface shall be inspected by the Project Representative. 
6. Spray application shall be performed when conditions, environments, and permitting allow.  

a. Use only spray equipment approved by the manufacturer for the specific coat of material. 
7. Multiple coat applications shall be installed according to the manufacturers printed 

requirements.  
a. Coats of material shall be sufficiently dry prior to the application of a subsequent coat in a 

coating system.  
b. Do not allow excessive drying time to pass which will inhibit or reduce the inter coat 

adhesion of the multiple coat system.  
c. Remove dust or foreign contamination from previous coat prior to applying the next coat 

in a multi coat system.  

B. Environmental Requirements: 
1. Apply no coating when surrounding air temperature of surface to be coated is below minimum 

temperature allowed by manufacturer's recommendations for coating application or when it is 
expected that air temperature will drop below minimum eight hours after coating application. 

2. Coating shall not be applied on frosted or ice-coated surfaces.  
3. Coating shall not be applied to wet or damp surfaces or in rain, snow, fog, or mist.  
4. Apply no coating when surrounding air temperature is forecasted to be less than 5 ºF above 

dew point within eight hours after coating application. 
5. Apply no coating to steel which is 5 ºF below air temperature or which is at a temperature 

over 125 ºF, nor shall coating be applied to steel which is at a temperature that will cause 
blistering or porosity or otherwise will be detrimental to the life of the coating.  

6. Measure dew point by use of an instrument such as a Sling Psychrometer in conjunction with 
U.S. Department of Commerce Weather Bureau Psychometric Tables or equal. 

C. Curing Requirements: 
1. Maintain adequate environmental conditions during drying and curing of applied coating 

systems.  
2. All applied coatings shall be properly and completely cured prior to being placed into their 

intended service. 
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3.06 COATING APPLICATION 

A. Apply coatings in strict accordance with manufacturer's material data sheets with particular 
attention to curing and drying times and temperatures:  

B. Do not proceed with work until substrate preparation and tolerances have been approved by the 
Project Representative, manufacturer’s representative, the installation contractor, and the 
Contractor. 

C. Apply at 7 – 9 mils DFT. 

3.07 QUALITY CONTROL 

A. Maintain appropriate and measurable quality control activities that ensure successful installation 
of the coating systems.  

B. Submit daily reports.  

C. Inspection of Dry Film: Thickness of coatings shall be checked with a nondestructive, magnetic-
type thickness gauge. 
1. Ensure all dry film thickness requirements as specified have been met. 
2. DFT readings shall be performed at or above the frequency specified in SSPC-PA2. Meet the 

minimum requirements for SSPC-PA2. 
3. Test coating integrity of all surfaces with an approved inspection device. 
4. No pinholes or other irregularities shall be permitted in final coating. 

3.08 PROTECTION 

A. Protect finished coatings from damage until Substantial Completion. 
1. Applied coatings shall not be placed into service until properly cured.  
2. Maintain acceptable environmental conditions for proper curing of the applied coating system.  

B. Touch-up damaged coatings after Substantial Completion, following manufacturer's 
recommendation for touch up or repair of damaged coatings.  Repair defects that will hinder the 
performance of the coatings. 

END OF SECTION 
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SECTION 10405 

SIGNS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies informational and accident prevention signs. Exit signs are not covered in 
this section.  

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference   Title 
29 CFR 1910.145  OSHA Specification for Accident Prevention Signs and Tags 
ANSI Z535.1   Safety Color Code 
ANSI Z535.2   Environmental and Facility Safety Signs 
IFC    International Fire Code 
WAC 296-24 (Part B-2)  WISHA Marking Physical Hazards 
NFPA 704 Standard System for the Identification of the Hazards of 

Materials for Emergency Response 

1.03 DESIGN REQUIREMENTS   

A. General 
1. Accident prevention signs shall conform to requirements of WISHA Chapter 296-24 WAC 

(Part B-2), OSHA 29 CFR 1910.145, ANSI Z535.1 and ANSI Z535.2. 
2. Exit signs shall conform to the requirements of IFC 1011 and the local administrative 

authority. 
3. All signs shall have rounded corners and four mounting holes. 
4. Number, size, type and placement of signs shall be as indicated in the schedules in Part 3 of 

this Section. 

B. Sign size shall be as follows: 
Size Width x Height 
A 14 inches x 20 inches 
B 10 inches x 14 inches 
C 7 inches x 10 inches 
D 14 inches x 10 inches 
  

C. Sign type shall be as follows: 
Type Message 
101 ELECTRICAL ROOM - DANGER - 480 VOLTS 
102 DANGER - 4160 VOLTS 
103 DANGER - HIGH VOLTAGE 
104 DANGER - CONFINED SPACE ENTER BY PERMIT ONLY 
105 DANGER - CONFINED SPACE AUTHORIZED PERSONNEL ONLY 
106 DANGER - HOT 
201 WARNING - 
202 WARNING - 
203 WARNING - 
204 WARNING - 
205 WARNING - 
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206 WARNING - 
301 CAUTION - NON POTABLE WATER DO NOT DRINK 
302 CAUTION - CORROSIVE MATERIALS WEAR REQUIRED PROTECTION 
303 CAUTION - HEARING PROTECTION REQUIRED 
304 CAUTION - AUTOMATIC EQUIPMENT MAY START AT ANY TIME 
305 CAUTION - LOW CLEARANCE 
306 CAUTION - HIGH TEMPERATURE 
401 NOTICE - AUTHORIZED PERSONNEL ONLY 
402 NOTICE -  KEEP THIS DOOR CLOSED 
403 NOTICE - 
404 NOTICE - 
405 NOTICE - 
406 NOTICE - 
501 SAFETY FIRST - EMERGENCY SHOWER AND EYEWASH 
  
502 SAFETY FIRST - PROTECTIVE GEAR REQUIRED WHILE SERVICING 
503 SAFETY FIRST 
504 SAFETY FIRST 
505 SAFETY FIRST 
506 SAFETY FIRST 
601 PUMP ROOM 
602 DIESEL GENERATOR ROOM 
603 ODOR CONTROL AND EQUIPMENT ROOM 
604 WET WELL 
605 REST ROOM 
901 WASHROOM 
902 JANITOR 
903 STAIR 

1.04 SUBMITTALS 

A. Procedures:  Section 01300 

B. Samples of sign materials and mounting hardware and shop drawings of all signs. 

PART 2  PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Brady 

B. Seton 

C. Approved equal 

2.02 FABRICATION 

A. Accident prevention signs:  fadeproof graphic permanently embedded 1/8 -inch-thick fiberglass 
reinforced plastic; guaranteed not to chip, fade or peel for 15 years. 

B. Building identification signs: 
1. 12-inch by 30-inch fiberglass with fadeproof graphic permanently embedded 1/8 -inch-thick 

fiberglass reinforced plastic; guaranteed not to chip, fade or peel for 15 years. 
2. Brown background with a white border and white lettering.  Helvetica light or medium 

lettering. 
a. Upper case lettering:  3 inches high. 
b. Lower case lettering:  2-1/4 inches high. 

C. Blade-type signs:  Wall or ceiling mounted, projecting outward with information on both sides. 
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D. Chain-mounted signs:  Provide information on both sides. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Distribute signs as listed in Schedules. 
1. Schedule 1:  Accident Prevention Signs: 

Location Number Size Type Mount 
Door 101 1 A 101 Surface 
Door 102 1 A 603 Surface 

 
2. Schedule 2:  General Signs 

Location Number Size Type Mount 
As Directed 1 B Building Address Surface 
As Directed 1 12x30 Building 

Identification 
Surface 

 

EXECUTION 

B. Do not begin production until all shop drawings have been approved. 

C. Fasten surface-mounted signs to wall with expansion bolts or suitable anchors. 

D. Conceal all fasteners as much as possible. 

E. Use backup materials as required to achieve concealed mounting. 

F. Mount posts in accordance with drawings. 

END OF SECTION 
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SECTION 10530 

FIRE PROTECTION SPECIALTIES 

PART 1  GENERAL 

1.01 THE REQUIREMENT 

A. The Contractor shall provide fire protection equipment and appurtenant work, complete and in 
place, in accordance with the Contract Documents. 

B. Fire protection equipment shall be products of a single manufacturer. 

1.02 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 

A. Codes 
1. National Fire Protection Association publications (NFPA). 
2. International Fire Code (IFC) as published by the International Code Council 

1.03 CONTRACTOR SUBMITTALS 

A. Furnish submittals in accordance with Section 01300. 

B. Shop Drawings: Manufacturer's literature, installation instructions, and details shall be submitted. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Fire protection equipment and installation shall comply with the Code, NFPA Pamphlet No 10, 
and the manufacturer's published recommendations and specifications. 

2.02 MATERIALS 

A. Fire Extinguisher Designated FE:  FE fire extinguishers shall be 10 pound minimum capacity, 
carbon dioxide type with minimum UL rating of 10B:C. 

B. Bracket: Mounting brackets shall be specially designed for extinguisher. 

C. Other Materials: Other materials not specifically described but required for a complete and proper 
installation of fire fighting devices shall be as selected by the Contractor, subject to the review of 
the Project Representative. 

2.03 MANUFACTURERS 

A. Fire protection items shall be from the following manufacturers, or equal: 
1. Larsen's Manufacturing Co. 
2. Potter-Roemer 
3. General Fire Extinguisher Co. 

PART 3  EXECUTION 

3.01 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. Delivery of Materials: Manufactured materials shall be delivered in original unbroken packages, or 
containers bearing the manufacturer's label with manufacturer's name, product description, and 
rating. 
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B. Storage: Materials shall be carefully stored in an area that is protected from deleterious elements 
as recommended by the material manufacturer. Storage shall be in a manner that will prevent 
damage to the material and its finish. 

3.02 LOCATIONS AND INSTALLATION 

A. Locations: Fire prevention equipment locations and mounting heights shall be verified with the 
Fire Marshall before installation and shall be installed where directed. If locations are not directed 
by the Fire Marshall, the Project Representative will direct locations. 

B. Installation: Installation shall be per NFPA Pamphlet No. 10 unless directed otherwise by the local 
Fire Marshall. 

C. Brackets: Fire extinguishers shall be provided with and installed on brackets or brackets within 
cabinets. The Contractor shall block and reinforce walls to support the fire extinguishers. 

END OF SECTION 



SECTION 11000 

GENERAL REQUIREMENT FOR EQUIPMENT 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies general requirements which are applicable to all mechanical equipment 
and the electrical equipment driving the mechanical equipment.  
1. Additional specific requirements are listed in other Sections of the Contract Specifications 

and Drawings. 
2. Equipment under this Division includes providing and testing the equipment described in the 

sections listed in Division 11, Division 15, and Division 16. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  They are a part of this Section as specified and modified.  In case of conflict 
between the requirements of this Section and those of the listed documents, the requirements of 
this Section shall prevail. 
 
Reference  Title 
ABMA 9  Load Ratings and Fatigue Life for Ball Bearings 
ABMA 11  Load Ratings and Fatigue Life for Roll Bearings 
ASME B1.1  Unified Inch Screw Threads 
ASME B1.20.1  Pipe Threads, General Purpose 
ASME B16.1  Cast Iron Pipe Flanges and Flanged Fittings, Class 25, 125, 250 and 800 
ASME B18.2.1  Square and Hex Bolts and Screws 
ASME B18.2.2  Square and Hex Nuts 
IBC   International Building Code 
IFC   International Fire Code 
IMC   International Mechanical Code 
ISO 1940  Mechanical Vibration- Balance Quality Requirements of Rigid Rotors 
NFPA 70  National Electrical Code 
UL 508   Industrial Control Equipment 
UPC   Uniform Plumbing Code 

B. Arrangement:  The arrangement of equipment shown on the Drawings is based upon information 
available at the time of design and is not intended to show exact dimensions for a specific 
manufacturer.  The Drawings are, in part, diagrammatic and some features of the illustrated 
equipment installation may require revision to meet actual equipment installation requirements.  
Structural supports, foundations, connected piping and valves, electrical and instrument 
equipment connections shown may have to be altered to accommodate the equipment provided.  
No additional payment will be made for such revisions and alterations.  Substantiating 
calculations and drawings: submitted prior to beginning the work. 

C. Unit Responsibility: 
1. Equipment systems made up of two or more components: coordinate, assemble, install and 

test as an operating unit by the responsible party. Unless otherwise specified: 
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a. a the responsible party: the manufacturer of the driven equipment. The responsible 
manufacturer shall assure selected components of the system are checked for 
compatibility, ease of construction, and efficient operation and maintenance.  The 
responsible manufacturer shall insure coordination of design of all system components 
such that all equipment furnished under the specification for the equipment system, 
including equipment specified elsewhere but referenced in the specification, is compatible 
and operates properly to achieve the performance requirements specified.  Agents, 
representatives, or other entities who are not a direct component of the manufacturing 
corporation will not be acceptable as a substitute for the manufacturer's corporation in 
meeting this requirement.  

b. This requirement for unit responsibility shall in no way relieve the Contractor of his 
responsibility for performance as provided in Section 00700. 

2. The Contractor shall assure that all equipment systems provided for the project are products 
for which unit responsibility has been coordinated by the responsible party.  
a. Where the detailed specification requires a certificate of Unit Responsibility, such 

certificates shall conform to the content, form and style of Form 11000-C specified in 
Section 01999, signed by an officer of the manufacturer's corporation and certified by the 
Contractor that the units are compatible as specified. 

b. No other submittal material will be processed until a Certificate of Unit Responsibility has 
been received and has been found to be satisfactory.   

D. Balance: 
1. 1Unless specified otherwise, all rotating elements in motors, pumps, blowers and centrifugal 

compressors: fully assembled, including coupling hubs, before being statically and 
dynamically balanced.  All rotating elements: balanced to G 2.5 as specified in ISO 1940, 
Parts 1 and 2. 

2. Where specified, balancing reports, demonstrating compliance with this requirement, 
submitted as product data. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300 

B. Submittals: made as specified for each equipment item or group of related equipment items. 
Identify the equipment by the number listed in the Specification section, by manufacturer and by 
type designation. 

1.04 PROTECTION DURING SHIPMENT AND STORAGE 

A. General:  Unless otherwise specified in the specific Section for the equipment, this paragraph 
applies. 

B. Shipping: 
1. Equipment: shipped in sealed, weather-tight, enclosed conveyances and protected against 

damaging stresses during transport. 
2. Bearing housings: wrapped or otherwise sealed to prevent contamination by grit and dirt, and 

ventilation and other types of openings: taped closed 
3. Damage: corrected to conform to the Contract requirements before the assembly is 

incorporated into the work. 

C. Factory applied coatings:  Each item of equipment: shipped to the site of the work with the 
manufacturer's shop applied prime coating.  See Section 09900 for requirements. 

D. Storage: Store and protect products in accordance with the manufacturer's instructions, with 
seals and labels intact and legible.  Storage instruction: studied by the Contractor and reviewed 
with the Project Representative.  Instructions: carefully followed and a written record of this kept 
by the Contractor.  Arrange storage to permit access for inspection. 
1. All mechanical and electrical equipment and instruments subject to corrosive damage by the 

atmosphere if stored outdoors (even if covered with canvas): stored in a weather-tight 
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building that has adequate ventilation to prevent condensation.  The building may be a 
temporary structure on the site or elsewhere, but must be approved by the Project 
Representative. Maintain temperature and humidity in the building within the range required 
by manufacturer. 

2. All equipment: stored fully lubricated with oil, grease and other lubricants unless otherwise 
instructed by the manufacturer. 

3. Moving parts: rotated a minimum of once weekly to ensure proper lubrication and to avoid 
metal-to-metal galling or “welding”.  Upon installation of the equipment, the Contractor shall 
start the equipment, at least one half of operating load once weekly for an adequate period of 
time to ensure that it does not deteriorate from lack of use. Keep written records of 
maintenance and rotation which is performed prior to start up.  

4. Lubricants: changed upon completion of installation and as frequently as required thereafter 
during the period between installation and acceptance.  New lubricants: put into the 
equipment at the time of acceptance. (Add “, unless allowed otherwise by the Project Rep.”?) 

5. Prior to acceptance, the Contractor shall have the manufacturer inspect the equipment and 
certify that its condition has not been detrimentally affected by the storage period.  Such 
certifications by the manufacturer: deemed to mean that the equipment is judged to be in a 
condition equal to that of equipment that has been shipped, installed, tested and accepted in 
a minimum time period.  As such, the manufacturer will guaranty the equipment equally in 
both instances.  If such a certification is not given, the equipment: judged to be defective and: 
removed and replaced at the Contractor's expense. 

6. Equipment space heaters: wired and activated to maintain temperatures for control of 
condensation, as soon as possible during storage in a warehouse and after equipment is 
installed in its final location.     

1.05 SEISMIC REQUIREMENTS 

A. Anchor and brace equipment in accordance with Section 01031. 

1.06 ELECTRICAL REQUIREMENTS 

A. Starters:  Except for starters specifically included in Division 16, furnish all starters for motors in 
this Division. 

B. Disconnects:  Except for factory-supplied disconnects mounted on mechanical equipment or in 
combination with starters, motor disconnects: in accordance with Division 16. 

C. Power and control wiring:  Except for factory wiring on mechanical equipment, power and control 
wiring under this Section: in accordance with Division 16. 

D. Provide controls, controllers, transformers, and switches required by the work of this Section. 

E. Factory-wired assemblies and panels: prewired to numbered terminal strips for connection to field 
wiring. 

F. Provide disconnect switch for each control circuit connection to prewired assemblies and control 
panels. 

G. Provide approved wiring diagrams for work furnished under this Section. 

H. Provide weatherproof devices and installations for outdoor applications or as specified in Division 
16. 

I. Install wiring as specified in Division 16. 

J. Equipment devices and wiring shall comply with NEC. 

K. See Section 16000 for listing and labeling requirements 
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PART 2  PRODUCTS 

2.01 FLANGES AND PIPE THREADS 

A. Unless otherwise noted, all flanges on equipment and appurtenances: flat faced and shall 
conform in dimensions and drilling to ASME B16.1, Class 125. 

B. Flange assembly bolts: heavy pattern, hexagonal head, carbon steel machine bolts with heavy 
pattern, hot pressed, hexagonal nuts conforming to ASME B18.2.1 and B18.2.2.  Threads: 
Unified Screw Threads, Standard Coarse Thread Series, Class 2A and 2B, ASME B1.1. 

C. All pipe threads shall conform in dimension and limits of size to ASME B1.20.1, Class 2 NPT, 
Taper Pipe Thread. 

2.02 BEARINGS 

A. Unless otherwise specified, equipment bearings: oil or grease lubricated, ball or roller type, 
designed to withstand the stresses of the service specified.  Each bearing: rated in accordance 
with the latest revisions of ABMA 9 and ABMA 11.  Unless otherwise specified, equipment 
bearings shall have a minimum L-10 rating life of 50,000 hours.  The rating life: determined using 
the maximum equipment operating speed. 

B. Grease lubricated bearings, except those specified to be factory sealed and lubricated: fitted with 
easily accessible grease supply, flush, drain and relief fittings.  Extension tubes: used when 
necessary.  Grease supply fittings: standard hydraulic alemite type. 

C. Oil lubricated bearings: equipped with either a pressure lubricating system or a separate oil 
reservoir type system.  Each oil lubrication system: of sufficient size to safely absorb the heat 
energy normally generated in the bearing under a maximum ambient temperature of 60 °C and 
equipped with a filler pipe and an external level indicator gage.  Provide extension pipes, plugs, 
and valves for oil drain to allow drainage of oil into a container. 

2.03 GUARDS 

A. Exposed moving parts: provided with guards which meet the requirements of WISHA.  Guards: 
fabricated of flattened expanded metal screen to provide visual inspection of moving parts without 
removal of the guard.  Guards: designed to be readily removable to facilitate maintenance of 
moving parts.  Reinforced holes: provided.  Provisions: made to extend lube fittings through 
guards. 

B. Unless otherwise specified, guard materials:: 
1. Class 1, Div 1 or 2 areas:  Aluminum, 5005-H34, 3/4-.125 
2. Corrosive atmosphere areas:  Stainless steel, Type 304, 3/4-13 
3. All other areas:  To match the material of the equipment. 

2.04 CAUTION SIGNS 

A. Equipment with guarded moving parts which operate automatically or by remote control: identified 
by signs reading "CAUTION - AUTOMATIC EQUIPMENT MAY START AT ANY TIME".  Signs: 
constructed of fiberglass material, minimum 1/8 inch thick, rigid, suitable for post or wall 
mounting, in accordance with Section 10405. Letters: white on a red background.  The sign size 
and pattern: as shown on the Drawings.  Signs: installed near guarded moving parts. 

2.05 GAGE TAPS, TEST PLUGS, DRAINS, AND GAGES 

A. Unless otherwise specified, 1/2-inch threaded pressure taps with full port ball valve isolation 
cocks: provided on the suction and discharge sides of all pumps, blowers and compressors. 

B. Permanent pressure devices (gages, sensors, switches, etc.): provided only where shown or 
specified, and: installed in accordance with the standard details shown on the Drawings. 
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C. Gage taps, test plugs, and gages: as specified in Divisions 15 and 17.   

D. Air release taps on pump discharge and suction lines: 1-inch minimum or as shown on the 
Drawings. 

2.06 NAMEPLATES 

A. Nameplates: provided on each item of equipment and shall contain the specified equipment name 
and equipment number.  Equipment nameplates: laser etched on 1/16-inch thick Type 316 
stainless steel with 3/16-inch letters.  The normal size of nameplates: 3/4-inch high by 2-inch long 

B. Equipment titles: spelled out on the nameplates.  If abbreviations are required because of space 
limitations, abbreviations: submitted to the Project Representative and approved prior to 
manufacture. 

C. Nameplates: fastened to the equipment in an accessible location with No. 4 or larger oval head 
self-tapping stainless steel screws or drive pins.  The use of adhesives will not be permitted. 

2.07 LUBRICANTS 

A. Provide for each item of mechanical equipment a supply of the lubricant required for the 
commissioning period.  Lubricants: of the type recommended by the equipment manufacturer.  
Limit the various types of lubricants by consolidating them, with the equipment manufacturer's 
approval, into the least number of different types, consistent with the County's current supplier.  
Not less than 90 days before the date shown in construction schedule for starting, testing and 
adjusting equipment, provide the Project Representative with three copies of a list showing the 
required lubricants, after consolidation, for each item of mechanical equipment.  The list shall 
show estimated quantity of lubricant needed for a full year's operation, assuming the equipment 
will be operating continuously. 

2.08 ANCHOR BOLTS 

A. Anchor bolts: designed for lateral forces for both pullout and shear in accordance with the 
provisions of Section 05501. Drilled-in epoxy or expansion anchor bolts will not be permitted for 
permanent application where subject to pull-out forces. Unless otherwise stated in the 
specifications, anchor bolt materials shall conform to the provisions of Section 05501.  

2.09 ELECTRICAL DEVICES 

A. All motors, starters, controls, instruments, and other electrical components and devices furnished 
with mechanical systems: listed and labeled for the purpose for which it is used by Underwriters 
Laboratories (UL) or equivalent nationally recognized testing laboratory acceptable to the 
Washington State Department of Labor and Industry and to the local administrative authority.  
Where one of these listings is required but not available, Contractor shall obtain written 
permission for a variance from the authorities having Jurisdiction.  In addition, electrical 
components and devices shall comply with Division 16 of these Specifications. 

2.10 CONTROL PANELS 

A. All control panels, factory, shop or field assembled,: labeled as a unit in accordance with UL 508.  
The UL 508 label: affixed to the inside of the door or cover, adjacent to the data pocket. 

2.11 MOTORS  AND CONTROLLERS 

A. Provide under Division 15 all motors for all equipment specified herein and all controllers other 
than those specifically indicated as being furnished under other sections; all equipment and wiring 
shall conform to applicable sections of Division 16. 

B. Power wiring for all motors and associated controllers other than wiring for automatic controls will 
be furnished under Division 16.  Unless otherwise noted, power supply will be 480 volts, 3-phase, 
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60 hertz for motors.  Control voltages: 120 volts or lower, single phase, 60 hertz, or direct current, 
30 volts or lower.  Disconnect switches for roof exhaust fans or other equipment installed remote 
from its controller: furnished as an integral part of the equipment. 

C. The horsepower ratings of electrical motors shown on the Drawings and Specifications are based 
on engineering design calculations and the selection of specific manufacturer's catalog items of 
mechanical equipment.  If the actual equipment to be furnished requires a different motor 
horsepower, any resulting changes in motor branch circuits and associated circuiting must be 
included in the original contract bid. 

D. Alignment of all motors to equipment: in accordance with the requirements of Section 11040. 

E. All equipment: designed and built for industrial service and be capable of delivering rated 
horsepower under the following applicable conditions: 
1. 100 °F maximum ambient temperature.  
2. Voltage variations to ±10 percent of nameplate rating. 
3. Frequency variations to ±5 percent of nameplate rating. 
4. Combined voltage and frequency variations to ±10 percent total, as long as frequency does 

not exceed ±5 percent. 

F. Unless otherwise specified, motors: TEFC. 

2.12 SPARE PARTS 

A. See Section 01750. 

B. Spare parts, wherever required by detailed specification sections,: stored in accordance with the 
provisions of this paragraph.  Spare parts: tagged by project equipment number and identified as 
to part number, equipment manufacturer, and subassembly component (if appropriate).  Spare 
parts subject to deterioration such as ferrous metal items and electrical components: properly 
protected by lubricants or desiccants and encapsulated in hermetically sealed plastic wrapping.  
Spare parts with individual weights less than 50 pounds and dimensions less than 2 feet wide, or 
18 inches high, or 3 feet in length: stored in a wooden box with a hinged wooden cover and 
locking hasp.  Hinges: strap type.  The box: painted and identified with stenciled lettering stating 
the name of the equipment, equipment numbers, and the words "spare parts."  A neatly typed 
inventory of spare parts: taped to the underside of the cover.  

PART 3  EXECUTION 

3.01 EQUIPMENT INSTALLATION 

A. Locate and install sleeves, inserts, and supports as required at proper stage of construction. 

B. Install equipment so nameplates are readily visible. 

C. Basis for equipment and material installation is the published recommendations of manufacturer.  
Submit recommendations for review. 

3.02 TESTING 

A. Equipment: provided and tested within the tolerances recommended by the equipment 
manufacturer where indicated in the individual mechanical specification sections.  Certain 
sections may also require that equipment additionally be installed and tested under the direction 
of installers who have been factory trained by the equipment manufacturer.  This requirement, 
however, shall not be construed as relieving the Contractor of the overall responsibility for this 
portion of the work.  Forms 11000-A and 11000-B specified in Section 01999: completed and 
submitted. 
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B. System-wide, station-wide and plant-wide process testing: in accordance with Section 01660. 

END OF SECTION 
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SECTION 11009 

EQUIPMENT LIST 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section provides a list of the equipment that requires new identification tags or replacements 
for new equipment replacing old. Additional information including instrumentation device lists are 
provided in Division 17. 

B. Each ID number is prefixed with a standard abbreviation to indicate the function of the particular 
device.  Prefixes for mechanical and electrical equipment shall be from the King County standard 
abbreviations drawing or specifications. 

1.02 COMPLETENESS 

A. Equipment lists presented in these specifications and shown on the drawings are included for the 
convenience of the Project Representative and are not warranted to represent rigorous and 
precise listings of all equipment, devices, and material to be provided under this contract.  The 
Contractor shall rely upon its own material and equipment takeoff lists for this purpose.   

B. The equipment list herein includes equipment that is to be removed, modified, new or future.  
Existing plant equipment that requires new tag numbers is included in this Section and is 
identified as existing equipment.   

C. Additional listings and/or schedules of instrumentation devices, other equipment, annunciators, 
PLC  I/O points, Metrotel I/O, SCADA signals and relays with their identification numbers and 
other information may be included in Division 17. 

1.03 NUMBERING SYSTEM 

A. The following example describes how the equipment identification system is developed. 
1. FT 303101A Where FT = Equipment function; 303 = Facility Number; 101 = Equipment or 

Loop Number; A, B, etc. = parallel or sequential elements 

B. Each ID number is prefixed with a standard abbreviation to indicate the function of the particular 
device.  Prefixes for mechanical and electrical equipment shall be from the owner's standard 
abbreviations drawing included in this contract. 

C. Equipment Status: The following are used to represent equipment status. 
E = Existing  
M = Modify  
F = Future  
D = Demolish or remove, do not replace 
N = New 
R = Remove, Replace with new 

PART 2  PRODUCTS 

2.01 NAMEPLATES 

A. See Section 11000 for fabrication details and requirements. 
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2.02 EQUIPMENT LIST 
 
Prefix Number Equipment 

Description 
Status Location Capacity 

/Size 
Power Spec. DWG 

No. 
FG  FLAP GATE N Interceptor 

Chamber 
24 in  11120  M108

SG  SLIDE/STOP 
GATES 

 Siphon inlet and 
siphon outlet 

7 ft by 
7 ft 

 11102 S101, 
S201 

PNL 832500 BUBBLER 
PANEL 

 Enclosure, King 
County 
Environmental 
Lab  

   I201 

PNL 832710 METROTEL 
PANEL 

N Odor Control 
Facility, Electrical 
Room 

  17110  I241 

OCU 832600 ACTIVATED 
CARBON ODOR 
SCRUBBER 

N Odor Control 
Facility 

9’ dia  13231 M103 

EF 832601 FOUL AIR 
EXHAUST FAN 

N Odor Control 
Facility 

    

EF 832001 EXHAUST FAN N Odor Control 
Facility, Electric 
Room 

600 
cfm 

1/6 
HP 

15873 M102 

DF 832600 GREASE AND 
MIST 
ELIMINATOR 

N Odor Control 
Facility 

  15889 M102 

FSL 832100 FLOW SWITCH N Odor Control 
Facility 

    

END OF SECTION 
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SECTION 11021 

VIBRATION ISOLATION SYSTEMS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies vibration isolation system requirements for mechanical equipment.  
Additional vibration isolation system requirements are provided in individual mechanical 
equipment specification sections.  

B. This Section requires Supervision by the vibration isolation manufacturer's qualified 
representative as is necessary to assure correct installation and adjustment of the vibration 
isolators and seismic restraints. 

1.02 REFERENCED STANDARDS:   

A. This Section incorporates by reference the latest revision of the following documents.  These 
references are a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of the listed documents, the requirements of this Section 
shall prevail.  
Reference  Title 
ASHRAE CH 52 Handbook, HVAC Systems and Applications, Sound and Vibration  
   Control 
IBC   International Building Code 

B. Qualifications:  The vibration isolation manufacturer's qualified representative shall provide 
supervision as is necessary to assure correct installation and adjustment of the vibration isolators 
and seismic restraints. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Manufacturer and manufacturer's type designation. 

C. Manufacturer's catalog data. 

D. Seismic system design calculations. 

E. Seismic restraint test reports. 

F. Installation reports. 

G. Static and dynamic deflections, weights, isolator locations, and flexible connector designs. 

H. Spring deflections and diameters, compressed spring heights, and solid spring heights. 

I. Scale drawing of Type D mounting hanger showing the 30-degree arc capability. 

J. Curb mounted base seal and wind resistance details. 

K. Seismic restraint load deflection curves up to 1/2-inch deflection along the three principal 
orthogonal axes. 

1.04 DESIGN REQUIREMENTS: 

A. All vibration isolation systems, including the isolators, seismic restraints, and flexible connectors 
between the isolated equipment and associated piping, ducting, and/or electrical work, shall be 
designed, signed, stamped, and dated by a registered Professional Engineer qualified in vibration 
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isolation systems.  This provision shall not be construed as relieving the Contractor of its overall 
responsibility for the work. 

B. Flexible connectors shall be provided by the manufacturer of the mechanical equipment item in 
accordance with the recommendations of the vibration isolation system engineer. 

1.05 SEISMIC RESTRAINTS 

A. General:   
1. Restraint devices shall resist the forces specified and be designed in accordance with the 

Section 01031 
2. Design lateral forces shall be distributed in proportion to the mass distribution of the 

equipment. 

B. Floor Mounted Equipment: 
1. Provide equipment and appurtenances resiliently floor mounted on spring or pad type 

vibration isolators, except for curb mounted equipment, with seismic snubbers. 
2. Four all-directional restraint/snubbers. 
3. Capacity of snubbers, at 3/8-inch deflection, shall be 3 to 4 times the load at the adjacent 

equipment mount. 
4. Restraint assembly shall consist of welded steel interlocking assemblies welded or bolted 

securely to the equipment or the equipment bases and the supporting structure. 
5. Line restraint assembly surfaces, which engage under seismic motion with a resilient 

elastomer 3/4 inches thick. 
6. Restraints shall be field adjustable and be positioned for 1/4-inch clearance both vertically 

and horizontally or clearance as required preventing interference during normal operation, 
stopping, or starting. 

7. Restraint assembly shall have a minimum rating of 1.0 g based on independent test data. 

C. Curb Mounted Equipment:  slack stainless steel cables designed to provide 1.0 g restraint in the 
four primary horizontal directions based on independent test data. 

D. Suspended Equipment: 
1. Restraint assembly for suspended equipment, piping, or ductwork shall consist of plow steel 

cable attached to steel thimbles with neoprene sleeve all specifically designed for cable 
service and securely fastened to the equipment, or the equipment base and the building 
structure. 

2. Size cables for a force of 1.0 g with a minimum safety factor of 2.0 based upon independent 
test data. 

3. Install cables to prevent excessive seismic motion and arranged so as not to engage during 
normal operation, starting, or stopping. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Acceptable Manufacturer: 
1. Mason Industries, Inc. 
2. Korfund Dynamics Corporation. 
3. Consolidated Kinetics Corporation. 
4. Approved equal. 

B. Flexible connectors:  provided by the manufacturer of the mechanical equipment item in 
accordance with the recommendations of the vibration isolation system engineer. 

2.02 BASES 

A. Per equipment manufacturer requirements. 
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2.03 VIBRATION ISOLATION MOUNTINGS 

A. Type A: 
1. Double deflection neoprene mountings having a minimum static deflection of 0.35 inches. 
2. All metal surfaces shall be neoprene covered to avoid corrosion and shall have friction pads 

both top and bottom so that they need not be bolted to the floor. 
3. Bolt holes and anchor bolts where required to resist lateral migration. 
4. Resilient washers and bushings to prevent contact between the bolts and the equipment 

support bases. 
5. On equipment such as small vent sets, use steel rails above the mountings to compensate 

for the overhang. 

B. Type B: 
1. Freestanding spring type isolators laterally stable without any housing and complete with 1/4-

inch neoprene acoustical friction pads between the base and the support.  
2. Leveling bolts shall be rigidly bolted to the equipment. 
3. Hot-dip galvanized steel. 
4. Springs: 

a. Diameters shall be no less than 0.8 times the compressed height of the spring at rated 
load. 

b. Minimum additional travel to solid: equal to 50 percent of the rated deflection. 

C. Type C: 
1. Type B mountings with a housing having vertical limit stops to prevent spring extension when 

weight is removed. 
2. Provide for equipment with operating weight different from the installed weight, such as 

chillers, boilers, etc., and equipment exposed to the wind, such as cooling towers. 
3. Housing shall serve as blocking during erection and shall be located between the supporting 

steel and roof or the grillage and dunnage as shown on the Drawings. 
4. Installed and operating heights shall be the same.  A minimum clearance of 1/2 inch shall be 

maintained around restraining bolts and between the housing and the spring to prevent 
interference with the spring action. 

5. Limit stops shall be out of contact during normal operations. 
6. Hot-dip galvanized steel. 

D. Type D: 
1. Steel hangers which contain a steel spring and a 0.3-inch deflection neoprene element in 

series. 
2. Neoprene element shall be molded with a rod isolation bushing which passes through the 

hanger box. 
3. Spring diameters and hanger box lower hole sizes shall be of sufficient size to permit the 

hanger rod to swing through a 30-degree arc before contacting the hole. 
4. Springs:  minimum additional travel to solid equal to 50 percent of the rated deflection. 

E. Type E: 
1. Double deflection, cork and rubber sandwich pads consisting of a high-density cork layer 

permanently bonded to top and bottom layers of corrugated oil-resistant synthetic rubber. 
2. The corrugated design shall allow deflection to increase with load and shall form a nonskid 

surface to resist lateral migration of the equipment. 
3. Bolt holes and anchor bolts where required to resist migration. 
4. Resilient washers and bushings to prevent contact between the bolts and the equipment 

support bases. 
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PART 3  EXECUTION 

3.01 GENERAL 

A. Securely anchor or fasten seismic restraints to the equipment and supporting structure in 
accordance with approved submittal. 

B. Adjust operating clearances so that restraints do not interfere with normal operation of the 
equipment. 

3.02 MOUNTING REQUIREMENTS: 

A. Unless the equipment incorporates unit construction using an integral rigid frame or is specified 
otherwise, mount each item of mechanical equipment along with its drive unit on rigid steel or 
steel and concrete base. 

B. Cast iron bases:  not permitted when equipment is furnished with a vibration isolation system. 

C. Vibration: 
1. Where specified, mount the equipment, including the base, on or suspended from vibration 

isolators to prevent the transmission of vibration and mechanically transmitted sound to the 
supporting structure. 

2. Vibration isolation available internally in the equipment shall not be considered equivalent 
and shall not be provided when vibration isolation as specified herein is required. 

3. Normally provided internal vibration isolators shall be replaced with rigid supports in such 
cases. 

4. Vibration isolators shall be selected in accordance with unit weight distribution to produce 
reasonably uniform deflections at each support. 

D. Unless otherwise indicated, bases, isolators, and deflections shall be as specified in Table 27, 
ASHRAE CH 52. 

3.03 TESTING 

A. Seismic restraint tests shall be conducted in an independent laboratory or under the supervision 
of an independent registered Project Manager. 

B. Bolt the snubber assemblies to the test machine as the snubber is normally installed. 

C. Test reports shall certify that neither the elastomeric nor the snubber body sustained any obvious 
deformation after release of load. 

3.04 FIELD CERTIFICATION 

A. Upon completion of the installation and after the system is placed into operation, the 
manufacturer's representative shall make a final inspection and submit its installation report in 
writing certifying the correctness of installation and compliance with approved submittal. The 
inspection shall include removal of the flange bolts to insure proper alignment or the piping 
without bolts. Correct any relative movement or separation of the flange faces without using bolts 
to distort the make-up. 

END OF SECTION 
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SECTION 11060 

ELECTRIC MOTORS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies low-voltage alternating current induction motors, 500 horsepower or less.  
This Section does not specify specialty motors such as submersible motors, hoist motors, valve 
operator motors or torque rated motors. 

1.02 QUALITY ASSURANCE  

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
NEC   National Electrical Code 
NEMA MG 1  Motors and Generators 
IBC   International Building Code 
UL 674   Motors and Generators, Electric, for Use in Hazardous Locations, Class  
   I, Groups C and D, Class II, Groups E, F and G 
UL 1004  Motors, Electric 
WAC 296-46  Safety Standards - Installing Electric Wires and Equipment 

B. Motors shall be built in accordance with NEMA MG 1, UL 674, UL 1004, and to the requirements 
specified. 

C. All motors shall be listed and labeled for the purpose for which they are used by Underwriters 
Laboratories (UL) or equivalent nationally recognized testing laboratory acceptable to the 
Washington State Department of Labor and Industry and to the local administrative authority.  
Where one of these listings is required but not available, Contractor shall obtain written 
permission for a variance from King County.  This requirement supersedes the listing and labeling 
requirements of Division 16. 

D. All equipment shall be designed and built for industrial service and be capable of delivering rated 
horsepower under the following applicable conditions: 
1. 100 degrees F maximum ambient temperature. 
2. 100 percent relative humidity. 
3. Voltage variations to 10 percent of nameplate rating. 
4. Frequency variations to 5 percent of nameplate rating. 
5. Combined voltage and frequency variations to l0 percent total, as long as frequency does not 

exceed 5 percent. 

1.03 SUBMITTALS  

A. Procedures:  Section 01300. 

B. The submittals for Section 11060 and the submittal for the driven unit shall be combined into one 
submittal.  Failure to provide and combine both submittals shall result in rejection of the 
submittals without further review. 

C. "Motor Data" Form No. 11060A in Section 01999.  Separate the motor data for each motor of 1/2-
horsepower and greater. 

D. Motor outline, dimensions and weight. 
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E. Manufacturer's general descriptive information relative to motor features. 

F. Where a winding over-temperature device is specified for motors 100 horsepower or larger, 
provide a response curve for the temperature device. 

G. For VFD driven equipment, provide a letter of certification from both the VFD and motor 
manufacturers that the specific application has been reviewed and that the motor and VFD are 
compatible and that the motor and VFD combination will satisfy the requirements under all 
conditions of operation without adverse impacts on either the motor or VFD. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Equipment List:  
Equipment No. Description Location 
EF 832,601 Foul Air Exhaust Fan Odor 
EF 832,100 Electric Room Fan Electric Room 

B. Unless otherwise indicated, motors shall be factory-mounted to the equipment as practicable. 

C. Motors shall, as a minimum, comply with the requirements of this Section 11060 and shall be the 
manufacturer's standard industrial product.  Additional or better features which are not specifically 
prohibited by the specifications, but which are a part of the manufacturer's standard industrial 
product, shall be included in the motor being furnished.  A standard industrial product is a product 
that has been or will be sold on the market through advertisement or manufacturer's catalogs, or 
brochures, and represents the latest production model(s). 

D. Motor enclosures will be identified as follows: 
1. ODP:  Open Drip-Proof; NEMA MG1.25.1. 
2. WP:  Weather Protected, Type I and II; NEMA MG1.25.8.1. 
3. TENV: Totally Enclosed, Nonventilated; NEMA MG1.26.1. 
4. TEFC:  Totally Enclosed, Fan Cooled; NEMA MG1.26.2. 
5. EP:  Explosion-Proof; NEMA MG1.26.3. 

E. Unless otherwise indicated, electrical requirements shall be as follows: 
1. Service factor: 

a. Single-phase motors:  1.0. 
b. Service factor for three-phase motors:  1.15. 

2. Time rating:  All motors shall have continuous time ratings in conformance with NEMA MG 1-
10.35. 

3. Torques:  Motors shall meet, or exceed, the locked rotor and breakdown torques specified for 
NEMA Design B. 

4. Currents:  Locked rotor currents shall not exceed the values for NEMA Design B. 
5. Protection:  Current density and heating characteristics shall be such that the motors will not 

burn out if subjected to a maximum of 20-second stall at 6 times full-load current. 
6. Rating:  Motors shall not be submitted or provided that are required to operate at greater than 

their nameplate horsepower.  Use of the service factor will not be allowed under conditions of 
rated voltage and frequency. 

7. Insulation:  Unless otherwise specified, all motors shall have non-hydroscopic insulation 
systems conforming to the requirements for NEMA Class B or higher. 

8. Conduit box:  One size larger than standard. 

F. Unless otherwise indicated, mechanical requirements shall be as follows: 
1. Frame sizes:  Conforming to latest NEMA Standard MG1-11.31 for "T" frames, and all 

dimensions meeting NEMA Standards insofar as they apply. 
2. Shafts: 

a. In accordance with NEMA "T" or "TS" dimensions. 
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b. Long shafts:  Suitable for belt, chain, or gear drive, within limits established by good 
industrial practice and documented by NEMA Standards MG1-14.42 and MG1-14.07. 

c. Short shafts:  Used for direct connection. 
3. Connection diagrams:  Permanently attached to the motor, either inside the conduit box or on 

the motor frame, in a location readable from the conduit box side. 
4. External finish:  Corrosion resistant for outdoor operation. 
5. All bolts, screws, and other external hardware shall be treated for resistance to corrosion. 

G. Nameplates: 
1. Of corrosion resistant metal. 
2. Engraved or stamped and shall be fastened to the motor frame with screws or drive pins of 

the same material. 
3. Nameplates shall indicate clearly all the items of information enumerated in NEMA MG1. 
4. The Contractor shall coordinate the motor nameplate location so it is readily visible for 

inspection in the completed machine. 

H. Protective Coating:  Before shipment, coat the shaft extension and any other external bare 
exposed metal parts of each motor with an easily removable rust preventive. 

I. Packaging:  All loose motors shall be packed in Styrofoam or securely fastened to a hardwood 
skid or pallet for fork-truck handling and shall be covered for protection against dirt and moisture 
during transit and for short-time outdoor storage. 

2.02 MOTORS LESS THAN 1/2 HORSEPOWER 

A. General:  Unless otherwise indicated, motors less than 1/2 horsepower shall be single-phase, 
squirrel cage, capacitor start induction run type designed for 115 volt, 60 Hz operation.  Dual 
voltage (115/230) rated motors are acceptable if all leads are brought out to the conduit box. 

B. Enclosures: 
1. Unless otherwise indicated, motors shall have open drip-proof enclosures. 
2. Where indicated, explosion-proof motors shall bear the UL label for Class I, Division 1, Group 

D hazardous locations.  An over-temperature device in the enclosure shall be provided to 
detect and automatically de-energize the motor if the enclosure surface temperature exceeds 
280 degrees C.  The nameplate shall be marked with the UL frame temperature code T2A. 

2.03 MOTORS 1/2-HORSEPOWER THROUGH 250 HORSEPOWER 

A. General: 
1. Motors 1/2-horsepower through 250 horsepower shall be 3-phase, squirrel cage, induction 

motors designed for 460-volt, 60-Hz operation.  Dual voltage (230/460) rated motors are 
acceptable if all leads are brought out to the conduit box. 

2. Motor enclosure, rpm, horsepower, and modifications (if any) are specified in the specific 
equipment specification section. 

B. Drip-Proof Motors:  Unless otherwise indicated, drip-proof motors shall have a Class B insulation 
with a service factor of 1.15. 

C. Totally Enclosed Fan Cooled Motors (TEFC): 
1. With frame sizes 182 and larger:  Having cast-iron frames and end shields. 
2. Smaller frames: 

a. Constructed of rolled steel with cast-metal end shields. 
b. Provided with condensation drain holes. 

3. Frame sizes 286 and larger:  Having an automatic breather/drain device provided in the drain 
hole. 

4. General duty motor:  Having Class B insulation with a service factor of 1.15. 
5. Severe duty motor: 

a. Having a Class F insulation with a service factor of 1.15. 
b. Internal surfaces coated with a corrosion-resistant epoxy paint. 
c. Acceptable manufacturer: 



Fremont Siphon Project C00762C14   ELECTRIC MOTORS 
May 2014  11060 - 4 

1) Reliance Electric SXT-XT. 
2) Westinghouse Mill and Chemical. 
3) Approved equal. 

6. Energy Efficient, Severe Duty Motor: 
a. Identical to the severe duty motor except that it shall be designed to comply with the 

minimum nameplate efficiency in Table A. 
TABLE A, Minimum Nameplate Efficiency 

  Speed, rpm  
Horsepower 1200 1800 3600 

1/2 84.0 84.0 80.0 
3/4 84.0 86.5 86.5 
1 84.0 86.5 87.5 

1.5 84.0 87.5 87.5 
2 84.0 87.5 87.5 
3 89.5 89.5 88.5 
5 90.2 90.2 90.2 

7.5 91.2 91.7 91.7 
10 91.7 91.7 91.7 
15 92.4 93.0 90.7 
20 92.4 93.6 92.4 
25 93.0 93.6 93.0 
30 93.6 93.0 93.0 
40 94.5 94.1 94.0 
50 94.5 94.1 94.0 
60 95.0 95.0 95.0 
75 95.0 95.4 93.6 
100 95.4 95.4 95.0 
 125 95.8 95.4 95.0 
150 96.2 96.0 95.0 
200 96.0 96.2 96.0 
250 96.0 96.0 96.0 

b. The efficiency shall be as determined by the dynamometer test method, IEEE 112, 
Method B. 

c. Acceptable manufacturer: 
1) Reliance Electric Duty-Master XE. 
2) Baldor Super-E. 
3) Approved equal. 

7. Explosion-Proof Motor: 
a. UL-listed for Class I, Division 1, Group D hazardous atmospheres. 
b. Having a Class B insulation with a service factor of 1.15. 
c. UL-approved breather/drain device provided in the motor drain hole. 
d. Provided with a frame temperature thermostat which meets the UL frame temperature 

limit code T2A (280 degrees C). 
e. Thermostat containing an automatically reset, normally closed contact rated 2 amperes at 

115V AC. 
f. The nameplate marked with the UL temperature limit code T2A. 
g. Acceptable manufacturer: 

1) Marathon Electric. 
2) Reliance Electric. 
3) Approved equal. 

8. Submersible Motors: Submersible pump motors shall meet the following requirements unless 
otherwise specified in the individual equipment specification section. 
a. UL-approved for explosion-proof atmospheres in accordance with 2.03C4 of this Section 

11060. 
b. Having two mechanical seals, a lower one which is outside the motor and protecting the 

upper one which is in an oil-filled chamber. 
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c. Moisture detector probes in the oil-filled seal chamber shall be provided to indicate the 
presence of moisture in the seal chamber. 

d. A normally closed NEMA Class B150 contact from the moisture detector shall open to 
deactivate the motor control circuit in the event of moisture detection. 

e. Relays or solid state controls which are required shall be provided in an enclosure on or 
near the motor. 

9. Energy efficient, explosion-proof motor:  Identical to the explosion-proof motor except that the 
efficiency shall comply with Table A in Paragraph 2.03C3 of this Section 11060. 

10. Inverter Duty: 
a. The motors controlled by variable frequency drives (VFD) shall be rated for inverter duty 

and must include a stainless steel nameplate showing "Inverter Duty Motor." 
b. Nameplate shall also show that motor is suitable for variable torque operation on VFD 

power from 6 to 60 Hz, and show rated torque in lb-ft on inverter power in addition to the 
standard nameplate data specified in NEMA standards. 

c. Contractor shall supply certification with submittals that the motors meet all requirements 
of NEMA MG1-2004, Part 31. 

d. Motors shall include an 'inverter grade' insulation system using not less than triple 
insulation layer wire and other features necessary to meet the voltage spike 
specifications of NEMA MG1-2004, Paragraph 31.4.4.2.  Complete insulation of the slot, 
cell, and phase groups is required.  The system shall be rated for Class F temperature 
rise or better at a service factor of 1.0.  

e. Inverter duty motors shall include a normally closed winding over-temperature thermostat 
suitable to be wired to the VFD panel for drive shutdown. 

D. Vertical Motor: 
1. Unless otherwise indicated, full voltage with a Type P base. 
2. The type of enclosure, service factor, type of shaft and thrust bearing as specified in the 

specific equipment section. 

E. Conduit Boxes: 
1. Provided with threaded hubs. 
2. Motors provided with neoprene gaskets at the base of the conduit box and between the 

halves of the conduit box. 
3. Motors having a grounding lug located within the box for the raceway ground connection. 

F. Temperature Sensing and Protection: 
1. Motors 10 horsepower through but not including 20 horsepower: 

a. Containing a bi-metal disc thermostat to sense winding over-temperature. 
b. Thermostat:  Automatic reset, normally closed contact, rated at 2 amperes at 115V AC. 
c. Motor nameplate:  Marked "OVER TEMP PROT 2" in accordance with NEMA MG 1-

12.53. 
2. Motors 20 horsepower and above: 

a. Having a temperature sensing device embedded in the motor winding which is sensitive 
to both over-temperature and rate of temperature rise. 

b. Sensor:  Wired to a NEMA 4 temperature monitor box located near or on the motor. 
c. Temperature sensing system:  Automatic reset, normally closed contact, rated 2 amperes 

at 115V AC. 
d. Motor nameplate:  Marked "OVER TEMP PROT 1" in accordance with NEMA MG 1-

12.53. 

G. Rotors shall be die cast aluminum or brazed copper construction, epoxy protected corrosion on 
external surfaces. Rotors shall be free from inherent axial thrust and be balanced to within NEMA 
Standard MG 1-12.05 vibration limits. If balancing weights are required they shall be permanently 
secured by welding or other approved method. 

H. Space heaters shall be provided for all motors over 99 horsepower. Heaters for 480 VAC motors 
shall be 120 VAC, single phase and 1,000 watts or less. 

I. Constant Torque Motors: 
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1. Certain motors must provide constant torque over their speed range when used with variable 
frequency type variable speed controllers. 

2. The most common application is variable speed pumping of positive displacement pumps. 
3. Motors shall be suitable for these applications; specifically, the submittal data for each such 

motor must include a letter of certification from the variable frequency supplier that the motor 
is suitable for the application and compatible with the variable frequency controller. 

PART 3  EXECUTION 

3.01 TESTING 

A. Insulation Check: 
1. King County may test the insulation resistance of the motor at any time after delivery of the 

motor to the jobsite or at any time during the warranty period. 
2. Tests for acceptability will be made using a 1,000-volt megohm meter (megger). 
3. Interpretations of test results for minimum acceptable values of insulation resistance will be 

made in accordance with IEEE No. 43. 
4. All deficiencies shall be corrected by the Contractor at no cost to King Coun 

B. Load Testing:  King County may test a motor at any time after delivery of the motor to the jobsite 
or at any time during the warranty period to determine its ability to operate at nameplate current 
or less, meet the load test requirements, the Contractor shall replace the motor at no cost to King 
County. 

END OF SECTION 
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SECTION 11102 

CORROSION-RESISTANT SLIDE/STOP GATES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies fabricated self-contained corrosion-resistant slide gates, referred to as stop 
gates by manufacturers, frames, and appurtenances. 

B. Corrosion-resistant slide gates shall be: 
1.  304 stainless steel encased in reinforced composite plastic or 
2.  all 316 stainless steel construction. 

C. Contractor shall provide: 
1. Two slide gates: The gate for the Siphon Inlet shall be interchangeable with both frames in 

the structure.  The gate for the Siphon Outlet shall be interchangeable with both frames in the 
structure. 

2. Four slide gate frames:  Two for the Siphon Inlet and two for the Siphon Outlet in locations 
indicated on the Drawings. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
AWWA C561 Fabricated Stainless Steel Slide Gates  
AWWA C563 Fabricated Composite Slide Gates 
NASA CR-1457 Manual for Structural Stability Analysis of Sandwiched Plates and Shells 

B. Qualifications: 
1. The gate manufacturer shall be regularly engaged in the production of slide gates. 
2. Manufacturer shall have furnished similar installations of slide gates which are in successful 

and continuous operation for stormwater and wastewater facilities for a minimum of ten 
years.  

1.03 SUBMITTALS 

A. Procedures: Section 01300. 

B. Qualifications.  

C. Catalog, size, capacity data and complete description of the gates. 

D. Shop drawings showing materials of fabrication, dimensions, embedment and attachment system 
to match the structure. 

E.  Field verified dimensions, material of construction, and installation and anchorage details. 

F. Calculations:  
1. Verify compliance to withstand full hydraulic height load and meet deflection requirements 

listed in AWWA C561 or C563, whichever is appropriate., full height is defined as the top of 
the gate. 

2. Conformance to AWWA C561 or C563 design criteria, whichever is appropriate for the type 
of gate provided. 

G. Operation and maintenance information: Section 01730. 
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PART 2  PRODUCTS 

2.01 GENERAL 

A. Provide replaceable bulb seals attached to the slide or mounted to the frame having minimum 
service of 10 years. No part of the seal shall protrude into the clear opening. 

B. Gates shall be supplied by the same qualified manufacturer. 

C. Gates shall not have operators and shall be capable of being installed and removed by a crane or 
other lifting device. 

2.02 PERFORMANCE AND DESIGN REQUIREMENTS 

A. Gates shall be 7-feet tall with flush bottoms and shall have widths to span openings indicated in 
the Drawings.  Each gate shall be designed to be utilized in all frames of the structure in which 
the gate is to be inserted.  

B. Stainless steel frames shall be embedded in the concrete structure in recessions shown on the 
Drawings such that the frame does not extend into the clear opening.  Submit the required sizes 
of recessed areas from the Manufacturer prior to forming the concrete structures.   

C. Gates and frames shall properly seal to meet or exceed maximum leakage rates identified in 
AWWA C561 or C563 as appropriate.   

D. Gate slides shall be designed to withstand all hydrostatic forces, lowering (pushing) slide into the 
frame under live flow conditions and removing of slide with backwater pressure on one side equal 
to the height of the gate.  Provide two lifting points, each one-third in from the side. 

2.03 MATERIALS 

A. Frame and fasteners: 
1. Grade 316 stainless steel.  FRP, GRP, plastic coated steel fabrications are not acceptable. 
2. Embedded frame components shall have minimum 3/8-inch material thickness and have 

embedment studs as required for developing shear strength. 

B. Seals: 
1. The sealing arrangement for the gates shall comprise of sealing faces and side guides 

constructed of material  equal to ultra-high molecular weight polyolefin having a low 
coefficient of friction and backing constructed of highly resilient expanded neoprene. 

2. All moving contact surfaces shall be not adhesive to each other to minimize seizure, sticking, 
jamming.  

3. Seals shall have a shore hardness of 60/70 on Durometer "A" scale. 
4. Design of seal shall accommodate sealing around small objects in the flow. 

C. Slide: 
1. Corrosion-resistant slide gates shall be: 

a.  304 stainless steel encased in fiberglass-reinforced composite plastic (FRP), 
b. 304 stainless steel encased in reinforced composite thermoplastic, or 
c.  all 316 stainless steel construction. 

D. Structure: 
1. Provide an internal steel matrix and/or reinforcing ribs on the slide as required to withstand 

hydraulic, lifting and seating loads. 

E. Slides will be stored in an exterior location and shall be capable of withstanding 20 year exposure 
to direct sunlight and range of temperatures experienced in Seattle, WA. 

PART 3  EXECUTION 

3.01 INSTALLATION 
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A. Install in accordance with manufacturer’s instruction and as indicated in the Drawings. 

B. Frame:  Embed as required by the structural calculations and as indicated in the Drawings 

3.02 FIELD TESTING 

A. Gates shall be inserted into the frames under live flow conditions and removed under backwater 
conditions as directed by the Project Representative.  Gates shall be installed and removed 
without damage during testing. 

B. Allowable leakage: 
1. Per AWWA C563 or AWWA C561 as appropriate. 
2. Perform for each slide in each frame in each structure. 

C. Gate slides shall be free of sticking or binding. 

 

END OF SECTION 
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SECTION 11120 

FLAP GATES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies flap gates in the new Interceptor Chamber, with all work and 
appurtenances necessary to make a complete and operable installation. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of the listed documents, the requirements of this Section 
shall prevail. 
Reference Title 
ASTM A240 Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for  
  Pressure Vessels and for General Applications 
ASTM A276 Specification for Stainless Steel Bars and Shapes 
ASTM D2000 Classification System for Rubber Products in Automotive Applications 
ASTM D4020 Ultra-High-Molecular-Weight Polyethylene Molding and Extrusion Materials 
ASTM F593 Stainless Steel Bolts, Hex Cap Screws, and Studs 
ASTM F594 Stainless Steel Nuts 
American Welding Society (AWS) 

1.03 WARRANTY AND GUARANTEE 

A. The Manufacturer shall guarantee the flap gates will provide trouble-free operation for a period of 
ten (10) years. Performance criteria: 
1. Leakage shall be no more than 0.1 gallons per minute per foot of wetted perimeter in a 

seating head condition. 
2. Hinges and bushings shall be free of sticking or binding as judged by the Project 

Representative. 

1.04 SUBMITTALS 

A. Procedures:  Section 01300 

B. Catalog data giving complete description of the flap gates. 

C. Data, shop drawings, and descriptive material showing materials of fabrication, sizes and 
capacities, field verified dimensions, and installation requirements. 

D. Operation and maintenance data per Section 01730, Items 1, 5, and 7. 

PART 2  PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Whipps, Inc.  Athol, MA 

B. Fontaine Industries Ltd.  Magog, Quebec, Canada 

C. Approved equal. 
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2.02 PERFORMANCE AND DESIGN REQUIREMENTS 

A. Service Conditions:  flap gates shall be suitable for service with raw, untreated and unscreened 
wastewater. 

B. Design Requirements: 
Diameter (in.) Type Design Head Seating (ft) Design head Unseating (ft) 

24 Circular 15 Negligible 

2.03 MATERIALS 
Component Materials 
Wall Thimble, Frame, Flap, Stiffeners, 
Hinges, Hinge Arm and Hinge Pins 

Type 316 Stainless steel, ASTM A240 

Flap Seal Neoprene, ASTM D2000 or EPDM 
Fasteners, Nuts and Bolts Stainless Steel Type 316, ASTM F593 and F594 
Hinge Pin Bushings Ultra high molecular weight polyethylene 

(UHMWPE), ASTM D4020 

2.04 FABRICATION 

A. Flap gates shall be constructed entirely of Type 316 stainless steel complete with cover gate, 
frame, bolts and nuts, and any other accessories necessary to make a complete and workable 
installation. 

B. Wall thimble shall be constructed entirely of Type 316 stainless steel and shall accommodate the 
pipe material and wall thicknesses to be encountered. 

C. Gate seats shall have the seating surface at a slight angle to the plane of the mounting flange to 
assure positive closure. 

D. Machine and drill components to match the thimble. 

E. Structural components shall be fabricated of Type 316 stainless steel having a minimum 
thickness of ¼ inch and shall have adequate strength to prevent distortion during handling, 
installation and service life.  All welds shall be performed by AWS certified welders. 

F. Hinges shall consist of a stainless steel pin with UHWMPE bushings.  Hinges shall be free 
moving and shall be designed to prevent seizing.  Hinge pins shall be of sufficiently large 
diameter to prevent bending and distortion with frequent operation. 

G. Seals shall be provided to restrict leakage.  A resilient seal shall be mounted to the seating 
surface and shall be mechanically fastened to the frame; seals that are force fit and/or held in 
place with adhesive are not acceptable.  The seal system shall be designed to accommodate 
frequent operation without loosening or increase in leakage. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. The flap gate shall be installed at locations shown on the drawings and in accordance with the 
manufacturer's written instructions. 

3.02 FIELD TESTING 

A. Under seating conditions the flap gates shall meet the leakage requirements specified herein.  

END OF SECTION 



SECTION 13100 

ARTIST COORDINATION 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies Contractor requirements for coordinating the installation of artwork on the 
Odor Control Facility.  The installed locations of the artwork are shown on the Drawings. 

B. King County has a separate contract to fabricate, transport and install the art work.  The 
Contractor shall coordinate transportation and installation and be responsible for unloading and 
safe storage of the artwork at the Site. 

1.02 SUBMITTALS 

A. Schedule for installation with activities tied to the Contractor’s accepted current schedule. 

1.03 DEFINITIONS 

A. Special Source Fabricator: Herzog Glass, Seattle, WA.  The Special Source Fabricator will 
fabricate, transport and install the artwork. 

B. Artist:  Perri Howard, VMG: Velocity Made Good, Seattle, WA.  The Artist is under contract with 
King County and, through coordination with the Project Representative, will be available to 
provide information required by the Special Source Fabricator in carrying out the design, and to 
inspect the fabrication and installation. 

1.04 SHIPMENT, DELIVERY, AND STORAGE 

A. Shipment of the artwork will be provided by King County. 

B. The Contractor, Project Representative, Artist, and Special Source Fabricator shall jointly inspect 
the condition of each piece of equipment prior to acceptance upon delivery. 

C. Equipment delivered in crates or otherwise packaged shall be uncrated by the Contractor to 
permit inspection. 

D. The Project Representative and Contractor will record the condition of the equipment on a form 
provided by the Project Representative. 

E. When the artwork or any subcomponent thereof is stored onsite, such storage shall be in 
accordance with King County’s recommendations.  The Contractor shall be responsible for all 
costs of such temporary storage. 

1.05 KING COUNTY RESPONSIBILITY 

A. Scheduling and coordination with the Artist and Special Source Fabricator. 

B. Furnish the artwork. 

C. Provide the Contractor a minimum of 14 days-notice prior to shipping to the Site. 

1.06 CONTRACTOR RESPONSIBILITY 

A. Accept the artwork and appurtenances when delivered to the Site. Once the artwork arrives 
onsite, provide safe and secure storage and be responsible for any damage or loss prior to 
installation. 
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B. Coordinate with, provide access, laydown/storage and staging areas for the Special Source 
Fabricator to install the artwork. 

C. Coordinate with and provide access for the Artist to inspect the artwork during unloading, 
staging/storage and installation. 

D. Notify King County a minimum of 60 days written notice when the artwork is required to be on the 
Site and ready for installation. 

E. Be responsible for the care and protection of the installed artwork and associated materials until 
commissioning of the Odor Control Facility is complete. See Section 01660. 

PART 2  MATERIALS  (NOT USED) 

PART 3  EXECUTION 

3.01 GENERAL 

A. The Project Representative will coordinate with the Artist to provide information needed for timely 
inspection of the work.  

3.02 MEASUREMENTS 

A. Provide access for the Project Representative for verification of all dimensions. 

3.03 INSTALLATION 

A. Integration of the artwork into the walls of the Odor Control Facility is shown on the Drawings. 

END OF SECTION 
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SECTION 13230 

FIBERGLASS REINFORCED PLASTIC (FRP) FABRICATIONS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for fiberglass reinforced plastic (FRP) duct work and odor 
control vessel. 

B. FRP equipment such as handrailing, grating, and structural shapes are specified in Division 6 and 
FRP piping is specified in Division 15 

C. Equipment-specific requirements are detailed in other sections for the specific equipment.  This 
Section is to be used in conjunction with the other related equipment sections and the Drawings. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of the listed documents, the requirements of this Section 
shall prevail. 
Reference Title 
ASTM D883 Standard Terminology Relating to Plastics 
ASTM D2471 Standard Test Method for Gel Time and Peak Exothermic Temperature of  
  Reacting Thermosetting Resins 
ASTM D2583 Standard Test Method for Indentation Hardness of Rigid Plastics by Means of a  
  Barcol Impressor 
ASTM D2584 Standard Test Method for Ignition Loss of Cured Reinforced Resins 
ASME RTP-1 Reinforced Thermoset Plastic Corrosion Resistant Equipment 

B. All products shall be new, of current design, and produced by approved manufacturers who 
specialized in the fabrication of such products. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Submittal requirements for FRP fabrications as detailed in those specification sections pertaining 
to specific equipment. 

C. FRP manufacturer assembly and erection plans.  The plans shall provide details on handling, 
field connections, and final installation 

1.04 DEFINITIONS 

A. The terminology of this Section is consistent with ASTM D883.  Users of this Section are 
responsible for correct interpretation.  Further definitions are as follows. 

B. Equipment:  the FRP equipment, as listed in the applicable equipment section, including all 
ancillary equipment, work, and materials as described in this section and related sections 
specification. 

C. Fabricator:  the primary party responsible for fabrication of the equipment. 

D. Field Joining Contractor:  the party responsible for the field joining of the equipment.  This may be 
the same party as the Fabricator and/or the Contractor. 
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E. Mat:  a fibrous material consisting of randomly oriented chopped or swirled glass filaments 
loosely held together with a binder. 

F. Chopped Glass:  a fibrous material consisting of randomly oriented chopped filaments applied 
directly to a mold surface or laminate under construction by a chopper gun. 

G. Fiber Prominence (Jackstraw):  the distinct visibility of individual glass strands causing a loss of 
translucency of the laminate. 

1.05 SHIPPING 

A. Vessels: 
1. Package, load, and protect all materials to prevent transit and handling damage. 
2. All equipment that is shipped in a horizontal position shall be mounted on padded cradles 

contacting at least 120 degrees of the vessel circumference. 
3. All end blocking used to prevent shifting of equipment shall be padded. 
4. Equipment shall be loaded with a minimum clearance of two inches between pieces 

(including external fittings, nozzles, or other projections) and the bed of the car or truck.  
When two or more units are shipped together, sufficient clearance shall be provided between 
units to prevent contact in transit. 

5. Coverings of suitable plywood or hardboard, securely fastened shall protect flange faces. 
6. Loose parts such as fasteners, gaskets, and accessory fittings shall be packaged securely to 

allow storage under field conditions. 
7. All dry FRP field-joining materials shall be precut in the shop and layered in order of laminate 

sequence, then labeled and packaged in sealed, moisture-proof containers for shipment. 
8. When a number of loose items or field joining materials are packed in larger shipping crates, 

each crate will be individually marked or tagged as to its contents, clearly listing number and 
type of each item contained therein. 

B. Ducting: 
1. Package, load, and protect all materials to prevent transit and handling damage. 
2. All ducts shall be supported for shipment on cradles spaced no greater than 20 feet. 
3. Duct lengths shall also be supported by cradles within two feet of the duct end. 
4. Cradles used to support duct or other equipment shall contact at least 120 degrees of the 

circumference, be padded, and match the outside diameter within + 1/8 inch, - 0 inch. 
5. If duct is stacked in layers, cradles shall be used which support each piece of duct 

independently from the overlying and underlying material, such that no duct in a cradle 
carries more than its own weight. 

6. Duct ends and flange faces shall be protected by covering with suitable material that is 
securely fastened. 

7. Ducting shall be loaded with a minimum clearance of two inches between pieces (including 
external fittings, nozzles, or other projections) and the bed of the car or truck. 

8. Loose parts such as fasteners, gaskets, and accessory fittings shall be packaged securely to 
allow storage under field conditions. 

9. When a number of loose items are packed in larger shipping containers, each container shall 
be individually marked or tagged as to its contents, clearly listing number and type of each 
item contained therein. 

1.06 HANDLING FRP EQUIPMENT 

A. The equipment shall not be rolled, slid, dropped, allowed to swing into other objects, or forced out 
of shape.  Resulting impact and excessive distortions may cause cracking or crazing. 

B. When working in or around FRP equipment, care shall be exercised to prevent tools, scaffolding, 
or other objects from striking or being dropped on or inside the equipment.  Workmen entering the 
equipment shall wear soft-soled shoes. 

C. Observe proper rigging and hoisting practices at all times. 
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D. The use of a crane is recommended both in lifting and positioning the equipment.  The slings or 
cables attached to the equipment shall lift as nearly vertical as possible.  Under no circumstances 
shall slings or cables lift more than 45 degrees from vertical.  A spreader bar (lifting fixture) may 
be necessary to keep the lifting angle within this range. 

E. Lifting lugs in most cases are not designed to accommodate lifting vessels in or from the 
horizontal position.  Nylon slings encircling the tank shall be used for this purpose and for righting 
the vessel to the vertical position. 

F. Unless otherwise indicated, use all lifting lugs, loaded uniformly for lifting vessels in the vertical 
position.  The use of spreader bars is recommended to keep loads on lugs as nearly vertical and 
uniform as possible. 

G. When lifting lugs are not provided and it is necessary to use lifting slings in direct contact with the 
FRP equipment, the slings shall be woven nylon or canvas at least three inches wide.  Care shall 
be taken to assure that shackles, eyes, hooks, or other objects do not come into contact with the 
FRP equipment. 

H. Do not attach lifting slings or cables to, nor allow them to come in contact with, any nozzles, 
flanges, gussets, or fittings other than lifting and/or anchor lugs. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Unless otherwise indicated, metal hardware attached to FRP equipment with overlays (including 
anchor bolts, anchor lugs, lifting lugs, hangers, etc.) shall be Type 316 stainless steel. 

B. Unless otherwise indicated, gaskets shall be neoprene.  Gaskets for use with FRP flanges shall 
be flat, full-faced, and drilled to match the drilling of the mating flange(s). 

C. The Project Representative will review the Fabricator’s choice of resin/catalyst before fabrication 
begins to verify compliance to the resin manufacturers recommended procedures. 

2.02 MATERIALS 

A. Resin: 
1. The equipment shall be fabricated using the corrosion-resistant resin(s) specified in the 

applicable equipment section. 
2. Unless otherwise indicated, the same resin shall be used throughout all laminates. 
3. The resin manufacturer shall recommended type and amount the catalysts and promoters for 

the required service. 
4. Maintain positive measurement and control of catalysts, promoters, and resins at all times. 
5. Use no fillers, additives, or pigments in the resin except as specified below, and in the 

applicable equipment section. 
6. A thixotropic agent for viscosity control may be used in the proportion and type recommended 

by the resin manufacturer. 
7. No thixotropic agent shall be used in the corrosion liner or on surfaces to be in contact with 

the corrosive environment. 
8. Resin putty: 

a. Made using the same resin as used in the original fabrication of the parts to be joined. 
b. Contain a minimum 15 percent by weight of milled glass fibers. 
c. A fumed-silica additive such as Aerosil 200 or Cab-O-Sil TS-720 shall be added to 

increase the viscosity of the putty. 
d. Use of silica flour, grinding dust, or other fillers is not allowed. 

9. When specified in the applicable equipment section, antimony trioxide or antimony pentoxide 
shall be added to the resin in the amount necessary to achieve the required fire retardancy 
rating in the structural wall only.  Resin manufacturer’s recommendations shall be followed. 

10. Unless otherwise indicated, the corrosion liner shall not contain this additive. 
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B. Reinforcement: 
1. Type and sequence of reinforcement to be used shall be as designated in the applicable 

equipment section, the construction details, or on the Drawings. 
2. Unless otherwise indicated, glass fiber reinforcement used shall be a commercial grade 

corrosion-resistant borosilicate glass. 
3. All glass fiber reinforcing shall have an epoxy compatible silane type surface finish and binder 

that is specifically recommended by the glass manufacturer for the particular resin system to 
be used.  This surface finish shall allow the maximum possible chemical bonding between the 
resin and glass. 

4. Unless otherwise indicated, surfacing veils shall be Type C (chemical grade) glass, 10-mil 
thickness.  Polyester surfacing veil, such as Nexus or approved equal shall be used only 
when indicated in the applicable equipment section.  The Project Representative is not aware 
of an equal product. 

5. Mat shall be Type E (electrical grade) glass, 1-1/2 oz. or 3/4 oz. per sq. ft., as specified in the 
applicable equipment section, with nominal fiber length of 1.25 ± 0.75 inches. 

6. Continuous glass roving used in chopper guns for spray-up shall be Type E chopper roving. 
7. Woven roving shall be 24 oz/sy.  Type E glass and have a 5 x 4 plain weave. 
8. Continuous roving used in filament wound construction shall be Type E glass winder roving 

with a yield of 200 yards or more per pound. 
9. Unidirectional reinforcement shall be weft unidirectional fabric, Type E glass, 15.7 oz./sq. yd.. 

a. Acceptable manufacturer: 
1) Hexcel, Knytex. 
2) Brunswick Technologies, Inc., W-1 6. 
3) Approved equal. 

2.03 FABRICATION 

A. Molds: 
1. Molds constructed of Masonite, wood, or other porous material shall be completely covered 

with Mylar or other similar material to produce a smooth and glossy inner surface on the FRP 
equipment. 

2. Molds and mandrels shall be hard-surfaced such that working the wet laminate will not cause 
local displacement of the material or air entrapment.  Covering of mandrels with cardboard is 
not advised and shall be approved by the Project Representative prior to start of fabrication. 

3. Certain construction details shown on the Drawings assumes the availability of specific 
tooling and/or molds.  The Project Representative may consider alternate mold 
configurations. 

4. The Project Representative prior to the start of fabrication shall approve any deviations from 
the dimensions shown on the Drawings. 

B. Vessel Assembly: 
1. All cutouts from the equipment are to be marked, indicating their original location, and given 

to the Project Representative. 
2. The Project Representative shall not remove until centerlines marked on the equipment for 

use in assembly after inspection. 
3. Flanged nozzles shall be installed with boltholes straddling principle centerlines of the vessel.  

For tank tops, nozzle boltholes straddle radial centerlines.  Other layouts take precedence 
when detailed on the Drawings. 

4. Provide template when requested that locates anchor boltholes within +1/8 inch for each 
vessel. 

5. When specified, or indicated on the Drawings or construction details of the applicable 
equipment section, a non-skid surface shall be provided on the exterior surface of domed 
covers.  Silica grit may be applied in conjunction with the final resin coat, or other methods 
employed if approved by the Project Representative. 

6. Apply and overlay on the outside of the equipment a plastic nameplate showing the following 
information: 
a. Name of manufacturer. 



Fremont Siphon Project C00762C14   FIBERGLASS REINFORCED PLASTIC (FRP) FABRICATIONS 
May 2014  13230 - 5 

b. Date of manufacture. 
c. Contract number. 
d. Equipment name/number. 
e. Resin number and manufacturer. 
f. Design pressure and temperature. 
g. Vessel diameter, height, and weight. 

7. Butt joints or shell joints are to be in the number and location(s) as shown on the Drawings.  
Additional joints are not allowed except as approved by the Project Representative.  Slip 
joints, "mod joints," or other methods not conforming to the Drawings are not allowed.  If joint 
locations are not indicated on the Drawings, propose number and location for approval by 
Project Representative. 

8. Allowable tolerances shall be as listed in ASME RTP-1, Fig. 4-1 and NM7-1, except as 
modified herein or on the Drawings. 

9. When joining components, gaps at mating edges shall be limited to 1/4inch maximum, and 
misalignment of inside surfaces shall not exceed 1/3 of the lesser wall thickness. 

10. The outside surface of vessel flat bottoms after assembly shall be flat within ± 1/2 inch.  In 
addition, localized indentations or protrusions shall not exceed ± 1/4 inch within two feet. 

11. Nozzle cutout reinforcement shall be applied as specified on the Drawings. 
12. When reinforcing materials are cut to facilitate placement around an installed nozzle or 

opening, joints in successive reinforcing layers shall be staggered to avoid overlapping and 
shall not be placed so that the joints are parallel to the axis of the tank.  The principal fiber 
direction of the woven roving reinforcement shall be parallel to the tank axis. 

C. Duct Assembly: 
1. Apply and overlay an identification tag on each duct spool, straight duct length, or other 

equipment, showing the following information: 
a. Name of manufacturer. 
b. Date of manufacture. 
c. Contract number. 
d. Resin identification. 
e. Duct diameter. 
f. Laminate thickness. 
g. Unique spool identification number. 

2. Unless otherwise indicated, tolerances on spool assembly shall be as follows: 
a. Diametral, including out of roundness, shall be ±1/8 inch or ±1 percent, whichever is 

greater. 
b. Tolerance on overall length and location of tees and laterals shall be ±1/4 inch, 
c. Plain ends shall be cut square with the duct axis ±1/8 inch. 
d. Flanges shall be perpendicular to the axis of the duct ±1/2 degree, and shall be flat to 

±1/32 inch up to and including 16 inches diameter and ±1/16 inch for larger diameters. 
e. Tolerance on the specified angle for tees, laterals, and miters shall be ±1/2 degree. 

3. All cutouts from the equipment are to be marked, indicating their original location, and given 
to the Project Representative. 

4. Cut Lengths: the County prefers straight duct to be supplied to required lengths with a 
minimum of shop butt joining of shorter lengths.  In order to minimize waste or in order that 
mandrels may be limited to 20-foot, shop butt joints will be allowed with the approval of the 
Project Representative. 

5. Duct Marking: 
a. All lengths of duct shall be identified as required above. 
b. If required by the Project Representative, return a marked-up copy of the layout drawings 

with mark numbers referenced. 

D. All laminates: 
1. Refer to the applicable equipment section for reinforcement sequences.  No deviations in 

number or sequence of plies shall be allowed without approval of the Project Representative. 
2. Positive methods shall be used to assure uniform total thickness of the laminate and uniform 

glass-to-resin ratio without surplus resin or unsaturated glass. 
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3. All laminate thickness shown on the Drawings are construction minimums.  It is the 
responsibility of the Contractor to verify that minimum thicknesses are obtained using the 
laminate sequences specified. 

4. The minimum allowable structural laminate thickness shall be the total laminate thickness 
less the specified corrosion liner thickness. 

5. Interruptions in laminating sequence shall only occur after exothermal plies (E or e) as 
described in the applicable equipment section.  If an exothermal interruption becomes 
necessary, it shall follow the application of a ply of mat and be succeeded by a ply of mat.  
This may require an additional ply beyond that specified. 

6. Laminating: 
a. Sequence interruptions shall not exceed 24 hours, and the in-process surface shall retain 

acetone sensitivity until laminating is resumed. 
b. Lack of compliance with the procedures, or any indication that contamination of the 

surface has occurred, shall require that surface preparation be redone before resuming. 
c. Before resuming lamination, any rough areas or projections shall be touch-ground to 

allow full contact of the succeeding wet laminate. 
7. An exothermal interruption is specifically prohibited within the corrosion liner.  An exothermal 

interruption between the corrosion liner and the structural layers is limited to a maximum of 
twelve hours. 

8. Chopped strand glass applied by chopper gun is allowed in lieu of mat layers in the structural 
laminates only.  Application shall be mechanically controlled in order to assure uniform 
thickness and glass-to-resin ratio. 

9. The Project Representative prior to fabrication shall approve the specific methodology of 
chopped glass application. 

10. Chopper gun application of the corrosion liner is not allowed unless specified in the 
applicable equipment section. 

11. All non-mold surfaces shall be coated with resin containing wax additive in the amount 
necessary to allow full cure of the surface. 

12. In the case of interior primary corrosion surfaces such as interior overlays, this wax coat shall 
be applied within 24 hours of original lamination. 

13. In the case of exterior surfaces, this wax coat shall also contain a UV stabilizer in the type 
and amount recommended by the resin manufacturer. 

14. The exterior surface of all equipment shall be resin rich and reinforced with one layer c-glass 
surfacing veil, unless otherwise indicated. 

15. When specified in the applicable equipment section, the exterior coat shall be an opaque 
pigmented surface coat, applied only after Project Representative's inspection.  Color to be 
selected by the Project Representative. 

16. Saturation of reinforcement prior to application to equipment shall not be performed on waxed 
paper or other contaminated material.  Saturation of reinforcement on clean paper or 
cardboard is allowed. 

17. All cut edges shall be thoroughly coated with resin so that no glass fibers are exposed. 
18. Cut edges exposed to the corrosive service shall be sealed with a corrosion liner laminate, 

(inner surface and interior layers). 
19. All voids shall be filled with resin putty. 

E. Corrosion Liner Laminates (Inner Surface and Interior Layers): 
1. The inner (corrosion service) surface of all laminates shall be resin-rich and reinforced with 

surfacing veil of the type and number of layers as described in the applicable equipment 
section. 

2. The interior layer of the corrosion liner shall consist of 1-1/2 oz. per sq. ft. mat in the number 
of layers specified in the applicable equipment section.  Each ply shall be rolled separately to 
remove entrapped air. 

3. Chopped glass applied by chopper gun is not allowed in the corrosion liner except as 
specified in the applicable equipment section. 

4. All plies of the inner surface and interior layer are to gel completely before proceeding with 
the structural laminates, but in no case shall the interruption exceed twelve hours.  The 
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surface shall retain acetone sensitivity until the structural laminate is applied.  Lack of 
compliance to either of these aspects shall be cause for rejection of the corrosion liner. 

5. Completed corrosion liner as described above shall contain not less than 20 percent or more 
than 30 percent glass (by weight). 

6. 6No thixotropic material shall be used in the resin for the liner or in the fabrication of any FRP 
components intended for internal service. 

7. Completed liner shall be the minimum thickness specified in the applicable equipment 
section. 

8. All edges of surfacing veils in wet lay-up shall be lapped a minimum of one inch. 
9. A separately cured unreinforced gel coat shall not be used. 

F. Hand-Layup Structural Laminates: 
1. Structural laminates of varying construction types as specified in the applicable equipment 

sections or on the Drawings, shall follow the corrosion liner laminate. 
2. For hand lay-up structural laminates, reinforcement shall consist of mat and woven roving in 

the sequence specified in the applicable equipment section. 
3. All woven roving shall have a ply of mat on each side.  Two adjacent plies of woven roving 

are not permitted. 
4. All edges of woven roving material in wet lay-up shall be lapped a minimum of two inches.  

Lapped edges of adjacent layers shall be staggered to obtain the maximum possible 
strength. 

5. Laminates containing primarily 1-1/2 oz. per sq. ft. mat layers in conjunction with woven 
roving shall contain not less than 35 percent or more than 45 percent glass (by weight). 

6. Laminates containing primarily 3/4 oz. per sq. ft. mat layers in conjunction with woven roving 
are considered to be high strength laminates and shall contain not less than 45 percent or 
more than 55 percent glass (by weight). 

G. Filament Wound Structural Laminates: 
1. The corrosion liner laminate shall be followed by structural laminates of varying construction 

types, as specified in the applicable equipment section or on the Drawings. 
2. For filament wound structural laminates, reinforcement shall consist of continuous strand 

fiberglass roving applied with a minimum of interruptions until the specified minimum 
thickness is attained.  This laminate shall contain the percentage of glass (by weight) 
specified in the applicable equipment sections. 

3. Each complete cycle of filament winding shall form a closed pattern of winding bands, which 
completely covers the surface with two bi-directional layers.  Each layer shall be a maximum 
of one roving in thickness.  Singular cycles shall not exceed a thickness of 0.06 inches, 
unless otherwise specified in the applicable equipment sections.  In laminates with helix 
angles greater than 75 degrees, a minimum of 10% of the structural wall thickness shall 
oriented at  

4. 0 degrees, (longitudinal direction), 5 degrees.  This reinforcement shall be applied in a 
minimum of two layers of weft unidirectional fabric and equally spaced through the thickness. 

5. Upon request, submit the following information: 
a. Specific glass strand to be used and yield. 
b. Net thickness per cycle. 
c. Number of strands per inch in the winding band. 
d. Typical glass-to-resin ratio. 

6. Project Representative retains the right to modify the laminate based on Fabricator’s specific 
filament winding system. 

7. Spacing of filaments within the winding band shall be sufficiently close that bridging is 
avoided and glass content is maintained within the specified limits.  Spacing of the filaments 
shall be uniform across the winding band without bunching or gapping. 

8. The helix angle of winding shall be as specified in the applicable equipment sections, as 
measured from the centerline of revolution of the equipment shell. 

9. Unless otherwise indicated in the applicable equipment sections, tolerance on helix angle is ± 
2 degrees. 
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10. If layers of mat or chopped glass are needed to insure proper bonding between the corrosion 
liner and filament winding, or within the filament winding to accommodate the Fabricator’s 
manufacturing methods or to provide for laminates of acceptable quality, they may be added 
at the Fabricator’s option.  These layers are considered to be extra material and will result in 
a thickness greater than specified.  The amount of filament winding and unidirectional roving 
specified shall still be applied. 

11. If for any reason, winding is interrupted to the point where the outer surface is gelled or 
exothermal temperatures are excessive, production shall stop and the laminate shall be 
allowed to cure.  Any prominent ridges left on the cured surface shall be ground to smooth 
the projections and prevent bridging. 

12. Following the grinding, a bedding layer of 3/4 oz. per sq. ft. mat or chopped glass shall be 
applied and thoroughly rolled to remove air.  Winding with continuous strand may be resumed 
before this layer gels.  The additional mat layer is extra material and will result in a wall 
thickness greater than that specified. 

H. Surface Preparation: 
1. Surface Abrasion: 

a. Prior to starting secondary overlays, adequate surface abrasion with no surface 
contamination is required.  Every precaution shall be taken to assure adequate surface 
preparation and a good bond of the secondary overlays. 

b. Prior to making all overlays, the cured or wax-coated surfaces of the area to be overlaid 
shall be roughened thoroughly by grinding.  The roughened area shall extend 1inch 
minimum beyond the proposed overlay edge.  The roughened area shall be completely 
coated with wax coat at the completion of the joint. 

c. Grinding shall be sufficiently deep that all traces of glossy resin coat are removed and 
glass fiber is exposed over the entire abraded surface. 

d. The edges of the abraded surface shall be "feathered" out such that no sharp 
discontinuities exist. 

e. For surface abrasion by grinding, grinding disks shall be new and not contaminated, with 
a grit size of 16 to 24. 

f. FRP joint application shall begin within four hours of surface abrasion.  Repeat surface 
abrasion if greater than four hours. 

2. Final Surface Preparation: 
a. Within 15 minutes prior to beginning FRP joint application, dust shall be removed from 

the abraded area by vacuuming or brushing with clean non-metallic brushes, or wiping 
with clean dry rags. 

b. Solvent wiping the abraded area is not allowed. 
c. Air blowing the abraded area is not allowed. 
d. If any indication of contamination is present after this final surface preparation, the 

abraded area shall be scrubbed with solvent and allowed to evaporate to verify removal 
of the contaminant.  Repeat this solvent wash if necessary.  Surface abrasion shall be 
repeated after solvent washing. 

I. Joining Laminates: 
1. FRP joining laminates are subject to all applicable requirements specified in other sections 

for laminates. 
2. FRP joints shall be reinforced with an overlay of glass reinforcement and resin which extends 

equally within ± 1/2 inch on each side of the joint.  A smooth contour is required. 
3. Minimum thickness, ply sequence, and ply widths of FRP joints shall be as specified in the 

applicable equipment sections. 
4. Tolerance on width of joint reinforcement plies is + 1 inch, - 0 inch.  Woven roving plies shall 

not exceed the width of the mat ply below them. 
5. Parts to be joined shall be restrained to prevent movement until completion and cure of the 

joint overlay. 
6. Parts shall be fit-up; verify that all tolerances and assembly requirements of sections are met. 
7. The void between component parts shall be completely filled with resin putty, taking care not 

to extrude an excessive amount of putty into the interior. 
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8. The puttied area shall be ground to a smooth contour and final surface preparation repeated. 
9. The abraded area to be overlaid shall be resin coated immediately prior to applying glass 

reinforcement, using a stiff brush to work resin into the rough surface. 
10. The resin coat shall be applied only to an area as wide (+ l inch, - 0 inch) as the next 

exothermal stage of the joint sequence and shall be repeated prior to each exothermal stage. 
11. No thixotropic material shall be used in this resin. 

J. Environment: 
1. At all times, maintain conditions in the FRP laminate work area when the final surface 

preparation and FRP laminate application are in process, in order to not jeopardize the 
reliability of the laminate or secondary bond.  As a minimum, controls shall include the 
following: 
a. All surfaces to be overlaid and all materials are to be maintained within a range of 60 

degrees F to 95 degrees F. and be at least 5 degrees F greater than dewpoint 
temperature, as measured with a sling psychrometer. 

b. During the exothermal stage(s) of each laminate sequence, and during any unplanned 
exothermal, the temperature of the curing laminate will likely exceed 95 degrees F.  No 
further lamination may proceed until the exotherm has completed and the laminate has 
cooled to 95 degrees F or less.  No attempt shall be made to cool the curing laminate 
prematurely. 

c. Prepared surfaces and materials shall be protected from blowing dust, moisture and 
other contaminants. 

d. If any of the above conditions are violated while the final surface preparation or FRP 
laminate application are in-process, work shall stop immediately and the process shall 
begin again with surface abrasion. 

2. Materials shall be stored in a dry area and within the temperature and humidity limits 
recommended by the manufacturers. 

K. Flanges: 
1. Unless otherwise indicated, flanges shall be made by hand lay-up construction with nozzle 

neck and flange made integrally in one piece and fabricated in accordance with the 
dimensions shown on the Drawings.  All layers of reinforcement in the nozzle neck and hub 
shall extend uninterrupted into the flange. 

2. Unless otherwise indicated, additional hub thickness shall be built-up using alternating layers 
of 1-1/2 oz. per sq. ft. mat and 24 oz. per sq. yd. woven roving. 

3. Additional thickness in the flange shall be built-up using "ring" cutouts of mat, evenly 
distributed throughout the flange thickness. 

4. Press molded or filament wound flanges are not allowed. 
5. To obtain proper seating, bolt holes shall be spot-faced for SAE size washers.  Overall 

machining of the back of the flange is allowed if the fillet radius is maintained and the hub is 
not undercut.  Bolt holes and all other cut surfaces shall be resin coated.  Spot-facing or 
back-facing shall not produce a flange thickness less than specified in the Drawings. 

6. Bolt holes in flanges are to straddle principle centerlines of the equipment.  Tolerance in bolt 
hole locations and in diameter of bolt circle shall be   +/- 1/16 inch. 

7. Depressions or projections in flange face shall be no greater than 1/32 inch. 
8. Flanges shall be flat to + 1/32 inch up to and including 16 inch diameter and + 1/16 inch for 

larger diameters. 
9. Resin coat all flange bolt holes so that no fibers are exposed. 

2.04 SOURCE QUALITY CONTROL 

A. Allowable Visual Defects: 
1. Minimize the amount of defects in all laminates.  Visual defects in any area of the equipment 

that exceed the maximum allowable levels of visual defects set forth in RTP-1 Table 6-1, 
Level 2, shall be repaired.  For "gaseous bubbles or blisters" which do not exceed the 
maximum size limitation for each layer, the maximum quantity limitations shall be 2 per sq.in. 
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2. Visual defects shall be as defined in ASME RTP-1 Table 6-1, and as defined in Paragraph 
13230-1.04. 

3. Presence of visual defects in excess of the allowable levels shall be grounds for rejection of 
the equipment. 

B. FRP Fabrication: 
1. Implement a comprehensive quality assurance procedure.  The following subparagraphs 

describe the minimum requirements. 
2. Inspect equipment while in-process and after completion to assure compliance to all aspects 

of the specification and Drawings.  Inspection shall include, as a minimum, checks for visual 
defects, laminate thickness and sequence, glass content, Barcol hardness, dimensional 
tolerances, adherence to construction details, surface preparation, and environmental 
conditions.  Inspector shall complete a report of the findings including method of 
measurement for each separate assembly. 

3. Prior to use, test resin to establish cure characteristics and verify that it meets the resin 
manufacturer's acceptance standards. 

4. Resin testing shall be performed in accordance with ASTM D2471.  Gel time, time to peak 
exothermal, and peak exothermic temperature shall be recorded. 

5. If the Fabricator in any way alters the resin after receipt, such as through the addition of 
styrene, promoters, or other additives, perform one test for each drum or portion thereof 
mixed with additives. 

6. Provide documentation for each test including resin type, manufacturer, batch and lot 
number, drum number, complete listing of all additives with amounts added, and description 
and manufacturer of each additive. 

7. Inspect all glass reinforcement prior to use in fabrication and shall not use any glass that 
does not meet the manufacturer’s acceptance standards.  Glass material that is wet or has 
been wet shall not be used.  For each type of glass and lot number used, record the 
manufacturer, product description, binder type, product code, production date, and lot 
number.  For mat, woven roving, unidirectional roving, and cloth, records shall also include 
actual measured weight per square yard of material. 

8. Retain all nozzle cutouts and other excess laminate, clearly marking each piece to identify its 
original location.  Give the laminate samples to the Project Representative.  For areas where 
valid laminate samples are not available, sample plugs shall be taken at the Project 
Representative’s request.  Repair subsequent holes as approved by the Project 
Representative. 

9. Verify glass content of corrosion liner and structural laminate on available samples in 
accordance with ASTM D2584.  This test shall be completed, and the results reported for 
each major component where samples are available. 

10. Prior to final shipment of the equipment, provide the Project Representative with a complete 
quality control report, consisting of copies of all records maintained for compliance with this 
Section. 

C. Inspection: 
1. The Project Representative shall be permitted access to the equipment during fabrication and 

upon completion for the purpose of verifying compliance with the Contract Documents.  The 
inspection is not intended to replace the Fabricator’s own quality control procedures. 

2. Inspection shall be started only after the Contractor certifies in writing that all the terms and 
requirements of the Contract Documents have been met. 

3. A minimum of seven calendar days notice shall be given prior to inspection. 
4. Notify the Project Representative at the completion of particular milestones during fabrication.  

Provide at least 48-hours-notice prior to occurrence of these milestones.  The milestones are 
as follows: 
a. View tooling prior to fabrication. 
b. Beginning application of corrosion liner for each part. 
c. Extraction of each part prior to beginning assembly. 
d. Upon completion of each separate assembly. 

5. The Project Representative may  include additional milestones. 
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6. When the equipment is not to the stage of completion designated for a milestone inspection, 
the Contractor agrees to be responsible for the cost of the inspector’s time and expenses 
which will be deducted from the next Application for Payment. 

7. Allow photographing of the equipment while in-process and/or upon completion. 
8. Magnification or other special viewing or measurement devices may be used. 
9. Assure that the equipment is cleaned of all foreign material and workings that might block the 

view for inspection. 
10. The equipment shall be in a position that allows for easy access and viewing and shall be 

moved to allow viewing of all parts of the equipment. 
11. Evidence of poor workmanship or lack of compliance with any aspect of the Contract 

Documents will be result in rejection of the equipment. 
12. Subsequent repair of rejected equipment may be undertaken in an attempt to bring the 

equipment to an acceptable state.  The Project Representative prior to implementation shall 
approve repair procedures. 

13. The Project Representative may employ destructive testing, such as ultimate tensile or 
flexural strength tests or glass content ignition tests, on available samples or use other non-
destructive test methods, such as acoustic emission, ultrasonic or magnetic thickness 
measurement, on the completed equipment for verification of compliance to the Contract 
Documents. 

14. Testing performed by the Project Representative will be accomplished through use of 
applicable ASTM test methods when appropriate. 

15. Provide hardness tests for acceptance by the Project Representative on the liner surface 
using the Barcol impressor, Model GYZJ 934-1, calibrated at two points in accordance with 
ASTM D2583.  Ten readings will be taken in a localized area, deleting the two highest and 
two lowest, and averaging the remaining six.  Unless otherwise indicated in the applicable 
equipment section, minimum acceptable Barcol hardness will be a reading of 30.. 

16. The Project Representative as an acceptable criterion shall also perform an acetone 
sensitivity test.  Evidence of a sticky or tacky surface following rubbing with an acetone-
saturated cloth shall be reason for rejection of the equipment. 

PART 3  EXECUTION 

3.01 GENERAL 

A. FRP specialties shall be shipped, installed, joined, and erected under the direction of the FRP 
manufacturer representative. 

B. Where jointing is required, trained workers in jointing requirements shall be used at the direction 
of the FRP manufacturer representative. 

C. Fabricated equipment shall have the warning, "Plastic Equipment Handle with Care" stenciled on 
two sides in letters a minimum of two inches high. 

3.02 ASSEMBLY AND ERECTION PLANS 

A. Assemble and erect. 

END OF SECTION 
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SECTION 13231 

FIBERGLASS REINFORCED PLASTIC (FRP) ODOR CONTROL TANK VERTICAL CARBON BED 
HORIZONTAL AIRFLOW UNITS 

PART 1  GENERAL 

1.01 DESCRIPTION 

A. SCOPE: 
1. This section specifies fiberglass reinforced plastic (FRP) tanks to serve as vapor phase 

activated carbon (caustic impregnated and non-impregnated) absorbers and to be capable of 
being filled with water. 

2. The requirements of Section 13230 shall apply to all aspects of this specification section. For 
purposes of this section, references to design drawings, construction details, laminate 
sequences or laminate charts herein or contained in Section 13230 shall be construed as 
references to the fabricator's approved design submittal as prepared per 1.05. 

3. The tanks will contain activated carbon and will handle corrosive and potentially flammable 
wastewater gases. 

4. Contractor shall install the carbon specified in Section 13525. 

B. TYPE: Tanks provided under this section shall be horizontal, cylindrical, filament wound 
construction. Tanks shall be supplied complete with all nozzles, level fittings, and support and 
anchoring system.  Tanks shall be supplied with baffles, access hatches, ladders, and platforms 
where specified and shown on the drawings. 

C. EQUIPMENT LIST: 
Item     Equipment number 
FOUL AIR ODOR CONTROL UNIT OCU 832,600 

1.02 QUALITY ASSURANCE 

A. GENERAL: 
1. Tanks shall be fabricated and assembled in strict compliance with the design drawings and 

specifications. Filament winding utilizing either a helical wind or a hoop wind in combination 
with weft unidirectional tape shall be the fabrication method. The inlet duct up to the first 
upstream flange and the outlet duct up to the first downstream damper shall be manufactured 
as part of the tank. 

2. Tanks shall be specifically manufactured for continuous exposure to moisture-laden foul air 
containing concentrations of hydrogen sulfide up to 50 parts per million, as well as other 
malodorous compounds of municipal sewage origin such as ammonia, organic sulfides, 
indols skatols, aldehydes, mercaptans, oil and grease.  Foul air will have temperature ranging 
from 40 to 95 degrees F and relative humidity up to 100 percent. 

B. DESIGN REQUIREMENTS: 
1. Physical characteristics: FRP tanks provided under this section shall have the following 

characteristics: 
Inside 

Diameter (ft) 
Length 

(ft) 
Access 
hatches 

Number of 
carbon Beds 

Maximum carbon 
depth (ft) 

Mass of wet 
carbon bed (lbs) 

9 15 As 
shown 

2 as shown 2 sets of (3 ft ) 15,000 [NB1] 

2. Operating conditions: FRP tanks shall be designed for the following characteristics: 
Equipment No. Airflow (cfm) Air flow direction Maximum internal vacuum 

inches W.C. 
OCU832,600 6700 [NB2] Horizontal 15 

3. The fabricator shall perform all calculations necessary to ensure long-term, low risk service of 
the FRP equipment with minimum reasonable maintenance requirements. The design shall 
ensure proper functioning of the equipment at the stated operating conditions. The design 
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shall include as a minimum, engineering calculations, materials selection and documented 
physical and mechanical properties, and all detailed drawings required for fabrication and 
assembly of the equipment. 

4. The design shall satisfy all applicable national, regional, and local design and building codes. 
Seismic forces shall be determined in -accordance with the Uniform Building Code for both 
the tank with carbon only and the tank full of water and carbon. 

5. Detailed design of FRP tanks shall follow the procedures and methods, utilize the equations 
and formulas, and incorporate safety factors and allowable design stresses and strains set 
forth in ASME/ANSI RTP-1. 

6. The design shall consider the interaction of the installed system including but not limited to; 
thermal expansion of duct, tanks and vessels and the effects of external loading from piping, 
fans, pumps, platforms, etc. 

7. The design shall allow for the most severe combination of conditions which may include any 
or all of the following: 
a. Internal or external pressure. 
b. Static head of contents (working and test conditions). 
c. Mass of structure and contents. 
d. Design temperature including upset conditions. 
e. Superimposed loads, such as seismic forces. 
f. Bending moments due to eccentric loads. 
g. Localized loads acting at supports, lugs, and other attachments. 
h. Shock loads. 
i. Loads due to heating or cooling and thermal gradients. 
j. Loads applied during transport or erection. 
k. Loads imposed by personnel during erection and operations. 
l. Fatigue. 
m. Specifically: 

1) Shell overturning due to wind/seismic: 
a) Critical buckling. 
b) Design factor on tension side. 

2) Anchoring, due to overturning or internal pressure: 
a) Lug design. 
b) (Analysis of attachment to shell. 
c) Effect on shell knuckle. 
d) Maximum pullout forces and moments reported for the foundation design. 

3) Appendage support: 
a) Effect of point loads on shells. 
b) Interaction between towers under any load. 

4) Internal pressure or vacuum: 
a) Main shells, hoop and axial. 
b) Cutout reinforcements at nozzles. 
c) Effect on any discontinuities or special components (such as internal cone). 

5) Thermal: 
a) Differential expansion at temperature extremes. 
b) Thermal gradient through laminate. 

6) Special loads: 
a) Effect of agitators on nozzles. 
b) Dead or live loads on domes. 
c) Platforms. 

n. There will typically be other aspects which should be considered. It is the responsibility of 
the fabricator to identify and consider their effects, and to provide this information for 
review. 

8. The fabricator shall provide documentation for all laminate properties used in the design. 
Laminates shall be similar in construction, layer sequence, resin type and cure to those used 
to determine tested properties. All properties shall be adjusted to reflect any reductions at 
operating temperatures. 
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9. The corrosion liner shall be a minimum of 100 mils in thickness and documentation shall be 
provided by the fabricator verifying veil type, liner thickness, and resin cure. Fifty mils of the 
corrosion liner shall be considered sacrificial and not included in determining structural wall 
thickness. Structural wall thickness shall be determined in accordance with ASME/ANSI RTP-
1 and shall not be less than 0.375-inch for tanks and vessels. The requirements of 
ASME/ANSI RTP-1 shall govern the design. 

10. Laminate types may include hand lay-up, helical winding, and hoop/chop construction 
methods. In laminates with helix angles greater than 75 degrees and in all hoop/chop 
laminates, approximately 10 percent of the structural wall thickness shall be oriented at 0 
degrees (longitudinal direction). This reinforcement shall be applied in two layers of weft 
unidirectional fabric and equally spaced within the structural wall. 

11. Nozzles, gussets, access ways and shell reinforcements shall be determined according to the 
applicable text, tables and formulas in ASME/ANSI RTP-1. 

12. Anchoring and support for tanks shall be accomplished using lugs and a continuous filament 
wound band or an integral filament wound load ledge with external anchor clips. 

13. Internal beams and support attachments shall be designed using a maximum of 25 psi shear 
stress for secondary bonds. This shall also apply to design of external lugs required for 
ladders, platforms, etc. 

14. Tanks shall be designed to support the 9 feet diameter vertical carbon beds and be 
completely filled with water, as shown on the drawings. 

C. FACTORY TESTING: Testing of samples taken from the tanks' fabrication laminates shall be in 
accordance with Section 13230. Results of all tests shall be provided to the Project 
Representative. 

1.03 REFERENCES 

A. References are as described in paragraph 13230. 

B. Details for the carbon containment space illustrating complete confinement and fill without 
possibility of airflow short-circuiting carbon zone through any path.  Bag containment of carbon 
within the tank is not allowed. 

1.04 ENVIRONMENTAL CONDITIONS 

A. The tanks shall be located indoors in heated and ventilated areas. 

1.05 SUBMITTALS 

A. In addition to the submittals required under Section 13230, the Contractor shall provide, prior to 
beginning fabrication, the following submittals in accordance with Section 01300: 
1. Complete design calculations for tank. Calculations shall be signed by a structural engineer 

registered in the State of Washington, verifying that the tanks and platforms have been 
designed to meet all design criteria given in these specifications. 

2. Complete information developed by the fabricator which describes specifically how the 
equipment is to be built. This would most likely be in the form of shop drawings, standards, 
specifications, or other shop instructions, but may also be partially contained in QC records. 
This should include but not be limited to: 
a. Resin type. 
b. Type and amount of fillers. 
c. Nominal corrosion liner description. 
d. Reinforcement types for hand lay-up laminates. 
e. For filament wound laminates: 

1) Helix angle. 
2) Glass content range. 
3) Strand yield. 
4) Strand per inch in the winding band. 
5) Ply thickness. 
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6) Amount of chop or unidirectional roving interspersed with winding, if any, and location 
within laminate. 

3. For all other components: 
a. Construction type. 

1) Laminate thicknesses. 
2) Ply sequences. 
3) Glass content range. 

b. For all secondary overlays (both interior and exterior): 
1) Laminate thicknesses. 
2) Ply sequences and widths. 

c. Construction details for all assembly and other special configurations, including: 
1) Bottom/top attachments with knuckle configuration and overlays and thicknesses. 
2) Support and anchor lugs, including attachment details. 
3) Nozzles and installation, including cutout reinforcement, gusseting, etc. 
4) Lateral or other support fabrication details, including ladder and platform attachment 

clips and/or shoulders. 
5) Configuration and fabrication details of internals support system and other specialty 

items. 
6) Detail fabrication drawings and calculations for the vertical carbon beds support 

structure as shown on the drawings and specified in this Section. 

B. The following product data shall be provided in accordance with Section 01300: 
1. Signed affidavit by the tank manufacturer indicating that the tank was successfully factory 

tested. 
2. Statement by the tank manufacturer that the tank material meets the test properties specified. 
3. Applicable operating and maintenance information specified in Section 01730. 
4. Manufacturer's certifications (Form 11000-A, per Section 01999) that the equipment has been 

properly installed, aligned and tested and meets all requirements for satisfactory performance 
under the conditions; specified. 

5. Manufacturers certification (Form 11000-B, per Section 01999) that instruction to operators 
has been completed. 

PART 2  PRODUCTS 

2.01 FABRICATION 

A. Fabrication of the FRP tanks shall be in accordance with Section 13230 and the following: 
1. Reinforcement surfacing veil, as described in Section 13230, shall be C-glass surfacing veil. 
2. Interior layers of glass mat, as described in Section 13230, shall consist of three layers of 1-

1/2ounces per square foot glass mat 
3. For all laminates, the corrosion resistant liner, as described in A and B, above, shall be 

followed by a filament wound structural laminate applied in accordance with Section 13230. 
4. All exterior surfaces shall be resin rich and reinforced with one layer of C-glass surfacing veil. 
5. Laminate sequences and thicknesses, as specified, shall be maintained. 
6. The tanks shall be shop assembled to assure proper fit. Subassemblies shall be numbered 

and mating flanges or elements shall be match marked to assure correct alignment and 
correct field assembly. 

7. Minimum corrosion liner thickness shall be 0.100-inch. Excess liner thickness shall be added 
to total wall thickness, but shall not conflict with tolerance requirements. 

8. Filament winding angle shall be 60 degrees ±5 degrees. 
9. The resin to be used shall be Derakane 510C350 with 3 percent antimony trioxide, Hetron 

FR992 with 3 percent antimony trioxide, or equal, if approved in writing by the Project 
Representative. Antimony trioxide shall not be used in the corrosion liner. 

10. Carbon support system shall include a heavy duty polypropylene carbon support membranes 
(screens), fiberglass support vertical gratings (full vessel diameter at each face of each bed), 
fiberglass support vertical beams, as specified and as shown on the drawings.  The 
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polypropylene membranes shall be supported with fiberglass gratings on both sides to hold 
the membrane in place during carbon removal. The polypropylene membrane shall be 
repairable and replaceable with removable grating on the accessible side of carbon bed  
without removal of the vertical support beams.  Carbon support system shall have a design 
safety factor of 300 percent.  A full lip flange and three vertical beams (minimum) shall 
support the carbon retention grating system on each face of the carbon screen. 

11. Pigments shall not be used in the inner lamina. However, a pigmented surface coat shall be 
applied to the exterior surface of the tanks in accordance with Section 13230. The color shall 
be as directed in writing by the Project Representative. 

2.02 TANK FITTINGS 

A. Fittings shall be provided as shown on drawings. AlI fittings shall be ANSI 150# flanges. 

B. Stack(s) shall terminate in 316SS bird screen. 

2.03 METAL APPURTENANCES 

A. All wires, anchor lugs, bolts, and fasteners shall be AISI type 316 stainless steel. 

2.04 GASKETS 

A. Unless specified otherwise, gaskets shall be neoprene. 

2.05 BAFFLES 

A. Tanks shall be provided with baffles as shown on the drawings. 

2.06 ACCESS HATCHES AND LADDERS 

A. The tank shall be provided with access hatches as shown on the drawings. The access hatches 
locations shall be as shown on the drawings. Top access hatches shall be latched with Camlocks. 
Remainder shall be flanged. Bolt materials shall be as specified in paragraph 13231-2.03 and 
gasket materials shall be as specified in paragraph 13231-2.04. 

B. Tanks shall be provided with ladders and platforms complete with handrails, as shown on the 
drawings.  The ladders and platforms design and construction shall meet all applicable OSHA 
and WISHA requirements , and shall meet the requirements of this specification section. 

2.07 GROUNDING 

A. A grounding rod shall be provided for each carbon bed and grounded at base of vessel.  The 
tanks manufacturer shall provide grounding rod installation and connection drawings for review 
and approval by the Project Representative. 

2.08 PRESSURE DIFFERENTIAL INDICATOR PORTS 

A. Each carbon bed section of the odor control tank shall be provided with minimum a set of 1/2-inch 
diameter pressure indicator connection ports for differential pressure monitoring gage installation.  
The differential pressure indicator gauges shall be provided for each carbon bed, as shown on 
the drawings. 

2.09 AIR MONITORING,  AND SAMPLING PORTS 

A. The odor control tank shall be provided with sampling ports as shown in the drawings. Where 
indicated in drawings, air monitoring probes shall be installed in ports upstream or downstream of 
carbon beds.  Probes for hydrogen sulfide and other constituents of concern are specified in 
Section 17212.   
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B. Installation of all above devices shall conform with recommendations of scrubber manufacturer 
and instrument manufacturer.  

2.10 DRAINS 

A. The odor control tank shall be provided with minimum 6-inch drain sumps, 2 inch drains and ball 
valves as shown on the drawings. 

2.11 MANUFACTURERS 

A. Spunstrand 

B. Ershings 

C. Siemens 

D. Or Approved Equal. 

PART 3  EXECUTION 

3.01 INSPECTION 

A. Inspection of all tanks, including examination of laminate cutouts and specimens, shall be 
performed by the Project Representative. The Contractor shall notify the Project Representative 
72 hours in advance of the occurrence of the following tank construction milestones: 
1. Extraction of each shell section, prior to beginning assembly work. 
2. Assembly completion, prior to shipment. 
3. Laminate defects and their allowable limits and tolerances shall be in accordance with 

Section 13230. Minimum acceptable hardness of all FRP laminates shall be 36 when tested 
in accordance with Section 13230. Surfaces shall also be tested for acetone sensitivity as an 
indication of air inhibition. Air-inhibited surfaces are not allowed. 

4. All welded thermoplastic seams shall be subjected to a non-destructive AC spark test in 
accordance with manufacturer's recommendations. 

3.02 INSTALLATION 

A. The tank shall be installed on galvanized steel support saddles as shown in the drawings and in 
accordance with the manufacturers written instructions. Each tank shall rest on a level, even base 
of concrete. The installation shall be certified on Form 11000-A specified in Section 01999. 

3.03 FIELD TESTING 

A. Prior to filling with carbon, the tanks shall be hydraulically field tested by filling the entire tank with 
water and monitoring the tanks as well as all fitting connections for at least 24 hours. Any leaks 
shall be corrected by the manufacturer's representative prior to acceptance. Following successful 
field tank testing, the tanks shall be completely emptied and dried. Field testing shall be in 
accordance with the requirements specified in Section 01660. 

B. Following hydraulic testing, the tanks shall be connected to the ductwork system and air tested 
under pressure. Tanks shall be monitored for air leaks. Any leaks shall be corrected prior to 
acceptance. 

3.04 INSTALLATION OF CARBON 

A. The Owner shall be notified two weeks prior to the time planned for installing the activated 
carbon. Provide required quantities of each type of carbon. 
1. Notify the Project Representative at least one week in advance for a representative of the 

Owner to be on site when the carbon is installed. The representative will be familiar with 
carbon vessel maintenance procedures and shall inspect each lift of carbon as it is installed. 
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2. Carbon shall be evenly spread and compacted. Special care shall be taken to insure there 
are no voids or opportunities for short circuiting. Carbon shall be placed in lifts not exceeding 
one foot in depth. 

END OF SECTION 
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SECTION 13234 

FIBERGLASS REINFORCED PLASTIC (FRP) DUCTWORK 

PART 1  GENERAL 

1.01 DESCRIPTION 

A. SCOPE:  This section provides specifications for FRP ductwork for foul air ventilating 
systems. 

B. STANDARDS:  The requirements of Section 13230 shall apply to all aspects of this Section. 

1.02 QUALITY ASSURANCE 

A. Reference Standards: Not Used   

1.03 SUBMITTALS 

A. The following submittals shall be provided in accordance with Section 01300: 
1. Complete damper shop drawings illustrating component configuration, dimensions, and 

materials list. 
2. Certified damper leakage test results in accordance with AMCA 500 standards, pressure 

drop characteristics, and operator torque requirements. 
3. Proposed FRP ductwork plan, including hangers and supports, and field joint locations. 
4. Certification from the manufacturer of the selected resin system that the selected resin 

and catalyst systems are appropriate for the service conditions of the duct systems. 
5. Where transitions, rectangular duct or other special system components not specifically 

detailed in this section are needed, Fabricator shall be responsible for the design of the 
component.  Minimum safety factor for critical buckling due to vacuum shall be 5:1 and 
deflection of flat panels shall be limited to 1% of the width of the panel.  Corrosion liner 
shall not be included in structural calculations.  Calculations and complete fabrication 
details shall be submitted for approval. 

1.04 SERVICE REQUIREMENTS 

A. AIR STREAM CONTENTS:  Saturated air streams containing hydrogen sulfide in 
concentrations up to 50 ppm at 115 °F. 

B. PRESSURE AND VACUUM:  Design conditions are 20 inches water column pressure and 12 
inches water column vacuum. 

1.05 ENVIRONMENTAL CONDITIONS 

A. FRP ductwork will be installed inside the odor control area.  The duct work shall be designed 
for working temperature of 20 °F to 115 °F, exterior use, and foul air service requirements as 
stated. 

PART 2  PRODUCTS 

2.01 FRP DUCTING 

A. DATA FOR FRP DUCTING: 
1. Resin:  Premium grade vinyl ester resin such as Derakane 510C-350, Hetron 992, 

Reichhold Dion VER9300FR, or equal as approved by the Project Representative. 
2. Antimony trioxide or pentoxide shall be added to the resin of the structural laminates only 

to achieve Class-I fire retardance in accordance with ASTM E-84. 
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3. Special Catalyst:  In accordance with the recommendations of the resin manufacturer for 
the intended service. 

4. Minimum Barcol Hardness:  36 
5. Surfacing Veil (Inner Surface):  Two (2) plies of 10 mil C-glass surfacing veil. 
6. Interior Layer:  Two (2) layers of 1-1/2 oz./sq. ft. mat. 
7. Corrosion Liner Thickness, minimum:  100 mils. 
8. Filament Winding Helix Angle:  55; Tolerance:  2 
9. Filament Winding Cycle Thickness, Maximum:  0.06" 
10. Filament Wound Structural Wall Glass Content,: 55 percent to 65 percent. 
11. Natural color, no pigments allowed. 
12. Exterior Surface Coat Required; Color:  To be determined by the Owner. 
13. Postcure:  Equipment to be postcured in accordance with the recommendations of the 

resin manufacturer for the intended service. 
14. Additional Instructions: 

a. Marking:  In addition to the requirements of Section 13230, all spool assemblies and 
pieces shall be identified with piece mark numbers using non-water-soluble paint, 
easily removable with agents which will not attack the finish of the FRP ducting. 

b. The exterior of all FRP duct to be located inside of any buildings shall be coated with 
two (2) coats of PPG Speedhide Flat Latex paint No. 42-7 or an equal product, in 
accordance with the manufacturer’s recommendations, for exterior fire retardancy. 

c. Any damage to this paint coat occurring during installation shall be repaired promptly, 
restoring the paint coat to the original condition. 

B. FRP DUCTING DETAIL DRAWINGS:  The following Details to be used in conjunction with 
the FRP ductwork layout design drawings and Sections 13230 and 13234.  Details are 
attached to the end of this Section. 
1. Detail-1: FRP Duct and Fitting Thickness. 
2. Detail-2: FRP Duct Stiffener Installation. 
3. Detail-3: FRP Drilled Flange - Duct Drilling. 
4. Detail-4: 1 ½” FRP Drilled Flange – For Duct Drain Connection. 
5. Detail-5: Duct Drain and Pressure Indicator Attachment Flange. 
6. Detail-6: FRP Blind Flange. 
7. Detail-7: Expansion Boot. 
8. Detail-8: 1-1/2" Duct Drain & Pressure Indicator Nozzle Installation. 
9. Detail-9: FRP Butt Joints. 
10. Detail-10: FRP Tee Joints. 
11. Detail-11: FRP Miter Joints. 
12. Detail-12: FRP Lateral Joints. 
13. Detail-13: FRP Butt Joint and Tee Joint Chart. 
14. Detail-14: FRP Damper Nozzle Installation. 
15. Detail-15: FRP 90 Degrees and 45 Degrees Elbows.  All elbows shall be long radius. 
16. Detail-16: FRP Concentric and Eccentric Reducers. 
17. Detail-17: FRP Tee and Cross. 
18. Detail 18: FRP Typical Round Blast Gate. 
19. Detail 19: FRP Zero Leak Damper. 

C. LAMINATE SEQUENCE TABLES FOR FRP DUCTING: 
1. Key for Tables 1 and 2: 

a. V= 10 mil surfacing veil, as specified in Section 13234. 
b. C= 10 mil c-glass surfacing veil 
c. M= 1-1/2 oz./sq. ft. mat 
d. E= Exotherm ply, 1-1/2 oz./sq. ft. mat 
e. R= 24 oz./sq. yd., 5x4 plain weave, woven roving 
f. FW= Filament winding to the thickness specified. 
g. W= Hoop winding to the thickness specified. 
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Table 1:Helix Wound Laminate Composition 

Thk. V C M E R Sequence of plies 
0.27" 2 1 1 1  VVME + 0.15" F. W. + C 
0.28"  1 1 1 1 MM+0.08" W+R+0.08" W+C 
0.32" 2 1 1 1  VVME + 0.20" F.W. + C 
0.37" 2 1 1 1  VVME + 0.25" F.W. + C 
0.42" 2 1 1 1  VVME + 0.30" F.W. + C 

       
       

D.  

Table 2:  Hand Lay-up Laminate Composition 

Thk. V C M E R Sequence of plies 
0.25" 2 1 5 1  VVME MMMMC 
0.30" 2 1 4 1 2 VVME MRMRMC 
0.37" 2 1 5 1 3 VVME MRMRMRMC 
0.41" 2 1 5 2 3 VVME MRMRMREMC 
0.48" 2 1 6 2 4 VVME MRMRMREMRMC 
0.61" 2 1 8 2 6 VVME 

MRMRMREMRMRMRMC 

E.  

TABLE 3:  EXTERNAL OVERLAY COMPOSITION 

THK V C M E R SEQUENCE OF PLIES 
0.14" 2  3   MMMVV 
0.29"  1 5  3 MMRMRMRMC 
0.30" 2 1 4 1 2 VVMEMRMRMC 
0.36"  1 6  4 MMRMRMRMRMC 
0.37"                

2 
1 5 1 3 VVMEMRMRMRMC 

0.40"  1 6 1 4 MMRMRMREMRMC 
 0.47"  2 1 7 1 5 MMRMRMREMRMRMC 
0.54"   1 8 1 6 MMRMRMREMRMRMRMC 

F.  

TABLE 4:  INTERNAL OVERLAY COMPOSITION 

THK              V M R SEQUENCE OF PLIES 
0.11" 2 2  MMVV 

    0.18" 2 4  MMMMVV 
0.22"  2 5  MMMMMVV 
0.25" 2 5 1 MMRMMMVV 

2.02 FASTENERS 

A. BOLTS: Bolts, nuts, and washers shall be stainless steel, Type 316.  Type 316 stainless steel 
backing strips, drilled for the above bolting requirements, shall be employed for all 
connections at fans, demisting sections, and wherever shear or moment loads may be 
encountered on duct connections. 

2.03 GASKETS 

A. Gaskets shall be of neoprene or Buna-N. 
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2.04 EXPANSION BOOTS 

A. Expansion boots shall be one-piece molded reinforced neoprene, a minimum thickness of 
1/8-inch, secured with Type 316 stainless steel bands as shown on the detail drawings in this 
section. 

2.05 SUPPORTS AND HANGERS 

A. FRP ductwork shall be supported at intervals no greater than those indicated in the table 
below.  Supports and hangers shall transmit all ductwork loads into the building structural 
frame through a system of intermediate beams and struts as necessary to accommodate 
requirements of these specifications.  The Contractor shall submit construction details for 
supports and hangers and its proposed plan for location and type of supports, including 
location of any required expansion joints.  Acceptance of the proposed locations and 
construction details by the Project Representative is required prior to the start of fabrication.  
Where supports and hangers are detailed on the Drawings, they shall be provided as shown. 

FRP Ducting Allowable Spans 

Inside Diameter - inches Maximum span, foot 
12 12 
14 12 
16 12 
18 12 
20 12 
24 15 
30 15 
36 15 
42 17 
48 20 
54 20 
60 22 
72 24 

B. Hangers and supports shall be lined with 1/8-inch thick neoprene, bonded to the metal 
hanger or support, to provide cushion for the duct. 

2.06 DAMPERS: 

A. GENERAL:  Dampers shall have FRP or Type 316 stainless steel blades, Type 316 stainless 
steel shafts and hardware, and permanently lubricated bearings of material impervious to 
attack by acids and caustics.  Damper frames shall be fabricated from channels with widths 
to match connecting ductworks, a minimum height of 2 inches, and a minimum thickness of 
10 gauge for rectangular dampers.  Frame deflection produced by a differential pressure of 
20 inches across the closed damper shall not exceed 1/360th of the span in any direction.  
Flanges shall be pre-punched and shall match duct flanges and bolt patterns as specified in 
this section. 
1. Stuffing boxes shall be provided for gas-tight seals to prevent leakage at all shaft 

ductwork penetrations.  Stuffing boxes shall be adjustable and shall contain a minimum of 
two sets of packing glands.  Bearings shall be flange mounted, located outside the air 
stream.  Bearings may be oil impregnated sintered bronze or relubricable rolling element. 

2. Rectangular damper linkage shall be capable of transmitting twice the maximum torque 
required by the damper at 20 inches differential pressure.  Linkage lever arms shall be a 
minimum of 3 inches, and the lever arms shall be tack welded to the axles.  All linkage 
connections shall be supplied with oil impregnated bronze bearings. 

3. Operators for dampers having torque requirements of 500 inch-pounds or less shall have 
heavy duty manual locking quadrants.  Operators for dampers having torque 
requirements in excess of 500 inch-pounds shall have manual worm gear actuators with 
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hand wheel.  Damper operators not readily accessible shall be provided with chain wheel 
operators. 

4. Leakage through the closed damper at 70 F and 10 inches water column differential 
pressure shall not exceed 30 cfm per square foot of conduit cross-sectional area for 
dampers.  Damper supplier shall provide certified leakage, pressure drop, and torque for 
each damper type and size.  Data shall result from prototype testing conducted in 
accordance with AMCA 500 test standards, in an AMCA certified test facility. 

B. RECTANGULAR DAMPERS: 
1. Rectangular dampers shall be opposed blade with dampers of the airfoil design.  

Rectangular damper blades shall have a minimum thickness of 16 gauge and a 
maximum width of 9 inches.  Axles shall have a minimum diameter of 3/4-inch, shall be 
solid, and shall extend the full length of the blade stuffing boxes and bearings.  Blades 
shall be through-bolted to axles.  Blade edges and a)de deflection produced by 20 inches 
differential pressure across the closed damper shall not exceed 1/360th of the span or 
1/8-inch, whichever is less. 

2. Seals shall be provided on rectangular damper blade edges and jambs.  Seal material 
shall be closed cell elastomer material, and shall be applied with an adhesive which will 
provide a bond strength greater than the tensile strength of the seal material.  Seal 
material and adhesive shall be impervious to attack by acids and caustics. 

C. ROUND DAMPERS: Round dampers shall be butterfly dampers suitable for balancing and 
for positive shut-off.  Shut-off sealing shall be achieved by a TFE fluorocarbon 0-ring seal.  
Dampers shall be constructed between two flanges.  Minimum damper blade thickness shall 
be equal to flange thickness specified in this section. 

D. ACTUATORS: All actuators for all dampers shall be independently supported. 

2.07 INSPECTION PLATES 

A. Removable inspection plates, not less than 6 inches square or 8 inches round, shall be 
provided at all fan inlet and discharge connections, and upstream and downstream from all 
fittings.  Inspection plates shall be gasketed and shall make an airtight seal with the parent 
duct.  Inspection plates shall be fabricated of the same material as the parent duct. 

B. Duct fabricator shall propose and submit construction, location, and installation details of 
inspection plates. 

2.08 BLAST GATES 

A. Adjustable blast gates for air balancing shall be provided as shown on the drawings. 

2.09 DRAINS 

A. In addition to drains shown on the drawings, drain sumps, with 1-1/2 inch minimum flanged 
outlets, shall be provided at all low points.  All drain sumps shall be fitted with a 1-1/2 inch 
ball valve. 

2.10 ADDITIONAL EQUIPMENT 

A. Construction details are provided on the drawings included in this Section.  If additional 
details or items are required (such as transitions, etc.) the Contractor shall submit such 
details.  Approval is required prior to the start of fabrication. 

2.11 PRODUCT DATA 

A. The following information shall be provided in accordance with Section 01300: 
1. Certification from the manufacturer of the selected resin system that the selected resin 

and catalyst systems are appropriate for the service conditions of the duct systems as 
detailed in Sections 13234. 

Fremont Siphon Project C00762C14        FIBERGLASS REINFORCED PLASTIC (FRP) DUCTWORK 
May 2014  13234 - 5 



2. Installation certification Form 11000-A as specified in paragraph 13234-3.02. 

2.12 ACCEPTABLE MANUFACTURERS 

A. The fiberglass reinforced plastic ductwork shall be fabricated by Corrosion Controllers, Inc.; 
Ershigs, Inc.; Paramount Fabricators; or approved equal. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Refer to Section 13230. 

3.02 INSTALLATION 

A. All material and equipment shall be installed as specified and as required by the applicable 
state and local codes.  All ductwork indicated on the drawings is schematic.  Therefore, 
changes in duct size, duct configuration, and location may be necessary to conform to field 
conditions.  All such changes shall be submitted to the Project Representative for approval 
prior to fabrication or construction. 
1. FIELD JOINING MATERIALS: FRP duct manufacturer shall supply all materials needed 

for any required FRP duct field joining.  Supply of these materials shall be in accordance 
with the requirements of this Section and Section 13230. 

2. FIELD JOINING: Any required field joining shall be accomplished by the Field Joining 
Contractor in accordance with the requirements of this section and Section 13230. 

3. FRP ductwork shall be installed and supported in accordance with Section 15096 and 
15097.  Ductwork shall be supported as described in Paragraph 13234-2.05. Large 
elbows and terminal ends of ducts shall be supported independently.  Flexible 
connections as described in Paragraph 13234-2.04 shall be provided between fans and 
ductwork, and elsewhere as indicated on the layout drawings. 

4. The installation shall be certified on Form 11000-A, Section 01999. 

3.03 FIELD QUALITY CONTROL 

A. TESTING: All ductwork shall be leak-tested as described in Section 15050.  All audible leaks 
shall be sealed.  All tests shall be scheduled with the Project Representative by giving 24 
hours' notice.  The Contractor shall provide necessary fittings, blind flanges, etc-. to isolate 
sections of duct and to enable all sections of ductwork to be tested. 

B. MANUFACTURER'S SERVICES: 
1. The FRP duct manufacturer shall have a representative on-site at the start of the 

installation of the ductwork to supervise installation of the FRP duct system.  The 
representative shall remain on-site to witness installation of all ductwork to ensure the 
Contractor is employing the proper procedures.  The manufacturer's representative shall 
be on-site no less than two 8-hour days during the start of installation. 

2. The manufacturer's representative shall instruct the contractor on the proper installation 
procedures at any time the representative and/or the Project Representative witnesses 
improper installation practices. 

PART 4  FABRICATION DETAILS 

4.01 GENERAL 

A. Refer to Standard Detail Drawings and Tables fabrication details, thickness and  dimensions. 
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FRP DUCT AND FITTING THICKNESS 
DUCT 

I.D. 
 

FRP DUCT 
F.W. WALL THK. 

( TABLE 1 ) 

FRP FITTINGS 
H.L.U. WALL THK. 

( TABLE  2 ) 
12" O.27" 0.30" 
14" 0.27" 0.30" 
16" 0.27" 0.30" 
18" 0.32" 0.37" 
20” 0.32" 0.37" 
24" 0.37" 0.41" 
30" 0.37" 0.41" 
36" 0.42" 0.48" 

* 42" 0.37" 0.41" 
* 48” 0.42” 0.48” 
* 54” 0.42” 0.48” 
* 60” 0.42” 0.48” 
* 72” 0.42” 0.48” 

* See Detail-2 for stiffener attachment and spacing 
 
GENERAL NOTE: WALL THICKNESS OF ECCENTRIC AND CONCENTRIC REDUCERS TO 

BE THAT OF THE LARGER I.D. USING THE FITTING COLUMN 
THICKNESS.  

FRP DUCT AND FITTING THICKNESS 

DETAIL – 1 
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DUCT 
SIZE 

 
A 

 
B 

 
C 

 
D 

 
E 

 
F 

 
G 

 
H 

42” 15’-0” 2” 2” 1” 4” 2” 0.28” 0.29” 

48” 15’-0” 2” 2” 1” 4” 2” 0.28” 0.29” 

54” 15’-0” 2” 2” 1” 4” 2” 0.28” 0.29” 

60” 15’-0” 3” 3” 1” 4” 2” 0.28” 0.29” 

72” 10’-0” 3” 3” 1” 4” 2” 0.28” 0.29” 

 
 
 

FRP DUCT STIFFENER INSTALLATION 
 

DETAIL - 2 
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NOZZLE 
I.D. 

NOZZLE 
O.D 

BOLT 
CIRCLE 

NO. OF 
BOLT 
HOLES 

DIA. OF 
BOLT 
HOLES 

 
A 

 
B 

(table 2) 

 
C 

 
D 

 
12" 16 3/8" 15" 12 1/2" 2" 0.30" 0.47" 0.50" 
14" 18 3/8" 17" 12 1/2" 2" 0.30" 0.47" 0.50" 
16" 20 3/8" 19" 16 1/2" 2 1/2" 0.30" 0.54" 0.63" 
18" 22 3/8" 21" 16" 1/2" 2 1/2" 0.37" 0.60" 0.63" 
20" 24 3/8" 23" 20 1/2" 2 1/2" 0.37" 0.60" 0.63" 
24" 28 3/8" 27" 20 1/2" 2 1/2" 0.41" 0.60" 0.63" 
30" 34 3/8" 33" 28 1/2" 2 1/2" 0.41" 0.63" 0.63" 
36” 40 3/8” 39” 32 ½” 2 ½” 0.48” 0.63” 0.63” 
42” 46 3/8” 45” 36 ½” 2 ½” 0.47” 0.75” 0.75” 
48” 54 3/8” 52” 44 5/8” 3” 0.48” 0.75” 0.75” 
54” 60 3/8” 58” 44 5/8” 4” 0.61” 1.00” 1.00” 
60” 66 3/8” 64” 52 5/8” 4” 0.61” 1.00” 1.00” 

72”X24” 80”X32” *** *** *** 4” 0.61” 1.00” 1.00” 
*** To be designed by Contractor 

 
 

FRP DRILLED FLANGE - DUCT DRILLING 
 

DETAIL - 3 
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125/150 PATTERN 
NOZZLE 

I.D. 
 

O.D 
 

B.C. 
NO. OF 
BOLT 
HOLES 

DIA. OF 
BOLT 
HOLES 

 
A 

 
B 

 
C 

 
D 

 
 

1 ½” 
 

 
5” 

 
3 7/8” 

 
4 

 
5/8” 

 
2” 

 
0.22” 

 
0.50” 

 
0.50” 

 
 
 
 
 
 
 
 

1 ½” FRP DRILLED FLANGE – FOR DUCT DRAIN 
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DUCT DRAIN AND PRESSURE INDICATOR ATTACHMENT FLANGE 
 
 

DETAIL – 5 
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NOZZLE 
O.D 

BOLT 
CIRCLE 

NO. OF 
BOLT 
HOLES 

DIA. OF 
BOLT 
HOLES 

 
A 

(table 2) 

12" 16 3/8" 15" 12 1/2" 0.30" 
14" 18 3/8" 17" 12 1/2" 0.30" 
16" 20 3/8" 19" 16 1/2" 0.30" 
18" 22 3/8" 21" 16" 1/2" 0.37" 
20" 24 3/8" 23" 20 1/2" 0.37" 
24" 28 3/8" 27" 20 1/2" 0.41" 
30" 34 3/8" 33" 28 1/2" 0.41" 
36” 40 3/8” 39” 32 ½” 0.48” 
42” 46 3/8” 45” 36 ½” 0.47” 
48” 54 3/8” 52” 44 5/8” 0.48” 
54” 60 3/8” 58” 44 5/8” 0.61” 
60” 66 3/8” 64” 52 5/8” 0.61” 

 
 

BLIND FLANGES 
 
 
DETAIL – 6 
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GENERAL NOTES: 
 
1. AFTER APPLYING MAT BUILD-UP, COVER PIPE END AS SHOWN WITH A PROTECTIVE 

OVERLAY 0.14” THICK (MMCC) (TABLE 3).  FINISHED SURFACE TO BE SMOOTH TO ALLOW 
SEALING OF THE EXPANSION BOOT. 

 
 
 

EXPANSION BOOT 
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NOZZLE 
I.D. 

EXTERNAL OVERLAY INTERNAL OVERLAY 

 THK. 
(TABLE 3) 

WIDTH 
(TABLE 5) 

THK. 
(TABLE 4) 

WIDTH. 
(TABLE 6) 

 
1 1/2” 

 

 
0.29” 

 
10” 

 
0.11”-(MMCC)” 

 
4” 

 
 
 
GENERAL NOTES: 
 
1. RADIUS INSIDE EDGE OF NOZZLE, IF INTERNAL OVERLAY IS APPLIED, 1/8” MIN. TO ¼” 

MAX.  WHERE INTERNAL OVERLAY IS NOT POSSIBLE RESIN COAT EDGES AS SHOWN IN 
DETAIL-10 AND APPLY 0.30” THICK EXTERNAL OVERLAY. 

 
2. FILL VOIDS WITH RESIN PUTTY.  FLARE PUTTY INTO A RADIUS ¼” MIN. TO 3/8” MAX. 
 
3. LOCATE VENT HOLE AS LOW AS POSSIBLE, RESIN COAT EDGE OF HOLE. 
 
 

1 ½” DIA. DUCT DRAIN AND P.I. NOZZLE INSTALLATION 
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FRP BUTT JOINTS 
 

DETAIL - 9 
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GENERAL NOTE: 
 
1. FILL VOIDS WITH RESIN PUTTY AS SHOWN.   FLARE PUTTY INTO A RADIUS ¼” MIN. TO 

3/8” MAX. 

FRP TEE JOINTS 
 
 

DETAIL - 10 
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FRP MITER JOINTS 
 
 

DETAIL - 11 
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GENERAL NOTE: FILL VOIDS WITH RESIN PUTTY AS SHOWN, FLARE PUTTY INTO A 

RADIUS 3/8” MIN.AND ¾” MAX 
 
 

FRP LATERAL JOINTS 
 
 

DETAIL – 12 
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FRP DUCT BUTT JOINT OVERLAY 
DUCT 

I.D. 
EXTERNAL OVERLAY 

( TABLE 2 ) 
 THK. WIDTH 

12" 0.30" 8" 
14" 0.30" 8" 
16" 0.30" 8" 
18" 0.37" 10" 
20” 0.37" 10" 
24" 0.36" 10" 
30" 0.36" 12" 
36" 0.36" 14" 
42" 0.36" 14" 
48” 0.40” 14” 
54” 0.47” 14” 
60” 0.47” 16” 
72” 0.47” 16” 

Note:  For 24" Dia. And Larger, and where accessible apply an internal overlay 
(MMCCX6"wide) 

 
 

 
FRP DUCT TEE JOINT OVERLAY 

DUCT EXTERNAL OVERLAY 
( TABLE 2 ) 

I.D. THK. WIDTH 
12" 0.30" 10" 
14" 0.30" 10" 
16" 0.30" 10" 
18" 0.37" 12" 
20" 0.37" 12" 
24" 0.37" 12" 
30" 0.37" 14" 
36" 0.37" 14" 
42" 0.4" 14" 
48” 0.4” 16” 
54” 0.4” 16” 
60” 0.4” 16” 

 
Note:  For header diameter 24" and larger, and where accessible, apply an internal overlay 
(MMCCX6"wide) 

 
 

FRP BUTT JOINTS AND TEE JOINTS CHARTS 
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NOZZLE 
I.D. 

EXTERNAL OVERLAY INTERNAL OVERLAY 

THK. WIDTH THK. WIDTH 

12” 0.36” 14” 0.11” 6” 

14” 0.36” 14” 0.11” 6” 

20” 0.36” 14” 0.11” 6” 

 
 

GENERAL NOTES: 
1. RADIUS INSIDE EDGE OF NOZZLE 1/8” MIN. TO 1/4” MAX. 
2. FILL VOIDS WITH RESIN PUTTY, FLARE PUTTY INTO A RADIUS 1/4 MIN.  TO 

3/8” MAX. 
 
 

DAMPER NOZZLE INSTALLATION 
 
 

DETAIL - 14 
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DIAMETER C 
 

DIAMETER C 
 

4” 6” 22” 33” 
5” 7 1/2” 24” 36” 
6” 9” 26” 39” 
7” 10 1/2” 28” 42” 
8” 12” 30” 45” 
9” 13 1/2” 32” 48” 
10” 15” 36” 54” 
12” 18” 42” 63” 
14” 21” 48” 72” 
16” 24” 54” 81” 
18” 27” 60” 90” 
20” 30” 70” 105” 

 

LONG RADIUS ELBOWS SHORT RADIUS ELBOWS 
C = 1.5 x DIAMETER C = 1.0 x DIAMETER 
T = 1.0 x DIAMETER T = 0.5 x DIAMETER 

 
GENERAL NOTE: 
 
1. ELBOWS 2” DIA. THROUGH 30” DIA ARE ONE (1) PIECE MOLDED SMOOTH RADIUS.  

32”DIA AND LARGER ARE FIVE (5) PIECE MITERED 90 DEGREE ELBOWS AND 3 PIECE 
MITERED 45 DEGREE ELBOWS. 

 
 
 

90 AND 45 DEGREE ELBOWS 
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PART 5  ECCENT
RIC REDUCER 

 
INCHES OF 
REDUCTION 

A 
 

 
1” 4 ¼” 
2” 8” 
3” 11 ¾” 
4” 15 1/2” 
5” 19 1/4” 
6” 23” 
7” 26 3/4” 
8” 30 1/4” 
9” 34” 
10” 37 ¾” 
11” 41 1/2” 
12” 45 1/4” 
13” 49” 
14” 52 3/4” 
15” 57 1/4” 
16” 64” 
17” 67 3/4” 
18” 71 1/2” 
19” 69 1/4” 
20” 75 1/4” 

 
 

 
PART 6  CONCEN
TRIC REDUCER 

 
INCHES OF 
REDUCTION 

A 
 

 
1” 2 1/8” 
2” 4” 
3” 5 7/8” 
4” 7 3/4” 
5” 9 5/8” 
6” 11 1/2” 
7” 13 3/8” 
8” 15 1/8” 
9” 17” 
10” 18 7/8” 
11” 20 3/4” 
12” 22 5/8” 
13” 24 1/2” 
14” 26 3/8” 
15” 28 5/8” 
16” 32” 
17” 33 7/8” 
18” 35 3/4” 
19” 34 5/8” 
20” 37 5/8” 
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FOR DIAMETERS 10” DIA AND SMALLER:  A = 4” AND FOR DIAMETERS 12” DIA AND LARGER:  A = 
6”  
 

90 DEGREE TEE AND CROSS 
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POLYESTER RESIN  
VINYLESTER RESIN 
NEOPRENE SEALS 

 
CONSTRUCTION BLADE 

THKNESS 
HOLE 
SIZE 

BOLT 
SIZE 

 
4” THRU 16” 

 
.187 

 
7/16” 

 
3/8” 

 
18” THRU 24” 

 
.250 

 
7/16” 

 
3/8” 

 
26” THRU 36” 

 
.320 

 
7/16” 

 
3/8” 

 
42” THRU 72” 

 
.375 

 
9/16” 

 
1/2” 

 
GENERAL NOTES: ALL FRP CONSTRUCTION WITH STAINLESS STEEL TYPE 316 FASTENERS 
 

FRP ROUND BLAST GATE 
 

DETAIL - 18 
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POLYESTER RESIN 
VYNELESTER RESIN 
NEOPRENE, VITON, EPDM OPTIONAL SEAT 

 
CONSTRUCTION BLADE 

THKNESS 
AXLE 
DIM 

BLADE 
STIFFENERS 

4” THRU 10” .125 0.75 -- 
12” THRU 16” .125 1.0 1 
16” THRU 22” .187 1.0 2 
24” THRU 28” .25 1.5 2 
30” THRU 36” .375 1.5 3 

 
GENERAL NOTES: ALL FRP CONSTRUCTION WITH STAINLESS STEEL SHAFT AND FASTENERS 
 

FRP ZERO LEAK DAMPER - LEAK FREE AT 1 PSI 

DETAIL - 19 
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SECTION 13525 

ACTIVATED CARBON 

PART 1  GENERAL 

1.01 DESCRIPTION 

A. This section specifies activated carbon for odor reduction. 

B. Activated carbon shall be virgin, non-impregnated, high surface area, tightly packed granular 
type, specifically manufactured to absorb vapor phase organic and malodorous compounds of the 
type typically generated from municipal wastewater. Supplier of activated carbon shall be 
experienced in the supply and operation of activated carbon systems for vapor phase organic and 
hydrogen sulfide removal at wastewater treatment facilities. 

1.02 QUALITY ASSURANCE 

A. General:  
1. Activated carbon shall be specifically manufactured for continuous exposure to moisture-

laden foul air containing concentrations of hydrogen sulfide up to 50 parts per million, as well 
as other malodorous compounds of municipal sewage origin such as ammonia, organic 
sulfides, indols, skatols, alclehydes, and mercaptans. Foul air will have temperatures ranging 
from 40 to 95 degrees F and relative humidity up to 100 percent. 

B. Operating Conditions: The activated carbon systems will be located downstream of the pump 
station wet well- 
1. Maximum temperature in vessel, degrees F  95 
2. Maximum face velocity in bed, fpm   52 
3. Minimum empty bed detention time, sec.  3.6 
4. Bed thickness, ft     3.0 
5. Minimum H2S removal at 1 ppm inlet, percent 95 
6. Minimum H2S removal at 10 ppm inlet, percent 99 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Detailed product information for the activated carbon proposed for the job, including verification of 
all properties specified in paragraph 2.02, as well as total weight per bed. 

C. Certified weights of the water-saturated carbon beds. 

D. A detailed description of the procedure for installation and commissioning of the activated carbon. 

PART 2  PRODUCTS 

2.01 ACCEPTABLE PRODUCTS 

A. Pelletized activated carbon shall be manufactured by Calgon Carbon Corporation, Westates 
Carbon, Barneby-Sutcliffe, Bay Products, or equal. 
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2.02 MATERIALS 
Activated Carbon:  
Substrate Bituminous 
Coal or coconut shell particle size (U.S. Sieve) 4x8 (confirm) 
Mean particle diameter, millimeters (per ASTM D2862) 3.4-3.8 (confirm) 
CCl4 number percent by weight minimum (per ASTM D3467) 60 
Hardness number minimum (per ASTM D3802) 95 
Maximum moisture content percent by weight (per ASTM D2867) 2 
Apparent density, minimum gms/cc (per ASTM D2854) 0.46-0.50 
Maximum head loss through bed at 50 fpm velocity, inches w.c./ft bed depth 
(a) 

1.5 to 1.9 (verify 
for pelletized) 

H2S breakthrough capacity minimum, gms H2S removal/ gm carbon (b)  0.04 to 0.12 
Notes: 
1. Head loss shall be determined by passing dry air at 70 degrees F and 1 atm. pressure through a 2-inch 

diameter by 12-inch deep bed of carbon placed in a dense packed arrangement per ASTM D2854. 
2. The determination of H2S breakthrough capacity shall be made by passing a moist (70 percent RH) air 

stream containing 1 percent H2S at 1,450 cubic centimeter per minute flow through a test bed of uniformly 
packed activated carbon of the following dimensions: depth - 9 inches, diameter - 0.725 to 1.0 inch. The 
test shall be monitored to a 10 ppm breakthrough and the results expressed in gms H2S removal/gm 
carbon which is calculated from the carbon sample weight uncorrected for moisture. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. The carbon shall be installed in accordance with manufacturer's recommendations. Each bed 
shall be packed uniformly to the density specified with sample probes installed as shown. The 
packed bed shall contain no void pockets including bed areas around the sampling probes and 
near the vessel walls. Each bed shall have a smooth surface with uniform bed depth throughout. 

3.02 COMMISSIONING 

A. The commissioning period shall be carried out under the supervision of the manufacturer's 
representative and shall be continuous for a minimum of 3 days. 

3.03 PERFORMANCE TEST 

A. After completion of the commissioning period, each activated carbon bed shall be subjected to a 
performance test. The performance test shall extend for one year after Final Acceptance. During 
this year, the manufacturer shall supply a quarterly analysis of the activated carbon to be reported 
as hydrogen sulfide capacity. The manufacturer shall furnish the sufficient number of containers 
to accommodate the three sampling levels in each compartment of each activated carbon bed, as 
shown. The manufacturer shall also furnish instructions for sampling and disposition. 

END OF SECTION 
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SECTION 15050 

PIPING SYSTEMS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies systems of process piping for the Odor Control Facility and general 
requirements for appurtenant piping systems including water service, irrigation, foul air intake, air 
vent and floor drain.  Detailed specifications for the components listed in the Piping System 
Specification Sheets (PIPESPEC) are found in other sections of Divisions 2 and 15.  Use this 
Section in conjunction with those sections.  Selected  "yard piping", “irrigation piping” and 
conveyance piping of  RCP and others are found in Division 2. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  They are a part of this Section as specified and modified.  In case of conflict 
between the requirements of this Section and those of the listed documents, the requirements of 
this Section shall prevail. 

Reference Title 

ASME A13.1 Scheme for the Identification of Piping Systems 

ASME B1.20.1 Pipe Threads, General Purpose 

ASME B16.22 Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings 

ASME B16.26 Cast Copper Alloy Fittings for Flared Copper Tubes 

ASME B31.1 Power Piping 

ASTM A47 Ferritic Malleable Iron Castings 

ASTM A53 Pipe, Steel, Black and Hot-Dipped Zinc-Coated, Welded and 
Seamless 

ASTM A536 Ductile Iron Castings 

ASTM A570 Hot-Rolled Carbon Steel Sheet and Strip, Structural Quality 

ASTM D1248 Polyethylene Plastics Molding and Extrusion Materials 

ASTM D1785 Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120 

ASTM D2241 Poly (Vinyl Chloride) (PVC) Plastic Pipe (SDR-PR) 

ASTM D2665 Poly (Vinyl Chloride) (PVC) Plastic Drain, Waste, and Vent Pipe and 
Fittings 

ASTM D2996 Filament-Wound Reinforced Thermosetting Resin Pipe 

ASTM D3261 Butt Heat Fusion Polyethylene (PE) Plastic Fittings for Polyethylene 
(PE) Plastic Pipe and Tubing 

B. Fitting and Coupling Compatibility:  To assure uniformity and compatibility of piping components, 
fittings and couplings for grooved end piping systems shall be furnished by the same 
manufacturer. 
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1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. For each piping system, catalog cuts and other information for pipe, fittings, linings, coatings, and 
valves to be used for each pipe size category. 

C. Certification that each length of pipe has been pressure tested and has satisfactorily passed such 
tests. 

D. Piping layouts and layout schedule showing pipeline locations for all piping systems in that area 
with respect to structures, other piping and utilities (ductwork, conduits, etc.) and details and 
location of joints, anchors, supports, fittings, connections, penetrations, supports, valves, piping 
appurtenances, flexible couplings, manholes, and clean-outs as applicable.  Drawings shall be 
original layouts by the Contractor; photocopies of contract drawings are not acceptable. 

E. A copy of all related contract schematic, structural, and mechanical drawings with all piping, 
foundations, supports, and layout sizes and dimensions requiring Contractor confirmation 
marked. 

1.04 DEFINITIONS 

A. Pressure terms used in Section 15050 and elsewhere in Divisions 2 and 15 are defined as 
follows: 
1. Maximum:  The greatest continuous pressure at which the piping system operates. 
2. Test:  The hydrostatic pressure used to determine system acceptance. 
3. PSI:  Pressure above atmospheric; gauge pressure (PSIG) 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Unless otherwise specified, provide piping materials listed in the PIPESPEC, including pipe, 
gaskets, fittings, joint assemblies, connections, linings and coatings, conforming to detailed 
specifications for each type of pipe and piping appurtenance specified in other sections of 
Divisions 2 and 15. 

B. Where temporary piping and valves are required, piping material and accessories shall be 
selected by the Contractor and submitted to the Project Representative for approval.  Such piping 
shall be suitable for operation at the test pressure and maximum range of operating service 
temperature of the permanent piping system which the temporary piping is replacing, as specified 
in the PIPESPEC.  Plastic, steel, ductile iron, and polyethylene pipe may all be used at the 
Contractor's discretion in  buried  service.  Exposed piping and piping under buildings and 
footings shall be selected from metallic pipe appropriate to indicated fluid and pipe size unless 
explicitly shown as otherwise in a project specific detail.  Temporary piping shall be provided with 
supports at intervals which prevent sagging or liquid accumulation.  

2.02 PIPING IDENTIFICATION 

A. Plastic Coding Markers: 
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1. Plastic markers for coding pipe shall comply with ASME A13.1.  Markers shall be the 
precoiled type that is easily removable.  Markers shall be resistant to petroleum based oils 
and grease and shall meet criteria for humidity, solar radiation, rain, salt, fog and leakage 
fungus, as specified by MIL-STD-810 and shall withstand a continuous operating 
temperature range of - 40 to 250 degrees F.  Markers shall not be the individual letter type 
but shall be manufactured and applied in one continuous length of plastic including 
directional arrows.  Legends and arrows shall be subsurface printed on polyester and 
overlaminated with Tedlar.  Marking Services Style MS-995, Brady Style B-915, or 
approved equal. 

2. Minimum marker lengths and letter heights: 

Outside Diameter  Minimum Length   Minimum Height  
of Pipe or Covering  of marker   of Letters 
less than 1-1/2 inch  8 inch    1/2 inch 
1-1/2 to 3 inch   8 inch    1-1/8 inch 
Greater than 3 inch  12 inch   2-1/4 inch 

a. Outside diameter shall include insulation and protective wrapping. 
b. Pipe markers shall include uni- and bidirectional arrows in the same sizes and colors 

as the legend. 
3. Color:   

a. Background color shall match existing or shall be as specified in the PIPESPEC 
b. Legends and arrow color shall match existing or shall be white on blue, black, or red 

backgrounds; black on all other color backgrounds 

B. Tracer Tape: 
1. Tracer tape shall be 6 inches wide, colored the same as the background colors as 

specified in Table A, Section 15050-3.06, and made of inert plastic material suitable for 
direct burial. 

2. Magnetic tracer tape shall be 2 inches wide, colored the same as the background colors as 
specified in Table A, Section 15050-3.06, and made of inert plastic material suitable for 
direct burial. 

3. A message shall be printed on the tape. 
a. The message shall read "CAUTION CAUTION CAUTION __________ PIPE BURIED 

BELOW" with bold letters approximately 2 inches high for tracer tape and 
approximately 1 1/4 inches high for magnetic tracer tape. 

b. The blank shall be filled with the name of particular system fluid. 
c. The message shall be printed at maximum intervals of 2 feet. 

2.03 VALVES 

A. Valves of the same size and service shall be provided by a single valve manufacturer.  Packing 
shall be non-asbestos material.  Actual length of valves shall be within 1/16 inch (plus or minus) 
of the manufacturer's specified length.  Flanges shall meet the requirement of ASME B16.5.  
Push-on and mechanical joints shall meet the requirements of AWWA C111. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Location:  
1. Provide piping as specified except for adjustments to accommodate architectural and 

structural features. 
2. Coordinate with electrical construction. 

B. Potable Water Connections: 
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1. Connect potable waterlines in accordance with all municipal codes and ordinances, and laws 
and regulations of the State and City. 

C. Piping sizes:  
1. Where the size of piping is not specified, provide piping of the sizes required by UPC.   
2. Unless specified otherwise, provide small piping, less than 1-inch in diameter required for 

services not described by UPC, as 1/2-inch diameter. 

D. Pipe Support, Anchorage and Bracing: 
1. Support piping by anchor brackets, guides, saddles or hangers. 
2. The Drawings do not attempt to show all required supports, hangers, or seismic braces. 

These items are shown only where special requirements exist or where necessary to convey 
a special design intent. 

3. Pipe hangers, guides and saddles are generally not shown on the Drawings. 
4. Locations and type of rigid pipe anchorage generally are shown on the Drawings. 
5. Provide supports on each run at each change of direction. 
6. Pipe supports shall be hot-dip or mechanically galvanized. 
7. Anchor piping with flexible connections and/or expansion joints such that the intended uses of 

these joints are maintained in the piping system. 
8. Unless otherwise specified, pipe support materials of construction shall be as indicated on 

the Drawings. 

E. Anchorage for Buried Piping:  Bends, tees and deadends in buried pressure piping systems shall 
be anchored by means of restrained joints.  Additional requirements for restrained joints are 
specified in the individual pipe material specifications.   For conditions other than those shown 
and specified, the Contractor shall submit calculations showing the type of restrained joint 
proposed and the length of restrained joint.  Concrete thrust blocks shall not be used unless 
specifically shown. 

F. Bedding and Backfill:  for buried piping in accordance with Section 02200. 

G. Joint and Fitting Options:  Pipe connection (joint and fitting) options for a particular piping system 
shall be as specified on the particular system PIPESPEC sheet.  Where connections are shown, 
the connections shall be specifically where shown; however, if several connection options are 
allowed for the particular piping system on the PIPESPEC sheet, then any option may be 
consistently used, for example, if flanged or grooved are acceptable and grooved are shown, then 
flanged may be substituted.  Integrity of rigid, non-rotating connections must be maintained at all 
valves and other equipment. 

H. Connections to Existing Piping:  Isolation valves, as specified in Section 15050, shall be installed 
at every location where new pipes connect to existing piping systems.  Isolation valves shall be 
used to minimize existing system shutdowns and existing system interference with new pipeline 
testing.  Piping systems requiring isolation valves shall include: 

3.02 PIPING AND VALVE IDENTIFICATION 

A. Pipe Coding:  After application of the specified coating and insulation systems, identify all 
exposed piping, including piping in ceiling spaces, pipe trenches, pipe chases and valve boxes 
with plastic markers as specified.  Locate legend markers and directional arrows at each side of 
walls, floors and ceilings, at one side of each piece of equipment, at piping intersections, inside 
valve boxes and vaults, and at approximately 20-foot centers. 

B. Valves:  Stainless steel tags bearing the specified valve number stamped in 1/4-inch high letters. 
1. Flanged valves:  Install on valve flanges in a position visible from floor level. 
2. Flangeless valves 6 inches in diameter and smaller:  Attach to the valve stem by 0.063-inch 

minimum stainless steel wire. 
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3.03 PIPE INSTALLATION 

A. Protection of Work: 
1. Cover openings in piping, and temporarily seal to protect from contamination. 
2. Protect materials and equipment from damage due to environmental conditions.  Use 

protective cover, and protect from surface water by using raised platforms. 
3. Protect unfinished work at end of each workday from damage, contamination and moisture by 

use of plugs, caps or covers. 
4. Protect piping and valves from damage pending performance of system tests. 

B. Installation: 
1. Install piping parallel to walls.  Clear obstructions, preserve headroom, and keep openings 

and passageways clear. 
2. Should structural difficulties or other work prevent running of pipes or setting of equipment at 

locations indicated, necessary minor deviations will be allowed, as approved by the Project 
Representative. 

3. Expanding or swaging of tubing to fit IPS fitting sockets will not be permitted. 
4. Use reducing fittings where change in pipe size occurs. 
5. Use couplings only where required pipe runs between fittings are longer than standard length 

of pipe being used. 
6. Make exposed polished or enameled connections to fixtures or equipment with special care 

to avoid damage to finished surfaces. 
7. Make changes in direction only with fittings. 
8. Provide expansion loops or bends where indicated to allow for proper pipe expansion.  

Construct bends with long radius welded fittings. 
9. Use proper length bolts for each size flange on flanged connections.  Bolts with excessive 

length of exposed threads will not be permitted.  Minimum of 3 full threads shall be exposed 
beyond nut after tightening assembly. 

10. Prevent entry of foreign matter during handling, assembling and installation.  Use 
compressed air, wire brush, solvent and other acceptable means to remove residual scale, 
dirt and other foreign matter from interior of piping before final connections are made.  Protect 
open ends of pipe by capping, plugging or other acceptable means. 

11. Install piping with sufficient pitch to ensure adequate drainage and venting. 
12. Provide unions or flanges in piping connections to equipment. 
13. Electrically isolate connections between dissimilar metal piping with dielectric couplings or 

fittings. 
14. Install class of piping as indicated. 
15. Do not run water piping over electric switchboards, transformers or electric motor starters. 
16. Protect against external corrosion pipes which pass through, under or otherwise in contact 

with soil, cinders, concrete or other corrosive material.  Protect by protective wrappings. 

C. Sewer and Waste Piping: 
1. Run horizontal drainage piping as straight as practicable and at uniform pitch. 
2. Install pipe 3 inches or less in diameter with pitch of not less than 1/4-inch per foot unless 

otherwise indicated on the Drawings. 
3. Install pipe larger than 3-inch diameter with pitch of not less than 1/6-inch per foot unless 

otherwise indicated on the Drawings or required by the Plumbing Code. 
4. Install sanitary sewers within or adjacent to any building or structure at slope which will 

produce computed velocity of not less than 2 feet per second. 

D. Copper Piping: 
1. Make joints with 95-5 tin-antimony. 
2. Clean outside of tube and inside of fitting at point of contact before joining.  Take care to 

prevent overheating of tube and fitting before joining. 
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E. Pipe Joints and Connections: 
1. Cut pipe with appropriate tool and deburr.  Make joints tight.  Test and remake leaky joints 

with new materials.  Do not use thread cement or caulking to remake joints.  Do not use 
sharp-toothed wrench in making up brass pipe, or chrome-plated items. 

2. Provide thread forms and length in accordance with ASME standards. Use lubricant or 
sealant on male threads suitable for proposed pipe service. 

3. Clean joint before soldering.  Use appropriate flux and alloy for operating temperature level 
as indicated. 

4. Apply standard rules for welding of pipe joints as contained in ASME Standard Code for 
pressure piping including welding procedures, qualification of welders and testing.  Follow 
applicable local safety codes. 

5. Provide gasket coated with recommended lubricant between contact faces of flanges. 

F. Unions, Flanges and Gaskets: 
1. Provide unions where indicated and at each threaded or soldered connection to equipment, 

tanks and valves with the following exceptions: 
a. Only 1 union is required at each manually operated threaded valve. 
b. None required at compression stops. 
c. Locate unions so piping can be easily disconnected for removal of equipment or valve. 
d. Provide flanges at each flanged connection to equipment and valves. Provide matching 

flange faces at each connection.  Tighten fastener system to indicated torque. 

G. Pipe hangers and Supports: 
1. Provide piping systems with anchorages, sway braces, guides and supports as required by 

applicable portions of ASME B31. 
2. Provide support for vertical and horizontal loads, including vibration imposed loads. 
3. Necessary hangers and supports including beam and purlin clamps, rods, pipe rolls, angles, 

channels and plates as well as any changed from indicated design, shall have Project 
Representative’s prior approval. 

4. Use of building structural steel for supporting hangers will be permitted only where indicated 
or approved by Project Representative.  Do not weld transversely across tension flange or 
any member under stress, use bracing, girts and other secondary members for support, nor 
burn or drill holes in building steel. 

5. Support vertical piping with approved steel brackets to prevent swaying, sagging, vibration 
and resonance.  Allow for thermal expansion between supports or anchors.  Do not use flat 
steel strap hangers. 

6. Do not support piping by wire, rope, strap, chain, wood or similar devices. 
7. Provide pipe hangers of same size, or nearest commercial size available, as pipe or tubing 

on which they are to be used.  Allow for thickness of insulation in sizing hangers. 
8. Supporting structures, including supporting frames, anchors and guides common to 

mechanical and electrical work, shall be submitted and have the Project Representative’s 
prior approval. 

9. Use adjustable iron hangers for 1-1/4 inches and smaller pipe, and clevis type for 1-1/2 
inches and larger pipe.  Where copper tubing is directly supported, use copper-plated 
hangers. 

10. Protect dissimilar metals by wrapping pipe with 1/16 inch thick neoprene 

3.04 TESTING 

A. General: 
1. Upon completion of piping, but prior to application of insulation on exposed piping, the 

Contractor shall test the piping systems.  Pressures, media and test durations shall be as 
specified in the PIPESPEC.  Equipment which may be damaged by the specified test 
conditions shall be isolated.  Testing shall be performed using calibrated test gages and 
calibrated volumetric measuring equipment to determine leakage rates.  Each test gage shall 
be selected so that the specified test pressure falls within the upper half of the gage's range. 
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Unless otherwise specified, completely assemble and test new piping systems prior to 
connection to existing pipe systems.  Notify the Project Representative one hour prior to each 
test. 

2. Unless otherwise specified, testing, as specified herein, shall include existing piping systems 
which connect with new pipe systems.  Existing pipe shall be tested to the nearest existing 
valve.  Any piping which fails the test shall be repaired.  Repair of existing piping will be 
considered and paid for as extra work. 

3.05 CLEANING AND FLUSHING 

A. General: Piping systems shall be cleaned following completion of testing and prior to connection 
to operating, control, regulating or instrumentation equipment.  The Contractor may, at its option, 
clean and test sections of buried or exposed piping systems.  Use of this procedure, however, will 
not waive the requirement for a full pressure test of the completed system.  Unless specified 
otherwise, piping 24 inches in diameter and smaller shall first be cleaned by pulling a tightly fitting 
cleaning ball or swab through the system.   

B. Temporary Screens: 
1. Upon completion of the cleaning, the Contractor shall connect the piping systems to related 

process equipment.  Temporary screens, provided with locator tabs which remain visible from 
the outside when the screens are in place, shall be inserted in pipelines at the suction of 
pumps and compressors in accordance with the following table: 
Equipment suction or piping size, inches Maximum screen opening, inches 

0 to 1 1/16 
1-1/4 to 3 1/4 
3-1/2 to 6 1/2 

over 6 1 
2. The Contractor shall maintain the screens during testing, initial start-up, and initial operating 

phases of the commissioning process.  In special cases, screens may be removed as 
required for performance tests.  The Contractor shall remove the temporary screens and 
make the final piping connections after the screens have remained clean for at least 24 
consecutive hours of operation.  Systems handling solids are exempted. 

C. Potable Water Systems:  Potable water piping systems shall be flushed and disinfected in 
accordance with AWWA C600 and C651. 

3.06 PIPING SPECIFICATION SHEETS (PIPESPEC) 

A. Piping and valves for groupings of similar plant processes or types of service lines are specified 
on individual piping specification sheets.  Piping systems specified and shown on the Drawings 
are arranged by designated symbols (abbreviations) as shown in the following tables. The tables 
also indicate the system number, fluid category, and pipe marker background color of each 
service. 

3.07 TABLE A - PIPING SYSTEMS 

Symbol Service System Fluid Pipe Marker Category Color 

D Drain 24 Drain/Vent Green 

FA Foul Air 22 Foul Air Yellow 

RD Roof Drain 24 Drain/Vent Green 

SD Sanitary Drain 24 Drain/Vent Green 

SSD Subsurface Drain 24 Drain/Vent Green 

STD Storm Drain 24 Drain/Vent Green 
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Symbol Service System Fluid Pipe Marker Category Color 

V Vent 24 Drain/Vent Yellow 

3.08 UTILITY WATER SYSTEMS: 

Symbol Service System Fluid Pipe Marker Category Color 

C1 Domestic Potable Water 7 Water Blue 

CW City Water 7 Water Blue 

C2 Non-potable Water City 
Water 

7 Water Green 

C4 Landscaping Irrigation 9 Water Green 
 
Piping System 7 

Piping Symbol / Service: C1 -- Potable Water 

 C2  -- Nonpotable City Water 

 CW -- City Water 

  

Test Requirements:  

Medium: Water.  Ref. This Section.  

Pressure: 150 PSI.   

Duration: 120 minutes 

Gasket Requirements:  

Flange Compressed gasketing consisting of organic 
fibers (Kevlar) and neoprene binder 

Push-On/Mech Cpl: EPDM or neoprene 

Exposed Pipes and Valves:  

(See drawings for pipe size and valve type)  

(3" and smaller)  

Pipe: Copper tube:  ASTM B88, Type L, drawn.  
Ref.Section 15066. 

 Connections:  solder or Ridgid ProPress with 
threaded or flanged adapters for valves. 

 Fittings:  wrought copper or bronze, ASME B16. 
22 

Valves:   Ball:  Nibco T-585-70-66, Apollo 77-140, 
Jamesbury Fig. 351, or approved equal. 

 Gate:  Nibco T-113, Crane Fig. ZTF, or approved 
equal. 

 Globe:  Crane 7TF or 17TF, Lunkenheimer 123 or 
214, or approved equal. 
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 Swing Check:  Crane 137, Lunkenheimer 230, or 
approved equal. 

(4" through 8")  

Pipe: Steel:  ASTM A53, seamless, Grade B, black.  
See Remarks for lining.  Ref.  Section 15061. 

 Connections:  butt weld, grooved mech pipe 
coupling or flanged. 

 Fittings:  malleable iron, ductile iron, or steel per 
Section 15061; ends to match pipe. 

Valves: Butterfly:  with traveling nut, rack and pinion, or 
worm gear type operator. . Substitute Type B on 2 
1/2-inch lines. 

 Swing Check:  spring loaded. 

Buried and Encased Pipes and  Valves:  

(See drawings for pipe size and valve type)  

(3" and smaller)    

Pipe: Cooper tube:  ASTM B88, Type K, annealed, with 
polyethylene tape coating.  Ref. Section 15066. 

 Connections:  solder or Rigid ProPress with 
threaded or flanged adapters for valves. 

 Fittings:  wrought copper or bronze, ASME B16.22 

Valves: Ball:  Nibco T-58-70-66, Apollo 77-140, Crane Fig. 
93303-S 

 Gate:  Nibco T-113, Crane Fig. 1701, with 
extension stem and valve box. 

 Swing Check:  Crane 137, Lunkenheimer 230 

(Valves 4" through 12")  

Pipe: Ductile iron:  AWWA C151.  Ref. Section 15062 

 Connections:  grooved end or restrained push-on 
rubber gasket joint.  Flanged adapters for valves. 

 Fittings:  ductile iron per Section 15062; lining and 
ends to match pipe 

Valves:   Resilient seal gate valve:  with extension stem 
and valve box.  See Remarks. 

Remarks:  
1. Seal Water test pressure shall be 150 PSI or  50 PSI more than maximum system pressure, 

whichever is greater 
4. Lining for 4" thru 8" exposed pipe: 

a. C1, C2 and CW:  cement mortar 
b. all others:  none 

5. Manual air vents shall be provided at the high points and manual drains shall be provided at the 
low points of each reach of pipeline as specified in this Section and/or shown on the drawings. 
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9. Resilient seal gate valves shall be iron body, bronze mounted, and non-rising stem conforming 
to AWWA C509.  Valves shall be equipped with a 2-inch operating nut and "O" ring stem seals. 

 
Piping System 9 

Piping Symbol/Service C4 -- Landscaping Irrigation 

Test Requirements:  

Medium: Water.  Ref. Section 15050 

Pressure: 125 PSI 

Duration: 120 minutes 

Allowable leakage: Zero. Ref. Section 15050 

Gasket Requirements:  

Flange: Compressed gasketing consisting of organic 
fibers (Kevlar) and neoprene binder 

Push-on/Mech Cpl: Nitrile or neoprene 

Exposed Pipe and Valves: (See drawings for pipe and valve type) 

  

Buried and Encased Pipe and Valves:  

Pipe: PVC:  ASTM D1784, Class 12454-B, NSF 
certified, ASTM D1785, Sch. 80.  Reference 
Section 15064. 

 Connections:  plain end; solvent weld with 
threaded or flanged adapters for valves 

 Fittings:  PVC, ASTM D2467, Sch. 80, socket 
type. 

Valves: Gate:  Nibco T-113, Crane Fig. 1701, or approved 
equal. 

 Boxes:  Ametek 190106 with green CV cover. 
Piping System - System 22 

 Piping Symbol/Service:   FA -- Foul Air  

    

 Test Requirements: 

  Medium:    Air; ref. spec Section 15050. 

  Pressure:    15 PSIG for foul air piping 10" and smaller. 

       20" W.C. for 12" and larger ductwork 

  Duration    60 minutes  
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 Gasket Requirements: 

  Flange:    Gylon gasketing, Garlock style 3504, Anchor   
     Packing Company or approved equal; per spec   
     Section 15085 

  Push-on/Mech Cpl:  TFE: per spec Section 15085 

 Exposed Pipe and Valves: 

 (See drawing for pipe size and valve type) 

  (10" and smaller) 

  Pipe or Duct:    PVC:  ASTM D1784, Class 12454-B ASTM  
      D1784, Sch. 40 Ref. spec Section 15064. 

       Connections:  plain end; solvent weld with  
      threaded or flanged adapters for valves. 

       Fittings:  PVC, Sch. 40 socket ends. 

Valves: Butterfly: AWWA C504 rated for pressure class 
of pipe or duct with 2.0 factor of safety. 

  Dampers:    Ref. Spec Section 13234 

  Ductwork:    FRP:  fiberglass reinforced plastic ref. spec  
      Section 13234. 

 Buried and Encased Pipe and Valves: 

 (See drawing for pipe size and valve type)  

   (10" and smaller) 

  Pipes:     PVC:  same as exposed pipe or duct.  Provide  
      magnetic tracer tape. 

  Valves:     N/A 

  Dampers:    N/A 

 (12" and larger) 

                 Ductwork: PVC and HDPE: See Section 15064 and 15065.  
Provide magnetic tracer tape. 

Ductile iron pipe: AWWA C151 required when 
beneath structures or encased See Section 
15062. 

            Dampers:   

Connections: 

N/A 

PVC and HDPE: See Section 15064 

Ductile iron – provide AWWA C110 fittings 

Fittings: PVC and HDPE: See Section 15064 

Ductile iron, joint options to match pipe. 

Valves: None 
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 Remarks: 
 1. Expansion joints shall be installed where shown on the drawings.  Expansion joints for 

 foul air ductwork shall be as specified in Section 13234. 
 2. Connections from PVC or ductile iron to FRP shall be made by flanged transitions, 

 unless otherwise specified or shown on the drawings 
 3. All sizes of rectangular foul air ductworks shall be FRP as specified in spec Section 

 13234. 
 4. Testing, Connection, Flange and Damper requirements for the Rectangular ductwork 

 shall meet the circular foul air ductwork requirements as specified for pipe system 22. 
 5. Buried foul air pipe or ductwork shall be reinforced.  See drawings for the 

requirements. 
 6. Buried foul air pipe or ductwork shall be encased with minimum 6: pea gravel or coarse 

 sand and wrapped with permeable synthetic fabric. 
 7. Provide continuous slope for buried foul air pipe or ductwork toward low point drain, as 

 shown on the drawings. 
 
Piping System 24 

Piping Symbol/Service: D – Drain 

 STD -- Storm Drain 

 SD -- Sanitary Drain 

 SSD -- Subsurface Drain 

 RD -- Roof Drain 

 RWP -- Rain Water Pipe 

 V – Vent 

Test Requirements:  

Medium: In accordance with Section 318, Uniform 
Plumbing Code. 

Pressure: In accordance with Section 318, Uniform 
Plumbing Code. 

Duration: In accordance with Section 318, Uniform 
Plumbing Code. 

Gasket Requirements:  

Flange: Compressed gasketing consisting of organic 
fibers (Kevlar) and neoprene binder 

Push-on/Mech Cpl: Nitrile or neoprene 

Pipe:  

(See drawings for pipe size)  

(3" and smaller)  

Pipe: Polyethylene and HDPE: See Section 15064 and 
15065 

Steel:  ASTM A53, galvanized. 

Ductile Iron pipe, AWWA 151 
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Connections: HDPE: See Section 15064 and 15065 

Steel: taper threaded, ASME B1.20.1. 

Fittings: HDPE: See Section 15064 and 15065 

Ductile iron pipe fittings AWWA C110. 

Valves: None 

(3" thru 12")  

Pipe: PVC and HDPE: See Section 15064 and 15065 

Ductile Iron pipe, AWWA 151 

Connections: PVC and HDPE: See Section 15064 and 15065 

 Ductile iron pipe fittings AWWA C110. 

Fittings: PVC and HDPE: See Section 15064 and 15065 

- Ductile iron pipe fittings AWWA C110. 

Valves: None 

END OF SECTION 
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SECTION 15061 

STEEL PIPE 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies steel pipe and fittings. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified. In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 

 Reference   Title 
 ANSI B16.3-92   Malleable Iron Threaded Fittings, Class 150 and 300 
 ANSI B16.9-93   Factory-Made Wrought Steel Buttwelding Fittings 
 ANSI B16.11-91   Forged Steel Fittings, Socket-Welding and Threaded 
 ASTM A36/A36M-94  Structural Steel 
 ASTM A47-90   Ferritic Malleable Iron Castings 
 ASTM A53-94   Pipe, Steel, Black and Hot-Dipped, Zinc-Coated  

     Welded and Seamless 
 ASTM A105/A105M-95  Forgings, Carbon Steel, for Piping Components 
 ASTM A106 REV A-94  Seamless Carbon Steel Pipe for High-Temperature  

     Service 
 ASTM A197-87   Cupola Malleable Iron 
 ASTM A234/A234M-95  Pipe Fittings of Wrought Carbon Steel and Alloy   

     Steel for Moderate and Elevated Temperatures 
 ASTM A283/A283M REV A-93 Low and Intermediate Tensile Strength Carbon Steel  

     Plates, Shapes and Bars 
 ASTM A536-84   Ductile Iron Castings 
 ASTM A570/A570M-92  Hot-Rolled Carbon Steel Sheet and Strip, Structural  

     Quality 
 ASTM A572/A572M REV B-94 High Strength Low Alloy Columbium-Vanadium Steels of 

     Structural Quality 
 AWWA C200-91   Steel Water Pipe 6 Inches and Larger 
 AWWA C205-89   Cement-Mortar Protective Lining and Coating for Steel  

     Water Pipe--4 In. and Larger-- Shop Applied 
 AWWA C206-91   Field Welding of Steel Water Pipe 
 AWWA C207-94   Steel Pipe Flanges for Waterworks Services--Sizes 4 In.  

     Through 144 In. 
 AWWA C208-83   Dimensions for Fabricated Steel Water Pipe Fittings 
 AWWA C209-90   Cold-Applied Tape Coating for Special Sections,  

     Connections, and Fittings for Steel Water Pipelines 
 AWWA C210-92   Liquid Epoxy Coating Systems for the Interior and  

     Exterior of Steel Water Pipe 
 AWWA C214-89   Tape Coating Systems for the Exterior of Steel Water  

     Pipelines 
 AWWA C600-93   Installation of Ductile-Iron Water Mains and Their  

     Appurtenances 
 AWWA M11-89   Steel Pipe--A Guide for Design and Installation 
 SSPC-SP10-91   Near-White Blast Cleaning 
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1.03 SUBMITTALS 

A. Prior to delivering the product to the job site, provide the following submittals in accordance with 
Section 01300: 
1. Manufacturer's product data, catalog cuts, or shop drawings describing construction, 

dimensions, and materials. Indicate on the submittal each Piping System where the product 
will be used. 

2. Affidavits of Compliance with AWWA C200, ASTM A53, or ASTM A106 as applicable. 
3. Contractor's layout drawings as specified in paragraph 15050-2.04. 
4. Drawings showing cross-section of the pipe wall and joints for each size, pressure rating, and 

loading and drawings showing details, dimensions, and piece numbers of all fabricated 
fittings. 

5. Calculations for fabricated fittings that indicate the adequacy of any required reinforcement.  
Calculations shall be in accordance with the procedures presented in AWWA M11. 

6. Submit calculations and Drawings for proposed alternative thrust restraint or pipe anchorage. 

1.04 TESTING 

A. Factory testing shall conform to the requirements of ASTM A53, ASTM A106, or AWWA C200 as 
applicable. 

PART 2  PRODUCTS 

2.01 PIPE MATERIALS 

A. Provide steel pipe and fittings in accordance with ASTM A53, ASTM A106, or AWWA C200 as 
specified in Section 15050, Piping Systems. 

B. Steel for pipe fabrication to meet requirements of AWWA C200 shall conform to the requirements 
of ASTM A36, ASTM A572, Grade 42, ASTM A570, Grades 33 and 36, or ASTM A283, Grade D.  
Steel for ASTM A53 and ASTM A106 pipe shall be Grade B. 

2.02 PIPE FABRICATION 

A. ASTM A53 Pipe: Unless otherwise indicated: 
1. Type E, electric resistance welded or Type S, seamless pipe as indicated in Section 15050. 
2. Minimum wall thickness for ASTM A53 or ASTM A106: Schedule 40 for pipe 10 inch diameter 

and less and 3/8 inch for pipe 12 inch through 24 inch diameter. 
3. Increased shell thickness shall be provided where specified. 

B. AWWA C200 Pipe: 
1. Straight or spiral seam. 
2. Minimum wall thickness: 

a. 16-inch and smaller: 1/4 inch 
b. 18-inch and larger: 3/8 inch 

C. Increased shell thickness shall be provided where specified. 

2.03 CONNECTIONS 

A. As specified in Section 15050 and in conformance with Section 15085. 

B. Coating for buried connections:  As specified in paragraph 15085-2.07. 

2.04 FITTINGS AND APPURTENANCES 

A. Malleable Iron Threaded Fittings and Appurtenances: In conformance with the requirements of 
ASTM A47 or ASTM A197, ANSI B16.3. 

B. Steel Fittings and Appurtenances: 
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1. Unless otherwise indicated, in conformance with the requirements of ASTM A234, ASTM 
A105, or ANSI B16.11. 

2. Fabricated steel fittings and appurtenances: In conformance with AWWA C208. 

C. Fittings for Grooved-End Piping Systems: 
1. Full flow cast fittings, steel fittings, or segmentally welded fittings with grooves or shoulders 

designed to accept grooved end couplings. 
2. Cast fittings: Cast of ductile iron conforming to ASTM A536 or malleable iron conforming to 

ASTM A47. 
3. Standard steel fittings, including large size elbows: Forged steel conforming to ASTM A106. 
4. Standard segmentally welded fittings: Fabricated of Schedule 40 carbon steel pipe. 

D. Unless otherwise indicated, all fittings shall be rated for pressure and loadings equal to the pipe. 

E. Pipes cut for groove coupling shall be as specified in the Section 15085. 

2.05 PIPE LINING 

A. Epoxy: 
1. Unless otherwise indicated, pipe and fittings shall be lined with a liquid epoxy as specified in 

AWWA C210 with the following exceptions: 
a. No coal tar products shall be incorporated in the liquid epoxy. 
b. The curing agent may be an amidoamine as well as the other curing agents listed in 

AWWA C210. 
2. The lining shall be applied to a minimum thickness of 16 mils in not less than two coats. 

B. Cement Mortar: 
1. Where specified, pipe and fittings shall be lined with cement mortar as specified in AWWA 

C205. 
2. Fittings and specials larger than 24 inches, not fabricated from centrifugally lined straight 

sections, shall require 2-inch by 4-inch by 13-gage self-furring wire mesh reinforcement for 
hand-applied lining. 

C. High Temperature Service Epoxy:  
1. Where specified, steel pipe and fittings shall be epoxy lined with not less than 10 mils of 

epoxy suitable for temperatures of 225 degrees F. 
2. Surfaces shall be prepared in accordance with SSPC-SP 10 Near White Blast Cleaning, and 

the lining applied as recommended by the manufacturer. 
3. Acceptable Manufacturer: 

a. 3M, Scotchkote 306 
b. Porter, MCR 65 High Solids Epoxy 
c. Approved equal 

D. Glass Lining: 
1. Where specified, pipe and fittings shall be glass lined with a dual layer coating system of 

vitreous material to a minimum thickness of 10 mils. 
2. Glass lining shall provide continuous coverage as tested by a low voltage holiday detector 

with only isolated voids permitted due to casting anomalies. Voids, other than isolated 
pinholes, shall be cause for rejection. 

3. Pipe and fittings shall have all internal welds ground smooth and any voids or slag holes 
ground out, re-welded and ground smooth. 

4. Acceptable Manufacturer: 
a. Ferrock, MEH-32 
b. Vitco SG-14 
c. Approved equal 

2.06 PIPE COATING 

A. Epoxy: 
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1. Unless otherwise indicated, pipe and fittings shall be coated with a liquid epoxy as specified 
in AWWA C210 with the following exceptions: 
a. No coal tar products shall be incorporated in the liquid epoxy. 
b. The curing agent may be an amidoamine as well as the other curing agents listed in 

AWWA C210. 
2. The coating shall be applied to a minimum thickness of 16 mils in not less than two coats. 

B. Polyethylene Tape: 
1. Where specified, pipe and fittings shall be coated and wrapped with prefabricated multilayer 

cold applied polyethylene tape coating in accordance with AWWA C214. 
2. The coating application shall be a continuous step operation in conformance with AWWA 

C214, Section 3. 
3. The total coating thickness shall be not less than 50 mils for pipe 24 inches and smaller and 

not less than 80 mils for pipe 26 inches and larger. 

2.07 FUSION EPOXY COATING AND LINING 

A. Where specified, steel pipe and fittings shall be fusion epoxy coated and lined.  

B. Application Method: Fluidized bed method, attaining 12 mils minimum dry film thickness. 

C. Surface Preparation: in accordance with SSPC-SP 10 Near White Blast Cleaning. 

D. Acceptable Manufacturer: 
1. 3M Scotchkote 206N 
2. Dupont Nap-Guard 7-2500 
3. Approved equal 

E. Field welds, connections and otherwise damaged areas shall be coated and patched according to 
the manufacturer's instructions with a 2-part epoxy compound from the same manufacturer as the 
coating. 

F. Acceptable Products Manufacturer: 
1. 3M Scotchkote 306 
2. Dupont Nap-Guard 7-1847 
3. Approved equal 

2.08 JOINT GASKETS 

A. Joint gaskets shall be as specified in Section 15085. 

2.09 CORROSION PROTECTION 

A. Where called for in Section 15050 or on the drawings, buried steel pipe shall be electrically 
isolated from existing buried steel pipes and from exposed  pipe upon penetration through 
structural walls by installing an insulating union, insulating flange kit or insulating flexible sleeve 
type coupling, depending on the respective pipe size. Unless otherwise specified or approved by 
the Project Representative, the electrical isolation fittings shall be installed on the exposed pipe 
as close to the wall penetrations as possible and prior to touching any pipe support or other 
pipes. The isolated pipe shall not touch reinforcing steel or wall sleeves at the pipe penetration.  
Restraint harness assemblies or sleeve couplings shall also be equipped with insulating bushings 
and washers for electrical isolation. 

B. Where called for in Section 15050 or on the drawings, buried steel pipe shall be installed with 
magnesium ribbon anodes for corrosion protection. Acceptable products include NCL Kaiser 
magnesium Mark IV ribbon anode or approved equal. Attachment of the ribbon anode to the pipe 
shall be by exothermic welding with surface preparation and sealing in accordance with the 
manufacturer's instructions. All welded connections shall be sealed with Royston Handy Cap 2 or 
equal. At all locations where more than one steel pipe follows the same alignment in the same 
trench, they shall be electrically bonded together with AWG No. 8 wire at 40-foot maximum 
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intervals and also connected to the ribbon anodes(s). Refer to outside piping sections and details. 
Ribbon anodes shall not span across the electrical isolation fittings. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. General: 
1. Install pipe in accordance with AWWA M11, Chapter 16. Weld joints in accordance with 

AWWA C206 and Section 15085. Tie rods shall be used where required for thrust restraint. 
2. Provide sleeve-type mechanical pipe couplings in accordance with AWWA M11 and 

paragraph 15085-2.03 A. 
3. Apply pipe lining and coatings at field joints as specified in paragraphs 15061-2.05 and 2.06. 
4. Unless otherwise indicated, field coat buried mechanical couplings and valves as specified in 

paragraph 15085-2.06. 

B. Anchorage: 
1. All couplings and fittings shall be restrained joint for thrust restraint. 
2. Provide concrete thrust blocks only where specified on the drawings. 
3. Submit calculations and drawings for proposed alternative thrust restraint or pipe anchorage 

in accordance with paragraph 15061-1.04. 

3.02 TESTING 

A. Hydrostatic testing shall be in accordance with Section 4 of AWWA C600 except that test 
pressures and allowable leakage shall be as listed in Section 15050. 

END OF SECTION 
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SECTION 15062 

DUCTILE IRON PIPE 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies ductile iron pipe, ductile fittings and gaskets. 

B. Where cast iron pipe is specified, the term and symbol shall mean ductile iron pipe. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified. In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 

 Reference  Title 
 ANSI A21.14-79  Ductile-Iron Fittings 3 in. through 24 in., for Gas 
 ANSI A21.52-81  Ductile-Iron Pipe, Centrifugally Cast, in Metal Molds or Sand  

    Lined Molds for Gas 
 ANSI B16.1-89  Cast Iron Pipe Flanges and Flanged Fittings Class 25, 125, 250,  

    and 800 
 ANSI B16.5-88  Pipe Flanges and Flanged Fittings 
 ASTM A716-86  Ductile-Iron Culvert Pipe 
 ASTM C150-89  Portland Cement 
 AWWA C104-90  Cement-Mortar Lining for Ductile-(ANSI A21.4)   

    Iron and Gray-Iron Pipe and Fittings for Water 
 AWWA C110-87  Ductile-Iron and Gray-Iron 
     (ANSI A21.10) Fittings, 3 in. through 48 in., for Water 
 AWWA C111-85  Rubber-Gasket Joints for Ductile-Iron and Gray-Iron 
     (ANSI A21.11) Pressure Pipe and Fittings 
 AWWA C115-88  Flanged Ductile-Iron and Gray-Iron 
     (ANSI A21.15) Pipe With Threaded Flanges 
 AWWA C150-81  Thickness Design of Ductile-Iron Pipe (ANSI A21.50) 
 AWWA C151-86  Ductile-Iron Pipe, Centrifugally Cast in Metal Molds or 
     (ANSI A21.51) Sand-Lined Molds, for Water or Other Liquids 
 AWWA C153-88  Ductile-Iron Compact Fittings, 3 in. through 12 in. 
     (ANSI A21.53) for Water and Other Liquids 
 AWWA C600-87  Installation of Ductile-Iron Water Mains and Their Appurtenances 
 AWWA C606-87  Grooved and Shouldered Type Joints 

1.03 SUBMITTALS 

A. Prior to delivering the product to the job site, the following submittals shall be provided in 
accordance with Section 01300: 
1. Manufacturer's product data, catalog cuts, or shop drawings describing construction, 

dimensions, and materials.  Indicate on the submittal each Piping System where the product 
will be used. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Pipe design, materials and manufacture shall comply with the following documents: 
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Item Document 
Thickness design AWWA C150 
Manufacturing requirements  
     Water or other liquid AWWA C151 
     Gas ANSI A21.52 
Gravity service pipe ASTM A716 
Joints  
     Rubber gasket AWWA Clll 
     Threaded flange AWWA C115 
Fittings  
     Water or other liquid AWWA C110/AWWA C153 
     Gas ANSI A21.14 
Cement mortar lining AWWA C104 

2.02 PIPE 

A. Unless otherwise indicated, ductile iron pipe shall be Class 51 pipe having nominal laying lengths 
of 18 or 20 feet. 

B. For grooved-end pipe, wall thickness shall be minimum Class 53 except where the specified 
pressure requires heavier pipe. 

2.03 GASKETS 

A. Unless otherwise indicated, gasket stock shall be a synthetic rubber compound in which the 
elastomer is nitrile or neoprene.  The compound shall contain not less than 50 percent by volume 
nitrile or neoprene and shall be free from factice, reclaimed rubber and other deleterious 
substances. 

B. Gaskets shall comply with AWWA Clll for push-on and mechanical joints and with AWWA C606 
for grooved end joints. 

2.04 FITTINGS 

A. Unless otherwise indicated, fittings shall conform to AWWA C110.  

B. All fittings shall be rated for a minimum working pressure of 250 psi. 

C. Ends: Flanged, restrained mechanical joint, restrained push-on, or grooved to suit the conditions 
specified. 

D. Unless otherwise indicated, the AWWA C153 compact ductile iron fittings in sizes 3 through 
12 inches are an acceptable substitute for standard fittings. 

E. Provide long-radius elbows where specified. 

F. Grooved End Fittings: In compliance with paragraph 15050-1.02 B. 

2.05 JOINTS 

A. Unrestrained Joints: 
1. Push-On Joints: 

a. Where specified shall be the rubber ring compression, push-on type joint suitable for 
buried service. 

b. Unless otherwise indicated, joints shall have an allowable deflection of up to 5 degrees at 
specified pressures. 

c. Unless otherwise indicated, this joint is not permitted on fittings or specials. 
d. Joint assembly and field cut joints shall be made in strict conformance with AWWA C600 

and manufacturer's recommendations. 
e. Acceptable manufacturer: 
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1) American Cast Iron Pipe Company, Fastite Joint 
2) U.S. Pipe, Tyton Joint 
3) Approved equal 

2. Mechanical Joints: 
a. Where specified, mechanical joints for above or below ground service shall meet the 

requirements of ANSI/AWWA A21.10/C110 and ANSI/AWWA A21.11/C111. 
b. Gaskets and bolts and nuts shall comply with paragraphs 15062-2.03 and 2.05 D, 

respectively. 

B. Restrained Joints: 
1. General: 

a. Unless otherwise indicated, restrained joints are required for all exposed and buried 
piping. 

b. Unless otherwise indicated, restrained joints shall be flanged or grooved end for exposed 
service and push-on or grooved end for buried service. 

2. Push-On Joints: 
a. As specified in paragraph 15062-2.05 A.1., modified for restraint 
b. Capable of being deflected after full assembly 
c. Joint assembly shall be in strict conformance with AWWA C600 and manufacturer's 

recommendations. 
d. No field cuts of restrained pipe are permitted without prior approval of the Project 

Representative. 
e. Acceptable manufacturer: 

1) American Cast Iron Pipe Company,Flex-Ring or Lok-Ring Joint 
2) U.S. Pipe, TR Flex Joint 
3) Approved equal 

3. Flange Assemblies: 
a. Unless otherwise indicated, ductile iron, threaded-on flanges conforming to ANSI/AWWA 

A21.15/C115 or cast-on flanges conforming to ANSI/AWWA A21.10/C110. 
b. Flanges shall be adequate for 250 psi working pressure. 
c. Bolt circle and bolt holes shall match those of ANSI B16.1, Class 125 flanges and ANSI 

B16.5, Class 150 flanges. 
d. Where specified, flanges shall be threaded-on or cast-on flanges conforming to ANSI 

B16.1, Class 250. 
e. Unless otherwise indicated, bolts and nuts for flange assemblies shall conform with 

paragraph 15085-2.02 C. 
f. Gaskets shall be as specified in paragraph 15085-2.02 B. 

4. Grooved End Joints: 
a. Couplings shall conform to AWWA C606. 
b. Unless otherwise indicated, grooved end couplings shall be rigid joint for exposed service 

and flexible joint for buried service. 
c. Unless otherwise indicated, bolts and nuts shall comply with paragraph 15062-2.05 D. 
d. Acceptable manufacturer: 

1) Gustin-Bacon 500 Series 
2) Victaulic Style 31 
3) Approved equal with flush seal type gasket designed for ductile iron pipe 

5. Mechanical Joints: 
a. Where specified, restrained mechanical joints shall be the positive restraint type.  

Mechanical joints with retainer glands are not acceptable. 
b. Locked mechanical hydrant tees, bends and adapters are an acceptable substitute for 

anchoring fire hydrants and valves to the pipe main. 

C. Ball and Socket Flexible Joint Pipe: 
1. Boltless type allowing a maximum joint deflection of 15 degrees 
2. Each joint shall be provided with a retainer lock to prevent rotation after assembly. 
3. Acceptable manufacturer: 

a. American Cast Iron Pipe Company, Flex-Lok Joint 



Fremont Siphon Project C00762C14   DUCTILE IRON PIPE 
May 2014  15062 - 4 

b. U.S. Pipe, USIflex 
c. Approved equal 

D. Bolts and Nuts: 
1. Corrosion-resistant, high-strength, low-alloy steel as specified in ANSI/AWWA C111/A21.11 
2. Corrosion-resistant, stainless steel bolts and nuts for use with ductile iron joints are an 

acceptable substitute for alloyed bolts and nuts. Galvanized or cadmium-plated steel bolts 
and nuts are not acceptable substitutes for stainless steel. 

2.06 PIPE COATING 

A. Surface preparation: Clean and abrade ductile iron pipe to obtain a surface profile of 1.5 to 2.0 
mils.  

B. Base Coat: Apply one coat of moisture-cured urethane at 2-3 mil dry film thickness. Base coat 
Tenemic Series 1 Omnithane or Sherwin William’s B65S14 Corothane 1 mio-aluminum or 
approved equal.  

C. Top Coat: per Section 09900 with System J-2, B-1, or C-1 depending on service environment 

2.07 PIPE LINING 

A. Cement Mortar Lining: 
1. Unless otherwise indicated, interior surfaces of pipe and fittings shall be cement mortar lined 

in accordance with AWWA C104. 
2. Cement shall be ASTM C150, Type II or V, low alkali, containing less than 0.60 percent 

alkalies. 

B. Asphaltic Lining: Where specified, pipe and fittings shall be lined with asphaltic material as 
specified in AWWA C151. This lining shall be used for foul air piping and sanitary drainage. 

2.08 PIPE BONDING 

A. Buried Pipe: Provide electrical bond across all pipe system joints to achieve electiical condutcivity 
through thelength of the pipe system. Bond in accordance with Section 13110 and the drawings. 

2.09 PRODUCT DATA 

A. The following information shall be provided in accordance with Section 01300: 
1. Shop drawings. 
2. Alignment drawings. 
3. Certifications specified in the following documents:   

a. ANSI A21.14, paragraph 14-4.2 
b. ANSI A21.52, paragraph 52-4.2 
c. ASTM A716, paragraph 4.2 
d. AWWA C110, paragraph 10-5.3  
e. AWWA Clll, paragraph 11-7.1  
f. AWWA C115, paragraph 15-4.2  
g. AWWA C151, paragraph 51-5.2  
h. AWWA C153, paragraph 53-6.3 
i. AWWA C606, paragraph 4.1.1.1 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. General: 
1. Follow piping runs specified on the drawings as closely as possible. Submit proposed 

deviations in accordance with Section 01300. 
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2. Install pipe in accordance with AWWA C600. 
3. Make connections to existing structures and manholes so that the finished work will conform 

as nearly as practicable to the requirements specified for the new manholes, including 
necessary concrete work, cutting and shaping. Also specify concrete mortar shaping within 
any structure and manhole. 

B. Insulating Sections: Where a metallic nonferrous pipe or appurtenance is connected to ferrous 
pipe or appurtenance, provide an insulating section as specified in paragraph 15085-3.05. 

C. Anchorage: Provide anchorage as specified. Submit calculations and drawings for proposed 
alternative anchorage in accordance with Section 01300. 

3.02 ACCEPTANCE TESTING 

A. Conduct hydrostatic pressure tests in accordance with Section 4 of AWWA C600 except that test 
pressures and allowable leakage shall be as listed in Section 15050. 

B. The Contractor shall conduct the tests in the presence of the Project Representative. 

END OF SECTION 
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SECTION 15064 

PLASTIC PIPING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies polyvinylchloride (PVC) and polyethylene (PE) pipe and fittings. 

B. Use in conjunction with the Piping System Specification Sheets (PIPESPEC) in Section 15050. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
ASTM D1784  Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl  
   Chloride) (CPVC) Compounds 
ASTM D1785  Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120 
ASTM D2241  Poly(Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR Series) 
ASTM D2464  Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80 
ASTM D2466  Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40 
ASTM D2467  Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80 
ASTM D2564  Solvent Cements for Poly(Vinyl Chloride) (PVC) Plastic Piping Systems 
ASTM D3034  Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe and Fittings 
ASTM D3035 Polyethylene (PE) Plastic Pipe (DR PR) Based on Controlled Outside 

Diameter 
ASTM D3350 Polyethylene Plastics Pipe and Fittings Materials 
ASTM F402  Safe Handling of Solvent Cements, Primers, and Cleaners Used  
   for Joining Thermoplastic Pipe and Fittings 
ASTM F477  Elastomeric Seals (Gaskets) for Joining Plastic Pipe 
ASTM F714 Polyethylene (PE) Plastic Pipe (DR PR) Based on Outside Diameter 
ASTM F1901 Polyethylene (PE) Pipe and Fittings for Roof Drain Systems 
ASTM F2620 Heat Fusion Joining of Polyethylene Pipe and Fittings 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Manufacturer's certificates of compliance with the specified standards.  

C. Contractor's layout drawings. 

D. Product data for weld primer and solvent 

PART 2  PRODUCTS 

2.01 PVC PIPE 

A. Pressure Pipe:   
1. Material for pipes and fittings:  ASTM D1784, Class 12454-B. 
2. Pipe and fittings requirements:  Either ASTM D1785 or ASTM D2241 for standard dimension 

ratios. 
3. 160-psi pipe--SDR 26; 200-psi pipe--SDR 21; 250-psi--SDR 17, as specified. 
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4. Neoprene gaskets with push-on joints:  ASTM F477. 
5. Schedule 80 PVC socket-type fittings:  ASTM D2467. 
6. Schedule 40 PVC fittings:  ASTM D2466. 
7. Schedule 80 PVC threaded fittings:  ASTM D2464. 

B. Nonpressure Pipe: 
1. Material for pipe and fittings:  ASTM D1784, Class 12454-B. 
2. Pipe and fittings requirements:  ASTM D3034 for SDR 35. 
3. Neoprene gaskets with push-on joints:  ASTM F477. 

2.02 PE PIPE AND FITTINGS 

A. Pipe and Fittings: 
1. Pipe: ASTM D3035 for pipe sizes 3” diameter and smaller, ASTM F714 for pipe sizes larger 

than 3” diameter.  Minimum DR26, higher pressure rating as needed for pressures indicated. 
2. Fittings: Injection molded fittings with same or higher pressure rating as pipe onto which 

fitting will be installed.  Fabricated fittings will not be allowed. 

B. Material:   
1. In conformance with ASTM D3350. 

2.03 SOLVENT WELD CEMENT FOR PVC PIPE 

A. Solvent: ASTM D2564 formulated and labeled for PVC; formulated and labeled as resistant to 
caustic chemicals and hypochlorite solutions. Universal plastic pipe solvents are not acceptable. 

B. Primer: same manufacturer as the solvent; purple stain 

C. Prior to solvent welding, clean joints of all loose debris and prime; primer shall stain pipe purple. 

D. Manufactures 
1. Solvent: IPC Weld-On CPVC 724 
2. Primer:  IPC Weld-on P-70 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. PVC pipe 3 inches in diameter and smaller: 
1. Join by means of socket fittings and solvent welding in conformance with ASTM F402. 
2. Make solvent-cemented joints in strict compliance with the manufacturer's/supplier's 

instructions and recommended procedures. 

B. PVC pipe 4 inches in diameter and greater: 
1. Unless otherwise indicated, join by means of gasketed push-on joints and steel or ductile iron 

push-on or mechanical joint fittings. 
2. Unless otherwise indicated, paint PVC piping exposed to sunlight with coating system L-2 as 

specified in Section 09900. 

C. PE pipe and fittings: 
1. 4 inches in diameter and smaller:  Unless otherwise indicated, join by means of thermal 

socket fusion. 
2. 6 inches in diameter and larger:  Join by thermal butt fusion. 

a. Perform butt-fusion joining of the pipes and fittings in accordance with procedures 
recommended by pipe manufacturer. 

b. Tensile strength at yield of butt-fusion joints shall not be less than pipe. 
c. Provide flanged adapters for connection to valves and where specified. 
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D. Connections: 
1. Connect to different types of pipe by means of flanges, specified adapters or transition 

fittings. 
2. Where sleeve type couplings are used, uniformly torque both in accordance with pipe 

manufacturer's recommendation. 
3. Foreign material shall be removed from the pipe interior prior to assembly. 

E. Outside containment piping:   Unless otherwise indicated, join in accordance with manufacturer's 
written instructions by means of injection bonding. 

3.02 TESTING 

A. Per Section 15050. 

END OF SECTION 
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SECTION 15065 

HIGH-DENSITY POLYETHYLENE PIPE 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies high-density polyethylene (HDPE) pipe, fittings, and appurtenances for 
piping 4 inches to 63 inches in nominal diameter.  The designation HDPE is used in the piping 
system specification sheets (PIPESPEC) in Section 15050 and in this Section.   

B. Performance Requirements: Conform to 
1. Dimension Ration (DR):   DR 17 minimum, or as required to comply with specified pressure 

class or depth of bury. 
2. Pressure Class: AWWA C906 - 100 psi or as otherwise specified 
3. Maximum deflection in installed condition, buried pipes: 4.2% of the average inside diameter 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
document.  These references are a part of this Section insofar as specified and modified herein.  
In case of conflict between the requirements of this Section and the listed documents, the 
Contractor shall point out the conflict to the Project Representative; lacking a definitive answer 
otherwise, the requirements of the Contract Specifications shall prevail. 
Reference  Title 
ANSI/AWWA C906 Polyethylene (PE) Pressure Pipe and Fittings, 4-inch through 63-inch, for  
   Water Distribution 
ASTM D2321  Underground Installation of Thermoplastic Pipe for Sewers and Other  
   Gravity-Flow Applications 
ASTM D2657  Heat Joining Polyolefin Pipe and Fittings 
ASTM D3350  Polyethylene Plastics Pipe and Fittings Material 
PPI TR 31  Underground Installation of Polyolefin Piping 

B. Affidavit of Compliance: 
1. The manufacturer shall furnish an affidavit of compliance conforming to the requirements of 

AWWA C906, Section 1.5, affirming that the piping components comply with the 
requirements of AWWA C906 and this Section. 

2. The affidavit shall be signed under penalty of perjury by an officer of the pipe manufacturer's 
company. 

C. Factory Tests: All HDPE materials, pipe and fittings shall be inspected and tested in accordance 
with the requirements of AWWA C906. 

D. Shipment and Storage:  
1. The Contractor shall use care in handling and storage of the pipe.  Pipe shall be stored on 

clean, level ground to prevent undue scratching or gouging of the pipe.  If the pipe must be 
stacked for storage, such stacking shall be done in accordance with the pipe manufacturer's 
recommendations.  The handling of the pipe shall be done in such a manner that it is not 
damaged by dragging over sharp objects or cut by chokers or lifting equipment. 

2. Sections of pipe with cuts, gouges, or scratches on the outside diameter (OD) surface that 
exceed 10 percent of the wall thickness of the pipe shall be removed completely and the 
ends of the pipeline rejoined.  The inside diameter (ID) surface shall be free of cuts, gouges, 
and/or scratches.   
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1.03 SUBMITTALS 

A. Procedures: Section 01300. 

B. Items to be Submitted for this Specification:  
1. Product data and deviations noted 
2. Detail drawings which show the type and location of all fittings, joints, and connections to 

structures and manholes.  

PART 2  PRODUCTS 

2.01 MATERIALS 

A. HDPE piping components shall be manufactured from materials that meet or exceed the 
requirements of the Plastic Piping Institute designation PE3408 and that conform to the 
requirements of ASTM D3350 for a cell classification of PE 345434C. 

B. Bolts and nuts for buried mechanical joining components such as flanges shall be made of 
noncorrosive, high-strength, low-alloy steel having the characteristics specified in ANSI/AWWA 
C111/A21, regardless of any protective coating. 

C. Bolts and nuts for exposed applications: 
1. ASTM A276 Type 316 stainless steel for locations with corrosive atmospheres as specified in 

Section 16000. 
2. Noncorrosive, high-strength, low-alloy steel having the characteristics specified in 

ANSI/AWWA C111/A21, regardless of any protective coating. 

2.02 FEATURES 

A. Pipe: Pipe shall have the nominal dimensions shown with an IPS outside diameter basis and the 
dimensions and tolerances specified in AWWA C906.  DR rating and pressure class shall be as 
specified in this Section. 

B. Fittings: 
1. Fittings shall conform to the applicable requirements of AWWA C906 for the joining methods 

specified in this Section. 
2. Pipe bends 14 inches and smaller:  Where long radius bends are specified for the piping 

system in Section 15050, provide Arc™ sweep bends manufactured by Pipestar 
International, or approved equal.  Bend radius shall be three times the pipe diameter, 
measured to the center line of the bend for long-radius bends. 

3. Pipe bends larger than 14-inch diameter in size shall be mitered type with the following 
characteristics: 
Degree of Bend  Minimum Number of Miter Segments 

22.5   2 
45   3 
67.5   4 
90   5 

C. Connections:  Flange Type VR 955 

D. Pipe Supports for Exposed Applications: 
1. Pipe supports shall conform to the applicable requirements of Section 15096. 
2. Pipe must be properly supported, thermal expansion and contraction movement must be 

accommodated, and supports must be spaced to limit vertical deflection between supports. 
3. Pipe supports must conform with the following additional requirements: 

a. Supports must cradle the bottom 120 degrees of the pipe. 
b. Supports must have a width at least one half of pipe diameter. 
c. Edges of the supports must be rounded or rolled to prevent cutting into the pipe. 
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d. Commercial pipe supports such as u-bolts, narrow strap-type hangers, and roller type 
supports are unsuitable unless modified for width and cradling. 

E. Pipe Markings: Pipe marking shall conform to the requirements of AWWA C906. 

PART 3  EXECUTION 

3.01 INSTALLATION – BURIED APPLICATIONS 

A. General: Unless otherwise specified, the piping system shall be installed in accordance with 
ASTM D2321, AWWA C906 and the manufacturer’s recommendations.   

B. Alignment Procedures:  
1. Pipe and fittings shall be placed in the trench with the invert conforming to the elevations, 

slopes, and alignments shown. 

C. Joining: 
1. Pipe and fittings shall be joined into continuous lengths on the job site above ground.  Unless 

otherwise specified, joining shall be the butt-fusion method performed in accordance with the 
pipe manufacturer's recommendations and ASTM D2657 or electrofusion socket welds.  
Extrusion welding and hot gas welding shall not be used for buried field connections. 

2. The pipe supplier shall be consulted to obtain machinery and expertise for the joining by butt-
fusion of HDPE pipe and fittings.  No pipe or fittings shall be joined by fusion by any of the 
Contractor's personnel unless they are adequately trained and qualified in the techniques 
involved.  Butt fusion joining shall yield a joint strength equal to or greater than the tensile 
strength of the pipe. 

3. Flanged joining, or other mechanical joining methods specified, may be used to make 
connections to differing piping materials, to equipment, valves and other appurtenances, and 
where specified. 

4. Internal beads at butt-fused joints shall be cut out to produce a smooth interior surface across 
the joint where specified for the piping system in Section 15050. 

D. Trench Excavation:  Trenches shall be excavated to ensure that sides will be stable under all 
working conditions.  Trench walls or supports shall comply with all local and national standards 
for safety. 

E. Bedding and Backfill 
1. Materials used for bedding and backfill shall be as specified in Section 02200 and as shown. 
2. Place materials by methods that will not disturb or damage the pipe.  All HDPE pipe shall be 

at the temperature of the surrounding soil at the time it is backfilled and compacted.  Work in 
and tamp the bedding material in the area under the pipe and up to the spring line before 
placing and compacting the remainder of the embedment.  Blocking under the pipe shall not 
be permitted. 

3. Use compaction equipment and techniques that are compatible with materials specified and 
location in the trench.  Before using heavy compaction or construction equipment directly 
over the pipe, place sufficient backfill to prevent damage, excessive deflections, or other 
disturbances of the pipe. 

3.02 INSTALLATION – EXPOSED APPLICATIONS 

A. General:  Unless otherwise specified, the piping system shall be installed in accordance with 
ASTM D2321, AWWA C906 and the manufacturer's recommendations. 

B. Joining: 
1. Pipe and fittings shall be joined into continuous lengths on the job site.  Unless otherwise 

specified, joining shall by the butt-fusion method performed in accordance with the pipe 
manufacturer's recommendations and ASTM D2657.  Socket fusion, extrusion welding and 
hot gas welding shall not be used for field connections. 
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2. The pipe supplier shall be consulted to obtain machinery and expertise for the joining by butt-
fusion of HDPE pipe and fittings.  No pipe or fittings shall be joined by fusion by any of the 
Contractor's personnel unless they are adequately trained and qualified in the techniques 
involved.  Butt fusion joining shall yield a joint strength equal to or greater than the tensile 
strength of the pipe. 

3. Flanged joining, or other mechanical joining methods specified, may be used to make 
connections to differing piping materials, to equipment, valves and other appurtenances, and 
where specified. 

4. Victaulic Style 995 couplings shall be installed where specified on the Drawings for pipeline 
disassembly for maintenance. 

3.03 FIELD TESTING 

A. System Test Phase:  Following the preoperational, and component test phases specified in 
Section 01660, perform the following field tests during the system test phase.  
1. Hydrostatic Pressure Testing: 

a. Buried pipelines shall be tested prior to backfilling the piping.  Cover the pipe at intervals 
and/or at curves if necessary to hold the pipe in place during testing.  Connections shall 
be left exposed for visual leak inspection. 

b. After all free air is removed from the test section, the pressure in the pipe shall be raised 
at a steady rate to the required pressure.  The pressure in the section shall be measured 
at the lowest point of the test section. Test pressure shall be as specified in Section 
15050.  The initial pressure shall be applied and allowed to stand without makeup 
pressure for 2 to 3 hours to allow for diametric expansion or pipe stretching to stabilize.  
After the equilibrium period, the test section shall be returned to the required test 
pressure and held for 3 hours.  Amounts of makeup water allowable for expansion during 
the pressure test shall be as listed in the Plastic Pipe Institute PE Pipe Handbook 
Chapter 2.  No visual leaks or pressure drops shall be observed during the final test 
period. 

2. Deflection Testing for Buried applications: 
a. General: Deflection testing shall be performed on the entire length of installed pipe no 

sooner than 30 days after completion of work adjacent to and over the pipeline, including 
leakage tests, backfilling, placement of fill, grading, paving, concreting, and any other 
superimposed loads.  Deflection of pipe and fittings in the installed pipeline under 
external loads shall not exceed the maximum deflection as specified within this Section.  
Either of the following devices and procedures may be used to measure deflection. 

b. Pull-Through Deflection Testing:  The Contractor shall determine whether the allowable 
deflection has been exceeded by use of a pull-through device. 

c. Pull-Through Device: This device shall be a spherical, spheroidal, or elliptical ball, a 
cylinder, or circular sections fused to a common shaft.  Circular sections shall be so 
spaced on the shaft that distance from external faces of front and back sections will equal 
or exceed diameter of the circular section.  Pull-through device may also be of a design 
promulgated by the Uni-Bell Plastic Pipe Association, provided that the device meets the 
applicable requirements specified in this Section, including those for diameter of the 
device.  Ball, cylinder, or circular sections shall conform to the following: 
1) 1A diameter, or minor diameter as applicable, equal to the average inside diameter of 

the pipe minus the dimension equivalent of the maximum installed deflection 
specified in this Section.  A tolerance of plus 0.5 percent in the diameter of the test 
device will be permitted. 

2) A homogeneous material throughout, with a density greater than 1.0 as related to 
water at 39.2 degrees F, and a surface Brinell hardness of not less than 150. 

3) Center bored and through bolted with a 1/4-inch minimum diameter steel shaft having 
a yield strength of not less than 70,000 pounds per square inch, with eyes or loops at 
each end for attaching pulling cables. 
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4) Each eye or loop shall be suitably backed with a flange or heavy washer such that a 
pull exerted on opposite end of shaft will produce compression throughout remote 
end. 

d. Pull-Through Device Procedure:  Pass the pull-through device through each run of pipe, 
either by pulling it through or flushing it through with water.  If the device fails to pass 
freely through a pipe run, replace pipe which has the excessive deflection and completely 
retest in same manner and under same conditions as specified. 

e. Deflection Device:  The Contractor shall determine whether the allowable deflection has 
been exceeded by use of a deflection measuring device. 
1) Deflection Measuring Device:  This device shall be sensitive to 1.0 percent of the 

diameter of the pipe being tested and accurate to 1.0 percent of the indicated 
dimension.  The deflection measuring device shall be approved by the Project 
Representative prior to use. 

2) Deflection Measuring Device Procedure:  Measure deflections through each run of 
installed pipe.  If deflection readings in excess of the maximum allowable specified in 
this Section are obtained, retest pipe by a run from the opposite direction.  If retest 
continues to show a deflection in excess of the allowable, remove pipe which has 
excessive deflection, replace with new pipe, and completely retest in the same 
manner and under the same conditions. 

END OF SECTION 
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SECTION 15066 

COPPER PIPING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies copper pipe and fittings. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revisions to the 
following documents.  They are part of this Section as specified and modified.  In case of conflict 
between the requirements of this Section and those of the listed documents, the requirements of 
this Section shall prevail. 
Reference  Title 
ANSI B16.22  Wrought-Copper and Copper-Alloy Solder Joint Pressure Fittings 
ANSI B16.26  Cast-Copper Alloy Fittings for Flared Copper Tubes 
ASME B1.20.1  Pipe Threads, General Purpose 
ASTM B32  Solder Metal 
ASTM B88  Seamless Copper Water Tube 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Manufacturer's product data and catalog cuts. 

PART 2  PRODUCTS 

2.01 PIPE 

A. Seamless copper tubing, ASTM B88.  Unless otherwise specified, copper tubing shall be Type L, 
drawn, where used in exposed service and Type K, annealed or drawn for buried service. 

2.02 CONNECTIONS 

A. Solder-type with taper threaded adapters for valves and other appurtenances.  Taper threads 
shall comply with ASME B1.20.1 

B. Solder:  95-5 tin-antimony, ASTM B32, Grade 95TA.  Do not use cored solder. 

C. Thread Lubricant and Seal: 
1. Compressed air:   
2. Water:  teflon tape. 

2.03 COUPLINGS AND FITTINGS 

A. 1/2-inch and smaller nominal diameter:  compression type, brass or bronze, capable of holding 
the full bursting strength of the tubing complying with ANSI B16.26. 

B. Larger than 1/2-inch nominal diameter:  wrought copper or bronze, solder joint pressure fittings, 
complying with ANSI B16.22. 

C. Piping reducers/enlargers shall be tapered.  Bushing type adapters are not permitted. 

D. Acceptable Manufacturers for 1/2-inch and smaller nominal diameter : 
1. Swagelok. 
2. Gyrolok. 
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3. Approved equal. 

PART 3  EXECUTION 

3.01 FABRICATION 

A. Solder Joints: 
1. Cut tubing square and remove burrs. 
2. Immediately before soldering, clean both inside of fittings and outside of tubing with steel 

wool until bright. 
3. After cleaning, a paste flux shall be evenly and sparingly applied to the surfaces to be joined 

prior to soldering. 
4. Apply solder and pass flame toward the center of the fitting until the solder disappears. 
5. Remove all excess solder while still plastic. 
6. Do not use acid flux or acid wipe in making solder joints. 
7. Take care to prevent overheating. 

B. Takedown Couplings:  screw union type. 
1. Where piping passes through walls or floors, takedown couplings shall be provided on both 

sides of the wall or floor and within two feet of the wall or floor. 
2. A takedown coupling shall be provided within two feet of each threaded end valve or 

appurtenance. 

C. Dielectric Protection: 
1. Copper tubing or fittings shall not be permitted to come in contact with steel piping, 

reinforcing steel, or other steel at any location. 
2. Electrical checks shall be made to assure no contact is made between copper tubing and 

steel elements. 
3. Wherever electrical contact is demonstrated by such tests, provide dielectric protection. 

3.02 REPAIR 

A. Patching inserts, overlays, or pounding out of dents will not be permitted. 

B. Remove damaged ends as a cylinder and the section end properly prepared. 

3.03 CLEANING 

A. Clean the interior of the pipe by swabbing. 

3.04 TESTING 

A. As specified in Section 15050. 

END OF SECTION 
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SECTION 15069 

DECOMMISSIONING CAST IRON PIPES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies the requirements for interior cleaning, interior disinfecting and 
decommissioning the existing cast iron siphon pipelines shown on the Drawings. The existing 
pipelines shall be decommissioned after the new siphon has been placed in service. 

B. All wastewater in the existing cast iron pipelines and carrier tunnel, cleaning water, disinfecting 
water, rinse water, and groundwater infiltration into the carrier tunnel during decommissioning 
shall be removed and directed to a King County sewer. The Contractor shall be responsible for 
removal, proper permitting, and disposal of these waters. 

C. Discharge of wash water and rinse water to the King County sewer system will require an 
industrial waste discharge permit from the King County Industrial Waste Program, to be obtained 
by King County. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Products shall be determined by the Contractor to meet these specifications. 

PART 3  EXECUTION 

3.01 REMOVAL AND DISPOSAL OF WATER 

A. Waters removed from the existing cast iron pipes and water from the carrier tunnel dewatering 
activity shall be directed to a King County sewer. Pumping and discharge systems shall be in 
accordance with sewage bypass requirements specified in Section 02105. 

3.02 PIPELINE AND CARRIER TUNNEL DEWATERING 

A. Dewater existing cast iron pipes and carrier tunnel simultaneously to maintain equal water levels 
in the pipes and tunnel to minimize damage potential to the siphon pipes from flotation or 
collapse. 

B. Maintain continuous dewatering of carrier tunnel during decommissioning process to minimize 
accumulation of groundwater due to infiltration. 

3.03 PIPELINE CLEANING AND DISINFECTION 

A. After dewatering, the interior of existing cast iron pipes shall be cleaned to remove all grease, 
sludge, organic materials and other debris from the pipe walls. Thoroughly rinse after cleaning to 
flush away removed materials. Remove all materials resulting from the cleaning operation from 
the pipelines for discharge to a King County sewer. 

B. After cleaning, fill existing cast iron pipes with a hypochlorite disinfecting solution, either 
commercial grade (12.5% Cl2) or in form of liquid household bleach (5-6% Cl2) in appropriate 
proportion to produce a mixture of at least 25 mg Cl2/L. The disinfection shall conform to COS 
Standard Specification 7-11.3(12)C except that laboratory sampling will not be required. Provide 
proper ventilation and protection of personnel during the disinfection process.  

C. Allow disinfecting solution to remain in the cast iron pipes for a minimum of 24 hours before 
rinsing. Remove any disinfecting water and thoroughly rinse to remove any remaining chlorine.  
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D. Discharge disinfecting solution to a King County sewer in accordance with the required industrial 
waste discharge permit. 

3.04 PIPELINE DECOMMISSIONING 

A. Remove flanges and valves at the bottom and top of existing cast iron pipes where shown on the 
Drawings to allow groundwater level equalization within the pipes. Cut holes in pipes where 
shown on Drawings. 

B. Install bulkheads where shown on the Drawings. 

C. The existing cast iron pipes shall remain without fill.  

END OF SECTION 
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SECTION 15085 

PIPING CONNECTIONS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies the following methods of connecting metallic piping:  flanges, threading, 
mechanical couplings, dielectric unions, and welding. 

B. Contractor shall be responsible for the investigation, furnishing, installing, testing and 
compatibility of all connections, including rating, sizes, diameters, bolt sizes and drill circle, gasket 
and flange facing, and material (or the use of dielectric insulation for dissimilar metals), especially 
where connecting to existing facilities and equipment, with no change in Contract completion time 
or price. 

C. Unless otherwise specified, connections of piping at equipment shall also comply with the 
requirements of this Section. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail.  The edition of the standards in effect at the time of bid 
opening shall apply. 
Reference  Title 
ANSI Bl.1  Unified Inch Screw Threads (UN and UNR Thread Form) 
ANSI Bl.20.1  Pipe Threads, General Purpose (Inch) 
ANSI B16.1  Cast Iron Pipe Flanges and Flanged Fittings 
ANSI B16.5  Pipe Flanges and Flanged Fittings 
ANSI B18.2.1  Square and Hex Bolts and Screws Inch Series 
ANSI B18.2.2  Square and Hex Nuts (Inch Series) 
ANSI B31.1  Power Piping 
ANSI B31.3  Chemical Plant and Petroleum Refinery Piping 
ASME Section IX Boiler and Pressure Vessel Code; Welding and Brazing 
ASTM F37  Standard Test Methods for Sealability of Gasket Materials 
ASTM F104  Standard Classification System for Nonmetallic Gasket Materials 
ASTM F152  Standard Test Methods for Tension Testing of Nonmetallic Gasket  
   Materials 
ASTM F593  Stainless Steel Bolts, Hex Cap Screws, and Studs 
ASTM F594  Stainless Steel Nuts 
AWWA C111  Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings 
AWWA C206  Field Welding of Steel Water Pipe 
AWWA C207  Steel Pipe Flanges for Waterworks Service-Size 4 in. through 144 in. 
AWWA C219  Bolted, Sleeve-Type Couplings for Plain End Pipe 
AWWA C606  Grooved and Shouldered Joints 
AWWA Mll  Steel Pipe-A Guide for Design and Installation 

1.03 SUBMITTALS 

A. Prior to delivering piping to the job site, the following submittals shall be provided in accordance 
with Section 01300: 
1. Manufacturer's catalog data showing piping connection details for each piping system. 
2. Details for installation for each type of piping connection.  
3. A welder qualification certificate for each welder indicating the welder is certified for pipe 

welding in accordance with ASME Boiler and Pressure Vessel, Section IX.  Each welder's 
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certificate shall be provided to the Project Representative prior to that welder working on the 
job. 

4. Statement by the supplier for each type of item that the materials provided are normally 
recommended for the liquid and piping materials and pressures as well as the installation 
situation and environment. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Pipe connections (joint and fitting) options for a particular piping system shall be as specified on 
the particular system PIPESPEC sheet in Section 15050. 

B. Takedown Couplings:  To be provided for all piping systems in accordance with this section.  To 
be provided both around equipment and at standard pipe lengths for all straight runs of pipe. 

C. Continuous welding for straight runs of pipe is acceptable only where the individual PIPESPEC 
sheet allows welding as a connection option.  Where connections are shown, then the 
connections shall be specifically where shown, however, if several connection options are 
allowed for the particular piping system on the PIPESPEC sheet, then any option may be 
consistently used, i.e., if flanged or rigid grooved connections are acceptable and grooved are 
shown, then flanged may be substituted.  Integrity of rigid, non-rotating connections must be 
maintained at all valves and other equipment. 

2.02 FLANGE ASSEMBLIES 

A. Flanges: 
1. General:  Flanges shall either be flat flanges or convoluted ring flanges as specified in the 

following paragraphs.  
2. Flat Flanges: 

a. Ductile and Cast iron flanges:  Faced in accordance with ANSI B16.1.  Where companion 
flanges are used, the flanges on pipe shall be refaced to be flush with the companion 
flange face. 

b. Class 150 and Class 300 forged steel flanges:  Raised face conforming to ANSI B16.5. 
c. Lightweight slip-on flanges:  Plain face conforming to AWWA C207, Class B and ANSI 

B16.5. 
d. Steel flanges:  Unless otherwise specified, ANSI B16.5, Class 150 or AWWA C207, 

Class D.  Class E AWWA flanges shall be provided where test pressure exceeds 175 psi.  
Plain faced flanges shall not be bolted to raised face flanges. 

3. Convoluted Ring Flanges: 
a. Ductile iron, forged steel or cast stainless steel, designed to bear on hubs welded to the 

pipe. 
b. Flange joints:  Rated for not less than 150 percent of the test pressures listed in Section 

15050 and in conformance with the requirements of ANSI B 16.5 and AWWA C207. 
c. The flange manufacturer shall be prepared to demonstrate, by certified pressure test that 

the flanges will meet these requirements. 

B. Gaskets: 
1. Material:  As specified in this section. 
2. For plain faced flanges: 

a. Full face type. 
b. Thickness: 

1) Pipe 10 inches and less in diameter:  1/16 inch. 
2) Pipe 12 inches and larger in diameter:  1/8 inch. 
3) For raised face flanges: 

a) Unless otherwise indicated, shall match the raised face. 
b) Thickness: 

(1) Pipe 3-1/2 inches and less in diameter:  1/16 inch 
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(2) Pipe 4 inches and larger:  1/8 inch 

C. Bolts, Washers and Nuts: 
1. ANSI B18.2.1 standard square or hexagon head bolts with ANSI B18.2.2 standard hexagon 

nuts. 
2. Threads:  ANSI Bl.1, standard coarse thread series; bolts shall be Class 2A, nuts shall be 

Class 2B. 
3. Length:  In conformance with ANSI B16.5. 
4. Unless otherwise specified, carbon steel machined bolts with hot pressed hexagon nuts. 
5. Bolts, washers and nuts for submerged service and where located over open basins:  Made 

of Type 316 stainless steel in conformance with ASTM F593 and ASTM F594, markings 
F593F and F594F. 

6. Bolts, washers and nuts for buried service, including for use in vaults:  Made of noncorrosive 
high-strength, low-alloy steel having the characteristics specified in ANSI/AWWA C111/A21, 
regardless of any other protective coating. 

2.03 MECHANICAL COUPLINGS 

A. Sleeve-Type Couplings: 
1. Acceptable manufacturer (Unless otherwise indicated): 

a. Sleeve-type mechanical pipe couplings: 
1) Rockwell Type 411. 
2) Dresser Style 38. 
3) Approved equal, with the stop removed from the middle ring. 

b. Reducing couplings: 
1) Rockwell Type 415. 
2) Dresser Style 62. 
3) Approved equal. 

c. Sleeve-type flanged coupling adapters: 
1) Rockwell Type 913. 
2) Dresser Style 128. 
3) Approved equal. 

d. Insulating couplings: 
1) Rockwell Type 416. 
2) Dresser Style 39. 
3) Romac IC501 
4) Approved equal. 

2. Bolts, washers, nuts and overall coupling materials: 
a. For submerged service:  Made of Type 316 stainless steel in conformance with ASTM 

F593 and ASTM F594, markings F593F and F594F. 
b. For buried service:  Made of noncorrosive high-strength, low-alloy steel having the 

characteristics specified in ANSI/AWWA C111/A21, regardless of any other protective 
coating. 

B. Plain End Couplings: 
1. Acceptable Manufacturer: 

a. Pipe sizes 6 inches and smaller (Schedule 80): 
1) Gustin-Bacon 200. 
2) Victaulic Style 99. 
3) Approved equal. 

b. Pipe sizes 6 inches and smaller (lighter weight): 
1) Gustin-Bacon 205. 
2) Victaulic Style 90. 
3) Approved equal. 

c. Pipe sizes 8 inches and larger: 
1) Gustin-Bacon 200. 
2) Victaulic Style 99. 
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3) Approved equal. 
2. Bolts and nuts:  Unless otherwise specified, shall comply with AWWA C606. 

C. Grooved End (Split Ring) Couplings: 
1. Acceptable manufacturer: 

a. Grooved end flexible-type couplings: 
1) Gustin-Bacon 100. 
2) Victaulic Style 77. 
3) Approved equal. 

b. Grooved end rigid-type couplings: 
1) Gustin-Bacon 120 Rigi-Grip. 
2) Victaulic Style 07 Zero-Flex. 
3) Approved equal. 

c. Grooved end flanged coupling adapters: 
1) Gustin-Bacon 154. 
2) Victaulic Style 741. 
3) Approved equal. 

d. Snap-joint grooved end couplings: 
1) Gustin-Bacon 115. 
2) Victaulic Style 78. 
3) Approved equal. 

2. Flexible-type couplings shall be used for all piping greater than 12 inches in diameter; for pipe 
12 inches in diameter and less in rack-mounted tunnel piping applications; and for grooved 
joints adjacent to pump or blower suction and discharge where grooved couplings are used 
for noise and vibration control.  All other applications for piping 12 inches in diameter and 
less. All applications shall utilize rigid-type couplings, or for Ductile Iron pipe use rigid type 
grooving. 

3. Cut grooves are not permitted on fabricated or lightwall pipe.  Note that Ductile Iron pipe must 
meet minimum wall thickness for use of grooving, per AWWA C606. 

4. Bolts, washers, nuts and overall coupling materials: 
a. Unless otherwise specified, shall comply with AWWA C606. 
b. For submerged service:  Type 316 stainless steel in conformance with ASTM F593 and 

ASTM F594, markings F593F and F594F. 
c. For buried service: Made of noncorrosive high-strength, low-alloy steel having the 

characteristics specified in ANSI/AWWA C111/A21, regardless of any other protective 
coating. 

2.04 GASKETS 

A. Materials:  
1. EPDM:  Ethylene-propylene-diene-terpolymer.   
2. Neoprene:  Neoprene. 
3. Nitrile:  Nitrile (Buna N). 
4. Viton 

B. Properties 
1. Compressed gasketing consisting of organic fibers (Kevlar) and neoprene binder;     ASTM 

F104 (F712400), 2500 psi (ASTM F152), 0.2 ML/HR LEAKAGE FUEL A (ASTM F37). 
2. Compressed gasketing consisting of organic fibers (Kevlar) and SBR binder; ASTM F104 

(F712400), 2500 PSI (ASTM F152), 0.1 ml/hr leakage Fuel A (ASTM F37). 
3. Gylon gasketing, Garlock Style 3500, 2000 psi (ASTM F152), 0.22 ml/hr Fuel A (ASTM F37). 
4. Gylon gasketing, Garlock Style 3510, 2000 psi (ASTM F152), 0.04 ml/hr Fuel A (ASTM F37). 
5. Gylon gasketing, Garlock Style 3504, 2000 psi (ASTM F152), 0.12 ml/hr Fuel A (ASTM F37). 
6. TFE:  Noncreeping tetrafluoroethylene (TFE) with insert filler. 
7. TFE bonded EPDM:  TFE bonded to EPDM in full-face gasket having concentric-convex 

molded rings. 
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2.05 THREAD 

A. Pipe thread dimensions and size limits shall conform to ANSI Bl.20.1. 

2.06 UNIONS 

A. 2 inches and smaller:  Ground joint screwed pattern unions.  

B. 2-1/2 inches and larger:  Ground joint flange unions. 

C. Dielectric unions:  Match the pipe material except bronze may be used with copper piping. 

D. Hydraulic power and petroleum conveying piping shall use flat-faced O-ring style unions, for both 
regular and dielectric unions.  O-ring material shall be suitable for piped fluid. 

2.07 COATINGS 

A. Unless otherwise specified, flange assemblies and mechanical type couplings for buried 
installation shall be field coated with System A-1 as specified in Section 09900. 

PART 3  EXECUTION 

3.01 PIPE CUTTING, THREADING AND JOINTING 

A. Pipe cutting, threading and jointing shall conform to the requirements of ANSI B31.1. 

3.02 GROOVE COUPLING 

A. Groove coupling pipe cuts shall be per the pipe manufacturer's recommendations. 

B. All pipe groove cuts shall be implemented from outside surface of the pipe.  No pipe groove 
cutting equipment shall touch interior finish surface of pipes neither for alignment or support. No 
damages to the original interior surface of the pipes during groove coupling cuts. 

3.03 PIPE WELDING 

A. Pipe shall be welded by ASME-certified welders using shielded metal arc, gas shielded arc or 
submerged arc welding methods.  Provide welding certification for each welder working on piping 
fabrication. 

B. Make welds in accordance with the requirements of ANSI B31.1 for piping Systems 8, 26, and 28 
specified in Section 15050.  Make welds in accordance with the requirements of ANSI B31.3 for 
piping System 20 specified in Section 15050. 

C. All welding shall be done in accordance with the requirements of the applicable, individual steel 
pipe specifications and Make welds for piping systems not specified above in accordance with 
AWWA C206. 

3.04 TAKEDOWN COUPLINGS 

A. Screw unions, flanged or grooved end mechanical coupling type joints and provided as specified. 

B. Employ flanged or grooved end joints on pipelines 2-1/2 inches in diameter and larger. 

C. Where piping passes through walls, and for all connections to equipment, unless otherwise 
indicated, provide takedown couplings within 3 feet of the wall. 

D. Provide a union or flanged connection within 2 feet of each threaded end valve. 

E. Provide Sleeve Coupling for suction and discharge of all pumps, restrained. 

F. Provide Flexible Vibration reduction couplings on the suction and discharge of all air compressors 
and blowers, restrained. 
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3.05 FLEXIBILITY 

A. Unless otherwise indicated, for piping 2 inches in diameter and larger passing from concrete to 
earth, provide two pipe couplings or flexible joints as specified with one coupling within 2 feet or 
one pipe diameter of the structure, and 3 feet apart or one pipe diameter, whichever is greater.  
Where required for resistance to pressure, restrain mechanical couplings in accordance with 
AWWA Mll, paragraph 13.10, Tables 13-6 and 13-7, and Figure 13-17. 

B. Restrain all flexible joints for pressurized ductile iron joints.  Lugs for restraint on ductile iron pipe 
shall be factory installed. 

3.06 DIELECTRIC CONNECTIONS 

A. Provide an insulating section of rubber or plastic pipe where a copper pipe is connected to steel 
or cast iron pipe.  The insulating section shall have a minimum length of 12 pipe diameters. 

B. Dielectric unions  King Co. to provide reference? may be used instead of the specified insulating 
sections.  Where copper pipe is supported from hangers, insulate it from the hangers, or use 
copper-plated hangers. 

C. Threaded insulating connections 
1. Threaded insulating bushings, unions, or couplings, as appropriate, shall be furnished for 

joining threaded pipes of dissimilar metals and for piping systems where corrosion control 
and cathodic protection are involved. 

2. Materials:  Threaded insulating connections shall be constructed of nylon, Teflon, 
polycarbonate, polyethylene, or other non-conductive materials, and shall have ratings and 
properties to suit the service and loading conditions. 

END OF SECTION 
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SECTION 15092 

WALL PENETRATION SEALS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies standard wall penetration seals for above grade pipe penetrations, and 
watertight wall penetration seals for below grade pipe penetrations. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of a listed document, the 
requirements of this Section shall prevail. 

1.03 SUBMITTALS 

A. The following information shall be provided in accordance with Section 01300: 
1. Manufacturer's product data including descriptive literature about the material and 

installation procedures. 

PART 2  PRODUCTS 

2.01 STANDARD WALL PENETRATION SEAL CALK 

A. Acceptable Manufacturer: 
1. 3M brand fire barrier strip FS195, and fire barrier calk CP25. 
2. Hilti CS-2420, Intumescent Wrap and CS-240 Firestop Sealant. 
3. Dow Corning Fire Stop Wrap Strip 2002 and Fire Stop Sealant 2000. 
4. Approved equal. 

B. Materials: 
1. Metal sleeve:  20-gage galvanized steel. 
2. Cold smoke and water seal. 
3. Exposure to heat shall expand product 8 to 10 times its original volume into any cavities in 

wall opening (intumescence). 
4. Three-hour fire penetration seal. 
5. Chrome-plated escutcheon plates shall be 1 inch larger in diameter than wall opening. 

2.02 WATERTIGHT WALL PENETRATION MECHANICAL SEAL 

A. Acceptable Manufacturer: 
1. Thunderline Link-Seal. 
2. National Pollution Control, Kor-N-Seal 
3. Approved equal. 

B. Materials: 
1. Modular mechanical type, interlocking synthetic rubber links, sized to fill annulus between 

pipe and wall opening. 
2. Rubber links expanded to form watertight seal with Type 304 stainless steel bolts. 

C. Fabrication: 
1. Cast-in-place anchor and waterstop or core drilled. 
2. Size as recommended by the manufacturer. 
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PART 3  EXECUTION 

3.01 INSTALLATION 

A. Standard Wall Seal: 
1. Concrete structure and masonry walls. 
2. Minimum of 2 inches larger than outside diameter of pipe. 
3. Wrap strip around pipe and calk around piping with calking full length of sleeve. 
4. Calk evenly to outside of sleeve. 
5. Follow manufacturer's installation recommendations. 
6. Pipe penetrations through walls above grade cored 1 inch larger than pipe. 
7. Provide wall escutcheon plates when piping is installed in finished areas. 

B. Watertight Wall Seal:  Install at locations as shown on the drawings and at wall penetrations 
below finish floor elevation and tighten seal as recommended by the manufacturer. 

END OF SECTION 
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SECTION 15095 

PIPING APPURTENANCES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies pipeline thermometers, flow and level gages, pressure devices, strainers, 
sight glasses, vents and drains. 

1.02 QUALITY ASSURANCE 

A. Reference Standards:  This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of a listed document, the 
requirements of this Section shall prevail. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Appurtenances shall be located on the piping layout drawings by plant area submitted in 
accordance with paragraph 15050-1.03.  

C. Manufacturer's product data. 

D. A copy of this specification section with addenda updates and all referenced sections with each 
paragraph check marked to show specification compliance or marked to show deviations. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Unless otherwise specified or shown on the Drawings: 
1. All equipment shall be the same size as the adjoining pipe.  
2. Body material of equipment shall match pipeline material.  
3. Pressure rating of equipment shall be no less than 150 PSI.  
4. Electrical housings shall be NEMA 4.  

B. All units shall have the name of the manufacturer and the size of the unit cast on the body or 
shown on a permanently attached plate in raised letters.  

C. All equipment provided shall be equipped with flanges, integral unions, or other functional take-
aparts. 

2.02 PIPELINE THERMOMETERS 

A. GENERAL: 
1. The operating temperature range for pipeline thermometers shall be suitable for the 

temperature range specified in the Piping System Specification Sheets, Section 15050.  
Pipeline thermometers shall indicate fluid temperatures within the pipeline to an accuracy of 
plus or minus 2 percent of thermometer full scale.  

2. Pipeline thermometers shall be provided with threaded thermowell mountings, designed to 
permit removal of the thermometer without depressurization or loss of process fluid.  For 
insulated pipes a thermowell with a lagging extension shall be provided. 

B. BIMETALLIC THERMOMETERS:  Unless otherwise indicated, bimetallic type thermometers shall 
be of the adjustable angle type mounted for convenient viewing.   
1. Case material:  type 304 stainless steel   
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2. Thermometer dial: minimum 5-inch diameter; equipped with external adjustment mechanism 
for zero reset.    

3. Acceptable manufacturer: 
a. Ashcroft Type EH.  
b. Marsh Mastertherm.  
c. Approved equal. 

C. FILLED THERMOMETERS:  Unless otherwise indicated, filled type thermometers shall have 
minimum scale length of 9 inches and shall be of the adjustable angle type mounted for 
convenient viewing.   
1. Frame material:  type 304 stainless steel.  
2. Thermometer tube:  mercury-filled Pyrex tube, recessed into the frame.    
3. Acceptable manufacturer: 

a. Weksler. 
b. Taylor. 
c. Approved equal. 

2.03 FLOW AND LEVEL GAGES 

A. ROTAMETERS: 
1. Purge Rotameters (Seal Water): 

a. General: 
1) Variable area type  
2) Factory assembles with integral needle valve and flow controller.  
3) Range: [NTS - depends on the pump and seal/packing application]  
4) 200 PSI working pressure 

b. Flow control valve shall be pressure compensated to maintain set flow rate with constant 
upstream pressure and variable downstream pressure.  
1) Materials: 

a) Meter tube:  glass  
b) Body and frame:  316 stainless steel 

2) Acceptable manufacturers: 
a) Wallace and Tiernan:  32A113SSTX3.  
b) ITT Conoflow:  GDH 2119 or GDH 2123  
c) Approved equal. 

2. Rotameters for high-capacity service: 
a. Glass tube variable area type with 5-inch scale and stainless steel body and frame.  Flow 

range shall be as specified and scales shall indicate the units of flow.  
b. Range: [NTS: size for application]  
c. Acceptable manufacturer: 

1) Brooks. 
2) Wallace & Tiernan.  
3) Schutte & Koerting. 

a) Approved equal. 

B. SIGHT GAGES 
1. Type and material:  automatic water gage complete with Pyrex gage glass and gage glass 

protector.  
2. Overall length of gages, type of mounting, and orientation of set shall be as specified.  
3. Acceptable manufacturer:   

a. 3/4-inch Penberthy 205 Series.  
b. Lunkenheimer Fig. 589.  
c. Approved equal. 

 

C. FLOW INDICATORS:   
1. Flow indicators shall be provided where specified.    
2. Fabrication:  bronze body with threaded ends and a sight glass with rotary wheel.    
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3. Pressure ratings for flow indicators shall match pipe pressure ratings. 
4. Acceptable manufacturer: 

a. Jacoby-Tarbox. 
b. Schutte & Koerting.  
c. Eugene Ernst Products.  
d. Approved equal. 

2.04 PRESSURE DEVICES 

A. GAGE COCKS:   
1. The exposed threads of each gage cock shall be protected by a brass plug. 
2. Unless otherwise indicated, acceptable manufacturer is as follows: 

a. Robertshaw 1303.  
b. Ashcroft 1095.  
c. Approved equal.   

B. PRESSURE GAGES: 
1. Unless otherwise indicated, pressure gage scales shall be selected so that the normal 

operating pressure falls between 50 and 80 percent of full scale. 
2. Diameter:  4-1/2 inch.  
3. Movement: 270 degrees. 
4. Accuracy: 0.5 percent.  
5. Case:  non-metallic case with a 1/2-inch NPT bottom connection.   
6. Type:  premium grade, heavy duty Type 316 stainless steel bourdon tube units with plastic 

bushings and pinion, and stainless steel sector.  Internal pulsation dampening system 
consisting of either a glycerin fill or a silicone fluid fill; snubbers or orifices are not acceptable.   

7. All gauges shall be vertically oriented.    
8. Bleed-off valves shall be bronze gage cocks pressure rated for 150 PSI.  
9. Acceptable manufacturer: 

a. Ashcroft Duragage 1279. 
b. Ametek 198 IL.  
c. Approved equal. 

C. DIAPHRAGM SEALS: 
1. Type 1:   

a. Body and diaphragm material:  Type 316 or Type 316L stainless steel  
b. Flushing connection: 1/4-inch   
c. Process connection: 1/2-inch  
d. Unless otherwise indicated, fill fluid shall be Silicone DC200.   
e. Acceptable manufacturer: 

1) Ashcroft Type 101.  
2) Ametek  
3) Approved equal. 

2. Type 2:   
a. Type:  flexible sleeve type.   
b. Size:  1-inch, unless otherwise indicated.   
c. Unless otherwise indicated, sleeve shall be Buna-N.   
d. Acceptable manufacturer: 

1) Red Valve Series 742.  
2) Ashcroft Type 85  
3) Approved equal. 

D. FLEXIBLE SLEEVE PRESSURE SENSORS: 
1. Type:  in-line full stream captive sensing liquid type.   
2. Materials: 

a. wetted parts 316 stainless steel  
b. sleeve Buna-N, unless otherwise indicated  
c. capillary tubing armored stainless steel 
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3. Seals: 
a. Rated for 200 psi with 5-inch SC hysteresis.  
b. Acceptable manufacturer: 

1) Ronningen-Petter.  
2) Red Valve.  
3) Approved equal. 

4. Fill fluid shall be rated for a temperature range of -20 degrees F to 200 degrees F.   
5. Vacuum filling:  Fittings shall be provided for vacuum filling of system.  Systems that are not 

factory filled shall be vacuum filled in the field.  Filling connections shall be soldered shut after 
vacuum evacuation and filling. 

2.05 STRAINERS 

A. AIR AND GAS STRAINERS:   
1. Unless otherwise indicated, air and gas line strainers shall be Y-pattern with 40 mesh Monel 

screens packed with Everdur wool.    
2. Bronze bodies shall be provided with copper piping.  Cast iron bodies shall be provided with 

steel piping.   
3. Air line strainers shall be fitted with a brass blowoff ball valve.   
4. Acceptable manufacturer: 

a. Mueller.  
b. Armstrong.  
c. Approved equal. 

B. WATER STRAINERS:   
1. Unless otherwise indicated, water strainers shall be Y-pattern.   
2. Bronze bodies shall be provided with copper piping.  Cast iron bodies shall be provided with 

steel piping.    
3. Strainers shall have 304 stainless steel screens and tapped and plugged blowoff 

connections.   
4. Screen perforations shall be 0.045 inch.    
5. Acceptable manufacturer: 

a. Mueller.  
b. Armstrong.  
c. Approved equal. 

C. FUEL OIL STRAINERS:   
1. Fuel oil strainers shall be of the basket type and shall have cast iron body with 304 stainless 

steel screens.   
2.  Screen perforation shall be 3/64 inch.   
3. Acceptable manufacturer: 

a. Bailey No. 1.  
b. Mueller.  
c. Approved equal. 

D. CHEMICAL STRAINER:  
1. Strainer shall be of the basket type and have a CPVC body and Viton-A O-rings.   
2. Screen perforations shall be 1/8 inch.    
3. Strainer shall have flanged end connections and strainer cover shall be removable without 

the use of tools.   
4. Acceptable manufacturer: 

a. Hayward Plastics Products. 
b. Amaid Filtration Systems 
c. Approved equal. 
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2.06 QUICK CONNECT FITTINGS 

A. Air and water utility station quick connect fittings: Section 15200 
1. Acceptable manufacturer: 

a. Dixon Air King. 
b. Chicago Pneumatic  
c. Approved equal. 

B. All other quick connect fittings: 
1. Type:  Coupler type, with cam arms. Capable of connecting to a hose adapter without the use 

of tools.    
2. Size:  the same size as the pipeline.  
3. Materials:  PVDF with Teflon gaskets.    
4. Acceptable manufacturer: 

a. Kamlock.  
b. Chicago Pneumatic  
c. Approved equal. 

PART 3  EXECUTION 

3.01 PIPELINE THERMOMETERS 

A. Unless otherwise indicated, use filled thermometers on all water based services, and use 
bimetallic thermometers for high temperature (300 degrees F or above) steam or gaseous 
services.   

B.  Use filled thermometers where vibration or unstable mounting conditions exist.   

C. Provide thermometers for all water and process stream inlets and outlets at each heat exchanger, 
heat extractor, and chiller; where shown, and adjacent to process taps for temperature sensing or 
transmitting instrumentation.    

D. Provide thermometers for sludge service at elbows with the process sensor oriented in the 
direction of sludge flow. 

3.02 GAGE TAPS 

A. Provide gage taps on the suction and discharge of pumps, fans, compressors, vacuum pumps 
and blowers.    

B. Gage taps shall consist of a 1/4-inch gage cock attached by a threaded nipple to the pipeline, 
duct or equipment. 

3.03 VENTS AND DRAINS 

A. VENTS: 
1. Provide manual air vents at the high points of each reach of pipeline shown on the drawings, 

and provide additional manual drains as required and specified by the Project Representative 
after completion of piping installation.    

2. Air vents shall be 1-inch and shall consist of full port ball valve and copper tubing return.   
3. Air vents shall be taken to the nearest floor with ball valve mounted 4 feet above the floor.   
4. Fit vents in piping systems for fluids containing solids with quick couplers. 

B. DRAINS: 
1. Pipe each drain to a sump, gutter, floor drain or other collection point with a valve mounted 4 

feet above the floor.    
2. Drain valves in piping systems for fluids containing solids shall be threaded end full port plug 

valves of the size specified, fitted with quick couplers.  All other drain valves shall be 
threaded end gate valves of the size specified, fitted with quick couplers.    
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3. When a drain cannot be run to a collection point, route the drain to a point of easy access 
and install a valve, of the type and size specified, fitted with a male threaded nipple suitable 
for connection to a hose. 

3.04 FLEXIBLE SLEEVE PRESSURE SENSORS: 

A. If system has not been factory filled, vacuum fill the system in the field.  Solder filling connections 
shut after vacuum evacuation and filling. 

END OF SECTION 
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SECTION 15096 

PIPE HANGERS AND SUPPORTS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies hangers and supports for all piping systems specified in Section 15050.  
This section does not include pipe supports for fire sprinkler systems, pipe anchors, guides or 
seismic restraints.  

1.02 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Manufacturer's catalog data on pipe supports and components including data on load capacity. 

C. Hanger and support locations and components indicated on the piping layout drawings required 
by Section 15050. 

D. Fabrication drawings for fabricated components. 

E. One attachment clip to confirm compatibility with existing support systems 

1.03 OPERATING CONDITIONS:  

A. The hangers and supports specified in this section are provided to resist pipe vertical and 
horizontal gravity and seismic loads. 

B. For the purpose of pipe hanger and support selection, this section establishes pipe support 
classifications based on the operating temperatures of the piping contents.  Pipe support 
classifications are as follows:  
1. Hot Systems  

a. 120 degrees F to 450 degrees F 
b. 451 degrees F to 750 degrees F 
c. Over 750 degrees F  

2. Ambient Systems  
a. 60 degrees F to 119 degrees F 

3. Cold Systems  
a. 33 degrees F to 59 degrees F  
b. -20 degrees F to 32 degrees F  

C. For the purpose of material selection, spaces are classified as: 
1. Dry Service Environment including offices, pipe galleries 
2. Wet/Corrosive Service Environment including Wetwells,  Pump Rooms, Odor Control 

Spaces, Chemical storage, storage and handling, battery rooms 

1.04 HANGER AND SUPPORT SELECTION 

A. The Contractor shall select pipe hangers and supports as specified.  Selections shall be based 
upon the pipe support classifications specified in this section and the piping insulation thickness 
specified in Section 15260,  and any special requirements which may be specified. Materials will 
be based on the service environment. 

B. The Contractor shall review the piping layout in relation to the surrounding structure and adjacent 
piping and equipment before selecting the type of support to be used at each hanger point. 

C. Hangers and supports shall withstand all static and specified dynamic conditions of loading to 
which the piping and associated equipment may be subjected.  As a minimum, consideration 
shall be given to the following conditions: 
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1. Weights of pipe, valves, fittings, insulating materials, suspended hanger components, and 
normal fluid contents. 

2. Weight of hydrostatic test fluid or cleaning fluid if normal operating fluid contents are lighter. 
3. Reaction forces due to the operation of safety or relief valves. 
4. Wind, snow or ice loadings on outdoor piping. 
5. Seismic loadings per Section 01031 

D. Hangers and supports shall be sized to fit the outside diameter of pipe, tubing, or, where 
specified, the outside diameter of insulation.  

E. Where negligible movement occurs at hanger locations, rod hangers shall be used for suspended 
lines, wherever practical.  For piping supported from below, bases, brackets or structural cross 
members shall be used.  

F. Hangers for the suspension of size 2-1/2 inches and larger pipe and tubing shall be capable of 
vertical hanger component adjustment under load.  

G. The supporting systems shall provide for and control the free or intended movement of the piping 
including its movement in relation to that of connected equipment. 

H. Where there is horizontal movement at a suspended type hanger location, hanger components 
shall be selected to allow for swing.  The vertical angle of the hanger rod shall not, at any time, 
exceed 4 degrees.  

I. There shall be no contact between a pipe and hanger or support component of dissimilar metals.  
Prevent contact between dissimilar metals when supporting copper tubing by use of copper-
plated, rubber, plastic or vinyl coated, or stainless steel hanger and support components. 

J. Unless otherwise indicated, existing pipes and supports shall not be used to support new piping. 

K. Unless otherwise indicated, pipe support components shall not be attached to pressure vessels. 

L. Stock hanger and support components shall be used wherever practical. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Pipe support components shall conform to the requirements of MSS SP-69 and FEDSPEC WW-
H-171e.   

B. Pipe support materials shall conform to the requirements of MSS SP-58.   

C. Metal framing system components shall conform to the Metal Framing Manufacturer's Association 
standard MFMA-2. 

D. For system compatibility,  support clips and attachments shall be compatible with Unistrut or B-
Line 

E. Acceptable manufacturer: 
1. B-Line. 
2. Unistrut. 
3. Approved equal. 

2.02 MATERIALS 

A. Service Environment:  Pipe hangers and supports, structural attachments, fittings and 
accessories:  
1. Dry Service Environment: Zinc plated or mechanically galvanized after fabrication.  Nuts, 

bolts and washers: galvanized or zinc-plated 
2. Wet or Corrosive Environment: type 304 or 316 stainless steel, Nuts, bolts and washers 

stainless. 
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B. PIPE HANGERS AND SUPPORTS:  
1. TYPE 1 - CLEVIS PIPE HANGER:  Carbon steel with configuration and components 

equivalent to MSS and FEDSPEC Type 1.  
a. Steel pipe (uninsulated): 

1) B-Line B3100. 
2) Grinnell Fig. 260. 
3) Approved equal. 

b. Steel pipe (insulated): 
1) Clevis pipe hanger shall be as described in Section 15096, with insulation shield. 

c. Cast and ductile iron pipe: 
1) B-Line B3102. 
2) Grinnell Fig. 590. 
3) Approved equal. 

d. Copper pipe (uninsulated): 
1) B-Line B3104 CT. 
2) Grinnell Fig. CT-65. 
3) Approved equal. 

e. Copper pipe (insulated). 
1) Clevis pipe hanger shall be as described in Section 15096, with insulation shield. 

f. Plastic pipe: 
1) B-Line B3100 C. 
2) Carpenter & Patterson Fig. 100PVC. 
3) Approved equal. 

2. TYPE 2 - "J" PIPE HANGER:  Carbon steel with configuration and components equivalent to 
MSS Type 5.  This hanger shall be used only on uninsulated pipe. 
a. Steel pipe:  (uninsulated) 

1) B-Line B3690. 
2) Grinnell Fig. 67. 
3) Michigan model 418. 
4) Approved equal. 

b. Copper and plastic pipe: 
1) Michigan model 419. 
2) Unistrut J 1205N series. 
3) Approved equal. 

3. TYPE 3 - DOUBLE BOLT PIPE CLAMP:  Carbon steel, with configuration and components 
equivalent to MSS and FEDSPEC Type 3. 
a. Steel pipe (uninsulated): 

1) B-Line B3144. 
2) Grinnell Fig. 295. 
3) Approved equal. 

b. Steel pipe (insulated): 
1) Double bolt pipe clamp shall be as described in Section 15096, with insulation shield. 

Insulation shield is optional for hot and ambient systems. 
c. Copper pipe (insulated only): 

1) Double bolt pipe clamp shall be as described in Section 15096, with insulation shield.  
4. TYPE 4 - ADJUSTABLE ROLLER HANGER:  Rollers shall be cast iron.  Yoke and cross bolt 

shall be carbon steel.  Configuration and components shall be equivalent to MSS Type 43 
and FEDSPEC Type 44. 
a. Steel pipe (uninsulated): 

1) B-Line B3110. 
2) Grinnell Fig. 181. 
3) Approved equal. 

b. Steel pipe (insulated): 
1) Adjustable roller hanger shall be as described in Section 15096, with insulation 

shield.  
c. Copper pipe (insulated only): 
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1) Adjustable roller hanger shall be as described in Section 15096, with insulation 
shield.  

d. Plastic pipe: 
1) B-Line B3110. 
2) Grinnell Fig. 181. 
3) Approved equal. 

5. TYPE 5 - SINGLE PIPE ROLL:  Rollers and sockets shall be cast iron.  Cross rod shall be 
steel.  Configuration and components shall be equivalent to MSS Type 41 and FEDSPEC 
Type 42. 
a. Steel pipe (uninsulated): 

1) B-Line B3114. 
2) Grinnell Fig. 171. 
3) Approved equal. 

b. Steel pipe (insulated): 
1) Single pipe roll shall be as described in Section 15096, with insulation shield.  

c. Plastic pipe: 
1) B-Line B3114. 
2) Grinnell Fig. 171. 
3) Approved equal. 

6. TYPE 6 - FRAMING CHANNEL PIPE CLAMP:  Pipe clamps shall be steel with galvanized 
finish. 
a. Steel pipe (uninsulated): 

1) Material thickness: 
Pipe size Material thickness 
3/8 inch and 1/2 inch 16 gage 
3/4 inch through 1-1/4 inches 14 gage 
1-1/2 inches through 3 inches 12 gage 
3-1/2 inches through 5 inches 11 gage 
6 inches and 8 inches 10 gage 

2) Acceptable manufacturer: 
a) (a) Michigan model 431. 
b) (b) Powerstrut PS 1100. 
c) (c) Unistrut P 1109 series. 
d) (d) Approved equal. 

b. Steel pipe (insulated): 
1) Pipe clamp shall be as described in Section 15096 with insulation shield. 

c. Copper (uninsulated) and plastic pipe: 
1) Material thickness: 

Pipe size Material thickness 
3/8 inch and 1 inch 16 gage 
1-1/4 inches and 1-1/2 inches 14 gage 
2 inches through 3 inches 12 gage 
4 inches  11 gage 

2) Clamp shall be copper-plated, plastic coated or lined with dielectric material. 
3) Acceptable manufacturer: 

a) Michigan model 432. 
b) Powerstrut PS 1200. 
c) Unistrut P 2024C and P 2024PC series. 
d) Approved equal. 

d. Copper pipe (insulated): 
1) Pipe clamp shall be as described in Section 15096.a with insulation shield. 

7. TYPE 7 - U-BOLT:  Carbon steel with configuration equivalent to MSS and FEDSPEC Type 
24. 
a. Steel pipe (uninsulated): 

1) Grinnell Fig. 137. 
2) B-Line B3188. 
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3) Approved equal. 
b. Steel pipe (insulated): 

1) U-bolt shall be as described in Section 15096 with insulation shield. 
c. Cast and ductile iron pipe: 

1) Grinnell Fig. 137. 
2) B-Line B3188. 
3) Approved equal. 

d. Copper pipe (uninsulated): 
1) Carpenter & Patterson Fig. 222 CT. 
2) B-Line B3501 CT. 
3) Grinnell Fig. 137C. 
4) Approved equal. 

e. Copper pipe (insulated): 
1) U-bolt shall be as described in Section 15096 with insulation shield. 

f. Plastic pipe: 
1) Grinnell Fig. 137C. 
2) Michigan model 151. 
3) B-Line B3188 C. 
4) Approved equal. 

8. TYPE 8 - ADJUSTABLE PIPE ROLL SUPPORT:  Rollers and sockets shall be cast iron.  
Cross rod and support rods shall be carbon steel. 
a. Steel pipe (uninsulated): 

1) B-Line B3122. 
2) Grinnell Fig. 177. 
3) Approved equal. 

b. Steel pipe (insulated): 
1) Adjustable pipe roll support shall be as described in Section 15096 with insulation 

shield. 
c. Copper pipe (insulated only): 

1) Adjustable pipe roll support shall be as described in Section 15096 with insulation 
shield. 

d. Plastic pipe: 
1) B-Line B3122. 
2) Grinnell Fig. 177. 
3) Approved equal. 

9. TYPE 9 - WELDED PIPE STANCHION:  Minimum material thickness shall be standard 
schedule carbon steel pipe, cut to match contour of the pipe elbow.  Use of this support shall 
be limited to ambient systems only. 

10. TYPE 10 - PIPE STANCHION SADDLE:  Saddles and yokes shall be carbon steel and 
comply with MSS Type 37 and FEDSPEC Type 38. 
a. Steel pipe (uninsulated): 

1) Carpenter & Patterson Fig. 125. 
2) B-Line B3090. 
3) Approved equal. 

b. Steel pipe (insulated): 
1) Pipe stanchion saddle shall be as described in Section 15096 with insulation shield. 

c. Cast and ductile iron pipe: 
1) Carpenter & Patterson Fig. 125. 
2) B-Line B3090 NS. 
3) Approved equal. 

d. Copper pipe (uninsulated): 
1) Pipe stanchion saddle shall be as described in Section 15096 with insulation shield 

or lined with dielectric material. 
e. Copper pipe (insulated): 

1) Pipe stanchion saddle shall be as described in Section 15096 with insulation shield. 
f. Plastic pipe: 
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1) Carpenter & Patterson Fig. 125. 
2) B-Line B3090. 
3)  Approved equal. 

11. OFFSET PIPE CLAMP:   
a. Shall be carbon steel with configuration and components as specified.  Shall be of 

standard design manufactured by a pipe hanger component manufacturer. 
1) Steel pipe (uninsulated): 

a) B-Line B3148. 
b) Grinnell Fig. 103. 
c) Approved equal. 

2) Steel pipe (insulated): 
a) Offset pipe clamp shall be as described in Section 15096, with insulation shield. 

3) Cast and ductile iron pipe: 
a) B-Line B3148 NS. 
b) Grinnell Fig. 103. 
c) Approved equal. 

4) Copper pipe (insulated): 
a) Offset pipe clamp shall be as described in Section 15096, with insulation shield. 

5) Copper pipe (uninsulated): 
a) Offset pipe clamp shall be as described in Section 15096, lined with dialectric 

material. 
6) Plastic pipe - shall be B-Line B3148, Grinnell Fig. 103, or equal. 

a) B-Line B3148. 
b) Grinnell Fig. 103. 
c) Approved equal. 

b. Vertical pipe support applications shall be as specified above except that insulation 
shields shall not be used for insulated pipe. 

12. TYPE 12 - RISER CLAMP:  Shall be carbon steel with configuration and components 
equivalent to MSS and FEDSPEC Type 8. 
a. Steel pipe (insulated): 

1) B-Line B3373. 
2) Grinnell Fig. 261. 
3) Approved equal. 

b. Steel pipe (uninsulated) : 
1) B-Line B3373. 
2) Grinnell Fig. 261. 
3) Approved equal. 

c. Cast and ductile iron pipe: 
1) B-Line B3373. 
2) Grinnell Fig. 261. 
3) Approved equal. 

d. Copper pipe (insulated): 
1) B-Line B3373 CT. 
2) Grinnell Fig. CT-121. 
3) Michigan model 511. 
4) Approved equal. 

e. Copper pipe (uninsulated) : 
1) B-Line B3373 CT. 
2) Grinnell Fig. CT-121. 
3) Michigan model 511. 
4) Approved equal. 

f. Plastic pipe: 
1) B-Line B3373. 
2) Grinnell Fig. 261c. 
3) Approved equal. 
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13. TYPE 13 - FRAMING CHANNEL PIPE STRAP:  Shall be carbon steel, with configuration 
equivalent to MSS Type 26. 
a. Steel pipe (uninsulated): 

1) Superstrut No. C-708-U. 
2) Powerstrut PS 3126. 
3) Kin-Line No. 477. 
4) Approved equal. 

b. Steel pipe (insulated): 
1) Framing channel pipe strap shall be as described in Section 15096with insulation 

shield. 
c. Copper pipe (uninsulated): 

1) Framing channel pipe strap shall be as described in Section 15096 with insulation 
shield or lined with dielectric material. 

d. Copper pipe (insulated): 
1) Framing channel pipe strap shall be as described in Section 15096 with insulation 

shield. 
e. Plastic pipe: 

1) Superstrut No. C-708-U. 
2) Powerstrut PS 3126. 
3) Kin-Line No. 477. 
4) Approved equal. 

C. RACK AND TRAPEZE SUPPORTS: 
1. GENERAL:  Unless otherwise indicated, trapeze and pipe rack components shall have a 

minimum steel thickness of 12 gage, or a minimum fiberglass thickness of 0.200 inch, with a 
maximum deflection 1/240 of the span. 

2. TYPE 20 - TRAPEZE PIPE SUPPORT:  Trapeze pipe support cross members shall be 
framing channel, or fiberglass where specified, as specified in Section 15096-2.02 E.5.  Flat 
plate fittings shall be 1-5/8 inch square carbon steel of standard design manufactured by 
framing channel manufacturer. 
a. Acceptable manufacturer: 

1) Unistrut P2471. 
2) B-Line B202-2. 
3) Aickinstrut 2000 series. 
4) Approved equal. 

3. TYPES 21 AND 22 - PIPE RACK SUPPORTS:  Post and cross members shall be framing 
channel as specified in Section 15096.  Pipe rack fittings shall be carbon steel, of standard 
design manufactured by framing channel manufacturer.  Ninety-degree fittings shall be 
gusseted.  Post base fittings shall be as specified in Section 15096. 
a. Acceptable manufacturer: 

1) Unistrut P2484. 
2) B-Line B844. 
3) Approved equal. 

D. STRUCTURAL ATTACHMENTS:  
1. TYPE A - MALLEABLE IRON CONCRETE INSERT:  Concrete inserts shall be malleable iron 

and comply with MSS and FEDSPEC Type 18.   
a. Acceptable manufacturer: 

1) Grinnell Fig. 282. 
2) Carpenter & Patterson Fig. 108. 
3) Approved equal. 

2. TYPE B - SIDE BEAM BRACKET:  Bracket shall be malleable iron and comply with MSS 
Type 34 and FEDSPEC Type 35.   
a. Acceptable manufacturer: 

1) Grinnell Fig. 202. 
2) B-Line B3062. 
3) Approved equal. 
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3. TYPE C - MALLEABLE BEAM CLAMP WITH EXTENSION PIECE:  Clamp and extension 
piece shall be malleable iron.  Tie rod shall be steel.  Beam clamp shall comply with MSS and 
FEDSPEC Type 30.   
a. Acceptable manufacturer: 

1) Grinnell Fig. 218 with Fig. 157 extension piece. 
2) B-Line B3054. 
3) Approved equal. 

4. TYPE D - STEEL BEAM CLAMP WITH EYE NUT:  Beam clamp and eye nut shall be forged 
steel.  Configuration and components shall comply with MSS and FEDSPEC Type 28.   
a. Acceptable manufacturer: 

1) Grinnell Fig. 292. 
2) Carpenter & Patterson Fig. 297. 
3) Approved equal. 

5. TYPE E - FRAMING CHANNEL POST BASE:  Post bases shall be carbon steel, and of 
standard design manufactured by framing channel manufacturer.   
a. Single channels:   

1) Unistrut P 2072A. 
2) B-Line B280. 
3) Approved equal.   

b. Double channels:   
1) Unistrut P 2073A. 
2) B-Line B281. 
3) Approved equal. 

6. F - WELDED BEAM ATTACHMENT:  Beam attachment shall be carbon steel and comply 
with MSS and FEDSPEC Type 22.   
a. Acceptable manufacturer: 

1) B-Line B3083. 
2) Grinnell Fig. 66. 
3) Approved equal. 

7. TYPE G - WELDED STEEL BRACKET:   
a. Bracket shall be carbon steel. 
b. Medium welded bracket shall comply with MSS Type 32 and FEDSPEC Type 33.  
c. Heavy welded bracket shall comply with MSS Type 33 and FEDSPEC Type 34. 

8. TYPE H - CAST IRON BRACKET:  Bracket shall be cast iron. 
a. Acceptable manufacturer: 

1) Carpenter & Patterson Fig. 340. 
2) Grinnell. 
3) Approved equal. 

9. TYPE J - ADJUSTABLE BEAM ATTACHMENT:  Beam attachment shall be carbon steel. 
a. Acceptable manufacturer: 

1) Carpenter & Patterson Fig. 151. 
2) B-Line B3082. 
3) Approved equal. 

10. TYPE K - DOUBLE CHANNEL BRACKET:   
a. Wall channel shall be single framing channel, or fiberglass where specified, as specified 

in Section 15096.   
b. Cantilever bracket shall be a carbon steel double framing channel assembly. 

1) Acceptable manufacturer: 
a) Unistrut P2542 through P2546. 
b) B-Line B297-12 through B297-36. 
c) Aickinstrut 2000 series. 
d) Approved equal. 

11. TYPE L - SINGLE CHANNEL BRACKET:   
a. Wall channel shall be single framing channel, or fiberglass where specified, as specified 

in Section 15096.   
b. Cantilever bracket shall be a carbon steel single framing channel assembly. 
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1) Acceptable manufacturer: 
a) (Unistrut P2231 through P2234. 
b) B-Line B198-6, B198-12, B196-18 and B196-24. 
c) Aickinstrut 2000 series. 
d) Approved equal. 

12. TYPE M - WALL MOUNTED CHANNEL:  Wall channel shall be single framing channel, or 
fiberglass where specified, as specified in Section 15096. 

13. TYPE N - PIPE STANCHION FLOOR ATTACHMENT:  Baseplate shall be carbon steel with 
1/2 inch minimum thickness. Anchor bolt holes shall be 1/16 inch larger than the anchor bolt 
diameter.  The space between the baseplate and the floor shall be filled with nonshrink grout.  

E. ACCESSORIES:  
1. HANGER RODS:  Rods shall be carbon steel or as specified on the drawings, threaded on 

both ends or continuous threaded and sized as specified. 
2. WELDLESS EYE NUT:  Eye nut shall be forged steel and shall comply with MSS and 

FEDSPEC Type 17.   
a. Acceptable manufacturer: 

1) Grinnell Fig. 290. 
2) B-Line B3200. 
3) Approved equal. 

3. WELDED EYE ROD:  Eye rod shall be carbon steel or as specified on the drawings with eye 
welded closed.  Inside diameter of eye shall accommodate a bolt diameter 1/8 inch larger 
than the rod diameter.   
a. Acceptable manufacturer: 

1) Grinnell Fig. 278. 
2) B-Line B3211. 
3) Approved equal. 

4. TURNBUCKLE:  Turnbuckle shall be forged steel or as specified on the drawings and shall 
comply with MSS and FEDSPEC Type 15.   
a. Acceptable manufacturer: 

1) Grinnell Fig. 230. 
2) B-Line B3202. 
3) Approved equal. 

5. FRAMING CHANNEL: 
a. Framing channel shall be 1-5/8 inches square, roll formed, 12-gage carbon steel or as 

specified on the drawings.  Channel shall have a continuous slot along one side with in-
turned clamping ridges.   
1) Single channel:   

a) Unistrut P 1000. 
b) B-Line B22. 
c) Approved equal.   

2) Double channel:   
a) Unistrut P 1001. 
b) B-Line B22A. 
c) Approved equal.   

3) Triple channel:   
a) Unistrut P 1004A. 
b) B-Line B22X. 
c) Approved equal. 

b. Embedded concrete insert framing channel shall be 1-5/8 inch wide by 1-3/8 inch deep.  
Provide end caps or end anchors as recommended by the manufacturer. 
1) Embedded concrete insert framing channel: 

a) Unistrut P 3200 series. 
b) B-Line B32I series. 
c) Approved equal. 

2) End caps or end anchors: 
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a) Unistrut P 3280 or P 3704. 
b) B-Line B206 or B3332. 
c) Approved equal. 

F. FIBERGLASS FRAMING CHANNEL:  Framing channel shall be 1-5/8 inches square, pultrusion 
formed, fiberglass reinforced plastic with 0.200-inch wall thickness.  Channel shall have a 
continuous slot along one side with in-turned clamping ridges, as manufactured by Aickin 
Corporation, Aickinstrut 2000 series. 

2.03 THERMAL PIPE HANGER SHIELD 

A. GENERAL: 
1. Thermal shields shall be provided at hanger, support and guide locations on pipe requiring 

insulation.   
2. The shield shall consist of an insulation layer encircling the entire circumference of the pipe 

and a steel jacket encircling the insulation layer.   
3. The thermal shield shall be the same thickness as the piping system insulation specified in 

Section 15260.   
4. The standard shield shall be used for hot systems and the vapor barrier shield shall be used 

for cold systems.   
5. Stainless steel band clamps shall be used where specified to ensure against slippage 

between the pipe wall and the thermal shield. 

B. STANDARD SHIELD: 
1. INSULATION: 

a. Hydrous calcium silicate, high density, waterproof 
b. Compressive strength:  100 psi average 
c. Flexural strength:  75 psi average 
d. K factor:  0.38 at 100 degrees F mean 
e. Temperature range:  20 degrees F to 500 degrees F 

2. STEEL JACKET:  Galvanized steel.  Gage shall be the manufacturer's standard supplied for 
the given pipe size. 

3. CONNECTION:  Shield shall have butt connection to pipe insulation.  Steel jacket and 
insulation shall be flush with end. 

C. VAPOR BARRIER SHIELD: 
1. INSULATION: 

a. Hydrous calcium silicate, high density, waterproof 
b. Compressive strength:  100 psi average 
c. Flexural strength:  75 psi average 
d. K factor:  0.38 at 100 degrees F mean 
e. Temperature range:  20 degrees F to 500 degrees F 

2. STEEL JACKET:  Galvanized steel.  Gage shall be the manufacturer's standard supplied for 
the given pipe size. 

3. CONNECTION:  Shield shall have butt connection to pipe insulation.  Insulation shall extend 
1 inch each side of steel jacket for vaportight connection to pipe insulation vapor barrier. 

PART 3  EXECUTION 

3.01 HANGER AND SUPPORT LOCATIONS 

A. Locate hangers and supports as near as possible to concentrated loads such as valves, flanges, 
etc. Locate hangers, supports and accessories within the maximum span lengths specified in the 
drawings to support continuous pipeline runs unaffected by concentrated loads. 

B. Locate at least one hanger or support within 2 feet from a pipe change in direction. 

C. For any valve 6 inches in size and greater, locate at least one hanger or support within 2 feet in 
either direction of the valve. 
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D. Locate hangers and supports to ensure that connections to equipment, tanks, etc., are 
substantially free from loads transmitted by the piping. 

E. Where piping is connected to equipment, a valve, piping assembly, etc., which will require 
removal for maintenance, the piping shall be supported in such a manner that temporary supports 
are not necessary for this procedure. 

F. Pipe shall not have pockets formed in the span due to sagging of the pipe between supports 
caused by the weight of the pipe, medium in the pipe, insulation, valves and fittings. 

3.02 INSTALLATION 

A. Welded and bolted attachments to the building structural steel shall be in accordance with the 
requirements of AISC M011.  Unless otherwise indicated, do not drill or burn holes in the building 
structural steel. 

B. Do not use hanger components for purposes other than that for which they were designed.  Do 
not use them for rigging and erection purposes. 

C. Install items to be embedded before concrete is poured.  Fasten embedded items securely to 
prevent movement when concrete is poured. 

D. Use embedded anchor bolts instead of concrete inserts for support installations in areas below 
water surface or areas normally subject to submerging. 

E. Install thermal pipe hanger shields on insulated piping at required locations during hanger and 
support installation.  Make butt joint connections to pipe insulation at the time of insulation 
installation in accordance with the manufacturer's recommendations. 

F. Hanger and support components in contact with plastic pipe shall be free of burrs and sharp 
edges. 

G. Rollers shall roll freely without binding. 

H. Prior to grouting, rough finished floor beneath Type N structural attachments and framing channel 
post bases.  Grout between base plate and floor shall be free of voids and foreign material. 

I. Cut and drill baseplates to specified dimensions prior to welding stanchions or other attachments 
and prior to setting anchor bolts. 

J. Provide plastic or rubber end caps at the exposed ends of all framing channels that are located 
up to 7 feet above the floor. 

3.03 ADJUSTMENTS 

A. Adjust hangers and supports to obtain required pipe slope and elevation.  Shims made of material 
that is compatible with the piping material may be used.  Adjust stanchions prior to grouting their 
baseplates. 

3.04 ANCHOR BOLTS 

A. Anchor bolt material and installation requirements shall conform to Specification Section 05501. 

END OF SECTION 
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SECTION 15112 

DUCKBILL CHECK VALVES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies elastomeric duckbill check valves. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
ASTM A126 Specification for Gray Iron Castings for Valves, Flanges, and Pipe Fittings 
ANSI B16.1 Cast Iron Pipe Flanges and Flanged Fittings 

1.03 SUBMITTALS 

A. Procedure:  Section 01300. 

B. Manufacturer's product data, detailing materials, construction, flow and back-pressure capacity. 

PART 2  PRODUCTS 

2.01 MATERIALS 

A. Valve Body:  cast iron, ASTM A 126. 

B. Clamps:  stainless steel, Type 316. 

C. Flange Ring:  steel. 

D. Duckbill Sleeve and Check Tube:  rubber or nylon. 

E. Tube Reinforcement:  neoprene or EPDM. 

2.02 FABRICATION 

A. General: 
1. Port areas: 

a. 100 percent of the mated pipe port area. 
b. Contour to a duckbill, allowing passage in one direction of flow and preventing reverse 

flow within specified operating and backflow pressures. 
2. Flanges, flange or backup rings and flexible sleeves:  Drilled to ANSI B16.1, Class 150. 
3. Company name and plant location:  bonded to the check valve or valve body. 

B. In-line check valves: 
1. Housed in a cast-iron body. 
2. Check tube:  nylon, reinforced with a wrapping of 1/8-inch thick Neoprene. 
3. Valve body:  drilled and tapped for a flushing connection on top and bottom of the housing. 
4. Acceptable manufacturer: 

a. Red Valve Series 39. 
b. Approved equal. 
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C. Direct-discharge check valve (flanged connection): 
1. Provided with a steel flange ring for bolting to flanged pipe. 
2. Check tube:  nylon, reinforced with 1/8-inch thick Neoprene. 
3. Valves specified for exterior:  reinforced with fabric and wrapped with EPDM for protection 

against weathering and ultraviolet attack. 
4. Acceptable manufacturer: 

a. Red Valve, Series 35. 
b. Approved equal. 

D. Direct-discharge check valve (slip-on connection): 
1. Provided with 2 stainless steel clamps for attaching the valve to the pipe outside diameter. 
2. Check tube:  rubber with fabric reinforcement and EPDM wrapping.  
3. Acceptable manufacturer: 

a. Red Valve, Series TF-2 Tideflex. 
b. Approved equal. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions and as shown on the Drawings. 

3.02 FIELD TESTS 

A. Each valve, after installation and connection to the piping system, shall be cycled three times 
manually or utilizing the manual override to demonstrate proper operation. 

B. Each valve, upon completion of installation of the piping system, shall be cycled to fully 
demonstrate proper operation and confirm that operating times, under both normal operating, and 
emergency closure conditions, are as specified. 

C. Be responsible for all adjustments necessary to bring the equipment into conformance with the 
specifications. 

END OF SECTION 
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SECTION 15200 

HOSES AND NOZZLES FOR UTILITY STATIONS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies hoses, connectors and nozzles for utility stations.   

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  Not Used 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Manufacturers Product Data. 

PART 2  PRODUCTS 

2.01 HOSE 

A. Reinforced rubber plies pressure rated for a minimum working pressure of 300 psig. 

B. Resistant to heat, sunlight, ozone and weathering.  Meet or exceed RMA Class C medium oil 
resistance. Temperature range: -40 degrees F to 212 degrees F . 

C. Suitable for both air and water service. 

D. Color:  Red. 

E. Acceptable Manufacturer: 
1. Parker/Dayco Series 7092 GST II 
2. Gates 
3. Approved equal. 

2.02 NOZZLES 

A. Chrome-plated brass 

B. Plain fire hose type, 8 inches long 

2.03 QUICK CONNECTIONS 

A. Malleable Iron 

B. Provide quick connect couplings at each end of hose and on the nozzle. 

C. Not be disconnectable under pressure. 

D. Acceptable Manufacturer: 
1. Dixon Air King 
2. Chicago Pneumatic 
3. Approved equal. 
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PART 3  EXECUTION 

3.01 INSTALLATION  

A. At locations shown 

B. Provide at each hose bib/utility station 
1. One 30 foot length of 1-inch hose 
2. One nozzle 
3. Quick connection couplings at each end of hose, on the utility station valve, and on the 

nozzle. 
4. Equip nozzle with a ball valve at nozzle. 

END OF SECTION 
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SECTION 15260 

INSULATION FOR EXPOSED PIPING AND EQUIPMENT 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies thermal and sound insulation for exposed piping, related equipment and 
appurtenant surfaces. 

1.02 QUALITY ASSURANCE 

A. REFERENCED STANDARDS:  This Section incorporates by reference the latest revision of the 
following documents. These references are a part of this Section as specified and modified.  In 
case of conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
ASTM B209-90  Aluminum and Aluminum-Alloy Sheet and Plate 
ASTM C533-85  Calcium Silicate Block and Pipe Thermal Insulation 
ASTM C534-88  Preformed Flexible Elastomeric Cellular Thermal Insulation in Sheet and  
   Tubular Form 
ASTM C552-88  Cellular Glass Thermal Insulation 
ASTM E96-90  Water Vapor Transmission of Materials 
FEDSPEC  Plastic Sheet (Sheeting) "Plastic Strip" Poly (Vinyl Chloride) and 
L-P-535E-79  Poly (Vinyl Chloride-Vinyl Acetate), Rigid 
FEDSPEC  Insulation, Blocks, Boards, Blankets, Felt Sleeving (Pipe and Tube) 
HH-I-558B(3)-76 Covering, and Pipe Fitting Covering, Thermal (Mineral Fiber, Industrial  
   Type) 

1.03 SUBMITTALS 

A. Procedures: Section 01300. 

B. Manufacturer's descriptive literature, including insulation and jacket thickness, heat transfer 
coefficient, and methods of installation. 

C. Samples of each insulation material type and of typical jackets and covers for fittings, valves and 
appurtenances. 

D. Certification of jacket ratings for water vapor transmission and puncture and stiffness as 
specified. 

E. A copy of this specification section with addenda updates, and all referenced sections with each 
paragraph check marked to show specification compliance or marked to show deviations. 

1.04 OPERATING REQUIREMENTS 

A. TEMPERATURE CLASSES: 
1. Insulation for exposed piping and equipment is classified for the following temperature 

ranges:  low, medium, high, and very high. 
2. Low temperature class insulation shall be suitable for an operating temperature range of 

minus 100 to plus 100 degrees F. 
3. Medium temperature class insulation shall be suitable for an operating temperature range of 

100 to 800 degrees F. 
4. High temperature class insulation shall be suitable for an operating temperature range of 800 

to 1200 degrees F. 
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5. Very high temperature class insulation shall be suitable for an operating temperature range of 
1200 to 2000 degrees F. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Piping insulation shall be tubular type or the flexible blanket type.   

B. Insulation for valves, strainers, fittings, expansion joints, flanges and other connections shall be 
segmented sections, molded, or blanket type coverings of the specified type and thickness of 
pipe insulation, or the flexible blanket type.   

C. Equipment insulation shall be flexible blanket type or rigid board type cut to fit the surface. 

2.02 INSULATION 

A. GENERAL 
1. Low temperature class insulation shall be of the unicellular elastomeric thermal, cellular 

glass, or fiberglass type. 
2. Medium temperature class insulation shall be of the cellular glass or fiberglass type. 
3. High temperature class and very high temperature class insulation shall be of the calcium 

silicate type or the flexible blanket type.   
4. Piping and equipment subjected to vibration (such as engine exhaust) shall be insulated with 

flexible blanket type. 

B. UNICELLULAR ELASTOMERIC THERMAL TYPE:  Unicellular elastomeric thermal type 
insulation shall conform to the requirements of ASTM C534, Type I. 

C. CELLULAR GLASS TYPE:  Cellular glass type insulation shall conform to the requirements of 
ASTM C552, Type II. 

D. FIBERGLASS TYPE:  Fiberglass type insulation shall conform to the requirements of FEDSPEC 
HH-I-558B. 

E. CALCIUM SILICATE TYPE:  Calcium silicate type insulation shall conform to the requirements of 
ASTM C533, Type II, Class C. 

F. FLEXIBLE BLANKET TYPE: 
1. HIGH TEMPERATURE CLASS:   

a. High temperature insulation shall be removable 1-inch or 2-inch thick blanket-type 
insulation designed for continuous 1200 degree F service.   

b. The blanket shall be a custom sewn, flexible, reusable jacket, custom designed to closely 
fit the piping or the equipment housing.   

c. Blanket shall be custom fitted to not restrict access to any instrumentation or equipment.   
d. Insulation shall not compact or shake down in vibrating service.   
e. Blanket insulation shall consist of a noncombustible silica cloth jacket and nonasbestos 

white ceramic fiber insulation.  
f. Acceptable manufacturer: 

1) Thermazip Hi-Temp blanket Style 2000-60-3000 by Accessible Products Company. 
2) Hitco AIM. 
3) Advanced Thermal Products. 
4) SEI Temp-Set 1200. 
5) Approved equal. 

2. VERY HIGH TEMPERATURE CLASS:   
a. Very high temperature insulation shall be removable 1-inch or 2-inch thick blanket-type 

insulation designed for continuous 2000 degree F service.   
b. The blanket shall be a custom sewn, flexible, reusable jacket, custom designed to closely 

fit the piping or the equipment housing.   
c. Blanket shall be custom-fitted to not restrict access to any instrumentation or equipment.   
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d. Insulation shall not compact or shake down in vibrating service.   
e. Blanket insulation shall consist of a noncombustible silica cloth jacket and high purity 

alumina and silica nonasbestos white ceramic fiber insulation.   
f. Acceptable manufacturer: 

1) Thermazip Hi-Temp blanket Style 2000-61-3000 by Accessible Products Company. 
2) Hitco AIM. 
3) Advanced Thermal Products. 
4) Approved equal. 

2.03 INSULATION JACKETS 

A. LAMINATED JACKETS:  Laminated jackets shall consist of aluminum and white kraft paper.  
Jackets shall have a perm rating for water vapor transmission of not more than 0.02 in 
accordance with procedure A of ASTM E96. 

B. ALUMINUM JACKETS: 
1. Aluminum jackets shall be constructed of smooth finish aluminum sheet conforming to ASTM 

B209, alloy 5005, temper H16, with integral vapor barrier.  Jackets shall be 0.016 inch thick. 
2. Sheet metal screws shall be aluminum or stainless steel. 
3. Jackets shall be secured with 0.020 by 3/4-inch type 304 stainless steel expansion bands. 

2.04 INSULATION COVERS 

A. POLYVINYLCHLORIDE (PVC) COVERS:  Polyvinylchloride covers shall be one piece, 
premolded polyvinylchloride conforming to FEDSPEC L-P-535E, Composition A, Type II, Grade 
E4. 

B. ALUMINUM COVERS:  Aluminum covers shall be constructed of smooth finish aluminum sheet 
conforming to ASTM B209, alloy 5005, temper H16, with integral vapor barrier.  Covers shall be 
0.016 inch thick. 

C. SOFT COVERS:  Soft covers shall be of the reusable type with TFE-coated fiberglass covers and 
liner. 

2.05 SHIELDS 

A. Unless otherwise indicated, thermal pipe hanger shields shall be provided at pipe supports.  
Thermal hanger shields shall be as specified in Section 15096. 

2.06 FLASHING 

A. Flashing shall include aluminum caps, sealant and reinforcing.  Aluminum caps shall be 20 gage 
thick and shall be cut to completely cover the insulation.  Sealants shall be as recommended by 
the insulation manufacturer. 

B. Reinforcement in flashing heated up to 370 degrees F shall be nylon fabric.  Reinforcement in 
flashing for hotter surfaces shall be wire mesh or as recommended by the insulation 
manufacturer. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. GENERAL:  Apply insulation over clean, dry surfaces.  Double layer insulation, where specified or 
required to achieve the specified surface temperature, shall be provided with staggered section 
joints. 

B. PIPE SUPPORTS AND SHIELDS:  Unless otherwise indicated, the Contractor shall supply 
thermal pipe hanger shields and install them during pipe support installation.  Where thermal pipe 
hanger shields are used, apply the following to all butt joints: 



Fremont Siphon Project C00762C14  INSULATION FOR EXPOSED PIPING AND EQUIPMENT 
May 2014    15260 - 4 

1. On hot pipe systems, apply 3-inch wide vapor barrier tape or band over the butt joints. 
2. On cold water, chilled water, or refrigerant piping, apply a wet coat of vapor barrier lap 

cement on all butt joints and seal the joints with a minimum 3-inch wide vapor barrier tape or 
band. 

C. PROTECTION:  Protect insulation and jackets from crushing, denting, and similar damage during 
construction.  Vapor barriers shall not be penetrated or otherwise damaged. Remove any 
insulation, jacket, and vapor barriers damaged during construction and install new material. 

D. PIPING INSULATION: 
1. GENERAL: 

a. PIPE: 
1) Insulate piping continuously along its entire length including all in-line devices such 

as valves, fittings, flanges, couplings, strainers and other piping appurtenances.  
Unless otherwise indicated, provide piping insulation with laminated jackets specified 
in this Section. 
a) Insulation shall be butted firmly together and jacket laps and joint strips provided 

with lap adhesive. Provide:  
(1) Jackets with their seams located on the underside of pipe. 
(2) Do not use PVC covers specified in this Section. 
(3) With medium-, high-, or very high-temperature class insulation.  Removable 

flexible blanket-type insulation need not be jacketed. 
b. FITTINGS, CONNECTIONS, FLANGES AND VALVES:  Provide fitting, connection, 

flange and valve insulation with covers specified in Section 15260.  Secure insulation in 
place with 20-gage wire and a coat of insulating cement. Covers shall overlap the 
adjoining pipe insulation and jackets.  Provide: 
1) Covers with their seams located on the underside of fittings and valves. 
2) LOW TEMPERATURE CLASS: 

a) PIPE:  Seal off ends of insulation with a vapor barrier coating. 
b) FITTINGS, CONNECTIONS, FLANGES AND VALVES: 

(1) Except where soft covers are specified, provide insulation for pipe sizes 2 
inches and less with rigid PVC covers specified in this Section . Seal covers 
at edges with vapor barrier adhesive. Secure the ends of covers with vinyl 
tape. The tape shall overlap the jacket and the cover at least 1 inch. Do not 
penetrate vapor barrier. 

(2) Except where soft covers are specified, provide insulation for pipes 2 1/2 
inches and larger with rigid aluminum covers specified in this Section. 
Mechanically secure covers using corrosion-resistant tacks pushed into the 
overlapping throat joint. 

2. MEDIUM, HIGH, AND VERY HIGH TEMPERATURE CLASS: 
a. PIPE:  Except for flexible blanket type insulation, seal ends of insulation with end joint 

strips and use waterproof adhesive to hold them in place. 
b. FITTINGS, CONNECTIONS, FLANGES AND VALVES:  Except where soft covers are 

specified, provide rigid insulation with rigid aluminum covers specified in paragraph 
15260-2.04 B.  Mechanically secure covers using corrosion-resistant tacks pushed into 
the overlapping throat joint. 

3. OUTDOOR PIPING: 
a. PIPE: Provide rigid insulation with aluminum jackets specified in this Section.  Design 

flexible blanket-type insulation for outdoor, weather-exposed service.  Where piping 
emerges from soil without concrete or asphalt overtop, extend the insulation a minimum 
of 12 inches below the finished ground level.  Where piping emerges from concrete or 
asphalt, extend the insulation to within 1 inch of the finished surface.  Do not push 
insulation into contact with the finished concrete or asphalt surface. 
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b. INSULATION OVER HEAT TRACING: Provide heat tracing in specified locations on the 
drawings, in particular on the back flow preventer valves for potable and fire water 
services that are located in insulated fiberglass vaults.  For this project, do not install 
insulation over the top of any piping that is heat traced inside these vaults.  For all other 
piping, install insulation over the top of heat tracing according to the specifications of the 
heat trace tape and insulation manufacturers. 

c. FITTINGS, CONNECTIONS, FLANGES AND VALVES: Provide rigid insulation with rigid 
aluminum covers specified in this Section.  Design flexible blanket type insulation for 
outdoor, weather-exposed service. 

E. MECHANICAL EQUIPMENT INSULATION: 
1. GENERAL: 

a. Unless otherwise specified, fit insulation to the contours of equipment and secure it with 
1/2-inch by 0.015-inch galvanized steel bands.  Weld pins or stick clips with washers may 
be used for flat surfaces and spaced a maximum 18 inches apart. Stagger joints and fill 
voids with insulating cement.  Unless otherwise specified, provide insulation with 
laminated jackets specified in this Section. 

b. Unless specifically specified to be uninsulated, insulate all equipment connected to 
insulated piping. 

2. OUTDOOR EQUIPMENT: Provided insulation with a coat of weatherproof mastic and a layer 
of open-weave glass cloth embedded into a wet tack coat.  Overlap seams at least 2 inches.  
Provide a finish coat of weatherproof mastic.  The total coating thickness shall be a minimum 
of 1/8 inch. 

3. LOW TEMPERATURE CLASS: 
a. Where joints, breaks, and punctures occur in the insulation, seal them in facing with fire-

retardant vapor barrier adhesive reinforced with 4-inch tape. 
b. Provide insulation with a layer of open-weave glass cloth embedded into a wet coat of 

fire-retardant adhesive.  Overlap seams at least 2 inches.  Provide a finish coat of fire-
retardant adhesive. 

4. MEDIUM TEMPERATURE CLASS: Cover joints and cement them in place with 4-inch-wide 
strips of the same material as the laminated jackets specified in this Section. 

5. HIGH AND VERY HIGH TEMPERATURE CLASS: Cover high and very high temperature 
equipment with custom-fitted removable blanket-type insulation. Secure blanket-type 
insulation with stainless steel wire lacing and hooks. Overlap ends of blanket segments to 
prevent gaps and voids when the piping and equipment are heated. Secure blankets snugly 
under nuts and bolt heads to assure complete coverage during operation and to prevent 
vibration-induced gaps or voids. Secure blankets in strict accordance with the manufacturer's 
instructions. The blanket insulation thickness for high and very high temperature piping and 
equipment shall be selected to provide maximum 150F outer surface temperature. 

F. FLASHING: 
1. Provide flashing at jacket penetrations and terminations.  Provide clearance for flashing 

between insulation system and piping supports. 
2. Trowel a heavy tack coat of sealant over the insulation, extending it over the jacket edge 1 

inch and over the pipe or protrusion 2 inches.  Stretch reinforcement over the tack coat after 
clipping to fit over pipe and jacket.  Strap clipped reinforcing with a continuous band of 
reinforcing to prevent curling.  Then trowel sealant over the reinforcement to a minimum 
thickness of 1/8 inch. 

3. Form aluminum caps to fit over the adjacent jacketing and to completely cover coated 
insulation.  Hold cap in place with a jacket strap. 

3.02 INSULATION THICKNESS SCHEDULE 

A. The insulation dimensional tolerances shall comply with the specified standards.  Equipment 
insulation shall match thickness of attached piping.  The minimum insulation thicknesses, 
exclusive of jacket, shall be as follows: 
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Insulation Thickness in Inches for Nominal Pipe Sizes 
Piping 
service 
*,**** 

Fluid 
temperature 
range, 
degrees F 

Runouts 
up to 2 
inches** 

1 inch and 
less 

1.25 to 2 
inches 

2.6 to 4 
inches 

5 and 6 
inches 

8 inches 
and larger 

RG -100 to 
+100 

1 1 1 --- --- --- 

EE 800 to 1800 --- --- --- 4 4 4 
Plumbing:        
CW, Cl, 
DH 

100 to 150 1.0 1.0 1.0 1.0 1.0 1.0 

*See specification Section 15050. 
**Runouts to individual terminal units (not exceeding 12 feet in length). 
***For condensation control, see specification Section 15050.  Unless otherwise specified, connected 
equipment shall be uninsulated. 
****Additional insulation requirements are specified in the Remarks at the end of individual piping system 
spec sheets in Section 15050. 

END OF SECTION 
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SECTION 15265 

ELECTRIC HEAT TRACE TAPE 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies electric heat trace tape and control for protection of piping against freezing. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of a listed document, the 
requirements of this Section shall prevail. 

 Reference  Title 
 NEMA ICS 1-88 Industrial Control and Systems 

1.03 SUBMITTALS 

A. Procedures: Section 01300. 

B. Manufacturer's product literature. 

C. Certification that tracer tape can withstand temperature specified in paragraph 15265-2.01. 

PART 2  PRODUCTS 

2.01 FABRICATION 

A. GENERAL: 
1. Tracer tape shall consist of self-limiting, parallel circuit construction with a continuous inner 

core of conductive material between two copper bus wires.   
2. The resistance and heating capacity of the heating material shall vary in response to piping 

temperature changes.   
3. Tape shall withstand continuous exposure to 150 degree F temperature.   
4. Tracer tape shall operate using 120 volt AC, 1 phase, 60 Hz power. 
5. Tracer tape shall be provided with copper shield and fluoropolymer jacket. 
6. TYPE 1:  Type 1 tracer tape shall have a thermal rating of 4 watts per foot at 50 degrees F. 
7. TYPE 2:  Type 2 tracer tape shall have a thermal rating of 8 watts per foot at 50 degrees F. 

2.02 CONTROLS 

A. GENERAL: 
1. Each length of tracer tape shall be controlled by a thermostat.  Thermostat shall be provided 

in an aluminum, NEMA 4, watertight enclosure. 
2. Each length of tracer tape shall be provided with a signal light wired to the terminating end.  

Light shall indicate that tape is energized. 

B. TYPE A:  Type A thermostat shall control by sensing ambient temperature with the following 
characteristics: 
1. Rating:  22 amperes at 480V AC. 
2. Control temperature range:  15 to 140 degrees F. 
3. Calibration tolerance:  2 degrees F. 
4. Sensor material:  stainless steel. 
5. Exposure temperature:  -65 to 140 degrees F. 
6. Temperature setting:  50 degrees F. 
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C. TYPE B:  Type B thermostat shall control by sensing pipe temperature with the following 
characteristics: 
1. Rating:  22 amperes at 480V AC. 
2. Control temperature range:  25 to 225 degrees F. 
3. Calibration tolerance:  1 percent of full scale. 
4. Bulb and capillary material:  stainless steel. 
5. Control exposure temperature:  -65 to 140 degrees F. 
6. Sensor overrange temperature:  325 degrees F maximum. 
7. Temperature setting:  50 degrees F. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Fasten tracer tape to pipe and valves as recommended by the manufacturer at intervals not 
exceeding 1 foot.   

B. Provide insulation shall be provided in accordance with Section 15260 over the tracer tape. 

3.02 TRACER TAPE SCHEDULE 

A. Provide tracer tape in accordance with the following schedule: 

Piping system 
service 

Piping 
diameter 
(inches) 

Location Minimum 
tracer tape 
length (feet) 

 

Tracer tape 
type 

Thermostat 
type 

CW 1 City Water 
Backflow 
preventer vault 
just downstream 
of service meter. 
 

10 2 A 

CW 1 City Water 
Service in Odor 
Control Area 
 

90 2 A 

C4 1 Exposed 
Irrigation Water 
Piping 

10  2 A 

END OF SECTION  
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SECTION 15400 

PLUMBING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies drains, piping, appurtenances and general requirements for plumbing 
systems. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the  
Reference  Title 
UPC   Uniform Plumbing Code 
ASTM D1785  Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40,  
   80, and 120 

B. Work shall be in accordance with the Uniform Plumbing Code as adopted and/or modified by the 
Local Authority Having Jurisdiction. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Catalog data and installation details for all plumbing equipment specified in Part 2. 

PART 2  PRODUCTS 

2.01 CLEANOUTS 

A. General: 
1. Unless otherwise indicated, cleanouts shall be the same size as the pipe connected. 
2. Provide cleanouts with clamping collars where waterproofing membranes are located in the 

floor. 
3. Provide cleanouts located inside buildings with nickel-bronze covers. 
4. Provide bronze plug with tapered thread for cleanouts on pressurized systems. 
5. Cleanouts on chemical waste or drain lines shall be of the same material and type of joint as 

the pipe. 

B. Acceptable Manufacturer: 
1. Type I Cleanout: 

a. Josam series 56010. 
b. J. R. Smith series 4020. 
c. Approved equal. 

2. Type II Cleanout: 
a. Josam series 56010(-12). 
b. J. R. Smith series 4140. 
c. Approved equal. 

3. Type III Cleanout: 
a. Josam series 58500 (-20). 
b. J. R. Smith series 4420. 
c. Approved equal, with cast iron frame and cover as specified on the drawing details. 

4. Type IV Cleanout: 
a. Josam series 58500(-20). 
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b. J. R. Smith series 4420. 
c. Approved equal. 

5. Type V Cleanout: 
a. Josam series 58890. 
b. J. R. Smith series 4472. 
c. Approved equal. 

C. Chemical cleanouts:  Cleanouts on chemical waste or drain lines shall be Duriron or material 
equal to that used for the pipelines and piping fittings. 

2.02 DRAINS 

A. Floor Drains: 
1. General:  Provide floor drains with clamping collars where waterproofing membranes are 

located in the floor. 
2. Acceptable Manufacturer: 

a. TYPE I FLOOR DRAIN: 
1) Josam series 32130. 
2) J. R. Smith series 2225. 
3) Approved equal. 

b. TYPE II, III, AND IV FLOOR DRAINS: 
1) Josam series 32120. 
2) J. R. Smith series 2220. 
3) Approved equal. 

c. TYPE V FLOOR DRAIN: 
1) Josam series 30000-A. 
2) J. R. Smith series 2010-A. 
3) Approved equal. 

d. TYPE VI FLOOR DRAIN: 
1) Josam series 49290 (-31). 
2) J. R. Smith series 3066. 
3) Approved equal. 

B. CONDENSATE DRAINS:  Unless otherwise specified, condensate drains shall be as specified for 
piping system 24 in Section 15050. 

C. Rain drains: 
1. Acceptable Manufacturer: 

a. J. R. Smith series 1020. 
b. Josam. 
c. Approved equal. 

D. Boot wash drains: 
1. Acceptable Manufacturer: 

a. J. R. Smith series 3060. 
b. Josam series 49290 (-31). 
c. Approved equal. 

E.  Floor Sinks 
1.  Floor sinks shall be 12-inch by 12-inch by 8-inch, constructed of acid-resistant white 

enameled cast iron, with epoxy-coated interior aluminum dome strainer, nickel-bronze or 
acid-resistant full-size, half, or quarter grating as required by the number of indirect wastes, 
and shall be provided with a flashing clamp for upper floor locations only. 

2. Thermoplastic floor sinks are not acceptable. 
3. Manufacturers, or Equal 

a. Josam Mfg. Co., Series 49040 
b. Jay R. Smith Mfg. Co., 3150 Series 

F. Equipment drains:  Of the design shown on the mechanical general detail sheet. 
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G. Parapet drains: Unless otherwise indicated, parapet drains shall be Josam series 24700. 

H. Chemical drains:  Drains on chemical waste or drain lines shall be Duriron or material equal to 
that used for the pipelines and piping fittings. 

I. Laboratory drains: 
1. Duriron high silicon acid resisting type or of equal material to that of the laboratory pipelines 

and fittings. 
2. P-trap shall be tempered glass swivel split drum Duriron, or approved equal. 

2.03 VALVE ACCESSORIES 

A. Access Covers 
1. Access covers for concealed valves within structure interiors shall be 12 inches by 12 inches 

minimum, stainless steel. 
2. Acceptable Manufacturer: 

a. J. R. Smith series 4762 or 4767. 
b. Karp 214-M or 214-P. 
c. Approved equal. 

B. Provide 2 keys or wrenches for each type of key-operated valve. 

C. Adjustable shaft valve boxes: 
1. Box covers on water lines shall be impressed with the letter "W." 
2. Gas line covers shall be impressed with the letter "G". 
3. Acceptable Manufacturer: 

a. Brooks No. 3 RT. 
b. Christie G5. 
c. Approved equal 

2.04 COUPLINGS, NIPPLES AND UNIONS 

A. Couplings and nipples shall be of the same material as the pipe on which they are used. 

B. Unions:  See Section 15085 

2.05 WATER HAMMER ARRESTERS 

A. Welded bellows type, all stainless steel construction. Zurn Shoktrol, Jay R. Smith Hydrotrol or 
equal. 
P.D.I. Size Zurn Shocktrol Jay R. Smith Hydrotrol 

A Z-1700-100 5005 
B Z-1700-200 5010 
C Z-1700-300 5020 
D Z-1700-400 5030 
E Z-1700-500 5040 
F Z-1700-600 5050 

2.06 SLEEVES 

A. Sleeves shall be 22-gage sheet metal. 

2.07 ESCUTCHEONS 

A. Escutcheons shall be chrome-plated cold rolled steel or stainless steel. 
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PART 3  EXECUTION 

3.01 INSTALLATION 

A. GENERAL: 
1. Work shall be in accordance with the Uniform Plumbing Code. 
2. Provide plumbing to avoid obstructions, allow 7.5 feet minimum headroom, and keep 

openings and passageways clear. 
3. Make no holes in structural members.   
4. Repair torn and pierced waterproofing. 
5. Wrap fixtures, fittings, valves, and copper and brass items with burlap or building paper.  

Remove wrapping at completion of the work. 

B. VALVES AND ACCESSORIES: 
1. Provide valves upstream of branches, apparatus and fixtures. 
2. Provide valves on branch lines and at distribution points with a 2-inch heavy brass disc, 

stamped and stencil with 1/4-inch high letters, stating portion of system controlled by valve. 
3. Valve locations shall be shown on record drawings.  The Contractor shall provide a chart of 

location and use of main valves. 
4. Provide adjustable shaft valve boxes for underground valves. 

C. DIELECTRIC UNIONS:  Provide dielectric unions at connections between pipe or fittings of 
different material. 

D. ESCUTCHEONS:  Provide escutcheons where pipes penetrate finished walls, ceilings or floors.  
Securely mount escutcheons allowing clearance for expansion. 

E. PIPING: 
1. Carry piping in chases or recesses where provided in walls, through floors and partitions, and 

over ceilings.  Unless otherwise indicated, do not run piping in floor slabs. 
2. Do not support pipes shall by plumbing fixtures or equipment.  Make changes in pipe size 

with reducing fittings.  The use of bushings is not acceptable. 
3. Where galvanized steel pipe is calked into a cast iron hub, provide a soil pipe adapter on the 

calked end of the steel pipe. 
4. Unless otherwise indicated, underground piping outside buildings shall have a minimum 

cover of 24 inches.  Piping under buildings shall have a minimum clearance from structure of 
12 inches. 

5. Separate hot and cold water piping by at least 6 inches. 

3.02 CLEANING AND FLUSHING 

A. Clean and flush piping and equipment in accordance with Section 15050. 

END OF SECTION 
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SECTION 15828 

CENTRIFUGAL FIBERGLASS REINFORCED PLASTIC (FRP)  FANS AND BLOWERS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies centrifugal belt-driven fiberglass reinforced plastic (FRP) fans and blowers 
for corrosive air service.  Where the term fan is used in this specification, it refers to fans and 
blowers. 

1.02 QUALITY ASSURANCE 

A. Reference Standards:  This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
1. Unless otherwise indicated, references to documents shall mean the documents in effect at 

the time of Advertisement for Bids or Invitation to Bid (or on the effective date of the 
Agreement if there were no Bids). If referenced documents have been discontinued by the 
issuing organization, references to those documents shall mean the replacement documents 
issued or otherwise identified by that organization or, if there are no replacement documents, 
the last version of the document before it was discontinued. Where document dates are given 
in the following listing, references to those documents shall mean the specific document 
version associated with that date, whether or not the document has been superseded by a 
version with a later date, discontinued or replaced. 

Reference  Title 
AMCA 210 Air Movement and Control Association Test Code and Certified 

Ratings Program 
AMCA 0401  Classifications of Spark Resistant Construction 
ASTM D4167  Fiber-Reinforced Plastic Fans and Blowers 

2. FRP fabrication shall be in accordance with the National Bureau of Standard Voluntary 
Product Standards PS-15-69. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Fan performance curves for the specified operation conditions and for the ultimate capacity 
conditions. 

C. Motor data Form 11060-A in accordance with Section 11060. 

D. Fan and motor and variable frequency drive  information for operating rpm range. 

E. Bearing ratings with supporting calculations for the fan and motor at design conditions. 

F. Dimensioned drawing of fan including motor V-belt drive and base. 

G. Vibration isolation design data in accordance with Section 11021. 

H. Fan inlet and outlet flexible connections information. 

I. Sound power level ratings in eight octave bands in accordance with AMCA Standards 300 and 
301. 

J. Octave band sound power levels generated by the fan at the specified/scheduled operating point. 

K. Motor sound level data. 
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L. All operations and maintenance information specified in Section 01730. 

M. Certification that the units have been tested and rated in accordance with the applicable AMCA 
Standard Test Code and Certified Ratings Program and that the units bear the AMCA seal. 

1.04 PERFORMANCE REQUIREMENTS 

A. General: 
1. Fan shall be designed and selected for continuous outdoor operation with air containing 

corrosive and flammable vapors and gases generated from the treatment and conveyance of 
municipal wastewater. 

2. Vapors and gases may be expected to include methane, hydrogen sulfide, chlorine gas, 
sulfur dioxide, gasoline vapors, ammonia, and water saturated air. 

3. The air stream may also be expected to contain droplets of dilute sulfuric acid. 
4. Air stream temperatures are expected to vary between 50F and 95F. 

B. Operating Requirements: 
1. Select the fans to achieve the indicated operating capacity at no greater than 80 percent of 

maximum recommended RPM. 
2. Fans shall be non-overloading at all points on their curve.  Capacity shall be determined in 

accordance with AMCA Standard 210. 
3. Provide fans for operation at the initial stage conditions.  Fans shall be capable of operating 

at the future stage conditions. 
4. Blowers shall be suitable for operation in Class I, Division II, Group D environment. 
5. Sound pressure levels at 5 feet from the fan shall not exceed 77.0 dBA calculated with a 

directivity factor (Q) = 2. 
Equipment Capacity, Static  Wheel  Fan   Max.   Voltage/ 
number SCFM pressure, diameter, speed, motor  phase 
  inches 

W.C. 
inches RPM HP  

EF 
832,601 

6700 10 24 ½” VFD 
range 
1100 – 
2200) 

20 460/3 

C. Sound power levels: 
1. Octave band sound power levels, measured in accordance with ANSI S1-21, ASHRAE 36, 

and AMCA 300, shall not exceed the following values. 
2. Octave Band Sound Power Level, dB re:  10-12 Watts 
3. Octave Band Center Frequency, Hertz 

Element 63 125 250 500 1000 2000 4000 
Discharge 110 107 100 96 90 90 88 
Inlet 106 104 99 96 90 90 88 
Radiated 100 90 88 78 70 65 65 

D. Balance and Vibration:  Fans specified in this section shall be balanced at the factory to operate 
without vibration throughout the full operating range specified.  

1.05 CERTIFICATION 

A. Fans shall bear the AMCA rating seal. 

1.06 SPARE PARTS 

A. Tag and store spare parts in accordance with Section 01750. 
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PART 2  PRODUCTS 

2.01 ACCEPTABLE MANUFACTURER 

A. Hartzell. 

B. New York Blower.FRP Fume Exhauster 242 MP 

C. Approved equal.  

2.02 MATERIALS 

A. Equipment List: 
Equipment No. Description 
EF 832,601 Foul Air Exhaust Fan 

B. Components: 
Component Material 
Housing Fiberglass reinforced plastic 
Wheel Fiberglass reinforced plastic 
Door gasket and shaft seal Neoprene or Teflon 
Hub Type 316 stainless steel encapsulated in FRP 
Bolts Type 316 stainless steel 
Base Epoxy coated steel 
Shaft Type 316L stainless steel 

C. FRP Fabrication: 
1. Housing: 

a. Ultraviolet light stabilized. 
b. Structural layer resin shall, if necessary, contain antimony trioxide, antimony pentoxide, 

or equivalent fire retardant to achieve ASTM Class II fire retardant of 30 or less. 
c. Built up with laminate construction using vinyl ester resin such as Dow Derakane 510A-

40, or equivalent, a C-glass or equivalent veil for corrosion resistance and chopped 
strand fiberglass for structural core strength. 

d. Outer layers:  A 100 percent resin gel coat. 
e. The next layer shall be a C-glass or equivalent corrosion resistant veil followed by 

another resin rich gel coat layer and another C-glass or equivalent veil. 
f. Structural core layer:  Comprised of resin and chopped strand fiberglass.  Total glass 

content shall be 30 to 40 percent. 
g. Wheel and housing shall have a carbon-rich resin coating on air stream contact surfaces 

and shall be grounded through the base to prevent static buildup.  Provide housing with 
an access door. 

2. Wheel: 
a. Backward inclined fan wheel, built up using laminate construction. 
b. Resin:  Vinyl ester such as Dow Derakane 510A-40 or equivalent. 
c. Wheel material shall, if necessary, contain antimony trioxide, antimony pentoxide, or 

equivalent fire retardant to achieve ASTM Class II fire retardant of 30 or less. 
d. First layer of wheel laminate:  A 100 percent resin gel. 
e. The next layer shall be a C-glass corrosion resistant veil followed by another resin rich 

gel coat and another C-glass veil. 
f. Structural core consisting of chopped strand fiberglass and resin shall be laid next, 

followed by a C-glass veil, a resin rich gel coat, another C-glass veil, and a final 100 
percent resin gel coat.  Total glass content shall be 30 to 40 percent. 

g. Wheel shall be graphite impregnated and grounded to prevent static buildup. 
3. Type:  Construction type and material thicknesses shall be in accordance with ASTM D4167. 
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2.03 CONSTRUCTION 

A. Fan: 
1. Variable speed drive driven, centrifugal design with radial blade. 
2. Configurations shall be as shown on Drawings. 
3. Fan wheel:  Overhung type with at least 2 bearings located away from the air stream.  The 

stainless steel shaft hub and bushings shall be completely encapsulated in a reinforced 
plastic laminate. 

4. Provide a sleeve extending from the back plate of the wheel through the fan housing for 
protection of the fan shaft. 

5. Rotor:  Statically and dynamically balanced after fabrication. 
6. Provide Teflon seals to minimize air leakage. 
7. Provide a 1-1/2-inch FRP drain at the lowest point of the scroll housing. 
8. Provide plain inlets suitable for use with flexible connections. 
9. Provide flanged outlets suitable for a flanged flexible connection.  All flanges shall be factory 

drilled. 
10. Inlet and outlet flexible connections shall be provided by the fan manufacturer and shall 

match the fan inlet and outlet in the factory. 
11. All fasteners shall be stainless steel. 
12. Base shall be fabricated of steel, adequately braced, and equipped with lifting eyes. 
13. Provide an inspection port cleanout door and a 1-1/2-inch flanged drain coupling. 
14. Provide weather covers to protect the motor and drive assemblies when fan is located 

outdoors. 
15. Fan shall conform to AMCA Type A construction.  

B. Motor:  Motor shall be TEFC type, explosion proof, as specified in Section 11060.    

C. Bearings and Drive Assembly: 
1. Provide the fan with variable speed drive capable of driving the fan at the speed range given 

above and  adjustable in operating speed.  
2. Bearings shall be self-aligning, grease lubricated and prelubed, antifriction bearings of the 

pillow block type, complete with grease fittings. 
3. All bearings shall have an L-10 rating life of 100,000 hours.  

D. Provide sound-proof enclosure with doors to access equipment.  Enclosure shall also be 
removable by disassembly.  Housing shall be fabricated of Nida-Core or similar thermoplastic 
honeycomb material with sound attenuation capability of 20 Db or more. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install each blower as specified and in accordance with manufacturer's recommendations. 

B. Connect ductwork to fans through flexible connections. The flexible connections shall be provided 
by the fan manufacturer for the fan inlet and outlet flanges. 

C. Provide sound-proof enclosure with doors to access equipment.  Housing should be bolted to 
floor and be ventilated. 

3.02 FIELD TESTING 

A. After completion of installation, completely field test each fan and balance in accordance with 
Sections 01660 and 15990 to guarantee compliance with these specifications. 

END OF SECTION 
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SECTION 15873 

CENTRIFUGAL ROOF EXHAUST FANS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies roof mounted exhaust fans complete with fans, motors, dampers, curbs and 
accessories required for ventilation systems. 

1.02 REFERENCED SECTIONS 

A. The work of the following Sections is related to the work of this Section.  Other Sections, not 
referenced below, may also be related to the proper performance of this work.  It is the 
Contractor’s responsibility to perform all the work required by the Contract Documents. 
1. Section 01300:  Submittals Procedure. 
2. Section 01740:  Guarantees 
3. Section 01999:  Standard Forms. 
4. Section 11060:  Electric Motors. 
5. Section 15990:  HVAC Systems, Testing, Adjusting, and Balancing. 

1.03 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference   Title 
AMCA Standard 210-85  Laboratory Methods of Testing Fans for Rating  
AMCA Standard 300-67  Test Code for Sound Rating 

1.04 SUBMITTALS 

A. Procedures: Section 01300. 

B. Provide the following information: 
1. Fan performance curves for the specified operating conditions.  
2. Bearing ratings for the fan and motor at operating conditions.  
3. Motor data form 11060-A as required in Section 11060. 
4. A copy of all related contract schematic, structural, and mechanical drawings with all 

dimensions requiring Contractor confirmation marked. 
5. Dimensional drawings of fans. 
6. Certification that the units have been tested and rated in accordance with the applicable 

AMCA Standard Test Code and Certified Ratings Program.  
7. Applicable operation and maintenance data in accordance with Section 01730. 
8. Manufacturer's certificate of installation Form 11000-A in Section 01999. 

1.05 OPERATING REQUIREMENTS 

A. Fan motors shall be non-overloading on all points of the operating curve.  Fans shall be designed 
for continuous duty service and to comply with the following: 
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Equipment 
No. 

Capacity, 
cfm 

Static 
pressure 
inches W. 
C 

Max. fan 
speed, rpm 

Motor HP Drive Type Operating 
voltage/ 
phase 

EF832,001 600 0.25 1200 1/6 Direct 120/1 

1.06 SOUND AND VIBRATION 

A. Fans shall operate at noise levels below 9 sones, as defined by AMCA standard 300. 

1.07 CERTIFICATION 

A. Fans shall bear the AMCA rating. 

1.08 SPARE PARTS 

A. Provide the following standby components for each belt-driven fan: 
1. 1 set - V-belts 

B. Tag and store spare parts as specified in Section 01750. 

PART 2  PRODUCTS 

2.01 ACCEPTABLE MANUFACTURER 

A. Aerovent. 

B. Greenheck.  

C. Loren Cook. 

D. Penn. 

E. Approved equal.  

2.02 MATERIALS 
Component Material 
Hood Aluminum 
Fan wheel Galvanized 
Fan wheel shaft Steel 
Fan housing Spun aluminum 
Fasteners Stainless steel 
Curb Aluminum 

2.03 EQUIPMENT 

A. EQUIPMENT LIST: 
Equipment No. Description 
EF832,001 Room Exhaust Fan 

2.04 FAN: 

A. Fans shall be weatherproof, curb mounted, low profile, centrifugal roof fans. 

B. Fan housing shall be designed to provide easy access to the motor and fan unit.  The fan inlet 
shall be provided with a venturi throat that is overlapped by the fan wheel. 

C. The fan wheel shall have forward curved, backward inclined or airfoil blades as provided standard 
by the manufacturer for the specified conditions.  The wheel shall be statically and dynamically 
balanced at the factory.  The fan wheel shaft, on belt-driven fans, shall be mounted in a heavy 
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duty, permanently sealed, permanently lubricated, ball bearing pillow block.  Bearings shall be 
rated for a minimum AFBMA L-50 bearing life of 200,000 hours. 

D. The entire drive assembly, as a unit, shall be removable through the support structure without 
dismantling the fan housing. Belt-driven fans shall be furnished with adjustable pitch sheaves and 
adjustable motor bases suitable for a plus or minus 5 percent adjustment in operating speed.  
The V-belt drive shall be as specified in paragraph 11000-2.03. 

2.05 MOTOR: 

A. Unless otherwise specified, motors shall operate at 1750 rpm (maximum) TEFC and shall be as 
specified in Section 11060.  Motors shall be mounted on vibration isolators and shall be sealed 
from the air stream. 

B. Each fan housing shall contain a weatherproof explosion proof motor shutoff switch, a wiring post 
and watertight conduit penetration. 

2.06 DAMPER 

A. Each fan shall be provided with spring loaded barometric type, aluminum backdraft dampers at 
the fan inlet. 

2.07 CURB 

A. The fan shall be installed on the roof curb.  The fan mounting curb flange shall match the curb 
dimensions.  Fan curb shall be as shown on the drawings. 

2.08 ACCESSORIES 

A. All fans shall be provided with aluminum bird screens.  

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install each fan as specified and in accordance with the manufacturer's recommendations.  
Certify installation and initial operation using Form 11000-A as specified in Section 01999. 

3.02 FIELD TESTING 

A. Perform a complete field test of each fan in accordance with Section 15990 to guarantee 
compliance with this section's requirements. 

END OF SECTION 
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SECTION 15889 

MIST AND GREASE ELIMINATOR FILTERS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies duct-mounted dual element filters for removing grease and mist from foul 
air streams. 

1.02 REFERENCED SECTIONS 

A. The work of the following Sections is related to the work of this Section.  Other Sections, not 
referenced below, may also be related to the proper performance of this work.  It is the 
Contractor’s responsibility to perform all the work required by the Contract Documents. 
1. Section 01300:  Submittals Procedure. 
2. Section 01730:  Operations and Maintenance Information. 
3. Section 01740:  Guarantees. 

1.03 QUALITY ASSURANCE  

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of a listed document, the 
requirements of this Section shall prevail. 
Reference Title 
SMACNA Rectangular and Round Industrial Duct Construction Standards 

1.04 SUBMITTALS 

A. Procedures: Section 01300. 

B. Provide the following information. 
1. Manufacturer's catalog and/or other data confirming conformance to specified design, 

material and equipment requirements. 
2. Predicted performance data and/or curves as applicable developed for the specific 

application, confirming conformance to specified design and operating requirements and 
characteristics. 

3. Applicable operating and maintenance data in accordance with Section 01730. 
4. Weight of heaviest filter pad (dry and wet) to be removed for cleaning. 

1.05 EQUIPMENT LIST: 
Equipment No. Description 
FLT  832,100 Mist and Grease Eliminator Filter 

1.06 PERFORMANCE REQUIREMENTS 

A. GENERAL:   
1. Units specified in this section shall be designed and selected for continuous outdoor 

operation with air containing corrosive and flammable vapors and gases generated from the 
treatment and conveyance of municipal wastewater.  

2. Vapors and gases may be expected to include methane, hydrogen sulfide, chlorine gas, 
sulfur dioxide, gasoline vapors, ammonia, airborne grease, and water saturated air.  The air 
stream may also be expected to contain droplets of dilute sulfuric acid. 

3. Air stream temperatures are expected to vary between 50 and 95 degrees F.  
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B. OPERATING REQUIREMENTS:  The mist and grease eliminators shall comply with the 
following: 
Equipment No. Capacity, scfm Pressure drop, in. w.c. Droplet removal 
FLT 832,600 6,700 1.5 99% >10 micron 

80% > 5 micron 
OR 
Equipment 
Number 

Capacity, 
CFM 

Max. 
Pressure 
drop, IN-WC 

Maximum 
Face Velocity 
FPM 

Each Filter 
Pad 
Number/Size 

Droplet 
Removal 

DF 
832,600 

6700 2 100 2” grease Pad 
304 SS 
6” 
polypropylene 
pad for mist 
elim. 

99.9% 

1.07 SPARE PARTS 

A. One extra set of each type of filters shall be provided. 

B. Standby components shall be tagged and stored in accordance with Section 01750. 

PART 2  PRODUCTS 

2.01 ACCEPTABLE MANUFACTURER 

A. Agilis Technologies. 

B. Diamond Fiberglass. 

C. Koch-Otto York. 

D. Spunstrand 

E. Approved equal. 

2.02 EQUIPMENT FEATURES 

A. The grease filter and mist eliminator shall consist of two-stage filter pads housed inside a 
fiberglass reinforced plastic (FRP) enclosure designed for not less than 10 inches water column 
pressure and 10 inches water column vacuum in accordance with NBSPS 15-69 and SMACNA.   
1. The first pad shall be a woven 304SS pad 2 inches thick for grease removal.   
2. The second pad shall be woven polypropylene pad 6 inches thick for mist removal.   

B. The pads shall be removable for cleaning.   

C. The housing shall have a door to allow removal and replacement of the filter pads.  

D. The housing shall be transitioned and flanged for installation in the foul air FRP ductwork.   

E. The flanges shall be drilled and gaskets shall be provided.   

F. A 1” drain connection with a ball valve shall be provided as shown on the drawings. 

G. An internal wash nozzle ¾ “ shall be provided to enable in-situ spraying of the pads. 

H. A differential pressure gage shall be provided to measure the pressure drop across unit.   

2.03 MATERIALS 

A. Materials shall be as follows: 
1. Housing:     FRP 
2. Filter Support and Sliding Tracks:  AISI 304 stainless steel 
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3. Grease Pads:    AISI 304 stainless steel 
4. Demister Pads:    Polypropylene 
5. Gaskets:     Neoprene 
6. Fasteners and Anchor Bolts:  AISI 304 stainless steel 

2.04 SPARE PARTS 

A. One complete spare mist eliminator shall be provided 

B. Two extra sets of each type of filter pads shall be provided. 

C. Two extra sets of gaskets required for the access door and internal. 

D. Standby components shall be tagged and stored in accordance with Section 01750. 

PART 3  EXECUTION 

3.01 3.01 INSTALLATION 

A. Install each grease filter and mist eliminator as shown on the drawings and as recommended by 
the manufacturer. 

B. Provide adequate support for the unit such that there is no strain on the ductwork to which it is 
connected.   

C. Provide access for filter removal.   

D. Provide P-trap for drain and route the drain pipe to a point of disposal as shown in the drawings. 

E. Permanently mark the differential pressure gage as recommended by the manufacturer for filter 
maintenance. 

END OF SECTION 



 

Gloria G Soto
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SECTION 15903 

DIFFUSERS, GRILLES, AND REGISTERS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section includes specifications for louvers to be installed where shown on the Drawings. 

1.02 SUBMITTALS 

A. Procedures: Section 01300. 

1.03 TYPE 

A. All louvers shall be of the size indicated on the drawings.  

PART 2  PRODUCTS 

2.01 SUPPLY REGISTERS 

A. General 
1. Provide louvers complete with aluminum bird screen and necessary linkages for the 

operating section. 
2. Louvers shall be fixed type and shall be provided with a drain gutter in each blade and 

downspouts in jambs and mulllions. 
3. The louvers shall be provided with an extended sill. 

B. Construction 
1. Stationary blades shall be contained within a single 6-inch louver frame. 
2. Louver components, including heads, jambs, sills, blades, and mullions, shall be factory-

assembled by the louver manufacturer. 
3. The water stop at the sill shall be factory-caulked watertight. 

C. Finish 
1. Provide louvers with a Kynar 500®, or equal, finish. 
2. The color of the louver shall be submitted to the Project Representative for approval. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Align in accordance with the manufacturer's recommendations.  

END OF SECTION 
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SECTION 15990 

HVAC SYSTEM TESTING, ADJUSTING AND BALANCING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies the labor and services necessary to test, adjust, and balance under actual 
operating conditions and air systems design flow rates.  Nothing herein shall be construed as 
relieving the Contractor of overall responsibility for this portion of the work. 

1.02 REFERENCED SECTIONS 

A. The work of the following Sections is related to the work of this Section.  Other Sections, not 
referenced below, may also be related to the proper performance of this work.  It is the 
Contractor's responsibility to perform all the work required by the Contract Documents. 
1. Section 01300:  Submittals Procedure. 

1.03 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
AABC  Associated Air Balance Council, National Standards for Total System Balance 
ASHRAE 70 Standards--Methods of Testing for Rating the Air Flow Performance of Outlets  
  and Inlets 
NEEB   National Environmental Balancing Bureau, Procedural Standards for Testing  
  Adjusting and Balancing of Environmental Systems 

B. Testing Agency:  Procure the services of an independent air balancing and testing agency, 
belonging to the AABC or the NEBB, to perform balancing, testing and adjustment of systems.  
One organization shall perform the testing and balancing services. 

C. Codes and Standards:   
1. Comply with applicable procedures and standards of the certification sponsoring association: 

a. National Standards for Field Measurements and Instrumentation, Total Systems Balance, 
Air Distribution-Hydronics Systems, AABC. 

b. Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems, 
NEBB. 

c. Method of Testing for Rating the Air Flow Performance of Outlets and Inlets, ASHRAE. 
2. Calibration and maintenance of instruments and accuracy of measurements shall comply with 

the requirements of the standards. 

1.04 SUBMITTALS 

A. Procedures: Section 01300. 

B. Balancing Report. 

1.05 SPECIAL REQUIREMENTS 

A. Tests and adjustments shall include the complete testing and balancing of heating, ventilating, 
and air conditioning systems and necessary adjustments to the heating, air conditioning, and 
ventilating equipment to accomplish the specified design flow rates. 
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B. Should any apparatus, material or work fail to meet the specified requirements in these tests, 
make the necessary corrections and retest the apparatus, material, or work at no additional cost 
to the Owner. 

1.06 BALANCING 

A. General:  Characteristics to be tested and adjusted to conform to the values specified include the 
following: 
1. Total airflow rates delivered by fans and air-handling units. 
2. Flow rates at all grilles, registers, diffusers, supply and exhaust and return ducts. 
3. Capacity and temperature rise or drop across each heating and cooling coil. 

B. Air Flow Rate Measurements: 
1. Airflow rates shall be obtained by adjustment of the fan speeds, dampers, or registers.  All 

flow rates shall be measured with supply, return, and exhaust systems operating with heating 
and cooling coils wet, with filter bank resistance midway between the design values specified 
for clean and dirty filters, with auxiliary systems in operation and with all doors and windows 
closed. 

2. Flow rates at grilles, registers, branch ductwork and air distribution patterns shall be tested in 
strict accordance with ASHRAE Standard 70. 

1.07 BALANCING REPORT 

A. Report Data:  The final certified balancing report shall include the following actual field-verified 
data: 
1. Equipment data 

a. Manufacturer and model, size, arrangement, class, location, and equipment number. 
b. Motor horsepower, voltage, phase, and full load amperage. 
c. Fan cfm, static pressure, rpm, and operating motor BHP. 

2. Duct size, supply or exhaust recorded cfm, velocity, pressure measurements, and location of 
all measurements. 

B. Report Requirements: 
1. Each individual final reporting form must bear the signature of the person who recorded the 

data and that of the supervisor of the reporting organization. 
2. All instruments which were used shall be listed and identified including the last date each was 

calibrated. 

C. Final Report:  Final report shall be submitted prior to Contractor's request for final inspection.  In 
addition to providing all specified data and information on applicable reporting forms, report shall 
include the following: 
1. A schedule for testing and balancing parts of the systems which must be delayed due to 

seasonal, climatic, occupancy, or other conditions beyond control of the Contractor.  Delayed 
work shall be completed as early as the proper conditions will allow, after consultation with 
the Project Representative. 

2. Due to delayed testing, reports shall be submitted after execution of those services. 
3.  A total balance report shall include the following components: 

a. General Information and Summary 
b. Instrument Calibration 
c. Air Systems 
d. Record drawings with specified and measured flow rates 

PART 2  PRODUCTS  

2.01 NOT USED 
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PART 3  EXECUTION 

3.01 GENERAL 

A. The balancing agency shall conduct the above field tests in the presence of the Project 
Representative. 

B. Following completion of testing and balancing, leave the system in proper working order, 
replacing belt guards, closing access doors, closing doors to electrical switch boxes, and 
restoring thermostats to specified settings. 

3.02 PERFORMANCE OF WORK 

A. General:  Perform testing, adjusting, and balancing after the system installation is complete but 
prior to acceptance of the project. 

B. Measurements: 
1. Measure and adjust air supply and exhaust units to deliver at least 100 percent of the design 

air volume at 100 percent cooling. 
2. Measure static air pressure conditions on fans, including filter and coil pressure drops, and 

total pressure across the fan. 
3. Adjust fan speeds and motor drives within drive limitations, for required air volume.  Set a 

speed to provide air volume farthest distance from the fan without excess static pressure.  
Check draw amps of fans on initial start-up.  If running amps exceed nameplate, shut off 
motor immediately, notify Project Representative, and make necessary drive changes as 
directed. 

4. Measure airflow rates with supply, return, and exhaust systems operating with heating and 
cooling coils wet, with filter bank resistance midway between design values specified for 
clean and dirty filters, with auxiliary systems in operation.  

5. Airflow rates supplied, exhausted, or returned shall be within plus or minus 5 percent of the 
design values specified. 

C. Systems to be Balanced:  Balance all heating, ventilating, and air conditioning and foul air 
equipment and systems. 

3.03 FINAL INSPECTION 

A. Following acceptance of the reports by the Project Representative, permanently mark all damper 
positions so that they can be restored to their correct position if disturbed at any time.  If a 
balancing device is provided with a memory stop, set it and lock it.  Do not mark devices until 
after final inspection. 

END OF SECTION 
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SECTION 16000 

GENERAL REQUIREMENTS FOR ELECTRICAL WORK 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies general requirements for electrical work.  Detailed requirements for specific 
electrical items specified in other sections are subject to the requirements of this Section.  The 
Electrical Drawings and Schedules included in the specification are functional in nature and do 
not specify exact locations of equipment or equipment terminations. 

B. All electrical Work included in this Contract including pre-fabricated assemblies shall conform to 
the requirements of this Section unless specifically specified otherwise. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
ANSI A58.1 Minimum Design Loads for Buildings and Other Structures 
NFPA 70 National Electrical Code (NEC) and local amendments 
NEMA  National Electrical Manufacturers Association 
ICEA  Insulated Cable Engineers Association 
IBC / IBO  International Building Code 
UL  Underwriters Laboratories 

B. Identification of Listed Products: 
1. Electrical equipment and materials shall be listed and labeled for the purpose for which they 

are to be used, by UL or equivalent NRTL (Nationally Recognized Testing Laboratory) 
agency approved lab as the independent testing laboratory.  Independent testing laboratory 
shall meet the requirements of the local or state inspection authority having jurisdiction. 

2. When a product is not available with a testing laboratory listing for the purpose for which it is 
to serve, the product may be required by the inspection authority to undergo a special 
inspection.  All costs and expenses incurred for such inspections shall be included in the 
original contract price. 

3. When the product is an assemblage of individual parts, whether the individual parts are listed 
or not, the entire assemblage must be listed and labeled as a complete unit for the purpose 
for which it is to be used. 

C. Factory Tests:  Where specified in the specification section, perform factory tests at the place of 
fabrication.  Perform on completion of manufacture or assembly. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Catalog cuts of equipment, devices, and materials requested by the specification sections. 
1. Catalog information includes technical specifications and application information, including 

ratings, range, weight, accuracy, etc. 
2. Catalog cuts shall be edited to show only the items, model numbers, and information which 

apply to the submittal requirements. 
3. Catalog cuts shall be assembled in a folder.  Each folder shall contain a cover sheet, indexed 

by item, and cross-referenced to the appropriate specification paragraph. 

C. Product Data. 
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D. Interconnection diagrams depicting all cable requirements together with their actual terminations. 

1.04 DEFINITIONS 

A. Elementary or Schematic Diagram:  A schematic (elementary) diagram shows, by means of 
graphic symbols, the electrical connections and functions of a specific circuit arrangement.  The 
schematic diagram facilitates tracing the circuit and its functions without regard to the actual 
physical size, shape, or location of the component devices or parts. 

B. One-Line Diagram:  Shows by means of single lines and graphical symbols the course of an 
electrical circuit or system of circuits and the components, devices, or parts used therein.  
Physical relationships are usually disregarded. 

C. Block Diagram:  A diagram of a system, instrument, computer, or program in which selected 
portions are represented by annotated boxes and interconnecting lines. 

D. Wiring Diagram or Connection System:  A wiring or connection diagram includes all of the 
devices in a system and shows their physical relationship to each other including terminals and 
interconnecting wiring in an assembly.  This diagram shall be (a) in a form showing 
interconnecting wiring only by terminal designation (wireless diagram), or (b) a panel layout 
diagram showing the physical location of devices plus the elementary diagram. 

E. Interconnection Diagram: 
1. Show all external connections between terminals of equipment and outside points, such as 

motors and auxiliary devices. 
2. References shall be shown to all connection diagrams which interface to the interconnection 

diagrams. 
3. Interconnection diagrams shall be of the continuous line type. 
4. Bundled wires shall be shown as a single line with the direction of entry/exit of the individual 

wires clearly shown.  Wireless diagrams and wire lists are not acceptable. 
5. Each wire identification as actually installed shall be shown. 
6. The wire identification for each end of the same wire shall be identical. 
7. All devices and equipment shall be identified. 
8. Terminal blocks shall be shown as actually installed and identified in the equipment complete 

with individual terminal identification. 
9. All jumpers, shielding and grounding termination details not shown on the equipment 

connection diagrams shall be shown on the interconnection diagrams. 
10. Wires or jumpers shown on the equipment connection diagrams shall not be shown again on 

the interconnection diagram. 
11. Signal and DC circuit polarities and wire pairs shall be shown. 
12. Spare wires and cables shall be shown. 

F. Arrangement, Layout, or Outline Drawings:  An arrangement, layout, or outline drawing is one 
which shows the physical space and mounting requirements of a piece of equipment.  It may also 
indicate ventilation requirements and space provided for connections or the location to which 
connections are to be made. 

1.05 DRAWINGS 

A. Prepare drawings specified as part of the work shall per 01720 and submit per 01300. 

B. Drawings shall be complete with borders and title blocks clearly identifying Contract name, 
equipment, and the scope of the drawing. 

C. Drawing standard requirements will be supplied by King County. 

1.06 SITE CONDITIONS 

A. General:  Unless otherwise indicated, size and derate equipment and materials for an ambient 
maximum temperature of 40 degrees C (104 degrees F) at an elevation ranging from sea level to 
3,000 feet without exceeding the manufacturer's stated tolerances. 
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B. Classified Areas:  See the electrical plan drawings. 

C. Seismic: 
1. Electrical equipment and supports:  Braced per IBC requirements and Section 01031. 
2. Provide calculations for overturning moment and design of the embedded anchors for 

securing free-standing equipment to the building structure. 
3. Fasten equipment that is front-accessible only to the wall or ceiling as well as the floor. 

1.07 STORAGE OF MATERIALS AND EQUIPMENT 

A. Store materials and equipment per Section 00700. 

B. Store indoor equipment and materials to be permanently located indoors and seal with plastic film 
wrap. 

1.08 STATION ELECTRICAL POWER SERVICE 

A. Coordinate electrical service with electric power service provider in order to: 
1. Power the Odor Control Facility. 

1.09 INDICATING LAMP COLORS 

A. Unless otherwise specified, equipment to follow with colored lenses in accordance with the 
following schedule: 
Color Function Example 
Red Run, open valve Equipment operating, motor running 
Green Ready, closed valve Equipment ready, end of cycle 
White Normal condition Control power on, status OK or clear 
Amber Abnormal condition Failure of equipment or status (yellow) abnormal, fault 

condition 

PART 2  PRODUCTS 

2.01 EQUIPMENT AND MATERIALS 

A. General: 
1. Equipment and materials shall be new and free from defects. 
2. All material and equipment of the same or a similar type shall be of the same manufacturer 

throughout the work. 
3. Standard production materials shall be used wherever possible. 

B. Equipment Finish:  Unless otherwise indicated, electrical equipment and materials shall be 
painted by the manufacturer as specified in Section 09900. 

C. Galvanizing:  Per Section 05500. 

2.02 CONDUCTOR / WIRE MARKERS 

A. Identify each power and control conductor at each end of each terminal to which it is connected. 

B. Conductors size No. 10 AWG or smaller shall have identification sleeves. 

C. Conductors:  
1. Identify each end as shown on the drawings 
2. If not shown on the drawings, identify conductor ends with the Equipment number, followed 

by -Cxx, where xx is a unique number for that wire. 

D. Machine print on sleeves with permanent black ink the letters and numbers that identify each 
wire. 

E. Figures:  1/8 inch high. 



Fremont Siphon Project C00762C14 GENERAL REQUIREMENTS FOR ELECTRICAL WORK 
May 2014  16000 - 4 

F. Sleeves:  Yellow or white tubing, sized to fit the conductor insulation. 

G. The sleeves shall be shrunk to fit the conductor with hot air after installation. 

H. Acceptable Manufacturer: 
1. TMS Thermofit Marker System by Raychem Co. 
2. Sleeve style wire marking system by W. H. Brady Co. 
3. Approved equal. 

I. Adhesive strips are not acceptable. 

J. Use cable markers of the locking tab type for conductors No. 8 AWG and larger. 

K. Tabs:  white plastic with conductor identification number permanently embossed. 

2.03 NAMEPLATES 

A. Laminated phenolic plastic. 

B. Nominal Size:  3/4 inch high by 2 inches long. 

C. Black backgrounds with 3/16-inch white letters. 

D. If abbreviations are required because of space limitations, submit to the Project Representative 
prior to manufacture. 

E. Fastened using self-tapping stainless steel screws.  The use of adhesives will not be permitted on 
the outside of enclosures. 

2.04 TERMINAL BLOCKS 

A. Unless otherwise indicated, panhead strap screw type. 

B. Terminals shall be provided with integral marking strips which shall be permanently identified with 
the connecting wire numbers as shown on the Drawings. 

C. Terminal blocks for P-circuits (power 208-600 volts):  Rated not less than the conductor current 
rating and less than 600 VAC. 

D. Terminal blocks for C-circuits (control and/or power 120 volts or less power) and S-circuits 
(signal):  Rated not less than 20 amperes and less than 600 VAC. 

E. Terminals:  Tin-plated. 

F. Insulating material:  Nylon. 

2.05 PRODUCT DATA 

A. Applicable operation and maintenance information on an item-by-item basis in accordance with 
Section 01730.  Operation and maintenance information shall be provided at the time of 
equipment, device, or material site delivery, or at a certain stage of project completion as required 
by Section 01730, whichever is the earlier.  Full-size drawings shall be reduced to 11 x 17 inches. 

B. Test results for motors and electrical systems on the forms specified in Section 16030 and found 
in Section 01999.  Maintain a file of the original test results and submit to the Project 
Representative prior to Final Acceptance. 

C. Description of functional checkout procedures, specified in this specification, 30 days prior to 
performing functional checkout tests. 
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PART 3  EXECUTION 

3.01 GENERAL 

A. Construction: 
1. Unless otherwise indicated, electrical layout drawings are diagrammatic. 
2. Coordinate the location of electrical material or equipment with other equipment and work. 
3. Make necessary minor changes in location of electrical material or equipment to avoid 

interferences with other work prior to installation. 

B. Housekeeping: 
1. Protect electrical equipment from dust, water and damage. 
2. Wipe motor control centers, switchgear, and buses free of dust and dirt on the outside keep 

dry and vacuumed on the inside within 30 days of Substantial Completion. 
3. Touch up any scratches on equipment as specified in Section 09900. 
4. During construction, allow no electrical equipment to be temporarily exposed to weather, 

debris, liquids, or damage. 

C. Dust Free Areas: 
1. Protect electrical, instrumentation and control equipment from dust by wrapping the 

equipment in plastic film wrap until installed to prevent dust from entering the equipment. 
2. Once electrical, instrumentation and control equipment is installed, protect from dust.  

Rewrap the equipment if necessary to keep the equipment dust free. 

3.02 TESTING 

A. General: 
1. Prior to energizing the electrical circuits, perform the following tests.  Unless otherwise 

indicated, use a 1,000 volt megohmmeter for resistance measurements. 
2. Record the test measurements on the specified forms obtained from Project Representative. 

B. Insulation Resistance Measurements: 
1. General: 

a. Make insulation resistance measurements on conductors and energized parts of 
electrical equipment. 

b. Unless otherwise indicated, minimum acceptable values of insulation resistance shall be 
in accordance with the applicable ICEA, NEMA or ANSI standards for the equipment or 
material being tested. 

c. Record the ambient temperature at which insulation resistance is measured on the test 
form. 

2. Record measurements in a format similar to Form 16000-A, obtained from Project 
Representative.  Insulation with resistance of less than 10 megohms is not acceptable. 

3. Conductor and Cable Tests:  Measure the phase-to-ground insulation resistance for all 
circuits 120 volts and above except lighting circuits.  Make measurements with motors and 
other equipment connected, except that solid state equipment shall be disconnected unless 
the equipment is normally tested by the manufacturer at voltages in excess of 1000 volts DC. 

4. Motor Tests:  Complete the Installed Motor Test Form 16000-B obtained from Project 
Representative for each motor after installation. 

5. Measure the insulation resistance of all motors before they are connected. 
6. For motors 50 HP and larger, measure insulation resistance at the time of delivery as well as 

after connection. 

C. Prefunctional Checkout: 
1. Functional testing:  Perform in accordance with the requirements of Section 01660 and 

Section 16030. 
2. Prior to functional testing, adjust all protective devices and make operative. 
3. Prior to energizing of equipment, perform a functional checkout of the control circuit.  

Checkout shall consist of energizing each control circuit and operating each control, alarm, or 
malfunction device and each interlock in turn to verify that the specified action occurs. 
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4. Submit a description of the proposed functional test procedures prior to the performance of 
functional checkout. 

5. Verify that motors are connected to rotate in the correct direction.  Verification may be 
accomplished by momentarily energizing the motor, provided the Contractor confirms that 
neither the motor nor the driven equipment will be damaged by reverse operation. 

3.03 RECORD DOCUMENTS 

A. Provide record drawings in accordance with Section 01720.  Include the following schedules, 
lists, and drawings: 
1. Interconnection diagrams (16000). 
2. Original submittal drawings (16000). 

END OF SECTION 
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SECTION 16030 

ELECTRICAL TESTING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies the acceptance testing of electrical materials, equipment, and systems. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
document.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and that of the listed document, the 
requirements of this Section shall prevail. 
1. Reference 

a. American National Standards Institute 
b. Insulated Cable Engineers Association 
c. National Electrical Manufacturer's Association 
d. InterNational Electrical Testing Association [NETA] 

1.03 SUBMITTALS 

A. Procedures:  Section 01300 

B. Draft Test Plan and Procedures in accordance with the latest NETA requirements, 90 days prior 
to initial functional checkout.  Contractor shall use NETA Acceptance Testing Specifications for all 
new equipment installed under this contract and NETA Maintenance Testing Specifications for all 
existing equipment reused under this contract unless otherwise directed by the Project 
Representative. 

C. Completed test report Forms 16000-A and 16000-B contained in Section 01999 

D. Functional checkout procedures 45 days prior to performing initial functional checkout tests 

E. Final Test Report documenting test results and equipment and device settings. 

F. Testing Contractor shall be NETA certified and supply copy of certification as part of test plan 
submittal. 

1.04 APPLICATION 

A. Requirements for testing in accordance with this Section are specified in this and other sections 
of Division 16 and 17.  Where testing in accordance with this Section is required, the required 
tests, including correction of defects and retesting, shall be completed prior to energization of 
material, equipment, or systems. 

1.05 TEST EQUIPMENT AND MATERIALS 

A. Test instruments shall be calibrated to references traceable to the National Institute of Standards 
and Testing Technology and shall have a current sticker showing date of calibration, deviation 
from standard, name of calibration laboratory and technician, and date of recalibration. 

PART 2  PRODUCTS (NOT USED) 

PART 3  EXECUTION 
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3.01 TESTING 

A. General: 
1. Prior to energizing the electrical circuits, perform the following tests.  Unless otherwise 

indicated, a 1,000 volt megohmmeter shall be used for resistance measurements. 
2. Record test measurements on the Forms 16000-A and 16000-B. 
3. Submit a description of the proposed functional test procedures 45 days prior to the 

performance of functional checkout. 

B. Insulation Resistance Measurements: 
1. General: 

a. Make general insulation resistance measurements on conductors and energized parts of 
electrical equipment. 

b. Unless otherwise indicated, minimum acceptable values of insulation resistance shall be 
in accordance with the applicable ANSI, ICEA, NEMA, or NETA standards for the 
equipment or material being tested. 

c. Record the ambient temperature at which insulation resistance is measured on the test 
form. 

d. Record insulation resistance measurements on Form 16000-A. 
e. Insulation with resistance of less than 10 megohms is not acceptable. 
f. Document checks and measurements. 

C. Conductor and cable tests: 
1. Measure phase-to-ground insulation resistance for all circuits 120 volts and above, except 

lighting circuits.  Make measurements with motors and other equipment disconnected, except 
that solid state equipment shall be disconnected unless the equipment is normally tested by 
the manufacturer at voltages in excess of 1000 volts DC. 

D. Motor Tests: 
1. Complete Form 16000-B for each motor after installation. 
2. Measure insulation resistance for all motors before being connected. 
3. Motors 50 HP and larger:  Make insulation resistance measurements at the time of delivery 

and when connected. 
4. Insulation resistance values less than 10 megohms are not acceptable.  
5. Verify motor phase rotation. 
6. Verification may be accomplished by momentarily energizing the motor, provided the 

Contractor confirms that neither the motor nor the driven equipment will be damaged by 
reverse operation. 

7. Measure current on each phase with motor running at full load. 

E. Distribution Equipment:  Measure insulation resistance for transformers, panelboards, and other 
distribution equipment phase-to-phase and phase-to-ground. 
1. Functional Checkout: 

a. Perform functional testing in accordance with the manufacturer's requirements and the 
procedure provided in test plan and procedures. 

b. Prior to functional testing, adjust and make operational all protective devices. 
c. Have Project Representative witness the testing. 
d. Check that circuit breakers, meters and monitors are installed and function properly. 
e. Check functional operation of switchboards, motor control centers, control panels and 

other electrical equipment. 
f. Prior to energization of equipment, perform a functional checkout of the control circuit.  

Checkout shall consist of energizing each control circuit and operating each control, 
alarm, or malfunction device and each interlock in turn to verify that the specified action 
occurs. 

g. Document all test results and device settings in the final test report. 
2. Prepare a Test Report summarizing the final test procedures and test results. 

END OF SECTION 
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SECTION 16110 

RACEWAYS, BOXES, AND SUPPORTS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section covers the furnishing and installation of electrical conduits, wireways, pull boxes, 
cable vault, cable trays, fittings, and supports.  Raceways shall be provided for lighting, 
receptacles, power, control, fire alarm, instrumentation, signaling, and grounding systems. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified. In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference   Title 
ANSI C80.1   Rigid Steel Conduit-Zinc Coated 
ANSI C80.3   Electrical Metallic Tubing-Zinc Coated 
ASTM A48 REV A  Gray Iron Castings 
ASTM A193/A193M  Alloy-Steel and Stainless Steel Bolting Materials for High  
    Temperature Service 
ASTM F512   Smooth-Wall Polyvinylchloride Conduit and Fittings for  
    Underground Installation 
FEDSPEC WW-C-581E  Conduit, Metal, Rigid and Intermediate; and Coupling, Elbow,  
    and Nipple, Electrical Conduit; Zinc Coated 
FEDSPEC W-C-1094A  Conduit and Conduit Fitting Plastic, Rigid 
NEMA ICS 6   Industrial Control and Systems Enclosures 
NEMA RN1   Polyvinyl Chloride (PVC) externally Coated Galvanized Rigid  
    Steel Conduit and Intermediate Metal Conduit 
NEMA TC2   Electrical Plastic Tubing (EPT) and Conduit (EPC 40 and EPC  
    80) 
NEMA TC6   PVC and ABS Plastic Utilities Duct for Underground Installation 
NEMA VE-1   Metal Cable Tray Systems 
NEMA 250   Enclosures for Electrical Equipment (1000 volts maximum) 
NFPA 70   National Electrical Code (NEC) 
NFPA 79   Electrical Standards for Industrial Machinery 
UL 1    Flexible Metal Electrical Conduit 
UL 6    Rigid Metal Electrical Conduit 
UL 360    Liquid Tight Flexible Electrical Conduit 
UL 651    Rigid Nonmetal Electrical Conduit 

1.03 SUBMITTALS 

A. Procedures: Section 01300. 

B. Include manufacturer’s catalog cuts as specified by Section 16000. Include general information 
and detailed specifications for the products specified in this Section. 

C. Certifications and calculations that raceway supports meet the seismic requirements specified in 
Sections 16000, 01031, and this section. 

D. Complete cable tray system design drawings including bill of material and structural/seismic 
calculations. 
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PART 2  PRODUCTS 

2.01 RACEWAY 

A. General requirements for raceway materials specified in this Section are listed in the 
RACESPECS sheets at the end of this Section.  The type of raceway to be used for any given 
area and application shall conform to the requirements of Table A in this Section. 

2.02 BOXES AND FITTINGS 

A. Pull Boxes and Wiring Gutters: 
1. Device and junction boxes less than 6 inches square shall be Type FD galvanized cast 

ferrous. Boxes larger than FD boxes shall be constructed of sheet steel, galvanized after 
fabrication, or NEMA 4X stainless steel of nonmetallic. 

2. Outdoor boxes and enclosures shall be provided with neoprene gaskets on the hinged doors 
or removable covers. 

3. Conduit bodies shall be ferrous alloy with screw taps for fastening covers. Gaskets shall be 
made of neoprene. 

4. Boxes and enclosures in corrosive areas shall be NEMA 4X stainless steel or nonmetallic. 
5. Boxes in classified areas shall be NEMA Class 7 galvanized cast ferrous. 
6. Box and gutter sizes, metal thickness, and grounding shall comply with the National Electrical 

Code. 
7. Bolt-on junction box covers 3 feet square or larger, or heavier than 25 pounds, shall have a 

rigid handle. 
8. Covers larger than 3 by 4 feet shall be split. 

B. Terminal Cabinets: 
1. Terminal cabinets located indoors shall be NEMA 4. 
2. Cabinets located outdoors and in corrosive areas shall be NEMA 4X. 
3. Cabinets shall be provided with hinged doors. 
4. Adjustable terminal strip mounting accessories shall be provided. 
5. Cabinets shall be provided with channel mounted terminal blocks rated 30 A, 600 Vac. 
6. Terminals shall be No. 8 minimum strap-screw type, suitable for ring tongue or locking spade 

terminals. 

C. Conduit Seals: 
1. Install conduit seals for use in classified areas where shown in all conduit runs leaving the 

space. They shall be of the EYS or EZS type with male and female hubs. 
2. Use PVC-coated fittings with urethane interior coating for PVC-coated RGS; use copper free 

cast aluminum for rigid aluminum. 
3. The sealing compound shall be as prescribed by the manufacturer of the sealing conduit 

body. 
4. Use the sealant, such as Chico, in areas that are defined as classified and meet the NEC 

requirements for Article 500. 

2.03 RACEWAY SUPPORTS 

A. Conduit Supports: 
1. Provide hot-dip galvanized framing channel with end caps to support groups of conduit. 
2. Individual conduit supports shall be one-hole galvanized malleable iron pipe straps used with 

galvanized clamp backs and nesting backs where required. 
3. Conduit supports for PVC-coated rigid steel and PVC conduit systems shall be one-hole 

PVC-coated rigid steel or clamps conduit wall hangers. 

B. Ceiling Hangers: 
1. Ceiling hangers shall be adjustable galvanized carbon steel rod hangers as specified. Straps 

or hangers of plumber’s perforated tape are not acceptable. 
2. Unless otherwise indicated, hanger rods shall be 1/2-inch all-thread rod and shall meet ASTM 

A193. 
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3. Hanger rods in corrosive areas and those exposed to weather or moisture shall be stainless 
steel. 

C. Suspended Raceway Supports (Racks): 
1. Suspended raceway supports shall consist of concrete inserts, galvanized carbon steel rod 

hangers, and jamb nuts supporting hot-dip galvanized framing channel or lay-in pipe hangers 
as required. 

2. Unless otherwise indicated, hanger rods shall be 1/2-inch all-thread rod and shall meet ASTM 
A193. 

3. Brace all suspended raceway supports at 30-foot intervals (alternating from one side to the 
other) to meet specified seismic requirements. 

D. Design by Professional Engineer: 
1. 1Raceway and cable tray supporting systems, structures, and elements shall be designed to 

meet seismic and other building structural requirements and to support the static and 
dynamic load of the wiring and raceways that they will carry. Systems to be installed shall be 
reviewed and sealed by a Washington State Registered Professional Structural Engineer to 
ensure conformance with IBC seismic, building, and load requirements. 

2.04 CONCRETE ENCASED DUCT BANKS 

A. Concrete used for duct banks shall be Type CDF with red oxide added per Controlled Density Fill 
(CDF) Section 03310. Concrete used for protective cap shall be Class E with red oxide added as 
specified in the Cast-in-Place Concrete Section 03300. 

B. Conduit embedded in concrete which is in contact with the earth shall be separated from the 
earth by at least 3 inches of concrete. Clearances equal to the nominal conduit diameter, but not 
less than 1-1/2 inches, shall be maintained between conduits encased in slabs. Clearances of 
less than 1-1/2 inches at conduit crossing and terminating locations are not acceptable. 
Galvanized rigid steel conduit encased in concrete shall have two coats of Bituplastic applied and 
thoroughly dried before encasement. 

C. Expansion fittings shall be provided whenever embedded conduit crosses building expansion 
joints, between 2 adjacent structures, and between a duct bank and structure. 

D. Duct banks shall be placed on an undisturbed soil base. Use Class B backfill as specified in 
Section 02200 as a base when an undisturbed soil base is not available. Backfill over the duct 
bank shall be consistent with the backfill required for the immediate area. The fill shall be brought 
up to finish grade. 

E. Duct banks where upper surface is required to be exposed thus forming a walkway shall have the 
top surface finished smooth and level and free from defects. In these cases, do not add red 
pigment to the cement. 

F. Locate plastic conduit spacers used in duct bank installations 5 feet on centers. Secure the 
spacers to the conduits by wire ties. The duct bank shall be securely anchored to prevent conduit 
flotation while the concrete is being placed. Conduit runs shall be watertight. 

G. The ends of conduits shall be protected from damage during construction by using plastic plugs. 
A 1/4-inch hole shall be drilled in the lower portion of the plug to provide drainage. 

2.05 UNDERGROUND MARKING TAPE 

A. Provide underground marking tape. 

B. Used for early warning protection of digging around reinforced concrete duct banks. 

C. Low density polyethylene plastic, nominally 6 inches wide and 4-mil thickness. 

D. Plastic Color: Red. 
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E. Imprinted continuously along the length, with message reading similar to “CAUTION – STOP 
DIGGING – BURIED ELECTRIC LINE BELOW.” 

F. Acceptable Manufacturer: 
1. Brady “Identoline.” 
2. Services and Materials “Buried Underground Tape.” 
3. Somerset (Thomas & Betts) “Protect-A-Line.” 
4. Approved equal. 

G. G. Underground Marking Tape for Directly Buried Conduits: 
1. 1. 6-inch wide metallic lined tape with red polyethylene film on top and clear polyethylene 

film on the bottom. 
2. 2. The message shall be clearly printed with black over red tape and shall read “CAUTION 

ELECTRIC LINE BURIED BELOW.” 

2.06 NAMEPLATES 

A. Provide nameplates for all boxes in accordance with the requirements of Section 16000. 
Nameplate wording shall be as indicated on the drawings. 

B. Where no wording is specified, the Contractor shall provide the functional description of the 
device on the nameplate. 

2.07 FIRESTOPS 

A. Apply in accordance with manufacturer’s recommendations. 

B. Acceptable Manufacturers: 
1. Flamemastic 77. 
2. Vimasco No. 1-A. 
3. Approved equal. 

C. Products which are affected by water are not acceptable. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Specific raceway types and applications are indicated on the drawings and/or in the raceway 
schedule. When not indicated on the drawings and/or in the schedule Table A specifies the type 
of raceway required for each location and application by RACESPEC sheet. Use fittings, hubs 
and boxes as specified by the raceway type in RACESPEC. Unless otherwise indicated, in Table 
A, unscheduled conduit shall be galvanized rigid steel, RACESPEC type GRS. 

TABLE A 
Location Application/Condition RACESPEC 
Indoor noncorrosive Exposed GRS 
Indoor corrosive Exposed PGRS 
Outdoor Exposed PGRS 
Concealed Embedded in concrete structure 

or beneath slab-on-grade 
GRS 

Underground Instrumentation, communications 
and data signals encased in 
concrete, duct bank 

GRS 

Underground Instrumentation, communications 
and data signals directly buried 

PGRS 

Underground Power and control signals 
directly buried 

PGRS 

Underground Power encased in concrete, duct 
bank 

PVC8 
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Non-Classified Final connection to equipment 
and light fixtures 

LFS 

Underground Telephone service direct buried PVC8 
Architecturally finished 
areas 

Final connection to light fixtures FLEX 

Indoor Classified PGRS 

3.02 RACEWAY NUMBERING SYSTEM 

A. General: 
1. Identify each conduit; rack and tray shall be identified by a unique number shown in the 

drawings. 

B. Conduit Identification: 
1. Pressure stamp conduit numbers into a non-corrosive metal tag. Fix a tag with number to 

each end of each conduit and at each manhole, pullbox and handhole with Type 304 
Stainless Steel wire. 

3.03 CONDUIT 

A. General 
1. The number of directional changes of a conduit shall be limited to 270 degrees in any run 

between pull boxes. 
2. Conduit runs shall be limited to a maximum of 400 feet, less 100 feet or fraction thereof, for 

every 90 degrees of change in direction. 

B. Indoor and Outdoor Conduit Systems: 
1. Unless otherwise indicated, in general, conduit inside structures shall be exposed. 
2. Unless otherwise indicated, the Contractor shall be responsible for determining conduit 

routing that conforms to the installation requirements set forth herein. 
3. Install conduit to conform to the requirements of the RACESPEC sheets and the following: 

a. Install exposed conduit either parallel or perpendicular to structural members and 
surfaces. 

b. Two or more exposed conduits in the same general routing shall be in parallel with 
symmetrical bends. 

c. Exposed conduit shall be run on supports spaced not more than 8 feet apart. 
d. Where three or more conduits are located in parallel run, space them out from the wall 

using framing channel. 
e. Where conduits are suspended from the ceiling, support systems shall comply with the 

requirements of Section 16110. 
f. Secure conduit rack supports to concrete walls and ceilings by means of cast-in-place 

anchors or framing channel concrete inserts. 
g. Conduits shall be at least 6 inches from high temperature piping, ducts, and flues with 

temperatures higher than 90 degrees C. 
h. Install conduits between the reinforcing steel in walls or slabs which have reinforcing in 

both faces. In slabs which have only a single layer of reinforcing steel, place conduits 
under the reinforcement. 

i. Route conduit clear of structural openings and indicate future openings. 
j. Flash and seal watertight those conduits which pass through roofs or metal walls. 
k. Neatly group conduit into any openings cut into concrete and masonry structures, and 

grout using non-shrink type grout. 
l. During construction, cap conduits to prevent entrance of dirt, trash, and water. 
m. Terminate exposed conduit stubs for future use with galvanized pipe caps. 
n. Determine concealed conduit stubup locations from the manufacturer’s shop drawings. 
o. Terminate concealed conduit for future use in equipment or by galvanized couplings 

plugged flush with structural surfaces. 
p. Where the drawings indicate future duplication of equipment wired hereunder, provide 

concealed portions of conduits for future equipment. 
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q. Conduit installed horizontally shall allow headroom of at least 7 feet except where it may 
be installed along structures, piping, and equipment, or in other areas where headroom 
cannot be maintained because of other considerations. 

r. Terminate all conduits that enter enclosures by fittings that ensure that the NEMA rating 
of the enclosure is not affected or changed. 

s. Connect underground metallic or nonmetallic conduit that turns out of concrete, masonry 
or earth to a 90-degree elbow of PVC-coated rigid steel conduit before emergence. 

t. Transitions from concealed or underground or embedded locations to exposed or 
aboveground or above-grade locations shall be made using type PGRS conduit for a 
distance of at least 12 inches on either side of transition.  

u. Conduit across structural joints where structural movement is allowed shall have an OZ-
Gedney “Type DX” or Crouse-Hinds “Type XD,” bonded, weathertight expansion and 
deflection fitting of that conduit size. 

C. Underground Conduit System: 
1. All excavation, backfilling, and concrete work shall conform to respective Sections of these 

Specifications. Underground conduit shall conform to the following requirements: 
a. Unless otherwise indicated, all underground conduits shall be concrete encased.  
b. Concrete encasement on exposed outdoor conduit risers shall continue to 3 inches 

above grade, with top crowned and edges chamfered. 
c. Underground conduit bend radius shall be not less than 2 feet at vertical risers nor less 

than 3 feet elsewhere. 
d. Unless otherwise indicated, underground conduits and conduit banks shall have 2 feet 

minimum earth cover. 
e. Underground conduit banks through building walls shall be cast-in-place or concreted into 

boxouts with waterstops on all sides of the boxout. Waterstops shall be as specified in 
the Cast-in-Place Concrete Section 03300. 

f. Using a special rubber gasketed sleeve and joint assemblies, or with sleeves and 
modular rubber sealing elements, seal watertight those conduits not encased in concrete 
and passing through walls that have one side in contact with earth. 

g. Immediately upon completion of pouring concrete, thoroughly swab conduits on the 
inside. After the concrete has set, and before backfilling, pull a mandrel, having a 
diameter equal to the nominal conduit inside diameter minus 1/2 inch, and not less than 4 
inches long, through each conduit. If the mandrel showed signs of protrusions on the 
inside of the conduit, repair or replace the conduit.  

h. Provide all spare raceways with a nylon pull rope. 

3.04 RACEWAY SPECIFICATION (RACESPEC) SHEETS 

A. The following RACESPECS are included in this Section: 
RACESPEC Symbol Raceway Description 
FLEX Flexible steel conduit 
GRS Galvanized rigid steel conduit 
LFS Liquidtight flexible steel conduit 
PGRS PVC coated rigid steel conduit 
PVC8 Schedule 80 PVC conduit 
TRAY Cable tray 
WW Wireway and auxiliary gutter 

 
Raceway Identification: FLEX 
Description: Flexible steel conduit. 
Application: Final connection to lighting fixtures in architecturally 

finished areas only. 
Compliance: UL 1. 
Construction: Spirally wound galvanized steel strip with 

successive convolutions securely interlocked. 
Minimum Size: 1/2 inch. 
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Fittings: Compression type. 
Other: FLEX shall be provided with an internal ground 

wire. 
Installation Flexible steel conduit shall be made up tight and 

with conductive “coppershield” thread compound.  
 

Raceway Identification: GRS 
Description: Galvanized rigid steel conduit. 
Compliance: ANSI C80.1, UL 6. 
Finish: Hot-dip galvanized after fabrication, inside and 

outside. Smooth finished surfaces. 
Manufacturers: Allied Tube and Conduit Corp., Wheatland Tube 

Co., or equal. 
Minimum Size: Unless otherwise specified, 3/4 inch for exposed, 1 

inch for embedded, encased, or otherwise 
inaccessible. 

Fittings: Hubs: Insulated throat with bonding locknut, hot-dip 
galvanized. The hubs shall utilize a neoprene O-
ring and shall provide a watertight connection. O-Z 
Gedney, CHM-XXT, or equal. 

Unions: Electrogalvanized ferrous alloy type Appleton UNF 
or UNY, Crouse-Hinds UNF or UNY, or equal. 
Threadless fittings are not acceptable. 

Boxes:  
Indoor: Type FD cast ferrous for all device boxes and for 

junction boxes less than 6 inches square. NEMA 12 
welded steel 6 inches square and larger. Door shall 
have hinges with clamp locks. Boxes in process 
areas shall be NEMA 4 watertight. 

 Conduit Bodies: Ferrous alloy type with screw taps 
for fastening covers. Gaskets shall be made of 
neoprene. 

Outdoor and Wet Areas: Type FD cast ferrous for all devices and for junction 
boxes less than 6 inches square. NEMA 4X 
stainless steel or nonmetallic for 6 inches square 
and larger. 

Corrosive: NEMA 4X stainless steel or nonmetallic. 
Classified: NEMA Class 7 cast ferrous. 

Elbows:  
3/4� through 1-1/2�: Factory fabricated or field bent. 

2� through 6�: Factory fabricated only. 
Conduit Bodies:  

3/4� through 4�: Malleable iron, hot-dip galvanized, unless 
otherwise noted. Neoprene gaskets for all access 
plates. Tapered threads for all conduit entrances. 

5� and 6�: Electrogalvanized iron or cast iron box. 
Expansion Fittings: Expansion fittings in embedded runs shall be 

watertight and shall be provided with an internal 
bonding jumper. The expansion material shall be 
neoprene and shall allow for 3/4-inch movement in 
any direction. 

Manufacturers: Appleton, Crouse-Hinds, Hubbel, O.Z. Gedney, or 
equal. 

Installation: Galvanized rigid steel conduit shall be made up 
tight and with conductive “coppershield” thread 
compound. Joints shall be made with standard 
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couplings or threaded unions. Steel conduit shall 
be supported away from the structures using hot-
dip galvanized malleable iron straps with nesting 
backs. 

 Conduit entering boxes shall be terminated with a 
threaded hub with a grounding bushing. 

 Exposed male threads on galvanized rigid steel 
conduit shall be coated with zinc-rich paint. 

  
Raceway Identification: LFS 
Description: Liquid tight flexible steel conduit. 
Application: Final connection to equipment subject to vibration 

or adjustment. 
Compliance: UL 360. 
Construction: Spirally wound galvanized steel strip with 

successive convolutions securely interlocked and 
jacketed with liquidtight plastic cover. 

Minimum Size: 3/4 inch. 
Fittings: Cadmium-plated malleable iron body and gland nut 

with cast-in lug, brass grounding ferrule threaded to 
engage conduit spiral and O-ring seals around the 
conduit and box connection and insulated throat. 
Forty-five and 90-degree fittings shall be used 
where applicable. 

Installation: The length of flexible liquidtight conduit shall not 
exceed 15 times the trade diameter of the conduit. 
The length of liquidtight conduit shall not exceed 36 
inches. 

 Liquid-tight flexible steel conduit shall be made up 
tight and with conductive “coppershield” thread 
compound.  

 
Raceway Identification: PGRS 
Description: Galvanized rigid steel conduit, corrosion-resistant, 

polyvinyl chloride (PVC) coated. 
Compliance: ANSI C80.1, UL 6, NEMA RN1. 
Finish: PGRS shall be hot dipped galvanized rigid steel 

conduit. The inside and outside, as well as the 
threads shall be galvanized. A minimum 40-mil 
thick PVC coating shall be bonded to the outside of 
the conduit and the inside shall be coated with 2-
mil urethane. Coating shall be free of pinholes. 
Bending of conduit shall not damage either the 
interior or exterior coating. Bond strength shall 
exceed the tensile strength of the PVC coat. 
Elbows shall be factory made and coated. 

Minimum Size: 3/4 inch. 
Fittings: Similarly coated to the same thickness as the 

conduit and provided with Type 316 stainless steel 
hardware. A 2-mil urethane coating shall be applied 
to the interior, and the threads of all fittings and 
couplings. Conduit and fittings shall be 
manufactured by the same company. 

Hubs: Hubs for connection of conduit to junction, device, 
pull or terminal boxes shall be threaded and made 
of cast ferrous alloy. Hubs shall be galvanized steel 
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and have insulating bushings with bonding 
locknuts. The hubs shall utilize a neoprene O-ring 
and shall provide a watertight connection. 

Boxes:  
Non-Classified: NEMA 250, Type 4X stainless steel or nonmetallic. 

Classified: NEMA 250, Type 7D cast ferrous. 
Installation: PVC-coated conduit shall be supported away from 

the structure using PVC-coated conduit wall 
hangers. All conduit threads shall be covered by a 
plastic overlap which shall be coated and sealed 
per manufacturer’s recommendations. Plastic 
coated conduit shall be made tight with special 
wrenches and fittings designed for tightening PVC-
coated conduit. All threads shall be protected 
against corrosion per NEC 300.6 (a) by liberally 
applying an approved electrically conductive, 
corrosion-resistant compound – “coppershield.” 
Pipe wrenches and channel locks shall not be used 
for tightening plastic coated conduits. Damaged 
areas shall be patched, using manufacturer’s 
recommended material. The area to be patched 
shall be built up to the full thickness of the coating. 
Painted fittings are not acceptable. 

 
Raceway Identification: PVC8 
Description: Rigid nonmetallic conduit, extra heavy wall 

thickness for all locations including direct bury 
under roadways and where exposed to physical 
damage. 

Compliance: NEMA TC2, UL 651. 
Construction: Schedule 80, high-impact, polyvinylchloride (PVC). 
Minimum Size: 3/4 inch exposed; 1 inch embedded or encased. 
Fittings: PVC solvent weld type. 
Boxes:  

Indoor: NEMA Class 4, nonmetallic. 
Outdoor and Corrosive: NEMA Class 4X, nonmetallic. 

Installation: Exposed PVC conduit shall be run on supports 
spaced not more than 3 feet apart for conduits up 
to 1 inch 5 feet apart for conduits 1 1/4 inches to 2 
inches and 6 feet apart for conduits 2-1/2 inches 
and larger. PVC conduit shall not be provided 
where it will be damaged by heat. 

 PVC conduit shall have bell ends where terminated 
at walls. 

 
Raceway Identification TRAY 
Description: Cable tray, steel, ladder type with rungs and side 

rails. Bottom to side rail connections shall be 
positive mechanical joints to assure lateral and 
longitudinal stability. Rung spacing to be 9 inches 
on center. 

Compliance: NEMA VE-1. 
Loading and Deflection Requirements: The trays shall be designed and constructed to 

support a uniformly distributed load of 50 pounds 
per linear foot with a maximum deflection of 0.57 
inch when tested as a single 10-foot span, simple 
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beam. 
Dimensions: 3-inch minimum interior depth. 4-inch maximum 

outside depth. Width shall be as specified. Tray 
components shall be fabricated to a 1/16 inch 
tolerance. 

Finish: Hot-dip galvanized after fabrication. Smooth 
finished surfaces. 

Accessories: Fittings, barriers and covers shall be of the same 
materials, finish and construction as the straight 
trays. The minimum radius of side rails on 
horizontal elbows, vertical risers, tees and crosses 
shall be 12 inches except where specified 
otherwise. 

Covers Ventilated flanged cover. Length shown on 
drawings. 

Application: As indicated on the drawings. Install barriers within 
cable tray to separate signal cables from power 
and control cables. 
 

Grounding: Cable trays shall be connected to the plant 
Grounding Grid and grounded throughout their 
length by a continuous #3/0 bare copper conductor 
routed along the outside of the side rail and bonded 
at regular intervals. 

Design and Installation: Cable trays shall be supported directly from the 
building structure using suitable hangers, rods, 
brackets, seismic bracing, and anchors with a 
safety factor of at least two times the cable tray 
design weight when filled with cables to rated tray 
capacity. Indirect support from other materials such 
as ductwork, piping or suspended ceilings is not 
permitted. Manufacturer shall provide design 
drawings of the complete cable tray system 
including a bill of material. Structural and seismic 
calculations shall be provided by the cable tray 
manufacture. Manufacturer shall furnish all 
supporting materials and anchors, or clearly specify 
in a detail any materials that the Contractor must 
purchase for installation. 

Submittals: A complete set of shop drawings is required for all 
cable tray runs and shall include all support 
locations and supporting and anchoring materials. 

 
Raceway Identification: WW 
Description: Wireway and auxiliary gutter, flanged, oiltight type 

with hinged covers. 
Compliance: JIC EMP-1 
Minimum Size: 4-inch by 4-inch. 
Finish: Hot-dip galvanized after fabrication, inside and 

outside. Smooth finished surfaces. 
Application: As indicated on the drawings. 

END OF SECTION 
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SECTION 16120 

600 VOLT CONDUCTORS AND CABLES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies conductors and cables rated 600 volts used for power, lighting, receptacle, 
signal, and control circuits. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 

Reference   Title 
ASTM B3   Soft or Annealed Copper Wire 
ASTM B8   Concentric-Lay-Stranded Copper Conductors, Hard, Medium-

Hard,  
     or Soft 
ASTM B33   Tinned Soft or Annealed Copper Wire for Electrical Purposes 
ASTM B189   Lead-Coated and Lead-Alloy-Coated Soft Copper Wire for 

Electrical  
     Purposes 
ICEA S-68-516  Ethylene-Propylene-Rubber-Insulated Wire  
IEEE 383   Type Test of Class IE Electric Cables, Field Splices, and  
     Connections for Nuclear Power Generating Stations 
NEMA WC7   Cross-Linked-Thermosetting Insulated Wire and Cable for the  
     Transmission and Distribution of Electric Energy 
NEMA WC57/ICEA S-73-532 Standard for Control Cables 
NEMA WC70/ICEA S-95-658 Non-Shielded Power Cables Rated 2000 V or less 
NEC 310-12   General Conductors Color Code 
NFPA 820   Fire Protection in Wastewater Treatment and Collection Facilities 
NFPA 70   National Electric Code (NEC) 
UL 44    Rubber-Insulated Wires and Cables 
UL 83    Thermoplastic-Insulated Wires and Cables 
UL 1277   Type TC Power and Control Tray Cable 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Catalog cuts showing general information of the conductors and cable. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Unscheduled Conductors and Cables: 
1. With the exception of lighting, communication, paging, security and receptacle circuits, the 

type, size and number of conductors shall be as specified on the drawings. 
2. Lighting and receptacle circuit conductors are not shown on the drawings and shall be sized 

by the Contractor in accordance with the NEC to limit voltage drop to 3 percent. 
3. Minimum size of lighting and receptacle circuits shall be 12 AWG. 
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4. Number and types of communication, paging, and security cables shall be as required for the 
particular equipment provided. 

5. Unless otherwise indicated, provide lighting and receptacle circuit conductors in accordance 
with CABLESPEC "XHHW-2". 

B. Cable Specification Sheets (CABLESPEC):  General requirements for conductors and cables 
specified in this Section are listed on CABLESPEC sheets in Section 16120. 

2.02 COLOR CODING 

A. General: 
1. Multi-conductor power and control cable colors shall be manufacturer's standard. 
2. Single conductor control conductor color shall be yellow, except for the grounded conductor 

which shall be white.  

B. Power Conductors: 
1. Single-conductor power conductors shall be color coded in accordance with the following: 

Use Cable Color 
Three-phase, 480-volt power or 480/277 Phase A Brown 
 Phase B Orange 
 Phase C Yellow 
 Ground Green 
 Neutral Gray 
Three-phase, 120/208-volt power Phase A Black 
 Phase B Red 
 Phase C Blue 
 Neutral White 
 Ground Green 
Single-phase, 120/240-volt power Line 1 Red 
 Line 2 Black 
 Neutral White 
 Ground Green 

2. Cables sized No. 4 AWG and larger may be black with colored 3/4-inch vinyl plastic tape 
applied in 3-inch lengths around the cable at each end. 

3. Tag the cables at terminations and in pull boxes, handholes, and manholes. 

C. Signal Conductors:  Unless otherwise indicated, cables shall be color coded black and white for 
pairs or black, red, and white for triads. 

D. Control Conductors:  Control conductors color coding shall be manufacturer's standard. 

E. Signal Conductors:  Unless otherwise indicated, cables shall be color coded black and white for 
pairs or black, white, and red for triads. 

2.03 POWER AND CONTROL CONDUCTORS AND CABLE, 600 VOLT 

A. Single Conductor: 
1. Stranded and used in conduits for power and control circuits. 
2. Unless otherwise indicated, provide in accordance with CABLESPEC "XHHW-2". 

B. Multi-conductor Cable: 
1. Used for power and control circuits routed in cable tray. 
2. Cables shall be UL labeled, Type TC, designed for cable tray installation in accordance with 

NEC 340. 
3. The type of insulation, number of conductors, and size of conductor shall be as specified. 
4. Unless otherwise indicated, provide multiconductor power and control cable in accordance 

with CABLESPEC "MC". 
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5. Power Cable:  Containing three or four conductors, as specified, plus an equipment 
grounding conductor. 

6. Control Cable:  Unless otherwise indicated, shall be size 14 AWG. 

2.04 DIRECT BURIAL 

A. Unless otherwise indicated, direct burial shall be multiconductor type in accordance with 
CABLESPEC "MC". 

2.05 SIGNAL CABLES 

A. General: 
1. Provide signal cable for instrument signal transmission, alarm, communication and other 

circuits as specified.  Circuit shielding shall be provided in addition to cable shielding. 
2. Provide circuits for Type a and b signals specified in Section 17000 in compliance with the 

instrument manufacturer's recommendations. 
3. Unless otherwise indicated, provide single circuit signal cable in accordance with 

CABLESPEC "SIC”. 
4. Unless otherwise indicated, provide multi-circuit signal in accordance with CABLESPEC 

"MIC”. 

B. Communication, Paging, and Security System Cables: Communication, paging, and security 
system cables shall be as specified in Division 17. 

2.06 PORTABLE CORD 

A. Unless otherwise indicated, provide portable cord in accordance with CABLESPEC "CORD”. 

B. Cords shall contain an equipment grounding conductor.   

2.07 SPLICING AND TERMINATING MATERIALS 

A. Connectors: 
1. Tool applied compression type of correct size and UL listed for the specific application. 
2. Tin-plated high conductivity copper. 
3. For wire sizes No. 10 AWG and smaller:  Nylon self-insulated, ring tongue or locking-spade 

terminals. 
4. For wire sizes No. 8 AWG and larger:  One-hole lugs up to size No. 3/0 AWG, and two-hole 

or four-hole lugs for size No. 4/0 and larger. 
5. Mechanical clamp, dimple, screw-type connectors are not acceptable. 

B. Motor Connection Kits: 
1. Shall consist of heat-shrinkable, polymeric insulating material over the connection area and 

high dielectric strength mastic to seal the ends against ingress of moisture and 
contamination. 

2. Shall accommodate a range of cable sizes for both in-line and stub-type configurations. 
3. Shall be independent of cable manufacturer's tolerances. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Identify each power and control conductor at each terminal to which it is connected.  The marking 
system shall comply with Section 16000. 

B. Wire Pulling: 
1. Complete the pulling of wire and cable into conduit or trays without damaging or putting 

undue stress on the cable insulation. 
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2. Soapstone, talc or UL listed pulling compounds are acceptable lubricants for pulling wire and 
cable. 

3. Grease is not acceptable. 
4. Raceway construction shall be complete, cleaned, and protected from the weather before 

cable is placed. 

C. Whenever a cable leaves a raceway, provide a cable support. 

D. When flat bus bar connections are made with unplated bar, the Contractor shall scratch-brush the 
contact areas.  Torque bolts to the bus manufacturer's recommendations. 

3.02 600 VOLT CONDUCTOR AND CABLE 

A. Lacing and Bundling: 
1. Lace and bundle conductors in panels and electrical equipment, No. 6 AWG and smaller, at 

intervals not greater than 6 inches, spread into trees and connected to their respective 
terminals. 

2. Lacing shall be made up with plastic cable ties. 
3. Lacing is not necessary in plastic panel wiring duct. 
4. Bundle conductors crossing hinges into groups not exceeding 12 and arrange so that they 

will be protected from chafing when the hinged member is moved. 

B. Slack: 
1. Provide slack in junction and pull boxes, handholes and manholes. 
2. Slack shall be sufficient to allow cables or conductors to be routed along the walls of the box. 
3. Amount of slack shall be equal to largest dimension of the box. 
4. Where plastic panel wiring duct is provided for wire runs, lacing is not required. 
5. Do not use plastic panel wiring duct in manholes and handholes. 

C. Stranded Conductors: 
1. Terminate as described in Section 16120, except where terminals will not accept such 

terminations. 
2. In these cases, terminate the conductors directly on the terminal block. 
3. Install compression lugs and connectors using manufacturer's recommended tools. 

D. Raceway fill limitations shall be as defined by NEC and the following: 
1. Lighting and receptacle circuits may be in the same conduit in accordance with derating 

requirements of the NEC. 
2. However, lighting and receptacle circuits shall not be in conduits with power or control 

conductors. 

E. Make terminations at solenoid valves, 120 volt motors, and other devices provided with pigtail 
leads using self-insulating tubular compression connectors. 

3.03 SIGNAL CABLE 

A. Circuits: 
1. Run as individually shielded twisted pairs or triads. 
2. Do not, in any case, make up a circuit using conductors from different pairs or triads. 
3. Use triads wherever 3-wire circuits are required. 
4. Unless otherwise indicated, provide terminal blocks at instrument cable junctions, and identify 

circuits at such junctions. 
5. Run signal circuits without splices between instruments, terminal boxes, or panels. 

B. Shields are not acceptable as a signal path, except for circuits operating at radio frequencies and 
utilizing coaxial cables. 

C. Common ground return conductors for two or more circuits are not acceptable. 
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D. Unless otherwise indicated, bond shields to the signal ground bus at the control panel and 
isolated from ground and other shields at other locations.  Provide terminals for running signal 
leads and shield drain wires through junction boxes. 

E. Shield Drain Wire: 
1. Terminate spare circuits and the shield drain wire on terminal blocks at both ends of the cable 

run and cause to be electrically continuous through terminal boxes. 
2. Do not ground shield drain wires for spare circuits at either end of the cable run. 

F. Terminal Boxes: 
1. Provide at instrument cable splices. 
2. If cable is buried or in raceway below grade at splice, provide an instrument stand as 

specified with terminal box mounted approximately 3 feet above grade. 

G. Install and terminate cable for paging, telephone, and security systems in compliance with the 
manufacturer's recommendations. 

3.04 PORTABLE CORD 

A. Portable cord feeding permanent equipment, such as pendant cords, pumps, cranes, hoists, and 
portable items shall have a wire mesh cord grip of flexible stainless steel wire to take the tension 
from the cable termination. 

B. Connect portable cords to permanent wiring with the use of terminals. 

C. Use in-line taps and splices only where specified. 

3.05 TESTING 

A. General:  The Contractor shall test conductors and cable in accordance with Section 16000 and 
Section 16030. 

B. Signal Cable: 
1. Test each signal pair or triad for electrical continuity. 
2. Test each shield drain conductor for continuity.  Shield drain conductor resistance shall not 

exceed the loop resistance of the pair or triad. 
3. Test each conductor (signal and shield drain) for insulation resistance with all other 

conductors in the cable grounded. 
4. Instruments used for continuity measurements shall have a resolution of 0.1 ohms and an 

accuracy of better than 0.1 percent of reading plus 0.3 ohms.  Use a 500 volt megohmmeter 
for insulation resistance measurements. 

3.06 SCHEDULES 

A. Cables are scheduled in on the drawings. 

3.07 CABLE SPECIFICATION SHEETS (CABLESPEC) 

A. General: 
1. Conductor and cable types for different locations, service conditions and raceway systems 

are specified on individual cable specification sheets (CABLESPECS). 
2. Install scheduled and unscheduled conductors and cables in accordance with the 

CABLESPECS. 

B. CABLESPEC SHEETS:  CABLESPEC sheets follow. 
Cable System Identification: MC 
Description: Multiconductor power and control cable, No. 1/0 

AWG and larger, approved for tray installation and in 
accordance with UL 1569 

Voltage: 600 volts 
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Conductor Material: Bare annealed copper; stranded in accordance with 
ASTM B8 

Insulation: XHHW-2, 90 degree C dry, 75 degree C wet, 
crosslinked polyethylene in accordance with NEMA 
WC57 / ICEA S-73-532 (control cable), NEMA 
WC70 / ICEA S-95-658 (Power Cable), and UL 44. 

Assembly: Individual conductors cabled together with 
nonhydroscopic fillers and binding tape. 

Sheath: : Impervious, continuous, corrugated aluminum 
welded over cable core.  sheath shall meet the 
grounding conductor requirements of NEC table 
250-95 

Jacket: 50 mil minimum, polyvinylchloride (PVC) in 
accordance with UL 1277 

Flame Resistance: IEEE 383 
Manufacturer(s): Okonite, Houston Wire & Cable, or equal. 
Uses Permitted: Cable tray, direct burial, encased in concrete in 

normal or Class 1, Division 2 atmospheres. 
Execution:  
 Installation:  Install in accordance with Section 

16120. 
 Testing:  Test in accordance with Section 16000 and 

Section 16030. 
1.  

Cable System Identification: TC 
Description: Multiconductor power and control cable, No. 14 

AWG minimum through No. 1 AWG, approved for 
tray installation and in accordance with UL 1581 

Voltage: 600 volts 
Conductor Material: Bare annealed copper; stranded in accordance with 

ASTM B8 
Insulation: XHHW-2, 90 degree C dry, 75 degree C wet, 

crosslinked polyethylene in accordance with NEMA 
WC57 / ICEA S-73-532 (control cable), NEMA 
WC70 / ICEA S-95-658 (Power Cable), and UL 44. 

 Assembly: Individual conductors cabled together with 
nonhydroscopic fillers and binding tape. 

Jacket: 50 mil minimum, polyvinylchloride (PVC) in 
accordance with UL 1581 

Flame Resistance: IEEE 383 
Manufacturer(s): Okonite, Houston Wire & Cable, or equal. 
Uses Permitted: Cable tray, direct burial, encased in concrete in 

normal or Class 1, Division 2 atmospheres. 
Execution:  
 Installation:  Install in accordance with Section 

16120. 
 Testing:  Test in accordance with Section 16000 and 

Section 16030. 
2.  

Cable System Identification: XHHW-2 
Description: Single conductor Cross-linked polyethylene power 

and control cable  for sizes No. 14 AWG through 
No. 1 AWG 

Voltage: 600 volts 
Conductor Material: Bare annealed copper; stranded in accordance with 
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ASTM B8 
Insulation: XHHW-2, 90 degree C dry, 75 degree C wet, cross-

linked polyethylene in accordance with NEMA 
WC57/ ICEA S-73-532 (control cable), NEMA 
WC70/ ICEA S-95-658 (power cable). 

Jacket: None 
Flame Resistance: N/A 
Manufacturer(s): Okonite, X-Olene; Cablec, Durasheath XLP; or 

equal 
Execution:      Installation:  Install in accordance with Section 

16120. 
 Testing:  Test in accordance with Section 16000 and 

Section 16030. 
3.  

Cable System Identification: SIC 
Description: Single twisted, shielded pair or triad, 16 AWG, 

instrumentation cable, UL listed 
Voltage: 600 volts 
Conductor Material: Bare annealed copper; stranded in accordance with 

ASTM B8 
Insulation: 15 mil, 90 degree C, polyvinylchloride (PVC) with 4 

mil nylon conduit or jacket 
Lay: Twisted on a 2-inch lay 
Shield: 100 percent, 1.35 mil aluminum-Mylar tape with 18 

AWG 7-strand tinned copper drain wire 
Jacket: 45 mil polyvinylchloride (PVC) 
Flame Resistance: UL 1277 
Manufacturer(s): Okonite, Okoseal-N type P-OS; or equal 
Execution:  
 Installation:  Install in accordance with Section 

16120. 
 Testing:  Test in accordance with Section 16120. 

4.  
Cable System Identification: MIC 
Description: Multiple twisted, shielded pairs or triads, 16 AWG, 

instrumentation cable, UL listed 
Voltage: 600 volts 
Conductor Material: Bare annealed copper; stranded in accordance with 

ASTM B8 
Insulation: 15 mil, 90 degree C, polyvinylchloride (PVC) with 4 

mil nylon conduit or jacket 
Lay: Twisted on a 2-inch lay 
 Shield: 100 percent, 1.35 mil aluminum-Mylar tape with 18 

AWG 7-strand tinned copper drain wire 
Overall Shield: 2.35 mil aluminum-Mylar tape with a No. 20 AWG 7-

strand tinned copper drain wire 
Jacket: 45 mil polyvinylchloride (PVC) 
Flame Resistance: UL 1277 
Manufacturer(s): Okonite, Okoseal-N type SP-OS; or equal 
Execution:  
 Installation:  Install in accordance with Section 

16120. 
 Testing:  Test in accordance with Section 16120. 

5.  
Cable System Identification:  CORD 
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Description: Portable Cord, 10 AWG and smaller, UL listed, type 
SO; larger than 10 AWG, UL listed type G 

Voltage: 600 volts 
Conductor Material: Flexible rope stranded per ASTM B189 and B33.  

Conductors shall be coated except ground 
conductors may be uncoated. 

Insulation: Bare annealed copper; stranded in accordance with 
ASTM B8.  Insulation shall be ethylene propylene 
(EPR) as per ICEA S-68-516 and rated for 
continuous operation at 90 degrees C. 

Jacket: Heavy-duty neoprene as per ICEA S-68-516. 
Manufacturer(s): Okonite, Okocord; or equal 
Execution: Installation:  Install in accordance with Section 

16120. 
 Testing:  Test in accordance with Section 16000 and 

Section 16030. 

END OF SECTION 
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SECTION 16140 

WIRING DEVICES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies wiring devices consisting of receptacles, plugs, switches, and 
appurtenances. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
NEMA 250  Enclosures for Electrical Equipment (1,000 volts maximum) 
NEMA 5 
NEMA WD-1  General Purpose Wiring Devices   
NFPA 70  National Electrical Code (NEC) 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Product Data. 

C. Catalog cuts for all materials. 

PART 2  PRODUCTS 

2.01 GENERAL REQUIREMENTS 

A. UL-list wiring devices for the current, voltage, and frequency specified and complying with NEMA 
WD-1. 

B. Use devices containing provisions for back wiring and side wiring with captive held metallic 
binding screws. 

C. Devices are to be brown, except those located in finished areas are to be ivory. 

D. All to be supplied by a single manufacturer. 

E. Enclosures shall meet or exceed requirements of NEMA 250. 

2.02 RECEPTACLES AND PLUGS 

A. General:  Grounding type. 
1. Receptacles to be grounding type. 
2. Provide outdoor receptacles with weatherproof lift covers. 

B. 120V Receptacles: 
1. Indoor, clean areas: 

a. Duplex 20 amp NEMA 5-20R that accept NEMA 5-15P or 5-20P plug caps. 
b. Acceptable manufacturer: 

1) Hubbell 5362. 
2) Arrow Hart. 
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3) Approved equal. 
2. Where the manufacturer of cord connected equipment requires an isolated ground, provide a 

receptacle with isolated ground. 
3. Isolated ground receptacles: 

a. Acceptable manufacturers: 
1) Hubbell IG-5362. 
2) Arrow Hart 6766. 
3) Approved equal. 

4. Classified Areas: 
a. Acceptable manufacturers: 

1) Crouse Hinds, FSQ 20 Amps 600 VAC. 
2) Appleton, FSQX Series. 
3) Approved equal suitable for classified areas. 

C. 250V receptacles: 
1. Duplex 15-amp NEMA 6-15R that accepts NEMA 6-15P plug caps. 
2. Acceptable manufacturers: 

a. Hubbell 5662. 
b. Arrow Hart. 
c. Approved equal. 

D. Three Phase Receptacles and Plugs: 
1. Receptacles: 

a. Suitable for 480V, 3-phase, 4-wire service, with ampere ratings as specified. 
b. Provided complete with cast back box, angle adapter, gaskets, and a gasketed screw-

type, weathertight cap with chain fastener. 
c. Provide each receptacle with one plug. 

2. Receptacles and plugs:  Designed so that the grounding pole is permanently connected to 
the housing. 

3. Contacts: 
a. The grounding pole shall make contact before the line poles are engaged when the plug 

is connected to the receptacle housing. 
b. The plug sleeve shall make contact with the receptacle housing before the line and load 

poles make contact. 
4. Acceptable manufacturers: 

a. Crouse-Hinds "Arktite”. 
b. Appleton "Powertite". 
c. Approved equal. 

E. Receptacles for hazardous areas: 
1. Rate receptacles for use in hazardous areas in accordance with NEC for the area in which 

they are to be located and factory seal. 
2. Design receptacles so the plug must be inserted and turned before load is energized. 
3. Provide receptacles with mounting box, sealing chamber and compatible plug. 
4. Voltage and current ratings to be as specified. 
5. Acceptable manufacturers: 

a. Appleton "U-Line". 
b. Crouse Hinds. 
c. Approved equal. 

F. Male plug caps for 120V and 250V receptacles: 
1. Cord grip armored type with heavy phenolic housing, of the same manufacture as the 

receptacle. 
2. Rate plug caps at 15 amps. 
3. Provide one plug cap for every 4 receptacles, with a minimum of 2 plug caps. 
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2.03 SWITCHES 

A. General Purpose (Indoor, Clean Areas): 
1. General purpose switches:  Quiet AC type, specification grade, with rated capacities as 

required. 
2. Match receptacles in color. 
3. Acceptable manufacturers: 

a. Arrow Hart. 
b. Hubbell. 
c. Approved equal, as follows: 

 15A, 120-277V 20A, 120-277V 
 Arrow Hart Hubbell Arrow Hart Hubbell 
Single: 1891 1201 1991 1221 
Three-way 1893 1203 1993 1223 
Four-way 1894 1204 1994 1224 
SPST 
momentary 

1895  1995  

B. Protected low-voltage control switches: 
1. Acceptable manufacturers: 

a. Sierra. 
b. Hubbell. 
c. Approved equal, with standard boxes and cover plates. 

C. Switches for hazardous areas: 
1. Switches for control of lighting and small single-phase power loads in hazardous areas:  

Factory assembled and sealed combination general purpose type switch in an explosion 
proof housing. 

2. Rate the switch in accordance with NEC for the area in which it is to be installed. 
3. External operating mechanism:  wing-type handle having the "ON" and "OFF" positions 

visible from the front. 
4. Acceptable manufacturers: 

a. Crouse Hinds Cat. No. EFS2129, 20 AMP. 277 VAC. 
b. Appleton, EDS Series. 
c. Approved equal. 

D. Switches for outdoor and corrosive areas: 
1. Maintained contact switches: 

a. Press switch type with a weatherproof hypalon or neoprene cover. 
b. Acceptable manufacturers: 

1) Arrow Hart. 
2) Hubbell. 
3) Approved equal. 

2. Momentary contact switches:  sealed contact pushbutton switches, rated NEMA 4X, mounted 
on a NEMA 4X control station. 

2.04 DEVICE PLATES 

A. Provide with switches. 

B. Non-corrosive indoor areas: 
1. Type 302 stainless steel device plates on sheet metal boxes. Sheet steel, zinc electroplated 

with chrome finish in all other indoor areas. 
2. Acceptable Manufacturer: 

a. Crouse-Hinds. 
b. Appleton. 
c. Approved equal. 
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C. Corrosive or outdoor areas:  Impact resistant, marine grade fiberglass. 

D. Factory provided explosion-proof equipment. 

E. Provide device plates for instrumentation power supply disconnect switches with general purpose 
switches and a lockoff feature with provision for a single padlock. 

F. Nameplates: 
1. Provide with engraved laminated phenolic nameplates with 1/8-inch white characters on 

black background as specified in Section 16000. 
2. Switches:  Identify panel and circuit number and area served. 
3. Receptacles:  Identify circuit and also voltage if other than 120V, single phase. 
4. Indoor nameplates may be secured by epoxy glue. 
5. Secure outdoor or corrosive area nameplates with Type 304 stainless steel screws. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Boxes: 
1. Independently support boxes by galvanized brackets, expansion bolts, toggle bolts, or 

machine or wood screws as appropriate. 
2. Do not use wooden or plastic plugs inserted in masonry or concrete as a base to secure 

boxes.  Do not use welding or brazing for attachment. 

B. Unless otherwise indicated, flush mount receptacles and switches installed in sheet steel boxes. 
Locate flush-mounted receptacles 18 inches above the finished floor. 

C. Mount switch boxes 48 inches above the floor.  Locate receptacles installed in cast device boxes 
48 inches above the finished floor. 

D. Wire all 480V receptacles to suit the plant's standard phase rotation. 

E. Test wiring devices for correct connections. 

F. Perform all work in accordance with NFPA 70 and these specifications. 

END OF SECTION 
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SECTION 16158 

480-VAC VARIABLE FREQUENCY DRIVES 5 - 500 HORSEPOWER 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section specifies variable frequency drive (VFD) controllers, 5 to 500 horsepower.  The 
controllers are to include converters, inverters, control functions, instrumentation, filters, 
protective equipment and accessories necessary to provide the specified functions and features.    

B. Unit Responsibility:  Equipment systems made up of two or more components shall be 
coordinated and assembled as a unit by the responsible manufacturer.  The responsible 
manufacturer shall assure selected components of the system for compatibility, ease of 
construction and efficient maintenance.   

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
ANSI C37.90  Relays and Relay Systems Associated with Electric Power Apparatus 
ETL   ETL Testing Labs 
NEMA ICS6  Enclosures for Industrial Control and Systems 
NEMA ST20  Dry Type Transformers for General Applications 
IEEE C62.41  Recommended Practice for Surge Voltages in Low-Voltage AC Power 
IEEE 519  IEEE Recommended Practices and Requirements for Harmonic Control  
   in Electrical Power Systems 
UL Standard 508 Industrial Control Equipment 
NFPA 70  National Electrical Code 

B. Source Quality Control: 
1. Listed and labeled by Underwriter's Laboratories, Inc. (UL), ETL, or Canadian Standards 

Association (CSA). 
2. All upgrades to specified requirements per UL 508 or ETL. 

C. Stand Alone Factory Test:  The Project Representative reserves the right to observe factory tests 
on the VFD controller. 

D. Compatibility:  VFD controller's performance shall be compatible with and tolerant of disturbances 
produced by other VFD controllers and not interfere with each other. 

E. Harmonics: 
1. All line side harmonic suppression devices used to eliminate or deal with harmonics in any 

way shall be contained within the VFD enclosure and shall be integral with the VFD 
controller. 

2. Use of input line filters external to the VFD shall not be permitted to meet the specified 
harmonic levels contained in this Section. 

3. Output filters, used to protect motors from high voltage reflections, may be installed external 
to the VFD. 

4. VFD controller's performance shall be in compliance with the latest version of IEEE 519. 

F. Maintainability:  VFD controller's parts shall be interchangeable and modular for all controllers. 
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1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Catalog and technical data indicating the equipment meets the specifications. 

C. Installation instructions, outline dimensions and weights including filters and/or isolation 
transformers, front view drawing identifying control and monitoring devices, nameplate 
engravings, shipping section dimensions, weight, and foundation requirements or wall mounting 
requirements for all assemblies. 

D. External connection diagram showing function and identification of all terminals requiring field 
connections. 

E. Operations and Maintenance manuals as specified in Section 01730. 

F. Schematics and wiring diagrams. 

G. Plan drawings showing conduit entry locations. 

H. Efficiency and power factor calculations: 
1. Calculate efficiencies of the VFD controller including the auto-transformer (where applicable), 

ventilation fans, control power and all VFD losses. 
2. Calculate displacement and total power factor including filter. 
3. Perform calculations at 100, 75, and 50 percent speed. 

I. Calculations: 
1. For cooling and ventilation requirements 
2. For mounting base requirements 

J. Provide letters of certification from the VFD manufacturer and the motor manufacturer that the 
specific application has been reviewed and that the motor and drive combination will satisfy the 
torque and drive requirements under all conditions of operation and that VFD high voltage ringing 
on motor cables will not be detrimental to the motors. 

K. Certified final factory test procedure and results for each drive. 

L. Location and description of service center and spare parts stock. 

M. Recommended spare parts list. 

N. Certified copies of all material test reports. 

O. Training schedule and materials. 

P. Manufacturer's certification that the controller can withstand fault conditions on the load side 
based on the assumption that an infinite bus and 5 percent impedance on a 1,000 kVA delta-to-
wye service transformer exists on the supply side of the controller. 

Q. Test instruments used to perform factory testing, including documentation of calibration. 

R. Test documentation from post installation field testing. 

PART 2  PRODUCTS 

2.01 ACCEPTABLE MANUFACTURER 

A. Allen Bradley, Rockwell Automation 

B. No substitutions 
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2.02 PERFORMANCE AND DESIGN REQUIREMENTS 

A. General: 
1. Minimum Continuous Current Ratings:  115% nameplate current of driven motor at full 

voltage, torque and speed. 
2. Torque Requirements:  Variable. 
3. Enclosure: 

a. Freestanding or wall-mount. 
b. NEMA 1. 
c. Internal heatsink. 

4. The use of isolation transformers is not allowed. 

B. Equipment List: 
1. VFD 832,601 OCU Exhaust Fan Variable Frequency Drive 

2.03 FABRICATION REQUIREMENTS 

A. General Requirements: 
1. Pulse Width Modulated (PWM) drive design suitable for use with NEMA design B squirrel-

cage induction motors rated for inverter duty at 460 volt, 3 phase, 60 hertz with 1.15 service 
factor. 

2. Converters: 
a. For 6-pulse drives VFDs:  6-Pulse, multiple full wave, 3 phase, solid state rectifier bridge 

to convert incoming fixed voltage and frequency to a fixed DC voltage.  All components 
for converters shall be integral to the VFD enclosure. 

3. Inverter: 
a. Output voltage:  Adjustable and controlled by the value of output frequency to maintain a 

constant ratio of Volts per Hertz throughout the operating range.  The Volts per Hertz 
shall be internally field adjustable. 

b. Capable of varying the speed of any standard NEMA B or NEMA E design, squirrel cage, 
induction motor with a 1.15 service factor. 

c. A single unit, with no paralleling of smaller inverters. 
d. Suppresses output dV/dT high voltage spikes and shall be compatible with the motors 

provided under Section 11060. 
4. General Features: 

a. Microprocessor controlled pulse width modulation output voltage control strategy. 
b. Utilize pulse width modulation control techniques such that the maximum root mean 

square motor line current at rated voltage, torque and speed is less than 1.05 times that 
motor nameplate current. 

c. Power transistor output circuitry shall use insulated gate bipolar transistors (IGBT). 
d. Insensitive to incoming power phase sequence. 

5. Ratings: 
a. Rated Input Power:  460 Volt, plus 10 percent or minus 10 percent, 3 phase, 48 - 62 

Hertz incoming voltage imbalance of plus or minus 0.5 percent. 
b. Rated Output Power:  0-460 Volt, plus or minus 1 percent, 3 phase, 1-90 Hertz. 
c. Frequency Drift:  Plus or minus 0.5 percent. 
d. Voltage Regulation:  Plus or minus 1 percent rated value no load to full load. 
e. Speed Regulation:  3 percent. 
f. Ambient Temperature Range:  0-40 degrees Celsius. 
g. Atmosphere:  Non-condensing relative humidity to 95 percent. 
h. VFD Efficiency:  A minimum of 95 percent at 100-percent speed and torque at 40 

degrees Celsius ambient based upon measurement of input power versus output power 
with all specified components in system. 

i. Displacement Power Factor:  The minimum displacement power factor the VFD controller 
shall present to the AC system shall be 95 percent at all speeds.  The unit shall be 
designed to inherently provide this minimum power factor. 

j. Speed Range:  40:1. 
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k. Input Speed Signal:  A 4-20 mA DC from an external source.  Circuitry shall be isolated. 
l. Output Contacts:  Three electrically isolated, programmable auxiliary status contacts, 5 

amp at 120 VAC, for Ready, Run, and Fault. 
m. Output Speed Signal:  A 4-20 mA DC to an external sink.  Circuitry shall be isolated. 

6. Frequency control and regulation: 
a. Range:  4 mA DC at minimum equipment speed and 20 mA DC at maximum equipment 

speed. 
b. Accuracy:  1.0 percent of span. 
c. Deadband:  0.5 percent of span. 
d. Repeatability:  0.5 percent of span. 
e. Input signal impedance:  100 Ohms minimum, with isolated two-wire signal follower. 
f. Adjustable minimum and maximum output frequency limits. 
g. Independent timed linear acceleration and deceleration functions adjustable from 3 to 

300 seconds. 
7. Provide program to prevent operation of the VFD at a minimum of two critical speeds. 
8. Disconnects: 

a. For Allen-Bradley VFDs:  Provide input disconnect circuit breaker . 
b. Provide circuit breaker with through-the-door or flange-mounted handle and include door 

interlocks with defeater mechanisms. 
c. Provide the circuit breaker as integral component of the VFDs that are factory built into 

the VFD assemblies. 
9. VFD overload capacity:  110 percent of continuous current rating for one minute. 

B. Microprocessor Digital Control: 
1. Drive operating parameters programmable. 
2. Sealed keypad with pushbuttons or keypad with LED or LCD display, mounted on door with 

VFD inside the outer enclosure. 
3. Operating parameters, fault, and diagnostic data maintained in non-volatile memory with 

historic log of fault and diagnostic data for a minimum of the four most recent events, and is 
accessible via keypad and Ethernet port. 

4. Utilize English messages and engineering units. 
5. Menu driven. 
6. Password security. 
7. SCADA PLC (programmable logic controller) interface via copper Ethernet communication 

port: 
a. Adjust drive-operating parameter. 
b. Fault and diagnostic data accessible. 
c. Isolated from facility ground so that no connection of an Ethernet device by the facility 

power can cause damage to the SCADA PLC or the VFD serial communication ports. 
8. Display fault and diagnostic data. 

C. Basic Drive Features and Functions: 
1. Automatic Restart Feature: 

a. Field selectable. 
b. Faults: 

1) Overvoltage. 
2) Undervoltage. 
3) Loss of phase. 
4) Phase sequence. 

c. Final fault, requiring manual reset, if restart is not successful after three attempts at 30-
second intervals between restart attempts. 

d. Provide drive with the ability to start into a motor that is spinning in the forward direction 
and assume normal operation upon auto restart of the drive. 

2. Upon restoration of AC power after a loss of utility or standby power, the VFD controller shall 
restart unless the external start signal is not present and shall not require opening and 
reclosing the external contact.  The drive shall not require any type of reset command after a 
power outage. 
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3. 30 percent voltage dip ride through capability for one cycle. 

D. Adjustments: 
1. Maximum frequency:  Adjustable 60-90 Hertz. 
2. Minimum frequency:  Adjustable 6-40 Hertz. 
3. Speed:  Frequency maximum and frequency minimum. 
4. Independent acceleration and deceleration rates:  Field adjustable with minimum range of 3-

300 seconds. 
5. Voltage parameters:  Minimum and maximum voltage and Volts/Hertz. 
6. Current limit:  50 to 150 percent of drive limit for 1 minute. 
7. Inverse time overload:  NEMA Class 10. 
8. Speed shedding:  Automatic upon low voltage. 
9. Speed profile:  Starting ramp, stopping ramp, minimum speed, and maximum speed. 
10. Starting boost:  4%. 

E. Protective Features and Functions: 
1. Five percent (5%) drive input line reactor. 
2. Current limiting fuses, regulators, or other techniques for both internal and external fault 

protection. 
3. Overvoltage protection on the incoming AC line. 
4. Ground fault protection. 
5. Single-phase fault or 3-phase short-circuit on VFD output terminals without damage to any 

power component. 
6. Over-speed (over-frequency). 
7. Instantaneous overcurrent and overvoltage trip with inverse time overcurrent protection. 
8. Single phase and undervoltage trip. 
9. Power unit over-temperature. 
10. Electronic motor overload protection. 
11. De-saturation circuit protection for the following conditions: 

a. VFD fault. 
b. Motor protection interlock. 
c. Emergency stop. 

12. Transistor assembly overcurrent protection. 
13. Provides safe drive shutdown on following faults: 

a. Loss of input power. 
b. Sustained input undervoltage (minus 15 percent). 
c. Sustained gradual overload. 
d. Instantaneous severe overload. 
e. Power transistor over-temperature. 
f. Blown fuse. 
g. Logic power supply failure. 

14. Voltage transients:  Provide solid state line transient protection up to 6,000 volts peak per 
IEEE C62.41. 

15. Overcurrent protection: 
a. The VFD system shall provide adjustable electronic current limit.  Current shall be 

accurate to within 1.0 percent and shall smoothly limit motor speed at whatever value is 
necessary to limit motor current to that value. 

b. The VFD shall provide motor running overcurrent protection in compliance with NFPA-70. 
16. Short-circuit protection: 

a. The VFD shall be fully protected against load faults. 
b. Bolted, phase to phase, or phase to ground faults shall not damage the unit. 
c. Fault protection shall be based on a power source short circuit capacity of 22,000 Amps 

RMS symmetrical at the VFD power input terminals.  Any impedance or other current 
limiting necessary to meet this requirement shall be provided as part of the VFD system, 
and any losses caused by current limiting devices shall be included in efficiency 
calculations for the VFD system. 
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17. Line voltage:  The VFD shall be protected against high and low line voltage on one or more 
phases. 

18. Internal faults:  The VFD shall incorporate an internal fault monitoring system to detect 
malfunctions.  This system shall be designed to protect the VFD from transient and sustained 
faults and to limit damage that may be caused by these faults. 

19. Motor overtemperature: 
a. The VFD shall interface to motor temperature switches and shall shut down if the motor 

becomes overheated. 
b. The VFD shall include all components necessary to sense a contact opening and 

shutdown the affected motor if the motor winding temperature exceeds maximum rated 
operating temperature. 

c. Drive must be manually reset after a motor over-temperature trip. 
20. Annunciator: 

a. The VFD shall be provided with a fault annunciation system that shall indicate the cause 
of any shutdown. 

b. Annunciation shall identify the first fault in those cases where multiple faults occur 
between manual or automatic resets and shall be visible without opening the VFD 
cabinet. 

c. The annunciation language shall be English. 
d. As a minimum, the following faults shall be annunciated: 

1) Motor overtemperature. 
2) Motor overcurrent. 
3) VFD overtemperature. 
4) Line over/under voltage. 
5) VFD overvoltage. 

F. Special Features and Functions: 
1. Operator interface devices on door of VFD (part of keypad/display unit): 

a. Elapsed time meter (non re-settable). 
b. Indication of output voltage in volts. 
c. Indication of output currents in amps. 
d. Indication of motor speed in RPM. 
e. VFD off but ready annunciation. 
f. VFD running annunciation. 
g. Power available annunciation. 
h. VFD failure annunciation. 
i. Stop button. 
j. Reset button. 

2. Operator interface devices on door of VFD (not part of keypad/display unit): 
a. Local/Off/Remote selector switch.  When in Remote, the speed is controlled from an 

external 4 to 20 mA DC signal.  In Local, the speed is controlled from a keypad module. 
b. On/Off switch active in Local mode. 

3. Control power transformer if needed by the drive: 
a. 24/120 VAC/VDC secondary. 
b. Two primary fuses and one secondary fuse with non-fused secondary leg grounded. 

4. Remote local control interface requirements: 
a. Remote run signal from PLC contact closure, two-wire control (provide with hard-wire 

jumper installed). 
b. Remote:  Isolated external 4-20 mA DC speed reference input signal. 
c. Local:  External 4-20 mA DC inactive; preset speed inactive; reference from interface 

module.  May be keypad operated. 
d. Spare:  1 form C isolated contacts, 120VAC, 2 amps (typical). 
e. Spare:  1 form C isolated contacts. 
f. Drive fault:  1 form C isolated contacts. 
g. Drive in remote mode:  1 form C isolated contacts. 
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G. Noise Data:  Free field noise generated by the VFD shall not exceed 85 dBa at 3 feet from any 
point of the VFD cabinet under any normal operating condition. 

H. Enclosures: 
1. For 6-Pulse controllers:  Wall-mounted. 
2. Standard IP 20 (NEMA 1) with ventilation provisions that meet the manufacturer’s 

requirements for equipment cooling. 
3. Painted parts: 

a. To undergo phosphatizing, prepaint treatment for rust resistance and paint bond. 
b. Paint and process color:  Manufacturer's color. 
c. Paint:  Applied by electrostatic process and baked to a durable hard finish. 

4. Nameplates: 
a. Provide laminate phenolic nameplates showing the controller designations as specified. 
b. Design:  Black, with minimum 3/16-inch high white letters. Nominal size shall be 1 inch 

high by 3 inches long. 
c. Abbreviations:  If required because of space limitations, abbreviations shall be submitted 

to the Project Representative for approval. 
5. Seismic bracing:  The entire assembly, including electronics and controls, shall be braced for 

the latest Uniform Building Code Seismic Zone 4. 
6. Audible noise requirements:  See this Section. 
7. All components shall be accessible and removable from the front only. 
8. Doors: 

a. Open at least 90 degrees and shall be provided with hinges. 
b. Door handles:  Capable of accepting a padlock with a 3/8-inch shackle to lock the VFD 

enclosure closed and the input breaker open. 
9. Drive enclosures: 

a. Provided with external framework for housing the air filters. 
b. Access to the filter media for purposes of replacement or cleaning shall be possible from 

the exterior of the drive without the need to open doors on the drive enclosure or 
otherwise gain interior access to the drive. 

2.04 STANDBY COMPONENTS 

A. The VFD manufacturer shall provide one complete set of all plug-in controller components as 
standby components for the VFDs supplied. 

B. Label standby components and package in a sturdy container suitable for storage. 

C. As a minimum, the standby components include: 
1. One set of 3 of each type of power fuse. 
2. One set of 12 of each type of control fuse. 
3. One complete drive with all option modules (modules may be furnished loose in the original 

packaging). 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's recommendations. 

B. Install equipment level and plumb and anchor on foundations in accordance with the equipment 
manufacturer's instructions and as indicated herein. 

C. Provide earthquake resistant attachments and supports for equipment.  Provide fastenings that 
are adequate to resist a horizontal force of 50 percent of the equipment weight applied to the 
center of gravity without displacing the equipment or its fastenings. 
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D. The mounting base requirements in this Section are generic.  The mounting base shall be 
designed by a Professional Engineer licensed in the state of Washington.  Submit the design, 
including calculations stamped, dated, and signed by the Professional Engineer. 

E. Provide written verification to the Project Representative that the factory installed wiring, busing, 
metering, relaying, and related equipment are properly connected, aligned, phased and identified. 

3.02 FIELD QUALITY CONTROL 

A. Employ and pay for services of the equipment manufacturer's field service representative to: 
1. Inspect equipment covered by these Sections. 
2. Supervise adjustments and installation checks. 
3. Conduct startup of equipment and perform operational checks; provide a checklist of all 

inspections. 
4. Provide King County with a written statement that manufacturer's equipment has been 

installed and properly adjusted and is ready for operation by King County's personnel. 

3.03 TRAINING 

A. Job Site Training:  Provide coordinated training course, approved by the Project Representative, 
to instruct ten King County personnel on variable frequency drives.  The job site training shall 
include, but not be limited to, the following: 
1. Conduct one half day of training at the job site on operation and maintenance of the variable 

frequency drive specific to the supplied VFD. 
2. The instructor shall be approved by the Project Representative prior to the training. 

3.04 FACTORY TEST 

A. Perform standard factory tests on each drive provided. 

B. Notify the Project Representative at least 4 weeks in advance of any test.   

C. Provide certified copies of the test reports. 

3.05 INSTALLATION AND COMMISSIONING 

A. Install per manufacturer’s instructions. 

B. Provide the Manufacturer’s Representative for adjustments and supervision during installation 
and commissioning until unit is performing satisfactorily as required. 

3.06 TESTING AND STARTUP 

A. Test Procedure: 
1. Unless otherwise indicated, it shall be the responsibility of the Contractor to prepare the test 

procedure and to conduct tests in accordance with the procedure to demonstrate to the 
Project Representative the accuracy of the wiring, control, and proper functioning of the 
equipment in accordance with these specifications.  The Contractor shall submit its proposed 
test procedure to the Project Representative for approval at least two weeks prior to the 
demonstration. 

2. All equipment and systems shall be demonstrated as operating properly prior to acceptance 
of the work.  All protective devices shall be operative during the demonstration. 

3. If the demonstration indicates unsatisfactory operation as determined by the Project 
Representative or inspecting authorities, correct defects and repeat demonstration. 

B. Phase Relationship Tests: 
1. Check connection to all equipment for proper phase relationship. 
2. During such check, disconnect all devices that could be damaged by the application of 

voltage of reversed phase sequence. 
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C. Insulation Resistance Tests: 
1. Perform insulation resistance tests on conductors, cables, and equipment, signal circuits 

excepted. 
2. Make tests using 1,000-volt Biddle hand cranked megger insulation resistance tester. 
3. Disconnect all equipment that may be damaged by such tests before the tests are made. 
4. Tests shall measure insulation resistance from line to ground. 
5. Test conductors and cables after placement and the completion of the terminations, but 

before connection to equipment. 
6. Test 600-volt class circuits and equipment.  Minimum acceptable values of insulation 

resistance of circuits and equipment shall be 10 megohms. 
7. Provide test reports listing test equipment used, person or persons performing the tests, the 

date tested, the circuits or equipment tested, and the results of all tests.  These tests shall be 
witnessed by the Project Representative.  Notify the Project Representative one week in 
advance of testing. 

D. Test Equipment:  All test instrumentation equipment used during testing shall be NIST traceable 
and certified. 

END OF SECTION 
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SECTION 16400 

SERVICE AND METERING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies the extension of Seattle City Light’s new electrical services and service en-
trance equipment and the duct bank on King County property. 

B. This Section includes references to Seattle City Light Construction Standards. References to Se-
attle City Light Construction Standards define requirements for this Section. References to Engi-
neer in the Seattle City Light Construction Standards shall mean Project Representative. 

C. Equipment List: 
EQUIPMENT EQUIPMENT NO. 

Service Entrance Breaker BKR 851 103 
CT Cabinet CAB 851 101 
Utility Meter MET 851 101 

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified. In case of con-
flict between the requirements of this Section and those of the listed documents, the requirements 
of this Section shall prevail. 
Reference Title 
NFPA 70 National Electrical Code (NEC) 
SCL Construction   Seattle City Light Construction Guidelines  
Standards 
SCL Material   Seattle City Light Material Standards  
Standards 

B. Qualifications: Not used. 

1.03 SUBMITTALS 

A. Procedures: Section 01300. 
1. Prior to submitting to the Project Representative, submit product, equipment and construction 

details (such as size, mounting height, location of equipment, etc.) to the serving Utility for 
verification of compliance to the Utility’s requirements. 

2. Integrate the requirements of this Section with submittals of Section 02200. 

B. Catalog data in accordance with the Submittals requirements per Section 16000.  Show material 
information and confirm compliance with these specifications. Submittals shall include the follow-
ing information: 
1. Meter enclosure 
2. Current Transformer (CT) enclosure 
3. Service Entrance Disconnect 
4. Letter of acceptance of material from Utility 

C. SCL service request 
1. Application 
2. Updated application 
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1.04 DEFINITION 

A. SCL: The electrical utility providing service to this facility is Seattle City Light (SCL).   

1.05 PERFORMANCE REQUIREMENTS 

A. Comply with SCL Construction Standards and requirements. 

B. Listed and labeled by UL as "Suitable for Use as Service Equipment" as required by the National 
Electric Code (NEC). 

1.06 SCHEDULING WORK WITH SCL 

A. Be fully responsible for scheduling and coordination with SCL.  Coordinate and schedule the fol-
lowing: 
1. Power outages 
2. Power services 
3. SCL inspections for power distribution extension 
4. SCL inspections for service to Odor Control Facility 

1.07 CONTRACTOR/SCL INTERFACE RESPONSIBILITIES 

A. King County has submitted applications for electrical service for the North and South sites includ-
ing:  
1. removal for the existing Praxair building (215 NW 36th Street, Seattle, WA); King County will 

pay for SCL’s invoiced work. 
2. new service for the Odor Control Facility (215 NW 36th Street, Seattle, WA); Contractor will 

pay for construction of the service and King County will pay for the energy use.   
3. relocation of the existing 26kV overhead electrical lines; King County will pay for SCL’s in-

voiced work. 
4. temporary service for the Work on: 

a. North site; Contractor will pay for SCL’s invoiced work. 
b. South Site; Contractor will pay for SCL’s invoiced work. 

B. Update SCL Service Request applications as necessary. Coordinate the sequence of installation 
with SCL.   

C. SCL will provide the following services and material:  
1. Glulam pole in 10-ft by 5-ft concrete base 
2. Installation of any pole 
3. Installation of all overhead electrical lines 
4. Revenue Meter 
5. Revenue Metering CTs and CT wiring termination 
6. Service Transformer 
7. Terminations at the transformer 
8. Primary cable and installation 

D. Confirm SCL services prior to begin of Work. 

PART 2  PRODUCTS 

2.01 METER ENCLOSURE 

A. Meter enclosure shall meet SCL Construction Standards.  Installation shall be in vandal proof 
NEMA 3R enclosure with a lockable hinged door. 

B. Coordinate with SCL on type of metering required. 

C. Meet SCL Requirements for Electrical Service Connection.   
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2.02 CURRENT TRANSFORMER (CT) ENCLOSURE 

A. Metering CT enclosure shall meet SCL Requirements for Electrical Service Connection. 

B. Meet SCL Construction Standard 0661.03 

C. Located as shown on the Drawings. 

2.03 CONDUITS 

A. Conduits shall meet the requirements of SCL Construction Standard 7025.05 and Section 16110. 

B. Conduit shall meet the requirement for underground services on private property of SCL Con-
struction Standard 0224.05. 

C. Bends shall be rigid galvanized steel per SCL Construction Standard 7050.05. 

D.  

PART 3   EXECUTION 

3.01 UTILITY CONDUITS 

A. Install per of SCL’s Construction Standards U2-10 and U12-1.4 and Section 16110. 

B. Meet requirements for underground service on private property of SCL Construction Standard 
0224.05. 

C. See Drawings.  

3.02 UTILITY CLEARANCES 

A. Meet clearances from structures and ground of SCL Construction Standard D2-3.  

END OF SECTION 



 

Gloria G Soto
Typewritten Text



Fremont Siphon Project C00762C14                ARC FLASH REPORT 
May 2014  16432 - 1   

SECTION 16432 

ARC FLASH REPORT 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies the arc flash study and report for all voltage levels of the electrical power 
system.  The “electrical power system” starts at and includes the highest voltage buses.  Arc flash 
study shall include the method and recommendation in determining proper Personal Protective 
Equipment (PPE) and proper labeling of equipment as specified in this section. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail.   
Reference Title 
IEEE 1584 IEEE Guide for Performing Arc-Flash Hazard Calculations  
IEEE 141 Recommended Practice for Electric Power Distribution for Industrial Plants 
IEEE 242 Recommended Practice for Protection and Coordination of Industrial and 

Commercial Power Systems 
NFPA 70 National Electric Code 
NFPA 70E Standard for Electrical Safety Requirements for Employee Workplaces 
OSHA 29-CFR, Part 1910 Subpart S Occupational Safety and Health Standards: Electrical 

B. Qualifications: 
1. Prepared by the manufacturer of the switchboard gear or by an electrical testing service 

which is regularly engaged in power system studies. 
2. All calculations shall be prepared by or prepared under direct supervision of a Washington 

state registered professional electrical engineer. 

C. Certification: 
1. Arc flash report to be stamped and signed by a Washington state registered professional 

electrical engineer. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Certified arc flash report. 

C. Arc flash warning labels. 

1.04 ARC FLASH REPORT 

A. Prepare a report summarizing the arc flash study and conclusions or recommendations which 
may affect the integrity of the electric power distribution system. 

B. A qualified engineer must perform arc flash calculations to determine the incident energy, arc 
flash boundary, and minimum PPE requirements for locations throughout the power system.  Arc 
flash warning labels are produced and attached to the electrical equipment.  These labels must 
indicate approach boundaries, incident energy level, and the minimum PPE that is required when 
servicing the equipment within the arc flash boundary.  

C. As a minimum, include the following in the report: 
1. Equipment manufacturer’s information used to prepare the study. 
2. Assumptions made during the study. 
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3. Reduced copy of the one line drawing. 
4. Arc flash evaluations summary spreadsheet as specified below in 1.05 E. 
5. Bus detail sheets as specified below in 1.05 D. 
6. Arc flash warning labels printed in color on adhesive backed labels. 

D. Submit report 30 days before energizing electrical equipment. 

1.05 ARC FLASH STUDY 

A. Perform an arc flash hazard study after the short circuit and protective device coordination study 
has been completed. 

B. For each major part of the electrical power system, determine the following: 
1. Flash hazard protection boundary. 
2. Limited approach boundary. 
3. Restricted approach boundary. 
4. Prohibited approach boundary. 
5. Incident energy level. 
6. PPE hazard/risk category. 
7. Type of PPE required. 

C. Produce arc flash warning labels as shown in Part 3. 

D. Produce bus detail sheets that list the items B 1-7 from above and the following additional items: 
1. Bus name. 
2. Upstream protective device name, type, and settings. 
3. Bus line to line voltage. 

E. Produce an arc flash evaluation summary sheet listing the following additional items: 
1. Bus name. 
2. Upstream protective device name, type, settings. 
3. Bus line to line voltage. 
4. Bus bolted fault. 
5. Protective device bolted fault current. 
6. Arcing fault current. 
7. Protective device trip/delay time. 
8. Breaker opening time. 
9. Solidly grounded column. 
10. Equipment type. 
11. Gap. 
12. Arc flash boundary. 
13. Working distance. 
14. Incident energy. 
15. Required protective fire rated clothing type and class. 

F. Analyze the short circuit, protective device coordination, and arc flash calculations and highlight 
any equipment that is determined to be underrated or causes an abnormally high incident energy 
calculation.  Propose approaches to reduce the energy levels. 

PART 2  PRODUCTS (NOT USED) 

PART 3  EXECUTION 

3.01 GENERAL 

A. Provide a current up-to-date short circuit and protective device coordination study.  If one does 
not exist, then perform a short circuit and protective device coordination study in accordance with 
IEEE Standards 141 and 242. 
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B. Perform the arc flash study in accordance with NFPA 70E, OSHA 29-CFR, Part 1910 Subpart S, 
and IEEE 1584 Standards. 

C. Perform the studies using actual equipment data and the data from the same manufacturer of 
protective relay devices as being provided by the switchgear manufacturer. 

D. Provide arc flash warning labels on equipment meeting standard ANSI Standard Z535.4-1998 
and approved by the Project Representative and the Local Authority Having Jurisdiction.  Labels: 
in color with adhesive backs.  Labels to include all of the following: 
1. WARNING - ARC FLASH HAZARD 
2. Date of Analysis 
3. Flash Hazard Category 
4. Incident Energy Level at 18 inches in cal  per  cm. sq. 
5. Flash Hazard Boundary 
6. Personal Protection Equipment requirement within the Flash Hazard Boundary. 

E. Provide a list of lockout and tagout devices that are compatible with the equipment. 

END OF SECTION 
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SECTION 16440 

INSTRUMENT TRANSFORMERS, METERS, SWITCHES, AND ACCESSORIES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies accessories for switchgear assemblies.   

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference  Title 
ANSI/IEEE C37.20 Switchgear Assemblies Including (1981) Metal-Enclosed Bus 
ANSI/IEEE C39.1 Requirements for Electrical Analog Indicating Instruments 
ANSI/IEEE C57.13 Standard Requirements for Instrument Transformers 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Product Data: 
1. Manufacturer's product data indicating the general features and dimensions of devices. 
2. Burden, accuracy class and ratio data for instrument transformers. 
3. Applicable operation and maintenance items: See Section 01730. 

PART 2  PRODUCTS 

2.01 INSTRUMENT TRANSFORMERS 

A. Molded dry-type in accordance with ANSI/IEEE C57.13. 

B. Volt-ampere rating suitable for carrying the specified load without overheating or exceeding the 
permissible accuracy for the transformer. 

C. Potential Transformers:  ANSI accuracy class of 0.3, equipped with current limiting fuses. 

D. Current Transformers:  Provided with the specified ratios with accuracy’s conforming to ANSI 
C37.20. 

2.02 PANEL METERS 

A. Indicating meters:   
1. 4-1/2-inch square, semi-flush, mounted switchboard type. 
2. Movement taut-band with an accuracy of plus or minus 1 percent of full scale.   
3. Case:  Black.   
4. Scale:  White with black markings with length of the scale greater than 7 inches over a 

deflection angle of 250 degrees.  
5. Manufactured in accordance with applicable requirements of ANSI C39.1. 

2.03 INSTRUMENT SWITCHES 

A. Contact blocks and positions specified. 

B. Rotary-cam type and contacts with positive wiping action of silver-to-silver contact buttons. 
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C. Escutcheon plates and pistol-grip handles. 

D. Voltmeter and ammeter switches shall have four positions with the escutcheon legend as follows: 
1. Voltmeter: OFF 1-2  2-3  3-1 
2. Ammeter: OFF Phase A Phase B Phase C 

E. Acceptable Manufacturer: 
1. General Electric, SBM. 
2. Westinghouse, W-2. 
3. Approved equal. 

2.04 KEY INTERLOCK 

A. Two or more identically keyed brass bolt locks.  The bolt on the lock shall prevent the operation of 
the electrical equipment. 

B. Provide one brass key for each group of identical locks. 

C. Key to be held captive when the lock is positioned to allow equipment operation. 

2.05 INDICATING LIGHTS 

A. Switchboard Indicating Lights: LED type. 

2.06 NAMEPLATES 

A. Nameplates:  See Section 16000. 

2.07 IQ ANALYZER 

A. Digital Line Meter Analyzer and Protection (MA&P) Device. 

B. Equal to Cutler-Hammer type Westinghouse IQ Analyzer having the features and functions 
specified below: 
1. Direct reading metered or calculated values of the items listed below and shall auto range 

between Units, kilo-units, and Mega-units for all metered values. 
2. Capable of displaying multiple parameters at once, including two user configurable custom 

screens displaying any seven of the parameters listed. 
3. Indicator LED shall status for safety and troubleshooting purposes. 
4. Time, date, software version and network address shall also be displayed. 
5. Accuracies indicated below to be of read or calculated values. 

a. AC Current (amperes) in A, B, and C phases, 3-Phase Average, Neutral (N) and Ground 
(G).  Accuracy +0.2% (provide neutral and ground current transformer). 

b. AC Voltage (volts) for A-B, B-C and C-A, Phase Average, A-N, B-N and C-N, Average 
Phase to N, and N to G.  Accuracy +0.2%. 

c. Real Power (watts), Reactive Power (vars), Apparent Power (VA) for each phase and 
system.  Accuracy +0.4%. 

d. Real Energy (Whr), Reactive Energy (varhr), Apparent Energy (Vahr) for each phase and 
system.  Accuracy +0.4%.  Forward/Reverse/Net indication shall be provided. 

e. Frequency (hz).  Accuracy +0.4%. 
f. Demand values for System Current (amperes), System Real Power (watts), System 

Reactive Power (vars) and System Apparent Power (VA). 
g. Power Factor both Displacement (60-cycle fundamental watts to VA) and Apparent (total 

watts to total vars including harmonics for A, B and C phases and system).  Accuracy 
+0.8%. 

h. Current Percent Total Harmonic Distortion (THD) in A, B and C phases, and N. 
i. Voltage percent THD in A-B, B-C, and C-A phases, and A-N, B-N, C-N. 
j. K-Factor. 
k. Transformer Derating Factor (CBEMA Factor). 
l. Crest Factor. 
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C. Provide the following advanced analysis features: 
1. Trend Analysis Screens displaying the minimum and maximum values for each metered 

value, with all parameters time stamped to 1-second resolution. 
2. Demand Analysis screens displaying current (phases A, B, C and Average) and power 

(system real, reactive, and apparent, present demands and peak demands).  Peak demands 
shall display time and date, stamped to within 1-second resolution.  Demand Window 
Selection for metered demand values shall be selectable either as: 
a. A user selectable fixed window (programmable from 1 to 60 minutes). 
b. Sliding window method with programmable 1- to 60-minute subintervals, for power (kW, 

kvar, kVA) demand only. 
c. Initiated from a synch pulse for power (kW, kvar, kVA) demand only. 
d. Communication signal initiated from a Cutler-Hammer type Westinghouse IMPACC 

network master computer. 
3. Harmonic Analysis Screens shall be capable of being function key triggered to capture a 

high-speed wave form of 2 cycles of data sampled at 128 samples per cycle, simultaneously 
recording current in A, B and C phases, N, and G as well as all voltages A-B, B-C, and C-A 
phases, A-N, B-N and C-N.  Data captured shall include the magnitude or percent of the 
fundamental and the direction of harmonic source (phase angle) for all odd and even 
multiples of fundamentals from 2nd through the 50th. 

4. Event Analysis Screens shall display data recorded for up to ten event conditions.  The 
initiation level of the declaration of an event condition shall be field programmable for all 
measured parameters.  For each event a description of the event, date, and time of event (1 - 
second resolution) shall be displayed.  In addition, a capture shall be made of all metered 
values available and current and voltage distortion information harmonic. 

5. Capable of transmitting all data at time of the event via communications to a personal 
computer for creating and displaying wave forms. 

6. Event Condition Levels:  Capable of being triggered when the programmed threshold is 
exceeded.  All triggers shall have programmable time delays from 0.1 to 60 seconds except 
voltage disturbance, which shall be programmable from 2 to 3600 cycles. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Install all accessories and devices per the switchgear manufacturer's instructions. 

END OF SECTION 
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SECTION 16450 

GROUNDING SYSTEM 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies the system for grounding electrical equipment, exposed non-energized 
metal surfaces of equipment, and metal structures. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
IEEE 81 Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface  
  Potentials of a Ground System 
NFPA 70 National Electric Code (NEC) 

B. Comply with requirements of NEC Article 250. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Product Data. 

C. Ground resistance readings. 

PART 2  PRODUCTS 

2.01 GROUND CABLE 

A. Annealed bare copper, concentric stranded as specified.  If cable sizes are not specified, the 
minimum sizes shall be as follows: 
1. 15kV - 480V transformer  250 kCMIL 
2. 15kV Load Interrupter  4/0 AWG 
3. 480V switchgear   4/0 AWG 
4. 480V MCC and switchboards 2/0 AWG 
5. Lighting panels    1/0 AWG 
6. Exposed metal      2 AWG 

2.02 GROUND RODS 

A. Copper covered steel, 3/4-inch diameter and 10-feet long. 

B. Rods shall have threaded type removable caps so that extension rods of same diameter and 
length may be added where necessary. 

2.03 COMPRESSION CONNECTORS 

A. Cast copper. 

B. Acceptable Manufacturer: 
1. Thomas and Betts. 
2. Burndy 
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3. Approved equal. 

2.04 BOLTED CONNECTORS 

A. Acceptable Manufacturer: 
1. Burndy. 
2. O. Z. Gedney. 
3. Approved equal. 

2.05 EXOTHERMIC CONNECTORS 

A. Acceptable Manufacturer: 
1. Thermoweld. 
2. Cadweld. 
3. Approved equal. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Make embedded and buried ground connections by compression connectors utilizing diamond or 
hexagon dies.  Use a hand compression tool for wire sizes 2/0 AWG and smaller and a hydraulic 
pump and compression head for wire sizes larger than 2/0 AWG. 

B. Tools and dies: 
1. Approved for purpose used. 
2. Dimple compressions are not acceptable. 

C. Prepare compression connections in accordance with the manufacturer's instructions. 

D. Unless otherwise indicated, make exposed ground connections to equipment by bolted clamps. 

E. Do not use solder in any part of the ground circuits. 

F. Cables: 
1. Securely attach embedded ground cables and fittings to concrete reinforcing steel with tie 

wires and prevented from displacement during concrete placement. 
2. As each part of the grounding system below finished grade is completed, notify the Project 

Representative a minimum of four hours prior to backfilling. 

G. Extensions: 
1. Extend grounding conductors that are extended beyond concrete surfaces for equipment 

connection a sufficient length to reach the final connection point without splicing. 
2. Minimum extensions:  3 feet. 

H. Conductors: 
1. Locate grounding conductors that project from a concrete surface as close as possible to a 

corner of the equipment pad, protected by conduit, or terminated in a flush grounding plate. 
2. Terminate grounding conductors for future equipment using a two-hole copper flush mounted 

grounding plate. 
a. Approved manufacturer: Cadwell, or approved equal. 

3. Support exposed grounding conductors by non-corrosive metallic hardware at 4-foot intervals 
or less. 

4. Ground conductors, except signal conductor shields entering enclosures:  Bonded together to 
the enclosure if it is metallic and to metallic raceways within or terminating at the enclosure. 

5. Grounding conductor shall not be used as a system neutral. 

I. Use compression-type lugs in accordance with manufacturer's recommendations. 

J. Directly connect lightning arresters to the ground system using copper conductors, sized as 
specified. 
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K. Metallic sheaths or shields of shielded power cable:  Terminated by a copper grounding strip 
provided with cable connection for connection to the grounding system. 

L. Prior to making ground connections or bonds, clean metal surface at the point of connection. 

M. For all control devices with sealed cable connection, include a ground conductor in the control 
cable. 

3.02 RACEWAY GROUND 

A. Metallic conduits: 
1. Assembled to provide a continuous ground path and bonded using insulated grounding 

bushings. 
2. Bond using insulated grounding bushings. 

B. Non-metallic conduits:  Insulated ground conductor sized in compliance with the NEC. 

C. Grounding bushings:  Connected to the grounding system using conductors sized in compliance 
with NFPA 70. 

D. Cable trays: 
1. No. 2/0 AWG bare copper ground conductor run on the outside of each tray. 
2. Conductor to be connected to each section or fitting using a carriage bolt and clamp. 

E. Every conduit shall contain an insulated green ground conductor sized in compliance with NEC. 

F. Duct Banks: 
1. Run along the duct bank a continuous No. 2/0 AWG minimum bare copper conductor  
2. Bond using insulated grounding bushings. 

3.03 EQUIPMENT AND ENCLOSURE GROUND 

A. Connect electrical and distribution equipment to the grounding system.  Cables sized as 
specified. 

B. Connect non-electrical equipment with metallic enclosures to the grounding system. 

C. Securely bond transformer yard fences and gates as specified. 

3.04 ISOLATED GROUNDING 

A. Where the manufacturer of equipment supplied from 120 volt instrument power panels requires 
an isolated ground, provide an additional isolated ground conductor from the equipment through 
the instrument power panel for connection to a single point ground bus in the automatic transfer 
switch enclosure. 

B. Conductor:  Green insulation with a yellow stripe and run in the same raceway as the power and 
neutral conductors. 

C. Neutral conductor from the ultra-isolation transformers:  Grounded only at the single point ground 
bus in the automatic transfer switch. 

3.05 GROUNDING SYSTEM TESTS 

A. Test per IEEE 81, each grounding connection to determine the ground resistance. 

B. Submit a plot of ground resistance readings for each isolated ground rod or ground mat on 8-1/2 
by 11 inch size graph paper. 

C. Current reference rod:  At least 100 feet from the ground rod or grid under test. 

D. Make measurements at 10-foot intervals beginning 25 feet from the test electrode and ending 75 
feet from it, in direct line between the ground rod or center of grid and the current reference 
electrode. 
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E. Consider a grounding system that shows greater than two ohm resistance for the flat portion of 
the plotted data inadequately grounded.  Add additional parallel connected ground rods and/or 
deeper driven rods until the ground resistance measurements meet the two ohm or less 
requirement. 

F. Use of salts, water, or compounds to attain the specified ground resistance is not acceptable. 

END OF SECTION 
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SECTION 16460 

DRY-TYPE TRANSFORMERS (600 VOLTS AND LESS) 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies dry-type transformers rated 600 volts and less used for power distribution, 
lighting, and control purposes. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of the listed documents, the requirements of this Section 
shall prevail. 
Reference   Title 
ANSI/IEEE C57.12.01  General Requirements for Dry-Type Distribution and 
    Power Transformers 
ANSI/UL 506   Specialty Transformers 
NEMA ST20   Dry-Type Transformers for General Application 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Product Data: 
1. Manufacturer's verification that the unit has been built and tested in accordance with the 

specified ANSI standards. 
2. Manufacturer's verification of the sound levels of each unit if different from the specified 

NEMA ST20 standards. 
3. Manufacturer's product literature. 
4. Applicable operation and maintenance information per Section 01730. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Transformers rated 10 KVA and smaller:  Unless otherwise indicated, single phase. 

B. Transformers rated 15 KVA and greater:  Unless otherwise indicated, 3-phase. 

C. Transformers shall conform to ANSI/IEEE C57.12.01 and ANSI/ UL 506. 

D. The voltage, frequency, number of phases, and KVA rating shall be as specified.  

E. Acceptable Manufacturer: 
1. General Electric. 
2. Square D. 
3. Westinghouse. 
4. Approved equal. 

2.02 INSULATION 

A. Transformers 15 KVA and greater:  Class 220 insulation system in accordance with NEMA ST20. 

B. Transformers 2 KVA and smaller:  Designed not to exceed 80 degrees C temperature rise. 
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C. Transformers 3 KVA and greater:  Designed not to exceed 115 degree C temperature rise. 

D. Transformers shall be rated with a minimum efficiency that complies with NEMA TP-1-1996. 

2.03 TRANSFORMER COILS 

A. Copper wound coils 

B. 15 KVA and greater:  Impregnated with varnish. 

C. Transformer coils 10 KVA and smaller:  Encapsulated. 

2.04 WINDING CONFIGURATION 

A. Provide transformers with electrically isolated primary and secondary windings with winding 
configurations as specified. 

B. Make provisions to permit separate grounding of the neutral conductor and the enclosure. 

C. Single-phase transformers:  Four-winding type. 

2.05 TRANSFORMER TAPS 

A. Provide transformers 15 KVA and above with two 2-1/2 percent full capacity taps above normal 
voltage and four 2-1/2 percent full capacity taps below rated voltage on the primary winding. 

2.06 TERMINAL COMPARTMENTS 

A. Sized to permit termination of cables specified. 

B. Copper and sized for the cable specified. 

C. Make terminal connections in the bottom third of the enclosure. 

2.07 ENCLOSURES 

A. Transformers rated 15 KVA and smaller:  Provide with drip-proof, ventilated enclosures. 

B. Indoor transformers rated greater than 15 KVA:  Provide with drip-proof, ventilated enclosures. 

C. Outdoor transformers:  Provide with weatherproof enclosures. 

2.08 MOUNTING 

A. Transformers 25 KVA and smaller:  Suitable for wall mounting. 

B. Transformers 37 KVA and greater:  Floor-mounting type. 

2.09 NAMEPLATES 

A. Nameplates:  Per Section 16000. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Bond together and ground transformer enclosures and neutrals. 

3.02 TESTING 

A. Test per Section 16030. 

END OF SECTION 
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SECTION 16470 

LIGHTING AND POWER DISTRIBUTION PANELBOARDS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies panelboards for lighting and power distribution. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  These references are a part of this Section as specified and modified.  In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
Reference Title 
NFPA 70 National Electrical Code (NEC). 
UL 50  Enclosures for Electrical Equipment 
UL 67  Panelboards 
UL 489  Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit Breaker  
  Enclosures 

1.03 SUBMITTALS 

A. Procedures:  Section. 01300. 

B. Product Data: 
1. Manufacturer's certification that bus bracing is capable of withstanding the specified short 

circuit condition. 
2. Quantity and rating of circuit breakers for each panelboard. 
3. Applicable operation and maintenance information:  per Section 01730. 

1.04 SCHEDULE 

A. Panelboards:  Scheduled on the Drawings. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Panelboards:  Circuit breaker, dead front type, with bus bar construction. 

B. Acceptable Manufacturer: 
1. Square D. 
2. Westinghouse. 
3. Approved equal. 

2.02 ARRANGEMENT AND CONSTRUCTION 

A. Panel Front:  Concealed trim clamps and hinges. 

B. Locks:  Flush with cylinder, tumbler-type with spring loaded door pulls. 

C. Non-removable fronts with doors in the locked position. 

D. Panelboard Locks:  Keyed alike. 

E. Gutter space on all sides of the breaker assembly to neatly connect and arrange incoming wiring. 
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F. Panelboard:  Composed of individually-mounted circuit breakers designed to be removable 
without disturbing other breakers. 

G. Mount a directory holder with clear plastic plate and metal frame on the inside of the door. 

2.03 BUS 

A. Tin-plated copper with current ratings as shown on the panelboard schedules, sized in 
accordance with UL 67. 

B. Determine ratings by temperature rise test. 

C. Minimum Size:  100 amperes. 

D. Panel fault withstand rating:  Equal to the interrupting rating of the smallest circuit breaker. 

E. Other Buses: 
1. Panelboards shall be provided with a separate ground bus and, where specified, with a full 

capacity neutral bus. 
2. Mount neutral bus of instrument power panels on insulated stand-offs. 

2.04 CIRCUIT BREAKERS 

A. Circuit Breakers:  Molded-case type provided for the current ratings and pole configurations 
specified on the panelboard schedule. 

B. Rated 120/208 Volt and 120/240 Volt Alternating Current:  Minimum interrupting current rating of 
18,000 amperes (symmetrical) at 240V AC. 

C. Rated 480 Volt Alternating Current:  Unless otherwise indicated on the panelboard schedule, a 
minimum interrupting current rating of 25,000 amperes (symmetrical) at 480V AC. 

D. Bolt-on Type. 

E. Listed in accordance with UL 489 for the service specified. 

F. Load Terminals:  Solderless connectors. 

2.05 PANELBOARD FINISH 

A. Cabinet:  Fabricated from hot-dip galvanized steel in accordance with UL 50. 

B. Fronts:  ANSI 61 - gray, baked enamel finish. 

2.06 NAMEPLATES 

A. Nameplates:  Provided in accordance with the requirements of Section 16000. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Type in the circuit description on the circuit directory or panelboard schedule. 

3.02 TESTING 

A. Test for proper operation and function per Section 01660 and 16030. 

3.03 SCHEDULE 

A. Panel boards are scheduled on the Drawings. 

END OF SECTION 
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SECTION 16500 

LIGHTING FIXTURES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies lighting fixtures.   

1.02 QUALITY ASSURANCE 

A. Referenced Standards: This Section incorporates by reference the latest revision of the following 
documents. These references are a part of this Section as specified and modified. In case of 
conflict between the requirements of this Section and those of the listed documents, the 
requirements of this Section shall prevail. 
 
Reference Title 
ANSI /IEEE C62.11 Metal-Oxide Surge Arresters for Alternating Current Power Circuits 
ANSI/IEEE C62.41 Recommended Practice for Surge Voltages in Low-Voltage AC 

Power  Circuits 
ANSI /IEEE C82.1 Ballasts for Fluorescent Lamps 
NFPA 70 National Electrical Code (NEC) 
UL 1570 Fluorescent Lighting Fixtures 
UL 1572 High Intensity Discharge Lighting Fixtures 

1.03 SUBMITTALS 

A. Procedures: Section 01300. 

B. Shop drawings and equipment data: Section 16000. 

C. Large scale photometric charts for each fixture type. 

D. Catalog information describing fixture make, materials, and dimensions. 

E. Ballast data. 

F. Lamp data. 

G. Product Data: 
1. Polar plots on 8-1/2 by 11 inch paper providing candlepower vs. angle and foot-lamberts 

(brightness) vs. angle for longitutdinal and transverse axes. 
2. Table of utilization factors for calculation of illumination levels by the zonal cavity method. 
3. Applicable operation and maintenance items per Section 01730. 

PART 2  PRODUCTS 

2.01 LIGHTING MATERIALS 

A. Unless otherwise indicated, lighting materials, including fixtures, accessories, and hardware 
conform with  LIGHTING FIXTURE SPECIFICATION SHEETS (LIGHTSPECs) in this Section 
and as shown on the Drawings. 
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2.02 BALLASTS 

A. Fluorescent – conform to the following: 
1. Type: Electronic instant start, to provide maximum efficacy (lumens per watt) 
2. Lamp wiring: Parallel, such that if one lamp fails, others remain lit 
3. Front end circuitry: Passive, to minimize inrush current.  Active front ends with high inrush 

currents will not be accepted. 
4. K-Factor: Less than 2.0 
5. Total harmonic distortion:  1 
6. Less than 20 percent 
7. Ballast factors: 0.90 minimum for instant start; 1.20 for high output 
8. Minimum starting temperature: Unless otherwise indicated, 35 degrees F standard; 0 degrees 

F for all outdoor and unheated indoor locations 
9. Maximum case temperature: 70 degrees C 
10. Lamp current crest factor: Less than or equal to 1.7 for instant start and high output, 

operating the lamps within ANSI C82.1 parameters 
11. Minimum output frequency: 20 kHz and no visible flicker 
12. Minimum power factor: 0.97 
13. Withstand line transients: As defined in ANSI/IEEE C62.11 
14. Sound rating: Class A or quieter 
15. Contain no PCBs 
16. Electromagnetic and radio frequency interference: Comply with FCC regulations 
17. UL listed, Class P, Type 1 
18. Regulation: Within +/-10 percent voltage range of rated input voltage; light output variation 

within +/-10 percent 
19. Acceptable Manufacturers: 

a. Osram Sylvania "Quicktronic" 
b. GE Lighting, "Ultramax” 
c. Or approved equal 

B. LED  
1. LED Drive shall be installed in an electrical enclosure. 
2. Maximum case temperature: 75 degrees C 
3. Minimum ambient operating temperature: -40 degrees C 
4. Typical output current: 350mA, 525mA or 700mA 
5. Total harmonic distortion: less than or equal to 20 percent 
6. Minimum power factor: 0.90 
7. Minimum surge protection: 2.5kV 
8. Sound rating: Class A or quieter 
9. Reduces output power to LEDs if max allowable case temperature is exceeded 
10. Minimum life expectancy of 50,000 hours at temperature case ≤70 degrees C 
11. Maximum failure rate of ≤0.01% per 1,000 hours at case temperature ≤70 degrees C 
12. Standard: Complies with UL standard UL1012 
13. Regulation: Complies with the Federal Communications Commission (FCC), Title 47 CFR 

part 15 Non-Consumer (Class A) 
14. Acceptable Manufacturers: 

a. Philips “Xitanium” 
b. Or approved equal 

2.03 LAMPS 

A. General: 
1. Lamps: Per LIGHTSPECs 
2. Fluorescent: Unless otherwise indicated, warm white, mercury vapor lamps, phosphor-

coated, deluxe white 
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3. Unless otherwise indicated, clear metal halide and clear high pressure sodium lamp 
envelopes 

4. Incandescent lamps: Rated 130V AC. Unless otherwise indicated, lamp shape to be standard 
A or PS, and envelope to be frosted inside 

B. Acceptable Manufacturer: 
1. General Electric 
2. North American Philips (Norelco) 
3. Osram Sylvania 
4. Venture Lighting International 
5. Or approved equal 

2.04 EXTERIOR LIGHTING POLES – NOT USED 

2.05 SITE JUNCTION BOXES – NOT USED 

2.06 PHOTOELECTRIC CELL UNITS 

A. Cadmium sulfide cell housed in a plug receptacle assembly 

B. Plug receptacle assembly: Three-prong polarized locking type, suitable for outdoor mounting and 
rated for 1800 VA at 120V maximum capacity 

2.07 EMERGENCY POWER SUPPLY 

A. Sealed battery, inverter, and automatic transfer switch: Rated to start one lamp immediately and 
maintain a lamp output of at least 600 lumens for 90 minutes following power failure 

B. Install at the factory and internally mount inside the fixture ballast compartment. 

C. External status pilot light and manual test button 

D. Acceptable Manufacturers: 
1. Bodine 
2. Daybrite 
3. Guth 
4. Lithonia 
5. Siltron 
6. Holophane 
7. Or approved equal 

2.08 FIXTURE LOWERING DEVICES – NOT USED 

2.09 SPARE PARTS 

A. Lamps: 10 percent of the quantity provided, but not less than 12 of each lamp type and size 
specified 

B. Ballasts: 5 percent of the quantity provided, but not less than 2 of each ballast type and size 
specified 

C. Requirements per Section 01750 
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2.10 PRODUCT DATA 

A. Polar plots on 8-1/2 by 11 inch paper providing candlepower vs. angle and foot-lamberts 
(brightness) vs. angle for longitudinal and transverse axis 

B. Table of utilization factors for calculation of illumination levels by the zonal cavity method 

C. Applicable operation and maintenance items per Section 01730 

PART 3  EXECUTION 

3.01 GENERAL 

A. The location, type, and number of fixtures and receptacles are shown on the Drawings. Unless 
specifically detailed, the information is diagrammatic. 

B. Plan and layout work to avoid interferences with other Contract work. If unavoidable conflict, 
notify the Project Representative. 

C. Raceways and wire from the fixtures, switches, and receptacles to the lighting panel per the NEC 

D. Raceways: Per Section 16110 

E. Wire: Per Section 16120 

F. Splice circuit conductors in a separately mounted junction box for fixtures labeled to require 
conductors with a temperature rating exceeding 75 degrees C. 

G. Connect fixture to junction box using flexible conduit with a temperature rating equal to that of the 
fixture. 

H. Photoelectric cells: Orient toward the north. 

I. Remove labels and marks, except the UL label, from exposed parts of the fixtures. 

J. Wipe fixtures free of dust and dirt, do not expose to weather until after installation. 

K. Where recessed fixtures are required, provide with mounting hardware for the ceiling system 
specified.   

L. Provide a concealed latch and hinge mechanism to permit access to the lamps and ballasts and 
for removal and replacement of the diffuser without removing the fixture from ceiling panels. 

M. Provide a protective coating of bituminous paint for fixtures recessed in concrete. 

N. Align and direct fixture to illuminate an area as specified. 

O. Directly and rigidly mount on supporting structures. 

P. Unless otherwise indicated, do not use fixtures to support conduit system. 

Q. Treat weld area with rust-resistant primer and finish paint where brackets or supports for lighting 
fixtures are welded to steel members. 

R. Underground and outdoor wire splices per Section 16120. 
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3.02 TESTING 

A. Provide a lighting system test plan. 

B. Test lighting system including operation and controls in accordance with Section 16030. 

3.03 FIXTURE SCHEDULE 

A. General: 
1. Manufacturer's catalog numbers listed are examples of the basic model, or series, and the 

overall quality required. 
2. While the referenced catalog numbers attempt to be as definitive as available literature 

permits, such items as voltage, mounting style, modifications, and other special features may 
not be included.   

3. Verify and provide all of the specified requirements. 

B. LIGHTSPEC 
1. Lamp codes specified on LIGHTSPEC sheets are Osram Sylvania designations. 
2. Do not use catalog numbers given on the LIGHTSPECs for selection of mounting hardware, 

but only as a reference to the type of fixture required. 
3. Contains the following Family groups of fixtures: 

a. FP – Fluorescent, plastic wraparound. 
b. L – LED (light emitting diode). 
c. M – Metal Halide. 

 

Family group: FP – Flourescent, plastic wraparound. 
Group description: Pendant fluorescent low profile, wraparound lens. 
Acceptable Manufacturers: Day-Brite ""AW", Lithonia "CS,", Metalux "FWS", or approved equal. 
Family member: A: Two 4-foot T8 lamps, nominal 6-inches wide by 4-foot. 

Emergency battery pack with 90-minute minimum light.  
Fabrication: Housing:  die-formed code gauge steel. 
 Finish:  white. 

Lighting: Distribution:  general downlight. 
 Reflector:  baked white enamel. 
 Shielding:  prismatic diffuser with linear side prisms.  
Lamps: (2) 32 watt, 80+ CRI T8’s.  
Electrical: Input voltage:  120V. 
 Ballasts:  electronic. 
Mounting: Surface, ceiling or stem mounting. 
Acceptable manufacturer: Philips Day-Brite, Lithonia, Metalux FWS, or equal. 

C.  

Family group: L – LED. 
Group description: Array of LED’s with thermal management system.  
Family member: C: Silicone type gasket to withstand harsh environments. Type 4X 

enclosure with IP66 ingress protection. 
Fabrication: Housing: Low copper aluminum alloy. 

Finish:  Polyester powder paint. 
Lighting: Distribution:  Symmetric. 

Reflector:  Endural borosilicate glass. 
Lamps: LED light engine. 98 LED’s total. 
Electrical: Input voltage: 120V. 

LED Driver: Electronic. 
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Mounting: Ceiling mount. 
Acceptable manufacturer: Holophane LED Petrolux, or equal. 
  
Family member: H: Outdoor LED with full cut-off. Flow through thermal management. 

IP66 rated. Sealed against moisture and environmental 
contaminants. 

Fabrication: Housing: Low-copper aluminum, single piece die cast. 
Finish: Zinc-infused super durable TGIC thermoset powder coat. 
Resistance to corrosion and weathering. 

Lighting: Distribution: Type III. 
Reflector: N/A 

Lamps: 2 LED light engines. 4000K, 65CRI. 
Electrical: Input voltage: 120V. 

LED Driver: 700ma Electronic driver. 
Mounting: Building mount. 
Acceptable manufacturer: Lithonia CSX1 LED, or equal. 
  
Family member: J: Outdoor LED with full cut-off. Flow through thermal management. 

IP66 rated. Sealed against moisture and environmental 
contaminants. Photocell provided with fixture. 

Fabrication: Housing: Rugged, die cast, single piece aluminum. Resistance to 
corrosion and weathering. 
Finish: Zinc-infused super durable TGIC thermoset powder coat. 

Lighting: Distribution: Type IV forward throw. 
Reflector: N/A 

Lamps: 1 LED light engine. 4000K, 65 CRI. 
Electrical: Input voltage: 120V. 

LED Driver: 700ma Electronic driver. 
Mounting: Building mount. 
Acceptable manufacturer: Lithonia CSXW LED, or equal. 
  
Family member: M: 1 foot Linear exterior wall grazing fixture. 
Fabrication: Housing: Low-profile aluminum housing. 
Lighting: Distribution: Beam angle between 30Deg – 60Deg. 

Reflector: N/A 
Lamps: Color range: 4000K. 
Electrical: Input voltage: 120V. 
Mounting: Mounted on metal sill behind glass. 
Acceptable manufacturer: Philips Color Kinetics eW, or equal. 
  
Family member: N: 2 foot Linear exterior wall grazing fixture. 
Fabrication: Housing: Low-profile aluminum housing. 
Lighting: Distribution: Beam angle between 30Deg – 60Deg. 

Reflector: N/A 
Lamps: Color range: 4000K. 
Electrical: Input voltage: 120V. 
Mounting: Mounted on metal sill behind glass. 
Acceptable manufacturer: Philips Color Kinetics eW, or equal. 

D.  

Family group: LH – LED, classified location. 
Group description: Array of LED’s with thermal management system. Class I, Div 2  
Family member: C: Silicone type gasket to withstand harsh environments. Type 4X 

enclosure with IP66 ingress protection. Rated for hazardous 
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locations class I, Div 2. 
Fabrication: Housing: Low copper aluminum alloy. 

Finish: Polyester powder paint. 
Lighting: Distribution: Symmetric. 

Reflector: Endural borosilicate glass. 
Lamps: 98 LED array. 
Electrical: Input voltage: 120V. 

LED Driver: Electronic. 
Mounting: Ceiling mount. 
Acceptable manufacturer: Holophane PLED Petrolux Haz location or equal. 

E.  

Family group: LR – LED, recessed-mounted. 
Group description: Recessed into concrete for step lighting. 
Family member: K: Recessed into concrete step light. Outdoor wet location. Internal 

splice area behind lamp plate. 
Fabrication: Housing: Die cast low copper aluminum alloy with clear anodized 

finish. 
Finish: Black 

Lighting: Distribution: Asymmetrical step lighting. 
Lens: Tempered prismatic glass with silicone gasket. 

Lamps: 3 LED emitters. 
Electrical: Input voltage: 120V. 

LED Driver: Electronic 
Mounting: Recessed into concrete. 
Acceptable manufacturer: Kim lighting EL807, or equal. 

F.  

END OF SECTION 

Family group: M – Metal Halide. 
Group description: Wall mounted area fixture 
Family member: M5:  50-watt. 

 
Fabrication: Housing:  dark bronze color. 

Finish:  polyester powder paint. 
Shielding:  straight hood. 

Lighting: Distribution:  symmetrical. 

Lamps: ED-17. 
Electrical: Input voltage:  120. 
 Ballast:  See Part 2 of this Section. 
Mounting: Wall 
Acceptable manufacturer: Architectural Area Lighting 
Special: Screws:  stainless steel and captive.  
Approval: UL listed Damp Location. 
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SECTION 17000 

PROCESS INSTRUMENTATION AND CONTROL 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for process instrumentation and control for Division 17, which 
consists of hardware, software, and services necessary to provide the control functions specified. 

B. The required control system uses Drawings, Schedules and Narrative/Specifications.  The 
Drawings and Schedules depict application dependent data while the Narrative/Specifications 
define broader requirements such as overall quality and performance. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of a listed document, the requirements of this Section 
shall prevail. 

Reference Title 
API RP550 Manual on Installation of Refinery Instruments and Control Systems, Part 

 I - Process Instrumentation and Control Sections 1 Through 13 
API RP 551 Process Measurement Instrumentation 
API RP 552 Transmission Systems - first Edition 
ANSI/ISA S5.4 Instrument Loop Diagrams 
ISA S20 Specification Forms for Process Measurement and Control 

 Instrumentation, Primary Elements, and Control Valves 
ANSI/ISA S5.1 Instrumentation symbols and Identification 
ANSI/ISA S51.1 Process Instrumentation Terminology 
ISA S5.3 Graphic Symbols for Distributed Control/Shared Display Instrumentation, 

 Logic and Computer systems 
ISA RP12.2.02 Recommendations for the Preparation, Content and Organization of  

 Intrinsic Safety Control Drawings 
NFPA 70 National Electric Code (NEC) 
NFPA 79  Electrical Standards for Industrial Machinery 
NFPA 820 Fire Protection in Wastewater Treatment and Collection Facilities 
IBC 1632 International Building Code 
UL 508 Industrial Control Equipment 
UL 508A Industrial Control Panels 

B. Qualifications: The systems integration company which constructs and installs the process 
instrumentation and control system shall have the following qualifications at a minimum: 
1. A single systems integration company regularly engaged in the design and installation of 

systems of similar scope and complexity. 
2. The systems integration company and its personnel shall have demonstrated a history of 

successful execution of the work commensurate with the scope of work of this Contract. 
3. A minimum of three years in the business of providing system integration. 
4. Completed the same type of work specified on at least five projects of equal or larger size. 
5. Local support within 50 miles of the work site. 
6. Has an electrical or controls engineer currently registered as a professional engineer in the 

state of Washington to supervise the work. 
7. The on-site project manager shall have a minimum of five years-experience installing 

wastewater control systems of similar scope and complexity. 
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C. Labeling:  all electrical control panels shall be manufactured in conformance with UL 508 and 
shall bear the UL label. 

D. Perform detailed design for new facilities for all interconnected components.  Interconnected 
components shall include new and existing mechanical and electrical equipment specified in 
other sections of the Contract Documents, as well as new and existing process control system 
equipment specified within Division 17. 

E. Calibrate, test, and start up the complete process instrumentation and control system. 

F. Place the completed system in operation including tuning loops and making final adjustments to 
instruments as required during plant system and Facility start-up. 

G. Provide the services of skilled instrument technicians for testing, calibration, and adjustment 
activities under direct on site supervision of the electrical or controls engineer. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Catalog Cuts of all furnished components and equipment. 

C. Fabrication drawings with keyed Bills of Materials.  Furnish hard copy as well as electronic 
format. 

D. Seismic design information including a list of equipment weighing 400 pounds or more. 

E. Certifications. 

F. Factory test schedule and procedure including all test forms. 

G. Field test schedule and procedure including all test forms. 

H. Test Reports. 

I. Operation and maintenance information per Section 01730. 

J. Elementary Drawings and Loop Diagrams:  Hard copy as well as electronic format. 

K. Connection Diagrams.  Furnish hard copy as well as electronic format. 

L. Interconnection Diagrams.  Furnish hard copy as well as electronic format. 

1.04 DEFINITIONS 

A. Unless otherwise specified, the definitions of terminology used in Division 17 shall be as defined 
in ISA S51.1. 

B. Electronic Format: 
1. Drawings shall be AutoCAD 2007 or higher “.dwg” format files. 
2. Tabular data shall be submitted in electronic format compatible with Microsoft Excel 2003®. 
3. Text data shall be submitted in electronic format compatible with Microsoft Word 2003®. 

1.05 DESCRIPTION OF SYSTEM 

A. Process Control System consists of the following, installed in accordance to NFPA 70: 
1. A Programmable Logic Controller, (PLC). 
2. Hardwired main control panel (MCP) including specific purpose panels, local control panels 

for individual equipment manual control.  Manufactured and including the requirements of UL 
508. 

3. Conventional field instrumentation including primary elements, indicating transmitters, level, 
and pressure switches. 

4. Final control elements such as valve positioners and solenoids. 
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B. The process control system interfaces with variable frequency drives, and other auxiliary 
equipment. 

C. Hierarchical Levels: 
1. A description of how each unit process is controlled within this control hierarchy is shown in 

the control strategies as described in Section 17501 and as shown on the Drawings. 
2. In all cases, the control system shall be capable of controlling all processes as described in 

Division 17 and as shown on the Drawings. 
3. Generally, the process control system consists of three levels of control 

a. The top level is generally fully automatic with a PLC used to control the process. 
b. The second level is the local control, sometimes automatic and sometimes manual. 

D. SCADA System:  Included for telemetering alarms and status information.  The SCADA system 
includes the PLC system and special communication and interface modules. 

E. METROTEL: This telemetry system that backs up the PLC based SCADA system for critical 
alarms and important process variables. 

F. Some areas of this Contract may involve classified areas and shall be handled per NFPA 820. 

1.06 EXISTING CONDITIONS 

A. Examine the mechanical Drawings and Specifications to determine actual locations, sizes, 
materials and ratings of process connections. 

B. The "as-built" drawings of previous work presented in these Contract Documents are for 
information only, and may not accurately represent existing conditions.  Field investigate all 
existing facilities modifications to ascertain the exact physical and electrical conditions in each 
case.  After field investigation, revise as required installation and interface wiring to conform with 
actual conditions and comply with codes and Contract requirements.  Provide a detailed design 
and implement the proper method for physical installation and interface wiring for the required 
modifications. 

1.07 DESIGN AND PERFORMANCE REQUIREMENTS 

A. Catalog Cuts: 
1. Include catalog information, technical specifications, and application information for each 

piece of equipment to be furnished. 
2. Edit catalog cuts to indicate only those items, models, or series of equipment to be furnished. 

Cross out or otherwise obliterate all extraneous materials information.  Clearly identify all 
configuration options for the equipment to be furnished. 

3. Include data sheets in accordance to ISA S20 and a complete listing of all instruments to be 
furnished or modified, as well as any existing equipment that may be included in the work of 
this contract. 

B. Drawings: 
1. The Contract Drawings are functional in nature and do not show exact locations of equipment 

and may not show all necessary interconnections between equipment. 
2. Fabrication drawings: 

a. Submit detailed interconnection diagrams, wiring diagrams, elementary diagrams, loop 
diagrams, and process and instrument diagrams with all electrical and electronic 
components clearly identified by tag number.  

b. Submit detailed construction drawings for all panel layouts and equipment enclosures 
with dimensions in inches. Show both exterior and interior views. 

3. Wiring and loop diagrams shall carry a uniform and coordinated set of wire numbers and 
terminal block numbers in compliance with Division 16 and Section 17110 to permit cross-
referencing between contract documents and the drawings prepared by the Contractor. 

4. Each control circuit, control loop, control panel layout design, etc., shall be represented on a 
unique drawing.  Control circuits, loop diagrams, and panel layouts referenced to typical 
diagrams are not acceptable.  
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5. Drawing symbol format shall comply with NFPA 79, ISA 5.1, ISA 5.3 and where appropriate, 
ISA RP 12.2.02. 

6. Hardcopy plots shall be 11-inch by 17-inch (half-size) or 22 inch by 34 inch (full-size), as 
required. 

7. Minimum Text size:  0.125 inch for 22 x 34 inch drawings, 0.063 inch for 11 x 17 inch 
drawings. 

8. Drawings shall have borders and title blocks identifying the Contract, facility, system, and 
revisions to the drawing, and type of drawing.  Borders and title blocks shall conform to 
current King County drafting standards. 

9. Each release of a drawing shall carry a revision number, date, and a brief description of the 
changes.  All changes associated with a given release shall be indicated on the drawing by a 
revision flag.  Changes on the latest revision shall be indicated by clouding.   

10. Transfer record drawings per Section 01720 to King County in electronic format on CD and 
hard copy when work is completed. 

C. Elementary and Loop Diagrams: 
1. Contract Drawings are functional in nature and may not show the exact wiring needed to 

achieve the required functions. 
2. Provide complete elementary diagrams for equipment control. 
3. Prepare loop diagrams in compliance with ISA S5.4 and provide for all analog loops. 
4. Comply with NFPA 79. 
5. Show circuits and devices of a system. 
6. Arrange to emphasize device elements and their functions as an aid to understanding the 

operation of a system and maintaining or troubleshooting that system. 
7. Show wire numbers, signal polarities, and terminal block numbers.  Tables for wire numbers, 

signal polarity, and terminal block numbers are not acceptable. 
8. Wiring between circuit elements shall terminate on terminal blocks, and shall not be 

connected from element to element. Exceptions are: common wires among contacts on a 
single circuit element (e.g, switch or relay contacts, but NOT the relay coil).  

D. Wiring Diagrams: 
1. Panels:  comply with NFPA79. 
2. Show components of a control panel in an arrangement similar to the actual layout of the 

panel. 
3. Show internal wiring between devices within the panel. 
4. Show all terminal blocks whether used for internal or field wiring.  Those used for field wiring 

shall be clearly identified as such. 
5. Wiring diagrams shall indicate insulation color code, signal polarities, and show wire numbers 

and terminal block numbers. 

E. Interconnection Diagrams: 
1. Submit complete interconnection diagrams for field wiring. 
2. Show each panel and field devices. 
3. Show wire numbers, cable numbers, raceway numbers, terminal box numbers, terminal block 

numbers, panel numbers, and field device tag numbers. 
4. Comply with NFPA79. 

F. Certifications: 
1. Temperature:  Test data certified by the manufacturer to demonstrate that field electronic 

devices are suitable for the specified ambient temperatures. 
2. Corrosion:  Test data showing design features of the electronic equipment provided to protect 

against damage by the specified atmospheric contaminants and specific evidence that 
similarly protected electronic equipment has operated in similar environments for a period of 
not less than five years without failure due to corrosion. 

G. Seismic Design: 
1. Procedure and submittals:  per Section 01031.  
2. Structures and equipment shall be braced to prevent damage from specified forces. 
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3. Equipment shall not be required to function properly during periods of seismic disturbance, 
but shall be capable of manual restart without repair or modification following a disturbance. 

1.08 FACTORY TEST 

A. Prior to factory test to be witnessed by the Project Representative, complete the following: 
1. Inspect and test the process instrumentation and control system including the main control 

panel, PLC, local control panels, etc., to ensure they are operational. 
2. Ensure that proper materials have been used during manufacture and assembly and that 

parts and materials have been correctly assembled and wired. 
3. Complete an integrated test: 

a. Interconnect and test the process control and instrumentation system, except for primary 
elements, final control elements, and small control stations. 

b. Exercise and test all functions to ensure proper manufacture and assembly of the 
completed panel and/or system. 

c. Test all panels.   
d. Simulate inputs and outputs for primary elements, final control elements, and small 

control stations excluded from the test. 

B. Location:  Test within Washington State. 

C. The Project Representative may elect to witness the factory test.  Provide a written test schedule 
and notify the Project Representative no less than seven days prior to the test. 

D. The factory test:  Test and document the following functions: 
1. Exercise and test all functions, including PLC software functions. 
2. Provide test equipment to simulate discrete and analog inputs and outputs.  All I/O shall be 

exercised. 
3. Provide a testing simulation program to exercise all discrete and analog outputs to confirm 

proper loop operation. 
4. Provide screens for the graphics display (OIS), if provided, to display and alarm simulated 

statuses and confirm system response to operator inputs. 
5. Demonstrate that all panels and subsystems have the required spare capacity for expansion. 

Include test for I/O storage capacity and program memory capacity. 

E. At a minimum, have the following at the test for review and use: 
1. All applicable Drawings, Specifications, Addenda and Change Orders. 
2. Factory test procedure including all test forms. 
3. Shop drawings and hardware submittals for equipment being tested. 
4. Software documentation. 

F. Correct deficiencies and retest prior to shipment of the equipment to the work site. 

1.09 DELIVERY, STORAGE, AND HANDLING 

A. Shipping: 
1. Ship as a single unit to work site. 
2. Anchor and brace equipment weighing 400 pounds or more to resist seismic forces per UBC 

1632.  Seismic criteria for the work site are listed in Section 01031. 
3. No internal wiring shall be disconnected for transportation. 

B. Delivery Inspection:  Notify the Project Representative and provide access for inspection upon 
arrival of any material or equipment to be incorporated into the work.  Remove protective covers 
when required. 

C. Control Panels: 
1. Completely wired and tested in the factory prior to being shipped to the job site. 
2. Shipped as a single unit to job site after testing is complete. 
3. No internal wiring shall be disconnected for transportation. 
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PART 2  PRODUCTS 

2.01 MATERIALS AND QUALITY 

A. The Instrument Schedule in Section 17901 lists major instruments required to provide the process 
instrumentation system.  Provide all functions specified in the instrument schedule.  Provide 
additional instruments that may be required to complete the instrument loops because of certain 
characteristics of the particular equipment selected by the Contractor.  Provide such additional 
instruments even though not specified in the Instrument Schedule or shown on the Drawings. 

B. In some cases, it is possible to combine the functions of two or more instruments specified in the 
Instrument Schedule into a single instrument.  An example of functions that may be ordinarily 
combined into a single instrument are multiple alarms derived from a common transmission 
signal.  Alarm or safety functions derived directly from process measurements shall not be 
combined with instruments operating from transmission signals.  Critical alarms or safety 
functions shall not be combined into any instrument used for process control, indication, or 
recording. 

C. Material shall be new, free from defects, and of the quality specified.  Each type of instrument, 
accessory, and device shall be by the same manufacturer. 

D. Unless otherwise specified, electronic equipment shall be of solid-state construction.  
Components of standard electronic assemblies shall not be replaced with components of different 
characteristics in order to meet the performance requirements of the specification.  Parts shall be 
as shown in the instruction manuals and shall be replaceable with standard commercial 
components of the same description without degrading the performance of the completed 
assembly. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. General: 
1. The Contractor's on site instrumentation and controls project engineer shall supervise and 

coordinate all activities related to the requirements of Division 17 and be responsible to the 
Contractor. 

2. Equipment shall be located and protected so that it is readily accessible for operation and 
maintenance as required by NFPA70.  Equipment shall be located between 48 and 66 inches 
above the floor or a permanent work platform. 

3. Provide instrument tags for all field instruments engraved with the equipment number as 
identified on the Process and Instrument Diagrams and/or the Instrument Schedule Section 
17901. Tags shall be stainless steel and affixed to the field equipment with stainless steel 
screws or stainless steel wire. Engraved text shall be not less than 0.125 inches high. 

4. Use API RP 551 and PR 552 as a guide where installation procedures that are not specified 
herein. 

5. Coordinate installation with other work to avoid interference with normal operation of on-line 
equipment and processes. 

6. Provide the services of skilled instrument technicians for testing, calibration, and adjustment 
activities.  

7. Unless otherwise specified, instrumentation support systems shall be constructed of stainless 
steel. 

8. Instrument supports shall not be attached to handrails, process piping, or mechanical 
equipment unless required in order to perform the measurement function. 

9. No instrument shall be mounted directly flush to walls without a minimum of 5/8” spacing. 
10. Anchor and brace equipment per Section 01031. 

B. Signal Transmission: 
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1. Unless otherwise specified, signal transmission between electric or electronic instruments not 
located within a common panel shall be 4 to 20 milliamperes and shall have a loop 
compliance of at least 500 ohms. 

2. Two-wire loop transmitters shall operate at 24 VDC. 
3. Unless otherwise shown, milliampere signals from the field shall be converted to 1 to 5 VDC 

signals at the field terminal block of each panel.  Conversion error shall not exceed 0.1%.  All 
instruments within a panel shall be parallel wired with 1-5 VDC signals. 

4. Loops shall be grounded at the field terminal block by bonding to the instrument panel signal 
ground bus.  Separate grounded conductors shall be provided for each loop.  Daisy chaining 
of grounded conductors from one loop to another is not allowed. 

5. Provide isolating amplifiers for field equipment possessing a grounded input or output, or 
having a common mode voltage other than system ground. 

6. Convert high frequency (greater than 50 Hz) pulse rate signals from field transmitters to 
analog 1- 5 VDC signals at the panel. 

7. Convert platinum resistance temperature detector (RTD) outputs to 4-20 milliampere signals 
at the RTD, or where shown on the Drawings.  The temperature milliampere signal may be 
brought from the field to the panel and converted to a 1-5 Volt DC signal. 

8. All other transmission systems, such as impulse duration, low frequency pulse rate, and 
voltage regulated, will not be permitted except where specifically noted in the Instrument 
Schedule, Section 17901.  When transmitters with non-standard outputs are specified, their 
output shall be converted to 4 to 20 milliamperes at the field instrument. 

9. Equipment located in classified areas shall be explosion-proof or intrinsically safe.  Provide 
intrinsic safety barriers approved by UL, CSA, or FM.  

3.02 TESTS AND INSPECTIONS 

A. General Requirements: 
1. Meet Section 01660 requirements. 
2. All required tests beginning with the Factory Test, will be witnessed by the Project 

Representative or County-designated person unless a written exemption is provided. 
3. Notify the Project Representative of the test date seven days prior to the test. 
4. Submit a detailed step-by-step test procedure, complete with forms for the recording of test 

results, testing equipment used, and identification of the technician performing and 
witnessing the test. 

5. Test reports:  conform to the requirements of Forms 17000-A through 17000-K per Section 
01999 and ISA S20. 

B. Test Equipment: 
1. Unless specified otherwise, provide all test equipment to complete all specified tests. 
2. Test equipment used to simulate inputs and read outputs shall have a rated accuracy at the 

point of measurement at least three times greater than the component under test. 
3. Each test instrument shall be calibrated prior to the commencement of a testing activity and 

checked after the completion of a testing activity. 
4. Submit dated and certified calibration reports traceable to the National Institute of Standards 

and Technology (NIST) with the test report.  Calibration certification date shall be within three 
months of date of use on this Contract. 

5. Provide buffer solutions and reference fluids for tests of analytical equipment. 

C. Test Stages: 
1. General: 

a. Test each instrument loop in the following sequence: 
Testing sequence  Form 
1) Wiring   17000-A 
2) Piping    17000-B 
3) Individual components 17000-C through I 
4) Individual loops  17000-J 
5) Loop commissioning 17000-K  
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2. Testing of piping, wiring, and individual components shall be completed with certified test 
reports provided to the Project Representative prior to commencement of individual loop 
testing. 

3. Un-witnessed factory test: Testing prior to Factory Test: see Paragraph 17000-1.09. 
4. Factory test: see Paragraph 17000-1.09. 
5. Individual component calibration and test: 

a. Each instrument and final element shall be field calibrated in accordance with the 
manufacturer's recommended procedure.  Instruments shall then be tested in compliance 
with ISA S51.1 and the data entered on the applicable test form. 

b. This test is to be witnessed by the Project Representative. 
c. Alarm trips, control trips, and switches shall be set to initial values specified in the 

Instrument Schedule in Section 17901. 
d. Final elements shall be checked for range, dead-band, and speed of response. 
e. Any component that fails to meet the required tolerances shall be repaired by the 

manufacturer or replaced. 
f. Repeat above tests until the component is within tolerance. 

6. Loop test: 
a. Test each instrument loop as an integrated system.  This test shall check operation from 

transmitter to signal receiving components, and from the main control panel to final 
control elements.  This test is to be witnessed by the Project Representative. 

b. Inject signals at the field terminations to simulate primary measuring elements. 
c. Output of each auto/manual station shall be manually varied from 0 to 100 percent, and 

correct operation of final control element verified. 
d. Each alarm circuit shall be manually actuated at the field sensor. 
e. Verify correct operation of the applicable annunciator window. 
f. Where alarm contact is connected to the PLC system, and/or the Metrotel system, correct 

PLC and Metrotel responses shall be monitored and verified. 
7. Closed-loop test: 

a. Test shall demonstrate stable operation of the loop under actual Facility operating 
conditions.  This test includes adjustment of loop tuning parameters and shall be 
witnessed by the Project Representative. 

b. Unless otherwise specified, adjust tuning parameters (proportional gain, integral time 
constant, and derivative time constant) for each control loop to provide ¼-amplitude 
damping or better. 

c. Prepare a chart recording showing loop response to a step disturbance for each loop. 
d. Make two charts for cascade loops, one showing the secondary loop response with its 

set point on manual, and the second showing overall loop response. 
e. Chart recordings shall be made at sufficient speed and amplitude to clearly show 

specified amplitude damping and shall be annotated to show loop number and title, and 
settings of parameters and set point. 

8. SCADA system test: 
a. Coordinate with the Project Representative for the requirements of this test. 
b. Test both the PLC-to-SCADA connection, and the Metrotel connection.  Check both 

systems end-to-end from the field sensor location to the treatment plant control room. 
c. Provide the services of a qualified technician for at least 24 labor-hours to assist in this 

test. 
d. Check that the equipment is functioning correctly and as specified. 
e. Check that all specified signals are telemetered and received at the appropriate King 

County facility as required. 
f. Check that all control signals are telemetered correctly from the treatment plant control 

room and the appropriate control action is observed on the field equipment. 

END OF SECTION 
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SECTION 17110 

PANELS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for panels, cabinets, consoles, and racks for instrumentation 
and communication equipment.  Additional requirements are specified in sections specifying the 
various instrumentation and communication systems. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of the listed documents, the more stringent requirements 
of this Section shall prevail. 
Reference  Title 
FED STD 595A  Federal Standard Colors 
IEC 60947-7-1  Low Voltage Switchgear and Control gear - Terminal blocks for copper 
   conductors 
NEMA 250  Enclosures for Electrical Equipment (1000 Volts Maximum) 
NFPA 79  Electrical Standards for Industrial Machinery 
UL 94   Tests for Flammability of Plastic Materials for Parts in Devices and  
   Appliances 
UL 508A  Industrial Control Panels – Standard 
UL 698A  Industrial Control Panels – Classified Areas 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Dimensioned front view drawings. 

C. Dimensioned internal equipment layout drawings. 

D. Panel assembly drawings shall include sections showing clearances between face and rear 
mounted equipment and keyed Bills of Materials. 

E. Nameplate engraving schedule showing engraving by line, character size, and nameplate size. 

F. Enclosure manufactures' drawings. 

G. Panel seismic calculations. 

H. Panel wiring diagram for each panel.  The diagram shall meet the requirements as set forth in the 
NFPA 79 Electrical standards for industrial machinery. 

I. Calculations of percentage wire fill for wireways including factory wiring and allowance for field 
wiring. 

1.04 DESIGN REQUIREMENTS 

A. Enclosures shall be limited to the following NEMA 250 types: 
Type  Location 
NEMA 12 Control rooms, switchgear rooms, MCC rooms 
NEMA 4X SS All other locations and applications 
NEMA 7D Classified Locations 
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B. Panel Design: 
1. General: 

a. Section 17901 specifies major panels and equipment on those panels. 
b. Additional panels may be specified on the Drawings. 
c. Panel size and equipment layout requirements are specified on the Drawings. 

2. No panel mounted operator interface devices, such as selector switches, will be mounted 
greater than 72" or less than 36" above the finished plant floor, with the exception of 
annunciators. 

3. No panel mounted instruments, such as recorders, will be mounted greater than 66” or less 
than 40” above the finished plant floor, with the exception of the annunciator panel as 
described below. 

4. Panelboards:  each panel containing 120-volt powered equipment with an aggregate load 
greater than 1200 watts shall be provided with a panelboard per Section 16470. 

5. Annunciators:  unless shown otherwise, each panel containing alarm points shall be provided 
with one or more annunciators per Section 17120.  Annunciators shall not be mounted with 
the top frame in excess of 90” above the finished plant floor. 

6. Power supplies: 
a. The main control panel shall contain a dual redundant DC power supply system as 

shown on the Drawings. 
b. Other panels containing direct current powered instruments or serving as the termination 

point for transmission loop powered field instruments shall obtain the DC power from the 
main control panel's DC power supply system. 

c. The DC power supply system shall be per Section 17130. 
7. Air supplies:  each panel containing pneumatically operated instruments shall contain a dual 

service regulator and distribution manifold as indicated on the Drawings. 

C. Labeling: 
1. Panels shall be manufactured and labeled in accordance with UL 508A and/or UL 698A and 

shall bear the UL label. 
2. Design shown on Drawings is for reference and shall be altered as required to make the 

panels UL 508A compliant. 

PART 2  PRODUCTS 

2.01 MATERIALS AND QUALITY 

A. General: 
1. Panelwork shall be designed for seismic requirements per Section 01031. 
2. Cutouts for future equipment shall be blanked off with suitable metal covers. 
3. Instrument tag numbers shall be identified on the panel rear per this Section. 
4. Nameplates shall identify face-mounted instruments per this Section. 
5. Instruments shall be mounted in a manner that allows ease of access to components and 

ease of removal. 
6. Face-mounted instruments that are more than six inches deep, weigh more than 10 pounds, 

or exert more than a 4 ft-lb moment force on the face of the panel shall be supported 
underneath at the rear by a 1-inch x 1/8-inch thick steel angle. 

7. Face-mounted equipment shall be flush or semi-flush with escutcheons. 
8. Floor mounted cabinets less than 60 inches high shall be provided with floor stands to raise 

the top of the panel to at least 60 inches above the floor or work platform.  Or, if panel weighs 
less than 100 pounds and wall space is available, wall mounting may be used in lieu of a floor 
stand. 

B. Fabrication of NEMA Type 12 Industrial Use, Indoor Cabinets with Front Doors: 
1. Enclosure fabricated from 16-gauge minimum thickness sheet steel for enclosures smaller 

than 24"x24", and 14-gauge minimum for larger enclosures.  Face-mounted instruments shall 
be mounted in the door. 
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2. Interior frame or otherwise formed so as to provide a rigid structure. 
3. Doors shall be hung on full-length continuous (piano-type) hinges and equipped with vault-

type latch capable of accepting a 3/8-inch-shackle padlock. 
4. Three-point latch hardware shall be provided for doors exceeding 48 inches height.  Door 

width shall not exceed 34 inches. 

C. Fabrication of NEMA Type 4X Cabinets: 
1. NEMA 250, Type 4X requirements. 
2. Fabricated from 14 gauge (minimum thickness) Type 316L stainless steel (or fiberglass when 

specifically specified) and provided with an interior frame or otherwise formed to provide a 
rigid structure. 

3. Where face-mounted instruments are specified mount on an interior sub-panel. 
4. Doors: 

a. Vault-type latch and, if greater than 48 inches high, three-point latch hardware. 
b. Latch shall accept a 3/8-inch shackle padlock. 
c. Unless shown otherwise, door width shall not exceed 36 inches. 

5. For cabinets located outdoors, equip with rain and sun shields. 

D. Fabrication of NEMA 7D Cabinets:  NEMA 250, Type 7 suitable for Class 1, Division 1, Group D 
classified area and assembled and installed to maintain this rating. 

2.02 HEATING AND VENTILATING 

A. Cooling shall be provided to maintain the internal panel temperature below 104 degrees F (40 °C) 
when all equipment is operating at its maximum heat load and the ambient temperature is 86 
degrees F (30 °C).  Filtered forced air ventilation shall be provided for NEMA 12 cabinets and 
either closed glycol loop heat exchange system or a mechanical refrigeration system for NEMA 
4X and NEMA 7 enclosures. 

B. Fans shall be equipped with UL-approved washable filters and provide at least 240 CFM.  Noise 
level at three feet from exterior wall and 30 degrees off axis shall not exceed 60 db. 

C. Outdoor or below grade cabinets shall not be insulated and shall be provided with 
thermostatically controlled space heaters. 

D. Heater wattage shall to maintain the air temperature inside the cabinet above the dew point or 50 
degrees F (10 °C), whichever is higher, at all times. 

E. If space heater surface temperature exceeds 122 degrees F (50 °C), an expanded metal guard 
shall be provided. 

F. When a strip type heater is used, the heater shall be a 240 VAC heater and connected to 120 
VAC and sized to produce the required heat at 120 VAC. 

G. Thermostat Acceptable Manufacturer: 
1. Honeywell T631B1013. 
2. Penn Controls A28AA-4. 
3. Approved equal. 

2.03 NAMEPLATES AND LABELS 

A. Machine engraved laminated black phenolic nameplates 1/16-inch thick with white lettering shall 
be provided for panel mounted equipment.  Nameplate minimum size: ¾-inch high by 2.0-inch 
long. 

B. Nameplate engraving shall be as specified and shall carry the instrument tag number in 3/32-inch 
(2.4 mm) minimum size lettering on the bottom line, or engraved as shown on the Drawings. 

C. Nameplates shall be attached to the panel with a minimum of two self-tapping 316 stainless steel 
screws. 
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D. Wording may be changed if changes are made prior to commencement of engraving. 

E. Machine-printed laminated adhesive labels shall identify tag number of instruments and 
equipment inside panels. 

F. Attach nameplates and labels to panel surfaces, not to instruments. 

G. Machine embossed, adhesive backed nameplates shall identify the tag number of equipment 
inside cabinets. 

2.04 WIRING AND ELECTRICAL DEVICES 

A. Wiring: 
1. Power, control and signal wiring inside panels: 

a. Power and control conductors: 
Type MTW. 
Conductor insulation rated for 600 volts and 90 degree C in dry locations. 

b. All conductors shall be stranded copper. 
c. Power and control conductors in panels have insulation type MTW, minimum 16 AWG. 
d. Wiring for instrumentation analog signals: 

Aluminum foil shielded twisted pairs, 
Belden type 8760, or approved equal. 

e. Wiring for instrumentation analog signals shall be run continuously from measuring 
instrument to control cabinet terminal strips without splices. 

f. Conductor size vs. fuse rating for conductors inside panels: 
Wire  Fuse 
18 AWG <1 AMP 
16 AWG 5 AMPS 
14 AWG 15 AMPS 
12 AWG 20 AMPS 

2. Support wiring independent of terminations by slotted flame retardant plastic wiring channels. 
3. Wiring channels shall comply with UL94, Type V.  Wiring channel fill shall not exceed 40 

percent. 

B. Wire Naming and Marking 
1. Wiring shall be marked at terminations with machine printed plastic sleeves per Section 

16000-2.02. 
2. Wire numbers shall consist of three parts, or as shown on the Drawings. 
3. Unless shown otherwise, the prefix of the wire number shall be the instrument loop number. 
4. If an instrument loop number is not available, the lowest mechanical equipment number of all 

final drives in the circuit shall be used. 
5. Following the prefix shall be a code letter.  The third part of the wire number shall be a 

number that identifies wires in a circuit that are electrically identical. 
6. Label each control and instrumentation wire as follows: 

a. FFF, LLL-CC-NNN, Where: 
FFF =facility number or process number 
LLL = equipment, panel or loop number 
CC = wire code from table 
NNN = wire number 
Note FFF, facility number, is only required if multiple facilities are involved or within a 
treatment plant with multiple processes. 

C. Color Coding 
1. Color coding of wires within control panels shall be as follows (subject to restriction by UL 

508A and/or UL 698A): 
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WIRE COLOR CODES 
Code 
S1 TSP BLACK SIGNAL (+) 5-24 VDC 
S2 TSP WHITE or CLEAR SIGNAL (-) 5-24 VDC 
SG TSP BARE SHIELD DRAIN 5-24 VDC 
S1 TRIAD BLACK SIGNAL 0-24 VDC 
S2 TRIAD WHITE SIGNAL 0-24 VDC 
S3 TRIAD RED  SIGNAL 0-24 VDC 
SG TRIAD BARE SHIELD DRAIN 0-24 VDC 
24P SINGLE BLUE POWER (+) 24 VDC 
24C SINGLE WHITE/BLUE COMMON (-) 24 VDC  
D SINGLE BLUE CONTROL 24 VDC 
125P SINGLE BLUE POWER 125 VDC 
125C SINGLE WHITE/BLUE COMMON 125 VDC 
B SINGLE BLUE CONTROL 125 VDC 
L SINGLE BLACK POWER 120 VAC 
N SINGLE WHITE NEUTRAL 120 VAC 
C SINGLE BLACK CONTROL 120 VAC 
PG SINGLE GREEN POWER GND EARTH GND 
SG SINGLE GREEN/YELLOW SIGNAL GND EARTH GND 
UL SINGLE BLACK/WHT UPS POWER 120 VAC 
UN SINGLE WHITE/GREY UPS NEUTRAL 120 VAC 
M SINGLE YELLOW MCC 120 VAC 
MN SINGLE WHITE/YELLOW MCC NEUTRAL 120 VAC GND'D 
A SINGLE BLACK OR BLUE ANNUNCIATOR 120 VAC/24VDC 
IO SINGLE BLACK OR BLUE ISOL I/O  120 VAC/24VDC 
R SINGLE BLUE RTU 12 VDC 
IS SINGLE LIGHT BLUE INTRINSIC SAFE <12 VDC 

2. Power and control wiring shall be carried in covered wiring channels separate from low 
voltage analog signal circuits. 

D. Terminal blocks and accessories: 
1. UL listed. 
2. DIN rail mounted.  Compliant with IEC 60947-7-1. 
3. Compression clamp type terminal rated for 600 volts and 30 Amperes. 
4. 22 AWG to 12 AWG copper wire size range. 
5. Mark using marker carrier and preprinted marker bars for the terminal numbers. 
6. Acceptable manufacturers: 

a. Entrelec Series: 
Typical Entrelec catalog numbers are the following: 
1) Terminal Block: Type MS 4/6. 
2) Switch Block: Type M 4/6.SNT. 
3) Fuse Block: Types M 4/8.SFL, M 4/8.SFD, M 4/8.SFD1. 

b. Phoenix Contact Series UK IEC Terminal Blocks. 
c. Allen-Bradley Series 1492 IEC Terminal Blocks. 
d. Approved equal. 

7. Field connections shall be to separate terminal blocks.  Terminal blocks for field terminations 
shall be in a separate part of the panel close to where the field cables enter the panel. 

8. External circuits shall be fused.  Fuses for 120 VAC:  include blown fuse indicator lamps. 
9. Comply with UL  requirements in construction. 

2.05 PANEL GROUNDING 

A. Each panel shall be provided with two copper ground bars.  One bar shall be bonded to the panel 
frame or sheet metal and to the station ground system.  The second (signal) ground bar shall be 
mounted on insulated stand-offs and shall be bonded to the frame ground bar at one point only. 
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B. Signal circuits, signal cable shields, and low-voltage DC power supply commons shall be bonded 
to the signal ground bar. 

C. Surge protectors and separately derived AC power supplies shall be bonded to the frame ground 
bar. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Wired as shown on the wiring diagrams. 

B. Control room cabinets: 
1. Mount on channel iron sills as specified. 
2. Sills shall be leveled so panel structures will not be distorted. 
3. Panels shall be shimmed to precise alignment so doors operate without binding. 
4. Sealant shall be provided under panels not located in dry control or electrical equipment 

rooms. 
5. Mount field panels and cabinets in compliance with Section 17000. 
6. Floor-mounted cabinets except in dry control rooms or electrical equipment rooms shall be 

mounted on 3-1/2-inch minimum height concrete pads or grouted bases as specified. 
7. Mount record drawings for wiring, connection and interconnection diagrams behind a piece of 

Plexiglas on the inside of one (or more) door(s). 

3.02 COATING 

A. Except for stainless steel and fiberglass panels, all panels and cabinets shall be painted inside 
and out.  Exterior finish shall be an enamel meeting ANSI 61 gray.  Interior panel finish shall be 
an enamel meeting Federal Standard 595:  27880 white. 

B. Treat cutouts to prevent corrosion. 

C. Except for stainless steel enclosures, the metal surfaces of panels, cabinets, and consoles, shall 
be prepared, primed, and finish coated per Section 09900, System J-2. 

D. Except for stainless steel enclosures, the metal edges of cutouts for instruments, switches, lights, 
etc., in panels, cabinets, and consoles shall be prepared, primed, and finish coated per Section 
09900, System J-2. 

END OF SECTION 
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SECTION 17120 

ANNUNCIATOR SYSTEMS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for alarm annunciator systems.  Application requirements are 
specified in the Alarm Schedule, Section 17902, and the Annunciator Connection Diagrams, 
included on the Drawings. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of the listed documents, the requirements of this Section 
shall prevail. 
Reference Title 
ISA S18.1 Annunciator Sequences and Specifications 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Dimensioned Layout Drawings. 

C. Engraving Window Inscription Schedule. 

D. Test Data. 

PART 2  PRODUCTS 

2.01 ANNUNCIATOR SYSTEMS 

A. Annunciators shall be back-lighted window type with window engraving. 

B. Unless otherwise specified, windows shall accommodate four lines of 16 characters not less than 
7/32 inches in height. 

C. Unless otherwise specified, windows shall be engraved white translucent plastic with black filled 
characters.  Windows shall each be illuminated with a minimum of two LED lamps. 

D. Unless otherwise specified, annunciator logic shall operate from the panel grounded 24 VDC 
power supply system.  Power requirement shall be less than 2 Watts per input. 

E. Provide not less than 20 percent spare points complete with logic cards and blank windows. 

F. Sequence logic shall be solid-state logic type.  Annunciator system shall be programmable via 
field-settable jumpers. 

G. Unless otherwise specified, provide one alarm input point per logic card. 

H. Signal inputs shall be optically isolated and shall be field programmable or jumperable for 
normally open or normally closed field contacts, response time, and isolated/non-isolated FCV 
supply.  Field Contact voltage shall be 120 VAC. 

I. Unless otherwise specified, the alarm sequence shall be ISA S18.1, Sequence A.  Other 
sequences may be software programmable. 
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J. Provide auxiliary relays with one (minimum) field selectable form A or form B contact for each 
alarm point.  Auxiliary contacts shall follow Field Contacts and not lamp sequence or TEST 
sequence. 

K. Unless otherwise shown, the sensing voltage for the field trouble contacts shall be 120 VAC. 

L. Provide electronic audible signal with output level adjustable from 68 to 90 dB (reference 0.0002 
dynes/cm2). 

M. Provide separately mounted ACKNOWLEDGE and TEST pushbuttons shall be separately 
mounted on the face of the main control panel.  These pushbuttons shall not be part of an 
annunciator window box. 

N. Acceptable Manufacturer: 
1. Panalarm Series 90. 
2. Approved equal. 

2.02 ALARM STROBE LIGHT 

A. Not used. 

2.03 HORN 

A. Not used. 

2.04 INTRINSIC SAFETY BARRIER 

A. Not used. 

2.05 AUXILIARY RELAY 

A. Provide a normally energized auxiliary relay for re-transmitting a common alarm. 

B. Acceptable Manufacturer: 
1. Panalarm Model 90AX2. 
2. Approved equal. 

PART 3  EXECUTION 

3.01 GENERAL 

A. Mounted and connected in the main control panel. 
1. Windows engraved and filled with permanent black ink. 
2. Test per Section 17000. 

END OF SECTION 
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SECTION 17130 

POWER SUPPLY AND CONDITIONING EQUIPMENT 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for power supply and conditioning equipment required to 
support the instrumentation and communication systems. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of the listed documents, the more stringent requirements 
of this Section shall prevail. 
Reference Title  
NFPA 70 National Electrical Code (NEC) 
UL 1012 Power Units other than Class 2 
UL 1283 Electromagnetic Interference Filters 
UL 1449 Transient Voltage Surge Suppressors 

B. Labeling:  power supply equipment shall bear a UL or other label acceptable to the inspection 
authority having jurisdiction for the specified application. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Dimensional Drawings. 

C. Catalog Cuts including performance parameters. 

D. Installation Information. 

E. Wiring Diagrams. 

F. Operations and maintenance information per Section 01730. 

1.04 PLANT ELECTRICAL SUPPLY SYSTEM 

A. Electric power for instrumentation and communication systems shall be obtained from the power 
distribution system specified in Division 16.  This power is not regulated, waveforms may be 
distorted, and significant amounts of electrical noise may be present. 

B. Unless otherwise specified, provide all necessary power supply and conditioning equipment for all 
required voltages and current capacities and of adequate quality to ensure reliable operation of 
the instrumentation and communication systems. 

C. Unless otherwise specified, assume that the power supply for instrumentation systems is 120 
volts plus or minus 15 percent, 60 hertz plus or minus 3 hertz, and 5 percent harmonic distortion.  

PART 2  PRODUCTS  

2.01 GENERAL 

A. Except for power supply units that form an integral part of an individual piece of equipment. 
1. Comply with UL 1012. 
2. Approved by UL, CSA, or FM for the application. 
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B. Power supply equipment serving multiple instrument loops shall be provided in hot-standby 
configurations such that failure of a single unit will not disable all or any part of the 
instrumentation and communication systems. 

C. Provide diode isolation for redundant direct current supply units. 

D. Connect the DC power supply negative output terminal to the signal ground bus at a single point. 

2.02 ALTERNATING CURRENT (AC) VOLTAGE REGULATORS 

A. Solid-state tap-changing type, insensitive to line frequency variations between 47 and 63 hertz.  
Ferro resonant units are not acceptable. 

B. Output regulation for input voltage variation from 85 to 125 volts shall not exceed 4 percent. 

C. Output regulation for load variation from 0 to 100 percent shall not exceed 1.0 percent. 

D. Response time shall be 1.0 cycles or less. 

E. Voltage regulators serving panel boards and control panels shall have a load capacity not less 
than 200 percent of the connected load. 

F. Voltage regulators serving individual instruments shall have a load capacity not less than 125 
percent of the connected load. 

G. Power loss shall not exceed 2 percent of the regulator capacity, and harmonic distortion 
introduced by the regulator shall not exceed 0.1 percent. 

H. Regulator output shall be fully protected against internal faults, external overloads, and short 
circuits. 

I. Three-phase units shall be 4-wire, wye-connected, and capable of supporting 100 percent 
unbalanced load. 

2.03 NOISE-SUPPRESSION ISOLATION TRANSFORMERS 

A. For AC powered instrumentation loads containing solid-state circuitry where such is not included 
within the instrument. 

B. Triple box shield type. 

C. Each coil shall be completely enclosed in a grounded conductive faraday shield, and the overall 
transformer enclosed in a faraday shield. 

D. Common mode noise attenuation between primary and secondary shall exceed 140 dB at 1.0 
kHz. 

E. Dielectric strength shall be 2500 volts minimum. 

F. Serving panelboards and control panels shall have a load capacity not less than 200 percent of 
the connected load. 

G. Serving individual instruments shall have a load capacity not less than 125 percent of the 
connected load. 

H. Power loss shall not exceed 2.0 percent of the maximum load rating. 

I. Harmonic distortion introduced by the isolation transformer shall not exceed 0.1 percent. 

J. Three-phase units shall be 4-wire, wye-connected, and capable of supporting 100 percent 
unbalanced load. 

K. Acceptable manufacturer: 
1. Topaz T1. 
2. Approved equal. 
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2.04 DIRECT-CURRENT POWER SUPPLIES 

A. Dual (Redundant) DC Power Supply: 
1. UL labeled, regulated redundant power package with the following features: 
2. Dual and identical DC power supplies. 
3. Dual (redundant) isolation diodes or "N+1" redundant design allowing forced current sharing 

among individual supplies. 
4. Barrier block terminals for all wiring connections. 
5. Connections for two 120 VAC power sources. 
6. 24 VDC output voltage with accessible adjustment for a minimum of plus or minus 0.5 volts; 

floating output. 
7. Output voltmeter and output ammeter for each internal power supply. 
8. Control for automatically selecting one of the two power supplies as master. 
9. SPDT (minimum) alarm contact for external alarm circuit tripped for power supply failure. 
10. Line regulation:  shall not exceed plus or minus 0.05 percent for line voltage variation from 93 

to 132 volts. 
11. Load regulation:  full load and no load shall not exceed plus or minus 0.05 percent. 
12. Ripple shall not exceed 15 mVrms. 
13. Electronic current limiting to provide short circuit protection and recovery on the output. 
14. Enclosure:  19-inch rack mount or wall-mount enclosure suitable for locating on mounting 

panel inside a control panel. 
15. Automatic adjustable output over-voltage shutdown with alarm and over-temperature 

protection shall be provided.  EMI filtering of both AC input and DC output shall be provided. 
16. Output current: as listed in the instrument index Section 17901 or on the contract drawings. 
17. Acceptable manufacturers: 

a. Acopian Series RWL24. 
b. Kepco series MST. 
c. Lambda series ZUP. 
d. Approved equal. 

B. Linear DC Power Supply: 
1. UL labeled, linear regulated power supply with the following features: 
2. Barrier block terminals for all wiring connections. 
3. 120 VAC input voltage. 
4. 24 VDC output voltage with accessible adjustment for a minimum of plus or minus 0.5 volts. 
5. Floating output allowing either output terminal to be connected to system ground. 
6. Line regulation:  shall not exceed plus or minus 0.15 percent for line voltage variation from 

105 to 125 volts. 
7. Load regulation:  between full load and no load shall not exceed plus or minus 0.1 percent. 
8. Ripple and noise:  shall not exceed 2 mVrms. 
9. Electronic current limiting to provide short circuit protection and recovery on the output. 
10. Enclosure:  fully enclosed and suitable for locating on mounting panel inside a control panel. 
11. Output current:  minimum 3.5 Amperes at 40 degrees C. 
12. Acceptable manufacturers: 

a. Acopian Gold Box Single Output Model B24G350. 
b. Lambda series NN. 
c. Approved equal. 

C. Switching DC Power Supply: 
1. UL 508 labeled, regulated switching power supply with the following features: 
2. Barrier block terminals for all wiring connections. 
3. Input voltage:  90-264 VAC, 47-63 Hz. 
4. 24 VDC output voltage with accessible adjustment for a minimum of plus or minus 2.0 volts. 
5. Floating output allowing either output terminal to be connected to system ground. 
6. Line regulation:  shall not exceed plus or minus 0.5 percent for line voltage variation from 105 

to 125 volts. 
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7. Load Regulation:  shall not exceed plus or minus 1.5 percent for load variation from zero to 
full load. 

8. Noise and ripple:  shall not exceed 2.0 percent p-p, including switching noise. 
9. Minimum efficiency:  80% 
10. Electronic current limiting:  105-110% of full load, with automatic recovery. 
11. Enclosure:  Fully enclosed and suitable for mounting on DIN rail. 
12. Output current capacity shall be as specified in Instrument Schedule or on the contract 

drawings, derated to 50 degrees C. 
13. Acceptable manufacturers: 

a. Acromag series PS5R. 
b. Idec series PS5R. 
c. Lambda series DPP or DLP. 
d. Sola series SFL. 
e. Approved equal. 

2.05 UNINTERRUPTIBLE POWER SYSTEM (UPS) 

A. Single Phase UPS:  Per Section 17132. 

2.06 SURGE PROTECTION 

A. For protection against line generated transients for both normal and common mode protection. 

B. The unit shall be a non-degrading, solid state, series low pass filter with transient protection 
having the following features: 
1. UL compliant for UL categories 1283 and 1449. 
2. Input voltage:  120 VAC single-phase, 47-63 hertz. 
3. Load current: 20 amperes minimum. 
4. Barrier type terminal blocks for line and load hard-wired connections. 
5. Response time:  less than 1 nsec normal mode and 5nsec common mode. 
6. HF noise suppression:  -25 dB at 100 KHz and -55 dB at 5-10 MHz. 
7. Transient suppression (per IEEE C62.41):  Line-neutral, line-ground, neutral-ground - 15,000 

Amps (8 x 20 usec); Category A Ringwave:  Normal mode:  6V, Common mode:  330V. 
8. Operating temperature: -40 degrees C to +45 degrees C. 
9. Acceptable manufacturer: 

a. Control-Concepts Islatrol IC+130. 
b. Control-Concepts Islatrol IE+120. 
c. Eaton/Cutler Hammer AEGIS HW. 
d. Approved equal. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Unless otherwise specified, mount and connect in compliance with the manufacturer's 
instructions. 

B. Provide line side disconnect switches. 

C. Provide line and load side overcurrent protection in compliance with NFPA 70. 

D. Small power supply and conditioning equipment may be mounted in the panel served.  Larger 
units shall be mounted adjacent to the equipment served. 

E. Where unconditioned power is brought into control panels, it shall be enclosed in metallic 
raceways within the panel. 

F. When larger than 5 KVA load capacity supported from surfaces other than concrete provide with 
sound isolators. 
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G. Final raceway connections shall be a flexible conduit in compliance with Section 16110. 

H. When not designed for exposed mounting, house in panels per Section 17110. 

END OF SECTION 
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SECTION 17132 

SINGLE PHASE UNINTERRUPTIBLE POWER SUPPLY EQUIPMENT 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies on-line single-phase PWM-type uninterruptible power supply (UPS) 
equipment, 4.0 through 10 kVA output.  UPS equipment shall include rectifier/charger, inverter, 
internal bypass switch, maintenance bypass switch, meters, controls, indicators, battery, and 
appurtenances. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of the listed documents, the requirements of this Section 
shall prevail. 
Reference Title 
NEMA 250 Enclosures for Electrical Equipment (1000 Volts Maximum) 
NFPA 70 National Electrical Code (NEC) NOT USED 
UL1778 Uninterruptible Power Supply Equipment 

B. Label:  UPS equipment shall bear a UL or other label acceptable to the inspection authority 
having jurisdiction for the specific application and be UL1778 listed. 

1.03 SUBMITTALS 

A. Procedure:  Section 01300. 

B. Catalog cuts showing general features of the UPS and batteries. 

C. Battery discharge/recharge calculations. 

D. Dimensions and weights of components including working clearances. 

E. Block diagram depicting functional operation of UPS. 

F. Installation information. 

G. Wiring Diagrams, internal and external. 

1.04 PERFORMANCE REQUIREMENTS 

A. Equipment output characteristics: 
1. Voltage and phase 208 VAC, 1 phase. 
2. Power 2.8kW/4kVA minimum. 
3. Run time 10 minutes minimum at full load. 
4. Efficiency 90% minimum. 
5. Wave form Sinusoidal, 7% maximum total harmonic distortion. 
6. Voltage regulation ±3% nominal for all normal and power loss conditions. 
7. Transient response ±10% maximum upon application or removal of 50 to 100% load 

 step; recovery to ±5% within 100mS. 
8. Overload capability 126-150% for 10 seconds, 200% for 2 cycles. 
9. Frequency 60Hz. 
10. Battery charger Recharge time less than 8 hours to 90%. 

B. Equipment input characteristics: 
1. Normal source 208 VAC, 1 phase. 
2. Input Power Factor 95% lagging, minimum. 
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3. Operating voltage range +10% to -15%. 
4. Frequency range ±5%. 

C. Environmental: 
1. Operating temperature 0 - 30 C (32-104 F). 
2. Humidity 0% - 95% RH, non-condensing. 
3. Altitude 0 – 3,000 ft. 
4. Audible Noise @ 1m 62 dB maximum, A-weighted. 

PART 2  PRODUCTS 

2.01 GENERAL 

A. UPS and battery shall be housed in a free standing NEMA 250, Type 1, locking caster base 
enclosure for installation, service, and ventilation. 

B. UPS shall be arranged for rear terminal blocks for input power and output power.  Power input 
shall not be via a cord and power output shall not be via receptacle(s). 

C. UPS shall be configured to automatically restart after normal power restoration. 

D. UPS shall be configured to automatically bypass in the event of an internal fault or inverter 
overload. 

E. Acceptable Manufacturer: 
1. Liebert Nfinity OnLine. 
2. PowerWare FerrUPS, 9PX, or 9170+. 
3. Approved equal. 

2.02 BATTERY CHARGER / RECTIFIER 

A. Constant-voltage type, capable of supplying the UPS direct current bus with no battery attached. 

2.03 BATTERY 

A. Sealed maintenance-free type. 

2.04 MAINTENANCE BYPASS SWITCH 

A. Fully rated for the UPS capacity and make before break contacts. 

B. Mounted external to the UPS cabinet to permit completely de-energizing all components within 
the cabinet during maintenance. 

2.05 INSTRUMENTATION AND CONTROLS 

A. Monitoring Instruments:  Provide display panel indicator with the following parameters: 
1. Load. 
2. Battery status. 
3. Input power status. 

B. Alarm Indication: 
1. AC input failure. 
2. Battery low. 
3. UPS fault. 
4. On bypass. 

C. Alarm Signal Output:  Provide normally closed common alarm dry (unpowered type) relay contact 
rated 1 amp, 24vdc minimum, configured to indicate a loss of input power to the UPS. 
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PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's recommendations and per NFPA 70. 

3.02 TESTING 

A. General:  Test prior to operational use. 

B. Load Test: 
1. Use 0.8 power factor load bank. 
2. Disconnect AC input and operate UPS at rated load. 
3. Record operating time and battery voltage. 
4. Continue operation at rated load battery cut-off. 
5. Monitor battery voltage and record value just prior to cut-off. 

C. Battery Re-charge Test:  Connect AC power and record battery recharge duration. 

END OF SECTION 
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SECTION 17211 

PROCESS TAPS AND PRIMARY ELEMENTS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for instrumentation elements that quantitatively convert the 
measured variable energy into a form suitable for measurement and process measurement 
accessories. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of a listed document, the requirements of this Section 
shall prevail. 
Reference  Title 
API RP550  Manual on Installation of Refinery Instruments and Control Systems,  

Part 1 - Process Instrumentation and Control 
ASTM A269 Specification for Seamless and Welded Austenitic Stainless Steel Tubing 

for General Service  
ASTM A276  Specification for Stainless Steel Bars and Shapes 
ASTM D1248  Specification for Polyethylene Plastics Extrusion Materials For Wire and  
   Cable 
SAMA PMC 17-10 Bushings and Wells for Temperature Sensing Elements 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. All submittals shall be per Section 17000. 

C. Flow calculation for each differential-type flow element. 

PART 2  PRODUCTS 

2.01 INSTRUMENTATION SPECIFICATION SHEETS (INSTRUSPEC)  

A. General requirements for primary elements specified in this Section are listed on INSTRUSPEC 
sheets in this Section. 

2.02 VALVES 

A. Isolation Valves: 
1. Full port ball valves with ASTM A276, 316 stainless steel trim and body. 
2. Teflon seats and packing. 
3. Acceptable manufacturer: 

a. Parker Hannifin. 
b. Whitey. 
c. Hoke. 
d. Approved equal. 

B. Gage Valves: 
1. Machined from ASTM A276 bar stock. 
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2. Use with 1/2-inch NPT connections and integral bleed valve. 
3. Acceptable manufacturer: 

a. Anderson Greenwood M9530. 
b. Hoke 6801L8Y. 
c. Approved equal. 

C. Root Valves: 
1. ASTM A276, Type 316 stainless steel bar stock. 
2. 1/2-inch NPT male process connection and three 1/2-inch NPT female instrument 

connections. 
3. One instrument connection shall be provided with an ASTM A276, Type 316 stainless steel 

bleed valve. 
4. ASTM A276, Type 316 stainless steel plugs for unused ports. 
5. Lagging type units shall be provided for insulated vessels and pipes. 
6. Acceptable manufacturer: 

a. Anderson Greenwood M5 AVS-44. 
b. Hoke 6802L8Y. 
c. Approved equal. 

D. Manifolds: 
1. Three-valve bar-stock type. 
2. Body:  machined from ASTM A276, Type 316 stainless steel bar stock. 
3. Valves shall be globe configuration with 316 stainless steel ball seats and Teflon stem 

packing. 
4. Designed for direct mounting to differential pressure transmitters in place of the flanges 

normally furnished. 
5. Fabricated manifolds or manifolds employing needle or soft seat valves are not acceptable. 
6. Purge taps, 1/8-inch NPT shall be furnished on manifolds where water purge is specified. 
7. Acceptable manufacturer:   

a. Anderson Greenwood M4TVS. 
b. Hoke 8123F8Y. 
c. Approved equal. 

2.03 TUBING AND TUBING FITTINGS 

A. Instrument tubing: 
1. Process impulse lines: 1/2-inch x 0.065-inch seamless annealed ASTM A269 Type 316 

stainless steel between the process connection and instruments. 
2. Pneumatic tubing: Low pressure (<80 PSIG) pneumatic tubing within protective enclosures or 

conduit may be ¼-, 3/8, or 1/2-inch high molecular weight polyethylene or nylon per ASTM 
D1248, Type III, Class C, Grade 3 with 0.04 inch minimum wall thickness, as required. 

B. Tubing fittings: 
1. Type 316 stainless steel. 
2. Swage ferrule design with components (nut, body and ferrule system) interchangeable with 

those of at least one other manufacturer. 
3. Flare and ball sleeve compression type are not acceptable. 
4. Acceptable manufacturer: 

a. Parker Hannifin. 
b. Swagelok. 
c. Hoke. 
d. Approved equal. 

2.04 CHEMICAL SEALS 

A. Diaphragm: 
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1. Unless otherwise specified, seal shall be the diaphragm type with flushing connection, Type 
316 stainless steel body and Type 316L diaphragm. 

2. Unless otherwise specified, fill fluid shall be DC200 silicone oil. 
3. Acceptable manufacturer: 

Ashcroft Type 100/101 – no exceptions 
KC pre-selected instrument 
KC P.O, #329514 
Vendor: Paramount Supply, Inc. 
(206) 762-1717 

B. Annular: 
1. Seal shall be the in-line full stream captive sensing liquid type. 
2. Metallic wetted parts shall be 316 stainless steel. 
3. Unless otherwise specified, flexible cylinder shall be Buna-N. 
4. Rated 200 psig with not more than 5-inch WC hysteresis. 
5. Unless otherwise specified, fill fluid shall be DC200 silicone oil. 
6. Acceptable manufacturer: 

Ashcroft Series 80 – no exceptions 
KC pre-selected instrument 
KC P.O. # 329514 
Vendor: Paramount Supply, Inc. 
(206) 762-1717 

2.05 BUSHINGS AND THERMOWELLS 

A. Comply with SAMA PMC17-10. 

B. Unless otherwise specified, machined from 316 stainless steel bar stock. 

C. On insulated vessels or pipes, temperature taps with1/2-inch NPT, and lagging extensions. 

2.06 PURGE ASSEMBLIES 

A. Air purge assembly: 
1. Constant-differential relay, needle valve, check valve and 0.2 to 2.0 SCFH rotameter. 
2. Acceptable manufacturer: 

a. Fischer & Porter Series 10A6100 Purgemaster w/optional d.p. regulator and low flow 
range needle valve. 

b. Wallace/Tiernan model 32-A056 flowmeter w/optional low capacity outlet flow regulator. 
c. Approved equal. 

B. Water purge assembly: 
1. Strainer, constant-differential regulator, needle valve, check valve, and 20 to 200 cc/m 

rotameter. 
2. Acceptable manufacturer: 

a. Assembly: 
1) Moore Products 63BD4A. 
2) Fischer & Porter 10A3137N-53BR2110. 
3) Approved equal. 
4) Strainer: 155 micron wye-type 

a) ASCO 8600A2. 
b) Crane. 
c) Approved equal. 

2.07 FLOW STRAIGHTENING VANES 

A. Acceptable manufacturer: 
1. Apollo Engineering Co.  
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2. Daniel Industries Model 1106F. 
3. Approved equal. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Process Connections: 
1. Unless otherwise specified, process taps shall comply with API RP550. 
2. Root valves shall be provided at taps, except temperature taps and pump discharge pressure 

taps. 
3. Arrange, where possible, such that instruments may be readily removed for maintenance 

without disruption of process units or draining of large tanks or vessels. 
a. Unions or flange connections shall be provided as necessary to permit removal without 

rotating equipment. 
b. Where process taps are not readily accessible from instrument locations, a block valve 

shall be provided at the instrument.  Block valves shall also be provided for each 
instrument where multiple instruments are connected to one process tap. 

B. Electrical Connections:  final connections between rigid raceway systems and instruments shall 
be made with jacketed flexible conduit with a maximum length of two feet. 

3.02 TESTING 

A. Testing requirements per Section 17000. 

3.03 INSTRUSPEC SHEETS 

A. The following INSTRUSPEC sheets are included in this Article: 
INSTRUSPEC Symbol Instrument Description Instrument Function 
LBE Bubbler assembly Level measurement 
PG Pressure gage Pressure measurement 
PLG Low range pressure gage Pressure measurement 

B.  
Instrument Identification: LBE 
Instrument Description: Bubbler assembly  
Instrument Function: Level measurement 
Power Supply: 120vac 1 phase 
Signal Input: Water column pressure 
Signal Output: NA 
Process Connection: Bubbler pipe assembly 
Product Requirements:  

Bubbler Assembly: Each bubbler system shall consist of a bubbler 
panel, bubbler pipe assembly and interconnecting 
piping, as shown. 

Bubbler Panel: 1.  Each bubbler panel shall be as shown. 
 2.  Each bubbler panel shall include one, two or 

three level measuring loops as shown. 
 3.  Unless shown otherwise, for each level 

measuring loop the instruments mounted on the 
door shall include a pressure gauge, an air purge 
assembly with a rear-of-door mounted rotameter, 
and a three-position hand operated air switch. 

 4.  Unless shown otherwise, for each level 
measuring loop, the instruments mounted inside the 
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enclosure shall include an adjustable air filter 
regulator with output gauge, and pressure sensing 
instrumentation such as a differential pressure 
transmitter.  (See Section 17212) 

  
Pressure Gauge: 1.  Minimum 4- inch dial size; ANSI grade A (1.5 

percent of span accuracy) Bourdon tube or 
diaphragm measurement element; wetted materials 
shall be 316 stainless steel; range shall be zero 
based and selected to be as close to the maximum 
water depth measurement range as possible by 
using a standard gauge range; case shall be black 
epoxy coated aluminum or stainless steel designed 
for flush mounting in the door of the bubbler panel 
with a rear-mounted pressure connection. 

 2.  Acceptable manufacturer: 
 a. Tel-Tru Model 4037 
 b. Winters model P430x 
 c. WIKA model 632.50 
 d. Approved equal. 
 3.  Special Scale.  Scale shall be a combination type 

with psig inner scale and feet of water outer scale.  
The outer scale shall be marked with the actual 
elevation as shown in Section 17901. 

  
Constant Differential  
Air Purge Assembly: 1.  One rotameter shall be provided for each level-

measuring loop. 
 2.  The rotameter shall have the following features: 
 a. 304 stainless steel body. 
 b. 316 stainless steel end fittings. 
 c. Viton O-rings. 
 d. Removable borosilicate glass metering tube 

with polycarbonate shield. 
 e. 3-inch meter scale with direct reading etched 

scale in SCFH, minimum air flow capacity 0.2 
to 1.9 SCFH at 70 degrees Fahrenheit and 
14.7 psia. 

 f. Minimum operating pressure 14.7 psia plus 
maximum water level pressure. 

 g. Minimum pressure / temperature rating 250 
psig/100 degrees Fahrenheit 

 h. Integral stainless steel control valve. 
 i. Rear of panel mounting so that body is behind 

door and the metering tube and flow 
adjustment knob is on front of door. 

 3.  Differential pressure regulator shall have the 
following features: 

 a. Capability to maintain a constant flow rate 
with varying downstream pressures. 

 b. 316 stainless steel body. 
 c. Viton diaphragm. 
 d. 316 stainless steel ball valve. 
 e. 316 stainless steel springs.      
 f. Stainless steel regulator piping. 
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 g. Maximum pressure rating 200 psig. 
 h. Maximum differential pressure rate 100 psi. 
 i. Acceptable manufacturer: 
 1) ABB/Fischer & Porter Series 10A6100 

Purgemaster. 
 2) Wallace/Tiernan model 32-A056 flowmeter 

w/optional low capacity outlet flow 
regulator. 

 3) Approved equal. 
  

High Pressure Purge Valve: 1.  One air switch shall be furnished for each level 
measuring loop. 

 2.  Mount on the door so that only the knob is on the 
front and the rest of the switch is on the rear of the 
door. 

 3.  316 stainless steel. 
 4.  3-positions 4-way Valve for normal level 

measuring, instrument calibration, and bubbler pipe 
purging. 

 5.  Level measuring position shall apply only bubbler 
sensing pressure on the door mounted pressure 
gauge and pressure sensing instruments,  

 6.  Calibration position shall close off all valve ports. 
 7.  Purge position shall apply filter/regulator output 

pressure to the bubbler pipe only and will close off 
pressure sensing instruments. 

 8.  Provide nameplate to define each position.  
 9.  Acceptable Manufacturer: 
 a. King Engineering Model 6930  

 b. Approved equal. 
  

Filtered Regulator: 1.  Consist of service regulator and 10 micron filter 
of capacity to at least serve 200 percent of the final 
element load, provided with a 2-inch gauge. 

 2.  Acceptable manufacturer: 
 a. ITT/Conoflow GFH-60. 
 b. Norgren model B38. 
 c. Fairchild model 65AF. 
 d. Approved equal. 
  

Accessories: 1.  The accessories inside the panel include 
bulkhead fittings, shut-off ball valves, manifolds, 
tubing and fittings, etc. 

 2.  Accessories and tubing shall be 316 stainless 
steel as shown. 

 3.  Tubing that is required to be flexible shall be high 
molecular weight virgin polyethylene manufactured 
in accordance with ASTM D1248, Type III, Class C, 
Grade 3 with 0.04 inch minimum wall thickness. 

 4.  Fittings shall be 316 stainless steel, swage 
ferrule design and shall have components (nut, body 
and ferrule system) interchangeable with those of at 
least one other manufacturer. 

 5.  Flare and ball sleeve compression type fittings 
are not acceptable. 
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 6.  Fittings acceptable manufacturer:   
 a. Parker Hannifin. 
 b. Crawford Swagelock. 
 c. Hoke Gyrolok. 
 d. Approved equal. 
 7.  Shutoff valves shall be 316 stainless steel body 

and trim with Teflon seats and seals, quarter turn 
units. 

 8.  Valves acceptable manufacturer: 
  a. Hoke. 
 b. Nupro. 
 c. Approved equal. 
  

Bubbler Pipe Assembly 1.  All piping, fittings, accessories shall be 3/4-inch 
schedule 40 316 stainless steel. 

 2.  Provide with one or two pipe tees, as required, at 
the top for connection of air purge supply line and/or 
static signal line as shown. 

 3.  Top opening shall be provided with threaded plug 
for rodding out the bubble pipe. 

 4. The bottom end of the bubble pipe shall be 
notched approximately 3/4-inch deep x 1/2-inch 
wide. 

Interconnecting Tubing 1.  For installations where the bubbler panel and 
bubbler pipe are separated by more than 100 feet, 
provide two interconnecting tubes, one for the air 
purge supply line and one for the signal sense line.  
For installations where the bubbler panel and the 
bubbler pipe are separated by less than 100 feet, 
provide only one interconnecting tube, combining 
the functions of air purge and sense lines. 

 2.  The tubing and fittings shall be 1/2-inch x 0.065-
inch seamless annealed ASTM A269 Type 316 
stainless steel for distances under 30 ft., or shall be 
½-inch high molecular weight virgin polyethylene 
tubing as described above, installed in protective 1-
inch rigid steel conduit for longer distances or if 
embedded in concrete. If flexible tubing is used, 
fittings shall be stainless steel, and no splices shall 
be allowed within embedded sections. Provide pull 
boxes at exposed ends and at right angle bends to 
facilitate removal and replacement of embedded 
flexible tubing sections. 

Execution:  
Installation: Mount and connect in Type 4X Stainless Steel panel 

as specified in Section 17110 in accordance with 
manufacturer's instructions and as specified on the 
Drawings. 

Calibration: Top of notch in bubble pipe shall be set at specified 
elevation with an accuracy of  0.1 inch or better. 

C.  
Instrument Identification: PG 
Instrument Description: Pressure gage 
Instrument Function: Pressure measurement 
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Power Supply: N/A 
Signal Input: N/A 
Signal Output: N/A 
Process Connection: 1/2-inch male NPT 
Product Requirements:  

Pressure gages: 1.  4-1/2-inch premium grade, glycerin filled units 
with bourdon tube element, 270-degree milled 
stainless steel movement, phenolic case, and 
shatterproof glass window.  The requirements of 
Section15095 apply to this instrument. 

 2.  Accuracy:  ANSI grade 2A (+0.5% of span) 
 3.  The range of the measuring element shall be as 

shown in the instrument index.  The dial scale shall 
be equivalent to the measuring element range, but 
displayed in the engineering units shown as Scale in 
the instrument index.   

 4.  Acceptable manufacturer: 
 a. WIKA model 233.34, no exceptions 
 KC pre-selected instrument 
 KC P.O. # 329995 
 Vendor: Branom Instrument Co. 

(206) 762-6050 
Execution:  

Installation: 1.  Install in accordance with manufacturer's 
instructions and the recommendations of API RP550 
to the specified requirements. 

 2.  Root valves shall be provided at all process 
pressure taps except taps made for safety 
instruments. 

 3.  Gage valves shall be provided at the instrument 
where the instrument is not within sight of the root 
valve or where two or more instruments are 
connected to a single tap. 

 4.  Safety instruments shall not be connected to the 
same process tap as instruments used for control, 
indication, or recording. 

 5.  Unless otherwise specified, pressure instruments 
shall be located as close as practical to the process 
tap but shall be positioned to permit observation and 
maintenance. 

 6.  Pressure gages may be supported from the 
process tap if this location permits observation from 
the floor or a permanent work platform. 

 7.  Pressure instruments shall be installed in such a 
manner that blowout discs are not obstructed. 

Application/Calibration: Application, calibration, and set points shall be as 
specified in Section 17901. 

D.  
Instrument Identification: PLG 
Instrument Description: Low range pressure gage 
Instrument Function: Pressure measurement 
Power Supply: N/A 
Signal Input: N/A 
Signal Output: N/A 
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Process Connection: 1/2-inch male NPT  
Product Requirements: 1.  Gages shall be 4-1/2-inch phenolic turret case 

construction with shatterproof glass window and 
270-degree milled stainless steel movement. 

 2.  Unless otherwise specified, element shall be 
ASTM A269, Type 316 stainless steel bellows. 

 3.  Accuracy:  ANSI Grade A (+2.5% of span) 
 3.  Provide with a porous metal type snubber with 

ASTM A276, type 303 stainless steel body and type 
316 stainless steel filter disc. 

 4.  Acceptable manufacturer: 
 a. WIKA model 632.34, no exceptions 
 KC pre-selected instrument 
 KC P.O. # 329995 
 Vendor: Branom Instrument Co. 

(206) 762-6050 
Execution:  

Installation: 1.  Install in accordance with manufacturer's 
instructions and the recommendations of API RP550 
to the specified requirements. 

 2.  Root valves shall be provided at all process 
pressure taps except taps made for safety 
instruments. 

 3.  Gage valves shall be provided at the instrument 
where the instrument is not within sight of the root 
valve or where two or more instruments are 
connected to a single tap. 

 4.  Safety instruments shall not be connected to the 
same process tap as instruments used for control, 
indication, or recording 

 5.  Unless otherwise specified, pressure instruments 
shall be located as close as practical to the process 
tap but shall be positioned to permit observation and 
maintenance. 

 6.  Pressure gages may be supported from the 
process tap if this location permits observation from 
the floor or a permanent work platform. 

 7.  Pressure instruments shall be installed in such a 
manner that blowout discs are not obstructed. 

Application/Calibration: Application, calibration, and set points shall be as 
specified in Section 17901. 

END OF SECTION 
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SECTION 17212 

TRANSMITTERS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for transmitters.   

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
document.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and that of the listed document, the requirements of this Section 
shall prevail. 
Reference Title 
API RP550 Manual on Installation of Refinery Instruments and Control Systems, Part 

1- Process Instrumentation and Control. 
ASTM A276 Stainless Steel Bars and Shapes. 
NEMA 250 Enclosures for Electrical Equipment. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Catalog cuts and product data as required in Section 17000 

C. Calibration and test data per Section 17000 

D. Operations and Maintenance information per Section 01730 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Unless otherwise specified, measuring elements and transmitters shall comply with the following 
requirements: 

 Output indicators complying with this Section: 1.
a. Provide with any transmitter that does not include an integral indicator. 
b. Indicators, whether integral or separate, shall be calibrated in process units. 
c. The units shall be engraved on the indicator scale plate.   
d. The installed orientation of the output indicator shall permit the plant operator to easily 

read the display from the operating floor. 
 Transmitters: 2.

a. Two-wire type with operating power derived from the signal transmission circuit, unless 
otherwise specified. 

b. Output shall be 4 to 20 milliamperes, current regulated DC. 
c. Load variations within the range of 0 to 500 ohms with the power supply at 24 volts DC. 
d. Output shall be galvanically isolated. 
e. Time constant of transmitters used for flow or pressure measurement, including level 

transmitters used for flow measurement, shall be adjustable from 0.0 to 5.0 seconds. 
f. Output shall increase with increasing measurement. 
g. Unless otherwise specified, enclosures shall be rated NEMA 250, Type 4X. 
h. When located outdoors, provide with surge protectors:  Rosemount Model 470A, Control 

Concepts model TMR, or approved equal. 
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i. Where two-wire transmitter is located in a classified area, use intrinsic safety barrier per 
Section 17212-2.03. 

2.02 OUTPUT INDICATOR 

A. Output indicator shall be a loop powered current-to-digital display indicator. 

B. Input current shall be 4-20 mA and display shall be a 3 1/2 active digit liquid crystal display with 
black numerals at least 0.35 inches high. 

C. Display scalable with decimal point to read process engineering units. 

D. Enclosed in a conduit body-type housing with glass window, classified as appropriate for the area 
in which the output indicator is installed. 

E. A diode shall be provided to maintain loop continuity in case of indicator failure or removal. 

F. Accuracy shall be +/- 0.1 percent of reading. 

G. Acceptable Manufacturers: 
 Action Instruments models V561/V565. 1.
 Precision Digital 600 series. 2.
 Moore Industries models PSD/SPD. 3.
 Approved equal. 4.

2.03 INTRINSIC SAFETY BARRIERS 

A. Two-wire transmitters of the active, isolating, loop powered type.  Mounting:  DIN rail. 

B. BAcceptable Manufacturer: 

C. Stahl 9303/11. 

D. Pepperl + Fuchs KFD2 series. 

E. Approved equal. 

2.04 INSTRUMENTATION SPECIFICATION SHEETS (INSTRUSPEC) 

A. Requirements for instruments specified in this Section are listed on INSTRUSPEC sheets.  
Installation application requirements are specified in Section 17901, and/or on the Drawings. 

2.05 SIGNAL CURRENT ISOLATOR (FIELD MOUNTED) 

A. Provides galvanic isolation of milli-ampere transmission signals from transmitters with 
inadequately isolated output circuits. House in a NEMA 250, type 4X/7 conduit body.  Derive 
operating power from the signal input circuit. 

B. Input and output signals shall be 4 to 20 milli-amperes, and error shall not exceed 0.1 percent of 
span.  Input resistance shall not exceed 550 ohms with an output load of 250 ohms. 

C. Acceptable Manufacturer: 

D. Action Instruments model T700. 

E. Moore Industries model SCX. 

F. Approved equal. 

2.06 PRODUCT DATA 

A. Data per Section 17000. 

B. Test results per Section 17000. 
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PART 3  EXECUTION 

3.01 INSTALLATION 

A. Installation requirements per Section 17000. 

3.02 TESTING 

A. Testing requirements per Section 17000. 

3.03 INSTRUSPEC SHEETS 

A. The following INSTRUSPEC sheets are included in this Section. 
INSTRUSPEC 
Symbol   

Instrument Description Instrument Function 

PDT Differential pressure transmitter Pressure measurement 
PGT Gage pressure transmitter Pressure measurement 

 
INSTRUMENT SPECIFICATION SHEET—INSTRUSPEC 
 
Instrument Identification: PDT 
 
Instrument Function: Differential Pressure (Level) measurement. 
 
Instrument Description: Differential pressure transmitter. 
 
Power Supply: 9-30 VDC, two-wire transmitter 
 
Signal Input: Differential pressure, as specified in Section 17901 
 
Signal Output: 4-20 mA Smart Variable Analog transmission signal per this Section. 
 
Process Connection: Two 1/2-inch female NPT flange adapters. 

 
Product Requirements: 

1. Pressure transmitter shall be capacitance or Silicon piezo-resistive 
bridge type. 

2. Unless otherwise specified, wetted parts shall be ASTM A276, type 
316 stainless steel. 

3. Range ability: 15:1 minimum. 
4. Unless otherwise specified, fill fluid shall be DC 200 Silicone oil. 
5. Adjustable dampening: 0.5 to 10 seconds. 
6. External zero adjustment. 
7. Accuracy: ±0.1 percent of span. 
8. Transmitters shall be available in 10” WC to 600 PSIG ranges. 

Specific ranges shall be designated in Section 17901, Instrument 
Index. 

9. Provide differential pressure transmitters with a three-valve manifold 
per Section 17211 and with four 1/4-inch drain/vent ports, two 
plugged and two provided with bleed valves. 

10. Static pressure rating shall be 2000 psig or greater. 
11. Smart transmitter sub-carrier compatibility with HART protocol. 

Acceptable Manufacturer: 
1. Yokogawa EJA110 series, no exceptions 

KC Pre-selected instrument. 
ITB Number 06-102 JAE 
KC PO # 370342 
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Vendor: CB Engineering Pacific (425)-822-1702 
 

Execution: 
Installation: 1. Install in accordance with manufacturer's instructions and the 

 recommendations of API RP551  
2. Provide root valves at all process pressure taps. 
3. Locate pressure instruments as close as practical to the process tap 

and position to permit observation and maintenance from grade or 
work platform unless otherwise specified. 

4. Do not support pressure instruments from process piping, unless 
otherwise specified. 

 
Calibration: Per Section 17901 Instrument Index. 

 
INSTRUMENT SPECIFICATION SHEET - INSTRUSPEC 

 
Instrument Identification: PGT 
Instrument Function: Pressure measurement. 
Instrument Description: Gage pressure transmitter. 
 
Power Supply: 9-30 VDC 
 
Signal Input: Process 
 
Signal Output: 4-20 mA Smart Variable Analog transmission signal per this Section. 
 
Process Connection: 1/2-inch female NPT flange adapter. 
 
Product Requirements: 

1. Pressure transmitter shall be capacitance or Silicon piezo-resistive 
bridge type. 

2. Wetted parts shall be ASTM A276, type 316 stainless steel, unless 
otherwise specified 

3. Rangeabilty: 15:1 minimum. 
4. Fill fluid shall be DC 200 Silicone oil, unless otherwise specified. 
5. Adjustable dampening: 0.5 to 10 seconds. 
6. External zero adjustment. 
7. Accuracy: ±0.1 percent of span. 
8. Range: Transmitter shall be available in 10” WC to 600 PSIG ranges. 

Specific ranges shall be designated in Section 17901, Instrument 
Index. 

9. Provide transmitters with spans less than or equal to 25 psig with 
one 1/2-inch flanged process connection and two 1/4-inch drain/vent 
ports, one plugged and one with bleed valve. 

10. Atmospheric reference: Provide reference diaphragm with a 
weatherproof, bug-proof atmospheric vent. 

11. Transmitters with spans greater than 25 psig shall be similar to the 
above except shall be designed for sealed gage pressure service, 
and overpressure rating shall be greater than the lesser of 2000 psig 
and 150 percent of maximum range. 

12. Provide smart transmitter subcarrier capability compatible with HART 
protocol. 

 
Acceptable Manufacturers: 1. Yokogawa EJA500 series, no exceptions. 

KC pre-selected instrument 
ITB Number 06-102 JAE 
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KC PO # 370342 
Vendor: CB Engineering Pacific (425) 822-1702 

Execution: 
Installation: 

1. Install in accordance with manufacturer's instructions and the 
recommendations of API RP551. 

2. Provide root valves at all process pressure taps. 
3. Provide gage valves at the instrument where the instrument is not 

within sight of the root valve or where two or more instruments are 
connected to a single tap. 

4. DO NOT connect safety instruments to the same process tap as 
instruments used for control, indication, or recording. 

5. Locate pressure instruments as close as practical to the process tap 
and position to permit observation and maintenance from grade or a 
maintenance platform, unless otherwise specified. 

6. DO NOT support pressure instruments from process piping. 
 

Calibration: Per Section 17901, Instrument Index. 

END OF SECTION 
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SECTION 17216 

PROCESS SWITCHES 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for process-activated switches. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of the listed documents, the requirements of this Section 
shall prevail. 
Reference Title 
API RP550 Manual on Installation of Refinery Instruments and Control Systems, 

Part 1 - Process Instrumentation and Control 
NEMA 250 Enclosures for Electrical Equipment (1000 Volts Maximum) 
NEMA ICS 2 Industrial Control Devices, Controllers and Assemblies 
NEMA ICS 6 Industrial Control and Systems:  Enclosures 

1.03 SUBMITTALS 

A. Procedures:  per Section 01300 

B. Product Data:  per Section 17000 

C. Calibration and Test Results:  per Section 17000 

D. Operation and Maintenance Information per Section 01730 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Unless otherwise specified, switches shall comply with the following requirements: 
1. Contact outputs used for alarm actuation shall be ordinarily closed and shall open to initiate 

the alarm. 
2. Contact outputs used to control equipment shall be ordinarily open and shall close to start the 

equipment. 
3. Contacts monitored by solid-state equipment such as programmable logic controllers or 

annunciators shall be hermetically sealed and designed for switching currents from 20 to 100 
mA at 24 VDC. 

4. Contacts monitored by electromagnetic devices such as mechanical relays shall be rated 
NEMA ICS 2, designation B300. 

5. Double barriers shall be provided between switch elements and process fluids such that 
failure of one barrier will not permit process fluids into electrical enclosures. 

6. Switch electrical enclosures shall be rated NEMA 250, Type 4X minimum. 
7. Contacts in Class 1, Division 1 areas and monitored by solid-state circuits shall be made safe 

by suitable intrinsic-safety barriers. 

2.02 INTRINSIC SAFETY BARRIERS AND RELAYS 

A. Intrinsic safety barriers for process switches: 
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1. Dual input, passive type. 
2. Shunt diode barrier construction with non-replaceable fuse and internal current limiting 

resistor 
3. Listings:  UL, FM or CSA certified for use in Class I Groups A, B, C, D; Class II Groups E, F, 

G. 
4. Acceptable manufacturers: 

a. Ronan X57 Series 
b. Turck MZ-61 Series. 
c. Approved equal. 

B. Intrinsic safety relays: 
1. Isolates field contacts in classified location from control circuits in non-classified location. 
2. Input: 

a. Maximum field contact current/voltage:  10 mA/11 VAC. 
b. Turn-on sensitivity:  < 100K Ohms. 
c. Turn-off sensitivity:  > 1 Megaohm. 

3. Output: 
a. SPST N.O./N.C. switching action field programmable. 
b. Rating: 1 A resistive at 24 VDC or 120 VAC. 

4. Power:  100 to 130 VAC, 50-60 Hz, 4 VA maximum. 
5. Listings:  UL of FM approval for use in Class I Groups A, B, C, D.  Class II Groups E, F, G. 
6. Enclosure:  NEMA 1. 
7. Acceptable manufacturers: 

a. Gems SafePak model 54820. 
b. Stahl IS Isolator Type 9170. 
c. Square-D series 8501 TO or NY2. 
d. Warrick series 17 or 27. 
e. Approved equal. 

2.03 INSTRUMENTATION SPECIFICATION SHEETS (INSTRUSPEC) 

A. General requirements for instruments specified in INSTRUSPEC sheets in this Section.  
Application requirements are specified in Section 17901. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Unless otherwise specified, installation requirements are specified in Paragraph 17000-3.01. 

3.02 TESTING 

A. Per Sections 17000 and 01660. 

3.03 INSTRUSPEC SHEETS 

A. The following INSTRUSPEC sheets are included below. 
INSTRUSPEC Symbol  Instrument Description Instrument Function 

FS Flow switch Flow measurement 
ZS Door switch Position measurement 

 
Instrument Identification: FS 
Instrument Description: Flow switch, air 
Instrument Function: Flow detection 
Power Supply: 24VDC 
Signal Input: Air flow. 
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Signal Output: Contacts per Paragraph 17216-2.01 
Process Connection: 1/2-inch NPT 
Product Requirements: 1.  Construction:  Thermal dispersion flow element 

and a switch. 
 2.  Flow detection element: 
 a.  Type:  Spherical tip, with dual RTD’s. 
 b.  Type 316/316L stainless steel. 
 3.  Switch: 
 a.  DPDT contacts rated 8 A at 120 VAC; 8 A at 

30 VDC 
 b.  Response time 1-10 seconds. 
 4.  Range:  Adjustable set-point and deadband:  0.1 

– 500 fps.. 
 5.  Enclosure: 
 a.  Type 316 stainless steel, explosion proof 

rated Class I, Division 1, Group D, outdoor 
 6.  Acceptable manufacturer: 
 a.  STI/Magnetrol Thermatel TD1. 
  
 b.  Approved equal 
Execution:  

Installation: Install per manufacturer's instructions and 
recommendations. 

Calibration: Switch set point shall be 0.1 fps or less and reset 
point shall be 1fps or more. 

 
Instrument Identification: ZS1 
Instrument Description: Intrusion switch, door – high security 
Instrument Function: Magnetic proximity detection 
Power Supply: N/A 
Process: Door/gate 
Signal Input: Proximity to magnetic target 
Signal Output: Contacts per Paragraph 17216-2.01.0.5amp max. 

@ 100VAC/VDC 
Process Connection: Recessed into door and door frame. 
Product Requirements: 1.  Construction: High security switch.. 
 2.  Proximity detection element: 
 a.  Type: Balanced, triple-biased magnetic 

proximity. 
 b.  Tamper resistant from external magnets. 
 5.  Mounting to be on non-hinge side of door at top. 
 6.  Switch: 
 a.  Encapsulated SPDT. 
 b.  Contacts rated 0.5 A at 50 VAC/VDC, 2.5 

watts total power. 
 7.  Range: Maximum gap of 0.4 inches. 
 8. Calibrated for steel door frame. 
 9. Acceptable manufacturer: 
 a.  UTC Fire & Security (formerly Sentrol) 2757 
 b.  Approved equal 
Execution:  

Installation: Install per manufacturer’s instructions. 
Calibration: Switch point shall be with door open less than two 

inches, and reset points shall be when door is 
latched closed. 
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Instrument Identification: ZS2 
Instrument Description: Intrusion switch, double door 
Instrument Function: Magnetic proximity detection 
Power Supply: N/A 
Signal Input: Proximity to magnetic target 
Signal Output: Contacts as per 3 below 
Process Connection: Recessed into door and door frame. 
Product Requirements: 1.  Construction:  Wide-gap switch. 
 2.  Proximity detection element: 
 a.  Type:  Balanced, wide gap magnetic 

proximity. 
 b.  Tamper resistant from external magnets. 
 3.  Switch: 
  a.  Encapsulated SPDT. 
 b.  Contacts rated 0.25 A at 30 VDC. 
 4.  Range:  Maximum gap of 2.0 inches. 
 5.  Calibrated for steel door frame. 
 6.  Enclosure: 
 a.  Stainless steel. 
 b.  3ft stainless steel armored cable. 
 7.  Acceptable Manufacturers: 
 a.  GE Industrial (Sentrol) 2720. 
 b.  Approved equal. 
Execution:  

Installation: Install per manufacturer’s instructions embedded in 
the door sill. 

Application/Calibration: Switch point shall be with door open less than two 
inches, and reset points shall be when door is 
latched closed. 

  
Instrument Identification: PS 
Instrument Description: Pressure switch 
Instrument Function: Pressure measurement 
Power Supply: N/A 
Signal Input: Process 
Signal Output: Contacts as per Paragraph 17216-2.01 
Process Connection: 1/4-inch female NPT. 
Product Requirements: 1.  Construction:  Pressure element and a precision 

switch. 
 2.  Pressure element: 
      a.  Type:  Diaphragm type with Buna-N 

diaphragm, or brass dual bellows. 
      b.  Overpressure:  capable of withstanding 10 

times overrange pressure without affecting 
calibration. 

 3.  Switch:     
      a.  Hermetically sealed SPDT, unless otherwise 

specified. 
      b.  Contacts rated 10 A at 120 VAC; 0.5 A at 120 

VDC, resistive 
      c.  Adjustable set-point and deadband of 

approximately 10% to 90% of operating range, 
unless otherwise specified. 

 4.  Range:  As specified.  Set point should fall 
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between 30% and 70% of operating range.  Set 
point and reset point shall be indicated on calibrated 
scales. 

 5.  Accuracy:  Repeatability and sensitivity shall be 
+1% of operating range or better.     

 6.  Enclosure:    
      a.  Cast aluminum rated NEMA 4X or NEMA 7, 

as required 
      b.  Two 3/4-inch conduit connections 
 7.  Acceptable Manufacturers: 
      a.  Square-D series 9012 G. 
      b.  Ashcroft LP Series 
      c.  Mercoid Series 1000 
      d.  Approved equal. 
Execution: 1.  Install per manufacturer's instructions and the 

recommendations of API RP550 to the specified 
requirements. 

     Installation: 2.  Provide root valves at all process pressure taps 
except taps made for safety instruments. 

 3.  Provide gage valves at the instrument where the 
instrument is not within sight of the root valve or 
where two or more instruments are connected to a 
single tap. 

 4.  Do not connect safety instruments to the same 
process tap as instruments used for control, 
indication, or recording.  Unless otherwise specified, 
locate as close as practical to the process tap and 
position to permit observation and maintenance. 

     Application/Calibration: Application, calibration, and set points shall be per 
Section 17901. 

  

END OF SECTION 
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SECTION 17272 

MISCELLANEOUS PANEL INSTRUMENTS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for panel mounted devices for operator interface and internal 
controls. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and those of the listed documents, the requirements of this Section 
shall prevail. 
Reference  Title 
EIA RS-310C  Racks, Panels, and Associated Equipment 
NEMA 250  Enclosures for Electrical Equipment (1000 Volts Maximum) 
UL 508  Industrial Control Equipment  

1.03 SUBMITTALS 

A. Procedures:  Section 01300 

B. Product Data:  per Section 17000 

C. Calibration and Test Results:  per Section 17000 

D. Operation and Maintenance Information per Section 01730 

PART 2  PRODUCTS 

2.01 GENERAL 

A. Unless otherwise specified or shown, devices covered by this Section shall comply with all 
requirements for installation in a control panel bearing the UL 508 label. 

B. Unless otherwise specified, all like equipment specified in this Section shall be the product of a 
single manufacturer. 

2.02 INSTRUMENTATION SPECIFICATION (INSTRUSPEC) SHEETS 

A. General requirements for instruments specified in this Section are listed on INSTRUSPEC.  
Application requirements are specified in Section 17901, and/or on the Drawings. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Relays and control switches and pilot devices shall be installed in panels per Section 17110 and 
in compliance to EIA RS-310C. 

3.02 TESTING 

A. Testing requirements per Section 17000 
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3.03 INSTRUSPEC SHEETS 

A. The following INSTRUSPEC sheets are included in this Section. 
INSTRUSPEC Symbol Instrument Description Instrument Function 

XXS Selector Switches Operator Interface 
XXL Pilot Light Operator Interface 
PB Push Button Switch Operator Interface 
SC Potentiometer Operator Interface 
CR Control Relay Control Logic 
TR Timer Relay Control Logic 

  
Instrument Identification: XXS 
Instrument Description: Selector Switch 
Instrument Function: Operator Interface 
Power Supply: 120 VAC, 60 Hertz 
Signal Input: N/A 
Signal Output: Contact 
Process Connection:  N/A 
Product Requirements: 1. Main Control Panel switches shall be four-quadrant 

style as described. 
 2. Up to four control positions that can be configured as:  

(1) selector switches, (2) selector push-type switches, 
(3) pushbuttons, and/or (4) segmented indicating light 
units. 

 3. Provide up to four separate energized indicating lights 
with legend plates and colored lenses as shown on 
the Drawings. 

 4. Indicating lights, pushbuttons and selector switches 
shall be oil tight heavy-duty units.  Conforming to 
NEMA 250 Type 4 or better, as required. 

 5. Contacts in signal circuits shall be gold, for electronic 
solid-state dry circuits and rated for 28 VDC one-
ampere resistive/125 VAC 0.5-ampere resistive. 

 6. Contacts in control circuits shall be silver and rated for 
125 VDC 5-amperes inductive/120 VAC 5 amperes. 

 7. Indicating lights for 120 VAC shall be transformer type 
using a LED lamp. 

 8. Indicating lights for 24 VDC shall be resistive type 
using a LED lamp. 

 9. Lights shall be capable of being changed from the 
front of the panel without special tools. 

 10. Unit shall be UL/CSA listed. 
 11. Acceptable Manufacturer: 
 a. Senasys Inc., Series CMC.  No substitutions 

allowed. 
Installation: Mount and connect in panels per Section 17110 and in 

accordance with manufacturer's instructions to the 
specified functional requirements. 

Application/Calibration: Application, calibration, and set points shall be per 
Section 17901. 
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Instrument Identification: XXL 
Instrument Description: Pilot Light 
Instrument Function: Operator Indicator (Pilot) Light 
Power Supply: 120 VAC, 60 Hertz 
Signal Input: N/A 
Signal Output: N/A 
Process Connection: N/A 
Product Requirements: 1. Each assembly shall have up to four positions that can 

be configured as segments indicating light units. 
  2. Provide indicating lights, legend plated and colored 

lenses as shown on the Drawings. 
 3. Indicating lights shall be oil-tight heavy-duty units, 

conforming to NEMA 250 Type 4 or better, as 
required. 

 4. Indicating lights for 130 VAC shall be transformer type 
using a LED lamp. 

 5. Indicating lights for 24 VDC shall be resistive type 
using a LED lamp. 

 6. Lights shall be capable of being changed from the 
front of the paned without special tools. 

 7. Units shall have UL/CSA listing. 
 8. Acceptable Manufacturer: 
 a. Senasys, Inc. Series CMC.  No substitution 

allowed. 
Execution:  

Installation: Mount and connect in panels per Section 17110 and in 
accordance with manufacturer's instructions to the 
specified functional requirements. 

Application/Calibration: Application, calibration, and set points shall be per 
Section 17901. 

 
Instrument Identification: PB 
Instrument Description: Push Button Switch 
Instrument Function: Operator Interface 
Power Supply: Dependent on Application 
Signal Input: N/A 
Signal Output: Contacts, rated as below 
Process Connection: N/A 
Product Requirements:  
 1. 30.5 mm diameter mounting hole, flush head, heavy-

duty, water-tight/oil-tight, NEMA rated to match 
enclosure type. 

 2. Operators:  Red for stop functions and black for all 
other functions. 

 3. Provide pushbuttons designated "Lock-Out-Stop" 
(LOS) or "Emergency Stop" (E-stop) with red 
mushroom head and maintained-operation contacts. 

 4. Escutcheon legend:  as shown on drawings. 
 5. Contacts:  unless otherwise indicated, momentary 

action 
 a. NEMA ICS 2 designation Type A600 except when 

switching circuits monitored by PLC or other solid 
state circuits 

 b. Solid state circuits:  Hermetically sealed reed 
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contacts 
 6. Acceptable Manufacturers: 
 a. Allen-Bradley Series 800T 
 b. Square-D class 9001 Type K 
 c. Approved equal 
Execution:  

Installation: Mount and connect in panels per Section 17110 and in 
accordance with manufacturer's instructions to the 
specified functional requirements. 

Application/Calibration: Application, calibration, and set points shall be per 
Section 17901. 

 
Instrument Identification: SC 
Instrument Description: Rotary Potentiometer 
Instrument Function: Operator Interface 
Power Supply: 0-15 VDC, as specified 
Signal Input: N/A 
Signal Output: 0 - FS Volts 
Process Connection: N/A 
Product Requirements:  
 1. 30.5 mm diameter mounting hole, heavy-duty, water-

tight/oil-tight, NEMA rated to match enclosure type. 
 2. Single-turn operation with 312-degree rotation 
 3. Electrical rating:  300 VAC/DC, 2 Watts, resistance as 

specified. 
 4. Escutcheon legend:  0 - 100; or as shown on drawings 
 5. Acceptable Manufacturers: 
 a. Allen-Bradley Series 800T 
 b. Square-D class 9001 Type K 
 c. Approved equal 
Execution:  
Installation: Mount and connect in panels per Section 17110 and in 

accordance with manufacturer's instructions to the 
specified functional requirements. 

Application/Calibration: Application, calibration, and set points shall be per 
Section 17901. 

  
Instrument Identification: CR 
Instrument Description: Control Relay 
Instrument Function: Control Logic 
  Power Supply: Dependent on application 
Signal Input: N/A 
Signal Output: N/A 
Process Connection: N/A 
Product Requirements:  
 General:  All relays shall have indicator lights and 4 Form 

C contacts except for Types 3 & 4, which shall 3 Form C 
contacts.  

 1. Type 1 -  Dry circuit relay.  (0 to 100 mA DC).  
Hermetically sealed with miniature blade terminals. 

 a. Potter Brumfield KHS Series with bifurcated gold 
crossbar 

b. Omron model MY4ZH 
c. Approved equal. 

 2. Type 2 -  Low level relay (10 mA DC to 1A DC).  
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Miniature blade terminals 
 a. Potter-Brumfield KHA series with gold-silver-nickel 

contacts. 
b. Allen-Bradley Bulletin 700-HC14 
c. Approved equal. 

 3. Type 3 - Intermediate level relay (50 mA DC to 5 
amps AC).  Octal tube base. 

 a. Idec series RR with silver contacts. 
b. Allen Bradley Bulletin 700-HA. 
c. Approved equal. 

 4. Type 4 -  Low power relay (10 amps at 120 VAC).  
Square base with blade terminals. 

 a. Potter-Brumfield KU Series with silver cadmium-
oxide contacts. 

b. Allen-Bradley Bulletin 700-HB 
c. Approved equal. 

Execution:  
Installation: Mount and connect in panels per Section 17110 and in 

accordance with manufacturer's instructions to the 
specified functional requirements. 

Application/Calibration: Application, calibration, and set points shall be per 
Section 17901. 

 
Instrument Identification: TR 
Instrument Description: Timer Relay 
Instrument Function: Control Logic 
Power Supply: As Specified 
Product Requirements: 1. Type 1 -  Time delay “on” relay. 
  a. DPPT contacts rated 3 A at 30 VDC or 220 VAC 
 b. Repeatability:  + 0.2% maximum  
 c. Setting error + 10% maximum 
 d. Temperature error:  + 3% maximum 
 e. Range:  As specified, 0.1 - 3600 seconds 
 f. Lifetime - electrical:  200,000 operations 

mechanical:  50,000,000 operations 
 g. Coil voltage:  As specified 
 h. Approved Manufacturers: 
 1) Allen-Bradley 700-HR series 
 2) Omron H3CR-A series 
 3) Approved equal. 
 2. Type 2 - Time delay "off" relay. 
 a. "True off" delay:  timed contact remains energized 

after power is removed from coil terminals up to 
600 seconds. 

 b. DPDT contacts rated 24 VDC or 240 VAC at 5A 
 c. Repeatability:  + 0.4% maximum 
 d. Setting error:  + 10% maximum 
 e. Temperature error:  + 0.2% maximum 
 f. Range:  As specified, 0.1 - 600 seconds 
 g. Lifetime - electrical:  100,000 operations 

mechanical:  20,000,000 operations 
 h. Coil voltage:  As specified 
 i. Approved Manufacturers: 
 1) Idec GT-3F series 
 2) Allen-Bradley 700-HRQ series 
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 3) Omron H3CR-H series 
 4) Approved equal. 
Execution:  
Installation: Mount and connect in panels per Section 17110 and in 

accordance with manufacturer's instructions to the 
specified functional requirements. 

Application/Calibration: Application, calibration, and set points shall be per 
Section 17901. 

END OF SECTION 
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SECTION 17275 

MISCELLANEOUS INSTRUMENTS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies requirements for miscellaneous instruments used to provide process 
control and interface between the operator and the process. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
document.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and that of the listed document, the requirements of this Section 
shall prevail. 
Reference Title 
NEMA 250 Enclosures for Electrical Equipment (1000 Volts Maximum) 

1.03 SUBMITTALS 

A. Procedures:  Section 01300 

B. Per Section 17000 

C. Test Data 

PART 2  PRODUCTS 

2.01 INSTRUMENT SPECIFICATION (INSTRUSPEC) SHEETS  

A. General requirements for instruments specified in this Section are listed on INSTRUSPEC 
sheets. 

B. Application requirements are specified in the instrument schedule in Section 17000, and/or on the 
Drawings. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Instruments shall be installed on panels per Section 17110. 

3.02 TESTING 

A. Testing requirements per Section 17000 

3.03 INSTRUSPEC SHEETS 

A. The following INSTRUSPEC sheets are included in this Section. 
INSTRUSPEC Symbol Instrument Description Instrument Function 
RTU Remote telemetry unit Telemetry [Metrotel] 
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3.04 INSTRUSPEC SHEET 

A. Instrument Identification: RTU 

B. Instrument Description: Remote telemetry unit 

C. Instrument Function: Telemetry (Metrotel) 

D. Power Supply: 120 VAC 

E. Signal Input: Discrete and analog 

F. Signal Output: Discrete and analog (Optional) 

G. Product Requirements: 
1. The remote telemetry unit (RTU) shall have sufficient sensitivity and power to communicate 

with master telemetry unit (MTU) of the specific application. 
2. The RTU shall be capable of communicating with existing Metrotel system at the Treatment 

Plant receiving the signals over standard voice grade telephone lines. 
3. The RTU shall have the following features: 

a. Base Card: 
1) 12 discrete inputs (12 VDC), 8 discrete outputs (Solid State DC, 10-32V@1A Max), 
2) Power sources: 12 VDC power supply, or 12 VDC back up battery. 
3) Operating Temperature: -20 to 140 deg F, Humidity: 10-95%, non-condensing. 
4) RS232 Serial port. 
5) RS485 Port A, TSP connection. 
6) RS232 Port B, RJ45 connection. 
7) RS232 Port D~ TSP connection. 
8) Ethernet 10/100 RJ45 port. 
9) Communication protocol: US Filter Autocon <95xx> protocol w/CRC security 
10) Manufacturers: 

a) West Division: Siemens Control Systems lntralink Controller ILK-LC2000-131, no 
exceptions 

b. DI Expander Unit: 
1) 16 discrete inputs (12 VDC) - Siemens Control Systems lntralink Ethernet ILK-01-16-

BE, no exception. 
c. Surge Protection, 120 VAC, DIN mounted - Phoenix Contact 2856812, PT2-PE/S-

120AC/FM or equal. 
d. Telephone Surge Protection, Analog, Phoenis Contact MT-2-FM-RJ12 or equal. 
e. Modem card: 

1) West Division: 1200 baud 4-wire Bell 202 compatible. 
a) Mfg: Siemens Control Systems CMM202 Radio/Phone 300/1200 BPS Modem, 

ILK-CMM202C-01, no exceptions. 
f. Power supply: 

1) DIN mounted 12 VAC 4.5 Amp. 
a) Mfr: Siemens 6EP1322-1SH02, or equal. 

g. Backup Battery: 
1) 12 VDC 2.2 A-h. 

a) Mfg: US Filter Autocon Model 9530, or equal. 
2) Enclosure: 

a) NEMA 250 Type 12 or Type 4X, as required. 

3.05 EXECUTION: 

A. Installation: 
1. Install the RTU equipment in accordance with manufacturer's instructions.  
2. Obtain 120 VAC power from the UPS at the facility. 
3. Connect the RTU to the discrete and analog points specified in Section 17904. 
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B. Configuration/Programming: 
1. Configure the RTU and telephone line to communicate with the Metrotel system at the 

receiving Treatment Plant. 
a. Provide a technician for a four-hour period for testing the RTU while the County staff is 

testing the Metrotel system at the receiving Treatment Plant. 

END OF SECTION 
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SECTION 17501 

CONTROL STRATEGY 1 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies the control strategy for the Odor Control Unit. 

1.02 REFERENCES 

A. P&IDS 

B. CONTROL DIAGRAMS 

C. INSTRUMENT LOOP DIAGRAMS 
1. Instrument Index, Alarm Schedule, PLC I/O List. 

D. SYSTEM DESCRIPTION 
1. General: 

a. An odor control system shall be furnished for the North Fremont Siphon Portal. 
b. One odor control units including associated dampers and an exhaust fan shall be 

furnished. 
c. Refer to Specification Divisions 13 and 15 for odor control unit details. 
d. The equipment shall be configured to be operated from the Main Control Panel (MCP). 

2. Odor Control Exhaust Fan: 
a. The OCEF shall be powered from 480-volt, 3-phase, 60 power supply.  Power shall be 

furnished from the Power Distribution Panel. 
3. Main Control Panel (MCP) 

a. The MCP shall be powered from 120-volt, 1-phase, 60 power supply.  Power shall be 
furnished from the Low Voltage Power Distribution Panel via the uninterruptible power 
supply. 

b. Indicating lights shall be furnished to indicate: 
Odor Control Fan Running 
Odor Control Fan Stopped 
Low Air Flow Alarm 

E. EQUIPMENT 
Equipment No. Equipment Name/Description 
MME 832,600 Fremont Siphon Odor Control Facility mist eliminator 
OCU 832,600 Fremont Siphon Odor Control Facility odor control unit 
EF 832,601 Fremont Siphon Odor Control Facility odor control exhaust fan 
MS 832,601 Fremont Siphon Odor Control Facility odor control exhaust fan starter (VFD) 
PNL 832,001 Fremont Siphon Odor Control Facility Main Control Panel (MCP) 

F. ALARMS 
1. Alarms annunciated on the main control panel are the following: 

Alarm No. Alarm Description 
YA 832,004 UPS Fault 
YA 832,021 OC Building Door Open 
YA 832,022 OC Yard Man Door Open 
YA 832,023 OC Yard Vehicle Door Open 
YA 832,024 OC Yard Vehicle Door Open 
YA 832,601 OC Exhaust Fan VFD Fault 
FAL 832,601 Low Flow Alarm (OCU exhaust air) 
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G. OPERATION 
1. The mist eliminator is a passive unit and has no controls. 
2. The odor control unit is a passive unit and has no controls. 
3. The Odor Control Exhaust Fan (OCEF) shall be designed to be operated from the Fremont 

Siphon OCF location as follows: 
a. Locally via the odor control exhaust fan variable frequency drive (VFD), VFD 832,601, 

controlled from the VFD enclosure.  The Main Control Panel enclosure has no fan 
controls mounted on it. 

4. Variable Frequency Drive (VFD) enclosure: 
a. With the mode switch in the “Local” position the OCEF shall only operate from the VFD 

On-Off (O/O) switch and the speed control buttons installed on the drive human-interface 
module (HIM).  The OCEF shall be prevented from operation from the Programmable 
Logic Controller (PLC) when in this mode. 

b. With the On-Off switch in the “Off” position the OCEF controls shall be de-energized, 
preventing operation from the PLC. 

c. With the mode switch in the “Remote” position, the OCEF shall run and its speed shall 
only be controlled by the MCP PLC.  The OCEF shall not operate from the VFD speed 
controls when in this mode.  Outputs from the PLC I/O analog (4-20mA) output module 
shall control the speed of the OCEF when in this mode. 

d. The appropriate OCEF output contacts shall furnish inputs to the MCP PLC I/O modules 
in all modes. 

e. The appropriate OCEF 4-20mA speed feedback output shall be input to the MCP PLC 
analog I/O module in all modes. 

f. During startup testing the OWNER shall provide guidance to the CONTRACTOR 
regarding the speed and ramping rate setpoints to be configured into the OCEF VFD.  
The CONTRACTOR shall configure the OCEF VFD to run at that speed when switched 
“On” and to automatically restart after power outages.  The CONTRACTOR shall 
configure all other OCEF VFD parameters to match the equipment furnished and as 
recommended by the VFD manufacturer. 

g. The outdoor soundproof fan enclosure shall have a 120vac 1 phase cooling fan operated 
by an auxiliary run contact from the VFD so it runs any time the OCEF runs. 

5. Odor Control Exhaust Fan Monitoring: 
a. The discrete signal from the exhaust fan duct low flow switch shall display at the MCP 

annunciator and input to the MCP PLC I/O modules and Metrotel. 
b. The discrete signal from the exhaust fan VFD fault relay shall display at the MCP 

annunciator and input to the MCP PLC I/O modules. 
c. The discrete signal from the exhaust fan motor winding thermostat shall display at the 

MCP annunciator and input to the MCP PLC I/O modules. 
d. The analog signal from the exhaust fan VFD speed feedback shall input to the MCP PLC 

I/O modules 

END OF SECTION 
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SECTION 17800 

PROGRAMMABLE LOGIC CONTROLLERS 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies the Programmable Logic Controller (PLC) hardware, programming 
software and system configuration requirements. 
1. Each PLC system shall consist of a PLC and input/output module system complete as per the 

Drawings. 
2. Each PLC system shall receive inputs and transmit output to circuits and components as 

shown on the Drawings. 
3. Each PLC system shall be programmable in industrial standard relay ladder logic symbols 

and be delivered fully programmed for the functions required as per Section 17802. 
4. Each PLC system shall be delivered fully configured to process bi-directional communication 

with a SCADA host as per Section 17803. 
5. The PLC shall be delivered with a Graphical Operator Interface as per Section 17801. 

B. Responsibilities of the Contractor include: 
1. Verifying that systems modified under this Contract operate as described in Section 17501. 
2. Coordinating installation of the PLC equipment installed under this Contract with the existing 

communication network, the existing SCADA system, and other existing elements of the 
facility control system. 

3. Providing a complete and functional PLC system communicating with the existing SCADA 
system. 

4. Control system startup, testing and commissioning as defined in Section 01660 and Section 
17804. 

5. Coordinating the Work defined by this Section with other work defined under this Contract. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revisions of the 
following documents.  It is a part of this Section as specified and modified.  In case of conflict 
between the requirements of this Section and those of the listed documents, the more stringent 
requirements shall prevail. 
Reference Title 
NEMA ICS 1 General Standards for Industrial Controls and Systems 
NEMA ICS 1.1 Safety Guidelines for the Application of Industrial Control Systems 
NFPA 70 National Electrical Code (NEC) 
King County PLC Installation and Programming Guidelines Manual 

B. Listing:  Equipment shall be listed for the purpose for which it is used by UL, FM or CSA. 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Manufacturer’s catalog information. 

C. Shop drawings and dimensions of PLC System components and back panels. 

D. PLC interconnection drawings:  Organization, mounting, and interconnection of the PLC system 
components with a material list. 

E. Wiring diagrams: Connections of the PLC System to new and existing equipment. 

F. Software submittals: per Section 17802. 
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G. Testing submittals: per Sections 01660 and 17804. 

H. Operation and Maintenance information: per Section 01730. 

1.04 DESIGN REQUIREMENTS 

A. Each PLC system shall consist of one PLC Central Processing Unit (CPU) and one or more I/O 
chassis populated with I/O modules as shown in the Drawings. PLC systems shall be mounted in 
the control panels as shown. 

B. Each PLC system shall receive inputs and transmit output to circuits and components as shown. 

C. Each PLC system shall be programmed in industry standard relay ladder symbols and shall be 
delivered fully programmed for the functions required as per Section 17802 and the King County 
PLC Installation and Programming Guidelines Manual. 

D. Each PLC system shall be fully configured to process bi-directional serial communications with an 
external SCADA computer as per Section 17803. 

E. Power Supply Requirements:  Each PLC I/O rack shall contain a power supply to provide DC 
power necessary for the CPU, and/or input and output modules.  Power shall be from 100 to 130 
volts AC, 60 Hz source. 

F. Environmental Requirements: 
1. Temperature: 10ºC to 60ºC (50 ºF to 140 ºF) 
2. Humidity: 0 to 95%, non-condensing 
3. Altitude: 0 to 500 feet  (0 to 150 m) above Sea Level 

PART 2  PRODUCTS 

2.01 PLC HARDWARE 

A. Provide PLC systems, complete, in accordance with the Contract Documents. 
1. Include all hardware required to provide a complete and operable PLC. 
2. Ensure hardware is fully compatible with the software that is to operate on the hardware. 
3. Provide components from the same manufacturer, model, part number and revision for any 

specified component. 
4. Provide products compatible with existing equipment and the existing SCADA System. 
5. Acceptable Manufacturer: 

a. Allen-Bradley PLC products   
b. No substitutions 

B. Programmable Logic Controller Equipment 
1. Provide all appurtenant hardware required to support the installation, operation and 

maintenance of the PLC. 
2. Equipment List: 

ITEM Description Allen-Bradley Model No. 
BP 10-, 13-, or 17-slot PLC chassis 1756-A10 or 1756-A13 or 1756-A17 
PS Power Supply 1756-PA72 
CPU Processor Card 1756-L61/B 
AI Analog Input 1756-IF8 
AO Analog Output 1756-OF4 or 1756-OF8 
DI-120 Discrete Input, 120 VAC 1756-IA16 
DI-24 Discrete Input, 24 VDC 1756-IB16 or 1756-IV16 
RO Discrete Output, Relay 1756-OX8I, 1756-OW16I 
DO-120 Discrete Output, 120 VAC 1756-OA16  
DO-24 Discrete Output, 24 VDC 1756-OB16D or 1756-OV16E 
OI Operator Interface With Ethernet 

Communication Module 
See Section 17801 

CM SCADA Interface Module See Section 17803 
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CN ControlNet Interface 1756-CNB (See Section 17803) 
EN Ethernet I/P interface 1756-ENBT (See Section 17803) 

3. Provide the quantity of PLC equipment required to meet the Contract Specifications.  Install 
the individual I/O cards, wiring arm connectors, wire and cable, and terminal blocks as shown 
on the Drawings. 

4. Rack Communications:  Provide Allen-Bradley Model 1756-CNB ControlNet interface 
modules to communicate with the I/O subsystem racks as specified in Section 17803.  
Provide communications between the PLC and the I/O subsystem racks utilizing Allen-
Bradley ControlNet protocol. 

5. Wire spare I/O on installed cards to terminal blocks. 

2.02 PROGRAMMING SOFTWARE 

A. Utilize software for programming the Allen-Bradley PLC as specified in Section 17802. 

B. Utilize software for programming operator interface as specified in Section 17801. 

2.03 PLC SYSTEM REQUIREMENTS 

A. The processor models, I/O quantities and I/O configurations shall comply with the following 
general control requirements: 
1. PLC CPUs shall not be required to be redundant. 
2. Removal of any single I/O card shall not affect pumps or other critical equipment. 
3. Failure of any single I/O card shall not affect pumps or other critical equipment. 
4. Each station shall have an Operator Interface as described in Section 17801 for displaying 

and modifying specific PLC program parameters. 
5. All programs loaded into the Allen-Bradley PLCs shall comply with Section 17802 and shall 

be written in Ladder Logic or other approved program languages.  Use of programming 
techniques other than approved program languages is prohibited without prior written 
approval by King County. 

B. Utilize the King County PLC Installation and Programming Guidelines Manual, attached as 
Appendix A.  Apply this manual to all parts of the Contract that involve PLC-based control 
systems. 

C. PLC Failure Relay: 
1. Provide at least one Relay Output module in each PLC System to provide a hard-wired 

indication of PLC failure.  Locate the relay output card in the rack containing the CPU module 
as shown on the Drawings. 

2. Program the PLC and configure the Relay Output card so that the PLC failure relay is 
normally energized and shall de-energize on detection of a fatal PLC error or upon PLC 
power failure.  Fatal error detection shall include all diagnostics available in the PLC and 
custom error detection programming as required. 

3. Submit detailed description of the PLC Fail program functions that will control the contact to 
the Project Representative for approval.  King County may revise selection. 

D. Communications Interface: 
1. Provide, install and test the communications between the PLC System and the existing 

SCADA system per Section 17803. 
2. Coordinate pseudo-Modbus addressing in PLC with the existing SCADA system. 
3. Verify bi-directional data communications between the PLC System and the existing SCADA 

system. 

E. I/O Card Connections: 
1. Provide connections utilizing cables and wiring arm connectors according to the Drawings. 
2. Provide all discrete and analog outputs with fuses, as specified.  Provide terminal blocks with 

integral fusing as shown on the Drawings. 
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F. Operator Interface Panel: 
1. Provide an Operator Interface Panel as specified in Section 17801 for each PLC System.  

Install as shown on the Drawings. 
2. Utilize Programming Software:  Rockwell RSView Studio ME software. 

2.04 SPARE PARTS 

A. Provide at least 10% installed spare points of each of the following types: 
1. Analog Inputs (1-5 VDC). 
2. Analog Outputs (4-20 mA). 
3. Discrete Inputs (120 VAC and/or 24VDC, as required). 
4. Discrete Outputs (120 VAC, 24 VDC, and/or Relay Outputs, as required). 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install a PLC System in the facility complete with ladder logic programming based on control 
strategy narratives in Sections 17501. 

B. Program the PLC System[s] to provide local equipment monitoring, local equipment control and 
serve as an interface between the facility systems and the existing SCADA System. 

C. Install all equipment in strict accordance with the manufacturer’s recommendations.  Installation 
requirements shall include, but are not limited to, the following: 
1. Maintain a minimum 6-inch vertical spacing between the bottom of the enclosure and the 

bottom-most PLC chassis. 
2. Maintain a minimum 6-inch vertical spacing between the top of the enclosure and the top-

most PLC chassis. 
3. Maintain a minimum 6-inch vertical spacing between PLC chassis. 
4. Maintain a minimum 4-inch horizontal spacing between power supply and side of enclosure. 
5. Center wiring ducts between the PLC chassis. 
6. Provide a grounding wire for each PLC chassis.  Connect the grounding wire between one of 

the chassis grounding screws and the main grounding bus of the power system.  This wire 
shall be green and the AWG rating shall be sized to meet the fuse rating of the supply circuit. 

7. Ground each power supply mounted in the PLC chassis to one of the chassis grounding 
screws. 

D. Provide secure temporary mounting of the PLC System during the integration phase of the 
Contract to ensure the PLC System is protected from damage. 

E. Install the PLC equipment in new and existing enclosures as shown on the Drawings. 

F. Program each Operator Interface panel for local facility monitoring and control as described in 
"PLC Installation and Programming Guidelines Manual" and in Section 17802. 

G. Install, configure and test the interface to the existing SCADA system as specified in Section 
17803. 

3.02 FIELD QUALITY CONTROL 

A. Verify the correct program is installed in the PLC prior to connecting the PLC System to the field 
wiring. 

B. Inspect the installed PLC and verify that the PLC System is mounted correctly and all wire 
polarities and wire terminations are correct. 

C. Make final adjustments and perform preliminary check out to verify proper operation. 
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3.03 TESTING 

A. Perform testing as specified in Sections 01660, 17000, and 17804. 

END OF SECTION 



 

Gloria G Soto
Typewritten Text



 

 
Fremont Siphon Project C00762C14  GRAPHICAL OPERATOR INTERFACE 
May 2014  17801 - 1 

SECTION 17801 

GRAPHICAL OPERATOR INTERFACE 

PART 1  GENERAL 

1.01 SUMMARY 

A. This section defines the requirements and the communications options for the Graphical Operator 
Interface used in King County Treatment Division Pumping Stations. 
1. The Operator Interface (OI) shall offer serial interfaces suitable for communicating with 

Rockwell Automation ControlLogix series PLC’s.  The Operator Interface shall have an 
Ethernet communications option for future use with other PLC’s or Control Equipment. 

B. Environmental Requirements: 
1. Temperature: 10 deg C to 55 deg C (50 deg F to 130 deg F) 
2. Humidity: 0 to 95%, non-condensing 
3. Altitude: 0 to 500 feet above Sea Level 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
documents.  They are a part of the Section as specified and modified.  In case of conflict between 
the requirements of the Section and that of the listed documents, the more stringent requirement 
shall prevail. 
Reference Title 
NFPA 70 National Electrical Code 
UL 508  Industrial Control Equipment 

B. Listing: Equipment shall be listed for the purpose for which it is used by UL, FM or CSA. 

1.03 SUBMITTALS 

A. Procedures: Section 01300. 

B. Catalog data sheet, including layout dimensions. 

C. Local manufacturer’s representative name, address, and telephone number. 

D. Software programming submittals in accordance with Section 17802. 

E. Operation and Maintenance Information per Section 01730. 

PART 2  PRODUCTS 

2.01 ACCEPTABLE PRODUCTS 

A. General 
1. The Operator Interface (OI) shall be a single, self-contained, panel-mounted unit capable of 

meeting all of the required specifications without separate external modules.  
Communications interfaces, if required, shall be plug-in style and capable of installation in the 
Operator Interface unit.  Enclosure shall be rated NEMA-4 when installed. 

B. The Operator Interface module shall consist of the following major components: 
1. Color Graphic panel - 640 x 480 pixel min. resolution - 256 colors min. 
2. Touch screen - min. 16 touch sensitive positions. 
3. Function Keypad - min. 12 function keys , 4 arrow keys. 
4. Numeric Entry Keypad  - min. 0-9 (d.p.) (-) <ENTER>. 
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5. Communications interfaces: Serial (RS-232) and Ethernet/IP (IEEE 802.3). 

C. The Operator Interface module shall utilize the following support components, provided according 
to the requirements of the application: 
1. Programming Software. 
2. Cables and Connectors. 

D. Acceptable Manufacturer: 

Operator Interface module shall be Rockwell Automation PanelView Plus 700 (Model: 2711P-
B7C4D1) color graphic panel with touch screen, 22-key Function keypad, and PLC 
communications interface as specified, no exceptions. 

Models shall be as specified below: 
Screen size, Nominal PLC Interface Model No. 
7-inch diagonal Ethernet/IP 2711P-B7C4D1 
   

E. As per King County Contract 211809, the equipment in this section provided by the Contractor 
under this Contract shall be purchased from: 
Attn. Mikel Osborne 
Reference:  PO 211809 
North Coast Electric 
2424 8th Avenue South 
Seattle, WA 98134 
Phone: (206) 682-4444 

F. Programming Software: Rockwell Automation RSView Studio Machine Edition software, King 
County authorized version, no exceptions.  If necessary, obtain King County authorized version 
from the Project Representative. 

2.02 POWER SUPPLY 

A. The Operator Interface module shall operate from 24 VDC (21-27 VDC) power.  Power 
dissipation shall be less than 80 Watts. Provide one power source for each Operator Interface. 

B. A single power source shall power all Operator Interface functions.  All additional voltages for 
communications interfaces, etc., shall be derived from this one power source.  Operator Interface 
shall be fused for short circuit protection. Operator Interface shall be UL listed and/or CE certified 
for use in this application. 

2.03 PROGRAMMABLE ACCESSORIES 

A. Programming Software: 
1. Utilize software for programming, documentation, and diagnostic tools for the Operator 

Interface as specified above.  Software is capable of uploading and downloading programs to 
the OI. Software features used for entering and editing programs includes programming 
utilities such as graphical “cut and paste” operations, creation and editing of graphic 
elements, text elements, and touch screen (if used) elements. 

2. Software enables the programmer to create display screens consisting of graphic elements, 
static and dynamic text displays. Software allows the linkage of status variables to colors 
and/or video attributes of text or graphic elements. Software has the ability to link keystrokes 
from the special function keypad or touch screen to the values of status variables and/or to 
the video attributes of text or graphical elements. Software provides the ability to display and 
enter numeric variables. 

3. Software has a library of pre-defined graphic elements including, but not limited to: push 
buttons, indicator lamps, bar graph displays, selector switches, numeric entry panels and 
dynamic messaging panels. 
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4. Software has the ability to navigate to new operator display screens in a tree-shaped 
architecture based on special function or touch screen keystrokes.  

5. Documentation features allow editing of variable names and program comments, and printing 
or listing to a file of: 
a. Display screen definitions and/or screen captures. 
b. Variable linkages, variable names and program comments. 
c. Version number of the program, version comments, author, and date of last revision. 

B. Programming Software operates under the Windows 7® or Windows Vista® operating systems. 

2.04 TROUBLESHOOTING 

A. The Operator Interface module shall have built-in status checking software.  Errors shall be 
reported via error messages on the display, and recoverable errors shall be resettable from the 
front panel. Non-recoverable errors shall be resettable by cycling power off and on. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Mounting: 
1. The OI shall be mounted in the main control panel as shown in the contract drawings and in 

compliance with the manufacturer’s requirements. 

3.02 FACTORY TEST 

A. The factory test shall comply with the requirements of Section 17804. 

3.03 SYSTEM PERFORMANCE TEST 

A. The system test shall comply with the requirements of Sections 17000 and 17804. 

END OF SECTION 
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SECTION 17802 

PROGRAMMING 

PART 1  GENERAL 

1.01 SUMMARY 

A. This Section specifies the requirements for programming the PLC and OIT. Provide fully 
operational PLC Systems at each facility.  The operation of the facility under PLC control and 
operation via the SCADA System shall be as per the Contract Drawings and the Control 
Strategies as defined in Section 17501 and subsequent Sections. 

B. The Contractor shall be fully cognizant of Allen-Bradley Ladder Logic programs and shall include 
all those functions that are required to operate and monitor the facilities using the PLC. 

C. The Contractor responsible for performing the detailed design and programming of the PLC 
equipment shall have a minimum of five (5) years’ experience in similar projects. The Contractor 
shall assume full responsibility for system design. 

1.02 QUALITY ASSURANCE 

A. Referenced Standards:  This Section incorporates by reference the latest revision of the following 
document.  It is a part of this Section as specified and modified.  In case of conflict between the 
requirements of this Section and that of a listed document, the more stringent requirements shall 
prevail. 
Reference Title 
King County PLC Installation and Programming Guidelines Manual 

1.03 SUBMITTALS 

A. Procedures:  Section 01300. 

B. Software programming, testing, and startup. 
1. Include I/O, program, and SCADA databases; block diagrams of logic sequence; PLC 

program with fully commented ladder logic; and all support information necessary for review. 
2. Submit in hard copy form as well as on CD-ROM.  All programs shall be submitted to Project 

Representative for review. Submitting just the program on electronic media is unacceptable. 

1.04 PROGRAMMING SOFTWARE 

A. Utilize Rockwell Automation RSLogix 5000 Enterprise [Full Edition Programming Software, King 
County approved version - No exception. 

1.05 DOCUMENTATION  

A. Provide complete documentation of all programs.  Utilize all of the available documentation 
services available through the RSLogix Programming Software.  All application programs shall be 
fully commented.  Program databases shall be fully expanded and shall include a comments field. 

B. BAll PLC programs shall be fully documented.  Include references to drawings, original rung 
comments and requirements defined in the King County's “PLC Installation and Programming 
Guidelines Manual”. 

1.06 PROGRAMMING LANGUAGE 

A. King County has standardized on Ladder Logic language for programming the PLC.  All programs 
shall utilize Ladder Logic language and RSLogix 5000 programming software.  In addition, 
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Function Block Language may be used sparingly for analog signal processing with written 
permission from King County.  Specifically forbidden are the use of Structured Text language and 
Sequential Function Charts without written permission from King County.  Time spent by the 
Contractor to correct programming that is not compliant with the programming software and 
programming language defined in this section will be at the Contractor's expense and shall not 
affect the project schedule or milestone dates. 

1.07 SOFTWARE REVISIONS  

A. Provide a formal revision tracking procedure for all software being submitted and delivered to the 
Project Representative.  The revision tracking procedure shall contain information necessary to 
track all changes, ensure revisions are properly tested, documented, and incorporated into the 
final program.  The revision tracking procedure shall track submitted programs, reference Project 
Representative's comments, show date program was saved, date of all revisions and reference to 
material used for the program revisions. 

B. The revision tracking procedure shall ensure that only fully tested, fully documented and properly 
revised software is loaded into the PLC for delivery. 

1.08 SCADA COMMUNICATIONS 

A. The PLC shall communicate with the West Point SCADA system using voice-grade dedicated 
telephone lines at 1200 baud.  Telephone lines shall be furnished by King County and will be as 
supplied by U.S. West Communications.  The PLC shall connect to the SCADA network using an 
RS-232 port and a County-furnished modem. See Section 17803 for specific communication 
requirements. 

B. The facilities typically contain between 100-500 hardware I/O points.  All input/output (I/O) points 
must be capable of being transmitted to the existing SCADA system whether or not they are 
utilized. 

C. Organize the SCADA registers as defined in King County's “PLC Installation and Programming 
Guidelines Manual”.  Coordinate addresses with the King County SCADA system maintenance 
staff. 

1.09 SOFTWARE FUNCTIONS 

A. Provide common functions and software structures among programs for the facilities. 

B. Provide PLC programs capable of performing the following functions at a minimum: 
1. Analog input processing and conversion to engineering units. 
2. Discrete input processing for alarms and interlocks. 
3. Discrete output processing for Alarm generation to local annunciators and other equipment. 
4. Pump Sequence selection (Lead, 1st Follow, 2nd Follow, etc.). 
5. Pump Start/Stop and Speed control. 
6. Proportional + Integral + Derivative (PID) control algorithm processing, with setpoints entered 

locally or transmitted from the SCADA system. 
7. Analog Output processing for control loop outputs. 
8. Real-time clock for scheduling of control functions and tasks. 
9. Display of process data on Operator Interface. 

C. Provide Operator Interface programming that allows adjustment of loop setpoints, timer and 
counter presets, and loop tuning parameters. 
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PART 2  PRODUCTS 

2.01 PROGRAMS 

A. Provide each of the facilities defined by the Contract Documents with a fully functioning program 
that is without error, does not perform abnormal stops or actions, and is fully documented. 

B. Provide a minimum of five types of Operator Interface display screens for each facility, including 
the following: 
1. System Overview & Equipment Status Graphic screen(s). 
2. Setpoint and Data Entry screen(s). 
3. Alarm History screen, with time/date stamp. 
4. Control Mode & Equipment Status Screen(s) (Discrete and Analog Variables). 
5. Maintenance screen(s) (password protected). 

C. Graphic displays shall include both text and simple graphical representations of the facility.  Refer 
to Appendix D of King County's “PLC Installation and Programming Guidelines Manual” for 
structure of screen displays and color standards. 

2.02 PLC PROGRAM DEVELOPMENT 

A. Provide a schedule showing program development tasks including milestones.  The schedule 
shall include the following steps as a minimum: 
1. Preliminary Software Submittal (30%). 
2. Intermediate Software Submittal (60%). 
3. Operational Software Submittal (90%). 
4. Final Software Submittal (100%) with O&M manuals. 

B. Provide a Preliminary Software Submittal (30%) including: 
1. Detailed database and program structure information: 
2. Variables List and I/O configuration printouts: Shows organization of memory usage. 
3. Complete List of Tags and Descriptors for I/O points, internal variables, and SCADA 

communications data. 
4. Key to program sections in the long comments of the Main Task. 
5. Program Block diagram - with keyed long comments on Sub-tasks and Routines. 
6. List of proposed display screens for Operator Interface panel and sketches of layout for 

display screens. 
7. Submit in hardcopy format and electronic media format compatible with Microsoft Word/Excel 

2003®. 
8. Develop basic program organization, structure and documentation, including block diagram, 

using the “PLC Installation and Programming Guidelines Manual”. 

C. Submit an Intermediate Software Submittal (60%) including draft coding all of the following items.   
Submit the items below in electronic media format, compatible with RSLogix 5000 software King 
County approved version 
1. Discrete Alarms and Interlocks 
2. Analog inputs and alarms 
3. PID loops 
4. Equipment sequencing and control logic 
5. Runtime accumulators and flow integrators 
6. SCADA Interface logic 
7. Watchdog timer and Facility controls failover logic 
8. Power-fail and Power-on restart logic 

Submit the items below as hardcopy screen captures and in electronic media format 
compatible with RSView Studio ME software - King County approved version. 

9. Draft of Operator Interface display screens, including the following: 
a. System Overview Graphic screens. 
b. Setpoint and Data Entry screens. 
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c. Alarm History screens. 
d. Control Mode & Equipment Status screens. 
e. Maintenance screens. 

D. program and documentation when 90% complete. Documentation shall be in accordance with this 
Section and include: 
1. Final draft of program code and PanelView display screens. 
2. Complete code listings and printouts of PanelView display screens. 
3. Proposed test plan for Factory Acceptance Test of Software. 
4. Submit in hardcopy and electronic media format as above. 

E. Review the facility programming package in a meeting with the Project Representative when 90% 
complete. Prepare Minutes of Meeting that documents the meeting, the answers provided by the 
Contractor to the Project Representative's questions, and all decisions reached pertaining to 
program development. 

F. Incorporate revisions and submit Operational Test programs. 

G. Submit programs and documentation incorporating modifications from Operational Testing as part 
of O&M manuals. 

2.03 PLC PROGRAM DOCUMENTATION 

A. Program documentation shall be in accordance with King County's PLC Installation and 
Programming Guidelines Manual. 

B. Provide complete descriptors for all elements used in the programs.  This includes: 
1. Inputs. 
2. Outputs. 
3. Coils. 
4. Contacts. 
5. Tasks and Routines. 
6. Data Structures. 
7. Tables and Arrays. 
8. Sections. 

C. Fully utilize all descriptor fields provided by the programming software, including: 
1. Tags and Aliases. 
2. Descriptions. 
3. Comments. 
4. Titles. 

D. Provide clear and concise tags for all active components within a rung of logic.  Tags shall be 
descriptive in nature.  Provide narrative in Rung, Task, and Routine comments fields for complex 
rungs of logic or where the function is not readily understood without clarification. 

E. Use cross-references. Label all coils with descriptive tag names.  Label rungs according to 
function and equipment tag name.  Label all input contacts with the equipment tag name. 

F. Programs shall be fully documented and a complete printout shall be provided to the Project 
Representative as a submittal demonstrating compliance to the full documentation requirements.  
Printouts shall include: 
1. Log Book of revisions and their authors. 
2. Tags. 
3. Descriptors. 
4. Program, Task and Routine Comments. 
5. Titles. 
6. CPU Memory Configuration. 
7. I/O Rack configuration. 
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8. Communications Interface Configurations. 
9. Listing of Data structures and ASCII message tables. 

G. Provide complete hard copies and software media (magnetic or CD ROM) of all programming 
notes, programs and program documentation with all submittals.  Provide three copies of each 
program for each facility upon the Project Representative's acceptance of the facility. 

PART 3  EXECUTION 

3.01 PROGRAM INSTALLATION 

A. Install the application program as defined in Section 17800. 

B. Edits by the Contractor to software installed in a PLC operating a facility shall comply to the 
following: 
1. Coordinate the changes, edits or reloading of the programs with the Project Representative.  

Make changes to the program to correct deficiencies or incorrect operation. 
2. The Project Representative shall approve all changes before loading the program into the 

PLC.  The Project Representative shall be present at the facility when changes are 
downloaded to the PLC. 

3. All programming changes shall be downloaded locally, not transmitted over the phone line. 
4. Install electrical equipment or devices together with all required interconnections. 
5. All documentation, drawings, copies of the program and narratives shall be revised by the 

Contractor to reflect the edits to the program. 

3.02 PROGRAM TESTING 

A. Test programs in accordance with Section 01660 and 17804. 

3.03 TRAINING 

A. Provide twenty-four (24) hours of training for King County's personnel on all aspects of design, 
operation and maintenance of the PLC and Operator interface applications programs. 

B. Provide training at a King County facility specified by the Project Representative at a time 
mutually agreed between the Contractor and the Project Representative. 

C. Notify the Project Representative at least two weeks prior of the proposed training date. 

D. Complete forms 11000A and 11000B included in Section 01999 at the end of Startup and 
Training.  Submit the forms to the Project Representative for approval. 

END OF SECTION 
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SECTION 17803 

COMMUNICATIONS INTERFACES 

PART 1  GENERAL 

1.01 SUMMARY 

A. Communications between the facilities and the Treatment Plant is by King County.  The modem 
equipment at the facilities and the Treatment Plant will be supplied by King County.  The 
Contractor is responsible for installing the modem, connecting the PLC SCADA interface to the 
modem, and program development in the PLC for the SCADA interface. 

B. The Contractor is responsible for installing communications between the Operator Interface panel 
and the PLC. 

1.02 LISTING AND LABELING 

A. Communication equipment and material shall be listed and labeled for the purpose for which it is 
used by Underwriters Laboratories, Factory Mutual, CSA, or equivalent nationally recognized 
testing laboratory. 

1.03 SUBMITTALS 

A. Provide in accordance with Section 01300. 

B. Product Data sheets and catalog cuts. 

C. Communications drawing per this Section. 

D. Operation and Maintenance information per Section 01730. 

1.04 DRAWINGS 

A. Provide drawings and schematics diagrams showing each active device, all connections, all 
junction boxes, and all communication lines including spares and the associated phone numbers 
for each of the facilities.  Show how a component is connected to other unit components or 
systems.  Show how systems or units are connected to each other.  In each case, every 
conductor and terminal shall be identified. 

B. The Project Representative will provide information acquired from the phone company during 
installation of the new phone lines. Incorporate the information into drawing(s) showing 
components as defined in 1.05 A above. 

C. The communication drawing shall contain information commencing with the phone company 
demarcation point at the street to the connection to the PLC. 

PART 2  PRODUCTS 

2.01 SCADA INTERFACE 

A. Communications between the PLC and the Treatment Plant SCADA system shall be over a 
dedicated leased telephone circuit using a Bell 202 compatible modem. King County will furnish 
the modems.  Provide the following components: 
1. SCADA Interface modules: Prosoft Model MVI56E-MCM - no exceptions 
2. An RS-232 compatible cable with appropriate connectors, to connect from the serial port on 

the PLC SCADA Interface to the modem. 
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3. The cable and conduit required to connect the modem to the demarcation point. The distance 
between the modem and the demarcation point shall be determined for each station, but shall 
not be more than fifty cable feet from the PLC controller. 

4. Internal four-wire telephone cable with a RJ-11 plug to connect from the TEL LINE socket on 
the modem, through a county furnished surge suppression device, to King County's 
designated telephone service panel. 

B. King County will furnish telephone service equipment not included in the three items above. King 
County will arrange for the internal telephone cable supplied by the Contractor to be terminated at 
the telephone service panel. 

2.02 CONTROLNET NETWORK DEVICES (NOT USED) 

2.03 ETHERNET/IP NETWORK DEVICES 

A. Provide Ethernet/IP Interfaces: Allen-Bradley model 1756-ENBT - no exceptions. 

B. Provide for the connection of two additional local devices to the Ethernet/IP Network interface on 
each PLC. These additional devices are the Operator Interface panel, and future device(s). 

C. The Operator Interface shall be the first device on the Ethernet/IP Network, followed by the future 
device(s).  The Operator Interface shall be permanently connected to the PLC.  The future 
device(s) shall be considered to be temporary, and its network connection shall be configured for 
easy insertion and removal of its network cable connector(s).  The network cable extending to the 
future device shall be not more than fifty feet and it shall not be necessary to disconnect the 
Operator Interface panel to connect or use the future device(s). 

D. Provide Ethernet/IP cables, a five-port 10/100 Mb Ethernet switch as required to meet the above 
specifications. 

E. Ethernet Switch: 
1. Protocols:  IEEE-802.3, 802.3u, 802.3x. 
2. Line:  10BaseT/100BaseT, Full- or half-duplex, auto-generated. 
3. Connectors:  RJ-45, 5 each. 
4. Environmental: 

a. Temperature:  0 °C - 60 °C. 
b. Humidity:  5%-95% RH, non-condensing. 

5. Power:  18-30 VDC or 120 VAC ±10%, 10VA max. 
6. Acceptable Manufacturers: 

a. D-Link model DSS-5+. 
b. Advantech model ADAM 6520. 
c. Acromag model 900EN-S005. 
d. Approved equal. 

PART 3  EXECUTION 

3.01 COMMUNICATIONS INSTALLATION 

A. Install the telephone cable within the facility.  The telephone service panel will be within 50 feet of 
the PLC cabinet.  Connect the PLC to the Modem with the serial RS-232 cable. 

B. Test the communications between the PLC and the SCADA system and verify proper 
communications before commencing the tests associated with installation at the facility.  See 
Section 17804. 
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C. Install the Ethernet/IP network cables and an Ethernet switch to connect all Ethernet/IP devices 
as specified above.  Configure and test the Ethernet/IP connection to all devices in accordance 
with Section 17804. 

END OF SECTION 
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SECTION 17804 

PLC TESTING 

PART 1  GENERAL 

1.01 SUMMARY 

A. All PLC installations shall be tested in accordance with the requirements of this Section. 

B. The Contractor shall demonstrate that each PLC system was fully tested during development and 
installation and is a functioning, integrated, reliable, control system before final payments are 
released. 

C. The basic testing requirements shall require a comprehensive series of Contractor conducted 
tests witnessed by King County, and Contractor certifications. 

D. The Contractor shall provide tests for all equipment and software.  If equipment or software does 
not have specific tests defined in the contract, then the Contractor shall develop testing 
procedures.  All software and all equipment related to the PLC shall be tested. 

1.02 SUBMITTALS 

A. Procedures:  Section 01300 

B. Test Schedules:  Per this Section and Section 01660 

C. Test Plans:  Per this Section and Section 01660 

D. Test Results:  Per this Section and Section 01660 

1.03 DOCUMENTATION 

A. Provide complete documentation of all test plans. 

B. Documentation shall utilize software for tracking progress for each PLC.  The tracking software 
shall include all tests, outcome of each test and provide narrative about any failures, the reason 
for the failure and the remedies used to correct the failure. 

PART 2  PRODUCTS 

2.01 TEST PLANS AND REPORTS 

A. Prepare and submit for review and approval: 
1. Factory Acceptance Test Plan and procedures. 
2. Site Acceptance Test Plan and procedures. 
3. Test Schedules. 
4. Test Reports. 
5. PLC program documentation. 

B. Prepare and document a separate test plan for each of the Factory Acceptance Test and Site 
Acceptance Test.  The test procedures shall be a formal submittal delivered to King County for 
review and approval before the start of the test. 

C. Structure the test procedures in a step-by-step, building block manner with checkpoints at critical 
functions.  The procedures shall facilitate the reporting of test results and the re-creation of error 
conditions. 
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D. Test data sheets shall be used to record applicable drawing numbers, test equipment, 
discrepancies, corrective action(s) required, and test data.  Data entries shall be referenced to the 
applicable procedures and allowable limits for each entry shall be indicated on the data sheets. 

E. Develop, maintain, and update Test Reports of all test results and conditions that were recorded 
during the course of the testing.  The test results shall include: 
1. Identification of test being conducted. 
2. Date and time of test; Tester name, Witness name. 
3. Prerequisite tests and demonstrations. 
4. Brief statement of test objective(s) and scope. 
5. Brief test description. 
6. List of test and monitoring equipment required to perform test. 
7. Test results. 
8. List of test deficiencies and their resolutions. 
9. Retesting requirements (if required). 
10. Failure events. 
11. Contractor's certification (as applicable). 

PART 3  EXECUTION 

3.01 FACTORY ACCEPTANCE TEST 

A. Factory Acceptance Test (FAT) and verification for all deliverable equipment, programs, and 
associated documentation shall be performed prior to shipment of the system to the site.  The 
tests shall verify that the PLC equipment is manufactured and assembled correctly, is operating 
as designed, and is in compliance with the contractual requirements.  The tests shall verify that 
the software and hardware meet the functional and performance requirements of the project. 

B. The Factory Acceptance Test shall include the following major test and verification activities: 
1. System Configuration Verification: Prior to beginning of the Factory Acceptance testing, the 

system shall be subjected to system deliverable configuration verification.  A copy of the 
configuration and record of quantities of part numbers are to be included in the Factory 
Acceptance Test Report.  No equipment replacement or substitutions are permitted without 
rigorous quality control accounting and retesting of affected equipment. 

2. Equipment Test and Verification: The FAT for the equipment consists of visual inspection and 
verification that the equipment is assembled in accordance with the approved drawings.  All 
hardware enclosures shall be verified to determine the structural integrity.  Inspect and verify 
the following at a minimum: 
a. Mounting configuration. 
b. Paint work and finish. 
c. Dimensions. 

3. Verify the following wiring and connections at a minimum: 
a. Wire in terminal block, including correct connection and labeling, wiring installation and 

wire stripping. 
b. Cable runs, including correct connection and labeling, supports, routing, shielding, wire-

way design, and terminal security. 
c. Fuse and breakers for correct rating and placement. 
d. Grounding strips, including layout, cables, connection security, and correct size. 

4. Perform the following inspection checks: 
a. Card wiring support. 
b. I/O rack clearances. 
c. I/O and equipment labeling. 
d. I/O card type verification. 
e. I/O card layout. 
f. Power supply mounting. 
g. Power cable routing. 
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h. Data cable routing. 
5. Functional Test:  Exercise every specified system function and include the following at a 

minimum: 
a. Rigorously exercise all inputs and outputs both individually and collectively. 
b. Demonstrate analog input and analog output accuracy. 
c. Test all operator interface functions. 
d. Verify all control operations to ensure they result in the correct sequence of operation at 

the PLC. 
e. Simulate PLC communication error conditions and demonstrate error detection and 

handling. 
f. Demonstrate PLC power supply failure and recovery. 
g. Provide certified test results for the deliverable equipment. 
h. Demonstrate correct calculation of totalized quantities. 
i. Demonstrate proper operation of application programs and control strategies using 

whatever simulations are necessary.  The test shall include typical and worst case 
scenarios that would arise in the use of the system. 

C. The system may be shipped to the site only after the Factory Acceptance Test has been 
completed satisfactorily and approved by the Project Representative. 

3.02 SYSTEM TEST PHASE - SITE ACCEPTANCE TESTING 

A. Communications Test:  Temporarily connect the PLC inputs to the facility and connect the PLC 
via modem to a dedicated phone line installed to the SCADA Host at West Point Treatment Plant. 
1. Demonstrate the following: 

a. Proper communications to the SCADA system. 
b. Accurate bi-directional data transfer of all required analog and discrete signals between 

the PLC and the SCADA system. 
c. Test duration shall be a minimum of three 24-hour days. 

B. Installed System Test: Install new PLC system, complete. 
Demonstrate: 
1. Conformance with System configuration drawings. 
2. Proper connection and labeling of field wiring for Inputs and Outputs. 
3. Analog Inputs:  Calibrated monitoring of all analog inputs. 
4. Control Outputs:  Exercise each facility system component connected to the PLC control 

outputs (valve, motor, etc.) and demonstrate PLC or manual control and correct status 
indication on the Operator Interface and SCADA system. 

5. Status Inputs:  Exercise each individual facility system component connected to the PLC 
(motors, valves, etc.) and demonstrate correct status indication on the Operator Interface and 
SCADA system. 

6. Alarm Inputs:  Exercise each alarm input to the PLC from the field device and demonstrate 
correct indication on the Operator Interface and SCADA system. 

7. Alarm Outputs:  Exercise each alarm output from PLC and demonstrate correct indication on 
Annunciator, SCADA and/or Metrotel. 

8. Computed Alarms:  Demonstrate computed alarms in the PLC and correct indication on 
Operator Interface and SCADA system. 

C. Operational Test:  Following Acceptance Testing, conduct stepwise test of all functions in the 
PLC program. 
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Demonstrate: 
1. PLC Automatic control of fan. 
2. Any other PLC Automatic controls. 
3. PLC relinquishes controls to Backup controller on PLC failure., if present 
4. PLC recovers controls from Backup controller. 
5. PLC SCADA communications failure and recovery. 
6. PLC controlled shutdown and re-start on Utility Power Failure. 
7. PLC Major and Minor Error detection and reporting. 

END OF SECTION  
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SECTION 17900 

SCHEDULES 

PART 1  GENERAL 

1.01 SUMMARY 

A. Scope:  This Section describes the purpose and content of the following schedules contained in 
Sections 17901 through 17905: 
1. Section 17901:  Instrument Schedule 
2. Section 17902:  Alarm Schedule 
3. Section 17903:  PLC I/O Schedule 
4. Section 17904:  Metrotel I/O Schedule 
5. Section 17905:  SCADA Signal Schedule 

B. Information on equipment with identification numbers and other attributes which may relate to and 
may require coordination with items in these schedules is found in Specification Sections in 
Division 11 and on the drawings. 

PART 2  PRODUCTS 

2.01 SCHEDULES 

A. General: 
1. These schedules briefly describe major discrete devices required by the control system.  

Scheduled devices shall be provided as described in the schedules and in the referenced 
specification paragraph.  Each instrument is located by a panel reference or electrical or 
mechanical plan drawing reference (if field mounted). 

2. These schedules shall not be interpreted as a set of complete data sheets for the devices but 
only as a listing of instruments with certain salient features described.  Additional elements 
such as power supplies, current repeaters or isolators, mounting hardware, cord sets, and 
other such elements as may be required by a particular vendor in order to complete the 
system shall be provided even though not listed.  The Contractor shall create complete 
ordering information for all instruments and shall submit this information to the Project 
Representative for review prior to manufacture. 

B. Schedule column descriptions: 
1. Function code number:  These are instrument tag numbers which include the 3-digit 

instrument loop (IL) numbers and individual instrument prefixes and suffixes, or component 
name or circuit designation. 

2. Description:  Defines application of the loop or identifies the type of individual instrument 
within the loop. 

3. Specification number:  Numbers refer to specification requirements for new instruments 
which shall be provided. 

4. Process drawing:  Numbers refer to basic process flow drawings showing the schematic 
locations of primary measuring elements and final control devices within the process. 

5. Mechanical drawing:  Numbers refer to mechanical drawings showing locations or installation 
details for individual field mounted instruments. 

6. Electrical drawing:  Numbers refer to electrical drawings showing field instrument locations 
and interconnecting raceway numbers and conductors.  The raceway schedule in Division 16 
defines the actual raceway and conductors required. 

7. Instrument drawing:  Used for loop headings only, the numbers refer to instrument drawings 
showing the functional diagrams. 
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8. Item numbers show the location of devices on main control panel (MCP) in the drawings.  
Engraving schedules are referenced by item numbers on the drawings. 

PART 3  EXECUTION (NOT USED) 

END OF SECTION 
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SECTION 17901 

INSTRUMENT SCHEDULE 

PART 1  COLUMN HEADINGS TO INCLUDE: 

1.01 TAG NUMBER 

1.02 DESCRIPTION 

1.03 P&ID DRAWING NUMBER 

1.04 INSTRUMENT DRAWING NUMBER 

1.05 PHYSICAL LOCATION 

1.06 FIELD POWER VIA 

1.07 SPECIFICATION NUMBER 

1.08 SPECIFICATION SYMBOL 

1.09 CALIBRATION RANGE 

1.10 ZERO SUPPRESSION 

1.11 INPUT/OUTPUT 

1.12 APPLICATION NOTES 

END OF SECTION 



Tag Number Description
P&ID Dwg. 

No.
Inst. Dwg.  

No.
Physical 
Location

Field Power Via Spec. No.
Specification 

Symbol
Calib. 
Range

Zero 
Suppression

Input/Output Application Notes

PNL 832,001 MAIN CONTROL PANEL P101 I101 E301 LP 832,003 17110

FSL 832,601 FLOW SWITCH P101 I101 E301 PNL 832,001 17216-3.03 FS 1 FPS DISCRETE LOW FLOW, AIR.  8" INSERTION DEPTH INTO DUCT

PB 832,001A PUSHBUTTON P101 I141 E301 PNL 832,001 17272-3.03 PB ACKNOWLEDGE

PB 832,001B PUSHBUTTON P101 I141 E301 PNL 832,001 17272-3.03 PB TEST

ZS 832,021 DOOR OPEN SWITCH P101 I101 E301 PNL 832,001 17216-3.03 ZS1 DISCRETE DOOR ACTIVATED SWITCH

ZS 832,022 DOOR OPEN SWITCH P101 I101 E301 PNL 832,001 17216-3.03 ZS1 DISCRETE DOOR ACTIVATED SWITCH

ZS 832,023 DOOR OPEN SWITCH P101 I101 E301 PNL 832,001 17216-3.03 ZS2 DISCRETE DOOR ACTIVATED SWITCH

ZS 832,024 DOOR OPEN SWITCH P101 I101 E301 PNL 832,001 17216-3.03 ZS2 DISCRETE DOOR ACTIVATED SWITCH

PNL 832,500 BUBBLER PANEL P201 I201 I201 PNL 832,500 17110 NEMA 4X, 304 STAINLESS STEEL, FREE STANDING, LOCKABLE

CP 832,501 COMPRESSOR, INSTRUMENT AIR P201 I204 N/A PNL 832,500 11366 100 PSI COMPRESSED AIR SUPPLY

CP 832,502 COMPRESSOR, INSTRUMENT AIR P201 I204 N/A PNL 832,500 11366 100 PSI COMPRESSED AIR SUPPLY

HS 832,501A SELECTOR SWITCH P201 I204 N/A PNL 832,500 17272-3.03 XXS DISCRETE HAND-OFF-AUTO

HS 832,501B PUSHBUTTON P201 I204 N/A PNL 832,500 17272-3.03 PB DISCRETE JOG

YL 832,501A INDICATING LIGHT P201 I204 N/A PNL 832,500 17272-3.03 XXL DISCRETE READY

YL 832,501B INDICATING LIGHT P201 I204 N/A PNL 832,500 17272-3.03 XXL DISCRETE RUNNING

PS 832,501 PRESSURE SWITCH P201 I204 N/A PNL 832,500 17216-3.03 PS COMPRESSOR 1

HS 832,502A SELECTOR SWITCH P201 I204 N/A PNL 832,500 17272-3.03 XXS DISCRETE HAND-OFF-AUTO

HS 832,502B PUSHBUTTON P201 I204 N/A PNL 832,500 17272-3.03 PB DISCRETE JOG

YL 832,502A INDICATING LIGHT P201 I204 N/A PNL 832,500 17272-3.03 XXL DISCRETE READY

YL 832,502B INDICATING LIGHT P201 I204 N/A PNL 832,500 17272-3.03 XXL DISCRETE RUNNING

HS 832,503 SELECTOR SWITCH P201 I204 N/A PNL 832,500 17272-3.03 XXS DISCRETE COMPRESSOR SELECT, 1-2-ALT

PS 832,502 PRESSURE SWITCH P201 I204 N/A PNL 832,500 17216-3.03 PS COMPRESSOR 2

LE 832,500 LEVEL ELEMENT, BUBBLER SYSTEM P201 I201 N/A PNL 832,500 17211-3.03 LBE
110.00-
122.00   

FT. ELEV.
LEVEL ELEMENT

LIT 832,500
FREMONT SIPHON SOUTH WATER LEVEL INDICATING 
TRANSMITTER

P201 I201 N/A PNL 832,500 17212-3.03 PGT
110.00-
122.00   

FT. ELEV.
4-20mA LEVEL TRANSMITTER, FT. H2O

LI 832,500 FREMONT SIPHON SOUTH WATER LEVEL GAUGE P201 I201 N/A PNL 832,500 17211-3.03 PLG
110.00-
122.00   

FT. ELEV.
BUBBLER LEVEL INDICATOR, FT. H2O

FIC 832,500 FREMONT SIPHON SOUTH BUBBLER AIR FLOW CONTROLLER P201 I201 N/A PNL 832,500 17211-3.03 LBE
20-200 
cc/m

BUBBLER AIR FLOW INDICATING REGULATOR

SECTION 17901
INSTRUMENT SCHEDULE
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SECTION 17902 

ALARM SCHEDULE 

PART 1  COLUMN HEADINGS TO INCLUDE: 

1.01 TAG NUMBER 

1.02 DESCRIPTION 

1.03 P&ID DRAWING NUMBER 

1.04 INSTRUMENT DRAWING NUMBER 

1.05 1ANNUNCIATOR 

1.06 WINDOW 

1.07 APPLICATION NOTES 

END OF SECTION 



Tag Number Description
P&ID Dwg. 

No.
Inst. Dwg.  

No.
Annunciator Window Application Notes

YA 832,021 FREMONT SIPHON ODOR CONTROL BUILDING DOOR OPEN ALARM P101 I211 DI 1/1A COMBINE ALL FOUR DOOR ALARMS INTO SINGLE OUTPUT TO METROTEL

YA 832,022 FREMONT SIPHON ODOR CONTROL YARD MAN DOOR OPEN ALARM P101 I211 DI 1/2A COMBINE ALL FOUR DOOR ALARMS INTO SINGLE OUTPUT TO METROTEL

YA 832,023 FREMONT SIPHON ODOR CONTROL YARD VEHICLE DOOR OPEN ALARM P101 I211 DI 1/3A COMBINE ALL FOUR DOOR ALARMS INTO SINGLE OUTPUT TO METROTEL

YA 832,024 FREMONT SIPHON ODOR CONTROL YARD VEHICLE DOOR OPEN ALARM P101 I211 DI 1/4A COMBINE ALL FOUR DOOR ALARMS INTO SINGLE OUTPUT TO METROTEL

YA 832,601A FREMONT SIPHON ODOR CONTROL EXHAUST FAN VFD FAULT ALARM P101 I211 DI 1/1C

YA 832,601B FREMONT SIPHON ODOR CONTROL FAN MOTOR OVER TEMP P101 I211 DI 1/2C

FAL 832,601 FREMONT SIPHON ODOR CONTROL LOW AIR FLOW RATE ALARM P101 I211 DI 1/3C

YA 832,004 FREMONT SIPHON ODOR CONTROL BUILDING UPS FAULT ALARM P101 I211 DI 1/4C

SECTION 17902
ALARM SCHEDULE

Fremont Siphon Project C00762C14
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SECTION 17903 

PLC I/O SCHEDULE 

PART 1  COLUMN HEADINGS TO INCLUDE: 

1.01 TAG NUMBER 

1.02 DESCRIPTION 

1.03 P&ID DRAWING NUMBER 

1.04 INSTRUMENT DRAWING NUMBER 

1.05 PHYSICAL LOCATION 

1.06 SPECIFICATION NUMBER 

1.07 I/O TYPE 

1.08 MODULE TYPE 

1.09 RACK 

1.10 SLOT 

1.11 POINT 

1.12 APPLICATION NOTES 

END OF SECTION 



Tag Number Description
P&ID Dwg. 

No.
Inst. Dwg.  

No.
Physical 
Location

Spec. No. I/O Type Module Type Rack Slot Point Application Notes

SI 832,601 FREMONT SIPHON ODOR CONTROL EXHAUST FAN SPEED P101 I221 VFD 832,601 11004-3.03 AI ANALOG INPUT 1 4 0

SK 832,601
FREMONT SIPHON ODOR CONTROL EXHAUST FAN SPEED 

COMMAND (SPARE)
P101

I222
VFD 832,601 11004-3.03 AO ANALOG OUTPUT 1 5 0

HI 832,601 FREMONT SIPHON ODOR CONTROL FAN IN REMOTE P101 I225 VFD 832,601 16158 DI DISCRETE INPUT 1 6 0

FAL 832,601 FREMONT SIPHON ODOR CONTROL LOW AIR FLOW RATE P101
I225

E301 17216-3.03 DI DISCRETE INPUT 1 6 1

YA 832,021
FREMONT SIPHON ODOR CONTROL BUILDING DOOR OPEN 

ALARM P101
I225

E301 17216-3.03 DI DISCRETE INPUT 1 6 2

YA 832,022
FREMONT SIPHON ODOR CONTROL YARD MAN DOOR OPEN 

ALARM P101
I225

E301 17216-3.03 DI DISCRETE INPUT 1 6 3

YA 832,023
FREMONT SIPHON ODOR CONTROL YARD VEHICLE DOOR 

OPEN ALARM P101
I225

E301 17216-3.03 DI DISCRETE INPUT 1 6 4

YA 832,024
FREMONT SIPHON ODOR CONTROL YARD VEHICLE DOOR 

OPEN ALARM P101
I225

E301 17216-3.03 DI DISCRETE INPUT 1 6 5

YA 832,004
FREMONT SIPHON ODOR CONTROL BUILDING UPS FAULT 

ALARM P101
I225

E301 17132 DI DISCRETE INPUT 1 6 6

YA 832,601B FREMONT SIPHON ODOR CONTROL FAN MOTOR OVER TEMP P101
I225

VFD 832,601 16158 DI DISCRETE INPUT 1 6 8

YI 832,601A FREMONT SIPHON ODOR CONTROL FAN VFD READY P101
I225

VFD 832,601 16158 DI DISCRETE INPUT 1 6 9

YI 832,601B FREMONT SIPHON ODOR CONTROL FAN VFD RUNNING P101
I225

VFD 832,601 16158 DI DISCRETE INPUT 1 6 10

YA 832,601A FREMONT SIPHON ODOR CONTROL FAN VFD NO FAULT P101
I225

VFD 832,601 16158 DI DISCRETE INPUT 1 6 11

YA 832,600 FREMONT SIPHON ODOR CONTROL PLC FAILURE ALARM P101 I223 PNL 832,001 17800 DO DISCRETE OUTPUT 1 7 1
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SECTION 17904 

METROTEL SCHEDULE 

PART 1  COLUMN HEADINGS TO INCLUDE: 

1.01 TAG NUMBER 

1.02 DESCRIPTION 

1.03 P&ID DRAWING NUMBER 

1.04 INSTRUMENT DRAWING NUMBER 

1.05 I/O TYPE 

1.06 I/O SEQUENCE NUMBER 

1.07  APPLICATION NOTES 

END OF SECTION 



Tag Number Description
P&ID Dwg. 

No.
Inst. Dwg.  

No.
I/O Type I/O Sequence No. Application Notes

FAL 832,601 FREMONT SIPHON ODOR CONTROL LOW AIR FLOW RATE P101 I241 DI

YA 832,001 FREMONT SIPHON ODOR CONTROL BUILDING DOOR OPEN ALARM P101 I241 DI  COMBINES ALL FOUR DOOR ALARM SWITCHES INTO SINGLE INPUT

YA 832,004 FREMONT SIPHON ODOR CONTROL BUILDING UPS FAULT ALARM P101 I241 DI

LI 832,500 FREMONT SIPHON SOUTH WATER LEVEL P201 I207 AI

XA 832,500 FREMONT SIPHON SOUTH 120VAC LOSS OF POWER P201 I207 DI

XA 832,500A FREMONT SIPHON SOUTH 24VDC POWER SUPPLY 1 FAIL P201 I207 DI

YA 832,501 FREMONT SIPHON SOUTH ENCLOSURE UPS FAULT P201 I207 DI

PAL 832,500 FREMONT SIPHON SOUTH AIR PRESSURE LOW P201 I207 DI

YA 832,500 FREMONT SIPHON SOUTH ENCLOSURE DOOR OPEN ALARM P201 I207 DI
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SECTION 17905 

SCADA SIGNAL SCHEDULE 

PART 1  COLUMN HEADINGS TO INCLUDE: 

1.01 TAG NUMBER 

1.02 DESCRIPTION 

1.03 P&ID DRAWING NUMBER 

1.04 INSTRUMENT DRAWING NUMBER 

1.05 I/O TYPE 

1.06 I/O SEQUENCE NUMBER 

1.07 APPLICATION NOTES 

END OF SECTION 



Tag Number Description
P&ID Dwg. 

No.
Inst. Dwg.  

No.
I/O Type I/O Sequence No. Application Notes

SI 832,601 FREMONT SIPHON ODOR CONTROL EXHAUST FAN SPEED P101 I221 AI

SK 832,601
FREMONT SIPHON ODOR CONTROL EXHAUST FAN SPEED COMMAND 

(SPARE)
P101

I222
AO

HI 832,601 FREMONT SIPHON ODOR CONTROL FAN IN REMOTE P101 I225 DI

FAL 832,601 FREMONT SIPHON ODOR CONTROL LOW AIR FLOW RATE P101 I225 DI

YA 832,021 FREMONT SIPHON ODOR CONTROL BUILDING DOOR OPEN ALARM P101 I225 DI

YA 832,022 FREMONT SIPHON ODOR CONTROL YARD MAN DOOR OPEN ALARM P101 I225 DI

YA 832,023 FREMONT SIPHON ODOR CONTROL YARD VEHICLE DOOR OPEN ALARM P101 I225 DI

YA 832,024 FREMONT SIPHON ODOR CONTROL YARD VEHICLE DOOR OPEN ALARM P101 I225 DI

YA 832,004 FREMONT SIPHON ODOR CONTROL BUILDING UPS FAULT ALARM P101 I225 DI

YA 832,601B FREMONT SIPHON ODOR CONTROL FAN MOTOR OVER TEMP P101 I225 DI

YI 832,601A FREMONT SIPHON ODOR CONTROL FAN VFD READY P101 I225 DI

YI 832,601B FREMONT SIPHON ODOR CONTROL FAN VFD RUNNING P101 I225 DI

YA 832,601A FREMONT SIPHON ODOR CONTROL FAN VFD NO FAULT P101 I225 DI

YA 832,600 FREMONT SIPHON ODOR CONTROL PLC FAILURE ALARM P101 I223 DO
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