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Finance - Contracts Date Contract Specialist Date

Legal Counsel Date Chief Administrative Officer Date

Contact: Alicia Jones

Federal Funds Reinstatement Retroactive
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(503) 373-4320

Department:  Public Works Department

Kathleen George

ExecutionTerm - Date From: December 31, 2026

REQUIRED APPROVALS

Title:

Source Selection Method:

1/1/2025

1/9/2025Agenda Planning Date

Contractor's Name:

ARPA - CMGC - North Santiam Canyon Sewer Project

Slayden Constructors, Inc. 

375,218.00$               

PW1258-23RFP#20-0260 Request for Proposal

Code:Chris Einmo

Construction Manager General Contractor (CM/GC), to engage in the following services: Construction management, 
constructability review, Value Engineering, CPM scheduling and schedule analysis, construction and construction 
procurement, bidding and administration of subcontracted work, commissioning and all related CM/GC services related to 
the North Santiam Canyon Sewer Project.

Early Work Amendment No. 1 adds $103,259.00 to original contract for clearing for surveying and test pits, excavation and 
backfill test pits.

1st Amendment to EWA No. 1 changes scope of work as stated in Early Work Amendment No. 1.

Early Work Amendment No. 2 adds $1,621,567.00 for the procurement of long lead time equipment. 

Early Work Amendment No. 3 adds $2,479,768.00 to purchase essential plant equipment for the Mill City wastewater 
treatment plant, including a backup generator, motor control center, chemical feed pumps, submersible pumps, packaged 
odor control system, grit removal system, ultraviolet disinfection system and sludge dewatering press.

Desired BOC Session Date: 1/22/2025

Contract Review Sheet Public Improvement Agreements PW-5569-23 - EWA3

Amendment greater than 25%

BOC upload / Board Session email:Management Update

Current Amendment: Amd%

Contract should be in DocuSign by:

1121%

Original Contract Amount: Previous Amendments Amount:

2,479,768.00$            New Contract Total: 4,579,812.00$            

1,724,826.00$       

1/7/2025

1/7/2025Printed packets due in Finance:

1/8/2025

Outgoing Funds

Description of Services or Grant Award

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4

1/2/2025

1/3/2025



Meeting date: 

Department: 

MARION COUNTY BOARD OF COMMISSIONERS

Board Session Agenda Review Form

Title: 

Management Update/Work Session Date: Audio/Visual aids 

Time Required:  Contact:_______________________________________ Phone: 

Requested Action: 

Issue, Description 
& Background: 

Financial Impacts: 

Impacts to Department 
& External Agencies: 

List of attachments: 

 

Presenter: 

Department Head 
Signature: 

01/22/2025

ARPA - North Santiam Canyon Sewer Project, Contract PW-5569-22, Early Work Amendment #3

01/07/2025 ■

10 minutes Chris Einmo 503-566-4119

Approve Early Work Amendment #3 (EWA3) to Contract PW-5569-23 with Slayden Constructors, 
Inc. in the amount of $2,479,768.00 to purchase essential plant equipment for the Mill City 
wastewater treatment plant, including a backup generator, motor control center, chemical feed 
pumps, submersible pumps, packaged odor control system, grit removal system, ultraviolet 
disinfection system and sludge dewatering press.

Under Agreement SR2240, the State of Oregon awarded $50M in American Rescue Plan Act 
funds to Marion County for the purpose of constructing wastewater system improvements in the 
North Santiam Canyon. The Project is required to deliver a municipal wastewater treatment plant 
under aggressive funding deadlines. The Project team has identified long lead time equipment, 
including the equipment described above, which must be procured immediately to ensure early 
critical-path construction activities begin without delay. Lead times for municipal wastewater 
treatment equipment can be excessive and ARPA requires that all funds be expended by 
December 31, 2026. Therefore, the use of Early Work Amendments to procure long lead time 
equipment is essential to the project delivery strategy.

EWA 3 increases the value of Contract PW-5569-23 by $2,479,768, from
$2,100,044 to $4,579,812. This is a budgeted expense in the current fiscal year.

Equipment will be purchased entirely using federal American Rescue Plan Act (ARPA) funds
provided under SR2240 with no impacts to local funding sources. This is a budgeted expense that
does not result in impacts to other county departments or external agencies.

Contract PW-5569-22, Early Work Amendment #3

Chris Einmo, Marion County Public Works

Public Works
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EXHIBIT E.3 

MARION COUNTY 
EARLY WORK AMENDMENT NO. 3 TO CONTRACT 

THIS EARLY WORK AMENDMENT NO. 3 shall become effective upon execution by the Owner 
and CM/GC and receipt of any applicable approvals. 

THIS AMENDMENT IS BETWEEN: 

OWNER: Marion County, a political subdivision of the State of Oregon, 

And 

Slayden Constructors, Inc. 
(“CM/GC” and, in the Marion County 
General Conditions for Public 
Improvement Contracts, 
September 1, 2014, Revised February 14, 2022, Edition, referred to as 
“Contractor”) 

The Project is: North Santiam Canyon Sewer Project 

The Engineer is: 
Keller Associates, Inc. 
245 Commercial St SE #210 
Salem, OR 97301 

Date of Original CM/GC Contract: September 13, 2023 

Date of this Amendment: January 22, 2025 
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Owner and the CM/GC hereby amend the Contract as set forth below. Capitalized terms used but not 
defined herein shall have the meanings given in the Contract Documents. Except as amended hereby, the 
Contract remains in full force and effect. 

1. Early Work. In accordance with Article 3.2 of the CM/GC Contract, which authorizes the CM/GC to 
perform Construction Phase services if an Early Work Amendment is executed, Owner and the 
CM/GC hereby agree that the CM/GC shall perform the Early Work generally described below and 
more specifically described in Attachment E.3.i. including any Early Work Plans and Specifications, 
which are incorporated herein by this reference. 
 

2. Statement of Early Work. The CM/GC will provide all labor, materials, supervision, coordination, 
and equipment necessary to complete the following Early Work:  

 
a. Obtain necessary permits for structural, mechanical, plumbing, electrical, fill and grading 

works  
b. Procure and deliver Electrical gear, Backup generator & automatic transfer switch, 

Chemical feeding pump, Submersible non clog pumps, Packaged odor control system, 
Rotary drum screen, Grit removal equipment, Ultraviolet system and Sludge dewatering 
press as per specification in attachment E.3.i 

c. CM/GC shall deliver the equipment to the Project location as directed by the Engineer. 
d. The final scope of work to be as directed by the Engineer but not to exceed quoted 

amendment value. 
 

3. Maximum Early Work Price. The parties agree that the cost of the Early Work described in this 
amendment shall not exceed $2,479,768 including the Estimated Cost of Work (ECOW) and the 
CM/GC fee as established in Article 6 of this Contract. CM/GC shall submit invoices for the 
following not to exceed amounts: 
 

Estimated Cost of Work (Not to exceed): $2,251,495 

CM/GC Fee (7.0% of ECOW): $157,605 

Early Work Cost (Subtotal of Above): 

General Liability (0.8% of EWC): 

$2,409,100 

$19,273 

P&P Bond (0.75% of EWC) $18,068 

Builder’s Risk (0.8% of EWC) $19,273 

Net Cost: 

Oregon CATax (0.57% of Net Cost): 

$2,465,714 

$14,055 

Maximum NTE (Net Cost + CATax): $2,479,768 

4. Plans and Specifications. The specifications for the Early Work performed under this Amendment 
shall be Attachment E.3.i– Early Procurement Specifications for Electrical and Process Equipment 
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and Exhibit A of this Contract, Marion County General Conditions for Public Improvement 
Contracts, rev. February 14, 2022, and may be amended by the Engineer as required. 
 

5. Substantial Completion Date. Unless directed by the Engineer to the contrary, the required date for 
Substantial Completion for this Early Work package is June 30, 2026.  

 
6. Tax Compliance Certification. The individual signing on behalf of the CM/GC hereby certifies and 

swears under penalty of perjury that s/he is authorized to act on behalf of the CM/GC, s/he has 
authority and knowledge regarding the CM/GC’s payment of taxes, and to the best of her/his 
knowledge, the CM/GC is not in violation of any Oregon tax laws. For purposes of this certification, 
"Oregon tax laws" means a state tax imposed by ORS 401.792 to 401.816, ORS 320.005 to 320.150 
and 403.200 to 403.250, and ORS chapters 118, 314, 316, 317, 318, 320, 321 and 323; the elderly 
rental assistance program under ORS 310.630 to 310.706, and local taxes administered by the 
Department of Revenue under ORS 305.620.  

THIS AMENDMENT except as expressly amended above, all other terms and conditions of the 
original contract are still in full force and effect. CM/GC certifies that the representations, 
warranties and certifications contained in the original Contract are true and correct as of the 
effective date of this Amendment and with the same effect as though made at the time of this 
Amendment. 
 

 

ATTACHMENTS 

Attachment E.3.i Early Procurement Specifications for Electrical and Process Equipment  
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SLAYDEN CONSTRUCTORS, INC. (CM/GC) 

 
Authorized Representative of CM/GC: ____________________________________________________ 
           Date 
 
Title_____________________________________ 
 
 
CCB Registration No.: _________________________  
 
 
 
 
MARION COUNTY (OWNER) 
 
BOARD OF COMMISSIONERS 
 
 
________________________________________________________________ 
Chair      Date 
 
________________________________________________________________ 
Commissioner     Date 
 
________________________________________________________________ 
Commissioner     Date 
 

Authorized Signature: ______________________________________________________________ 
 Department Director or designee Date 

Authorized Signature: ______________________________________________________________ 
 Chief Administrative Officer Date 

Reviewed by Signature: ______________________________________________________________ 
 Marion County Legal Counsel Date 

Reviewed by Signature: ______________________________________________________________ 
 Marion County Contracts & Procurement Date 
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Attachment E.3.i – Early Procurement Specifications for Electrical and Process Equipment 
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ADDENDUM NO. 1 
 

to the 
 

CONTRACT DOCUMENTS 
 

for 
 

CITY OF Mill City 
WPCF Design 

 
This Addendum dated November 14, 2024, is for all persons preparing bids for the above referenced 
project and as such shall be made a part of the Contract Documents.   
 
All changes, corrections, deletions and/or additions to the initial bidding documents enumerated herein 
shall be included in the Bidder’s Proposal. In case of any conflict between the drawings, specifications, 
and this Addendum, this Addendum shall govern. 
 
The Bidder shall acknowledge the receipt of this Addendum in the appropriate place in the 
Bidder’s Proposal. Failure to acknowledge the receipt of this Addendum will cause a Bid to be 
considered non-responsive. 
 
BIDDING DOCUMENTS 

 
Item Description 

4-1 

SECTION 26 24 13.21 – SWITCHBOARDS 
 
REVISE Part 1.10 as follows: 
 

1.10 MANUFACTURERS 

A. Siemens 

B. Schnieder Electric 

C. ABB 

D. Eaton 

E. The listing of specific manufacturers above does not imply acceptance of their 
products that do not meet the specified ratings, features and functions. Manufacturers 
listed above are not relieved from meeting these specifications in their entirety. Products 
in compliance with the specification and manufactured by others not named will be 
considered only if pre-approved by the Engineer ten (10) days prior to bid date. 

 

4-2 

SECTION 43 41 43 – POLYETHYLENE TANKS (DOUBLE WALL) 
 
REVISE the file name to: SECTION 43 41 43.02 – Polyethylene Tanks (DOUBLE WALL) 
 
 

4-3 
SECTION 46 33 33 – LIQUID POLYMER BLENDING SYSTEMS 
 
REVISE Part 2.1.D, as follows: 
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Page 2 of 3 

D. Each polymer mix/feed unit shall be sized according to the following design criteria: 

1. Neat Polymer Flow Rate: 0.05-1.0 0.25 - 5.0 gph 

2. Dilution Water Flow Rate: 12-120 60 - 600 gph 
  

4-4 

SECTION 46 33 44 – PERISTALTIC METERING PUMPS 
 

REPLACE this Section with the attached “SECTION 46 33 44 - PERISTALTIC METERING PUMPS 
ADDENDUM #1 11-14-2024” Document. 

 

4-5 

SECTION 46 66 56 – OPEN-CHANNEL UV EQUIPMENT  

REVISE PART 1.3.3.b, as follows: 

b. SCADA detailed tag list for all of the points outlined in Section 40 61 96 – Control strategies 
Part 2.16.I including functionality of each point.  The intent of this submission is to provide the 
SCADA integrator information for integrating the UV system into the SCADA system. 

REVISE PART 2.16.A.1, as follows: 

1. All controls necessary for the fully automatic operation of the screen UV Disinfection 
System shall be provided. The control strategy shall be described in Section 40 61 96 
– Control Strategies. 

REVISE PART 2.16.H.1, as follows: 

1. Major alarms shall be provided by the System Control Center or Local Operator 
Interface to indicate an extreme alarm condition in which the disinfection performance 
may be jeopardized. Alarms shall include the alarms listed under Section F G and the 
following. 

ADD the following as Part 2.16.I: 
 

I. All alarms, interlocks, indicators, and manual and automatic controls shall be contained within 
the UV PLC as described in Section F.  The alarm, interlocks and indicators listed below are those 
which are to be passed through to the main plant SCADA. 

2. SCADA Alarms: As a minimum, the following alarms shall be provided to the SCADA 
system: 

a. General Minor alarm (per module) 

b. General Major alarm (per module) 

c. Critical alarm (per module) 
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d. PLC Fail 

e. UV Sensor Fail  

f. Channel low level  

3. Interlocks: The following interlocks are required between the plant PLC and the UV 
disinfection system: 

a. Low UV Influent Flow 

4. SCADA Indicators: As a minimum, the following indicators shall be provided at the 
main plant SCADA panel interface. 

a. UV power (per module) 

b. Reactor status 

c. Reactor operating hours 

d. UV intensity (per module) 

e. UV transmittance (per channel) 

5. Controls: No controls shall be provided at the plant SCADA system. 
 

4-6 

E-601-D PROCESS BUILDING - ONE-LINE DIAGRAM 
 
Replace the one-line diagram with the attached “E-601-D PROCESS BUILDING - ONE-LINE DIAGRAM 
ADDENDUM #1 11-14-2024” Document 
 

 
 
 
   
 KELLER ASSOCIATES, Inc. 
 245 Commercial St SE, Suite 210 
 Salem, OR 97301 
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PERISTALTIC METERING PUMPS  46 33 44 - 1 

SECTION 46 33 44 - PERISTALTIC METERING PUMPS 

PART 1 - GENERAL 

1.1 WORK INCLUDED  

A. The Contractor shall assemble and install chemical peristaltic metering pumps, pump skids, 
and appurtenances, complete and operable, in accordance with the Contract Documents. 

B. Methanol Dosing Pumps: 

1. Three methanol dosing pumps to be supplied. 

2. Methanol dosing pumps shall be positive displacement peristaltic type complete 
with spring-loaded pumphead, close coupled variable-speed gearbox, motor, and 
flexible extruded continuous tube. 

3. The methanol dosing pumps shall be dry self-priming, capable of being run dry 
without damaging effects to pump or tube and shall have a maximum suction lift 
capability of up to 16' vertical water column.  

4. Pumps shall be capable of pumping both liquids and gases without vapor locking 

5. The methanol pumps shall use no check valves or diaphragms and shall require no 
dynamic seals in contact with the process fluid.  Process fluid shall be contained 
within pump tubing and shall not directly contact any rotary or metallic 
components. Upon failure, the process fluid shall be completely contained within 
the pump head to prevent hazardous exposure to operators. Manufacturers that do 
not offer a completely contained pump head are not acceptable. 

6. Methanol pumps to be the manufacturer’s standard product. Manufacturer of 
tubing pumps must have at least ten operating installations in the United States 
over a period of at least five years in the same service and size as specified. Pumps 
must be manufactured under ISO 90001-2000. 

C. Caustic Soda Dosing Pumps: 

1. Three caustic soda pumps to be supplied. 

2. The caustic soda dosing pumps shall be positive displacement type with peristaltic 
pumphead technology cartridge-style pumphead, consisting of an eccentrically 
driven rotor which occludes a membrane against a track and self-contained 
variable speed drive. 

3. The caustic soda dosing pumps shall be capable of pumping at 60 psi continuously. 

4. Pumps shall be capable of pumping both liquids and gases without vapor locking 
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5. The caustic soda pumps shall not require the use of back pressure valves, suction 
foot valves, strainers, pulsation dampeners, or auto degassing valves and shall not 
require dynamic seals in contact with the pumped fluid.  Process fluid shall be 
contained within pump tubing and shall not directly contact any rotary or metallic 
components during operation. Upon failure, the process fluid shall be completely 
contained within the pump head to prevent hazardous exposure to 
operators.  Manufacturer’s that do not offer a completely contained pump head are 
not acceptable. 

6. Caustic soda pumps to be the manufacturer’s standard product. Manufacturer of 
tubing and pumps must have at least ten operating installations in the United States 
over a period of at least five years in the same service and size as specified. Pumps 
must be manufactured under ISO 90001-2000, 

1.2 SUBMITTALS 

A. Submit certifications and testing consistent with Section 01 33 00 – Submittal Procedures 
and Section 43 05 01 – Equipment General Provisions. 

B. At a minimum, shop drawings shall include complete fabrication, assembly, foundation, 
and installation drawings, together with detailed specifications and data covering materials 
used, parts, devices, supports and other accessories forming a part of the equipment.  In 
addition, shop drawings shall include the following information: 

1. Pump name, identification number, and specification section number. 

2. Performance data curves showing head, capacity, horsepower demand, NPSH 
required, and pump efficiency over the entire operating range of the pump. 

3. Assembly and installation drawings including shaft size, seal, coupling, bearings, 
anchor bolt plan, part nomenclature, material list, outline dimensions, and shipping 
weights. 

4. Elevation of proposed local control panel showing panel-mounted devices, details 
of enclosure type, single line diagram of power distribution, and current draw of 
panel, and list of all terminals required to receive inputs or to transmit outputs from 
the local control panel. 

5. Wiring diagram of field connections with identification of terminations between 
local control panels, junction terminal boxes, and equipment items. 

6. Complete electrical schematic diagram. 

C. Technical Manual: The Technical Manual shall contain the required information for each 
pump section as specified in Section 01 33 00 – Submittal Procedures. 

D. Spare Parts List: A spare parts list shall contain the required information for each pump 
section. 
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1.3 QUALITY CONTROL 

A. Factory Test Data: Signed, dated, and certified factory test data for each pump system 
which requires factory testing, submitted before shipment of equipment. 

B. Pump shall be 24-hour continuous duty rated. 

C. Manufacturer's Experience: The chemical feeding equipment shall be the product of a 
manufacturer who has designed and manufactured similar equipment and has a record of 
at least 5 years of successful operation of this type of process. The Supplier may be required 
to submit evidence to this effect together with a representative list of installations. The 
pump manufacturer shall maintain a permanent, local service department and a spare parts 
department. 

D. Pumps shall be manufactured in compliance with ISO 9001-2008 standards and meet CE 
and applicable electrical standards. 

E. To ensure proper function and quality, pumphead, tubing, and drive shall be manufactured 
by the same company. Tubing purchased by the pump manufacturer from a third party is 
not acceptable. 

1.4 WARRANTY 

A. A written manufacturer warranty shall be provided.  The warranty shall be for a minimum 
period of three (3) years from the date of Substantial Completion. The manufacturer shall 
provide parts to replace all defects of materials or workmanship in the equipment during 
the warranty period. 

PART 2 - PRODUCTS 

2.1 GENERAL  

A. The pumps shall be positive displacement type complete with self-contained variable speed 
drive as specified. Pumps shall be self-priming and shall have a maximum suction lift of 
up to 30 feet vertical water column for sodium hydroxide pumps, and 16 feet vertical water 
column for methanol pumps.Pump Schedule: 

 

Chemical Equipment 
Number 

Feed Range 
(gph) 

Continuous Operating 
Pressure (psi) 

Methanol (100%) PMP-
C161X2 

4-25 30 

Sodium Hydroxide (25%) PMP-
C261X1 

0-5 60 

X = 1,2,3    

2.2 OPERATING CONDITIONS 

A. The work of this section shall be suitable for long-term operation under the conditions 
listed in the table below: 

 

Equipment Number PMP-C161X2* PMP-C261X1* 
Chemical Methanol (100%) Sodium Hydroxide (25%) 
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Ambient Environment Outdoors Outdoors 
Ambient Temperature. (deg 
F) 

32 to 90 32 to 90 

Ambient Relative Humidity, 
(%) 

20 to 100 20 to 100 

Fluid Temperature, (deg F) 35 to 60 35 to 60 
Fluid pH Range N/A 12 - 14 
Specific Gravity 0.795 @ 68 Deg F 1.27 
Project Elevation, (ft) 860 860 
Minimum Suction Lift, (ft) 4 4 

* X = 1, 2, or 3 (Three pumps Total) 

2.3 PERFORMANCE REQUIREMENTS 

A. The pumps specified in this section shall satisfy the performance requirements listed in the 
table below:  

 

Chemical Methanol 

Duty Continuous 

Drive Variable 

Pump Head Closed Coupled Peristaltic Std. pump head 
for max performance 

Continuous Operating Pressure (psi) 30 

Tubing Material Marprene 
  

Chemical Sodium Hydroxide 

Duty Continuous 

Drive Variable 

Pump Head Peristaltic Std. pump head for max 
performance 

Continuous Operating Pressure (psi) 60 

Tubing Material Santoprene 

2.4 CONSTRUCTION  

A. For both methanol and caustic soda dosing pumps, all wetted parts to be compatible with 
chemical being used. 

B. Methanol pumps shall consist of the following: 
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1. Pumphead shall consist of a fixed track, a hinged guard door, two spring-loaded tube 
clamp mechanisms, and spring-loaded roller rotor assembly.  Pump tubing shall be in 
contact with the inside diameter of the track through an angle of 180 degrees and be 
held in place on the suction and discharge by a spring loaded self-adjusting clamp 
mechanism.  At all times, one roller shall be fully engaged with the tubing providing 
complete compression and preventing back flow or siphoning.  Tube occlusion and 
spring tension shall be factory set to accommodate 2.4mm wall thickness tubing and 
shall not require adjustment for accommodating tubing of 1.6mm to 8.0mm ID.   

a. Pumphead Assembly 
1) Pump Track Geometry must have a minimum 96.6mm swept diameter 

through a minimum track angle of 180 degrees  
2) When closed, pump door shall seal against the pump track for leak 

containment. 
3) Provide high corrosion/impact materials as specified 

a) Track Construction: polyphenylene sulfide (PPS) 
b) Guard Construction: hinged impact-resistant polycarbonate 

breakaway guard, tool un-lockable for operator safety. 
c) Rotor Construction: polyphenylene sulfide (PPS) 

b. Tube Retention 
1) Pump shall be supplied with continuous tubing , which shall be self-

locating when fitted into the pumphead. 
c. Rotor Assembly  

1) Provide rotor assembly that ensures gradual tube occlusion and 
compensates for tube tolerance: 

a) Twin spring-loaded roller arms located 180 degrees apart, each 
fitted with stainless steel helical springs and compressing roller for 
occlusion of the tube twice per rotor revolution  

1) Compressing Rollers:  316SS with low friction stainless steel 
bearings and PTFE seals, minimum diameter of 18mm 

       b)  Provide non-compressing guide rollers constructed of corrosion  
  resistant Nylatron 

2) Clutch: Equip rotor with a central handgrip hub and manually activated 
clutch to disengage the rotor from the drive for manual rotor rotation 
during tube loading.  Clutch shall automatically reengage rotor to gearbox 
upon one complete revolution. 

3) Mounting:   To prevent slip, the rotor assembly shall be axially secured to 
the dogged output shaft of the gearmotor via a slotted collet and central 
retaining screw.   

4) Pumpheads requiring disassembly or special tools for tube changing are not 
acceptable. 

2. Pump shall be supplied with continuous tubing, which shall be self-locating when fitted 
into the pumphead and for connection of the pump to suction and discharge process 
lines.  Pumphead shall accept tubing sizes 1.6mm, 3.2mm, 4.8mm, 6.4mm, and 8.0mm 
with 2.4mm wall thickness and materials including, Marprene, Bioprene, Silicone, Sta-
Pure & Chem-Sure.  Pumps that require tools for adjustment or changing pumpheads to 
accept different tubing materials or sizes are not acceptable. 

3. Pump tubing shall be constructed of Marprene II, a thermoplastic elastomer with 64 
Shore A durometer and minimum 2.4mm wall thickness.  If required for chemical 
compatibility, pump manufacturer shall recommend an alternate tubing material. 

4. The gearbox and motor shall be configured with UL listing. Gearing shall be double 
reduction helical in-line design with a housing constructed of SAE Class 30 cast iron 
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and fitted with a Viton seal. Gearbox output shaft and face shall accept the direct 
coupling of the peristaltic pumphead.  Gearing shall be manufactured to AGMA Class 
10 requirements with an overall rating of AGMA Class II under continuous operation 
and a minimum efficiency of 95%.  Explosion proof variable speed motor shall include 
a 4-pole XPFC motor construction, Design B with Class F insulation, and 40 deg C 
ambient rating.   

5. VFDs shall be provided by the contractor.  
6. Mounting: Pump shall be mounted to epoxy-coated aluminum baseplate. 
7. Paint: Pumphead shall be paint free.  Gearmotor shall be painted with epoxy corrosion 

resistant finish. 

C. Caustic soda pumps shall consist of the following: 
1. Pumphead 

a. Technology: Provide tool-free ReNu cartridge-style peristaltic pumphead 
technology. For operator safety, pumphead shall be serviceable as a single 
replaceable component.   Pumps that require an operator to open the 
pumphead for tube replacement, cleaning, or rebuilding or that require tools 
for maintenance are unacceptable. 

b. Housing construction: corrosion resistant and high impact resistant glass 
filled PPS or PPE/PS. 

c. Geometry: Pumphead shall consist of sealed track housing with in-line 
porting. Suction and discharge ports shall be 180 degrees apart with 
bottom suction and top discharge. 

d. Rotor: Pumphead rotor shall be constructed of glass filled Nylon, sealed 
within the track housing, and supported by its own bearings. Peristaltic 
occlusion level shall be factory set to ensure flow accuracy of +/- 1% and 
repeatability performance of +/- 0.5% and shall not require any field 
adjustment. 

e. Leak containment/detection:  In the event of peristaltic element failure, the 
leak sensor shall shut the pump down immediately with all process fluid 
contained within the sealed pumphead. 

f. Sensor type: Utilize non-contacting optical sensor.   Sensor shall not come 
in contact with the process fluid, shall contain no moving parts, shall not 
depend on the capacitance of the process fluid, shall not require fluid to 
leak out of the pump housing for engagement, nor shall require any 
sensitivity or calibration adjustment. 

g. Alarm: Sensor shall shut down the pump, give a visual indication on the 
drive controller, and if specified shall provide an output general alarm 
signal. 

h. For operator and environmental safety, pumps which do not have leak 
containment, leak sensor, and shutdown are not acceptable.  For additional 
overpressure safety, sealed pumphead shall have a controlled drain-to-waste 
port. 

2.  Port connections: Pumphead shall utilize polypropylene compression fittings     
  which shall mate to 10mm ID reinforced, transparent PVC interface hose. Provide 
polypropylene compression by ½” NPT adaptors for connecting interface hose to 
process line. 
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2.5 ACCESSORIES 

A. Accessories shall be provided as outlined in Section 46 30 00 - Chemical Feed Equipment, 
General. 

2.6 SPARE PARTS  

A. Provide manufacturer’s recommended spare parts, including at a minimum: 

1. A complete set of extra compression fittings shall be furnished with each pump. 

2. One box of 50’ tubing for each methanol pump;  

3. One pumphead for each caustic soda pump. 

2.7 PUMP DRIVE  

A. Mounting: Where motors or starters are an integral part of the pump, components shall be 
self-supporting and not require anchoring.   

B. Each pump shall be provided with the following drives: 
 

Rating Continuous 24-hour operation, 110oF maximum ambient temperature 

Supply 120V 60 Hz; 1-Phase  

Enclosure NEMA 4X 

Housing 
Impact resistant engineering plastic, 20% glass filled PPE/PS. 
Polyester powder-coated aluminum is acceptable for the pump 
housing. 

Drive Motor 
Direct coupled pumphead with fully protected drive. Brushless DC 
motor with integral gearbox and closed loop tachometer feedback.  
Motor shall include overload protection. 

2.8 PUMP CONTROLS (CAUSTIC SODA PUMPS) 

A. Operator membrane keypad: 

1. Increase/Decrease Speed 

2. Start/Stop 

3. Auto/Manual selector 

4. Programmable keypad disabled to prevent changes from incidental contact. 

5. Programmable automatic restarting for resumed pumping after recovery from 
power interruption. 
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6. LED display of RPM 

B. Remote Features: 

1. Analog input of 4-20 mA for speed control in Auto mode.  Signal response may 
be scaled over any part of the drive speed range. Contractor to ensure analog 
signals being sent to the pump for automatic speed control from other devices are 
isolated signals.  An analog input of 4-20 mA is acceptable for speed control. 

2. The SCADA system will provide run and speed signals to the chemical dosing 
pumps based on flow meter signals from the influent pump station or according to 
operator dosing inputs for caustic soda dosing. 

3. For methanol dosing, the SCADA system will provide run and speed signals based 
on flow meter signals, nitrate levels, and dissolved oxygen levels measured in the 
secondary effluent line, or according to operator dosing inputs. 

4. Dry contact closure input for remote start/stop - functional in both the Auto and 
Manual modes. 

5. Discrete output for running indication and alarm faulting. 

6. Analog output of 4-20 mA to provide pump speed for use by SCADA to calculate 
flow in gph. 

2.9 MANUFACTURERS OR EQUAL 

A. Watson-Marlow 

B. Equal must be pre-approved during bidding process. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Chemical feed systems shall be installed in accordance with accepted procedures submitted 
with the shop drawings and as indicated on the drawings, unless otherwise accepted.  

3.2 FIELD QUALITY CONTROL 

A. Manufacturer shall employ and pay for services of their field service representative(s) for 
one (1) trip including one (1) day to: 

1. Inspect equipment covered by these Specifications. 

2. Supervise pre-start adjustments and installation checks. 

3. Conduct initial startup of equipment and perform operational checks. 

4. Provide a written statement certifying that manufacturer's equipment has been 
installed properly, started up and is ready for operation. 
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B. Instruct Owner personnel for 8 hours at the job site per Section 01 78 23 – Operation and 
Maintenance Data.  Contractor shall video training and provide a copy on thumb drive to 
Owner. 

END OF SECTION 46 33 44 
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ADDENDUM NO. 2 

 

to the 

 

CONTRACT DOCUMENTS 

 

for 

 

CITY OF Mill City 
WPCF Design 

 

This Addendum dated November 21, 2024, is for all persons preparing bids for the above referenced 

project and as such shall be made a part of the Contract Documents.   

 

All changes, corrections, deletions and/or additions to the initial bidding documents enumerated herein 

shall be included in the Bidder’s Proposal. In case of any conflict between the drawings, specifications, 

and this Addendum, this Addendum shall govern. 

 

The Bidder shall acknowledge the receipt of this Addendum in the appropriate place in the 
Bidder’s Proposal. Failure to acknowledge the receipt of this Addendum will cause a Bid to be 
considered non-responsive. 
 

BIDDING DOCUMENTS 

 

Item Description 

2-1 

Section 46 76 26.13 
 
Revise Parts 1.8.3, and 1.8.4 as follows: 

 

3. Support structure for the Dewatering Drums including filtrate collection pan and outlet plumbing. 

Support structure will include capacity to add an additional dewatering drum and increase the 

throughput capacity of the unit by 100% with no structural modifications.  All required mounting holes 

and brackets will be in place, drilled and tapped. 
 

4. A self-contained electrical and control panel including control for all supplied equipment including 

sludge feed pump, polymer blending system and cake conveyor. Control panel will also have all 

components included and wired for additional future dewatering drums.  

 

 
Revise Part 2.7.E.1.a as follows:  

 

a. Control of all components of the Volute Thickener Dewatering Press system including the 

ability to set times and operating speeds for any pump installed, dewatering drums, mixers, 

polymer dosing system and wash-down sprays. 

 

 
Revise Part 2.9.B.1 as follows:  

 

1. The Volute Thickener-Dewatering Press system may be set to either Auto/Manual/Off on the 

control panel via a 3 position switch.  This will be the “main switch” for the plant. 
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2-2 

Section 44 31 19 
 
Revise Part 1.4.B as follows: 

 

B. ACCEPTABLE MANUFACTURERS  

 

1. Integrity Municipal Systems, LLC (IMS)  

2. Biorem  
3. Or approved equal   

 

2-3 

Section 41 12 13.36 
 
Revise Part 1.1.A as follows: 

 

A. The Work includes a horizontal shaftless screw conveyor for handling dewatered, Waste 

Activated Sludge from the volute press.  Contractor shall furnish and install one (1) complete conveyor 

system for conveyance of dewatered sludge, including conveyor, drive motor, gear reducer, supports, 

anchor bolts, wiring, and all accessories and appurtenances specified or otherwise required for a 

complete and properly operating installation. 

 

Revise Part 1.3.8 as follows: 

 

8. Provide design loadings to be transmitted to foundations or supports and anchoring calculations 

sealed by a registered Professional Engineer in the State of Idaho Oregon. 

 

Revise Part 3.2.B as follows: 

 

B. Operation of the conveyor system shall be coordinated with operation of the screening dewatering 

press equipment, to start/stop automatically. 

 

2-4 

Section 46 23 23 
 
Clarifications: 
 

- The Total Dynamic Head (TDH) for the grit pump is 20 ft, per Section 46 23 23, Part 2.2.B.4. 

Sheet G-007 will be updated to reflect 20 ft in the design criteria table. 

 

- The water level upstream of the Grit King will be 7” higher than the water level in the effluent 

pipe at peak flow, per Part 2.1.6. Sheet G-010 will be updated to show this in the hydraulic profile. 

 

- The grit pump’s suction line is 3”. The discharge line is also 3” to the classifier and connects to 

the classifier’s 6” inlet via a 6”x3” reducer. Sheet E-701-A will be updated to show 3” pipes. 

 

- A ball valve is missing on the fluidizing line after the solenoid valve. Sheet E-701-A will be 

updated to include the ball valve. 

 

- The fluidizing line is 2” down to the Grit King and connects to the 1” inlet of the fluidizing ring 

through a reducer. 

 

- The Grit King effluent pipe invert is at 857.00’, with a 2’-4” difference between the inlet and 

outlet invert elevations. Therefore, the inlet pipe invert should be at 854’-8”. 
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 KELLER ASSOCIATES, Inc. 
 245 Commercial St SE, Suite 210 

 Salem, OR 97301 
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SECTION NO. SPECIFICATION TITLE REVISION DATE

01 33 00 SUBMITTAL PROCEDURES EWA3 August 2024
01 42 19 REFERENCE STANDARDS EWA3 August 2024
01 74 30 SITE PRESSURE PIPE TESTING AND DISINFECTION EWA3 August 2024
01 75 00 EQUPIMENT TESTING AND STARTUP (WWTP) EWA3 August 2024
01 77 00 CLOSEOUT PROCEDURES EWA3 August 2024
01 78 23 OPERATION AND MAINTENANCE DATA EWA3 August 2024
26 05 00 ELECTRICAL, GENERAL EWA3 August 2024

26 24 13.21 SWITCHBOARDS EWA3 August 2024
26 27 13.11 MICROPROCESSOR-BASED METERING EQUIPMENT EWA3 August 2024

26 29 00 LOW VOLTAGE MOTOR CONTROL CENTERS EWA3 August 2024
26 29 23 VARIABLE-FREQUENCY MOTOR CONTROLLERS) EWA3 August 2024
26 32 13 ENGINE GENERATORS EWA3 August 2024
26 36 00 TRANSFER SWITCHES EWA3 August 2024

26 43 13.A SURGE PROTECTIVE DEVICES (SPD) FOR LOW-VOLTAGE ELECTRICAL POWER CIRCUITS EWA3 August 2024
40 05 51 VALVES, GENERAL EWA3 August 2024
40 05 57 ACTUATORS FOR PROCESS VALVES AND GATES EWA3 August 2024
40 05 64 BUTTERFLY VALVES EWA3 August 2024

40 05 65.29 DOUBLE-DISK CHECK VALVES EWA3 August 2024
40 05 82 SOLENOID VALVES EWA3 August 2024
40 05 93 COMMON MOTOR REQUIREMENTS FOR PROCESS EQUIPMENT EWA3 August 2024
40 67 00 CONTROL PANELS EWA3 August 2024
40 70 00 INSTRUMENTATION AND CONTROL, GENERAL EWA3 August 2024
40 70 13 IN-LINE LIQUID FLOW MEASURING SYSTEMS EWA3 August 2024
40 72 00 LEVEL MEASURING SYSTEM EWA3 August 2024
40 74 00 TEMPERATURE MEASURING SYSTEMS EWA3 August 2024
40 79 23 TESTING, CALIBRATION, AND COMMISSIONING EWA3 August 2024

41 12 13.36 SCREW (SHAFTLESS) BULK MATERIAL CONVEYORS EWA3 August 2024
43 05 01 EQUIPMENT GENERAL PROVISIONS EWA3 August 2024
43 05 50 EQUIPMENT MOUNTING EWA3 August 2024
43 05 60 PROCESS EQUIPMENT TESTING EWA3 August 2024
43 20 00 PUMPS, GENERAL EWA3 August 2024
43 23 57 PROGRESSING CAVITY SLUDGE PUMPS EWA3 August 2024
43 25 01 SUBMERSIBLE NON-CLOG PUMPS (LIFT STATION) EWA3 August 2024
44 31 19 PACKAGED BIOLOGICAL ODOR CONTROL SYSTEM EWA3 August 2024
46 21 35 ROTATING DRUM IN-TANK SCREEN EWA3 August 2024
46 23 23 GRIT REMOVAL SYSTEM EWA3 August 2024
46 33 33 LIQUID POLYMER BLENDING SYSTEMS EWA3 August 2024
46 33 44 PERISTALTIC METERING PUMPS EWA3 August 2024
46 66 56 OPEN-CHANNEL LP/HI UV TREATMENT EQUIPMENT EWA3 August 2024

46 76 26.13 VOLUTE DEWATERING PRESS EWA3 August 2024

SPECS LIST | 2309 North Santiam Canyon Sewer - EWA3
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SECTION 01 33 00 – SUBMITTAL PROCEDURES  

PART 1 - GENERAL 

1.1 WORK INCLUDED  

A. Wherever submittals are required hereunder, all such submittals by the Contractor shall be 

submitted to the Engineer as delineated in this Section. 

B. At the Pre-Construction Conference, the Contractor shall submit the following items to the 

Engineer for review: 

1. A preliminary construction schedule. 

2. A preliminary schedule of Shop Drawings, Samples, and proposed Substitutes 

("Or-Equal") submittals listed in the Bid. 

1.2 ENGINEER’S REVIEW PERIOD 

A. For planning purposes, the Contractor shall assume a minimum of 14 days for review by 

the Engineer following receipt of submittal/resubmittal. If an expedited review is requested 

by the Contractor, the submittal shall identify the requested expedited review. The 

Engineer will attempt to accommodate the expedited review.  

1.3 SUBMITTAL PROCEDURES 

A. Verify that the material or equipment described in each submittal conforms to all 

requirements of the Specifications and drawings.  Where the detailed specifications require 

specific submittal data, submit all data at the same time.  The submittals are to be 

accompanied by the transmittal form attached at the end of this Section.  The Engineer will 

return for resubmittal any information not accompanied by the specified transmittal form, 

properly completed. 

B. Indiscriminate submittal of only manufacturer’s literature is unacceptable and will be 

rejected. 

C. The submittals shall be numbered as XXXXXX-YY-z., where XXXXXX is the 

specification section number, YY is the sequential number of the submittal, and Z is used 

for re-submittal labeled a through z.  For example, the first submittal of an item from 

Section 32 13 13 – Concrete for Exterior Improvements would be numbered “32 13 13-

01”; the first re-submittal of the submittal would be numbered “32 13 13-01-A”.   

D. A separate transmittal form shall be used for each specific item or class of material or 

equipment for which a submittal is required.  Transmittal of a submittal of various items 

using a single transmittal form will be rejected.  A multiple page submittal shall be collated 

into sets, and each set shall be stapled or bound, as appropriate, prior to transmittal to the 

Engineer. 
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E. Identify Project, Contractor, subcontractor or supplier, pertinent Drawing sheet and detail 

number(s), and specifications section number, as appropriate. 

F. All Contractor shop drawings submittals shall be carefully reviewed by an authorized 

representative of the Contractor, prior to submission to the Engineer. Each submittal shall 

be dated, signed, and certified by the Contractor, as being correct and in strict conformance 

with the Contract Documents. In the case of shop drawings, each sheet shall be so dated, 

signed, and certified. No consideration for review by the Engineer of any Contractor 

submittals will be made for any items which have not been so certified by the Contractor.  

All non-certified submittals will be returned to the Contractor without action taken by the 

Engineer, and any delays caused thereby shall be the total responsibility of the Contractor. 

G. Do not mark the submittals in red.  Ensure that any marks are duplicated on all copies 

submitted.  Outline the marks on reproducible transparencies in a rectangular box. 

H. Coordinate submission of related items. 

I. Identify variations from Contract Documents and product or system limitation which may 

be detrimental to successful performance of the completed Work. 

J. Provide space for Contractor and Engineer Review stamps. 

K. Electronic submittals: 

1. Electronic submittals shall be submitted in PDF format and combined into a single 

file.  

2. Engineer will return comments only. 

3. Contractor is responsible for distributing copies of the submittal and Engineer’s 

comments to concerned parties. 

4. Engineer may require hard copies in lieu of an electronic submittal if, in the 

opinion of the Engineer, the electronic submittal is difficult to read. 

L. Revise and resubmit submittals as required, identify all changes made since previous 

submittals. 

M. Distribute copies of reviewed submittals to concerned parties.  Instruct parties to promptly 

report any inability to comply with provisions. 

1.4 DEVIATIONS FROM CONTRACT 

A. If the Contractor proposes to provide material or equipment which does not conform to all 

of the Specifications and Drawings, the transmittal form accompanying the submittal 

copies shall indicate under "comments" the deviations. 
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1.5 SHOP DRAWINGS  

A. The term "Shop Drawings" as used herein shall be understood to include detail design 

calculations, shop drawings, fabrication, and installation drawings, erection drawings, list, 

graphs, catalog sheets, data sheets, and similar items. Whenever the Contractor is required 

to submit design calculations as part of a submittal, such calculations shall bear the 

signature and seal of an engineer registered in the appropriate branch and in the state 

wherein the project is to be built, unless otherwise directed.  

B. Except as may otherwise be indicated herein, the Engineer will return submittal to the 

Contractor with comments. The Contractor shall make a complete and acceptable submittal 

to the Engineer by the second submission of a submittal item.  

C. If submittal is returned to the Contractor marked "NO EXCEPTIONS TAKEN," formal 

revision and resubmission of said submittal will not be required.  

D. If submittal is returned to the Contractor marked "MAKE CORRECTIONS NOTED," 

formal revision and resubmission of said submittal will not be required.  

E. If submittal is returned to the Contractor marked "AMEND-RESUBMIT," the Contractor 

shall revise said submittal and shall resubmit the required number of copies of said revised 

submittal to the Engineer. 

F. If submittal is returned to the Contractor marked "REJECTED-RESUBMIT," the 

Contractor shall revise said submittal and shall resubmit the required number of copies of, 

said revised submittal to the Engineer. 

G. Fabrication of an item shall be commenced only after the Engineer has reviewed the 

pertinent submittals and returned copies to the Contractor marked either "NO 

EXCEPTIONS TAKEN" or “MAKE CORRECTIONS NOTED". Corrections indicated on 

submittals shall be considered as changes necessary to meet the requirements of the 

Contract Documents and shall not be taken as the basis for changes to the contract 

requirements. 

1.6 ORGANIZATION  

A. A single submittal transmittal form shall be used for each technical specification section or 

item or class of material or equipment for which a submittal is required. A single submittal 

covering multiple sections will not be acceptable, unless the primary specification 

references other sections for components.. 

B. On the transmittal form, index the components of the submittal and insert tabs in the 

submittal to match the components. Relate the submittal components to specification 

paragraph and subparagraph, drawing number, detail number, schedule title, room number, 

or building names, as applicable.  

C. Unless indicated otherwise, terminology and equipment names and numbers used in 

submittals shall match those used in the Contract Documents. 
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1.7 EFFECT OF ACCEPTANCE OF CONTRACTOR INFORMATION 

A. Acceptance by the Engineer of any drawings, method of work, or any information 

regarding materials or equipment the Contractor proposes to provide shall not relieve the 

Contractor of his responsibility for any errors therein and shall not be regarded as an 

assumption of risk or liability by the Engineer or Owner, or by any officer or employees 

thereof, and the Contractor shall have no claim under the contract on account of the failure 

or partial failure or inefficiency of any plan or method of work or material or equipment so 

accepted.  Such acceptance shall be considered to mean merely that the Engineer has no 

objection to the Contractor using, upon his own full responsibility, the plan or method of 

work proposed, or providing the materials or equipment proposed. 

B. Approval of shop drawings by the Engineer is only for general conformance with the 

design concept of the project and general compliance with the information given in the 

contract documents.  Any action shown is subject to the requirements of the Plans and 

Specifications.  The Contractor is responsible for dimensions which shall be confirmed and 

correlated at the job site, fabrication process and techniques of construction, coordination 

of his work with that of all other trades and the satisfactory performance of his work. 

1.8 PRODUCT DATA AND SAMPLES 

A. Where required in the Specifications and as determined by the Engineer, test specimens or 

samples of materials, appliances and fittings to be used or offered for use in connection 

with the Work shall be submitted to the Engineer at the Contractor's expense.  Specimen 

or sample submittals shall be made with information as to their sources, with all cartage 

charges prepaid, and in such quantities and sizes as may be required for proper examination 

and tests to establish the quality or equality thereof, as applicable. 

B. All samples and test specimens are to be submitted in ample time to enable the Engineer 

to make any tests or examinations necessary, without delay to the Work.  The Contractor 

will be held responsible for any loss of time due to the neglect or failure to deliver the 

required samples to the Engineer as specified. 

C. Samples are also to be taken during the course of the Work, as required by the Engineer. 

D. Laboratory tests and examinations that the Owner elects to make will be made at no cost 

to the Contractor, except that, if a sample of any material or equipment proposed for use 

by the Contractor fails to meet the Specifications, the cost of testing subsequent samples 

will be borne by the Contractor. 

E. All tests required by the Specifications to be performed by an independent laboratory are 

to be made, and the samples therefore furnished shall be at the sole expense of the 

Contractor. 

F. Material used in the Work is to conform to the submitted samples and test certificates as 

approved by the Engineer. 
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PART 2 - PRODUCTS  NOT USED 

PART 3 - EXECUTION NOT USED 

 

END OF SECTION 01 33 00 
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STANDARD SUBMITTAL FORM 
 

 

Transmittal of Shop Drawing or Submittal 

CONTRACTOR: <CONTRACTOR NAME> 

Tracking No. XXXXXX 

 

  

Item covered by this submittal    
 Refer to the following attachment(s) for a detailed description of the item. 

Applicable specification section(s)  

  

  
  First Submittal OR  Resubmittal No.          

     
  This item is as specified OR  This item is a substitution/or equal 
     
  Supplier/Subcontractor 

certifies: 
   

   

   Conforms to contract  

   Minor deviations as specifically 
noted 

 

   Major deviations as specifically 
noted 

 

     
Review Priority:   1   2   3  

Due Date: XX-XX-XX (Engineer’s standard review period is 14 days) 

Notes to Engineer:  

 

Date Received by Contractor:   Date Returned to Subcontractor/Supplier  
  

Contractor Comments:  

 
 
 
 

Deviations Specifically Noted 
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SECTION 01 42 19 - REFERENCE STANDARDS 

PART 1 -  GENERAL 

1.1 WORK INCLUDED 

A. Titles of Sections and Paragraphs: Captions accompanying specification sections and 

paragraphs are for convenience of reference only, and do not form a part of the 

Specifications.  

B. Applicable Publications: Whenever Specification references are made to published 

specifications, codes, standards, or other requirements, it shall be understood that wherever 

no date is specified, only the latest specifications, standards, or requirements of the 

respective issuing agencies which have been published as of the date that the Work is 

advertised for bids shall apply. No requirements set forth herein or shown on the Drawings 

shall be waived because of any provision of, or omission from, said standards or 

requirements. 

C. Specialists’ Assignments:  In certain instances, specification text requires specific work be 

assigned to specialists or expert entities who must be engaged for the performance of that 

work. Such assignments shall be recognized as special requirements over which the 

Contractor has no choice or option. These requirements shall not be interpreted so as to 

conflict with the enforcement of building codes and similar regulations governing the 

Work.  In addition, these requirements are not intended to interfere with local union 

jurisdiction settlements and similar conventions. Such assignments are intended to 

establish which party or entity involved in a specific unit of work is recognized as "expert" 

for the indicated construction processes or operations. Nevertheless, the final responsibility 

for fulfillment of the entire set of contract requirements remains with the Contractor.  

1.2 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 

A. Without limiting the generality of other requirements of the Specifications, all work 

specified herein shall conform to or exceed the requirements of applicable codes and the 

applicable requirements of the following documents: 

1. References herein to "Building Code" shall mean current International Building 

Code (IBC).   

2. References to "Mechanical Code" or "Uniform Mechanical Code," "Plumbing 

Code" or "Uniform Plumbing Code," "Fire Code" or "Uniform Fire Code," shall 

mean International Mechanical Code, Uniform Plumbing Code and International 

Fire Code of the International Conference of the Building Officials (ICBO).  

3. "Electric Code" or "National Electric Code (NEC)" shall mean the National 

Electric Code of the National Fire Protection Association (NFPA).  
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4. The latest edition of the codes as approved by the Municipal Code and used by the 

local agency as of the date that the Work is advertised for bids, as adopted by the 

agency having jurisdiction, shall apply to the Work herein, including all addenda, 

modifications, amendments, or other lawful changes thereto. 

B. In case of conflict between codes, reference standards, drawings, and the other Contract 

Documents, the most stringent requirements shall govern. All conflicts shall be brought to 

the attention of the Engineer for clarification and directions prior to ordering or providing 

any materials or furnishing labor. The Contractor shall bid for the most stringent 

requirements.   

C. The Contractor shall construct the Work specified herein in accordance with the 

requirements of the Contract Documents and the referenced portions of those referenced 

codes, standards, and specifications listed herein.  

D. References herein to "OSHA Regulations for Construction" shall mean Title 29, Part 

1926, Construction Safety and Health Regulations, Code of Federal Regulations (OSHA), 

including all changes and amendments thereto.  

E. References herein to "OSHA Standards" shall mean Title 29, Part 1910, Occupational 

Safety and Health Standards, Code of Federal Regulations (OSHA), including all changes 

and amendments thereto.  

1.3 REGULATIONS RELATED TO HAZARDOUS MATERIALS 

A. The Contractor shall be responsible that all work included in the Contract Documents, 

regardless if shown or not, shall comply with all EPA, OSHA, RCRA, NFPA, and any 

other Federal, State, and Local Regulations governing the storage and conveyance of - 

hazardous materials, including petroleum products.  

PART 2 -  PRODUCTS  NOT USED 

PART 3 -  EXECUTION NOT USED 

 

END OF SECTION 01 42 19 
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SECTION 01 74 30 - SITE PRESSURE PIPE TESTING AND DISINFECTION 

PART 1 - GENERAL 

1.1 WORK INCLUDED 

A. The Contractor shall test all potable water pipelines, utility water, pressure sewer pipe and 

appurtenant piping, fittings, valves, and meters. 

B. The Contractor shall be responsible for obtaining permits for discharging excess testing 

and disinfection water and dichlorination of such water if required to satisfy permit limits. 

1.2 SUBMITTALS 

A. The Contractor shall furnish the following information: 

1. A testing plan and schedule, including method for conveyance, control, disposal, 

de-chlorination, and disinfection shall be submitted in writing for approval. 

2. Name of certified bacteriological testing laboratory for potable water testing. 

3. Provide to the Project Engineer a record of test duration calculations for each 

segment tested. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. All test equipment, chemicals for chlorination, temporary valves, bulkheads, and other 

water control equipment, and choice of disinfectant shall be as determined by the 

Contractor. 

B. Chlorine for disinfection may be in one of the following forms:  

1. Sodium hypochlorite liquid containing approximately 5 to 15% available chlorine, 

per ANSI/AWWA B 300. 

2. Calcium hypochlorite, granular or in 5g tablets containing approximately 65% 

available chlorine by weight, per ANSI/AWWA B 301. 

3. Liquid chlorine:  Only with written authorization of Engineer, in accordance with 

the requirements of ANSI/AWWA B301 - Liquid Chlorine and only by trained 

personnel using appropriate safety practices. 

C. Dechlorinate water prior to discharge. Dechlorination agents may be sodium bisulfite, 

calcium bisulfite, sodium sulfite, or sodium thiosulfate. 
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PART 3 - EXECUTION 

3.1 GENERAL 

A. Water for testing pipelines will be furnished by the Owner; however, the Contractor shall 

convey the water from the Owner-designated source to the points of use. 

B. All pressure pipelines shall be pressure tested; those for potable water shall be disinfected.  

All chlorinating and testing operations shall be performed in the presence of the Engineer. 

C. Disposal of flushing water and water containing chlorine shall be by methods acceptable 

to the Oregon Department of Environmental Quality.  

D. Disinfection operations shall be scheduled as late as possible during the Contract Time to 

maximize the degree of sterility of the facilities at the time the Work is accepted by the 

Owner. Bacteriological testing shall be performed by a certified testing laboratory and paid 

by the Contractor. 

3.2 HYDROSTATIC TESTING OF PIPELINES  

A. Prior to hydrostatic testing, pipelines shall be flushed or blown out as appropriate. Flushing 

pipe velocity shall be 2.5 ft/second minimum. 

B. The Contractor shall test pipelines either in sections or as a unit. No section of the pipeline 

shall be tested until the trench has been properly backfilled and all field-placed concrete or 

mortar has attained an age of 7 days, or until adequately cured. The test shall be made by 

closing valves when available or by placing temporary bulkheads in the pipe and filling the 

line slowly with water. The Contractor shall be responsible for ascertaining that all test 

bulkheads are suitably restrained to resist the thrust of the test pressure without damage to 

or movement of the adjacent pipe. Unharnessed sleeve-type couplings, expansion joints, or 

other sliding joints shall be restrained or suitably anchored prior to the test to avoid 

movement and damage to piping and equipment. Remove or protect any pipeline-mounted 

devices that may be damaged by the test pressure. The Contractor shall provide sufficient 

temporary tapping’s in the pipelines to allow for all entrapped air to exit. After completion 

of the tests, such taps shall be permanently plugged. Open all air relief valves during filling. 

  

C. The pipeline shall be filled at a rate which will not cause any surges or exceed the rate at 

which the air can be released through the release valves at a reasonable velocity. All the 

air within the pipeline shall be allowed to escape. The differential pressure across the 

orifices in the air release valves shall not be allowed to exceed 5 psi at any time during 

filling. 

D. Verify that, in a minimum two-hour test, the pipe does not leak in excess of the allowable 

leakage as defined by the following formula in which L is the allowable leakage in gallons 

per hour. Leakage is only allowed for buried piping. 
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 Q = LD(P)1/2  

    148,000 

 Where Q = Allowable Leakage     (gallons/hour) 

  L = Length of pipe section being tested   (feet) 

  D = Nominal Pipe Diameter     (inches) 

  P = Tested Pressure      (psi, gauge)  

E.  See plans for planned testing pressures of various pipelines. 

F. Pressure test pipe per ASTM F 2164-02 Field Leaking Testing of Polyethylene (PE) 

Pressure Piping Systems using Hydrostatic Pressure. 

3.3 DISINFECTING PIPELINES – TABLET OR GRANULE METHOD  

A. Solution Strength: 25 mg/L minimum. 

B. Use: Only if the pipes and appurtenances are kept clean and dry during construction.  Do 

not use on solvent welded plastic or screwed joint steel pipe. 

C. Placement When Using Granules: During construction, place calcium hypochlorite 

granules at the upstream end of the first section of pipe, at the upstream end of each branch 

main, and at 500-foot intervals. 

D. Granular Quantity:  

 

Ounces of Granules 

Pipe Diameter (inches) Amount (ounces) 

4 1.7 

6 3.8 

8 6.7 

10 10.5 

12 15.1 

16 26.8 

18 34.0 

20 41.9 

24 60.4 
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E. Placement When Using Tablets: During construction, place 5g calcium hypochlorite 

tablets in each section of pipe as noted in Table 2, and also place one tablet in each hydrant, 

hydrant branch and other appurtenances.  Attach tablets to the inside of the pipe using an 

adhesive such as Permatex No. 2 or approved substitution.  Assure no adhesive is on the 

tablet except on the broad side attached to the surface of the pipe.  Attach all the tablets at 

the inside top of the main, with approximately equal numbers of tablets at each end of a 

given pipe length.  If the tablets are attached before the pipe section is placed in the trench, 

mark their position on the section so it can be readily determined that the pipe is installed 

with the tablets at the top. 

 

Number of Tablets 1 

Pipe Diameter (inches) No. of 5g Tablets 2 

4 1 

6 1 

8 2 

10 3 

12 4 

16 6 

18 7 

20 9 

24 13 

 

1 Adjust for pipe length other than 18 feet. 

2 Based on 3.25g available chlorine per tablet. 

F. Filling Procedure: When granule or tablet installation has been completed, fill the main 

with clean water at a velocity not exceeding 1 fps. Take precautions to assure that air 

pockets are eliminated. Leave this water in the pipe for at least 24 hours. If the water 

temperature is less than 41°F, leave the water in the pipe for at least 48 hours. Position 

valve so that the chlorine solution in the main being treated will not flow into water mains 

in active service. 

3.4 DISINFECTING PIPELINES – CONTINUOUS FEED METHOD 

A. Solution Strength: Dose at 25 mg/L for 4 hours 

B. Residual: 10 mg/L at 24 hours. 

C. Dosing Methods: 

1. Liquid Chlorine: Solution feed vacuum-operated chlorinator in combination with 

a booster pump. Direct feed is not allowed. 

2. Hypochlorite Solution: Chemical feed pump designed for feeding chlorine 

solutions. 

3. Calcium Hypochlorite Granules: Refer to previous section. 
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D. Filling Procedure: Use approved source to flow clean water at a constant, measured rate 

into the newly laid water main. Fill at a point not more than 10 feet downstream from the 

beginning of the new main. Measure concentration at regular intervals to ensure a 25 mg/L 

dose. Position valves so that the chlorine solution in the main being treated does not flow 

into water mains in active service. Do not stop chlorine application until the entire main is 

filled with chlorinated water. Retain the chlorinated water in the main for at least 4 hours, 

operating all valves and hydrants in the section treated. At the end of the 24-hour period, 

verify the treated water in all portions of the main has a residual of 10 mg/L free chlorine. 

3.5 DISINFECTING PIPELINES – SLUG METHOD 

A. Solution Strength: 100 mg/L. 

B. Dosing Methods: Per Engineer’s direction 

C. Filling Procedure: Use approved source to flow clean water at a constant, measured rate 

into the newly laid water main.  Fill at a point not more than 10 feet downstream from the 

beginning of the new main.  Measure concentration at regular intervals to ensure 100 mg/L 

dose.  Apply the chlorine continuously and for the time required to develop a solid column 

or “slug” of chlorinated water that will expose all interior surfaces to a 100 mg/L for at 

least 3 hours. Measure the chlorine residual in the slug as it moves through the main.  If at 

any time it drops below 50 mg/L, stop flow and relocate chlorination equipment at the head 

of the slug, and as flow is resumed, add chlorine to restore the free chlorine in the slug to 

not less than 100 mg/L. As the chlorinated water flows past fittings and valves, operate 

valves and hydrants to disinfect appurtenances and pipe branches. 

3.6 DISINFECTING PIPELINES – FINAL FLUSHING 

A. After the retention period, flush the chlorinated water from the main until chlorine 

measurements show that the concentration in the water leaving the main is no higher than 

that in the system, or is acceptable for domestic use. 

B. Dispose of flushing water to a location approved by the Engineer. 

3.7 DISINFECTING PIPELINES – BACTERIOLOGICAL TESTS 

A. After final flushing and before the water main is placed in service, test samples collected 

from the main(s) for coliform bacteria. Take 2 samples from each location at least 24 hours 

apart. 

B. If the initial disinfection fails to produce approved bacteriological samples, reflush and 

resample the main. If check samples show bacterial contamination, re-chlorinate the main 

until approved results are obtained. 

3.8 DISINFECTING PIPELINES – SWABBING 

A. If connections are not disinfected along with the newly installed main, swab or spray the 

interior of all pipe and fittings used in making the connections with a 1% hypochlorite 

solution before installation. 

END OF SECTION 01 74 30 
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SECTION 01 75 00 – EQUPIMENT TESTING AND STARTUP (WWTP)  

PART 1 - GENERAL 

1.1 WORK INCLUDED 

A. Equipment testing and startup are requisite to satisfactory completion of the contract and, 

therefore, shall be completed within the contract time. 

B. The Contractor shall coordinate with the Owner all work necessary for the successful 

operation of all equipment, including owner furnished equipment. 

C. During all equipment testing plant/facility startup period and acceptance test periods, the 

Owner shall ensure that experienced, trained, and qualified personnel are onsite at all times 

to oversee and safeguard such testing and operations. 

1.2 SUBMITTALS 

A. Testing and Startup Plan: Not less than 60 days prior to startup, the Contractor shall submit 

for review a detailed Testing and Startup Plan. The Plan shall include schedules for 

equipment certifications, submittal of final Owner's Manuals, training of the Owner's 

personnel, electrical testing, and a detailed schedule of operations to achieve successful 

equipment plant testing, startup, performance and acceptance testing and activities to 

implement the 7-day and 30-day tests. The Plan shall include test checklists and data forms 

for each item of equipment and shall address coordination with the Owner's staff. The 

Contractor and Owner shall revise the Plan as necessary based on review comments. 

B. System Outage Requests: Request for shutdown of on-line systems as necessary to test or 

start up the plant and equipment. Shutdown requests must be submitted at least two weeks 

prior to shutdown. 

C. Records and Documentation: 

1. Submit documentation that the equipment has been properly installed, is in 

accurate alignment, is free from undue stresses from connecting piping and 

anchoring, and has operated satisfactorily under full load conditions. 

2. Testing and Startup Records as specified in Section 3.8.  

PART 2 - PRODUCTS  NOT USED 

PART 3 - EXECUTION 

3.1 GENERAL 

A. Prior to scheduling any operations testing, the Contractor shall have previously furnished 

the Owner's Manuals required under Section 01 78 23 – Operation and Maintenance Data.  
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B. The Contractor shall coordinate the scheduling of all operations testing. The Contractor is 

advised that the Engineer and the Owner's operating personnel will witness operations 

testing and that the equipment supplier's representative shall be required to instruct the 

Owner's operating personnel in correct operation and maintenance procedures. 

C. The Contractor shall notify the Engineer at least 7 days in advance for testing installed 

equipment. 

3.2 FACTORY ACCEPTANCE TESTING 

A. The Contractor shall be responsible for conducting a factory acceptance test and achieving 

Engineer approval as to the outcome of the test prior to the field installation of the 

equipment, if required by the specifications for the equipment. 

B. The Contractor is advised that the Engineer and the Owner’s operating personnel may 

witness factory testing. 

C. The Contractor shall be responsible for scheduling all factory acceptance testing.  The 

Contractor shall coordinate the factory acceptance testing schedule with the Engineer at 

least 1 week in advance. 

D. Factory acceptance testing shall be conducted per the requirements in the equipment 

specifications. 

E. Factory acceptance testing shall involve the bench setup of RTU/PLC panels with 

interconnecting network connections when needed.  This will be followed by a 

demonstration of OIT navigation menus, process data displays, alarm/status indication, and 

PLC implementation of control strategies described in Division 40.  In addition, the 

Contractor shall demonstrate operation of RTU/PLCs for a minimum of eight continuous 

hours. Factory acceptance testing for SCADA computers requires that all software for the 

system be installed, configured, and operating with no errors or faults for 24 hours.  The 

system will remain active throughout this test period.  In addition, automatic windows 

updates must be disabled. 

3.3 EQUIPMENT INSTALLATION AND TESTING 

A. The Contractor shall coordinate directly with the Equipment Vendor to provide the services 

of an experienced and authorized representative of the manufacturer, who shall visit the 

site of the Work and inspect, check, adjust if necessary, and approve the equipment 

installation. 

B. The Contractor shall arrange to have the manufacturer's representative revisit the job site 

as often as necessary until any and all trouble is corrected and the equipment installation 

and operation are satisfactory to the Vendor and Engineer. 

C. The Contractor shall require that each manufacturer's representative furnish to the Engineer 

a written certification addressed to the Owner certifying that the equipment has been 

properly installed and lubricated, is in accurate alignment, is free from any undue stress 

imposed by connecting piping or anchor bolts, and has been operated satisfactorily and 

tested under full-load conditions.  
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3.4 PROCESS SYSTEM TESTING 

A. In addition to individual equipment and subsystem testing, the Contractor shall perform 

testing of all process control, electrical and other systems, as listed below and/or in the 

Contract Documents, to demonstrate proper operation with equipment operating over full 

operating ranges and under actual operating conditions, in all of the automatic and manual 

modes as specified in the control strategies and descriptions in the equipment specifications 

and Division 40. 

B. The Contractor shall repeat the system tests as necessary to demonstrate proper operation 

to the satisfaction of the Engineer. The Contractor shall be back charged the cost of Owner's 

personnel and Engineer's personnel for all tests beyond the second test. 

C. Prior to initiating the system testing, the Contractor shall submit the testing procedures to 

the Engineer for approval. Systems that are included in a 7-day test shall be tested and 

accepted prior to commencement of the 30-day startup test.  The systems that shall be 

included in the 7-day and 30-day tests include the following and other systems as indicated 

in the Contract Documents:  

1. Headworks systems including screening and lift station. 

2. Grit removal system including grit chamber, grit classifier and grit pump. 

3. SBR treatment basins, aeration system, and all associated components including 

but not limited to process blowers, DO probes, fine bubble diffusers, flow meters, 

electrically actuated valves, pressure sensors, and master dissolved oxygen control 

system. 

4. Other mechanical equipment including mixers, ORP/temperature sensors, pH 

sensors, decanters, TSS sensors, ammonia sensors, and mixed liquor, WAS and 

EQ pumps. 

5. UV disinfection system. 

6. Power distribution, switchgear, standby generator and motor control equipment. 

7. SCADA system. 

8. Denitrifying sand filters and associated components. 

9. Solids handling equipment including gravity belt thickener (if ABI 2 is added to 

contract), screw press, feed pumps, and polymer feed equipment. 

10. Other systems as specified in the Contract Documents. 

D. Systems that do not need a 7-day clean water test include: 

1. Utility water system. 

2. Generator. 
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E. System testing in general shall involve demonstration that all controls, instrumentation 

loops, alarm/status indication, and all controls described in Division 40 function properly. 

In addition, the Contractor shall demonstrate sustained equipment operation for a minimum 

of eight continuous hours when operated in conjunction with other system components. 

The Contractor shall schedule, provide, and coordinate the services of all manufacturers, 

suppliers, subcontractors, the Engineer, and the Owner for successful system testing.  

F. All system testing activities shall follow detailed test procedures, check lists, etc., 

previously developed and submitted by the Contractor which have been reviewed by the 

Engineer. Completion of all system testing activities shall be documented by a certified 

report. Successful completion of the system testing is required prior to commencement of 

the 7-day test and 30-day test specified below.  

G. The Contractor shall test and fully demonstrate proper operation of the utility, safety 

equipment, and other support systems before commencing the process system testing.  

H. The Contractor shall give the Engineer written notice confirming the date of any system 

test at least (3) working days before the time the system is scheduled to be tested. The 

Owner’s staff will observe system's testing. 

I. Operational instruction for the controls and instrumentation shall occur before the test. 

3.5 7-DAY CLEAN WATER TEST  

A. The startup of the wastewater treatment process is a complex operation requiring the 

combined technical expertise of the Contractor, Owner, and the Engineer.  The Owner shall 

provide the effective coordination of all parties necessary for a successful 7-day test.  

B. The Owner and Contractor shall provide operating personnel for the duration of the 7-day 

test. 

C. The 7-day test shall not commence until all required equipment tests have been completed 

to the satisfaction of the Engineer.  

D. All defects in materials or workmanship which appear during this test period shall be 

immediately corrected by the Contractor.  

E. During the 7-day test, the Owner and Contractor shall provide the services of authorized 

representative, in addition to those services required under operations testing, as necessary, 

to correct faulty equipment operation.  

F. 7-Day Test:  The Contractor shall be required to conduct the 7-day test, operate facilities 

being tested, and pass a 7-day test.  All equipment must properly run continuously 24 hours 

per day for the test period at test flow rates. If any item malfunctions during the test, the 

item shall be repaired and the test restarted at day zero with no credit given for the operating 

time before the aforementioned malfunction. 

1. The Owner shall lubricate and maintain the equipment in accordance with the 

manufacturer’s recommendations. 

2. Prerequisites:  The following shall be completed before the 7-day testing begins. 
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a. All Owner’s manuals information required by the Contract Documents has 

been furnished. 

b. Provide all safety equipment, fire extinguishers, protective guards and 

shields, handrails, grating, safety signs, and valve and piping identification 

required by the Contract Documents. Devices and equipment shall be fully 

functional, adjusted and tested. 

c. Manufacturer’s certification of proper installation has been accepted. 

d. Leakage tests, electrical tests, and adjustments have been completed. 

e. Training of Owner’s personnel on all equipment included in the 7-day test 

has been completed and copy of training on DVD and/or digitally provided 

to Owner. 

f. The Engineer has approved the 7-day testing and startup Plan.  The Plan 

shall include a check list documenting that all the prerequisites have been 

provided and/or completed. 

g. Functional verification of the individual instrumentation loops (analog, 

status, alarm, and control). 

h. Adjustment of the pressure switches, timing relays, level switches, 

temperature switches, HMI monitors, and all other control devices to the 

settings determined by the Engineer or the equipment manufacturer. 

i. Functional verification of the individual interlocks between the field-

mounted control devices and the motor control circuits, control circuits of 

variable-speed controllers, and packaged system controls. 

3.6 30-DAY TEST AND PLANT STARTUP 

A. The Contractor shall be required to incorporate the Plant improvements into the plant 

operation, operate it, and pass a 30-day test prior to acceptance. The new plant 

improvements shall be started up together after each has completed the 7-day test. All 

process equipment must properly run continuously 24 hours per day for the 30-day test 

period. If any item malfunctions during the test, the item shall be repaired and the test 

restarted at day zero with no credit given for the operating time before the aforementioned 

malfunction. 

1. Prerequisites:  The following shall be completed before plant testing and startup 

begins. 

a. The 7-day clean water test shall be completed and accepted. 

b. Clean water from the 7-day clean water test has been pumped out of the 

system. Contractor is responsible for emptying the system of clean water. 

Coordinate with the Owner for proper disposal of the water. It is expected 

that the clean water will be discharged from the treatment plant to the rapid 

infiltration basins.  
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c. The Engineer has approved the 30-day Testing and Startup Plan. 

B. The startup of the wastewater treatment process is a complex operation requiring the 

combined technical expertise of the Contractor, Owner, and the Engineer.  The Owner 

and/or Engineer shall provide the effective coordination of all parties necessary for 

successful 30-day test. 

C. After approval of the 30-day Startup Plan and coordination with the Owner, the Contractor 

shall start the 30-day test by diverting the influent flow to the new headworks and fully 

treated effluent to the rapid infiltration disposal basins. 

D. Throughout the 30-day test, all plant flow shall run through the new facilities. 

E. All defects in material or workmanship which appear during the tests shall be immediately 

corrected by the Contractor. 

F. The Owner and Contractor shall provide operating personnel for the duration of the 30-day 

test. 

G. The Owner shall lubricate and maintain the equipment in accordance with the 

manufacturer’s recommendations. 

H. During the 30-day test, the Contractor shall provide the services of authorized 

representative, in addition to those services required under operations testing, as necessary, 

to correct faulty equipment operation.  

I. Testing and startup records per Section 3.8. 

J. After successful completion and acceptance of the 30-day test, the Contractor shall: 

1. Complete closeout of the project per Section 01 77 00 – Closeout Procedures.  

3.7 SUPPLIES 

A. The Owner shall furnish all wastewater, treated wastewater chemicals, and all other 

necessary equipment, facilities, and services required for conducting the tests.   

B. If the 7-day clean water test uses dewater, well water, or irrigation water, Contractor shall 

make arrangements and provide water. 

3.8 RECORDS OF TESTING AND STARTUP 

A. The Contractor shall maintain the following during the 7-day and 30-day testing and startup 

and submit originals to Engineer prior to acceptance of tests: 

1. Lubrication and service records for each mechanical and electrical equipment item. 

2. Hours of daily operation for each mechanical and electrical equipment item. 

3. Equipment alignment and vibration measurement records. 

4. Logs of electrical measurements and tests. 
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5. Instrumentation calibration and testing logs. 

6. Testing and validation of status indications and alarms. 

7. Factory and field equipment settings. 

8. Log of problems encountered and adjustments made. 

9. Other records, logs, and checklists as required by the Contract Documents. 

10. Influent and effluent flow for each 24-hour period from midnight to midnight 

during the test. 

11. Backwash flow for each 24-hour period from midnight to midnight during the test. 

3.9 TRAINING 

A. The Contractor shall coordinate the training periods with the Owner and manufacturer’s 

representatives and shall submit a training schedule and detailed agenda for each piece of 

equipment or system for which training is to be provided. Said training schedule and 

agenda shall be submitted not less than 14 calendar days prior to the time that the associated 

training is to be provided. The Contractor shall confirm each training period a minimum of 

two days prior to scheduled time. 

END OF SECTION 01 75 00 
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SECTION 01 77 00 - CLOSEOUT PROCEDURES 

PART 1 - GENERAL 

1.1 WORK INCLUDED 

A. Comply with requirements stated in conditions of the contract and in Specifications for 

administrative procedures in closing out the Work. 

B. Furnish lien waivers, bond extensions, and other required data. 

C. Satisfy conditions of the contract, fiscal provisions, legal submittals and additional 

administrative requirements. 

1.2 SUBSTANTIAL COMPLETION 

A. Substantial Completion of a facility with operating systems (e.g., mechanical, electrical, 

HVAC) shall be that degree of completion that it may be used or occupied for its intended 

purpose and performance and acceptance testing has been successfully demonstrated to the 

Owner’s Authorized Representative. All equipment contained in the Work, plus all other 

components necessary to enable the Owner to operate and maintain the facility in the 

manner it was intended, shall be complete on the Substantial Completion date. The 

contractor may request that a punch list be prepared by the Owner’s Authorized 

Representative with submission of the request for the Substantial Completion notice. 

B. When substantially complete, the Contractor shall submit to the Owner: 

1. A written notice that the Work, or designated portion thereof, is substantially 

complete. 

2. A list of items to be completed or corrected. 

C. Within a reasonable time after receipt of such notice, Engineer will perform an inspection 

to determine the status of completion.  If the Work is not deemed substantially complete, 

the following will occur: 

1. Owner will promptly notify the Contractor in writing, giving the reasons therefore.  

2. The Contractor shall remedy the deficiencies in the Work, and send a second 

written notice of Substantial Completion to the Owner. 

3. Owner will request the Engineer to re-inspect the Work. 

4. Once the Work is deemed substantially complete and after review and approval, 

the Engineer will execute and deliver to the Owner and the Contractor, the 

Certificate of Substantial Completion with a final list of items to be completed or 

corrected prior to release of final payment. 
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1.3 PROJECT RECORD DOCUMENTS 

A. Maintain at Project site, available to Owner and Engineer, one copy of the Contract 

Documents, shop drawings and other submittals, in good order. 

1. Mark and record field changes and detailed information contained in submittals 

and change orders. 

2. Record actual depths, horizontal and vertical location of underground pipes, duct 

banks and other buried utilities.  Reference dimensions to permanent surface 

features. 

3. Identify specific details of pipe connections, location of existing buried  features 

located during excavation, and the final locations of piping, equipment, electrical 

conduits, manholes, and pull boxes. 

4. Identify location of spare conduits including beginning, ending, and routing 

through pull boxes and manholes. Record spare conductors, including number and 

size, within spare conduits, and filled conduits. 

5. Provide schedules, lists, layout drawings, and wiring diagrams. 

6. Make annotations with erasable colored pencil conforming to the following color 

code: 

a. Additions - Red 

b. Deletions - Green 

c. Comments - Blue 

d. Dimensions - Graphite 

7. Make all annotations on one set of drawings. 

B. Maintain documents separate from those used for construction.  

1. Label documents “RECORD DRAWINGS.” 

C. Keep documents current. 

1. Record required information at the time the material and equipment is installed and 

before permanently concealing.  

2. During progress meetings, record documents will be reviewed to ascertain that 

changes have been recorded.  

D. Submit record documents for review.  Submittal shall be in accordance with Section 01 33 

00 – Submittal Procedures.  
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1.4 FINAL SUBMITTALS  

A. The Contractor, prior to requesting final payment, shall obtain and submit the following 

items to the Engineer for transmittal to the Owner:  

1. Written guarantees, where required.  

2. Technical Manuals and instructions.  

3. New permanent cylinders and key blanks for all locks.  

4. Maintenance stock items; spare parts; special tools.  

5. Completed record drawings.  

6. Bonds for roofing, maintenance, etc., as required.  

7. Certificates of inspection and acceptance by local governing agencies having 

jurisdiction.  

8. Releases from all parties who are entitled to claims against the subject project, 

property, or improvement pursuant to the provisions of law. 

9. Letter from bonding company stating that bonds will be extended for one year after 

substantial completion. 

B. Owner will prepare a final Change Order, reflecting approved adjustments to the contract 

sum which were not previously made by Change Orders. 

1.5 FINAL CLEANUP 

A. The Contractor shall promptly remove from the vicinity of the completed Work, all 

rubbish, unused materials, concrete forms, construction equipment, and temporary 

structures and facilities used during construction. Final acceptance of the Work by the 

Owner will be withheld until the Contractor has satisfactorily performed the final cleanup 

of the Site. 

1.6 MAINTENANCE AND GUARANTEE  

A. The Contractor shall comply with the maintenance and guarantee requirements contained 

in the General Conditions.  

B. The Contractor shall make all repairs and replacements promptly upon receipt of written 

order from the Owner. If the Contractor fails to make such repairs or replacements 

promptly, the Owner reserves the right to do the Work and the Contractor and its surety 

shall be liable to the Owner for the cost thereof.  

1.7 FINAL PAY ESTIMATE 

A. Submit final pay estimate and supporting data to Owner. 

B. Final estimates shall reflect all adjustments to the contract sum: 

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY  

WWTP UPGRADES 222194-000 

 

CLOSEOUT PROCEDURES 01 77 00 - 4 

1. The original contract sum 

2. Additions and deductions resulting from: 

a. Previous Change Orders 

b. Allowances 

c. Unit prices 

d. Deductions for uncorrected work 

e. Penalties and bonuses 

f. Deductions for liquidated damages 

3. Total contract sum, as adjusted 

4. Previous payments 

5. Sum remaining due 

PART 2 - PRODUCTS  NOT USED 

PART 3 - EXECUTION NOT USED 

 

END OF SECTION 01 77 00 
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SECTION 01 78 23 - OPERATION AND MAINTENANCE DATA 

PART 1 - GENERAL 

1.1 WORK INCLUDED 

A. The Contractor shall submit technical operation and maintenance information for each item 

of mechanical and electrical equipment in an organized manner in the Owner’s Manual. It 

shall be written so that it can be used and understood by the Owner's operation and 

maintenance staff.  The Owner’s Manual information shall also be submitted in electronic 

format using a USB flash drive. 

B. All manuals supplied to the Owner by suppliers of Owner-furnished equipment, shall be 

inserted into the Owner’s Manual by the Contractor.  The Contractor shall be responsible 

for providing all other information. 

1.2 OWNER’S MANUAL 

A. The Owner’s Manual shall include the following for each item of mechanical and electrical 

equipment (as applicable): 

1. Equipment Summary:  A summary table shall include the equipment name and 

equipment number, the manufacturer’s model number, serial number, and other 

nameplate information specific to the equipment provided. 

2. Operational Procedures: Manufacturer-recommended procedures on the following 

shall be included:  

a. Installation  

b. Adjustment  

c. Startup  

d. Location of controls, special tools, equipment required, or related 

instrumentation needed for operation  

e. Operation procedures  

f. Load changes, Calibration, Shutdown  

3. Troubleshooting, Disassembly, Reassembly  

a. Realignment  

b. Testing to determine performance efficiency  

c. Tabulation of proper settings for all pressure relief valves, low and high 

pressure switches, and other protection devices 
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d. List of all electrical relay settings including alarm and contact settings  

4. Preventive Maintenance Procedures:  

a. Procedures: Preventive maintenance procedures shall include all 

manufacturer-recommended procedures to be performed on a periodic 

basis, both by removing and replacing the equipment or component, and 

by leaving the equipment in place.  

b. Schedules: Recommended frequency of preventive maintenance 

procedures shall be included. Lubrication schedules, including lubricant 

SAE grade, type, and temperature ranges, shall be covered.  

5. Parts List and Drawings:  

a. Parts List: A complete parts list shall be furnished, including a generic 

description and manufacturer's identification number for each part. 

Addresses and telephone numbers of the nearest supplier and parts 

warehouse shall be included. 

b. Drawings: Cross-sectional or exploded view drawings shall accompany 

the part list. 

6. Wiring Diagrams:  Include complete internal and connection wiring diagrams for 

electrical equipment items.  

7. Shop Drawings:  Include approved shop or fabrication drawings, complete with 

dimensions. Include performance curves for pumps furnished.  

8. Safety:  This part describes the safety precautions to be taken when operating and 

maintaining the equipment or working near it. 

9. Documentation:  All equipment warranties, affidavits, and certifications required 

by the Technical Specifications shall be placed in this part.  

10. Spare Parts:  This part shall contain spare parts information for all mechanical, 

electrical, and instrumentation equipment.  The spare parts list shall include the 

current list price of each spare part. The spare parts list shall be limited to those 

spare parts which each manufacturer recommends be maintained by the Owner in 

inventory at the plant site. Each manufacturer or supplier shall indicate the name, 

address, and telephone number of its nearest outlet of spare parts to facilitate the 

Owner in ordering. The Contractor shall cross-reference all spare parts lists to the 

equipment numbers designated in the Contract Documents. 

B. If manufacturer’s standard brochures and manuals are used to describe operating and 

maintenance procedures, modify such brochures and manuals to reflect only the model or 

series of equipment used on this project and features provided.  Cross out neatly or 

remove extraneous material, or otherwise annotate or eliminate. 
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1.3 TRANSMITTAL PROCEDURE 

A. Provide three (3) original paper copies and one (1) electronic copy in PDF format of all 

operating and maintenance information. For ease of identification, label each 

manufacturer’s brochure and manual with the equipment name.  Organize the information 

in 3-ring binders and use an indexing feature within the PDF submission, in numerical 

order, per specification section number.  Include in the manuals a table of contents and 

tab sheets to permit easy location of desired information. Each binder shall include a 

cover sheet and spine label giving the project name, Engineer’s project number, 

Contractor name and contact information, applicable subcontractor name and contact 

information, and supplier name and contact information. 

B. The Contractor shall submit to the Engineer three identical Owner’s Manuals a minimum 

of 90 calendar days prior to the scheduled startup of the equipment.  

C. The Engineer will review the Owner’s Manuals within 30 days following their receipt by 

the Engineer. The Contractor shall then make any corrections and changes noted and 

compile all the corrected Owner’s Manuals for final submittal to the Engineer.  

1.4 PAYMENT 

A. Acceptable operating and maintenance information for the project must be delivered to the 

Engineer prior to the project being 75 percent complete or at least two weeks prior to startup 

of any equipment.  Progress payments for work in excess of 80 percent completion or 2 

weeks prior to startup will not be made until the specified acceptable operating and 

maintenance information has been delivered to the Engineer. 

1.5 FIELD CHANGES 

A. Following the acceptable installation and operation of an equipment item, the item’s 

instructions and procedures are to be modified and supplemented to reflect any field 

changes or information requiring field data. 

PART 2 - PRODUCTS  NOT USED 

PART 3 - EXECUTION NOT USED 

 

END OF SECTION 01 78 23 
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SECTION 26 05 00 – ELECTRICAL, GENERAL 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings, general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections apply to all of Division 26 Specifications.  

This Specification section applies to all Division 26 Specifications and Electrical 

Drawings. 

B. Division 26 contractor shall review all other division specifications and drawings for 

additional requirements. 

1.2 QUALITY ASSURANCE 

A. Comply with latest NEC, NFPA, UBC, UFC, UL and applicable Local and State Codes. 

Also comply with Utility Company regulations and industry standards and these Drawings. 

B. Work shall be done by only trained, licensed and experienced workmen familiar with the 

requirements. 

C. All microprocessor-based equipment and software with equipment shall utilize 4 digits for 

the year part of all dates. A two-digit date shall be an option for printing at Owner’s 

preference. 

D. Hazardous Location Rating of Equipment:  Equipment manufacturer shall reference the 

hazardous-area classification drawing in the Contract Documents and provide equipment 

in compliance with the defined NEC- classification requirements. It will be the 

manufacturer's sole responsibility to submit equipment in compliance with the Contract 

Documents, NFPA 820, and NEC requirements. 

1.3 EXTENT OF DRAWINGS / SPECIFICATION 

A. Drawings indicate intent and general layout of electrical systems for the Project.  Drawings 

are partly diagrammatic and do not indicate all fittings and accessories which may be 

required. Provide such fittings and accessories as required to form a complete and operating 

system in general conformance with Specifications and Drawings. 

1.4 PRIOR APPROVALS 

A. Unless directed otherwise by Division 1, all products submitted for prior approval shall be 

received by the Engineer 10 business days prior to Bid. Supply technical data, photometrics 

and dimensional Drawings showing that substitutes are equal to product specified.  Faxed 

prior approvals will not be accepted. 
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1.5 DISCREPANCIES 

A. Prior to submitting Bid, Contractor shall refer any apparent discrepancies or omissions to 

Engineer for clarification. The more stringent provisions shall take precedence where 

codes, Specifications and Drawings differ with one another.  The Contractor shall Bid the 

more expensive requirement, unless discrepancy is addressed by Addendum prior to Bid.  

1.6 TEMPORARY LIGHTING/POWER 

A. Provide temporary electrical power and lighting for all trades that require service during 

the course of this Project.  Provide temporary service and distribution as required.  Provide 

temporary power for all electrical equipment that will need to be installed due to the phased 

construction of this project.  Comply with the NEC and OSHA requirements.  Energy Costs 

by General Contractor. 

1.7 SHOP DRAWING SUBMITTALS 

A. General:  Follow the procedures specified in Section 01 33 00 – Submittal Procedures.  

Submit for final and official approval through the General Contractor. 

1.8 SEQUENCING AND SCHEDULING 

A. Coordinate electrical equipment installation with other building components. 

B. Arrange for chases, slots, and openings in building structure during progress of 

construction to allow for electrical installations. 

C. Coordinate installing required supporting devices and set sleeves in poured-in-place 

concrete and other structural components as they are constructed. 

D. Sequence, coordinate, and integrate installing electrical materials and equipment for 

efficient flow of the Work.  Coordinate installing large equipment requiring positioning 

prior to closing in the building. 

E. Coordinate connecting electrical service to components furnished under other Sections. 

F. Coordinate connecting electrical systems with exterior underground and overhead utilities 

and services.  Comply with requirements of governing regulations, franchised service 

companies, and controlling agencies. Coordinate requirements for access panels and doors 

where electrical items requiring access are concealed by finished surfaces.   

1.9 SUBSTANTIAL COMPLETION 

A. At Substantial Completion of Project, be ready to demonstrate the following list of items 

below.  If this is not possible, inform the General Contractor and Engineer no less than 1 

week prior to Engineer’s visitation of the site for Substantial Completion. 

B. Demonstrate the operation and test of the emergency lighting system. 
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C. Demonstrate the main service ground, bonding to neutral and resistance readings obtained 

at time of installation.  This will involve having some covers removed from the main panels 

at the time of the Engineer's visitation. 

D. All electrical systems and items specified shall be installed and operational. 

E. Demonstrate exterior lighting controls. 

F. Demonstrate the operation of all emergency power systems including generators, 

uninterruptible power supplies and inverter systems. 

G. Demonstrate compliance with IEEE 519 for harmonic distortion within “Pacific Power’s” 

distortion limit requirement of “8%”. Distortion limits apply to the entire plant load 

measured at the primary meter. This point in the system shall be defined as the point of 

common coupling (PCC). Meeting these requirements is a condition of service and a 

requirement of this project. Refer to Section 26 29 23 – Variable-Frequency Motor 

Controllers (VFCs/VFDs), Part 2.3.I. 

1.10 RECORD DOCUMENTS 

A. Prepare Record Documents in accordance with the requirements in Section 01 77 00 – 

Closeout Procedures.  In addition to the requirements specified in Division 1, indicate the 

following installed conditions: 

B. Actual location of all electrical service gear/feeders, panel/motor/special equipment 

feeders, all major underground or under slab conduits, all conduit stubs for future use, any 

change in branch circuitry from Drawings, key junction boxes and pull boxes not indicated 

on Drawings, any control locations or indicator lights not shown on Drawings. 

C. Addendum items, Change Order items and all changes made to Drawings from Bidding 

phase through to Project completion. 

D. Actual equipment and materials installed.  Where manufacturer and catalog number are 

indicated on Drawings, generally or in fixture or equipment schedules, change to reflect 

actual products installed. 

E. Change service panel and branch panel breaker locations and schedules to reflect actual 

installed conditions. 

1.11 MAINTENANCE MANUALS 

A. Prepare maintenance manuals in accordance with Section 01 77 00 – Closeout Procedures. 

In addition to the requirements specified in Division 1 assemble O & M Manuals as 

follows: 

1. Compile Operating and Maintenance Manuals for the electrical systems and 

equipment.  The manuals shall be provided to the Engineer for approval complete 

and at one time, prior to requesting final payment.  Partial or separate data will be 

returned for completion. 

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY  

WWTP UPGRADES 222194-002 

ELECTRICAL, GENERAL  26 05 00 - 4 

2. Manuals shall be assembled in three-ring binders.  Binders shall be 3 inch thick or 

less and have slip sleeve jacket on binder side and front.  More than one binder 

shall be used for each set of data if required to prevent overfilling of one binder.  

All information shall be arranged in Sections and each Section shall have a blank 

buff colored, heavy paper divider with a protruding tab clearly labeled.  Sections 

shall be arranged in the same order that the equipment is listed in the Specification 

and each Specification section shall have a separate tab. Shop Drawings which are 

larger than 8-1/2-inch by 11 inch shall be individually folded so they are 8-1/2-

inch by 11 inch or less and inserted behind the appropriate tab. 

3. Tabs shall be labeled and arranged as follows: 

a. Index:  Furnish under the first tab an index of Sections listing name of 

Section and Specification numbers. 

b. Equipment Manufacturers:  Furnish under the second tab a complete typed 

list of equipment suppliers and manufacturer’s representative including 

type of equipment, name, address, and phone number. The company listed 

here should be the one which could furnish replacement parts and offer 

technical information about the equipment. 

c. Product Literature:  Each tab, starting with the third shall contain the name 

of a Specification Section.  Behind each tab shall be the previously 

submitted and approved Shop Drawing, factory published operation and 

maintenance instructions and parts lists.  Also include description of 

function, normal operating characteristics and limitations, engineering 

data and tests, and complete nomenclature and commercial numbers of 

replacement parts.  Manufacturer's printed operating procedures to include 

start-up, break-in, and routine and normal operating instructions; 

regulation, control, stopping, shutdown, and emergency instructions; and 

summer and winter operating instructions.  Maintenance procedures for 

routine preventative maintenance and troubleshooting; disassembly, 

repair, and reassembly; aligning and adjusting instructions.  Servicing 

instructions and lubrication charts and schedules. 

4. Upon completion and approval of the booklets, one copy shall be given to the 

Architect, and two to the Owner.  Using the booklet, the Electrical Contractor shall 

explain in detail and instruct the Owner's operating personnel in the correct 

operation and maintenance of the equipment. 

PART 2 - PRODUCTS 

2.1 SUPPORTING DEVICES 

A. Channel and angle support systems, hangers, anchors, sleeves, brackets, fabricated items, 

and fasteners are designed to provide secure support from the building structure for 

electrical components. 
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1. Material:  Steel, except as otherwise indicated, protected from corrosion with zinc 

coating or with treatment of equivalent corrosion resistance using approved 

alternative finish or inherent material characteristics. 

2. Metal Items for Use Outdoors or in Damp Locations:  Hot-dip galvanized steel, 

except as otherwise indicated. 

B. Steel channel supports have 9/16-inch diameter holes at a maximum of 8 inches o.c., in at 

least 1 surface. 

1. Fittings and accessories mate and match with channels and are from the same 

manufacturer. 

C. Raceway and Cable Supports:  Manufactured clevis hangers, riser clamps, straps, threaded 

C-clamps with retainers, ceiling trapeze hangers, wall brackets, and spring steel clamps or 

"click"- type hangers. 

D. Sheet-Metal Sleeves:  0.0276-inch or heavier galvanized sheet steel, round tube, closed 

with welded longitudinal joint. 

E. Pipe Sleeves:  ASTM A 53, Type E, Grade A, Schedule 40, galvanized steel, plain ends. 

F. Cable Supports for Vertical Conduit:  Factory-fabricated assembly consisting of threaded 

body and insulating wedging plug for nonarmored electrical cables in riser conduits.  Plugs 

have number and size of conductor gripping holes as required to suit individual risers.  

Body constructed of malleable iron casting with hot-dip galvanized finish. 

G. Expansion Anchors:  Carbon-steel wedge or sleeve type. 

H. Toggle Bolts:  All-steel springhead type. 

I. Powder-Driven Threaded Studs:  Heat-treated steel. 

2.2 CONCRETE EQUIPMENT BASES 

A. Concrete:  3000 psi, 28-day compressive strength as specified 

B. RACEWAY AND CABLE LABELS 

C. Comply with ANSI A13.1, Table 3, for minimum size of letters for legend and for 

minimum length of color field for each raceway and cable size. 

1. Color:  Black letters on orange field. 

2. Legend:  Indicates voltage. 

D. Adhesive Labels:  Preprinted, flexible, self-adhesive vinyl with legend overlaminated with 

a clear, weather- and chemical-resistant coating. 

E. Pretensioned, Wraparound Plastic Sleeves:  Flexible, preprinted, color-coded, acrylic band 

sized to suit the diameter of the line it identifies and arranged to stay in place by 

pretensioned gripping action when placed in position. 
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F. Colored Adhesive Tape:  Self-adhesive vinyl tape not less than 3 mils thick by 1 to 2 inches 

wide. 

G. Underground-Line Warning Tape:  Permanent, bright-colored, continuous-printed, vinyl 

tape. 

1. Not less than 6 inches wide by 4 mils thick. 

2. Compounded for permanent direct-burial service. 

3. Embedded continuous metallic strip or core. 

4. Printed legend indicating type of underground line. 

H. Tape Markers:  Vinyl or vinyl-cloth, self-adhesive, wraparound type with preprinted 

numbers and letters. 

2.3 NAMEPLATES 

A. Engraved Plastic Nameplates:  Engraving stock, melamine plastic laminate, minimum 

1/16-inch thick for signs up to 20 sq. in. and 1/8-inch thick for larger sizes. 

1. Engraved legend with white letters on black face. 

2. Punched or drilled for mechanical fasteners. 

2.4 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Cable Ties:  Fungus-inert, self-extinguishing, one-piece, self-locking, Type 6/6 nylon cable 

ties. 

1. Minimum Width:  3/16-inch. 

2. Tensile Strength:  50 lb minimum. 

3. Temperature Range:  Minus 40 to plus 185 deg F. 

4. Color:  According to color-coding. 

B. Paint:  Formulated for the type of surface and intended use. 

1. Primer for Galvanized Metal:  Single-component acrylic vehicle formulated for 

galvanized surfaces. 

2. Primer for Concrete Masonry Units:  Heavy-duty-resin block filler. 

3. Primer for Concrete:  Clear, alkali-resistant, binder-type sealer. 

4. Enamel:  Silicone-alkyd or alkyd urethane as recommended by primer 

manufacturer. 
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PART 3 - EXECUTION 

3.1 EQUIPMENT INSTALLATION REQUIREMENTS 

A. Install components and equipment to provide the maximum possible headroom where 

mounting heights or other location criteria are not indicated. 

B. Install items level, plumb, and parallel and perpendicular to other building systems and 

components, except where otherwise indicated. 

C. Install equipment to facilitate service, maintenance, and repair or replacement of 

components.  Connect for ease of disconnecting, with minimum interference with other 

installations. 

D. Give right of way to raceways and piping systems installed at a required slope. 

3.2 ELECTRICAL SUPPORTING METHODS 

A. Damp Locations and Outdoors:  Hot-dip galvanized materials, U-channel system 

components. 

B. Dry Locations:  Steel materials. 

C. Support Clamps for PVC Raceways:  Click-type clamp system. 

D. Conform to manufacturer's recommendations for selecting supports. 

E. Strength of Supports:  Adequate to carry all present and future loads, times a safety factor 

of at least 4; 200 lb minimum design load. 

3.3 GENERAL INSTALLATION OF MATERIALS 

A. Install wires according to manufacturer's written instructions and NECA's "Standard of 

Installation." 

B. Conductor Splices:  Keep to the minimum and comply with the following: 

1. Install splices and taps that possess equivalent or better mechanical strength and 

insulation ratings than unspliced conductors. 

2. Use splice and tap connectors that are compatible with conductor material. 

C. Connect outlets and components to wiring systems and to ground as indicated and 

instructed by manufacturer.  Tighten connectors and terminals, including screws and bolts, 

according to equipment manufacturer's published torque-tightening values for equipment 

connectors.  Where manufacturer's torquing requirements are not indicated, tighten 

connectors and terminals according to tightening requirements specified in UL 486A. 

D. Install devices to securely and permanently fasten and support electrical components. 

E. Raceway Supports:  Comply with NFPA 70 and the following requirements: 
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1. Conform to manufacturer's recommendations for selecting and installing supports. 

2. Install individual and multiple raceway hangers and riser clamps to support 

raceways.  Provide U bolts, clamps, attachments, and other hardware necessary for 

hanger assembly and for securing hanger rods and conduits. 

3. Support parallel runs of horizontal raceways together on trapeze- or bracket-type 

hangers. 

4. Spare Capacity:  Size supports for multiple conduits so capacity can be increased 

by a 25 percent minimum in the future. 

5. Support individual horizontal raceways with separate, malleable iron pipe hangers 

or clamps. 

6. Hanger Rods:  1/4-inch diameter or larger threaded steel, except as otherwise 

indicated. 

7. Spring Steel Fasteners:  Specifically designed for supporting single conduits or 

tubing.  May be used in lieu of malleable iron hangers for 1-1/2-inch and smaller 

raceways serving lighting and receptacle branch circuits above suspended ceilings 

and for fastening raceways to channel and slotted angle supports in accordance 

with NEC. 

8. In vertical runs, arrange support so the load produced by the weight of the raceway 

and the enclosed conductors is carried entirely by the conduit supports, with no 

weight load on raceway terminals. 

F. Vertical Conductor Supports:  Install simultaneously with conductors. 

G. Miscellaneous Supports:  Install metal channel racks for mounting cabinets, panelboards, 

disconnects, control enclosures, pull boxes, junction boxes, transformers, and other devices 

except where components are mounted directly to structural features of adequate strength. 

H. Sleeves:  Install for cable and raceway penetrations of concrete slabs and walls, except 

where core-drilled holes are used.  Install for cable and raceway penetrations of masonry 

and fire-rated gypsum walls and of all other fire-rated floor and wall assemblies.  Install 

sleeves during erection of concrete and masonry walls. 

I. Fastening:  Unless otherwise indicated, securely fasten electrical items and their supporting 

hardware to the building structure.  Perform fastening according to the following: 

1. Fasten by means of wood screws or screw-type nails on wood; toggle bolts on 

hollow masonry units; concrete inserts or expansion bolts on concrete or solid 

masonry; and by machine screws, welded threaded studs, or spring-tension clamps 

on steel. 

2. Threaded studs driven by a powder charge and provided with lock washers and 

nuts may be used instead of expansion bolts, machine screws, or wood screws. 
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3. Welding to steel structure may be used only for threaded studs, not for conduits, 

pipe straps, or any other items. 

4. In partitions of light steel construction use sheet-metal screws. 

5. Drill holes in concrete beams so holes more than 1-1/2 inches deep do not cut main 

reinforcing bars. 

6. Drill holes in concrete so holes more than 3/4-inch deep do not cut main reinforcing 

bars. 

7. Fill and seal holes drilled in concrete and not used. 

8. Select fasteners so the load applied to any fastener does not exceed 25 percent of 

the proof-test load. 

J. Install concrete pads and bases where indicated. 

K. Install utility-metering equipment according to utility company's written requirements.  

Provide grounding and empty conduits as required by company. 

3.4 LABEL INSTALLATION 

A. Identification Materials and Devices:  Install at locations for most convenient viewing 

without interference with operation and maintenance of equipment. 

B. Lettering, Colors, and Graphics:  Coordinate names, abbreviations, colors, and other 

designations with corresponding designations in the Contract Documents or with those 

required by codes and standards.  Use consistent designations throughout Project. 

C. Sequence of Work:  If identification is applied to surfaces that require finish, install 

identification after completing finish work. 

D. Self-Adhesive Identification Products:  Clean surfaces before applying. 

E. Install painted identification according to manufacturer's written instructions and as 

follows: 

1. Clean surfaces of dust, loose material, and oily films before painting. 

2. Prime surfaces using type of primer specified for surface. 

3. Apply one intermediate and one finish coat of enamel. 

F. Caution Labels for Indoor Boxes and Enclosures for Power and Lighting:  Install pressure-

sensitive, self-adhesive labels identifying system voltage with black letters on orange 

background.  Install on exterior of door or cover. 

G. Circuit Identification Labels on Boxes:  Install labels externally. 

1. Exposed Boxes:  Permanent black marker indicating panel and circuit designation. 
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2. Concealed Boxes: Permanent black marker indicating panel and circuit 

designation. 

H. Paths of Underground Electrical Lines: During trench backfilling, for exterior underground 

power, control, signal, and communication lines, install continuous underground plastic 

line marker located directly above line at 6 to 8 inches below finished grade.  Where width 

of multiple lines installed in a common trench or concrete envelope does not exceed 16 

inches overall, use a single line marker.  Install line marker for underground wiring, both 

direct-buried cables and cables in raceway. 

I. Color-Coding of Secondary Phase Conductors: Use the following colors for service, feeder 

and branch-circuit phase conductors: 

1. 208/120-V Conductors: 

a. Phase A:  Black. 

b. Phase B:  Red. 

c. Phase C:  Blue. 

d. Neutral:  White. 

e. Ground:  Green. 

2. 480/277-V Conductors: 

a. Phase A:  Brown. 

b. Phase B:  Orange 

c. Phase C:  Yellow. 

d. Neutral:  Gray. 

e. Ground:  Green. 

3. Factory apply color the entire length of conductors, except the following field-

applied, color-coding methods may be used instead of factory-coded wire for sizes 

larger than No. 10 AWG: 

a. Colored, pressure-sensitive plastic tape in half-lapped turns for a distance 

of 6 inches from terminal points and in boxes where splices or taps are 

made.  Apply last two turns of tape with no tension to prevent possible 

unwinding.  Use 1 inch wide tape in colors specified.  Adjust tape bands 

to avoid obscuring cable identification markings. 

J. Power-Circuit Identification:  Metal tags or aluminum, wraparound marker bands for 

cables, feeders, and power circuits in vaults, pull and junction boxes, manholes, and 

switchboard rooms. 
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1. Legend:  1/4-inch steel letter and number stamping or embossing with legend 

corresponding to indicated circuit designations. 

2. Tag Fasteners:  Nylon cable ties. 

3. Band Fasteners:  Integral ears. 

K. Apply identification to conductors as follows: 

1. Conductors to Be Extended in the Future:  Indicate source and circuit numbers. 

2. Multiple Power or Lighting Circuits in the Same Enclosure: Identify each 

conductor with source, voltage, circuit number, and phase.  Use color-coding to 

identify circuits' voltage and phase. 

3. Multiple Control and Communication Circuits in the Same Enclosure:  Identify 

each conductor by its system and circuit designation.  Use a consistent system of 

tags, color-coding, or cable marking tape. 

L. Apply warning, caution, and instruction signs as follows: 

1. Warnings, Cautions, and Instructions: Install to ensure safe operation and 

maintenance of electrical systems and of items to which they connect.  Install 

engraved plastic-laminated instruction signs with approved legend where 

instructions are needed for system or equipment operation.  Install metal-backed 

butyrate signs for outdoor items. 

2. Emergency Operation:  Install engraved laminated signs with white legend on red 

background with minimum 3/8-inch high lettering for emergency instructions on 

power transfer, load shedding, and other emergency operations. 

M. Equipment Identification Labels: Engraved plastic laminate. Install on each unit of 

equipment, including central or master unit of each system.  This includes power, lighting, 

communication, signal, and alarm systems, unless units are specified with their own self-

explanatory identification.  Unless otherwise indicated, provide a single line of text with 

1/2-inch high lettering on 1-1/2 inch high label; where two lines of text are required, use 

labels 2 inches high.  Use white lettering on black field.  Apply labels for each unit of the 

following categories of equipment using mechanical fasteners: 

1. Panelboards, electrical cabinets, and enclosures. 

2. Access doors and panels for concealed electrical items. 

3. Electrical switchgear and switchboards. 

4. Emergency system boxes and enclosures. 

5. Disconnect switches. 

6. Enclosed circuit breakers. 
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7. Motor starters. 

8. Push-button stations. 

9. Power transfer equipment. 

10. Contactors. 

11. Remote-controlled switches. 

12. Control devices. 

13. Transformers. 

14. Battery racks. 

15. Power-generating units. 

N. For panelboards, provide framed type circuit schedules with identification of items 

controlled by each breaker.  Indicate room numbers of items controlled or room name 

where appropriate for Owners convenience. Final schedules shall be typed or printed for 

clarity. Hand written schedules are not acceptable. Schedules shall be posted inside each 

panel door mounted in transparent card holder upon project completion. 

 

END OF SECTION 26 05 00 
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SECTION 26 24 13.21 - SWITCHBOARDS  

PART 1 - GENERAL 

1.1 SCOPE 

1. Furnish and install, where indicated, a free-standing, dead-front type low-voltage 

distribution switchboard, utilizing group mounted circuit protective devices, 

integrated panelboards, and other equipment as specified herein, and as shown on 

the contract drawings. 

1.2 REFERENCES 

A. The low-voltage distribution switchboards and all components shall be designed, 

manufactured, and tested in accordance with the latest applicable following standards: 

1. NEMA PB-2 

2. UL Standard 891 

1.3 SUBMITTALS – FOR REVIEW/APPROVAL 

A. The following information shall be submitted to the Engineer: 

1. Master drawing index 

2. Front view elevation 

3. Floor plan 

4. Top view 

5. Single line 

6. Schematic diagram 

7. Nameplate schedule 

8. Component list 

9. Conduit entry/exit locations 

10. Assembly ratings including: 

11. Short-circuit rating. 

12. Voltage 

13. Continuous current 
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14. Major component ratings including: 

15. Voltage 

16. Continuous current 

17. Interrupting ratings 

18. Cable terminal sizes 

19. Product data sheets 

B. Where applicable, the following additional information shall be submitted to the Engineer: 

1. Busway connection 

2. Connection details between close-coupled assemblies 

3. Composite floor plan of close-coupled assemblies 

1.4 SUBMITTALS – FOR CONSTRUCTION 

A. The following information shall be submitted for record purposes: 

1. Final as-built drawings and information for items listed in Paragraph 1.04 and shall 

incorporate all changes made during the manufacturing process. 

2. Wiring diagrams 

3. Certified production test reports 

4. Installation information 

5. Seismic certification and equipment anchorage details as specified. 

1.5 QUALIFICATIONS 

A. The manufacturer of the assembly shall be the manufacturer of the major components 

within the assembly. 

B. For the equipment specified herein, the manufacturer shall be ISO 9001 or 9002 certified. 

C. The manufacturer of this equipment shall have produced similar electrical equipment for a 

minimum period of five (5) years. When requested by the Engineer, an acceptable list of 

installations with similar equipment shall be provided demonstrating compliance with this 

requirement. 

D. Provide Seismic tested equipment as follows: 

1. The equipment and major components shall be suitable for and certified by actual 

seismic testing to meet all applicable seismic requirements of the latest 

International Building Code (IBC). 
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2. The Project Structural Engineer will provide site specific ground motion criteria 

for use by the manufacturer to establish SDS values required. 

3. The IP rating of the equipment shall be 1.5. 

4. The Structural Engineer for the Site will evaluate the SDS values published on the 

Manufacturer’s website to ascertain that they are "equal to" or "greater than" those 

required for the Project Site. 

5. The following minimum mounting and installation guidelines shall be met, unless 

specifically modified by the above referenced standards. 

6. The Contractor shall provide equipment anchorage details, coordinated with the 

equipment mounting provision, prepared, and stamped by a licensed civil engineer 

in the state. Mounting recommendations shall be provided by the manufacturer 

based upon the above criteria to verify the seismic design of the equipment. 

7. The equipment manufacturer shall certify that the equipment can withstand, that 

is, function following the seismic event, including both vertical and lateral required 

response spectra as specified in above codes. 

8. The equipment manufacturer shall document the requirements necessary for 

proper seismic mounting of the equipment. Seismic qualification shall be 

considered achieved when the capability of the equipment, meets or exceeds the 

specified response spectra. 

a. The manufacturer shall maintain a minimum of twelve (12) domestic, 

regional, switchboard manufacturing plants within the United States of 

America to provide parts and service. These facilities shall have the ability 

to replace and/or modify equipment as deemed necessary. A list of these 

plants, phone numbers and contacts shall be provided at the request of the 

owner. 

1.6 REGULATORY REQUIREMENTS 

A. The low-voltage switchboard shall be UL labeled. 

1.7 DELIVERY, STORAGE AND HANDLING 

A. Equipment shall be handled and stored in accordance with manufacturer’s instructions. 

One (1) copy of these instructions shall be included with the equipment at time of shipment. 

1.8 OPERATION AND MAINTENANCE MANUALS 

A. Equipment operation and maintenance manuals shall be provided with each assembly 

shipped and shall include instruction leaflets, instruction bulletins and renewal parts lists 

where applicable, for the complete assembly and each major component. 
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1.9 PRODUCTS 

1.10 MANUFACTURERS 

A. Eaton 

B. The listing of specific manufacturers above does not imply acceptance of their products 

that do not meet the specified ratings, features and functions. Manufacturers listed above 

are not relieved from meeting these specifications in their entirety. Products in compliance 

with the specification and manufactured by others not named will be considered only if 

pre-approved by the Engineer ten (10) days prior to bid date. 

1.11 RATINGS 

A. The assembly shall be rated to withstand mechanical forces exerted during short-circuit 

conditions when connected directly to a power source having available fault current as 

shown on the drawings. Main Switchboard Section shall be fully rated for 65,000amperes 

symmetrical at rated voltage. Sub-panels shall be fully rated to meet requirements shown 

on drawings. Copies of series combinations shall be submitted with approval drawings. 

These series combinations are required to be tested by UL and values predicted by the use 

of let-through curves are not acceptable. 

B. Voltage rating to be as indicated on the drawings. 

1.12 CONSTRUCTION 

A. Switchboard shall consist of the required number of vertical sections bolted together to 

form a rigid assembly. The sides and rear shall be covered with removable bolt-on covers. 

All edges of front covers or hinged front panels shall be formed. Provide adequate 

ventilation within the enclosure.  

B. All sections of the switchboard shall be rear aligned with depth as shown on the drawings. 

All protective devices shall be group mounted. Devices shall be front removable and load 

connections front accessible enabling switchboard to be mounted against a wall. 

C. The assembly shall be provided with adequate lifting means. 

D. The switchboard shall be equal to Eaton type Pow-R-Line C utilizing the components 

herein specified and as shown on the drawings. 

E. The switchboard shall be suitable for use as service entrance equipment and be labeled in 

accordance with UL requirements. 

 

1.13 BUS 

A. All bus bars shall be silver-plated copper. Main horizontal bus bars, if applicable, shall be 

mounted with all three phases arranged in the same vertical plane. Bus sizing shall be based 

on NEMA standard temperature rise criteria of 65 degrees C over a 40 degrees C ambient 

(outside the enclosure). 
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B. Provide a full capacity neutral bus where a neutral bus is indicated on the drawings. 

C. A copper ground bus (minimum 1/4 x 2 inch) shall be furnished firmly secured to each 

vertical section structure and shall extend the entire length of the switchboard. 

D. All hardware used on conductors shall be high-tensile strength and zinc-plated. All bus 

joints shall be provided with conical spring-type washers. 

1.14 WIRING/TERMINATIONS 

A. Small wiring, necessary fuse blocks and terminal blocks within the switchboard shall be 

furnished as required. Control components mounted within the assembly, such as fuse 

blocks, relays, pushbuttons, switches, etc., shall be suitably marked for identification 

corresponding to appropriate designations on manufacturer’s wiring diagrams. 

B. Mechanical-type terminals shall be provided for all line and load terminations suitable for 

copper or aluminum cable rated for 75 degrees C of the size as indicated on the drawings. 

C. Lugs shall be provided in the incoming line section for connection of the main grounding 

conductor. Additional lugs for connection of other grounding conductors shall be provided 

as indicated on the drawings. 

D. All control wire shall be type SIS, bundled and secured with nylon ties. Insulated locking 

spade terminals shall be provided for all control connections, except where saddle type 

terminals are provided integral to a device. All current transformer secondary leads shall 

first be connected to conveniently accessible short-circuit terminal blocks before 

connecting to any other device. All groups of control wires leaving the switchboard shall 

be provided with terminal blocks with suitable numbering strips. Provide wire markers at 

each end of all control wiring. 

E. Where there is a main switchboard section in the lineup, the switchboard manufacturer 

shall wire from the associated feeder breaker to the respective panelboard, dry type 

distribution transformer, automatic transfer switch, UPS, etc… as noted on drawings. 

Feeders shall be copper, and conductor sized as noted on the drawings. This wiring shall 

be installed in the factory and shall not be installed in the field. All factory installed power 

wiring shall be provided with phase color tape as follows: 

1. 480/277-Volt WYE Systems 

a. Phase-A = Brown 

b. Phase-B = Orange 

c. Phase-C = Yellow 

d. Neutral = Gray 

2. 208/120-Volt WYE Systems  

a. Phase-A = Black 
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b. Phase-B = Red 

c. Phase-C = Blue 

d. Neutral = White 

1.15 MAIN SWITCHBOARD SECTION 

A. Main protective devices 

B. Trip units – Main and Tie devices 

C. Feeder protective devices 

D. Trip units – Feeder devices 

E. Accessories 

1. Provide shunt trips, bell alarms and auxiliary switches as shown on the contract 

drawings. 

1.16 METERING 

A. Where indicated on the drawings, provide a separate metering compartment with front 

hinged door, and include the following: 

B. Current transformers for meter. Current transformers shall be wired to shorting-type 

terminal blocks. 

C. Metering shall meet the requirements of EUSERC No. 322. 

1.17 ENCLOSURES 

A. NEMA 3R Enclosure 

1.18 NAMEPLATES 

A. Engraved nameplates, mounted on the face of the assembly, shall be furnished for all main 

and feeder circuits as indicated on the drawings. Nameplates shall be laminated plastic, 

black characters on white background. Characters shall be 3/16-inch high, minimum. 

Nameplates shall give item designation and circuit number as well as frame ampere size 

and appropriate trip rating. Furnish master nameplate giving switchboard designation, 

voltage ampere rating, short-circuit rating, manufacturer’s name, general order number, 

and item number. 

1.19 FINISH 

A. All exterior and interior steel surfaces of the switchboard shall be properly cleaned and 

provided with a rust-inhibiting phosphatized coating. Color and finish of the switchboard 

shall be ANSI 61 light gray. 
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1.20 SURGE PROTECTIVE DEVICES 

A. Provide surge protective devices as specified in Section 16671A. 

PART 2 - - EXECUTION 

2.1 FACTORY TESTING 

A. The following standard factory tests shall be performed on the equipment provided under 

this section. All tests shall be in accordance with the latest version of ANSI and NEMA 

standards. 

1. The switchboard shall be completely assembled, wired, adjusted, and tested at the 

factory. After assembly, the complete switchboard will be tested for operation 

under simulated service conditions to assure the accuracy of the wiring and the 

functioning of all equipment. The main circuits shall be given a dielectric test of 

2200 volts for one (1) minute between live parts and ground, and between opposite 

polarities. The wiring and control circuits shall be given a dielectric test of 1500 

volts for one (1) minute between live parts and ground. 

B. The manufacturer shall provide three (3) certified copies of factory test reports. 

2.2 MANUFACTURER’S CERTIFICATION 

A. A certified test report of all standard production tests shall be available to the Engineer 

upon request. 

2.3 INSTALLATION 

A. The Contractors shall install all equipment per the manufacturer’s instructions, contract 

drawings and National Electrical Code. 

B. The assembly shall be provided with adequate lifting means and shall be capable of being 

moved into installation position and bolted directly to the floor without the use of floor sills 

provided the floor is level to 1/8 inch per 3-foot distance in any direction. All necessary 

hardware to secure the assembly in place shall be provided by the Contractor. 

2.4 FIELD ADJUSTMENTS 

1. The Contractor shall perform field adjustments of the protective devices as 

required to place the equipment in final operating condition. The settings shall be 

in accordance with the approved short-circuit study, protective device evaluation 

study and protective device coordination study. 

2. Necessary field settings of devices and adjustments and minor modifications to 

equipment to accomplish conformance with an approved short circuit and 

protective device coordination study shall be carried out by the Contractor at no 

additional cost to the owner. 

END OF SECTION 26 24 13.21 
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SECTION 26 27 13.11 - MICROPROCESSOR-BASED METERING EQUIPMENT 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This section includes power monitoring equipment 

1.3 SUBMITTALS 

A. Furnish in accordance with Section 01 33 00 – Submittal Procedures.  

PART 2 -  PRODUCTS 

2.1 MANUFACTURERS 

A. Eaton products. 

1. Products in compliance with the specification and manufactured by others not 

named will be considered only if pre-approved by the Engineer ten (10) days prior 

to bid date. 

2.2 THE MICROPROCESSOR-BASED METERING EQUIPMENT. 

A. The Power Xpert Meter 3000 series:  

1. Where indicated on the drawings, provide a microprocessor-based line of 
multifunction, power and energy meters, designated (MM3000) device equal 
to Eaton type PXM3000 series. The meter device shall be UL listed. All meters 
shall have the following ratings, features, and functions, unless a specific meter 
type is designated. 

B. Metering  

1. Meter shall be designed for multifunction electrical measurement on 3 phase 
power systems. The meter shall support 3-element wye, 2 element delta and 
single-phase systems. 
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2. The meter shall be user programmable for voltage range to any PT ratio.  

3. Meter shall be programmable for current to any CT ratio. The use of DIP switches 

for selecting fixed ratios shall not be acceptable 

4. The meter shall have an accuracy of +/- 0.2% or better for volts and amps, and 

0.2% for power and energy functions. The meter shall meet the accuracy 

requirements of IEC62053-22 (class 0.2S) and ANSI C 12.20 (Class 0.2). 

5. The meter shall sample the current and voltage inputs at 512 samples per cycle for 

high accuracy metering. 

6. The MM3000 series shall provide the following features: 

a. Calculation of harmonic magnitudes for each phase voltage and current 

through the 63rd harmonic. 

b. Minimum and maximum values and the date/time of occurrence for the 

following parameters: 

1) Voltage L-L and L-N 

2) Current per phase 

3) Apparent power factor 

4) Real, reactive, and apparent total power 

5) %THD voltage L-N 

6) %THD current per phase 

7) Frequency 

8) Voltage and Current unbalance factors 
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7. Type MM3000 meters shall provide the following measurements with a 100ms 

update rate: 

a. Volts (phase to phase and phase to neutral; per phase and average) 

b. Amps (per phase, neutral, and average) 

c. KW (per phase, and total) 

d. KVAR (per phase and total) 

e. KVA (per phase and total) 

f. PF (apparent power factor) 

g. Frequency 

8. Type MM3000 meters shall provide the following measurements with a 10 second 

update rate: 

a. kWh (forward, reverse, total, net) 

b. kVARh, (forward, reverse, total, net) 

c. kVAh (total) 

d. kWh per phase (forward, reverse) 

e. kVARh per phase (forward, reverse) 

f. kVAh per phase (total) 

g. % THD (Total Harmonic Distortion) monitoring to the 63rd harmonic 

order for currents and L-N voltage in 4 wire wye and L-L voltage in 3 Wire 

delta 
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9. The MM3000 shall include the last 5-minute interval MIN, MAX, and AVERAGE 

readings for 56 parameters in MODBUS TCP and in BACNET. 

10. The MM3000 shall provide user configured fixed window or sliding window 

demand. 

11. Demand Readings shall be available for kW, kVAR and kVA. 

12. Type MM3000 shall support time of use metering. The meter shall support 4 

tariffs, 12 seasons and 14 schedules. 

13. The meter shall fit in both DIN 92mm and ANSI C39.1 round cut-out. 

14. The meter must display a % of Load indication on the front panel to provide an 

analog feel. The % load bar shall have not less than 10 segments. 

15. The meter shall be available in transducer only version, which shall not include a 

display. The transducer version shall mount directly to a DIN rail. 

C. Advanced Power Quality 

1. Type MM3000 WEB server shall support sag/swell voltage quality event logging 

including waveform capture and 1.5 Gigabytes for data logging, and waveform 

captures. 

2. Type MM3000 meters shall provide a simultaneous voltage and current waveform 

recording displayable in the Meter’s WEB server. The MM3000 shall record 

voltage and current waveform data at a sample rate of 128 samples per cycle 

including the ability to capture sags and swells. 

3. Waveform data shall be exportable from the WEB server. 

4. The MM3000 meter shall provide triggered 20 cycle recordings with 10 cycles of 

pre- and post-trigger recording capability. 

5. COMTRADE – Waveform file shall be available in industry standard 

COMTRADE format and shall be downloadable from SFTP directory on-board 

the meter. 
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6. The MM3000 meter shall support 3 user configurable data logs. Each data log can 

contain up to 117 parameters and can be configured from 1 minute to 1440 

minutes.  

D. Advanced WEB Server 

1. The MM3000 shall include the following WEB server features using only an 
internet browser and no separate software. The WEB server shall provide the 
user with remote WEB access to metered information including basic metering 
data, energy, harmonics, sequence components, max/min, alarm log, I/O 
status. Capabilities shall include: 

a. Full device configuration  

b. 20 cycle sag/swell waveform viewing including 10 cycles before and 10 

cycles after trigger point with click and drag zoom 

c. Manual triggering and viewing of steady state waveform  

d. Waveform viewing shall include 3 currents and 3 voltages simultaneously 

with the ability to select/de-select individual channels 

e. Graphical demand comparison between 2 different days, 2 different weeks 

or 2 different months for benchmarking of energy consumption 

f. Graphical trending of 44 metering parameters including click and drag 

zoom window capability 

g. Key parameter trends to include true 100ms min/max readings 

representing short term variations of data  

h. Overview page with statistical analysis of key parameters including mean 

value and +/- 3 sigma deviation 

i. Phasor diagram of current and voltage metered inputs to assist in 

validation and troubleshooting of meter wiring issues. 

j. TLS 1.2 encrypted WEB pages  
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k. Support for importing custom security certificates 

E. Ratings 

1. The meter shall accept a direct metering voltage input range of up to 400 Volts line 

to neutral, and a range of up to 690 Volts line to line. 

2. Meter shall accept standard 5A or 1A current transformer inputs. 

3. Current inputs shall support ring tongue type terminals 

4. Meter overrange shall support 2X primary rating 

5. Pickup current shall be 0.1% of nominal for 1A and 5A CT’s or 

6. Meter current input withstand shall be rated for 20A continuous. Fault current 

withstand shall be 100 Amps for 1 second. 

7. Power meter shall be able to be stored in (-40 to +85) degrees C. 

8. Operating temperature shall be (-25 to +70) degrees C. 

9. A NEMA 12 faceplate rating shall be available for the meter. 

10. Digital and relay outputs shall be isolated to 2500 Volts AC. 

11. Analog inputs and outputs shall be isolated to 500 Volts DC. 

12. The meter power supply shall be rated for operation from 100 to 300V AC and 100 

to 300V DC with a power supply burden of 10W.  

F. Triggers 

1. The meter shall provide on board meter alarms and control capability as follows: 
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2. Alarm limit ranges can be set for V, I, P, Q, S, PF, V_THD, and I_THD, unbalance 

factor, demand current, demand power, reverse phase sequence and input status. 

3. Up to 16 limit ranges can be set. 

4. Limit alarms can be programmed to operate relays. Relays can be set to either 

latched mode or pulse (momentary) mode.  

5. The meter shall support up to 8 “AND” logic relationships for alarming 

G. Communications 

1. The meter shall include a full function embedded WEB server capable of meter 
configuration without the use of separate software. 

2. The meter shall include independent communication protocol support for both 
serial and ethernet communications 

a. Serial communications 

1) Connection type: RS-485 

2) Protocols: Modbus RTU, DNP 3.0 

3) Baud rates shall be from 1200 to 115,200 baud 

b. Network communication 

1) Connection type: RJ-45 10/100 Base-T Ethernet network port 

2) Protocols: Ethernet TCP/IP, Modbus TCP, BACnet/IP, SMTP 

(email), HTTP, HTTPS, NTP, SFTP 

3) HTTP push connection to optional remote cloud software  

3. The meter’s real-time clock shall have the capability to synchronize with a 
network time server to maintain time accuracy. 
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4. Manual relay control shall be available using Modbus RTU command when 
used with optional relay card  

5. Ethernet IP address shall be configurable using the Meter’s front panel display 

 

H. Modular I/O 

1. The meter shall have I/O expandability through the addition of option modules 
on the back of the meter 

a. The Modules shall be capable of being installed in the field, without 

removing the meter from installation. The meter shall support up to 3 I/O 

option modules, with no more of 2 of the same type of module. 

b. The meter shall auto-detect the presence of any I/O option module. 

c. Inputs and Outputs shall support user definable names.  

d. The following 3 module types shall be supported.:  

1) Module type 1: 

a) Six digital inputs (DI) - Each DI can be used to detect 

remote signals or be used as an input pulse counter. When 

it is used to detect remote signals, it also can enable 

sequence of events (SOE), recording the event and time 

of the event. 

b) Two relay outputs (RO) - Can be used for remote control 

or alarm indication. Each of the ROs work in the same 

mode. In control mode, both latching and pulse output 

shall be supported. In alarm mode, latching output shall 

be supported.24 V isolated power supply - Used as an 

auxiliary power supply for digital inputs. 

2. Module type 2: 
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a. Four digital inputs (DI) - Each DI can be used to detect remote signals, or 

be used as an input pulse counter. When it is used to detect remote signals, 

it can also enable a sequence of events (SOE), recording the events and 

time of the events. 

b. Two analog outputs (AO) - Can output analog voltage or analog current. 

When it outputs analog voltage, the range of voltage is from 0 to 5 V or 

from 1 to 5 V. When it outputs analog current, the range of current is from 

0 to 20 mA or from 4 to 20 mA. 

c. Two digital outputs (DO) - Can be used in alarm mode or energy pulse 

output mode. Both of the DOs work in the same mode.  

3. Module Type 3: 

a. Four digital inputs (DI) - Each DI can be used to detect remote signals or 

be used as an input pulse counter. When a DI is used to detect remote 

signals, it can also enable a sequence of events (SOE), recording the events 

and time of the events. 

b. Two relay outputs (RO) - Can be used for remote control or alarm 

indication. Each o    THE MICROPROCESSOR-BASED METERING 
EQUIPMENT. 

PART 3 - EXECUTION 

3.1 WIRING 

A. Provide and install all wiring per manufacturer’s instructions. 

3.2 INSTALLATION 

A. General:  Install electrical cables, wires, and connectors in compliance with NEC. 

B. Install CTs compatible with unit and with adequate ratings for the system to be monitored.  

C. Tighten electrical connectors and terminals, including screws and bolts, in accordance with 

manufacturer's published torque tightening values. 

D. Mount level and square with adequate clearance for ease of access at normal standing 

height.  
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3.3 FIELD QUALITY CONTROL 

A. Prior to energizing, test wires and cables for electrical continuity and for short-circuits. 

B. Verify unit is functioning properly.  Replace any faulty or malfunctioning parts as needed 

and re-test. 

END OF SECTION 26 27 13.11 
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SECTION 26 29 00 - LOW VOLTAGE MOTOR CONTROL CENTERS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. The Contractor shall provide motor control centers (MCC’s), complete and operable, in 

accordance with the Contract Documents. The Contractor shall be responsible for 

providing MCC’s for all equipment relating to the contracted Scope of Supply.  

B. In the event that motors sized and provided by the equipment vendor are delivered to the 

site with larger horsepower than motors indicated on approved shop drawings, raceways, 

conductors, starters, overload elements, and branch circuit protectors shall be revised as 

necessary to control and protect the increased motor horsepower according to applicable 

Sections of Division 26.  This work shall be performed by the Contractor at no additional 

cost to Owner.  

1.2 RELATED SECTIONS 

A. Section 26 05 00 – Electrical, General 

B. Section 26 22 00 – Low Voltage Transformers 

C. Section 26 24 16 – Panelboards 

D. Section 26 27 13.11 – Microprocessor-Based Metering Equipment 

E. Section 26 28 00 – Overcurrent Protective Devices 

F. 26 29 13.13 – Across-the-Line Motor Controllers 

G. 26 29 13.16 – Reduced-Voltage Motor Controllers 

H. 26 29 23 – Variable-Frequency Motor Controllers 

I. 26 35 26 – Active Harmonic Filters 

J. 26 43 16.A – Surge Protective Devices (SPD) for Low-Voltage Electrical Power Circuits 

1.3 REFERENCES 

A. The Motor Control Centers and all components shall be designed, manufactured, and tested 

in accordance with the latest applicable standards of NEMA, ANSI and UL 485. 

1.4 SUBMITTALS – FOR REVIEW/APPROVAL 

A. Submittals shall be in accordance with Section 01 33 00 – Submittal Procedures and 

include the following: 

1. Mater drawing index 
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2. Front view elevation 

3. Floor plan 

4. Top View 

5. Unit wiring diagrams 

6. Nameplate schedule 

7. Starter and component schedule 

8. Conduit entry/exit locations  

9. Assembly ratings including: 

a. Short-circuit rating 

b. Voltage 

c. Continuous current 

10. Major component ratings including: 

a. Voltage 

b. Continuous current 

c. Interrupting ratings 

11. Cable terminal sizes 

12. Product data sheets 

B. Where applicable the following information shall be submitted to the engineer: 

1. Busway connections 

2. Connection details between close-coupled assemblies 

3. Key interlock scheme drawing and sequence of operations 

1.5 SUBMITTALS – FOR CONSTRUCTION 

A. The following shall be submitted for record purpose: 

1. Seismic design certification of the anchoring system in accordance with Section 

26 05 00 – Electric, General. 

2. Time-current curves for all protective devices 
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3. Final as-built drawings and information for items listed in paragraph 1.4, and shall 

incorporate all changes made during the manufacturing process. 

4. Unit wiring diagram 

5. Certified product test reports 

6. Installation information 

1.6 QUALIFICATINS 

A. The manufacturer of the assembly shall be the manufacturer of the major components 

within the assembly. 

B. For equipment specified herein, the manufacture shall be ISO 9001 or  9002 certified 

C. The manufacturer of this equipment shall have produced similar electrical equipment for a 

minimum period of five (5)  years. When requested  by the engineer, an acceptable list of 

installations with similar equipment shall be provided demonstrating compliance with this 

requirement. 

1.7 REGULATORY REQUIREMENTS 

A. Motor control centers shall bear a label from a certified testing agency. 

1.8 DELIVERY, STORAGE AND HANDLING 

A. Equipment shall be handled and stored in accordance with the manufacturer’s instructions. 

One (1) copy of these instructions shall be included with the equipment at time of shipment. 

1.9 OPERATION AND MAINTENANCE MANUALS 

A. For motor-control centers, all installed devices, and components to include in maintenance 

manuals specified in Section 26 05 00 – Electrical, General.  In addition to requirements 

specified elsewhere, include the following: 

1. Routine maintenance requirements for motor-control centers and all installed 

components. 

2. Manufacturer's written instructions for testing and adjusting overcurrent protective 

devices. 

1.10 COORDINATION 

A. Coordinate layout and installation of motor-control centers with other construction 

including conduit, piping, equipment, and adjacent surfaces.  Maintain required workspace 

clearances and required clearances for equipment access doors and panels. 

B. Coordinate features of motor-control centers, installed units, and accessory devices with 

pilot devices and control circuits to which they connect. 
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C. Coordinate features, accessories, and functions of each motor-control center, each 

controller, and each installed unit with ratings and characteristics of supply circuit, motor, 

required control sequence, and duty cycle of motor and load. 

 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Eaton 

B. Schnieder Electric 

C. ABB 

D. Allen-Bradley, Rockwell Automation 

E. Seimens 

2.2 RATINGS 

A. The Motor Control Center(s) shall be 600-volt class suitable for operation on a 3-phase, 60 

Hz system. The system operating voltage and number of wires shall be as indicated on the 

drawings. 

2.3 CONSTRUCTION  

A. Motor Control Center(s) shall be equal to Eaton F2100 design 

B. Structures shall be totally enclosed, dead-front, free-standing assemblies. They shall be 90 

inches high and 21 inches deep for front mounted units and 21 inches deep for back-to-

back mounted units. Structures shall contain a horizontal wireway at the top 9 inches tall, 

isolated from the horizontal bus via metal barrier and shall be readily accessible through a 

hinged cover. Structures shall also contain a horizontal wireway at the bottom 9 inches tall 

that is open to the full rear of the structure. Adequate space for conduit and wiring to enter 

the top or bottom shall be provided without structural interference. 

C. Compartments for mounting control units shall be incrementally arranged such that not 

more than twelve (12) size 1 or size 2 starters for front-mounted only can be mounted 

within each vertical structure. Guide rails shall be provided. 

D. A vertical wireway with minimum of 35 square inches of cross-sectional area shall be 

adjacent to each vertical unit and shall be covered by a hinged door. Wireways shall contain 

steel rod cable supports. 

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY 

WWTP UPGRADES 222194-002 

LOW VOLTAGE MOTOR CONTROL CENTERS  26 29 00 - 5 

E. All full voltage tarter units through NEMA size 5 and all feeder breakers through 400 amp 

shall be of the draw-out type. Draw-out provisions shall include a positive guide rail system 

and stab shrouds to absolutely ensure alignment of the stabs with the vertical bus. Draw-

out units shall have a tin-plated stab assembly for connection to the vertical bus. No wiring 

to these stabs shall extend outside of the draw-out unit. Interior of all units shall be painted 

white for increased visibility. Units shall be equipped with side-mounted, positive latch 

pull-apart type control terminal blocks rated 600 volts. Knockouts shall be provided for the 

addition of future terminal blocks. In addition, a master terminal block, when type C wiring 

is specified, shall be draw-out and shall be located in the top wireway, readily accessible 

through a hinged cover. All control wiring to be 14 gauge minimum. 

F. All draw-out units shall be secured by a spring-loaded, quarter turn, indicating type 

fastening device located at the top front of the unit. With the exception of the dual-mounted 

units, each unit  compartment shall be provided with an individual front door. 

G. An operating mechanism shall be mounted on the primary disconnect of each starter unit. 

It shall be mechanically interlocked with the unit door to prevent access, unless the 

disconnect is in the “OFF” position. A defeater shall be provided to bypass this interlock. 

With the door open, an interlock shall be provided to prevent inadvertent closing of the 

disconnect. A second interlock shall be provided to prevent removal or reinsertion of the 

unit while in the “ON” position. Padlocking facilities shall be provided to positively lock 

the disconnect in the “OFF” position with up to three (3) padlocks with the door open or 

closed. In addition, means shall be provided to padlock the unit in a partially withdrawn 

position with the stabs free of the vertical bus. 

 

2.4 BUS 

A. Each structure shall contain a main horizontal tin-plated copper bus, with minimum 

ampacity of 1200 amperes or as shown on the drawings.  The horizontal bus shall be rated 

at 50 degrees C temperature rise over a 40 degrees C ambient in compliance with UL 

standards. Vertical bus feeding unit compartments shall be tin-plated copper and shall be 

securely bolted to the horizontal main bus. All joints shall be front-accessible for ease of 

maintenance. The vertical bus shall have a minimum rating of 600 amperes or as shown on 

the drawings. Both vertical and horizontal bus shall be fully rated; but shall not be tapered. 

Tapering of vertical bus via a center feed is not acceptable. Both top and bottom of this 

type bus must be individually fully rated.  

B. Isolation of the vertical bus compartment from the unit compartment shall be by means of 

a full height insulating barrier. This barrier shall be a single sheet of glass-reinforced 

polyester with cutouts to allow the unit stabs to engage the vertical bus every 6 inches. 

Provide snap-in covers for all unused openings. 

C. Buses shall be braced for 65,000 amperes RMS symmetrical. 

D. A tin-plated copper ground bus shall be furnished firmly secured to each vertical section 

structure and shall extend the entire length of the motor control center. The ground bus 

shall be located in the bottom horizontal wireway. 
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E. Each structure shall contain tin-plated vertical ground bus rated 300 amperes. The vertical 

ground bus shall be directly connected to the horizontal ground bus via a tin-plated copper 

connector. Units shall connect to the vertical bus via a tin-plated copper stab.  

2.5 WIRING/TERMINATIONS 

A. Wiring shall be NEMA Class II, Type C. 

2.6 CABINET: 

A. Structural members shall be fabricated of not less than 12-gauge steel and side and top 

panels and doors shall be not less than 14 gauge steel. 

B. Spaces designated as “SPACE” or “BLANK” shall include blank hinged doors and vertical 

bus bars. 

C. Control units inside compartments shall be clearly identified with tags or stencil markings. 

D. Each control unit including spares, spaces and blanks, lights, and devices shall be identified 

by an engraved nameplate.  

E. Each motor control center shall be fitted with the manufacturer’s nameplate which shall 

include the NEMA Standard electric rating and other pertinent data, including 

manufacturer, sales order number, date of manufacturer, and place of manufacture. 

F. Where “l” or “U” shaped MCC layouts are indicated, corner compartments shall have 

similar current and short circuit ratings as functional compartments. 

G. Fans, heat exchangers, transformers, capacitors, junction boxes, or other devices may not 

be mounted on the outside of the motor control center enclosure. 

H. Finish for motor control center shall be the manufacturers standard color.  The panels shall 

be given two coats of primer inside and out and two coats of enamel finish. 

2.7 MOTOR CONTROLLERS 

A. Combination starter units shall be full-voltage non-reversing, unless otherwise shown, and 

shall utilize Eaton type HMCP Motor Circuit Protectors. 

1. Each combination unit shall be rated 65,000 AIC symmetrical at 480 Volt. The 

HMCP shall provide adjustable magnetic protection and be adjustable to 1700% 

motor nameplate full load current to comply with NEC requirements. All HMCP 

combination starter units shall have a “tripped” position on the unit disconnect and 

a push-to-test button on the HMCP. Type HMCP motor circuit protectors through 

size 4 shall include transient override feature for motor inrush current.  

 

B. Motor Starters 
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1. Magnetic starters through NEMA Size 9 shall be equipped with double-break 

silver alloy contacts. The starter must have straight-through wiring. Each starter 

shall have a minimum of one (1) normally open auxiliary contact 

2. Coils shall be of molded construction through NEMA Size 9. All coils to be color-

coded through size 5 and permanently marked with voltage, frequency and part 

number 

3. Overload relays shall be an ambient compensated bimetallic-type with 

interchangeable heaters, calibrated for 1.0 and 1.15 service factor motors. 

Electrically isolated normally open and normally closed contacts shall be provided 

on the relay. Visual trip indication shall be standard. A test trip feature shall be 

provided for ease of troubleshooting and shall be conveniently operable without 

removing components or the motor starter. Overload to have (+/-) 24% 

adjustability, single-phase sensitivity, isolated alarm contact, and manual or 

automatic reset 

 

4. Solid-State Overload Relay 

a. Provide a solid-state overload relay for protection of the motors. The relay 

shall be Eaton C440 or approved equal. 

b. The overload relay shall provide high accuracy through the use of state-

of-the-art microelectronic packaging technology. The relay shall be 

suitable for application with NEMA Size 1 through Size 7 motor starters. 

c. The overload relay shall be modular in design, be an integral part of a 

family of relays to provide a choice of levels of protection, be designed to 

directly replace existing electromechanical overload relays, and be listed 

under UL Standard 508. 

d. The overload relay shall have the following features: 

1) Self-powered  

2) Class 10A, 10, 20, or 30 selectable tripping characteristics 

3) Manual or automatic reset 

4) Supply with 24 VDC Electronic reset 

5) Reset capabilities through onboard fieldbus 

6) Selectable (On/Off) Phase loss protection. The relay shall trip in 

10 seconds or less under phase loss condition  

7) Selectable (On/Off) Phase Imbalance protection.  The relay shall 

trip in 10 seconds or less under phase imbalance condition. 

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY 

WWTP UPGRADES 222194-002 

LOW VOLTAGE MOTOR CONTROL CENTERS  26 29 00 - 8 

8) Visible trip indication 

9) One normally open and one normally closed isolated auxiliary 

contact 

10) Test button that operates the normally closed contact 

11) Test trip function that trips both the normally and normally closed 

contacts 

12) A current adjustment range of 5:1 or greater 

13) Embedded, selectable (On/Off)Ground fault protection shall be 

supplied. Relay shall trip when ground fault is detected at 50% of 

full load ampere setting  

14) An LED that provides self-diagnostic information 

15) An LED that aids in commissioning by indicating running current 

is too high compared to the FLA dial 

16) EtherNet/IP with I/O with webserver Communication shall be 

provided. 

17) Additional digital Inputs and Outputs (4 in and 2 out additional) 

shall be an available option.  Inputs shall be 120 Vac, or 24 VDC, 

and outputs shall be discrete relay outputs 

18) Diagnostic Trip Information indicating a specific trip on either 

ground fault, phase loss, phase imbalance, or thermal 

19) When using any of the available fieldbus the relay shall be capable 

of providing the following data monitoring: 

a) Individual Phase Currents 

b) Average RMS Current 

c) Thermal Capacity 

d) % Phase unbalance 

e) GF Current 

f) Line Frequency 

g) Relay settings 

h) Contactor Status 
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C. Solid-state reduced-voltage starters, Eaton type S811 shall be provided where shown on 

the contract drawings. The solid-state reduced-voltage starter shall be UL and CSA listed 

in the motor control center, and consist of an SCR-based power section, logic board and 

paralleling bypass contactor. The paralleling bypass contactor shall be energized when the 

motor reaches full speed. Each solid-state reduced voltage starter shall have an addressable 

communication card capable of transmitting control and diagnostic data over an open 

network to either a personal computer or Logic Controller via network translator to 

DeviceNet with I/O, Modbus 485, Modbus 485 with I/O, Modbus TCP with I/O or Ethernet 

IP with I/O.  

 

D. Adjustable frequency drives shall be provided in MCC(s) and meet the requirements of 

specification 26 29 23 “ Variable-Frequency Motor Controllers.” 

 

2.8 OVERCURRENT DEVICES 

A. Circuit breakers  

1. Individual feeder breakers shall have a minimum interrupting capacity of 65 kAIC 

at rated voltage or as scheduled on the drawings 

2. Circuit breakers with a frame size of 225 amperes to 1,200 amperes shall be 

molded case with interchangeable thermal, and adjustable magnetic trip elements. 

3. Circuit breaker disconnect operators shall be capable of accommodating three 

padlocks for locking in the “open” position. 

B. Fusible Switches 

1. Individual feeder switches shall be quick-make, quick-break gang-operated type, 

utilizing Class R fuse clips. The fused switch shall be rated 100 kAIC at rated 

voltage 

2.9 VOLTAGE PRESENCE INDICATOR 

A. Voltage Presence Indicators shall be provided on the unit door of MCC starter and feeder 

units as per contract documents. The voltage presence indicator shall be a hardwired 

voltmeter or voltage detector connected to the load side of the main incoming disconnect, 

and shall provide a “through-door” visual indication at the MCC unit door of any voltage 

presence in any individual phase to enable operators to “pre-verify” voltage presence while 

the MCC unit door is safely closed.  The voltage presence indicator shall be equipped with 

an adapter to enable installation in a 30mm device-panel on the MCC unit or any other 

standard 30mm pilot device knockout. The voltage presence indicator shall be of potted 

construction with 6-foot leads and equipped with dual redundant circuitry to ensure 

reliability. The voltage presence indicator shall also be phase insensitive, UL type 4X listed 

and have immunity to high surges. The voltage presence indicator shall be Eaton 

“VoltageVisionTM” Catalog No. R-3W. 
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2.10 FIELDBUS COMMUNICATIONS 

A. ETHERNET/IP DEVICES 

1. Motor Control Center assemblies shall be provided with a factory assembled 

EtherNet/IP field bus communications network providing direct connectivity 

between MCC devices and the system controller and/or HMI. 

2. Ethernet 10/100 auto negotiate layer 2 managed industrial switches shall be 

provided   as required in the MCC lineup.  The Ethernet switch shall have sufficient 

ports available to connect to each EtherNet/IP device and have at least 2 open ports 

for a customer connection and a PC connection for maintenance.  The Ethernet 

switch shall be mounted in the top removable unit of each vertical section or 

shipping split and not in the vertical wireway.  If required by the application, the 

switch shall be capable of connecting to multiple sections. 

3. The EtherNet/IP system installed in the MCC shall include a complete and tested 

cabling system.  The cabling system shall be 600V Cat 5 and consist of home run 

connections from the device to a switch located in the MCC and in accordance 

with the ODVA specification.  Non-standard, non-shielded cable will not be 

accepted.  

4. It shall be permissible to daisy chain Ethernet/IP devices using a 2-port switch 

configuration in each device unit or bucket and not use the home run topology. 

5.  All cabling shall be securely supported and attached to the MCC structure in 

accordance with the contract drawings and the manufacturer’s recommendations. 

6. EtherNet/IP communications modules shall be provided at each device interfacing 

to the EtherNet/IP field bus. The communications modules shall be installed in the 

unit device compartment or bucket, and shall be direct-connected to the 

EtherNet/IP Ethernet cable. Each device shall be provided with the appropriate 

factory fabricated cable for interfacing the communications module with the 

associated EtherNet/IP device. 

7. Operator interface unit(s) shall be an Eaton XP Series or approved equal. 

PanelMate Power Series. Operator interface units shall be able to display the 

following: starter status, three-phase current, control voltage, overload condition 

(alarm), cause of device trip, operations count, run time, set points, starter 

description and identification, and system process graphics screens. Operator 

interface shall have the capability of communicating on the EtherNet/IP network. 

2.11 INCOMING FEEDER TERMINATIONS AND DEVICE 

A. Incoming cable shall terminate within the control center on a main breaker termination 

point. Main lug terminations shall have adequate dedicated space for the type and size of 

cable used and the lugs shall be standard mechanical screw with anti-turn feature. Main 

breakers shall be provided as indicated on the drawings and shall be molded case. 
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2.12 OWNER METERING 

A. Where indicated on the drawings, provide a separate, owner metering compartment with 

front hinged door. 

B. Provide as a minimum of three (3) current transformers for each meter. Current 

transformers shall be wired to shorting-type terminal blocks. 

C. Provide fused potential taps as the potential source for metering as shown on the drawings. 

D. Microprocessor-Based Metering System. 

E. Web-Enabled Communications 

1. Where indicated on the drawings, provide a separate compartment with a front 

facing hinged door as a central point of connection for all internally located 

communicating devices to an external Ethernet network and allow close 

monitoring of the power infrastructure with real-time, web-enabled data. 

2. The compartment shall have a lockable, hinged door with a functional through-

the-door RJ45 network access port.  Power for the components in the compartment 

shall be supplied by a pre-wired, bus-connected control transformer in the 

compartment that is fused and has a disconnecting means.  

3. The included communications components shall be a Power Xpert Ethernet 

Switch(es), which is specified in Section 26 27 13.11 (should specify paragraphs 

in the section). 

2.13 ENCLOSURES 

A. The type of enclosure shall be in accordance with NEMA standards for type 12 dust-tight 

and drip-proof. All enclosing sheet steel, wireways and unit doors shall be gasketed. 

2.14 NAMEPLATES 

A. Each unit will have a 1.0 x 2.5-inch engraved nameplate. The lettering shall be 3/16-inch 

high, black on a white background. 

2.15 FINISH 

A. The control center shall be given a phosphatizing pretreatment. The paint coating shall be 

a polyester urethane, thermosetting powder paint. Manufacturer’s standard color shall be 

used. All structural steel and panels will be painted. 

B. The control center finish shall pass 600 hours of corrosion-resistance testing per ASTM B 

117. 
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2.16 CLEAN MOTOR CONTROL CENTER 

A. The Clean Motor Control Center shall consist of an Eaton F2100 design Motor Control 

Center and integral harmonic correction unit for the attenuation of harmonics induced by 

nonlinear loads such as ac Adjustable Frequency Drives. 

B. The harmonic correction unit for the Clean Motor Control Center shall be in a totally 

enclosed dead-front and incorporated into the MCC assembly complete with pass- through 

bus allowing for future expansion of the MCC. Structures shall be 90 inches high and 21 

inches deep for front-mounted units. Structures shall contain a horizontal wireway at the 

top, isolated from the horizontal bus by metal barriers and shall be readily accessible 

through a hinged cover.  Adequate space for conduit and wiring to enter the top or bottom 

shall be provided without structural interference. 

C. An operating mechanism shall be mounted on the primary of each harmonic correction 

unit.  It shall be mechanically interlocked with the door to prevent access unless the 

disconnect is in the “OFF” position. A defeater shall be provided to bypass this interlock. 

With the door open, an interlock shall be provided to prevent inadvertent closing of the 

disconnect. Padlocking facilities shall be provided to positively lock the disconnect in the 

“OFF” position with from one (1) to three (3) padlocks with the door open or closed. 

D. Harmonic Correction Units shall be disconnected from the power source by a molded case 

switch. All units shall include 200,000 AIC rated fuses with Class T actuation. All units 

shall be provided with a grounding lug. Grounding by the contractor shall be performed 

according to local and national standards. 

E. The harmonic correction units shall be sized to meet 5% total harmonic current distortion 

{THD (I)}, 5% total demand distortion (TDD), and <5% total harmonic voltage distortion 

{THD (V)} levels as defined by IEEE 519-1992 at system Point of Common Coupling as 

defined in IEEE 519. The harmonic correction unit shall be integral to Eaton F2100 Motor 

Control Centers. 

F. The harmonic correction unit shall be designed in accordance with the applicable sections 

of the following standards. Where a conflict arises between these standards and this 

specification, this specification shall govern. 

1. ANSI IEEE standard C62.41-1991 [Surge Withstand Capacity] 

2. CSA 22.2, No. 14 & 66 [CSA requirements for power electronics] 

3. FCC Part 15, Sub Part J, Class A [RFI/EMI emission standards] 

4. ANSI IEEE standard 519-1992 [Harmonic limits] 

5. UL 508C [UL requirements for power conversion equipment] 

G. The motor control center manufacturer shall install the harmonic correction unit in the 

motor control center. The harmonic correction unit shall be approved by UL or CSA for 

installation in the motor control center. 

H. Modes of Operation 
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1. The harmonic correction unit shall be designed to electronically inject harmonic 

current to cancel load produced harmonic current such that the upstream power 

harmonic current and voltage are reduced to below 5% TDD and 5% THD (V) as 

defined by ANSI IEEE standard 519-1992 for load demand and voltage distortion 

limits. TDD as used herein refers to the total load demand of the applied circuit. 

The applied circuit may be a single nonlinear load, an entire distribution bus load, 

or the facility load at the Point-of-Common Coupling (PCC) 

2. Reactive current compensation (displacement power factor correction) shall be 

activated via a digital keypad/display mounted on the door of the enclosure.  When 

reactive current compensation is activated, the harmonic correction unit shall first 

perform harmonic current correction and then use the remaining capacity to inject 

reactive current compensation to the specified level herein defined 

I. Design 

1. Each unit of the harmonic correction units shall meet FCC Part 15, Sub Part J, 

Class A requirements for both radiated and conducted EMI 

2. All harmonic correction units shall be defined as a power electronic device 

consisting of power semiconductors that switch into the AC lines to modulate its 

output to cancel detrimental harmonic and/or reactive currents. A DC bus shall 

store power for power semiconductor switching. A microprocessor shall control 

the operation of the power converter 

3. Each unit shall be designed with a current limiting function to protect the 

semiconductors. When this level is attained, a message shall be displayed 

indicating the output capacity is at-maximum capacity and actuate the at-maximum 

capacity relay.  Operation shall continue indefinitely at this level without trip off 

or destruction of the power correction unit 

4. Two distinct levels of faults shall be employed. Non-critical level faults will 

provide automatic restart and a return to normal operation upon automatic fault 

clearance.  Critical level faults stop the function of the unit and await operator 

action 

a. Faults such as ac line over-voltage, AC line under-voltage, AC line power 

loss, and AC line phase imbalance shall be automatically restarted. Upon 

removal of these fault conditions, the power correction system shall restart 

without user action. Automatic restart will not occur if 5 faults have 

occurred in less than 5 minutes. During the fault condition, except line 

loss, the display shall state the type of fault and indicate that automatic 

restart will occur. The run relay and run LED shall be disabled. The fault 

relay shall not be enabled unless time out occurs. Upon AC line loss, the 

power-on relay shall be disabled and no display shall be provided. 

b. All other types of faults shall be considered critical and stop the power 

correction system. The display shall indicate the fault condition and 

“STOP.” The run LED and relay shall be disabled and the fault relay 

enabled. User shall be required to initiate a power reset (turn power OFF 

and ON) to restart the power correction system. 
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5. The logic of the harmonic correction unit shall monitor the load current by utilizing 

two (2) current transformers (CT’s) mounted on phases A and B to direct the 

function of the power electronic converter. A third current transformer is required 

if single-phase or three-phase line-to-neutral connected loads are present 

downstream from the location of the CT’s. The ratio of the CT’s must be entered 

into the logic via the digital keypad/display to calibrate the operation of the power 

correction system. The output of the current transformers shall be 5 amperes 

6. Up to three (3) harmonic correction units may be installed in parallel to inject 

current according to the information received from one set of CT’s. The units will 

function independently. If one unit is stopped or faulted, the remaining units will 

adjust accordingly to maintain optimum harmonic cancellation levels up to the 

capacity of the remaining units 

J. Performance Requirements 

1.  Input Power: 

a. Voltage: 480 Volt, 3-phase, 3-wire, plus ground 

b. Voltage Tolerance:  +/- 10% of nominal 

c. Frequency: 60 Hz, +/- 5% 

d. Current Limit: 100% of rating 

e. Surge Withstand Capability: ANSI/IEEE std. C62.41-1991 without 

damage 

f. Input Fuses: Rated at 200 kAIC, Class J. 

K. Output Performance 

1. Performance of the harmonic correction unit shall be independent of the impedance 

of the power source. All performance levels shall be attained whether on the ac 

lines or backup generator or output of the uninterruptible power supply (UPS) 

2. Harmonic Correction: 

a. Limit 2nd through 50th order harmonic current to <5% TDD as defined in 

ANSI/IEEE STD 519-1992 at each installed location. Harmonic levels for 

individual harmonic orders shall comply with respective levels established 

in ANSI/IEEE STD 519-1992. 

b. Limit the THD (V) added to the electrical system immediately upstream 

of the power correction system location(s) to less than or equal to 5% as 

defined in ANSI/IEEE STD 519-1992. The power correction system shall 

not correct for utility supplied voltage distortion levels. 

3. Reactive Current Compensation: to .90 lagging displacement power factor. 

Leading power factor is not permitted 
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L. Environmental Conditions 

1. The harmonic correction unit shall be able to withstand the following 

environmental conditions without damage or degradation of operating 

characteristics or life 

a. Operating Ambient Temperature: 0 degrees C (32 degrees F) to 40 degrees 

C (104 degrees F). 

b. Storage Temperature: -40 degrees C (-40 degrees F) to 65 degrees C (149 

degrees F). 

c. Relative Humidity: 0 to 95%, non-condensing. 

d. Altitude: Operating to 2000 meters (6500 ft). Derated for higher 

elevations. 

e. Audible Noise: Generated by power correction system not to exceed 65 

dbA measured 1 meter from surface of unit. 

f. Vibration: Seismic Zone 4. 

M. Current Transformers 

1. Split core type current transformers shall be installed as defined herein and shown 

in the electrical drawings. Current transformers shall be rated for the total rated 

RMS current of the total load at each installed location 

2. Two current transformers per power correction system location shall be provided 

and shall be mounted on phases A and B. A third current transformer shall be 

provided if single or three-phase line-to-neutral connected loads are present 

downstream from the location of the CT’s 

3. Each current transformer shall have a current output of 5 amperes. Current capacity 

of each current transformer shall be 5000, 3000, 1000 or 500, as required for the 

electrical system where installed. No other ratings are acceptable 

4. Each current transformer shall be rated for 400 Hz 

N. Operator Controls and Interface 

1. All units shall include a digital interface model (DIM) that includes an 

alphanumeric display consisting of 2-lines with 20 characters per line. All 

information shall be in English. Operators include run, stop, setup, enter, and 

up/down scroll 

2. The display shall provide operating data while functioning. Standard operating 

parameters available for display are ac line voltage, total RMS load current, 

harmonic current of load, reactive current of load, output harmonic and reactive 

current of power correction system 
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3. When the output of the power correction unit is at full rated capacity, the display 

shall indicate at-maximum capacity and actuate an at-maximum capacity relay 

4. All fault conditions shall be displayed as they occur. Diagnostic information shall 

be provided in English and clearly indicate the nature of the fault 

5. The run pushbutton shall include a green LED. LED shall be lighted when unit is 

running 

6. Contacts shall be provided for operator information for power-on, run, fault and 

at-maximum capacity. Each contact shall be rated for 1 ampere at 120/240 volts. 

One Form C contact shall be provided for each relay 

7. An RS-485 serial communication port shall be provided for remote control and 

diagnostic information. 

 

2.17 SPARE PARTS 

A. The Contractor shall furnish the following for each MCC: 

1. One unit control transformer of each size furnished in magnetic starters installed 

2. Three bezels of each color installed for pilot indicators 

3. One dozen panel lamps 

4. One dozen control fuses of each size installed. 

PART 3 - EXECUTION 

3.1 FACTORY TESTING 

A. Representative motor control centers shall have been tested in a high-power laboratory to 

prove adequate mechanical and electrical capabilities. 

B. All factory tests required by the latest ANSI, NEMA and UL standards shall be performed. 

C. A certified test report of all standard production tests shall be available to the Engineer 

upon request. 

3.2 FIELD QUALITY CONTROL 

A. Provide the services of a qualified factory-trained manufacturer’s representative to perform 

startup of the equipment specified under this section for a period of five (5)  working days.  

B. The following minimum work shall be performed by the Contractor under the technical 

direction of the manufacturer’s service representative: 

1. Rig the MCC assembly into final location and install on level surface 
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2. Check all removable cells and starter units for easy removal and insertion 

3. Perform insulation tests on each phase and verify low-resistance ground 

connection on ground bus 

4. The Contractor shall provide three (3) copies of the manufacturer’s field startup 

report. 

3.3 TRAINING 

A. The Contractor shall provide a training session for up to five (5) owner’s representatives 

for one(1) normal workdays at the job site or other office location chosen by the owner. 

B. A manufacturer’s qualified representative shall conduct the training session. 

C. The training program shall consist of the following: 

1. Review of the MCC one-line drawings and schedules 

2. Review of the factory record shop drawings and placement of the various cells 

3. Review of each type of starter cell, components within, control, and power wiring 

4. Review contactor coil replacement and contact replacement procedures 

5. Discuss the maintenance timetable and procedures to be followed in an ongoing 

maintenance program 

6. Provide three-ring binders to participants complete with copies of drawings and 

other course material covered 

3.4 EXAMINATION 

A. Contractor shall fully inspect shipments for damage and report damage to manufacturer 

and file claim upon shipper, if necessary. 

B. Contractor shall supply overload relay heater ratings that are properly sized and 

coordinated for each motor starter unit. 

3.5 INSTALLATION 

A. Contractor shall follow the installation instructions supplied by the manufacturer. 

B. Control wiring shall be as shown on the contract drawings except as modified by the 

approval and submittal process. Interface all local and remote devices into the control 

wiring and operational systems for each load. 
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3.6 FIELD ADJUSTMENTS 

A. The Contractor shall perform field adjustments of the short circuit and overload devices as 

required to place the equipment in final operating condition. The settings shall be in 

accordance with the approved short-circuit study, protective device evaluation study, 

protective device coordination study, manufacturer’s instruction leaflets, and the contract 

documents. 

3.7 FIELD TESTING 

A. Contractor is responsible for generation of a field report on tests performed, test values 

experienced, etc., and make the report available to owner upon request. 

 

END OF SECTION 26 29 00 
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SECTION 26 29 23 – VARIABLE-FREQUENCY MOTOR CONTROLLERS) 

PART 1 - GENERAL 

1.1 SUMMARY 

A. This Section includes solid-state, PWM and VFD, VFCs for speed control of three-phase, 

induction motors.  These VFCs are to be enclosed in freestanding NEMA 250, Type 12, 

unless otherwise indicated to comply with environmental conditions at installed location, 

see Electrical Drawings and Divisions 40-46 and 46 specifications.  

B. VFC vendor to provide VFC that will operate at installed altitude. Vendor shall verify 

altitude. 

1.2 SUBMITTALS 

A. Product Data: For each type of VFC, provide dimensions; mounting arrangements; location 

for conduit entries; shipping and operating weights; and manufacturer's technical data on 

features, performance, electrical ratings, characteristics, and finishes. 

B. The following shall be included in the bid package: 

1. Description of equipment and tests included in bid to meet the indicated power 

quality requirements. 

2. Nearest factory authorized service center meeting all points of 1.03A. 

3. Qualification and name of engineering and technical persons responsible for 

support and warranty of this project.  

C. The following shall be included in the submittal package and be approved by the engineer 

prior to any construction of the VFC system: 

1. Include dimensioned plans, elevations, sections, and details, including required 

clearances and service space around equipment.  Show tabulations of installed 

devices, equipment features, and ratings.  Include the following: 

a. Each installed unit's type and details. 

b. Nameplate legends. 

c. Short-circuit current ratings of integrated unit. 

d. Features, characteristics, ratings, and factory settings of each motor-

control center unit. 

2. Wiring Diagrams: Power, signal, and control wiring for VFC.  Provide schematic 

wiring diagram for each type of VFC. 
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3. Detailed description of the filter equipment and sample graphs and data to meet 

IEEE 519-1992. 

4. Carrier frequency information. 

D. Field Test Reports: Written reports specified in Part 3.04D below. 

E. Manufacturer's field service report. 

F. Operation and Maintenance Data: For VFCs, all installed devices, and components to 

include in emergency, operation, and maintenance manuals.  In addition to items specified 

in Section 26 05 00 – Electrical, General, include the following: 

1. Routine maintenance requirements for VFCs and all installed components. 

2. Manufacturer's written instructions for testing and adjusting overcurrent protective 

devices. 

1.3 QUALITY ASSURANCE 

A. Manufacturer Qualifications: Maintain, within 100 miles of Project site, a service center 

capable of providing training, parts, and 24 hour emergency maintenance and repairs. 

B. Source Limitations: Obtain VFCs of a single type through one source from a single 

manufacturer. 

C. The system shall be pre-integrated with the necessary harmonic mitigation equipment. 

D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in 

NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 

and marked for intended use. 

E. Comply with NFPA 70, IEEE 519-1992, ANSI C37, and ANSI C57. 

1.4 COORDINATION 

A. Match features of VFCs, installed units, and accessory devices with pilot devices and 

control circuits to which they connect. 

B. Match features, accessories, and functions of each VFC and each installed unit with ratings 

and characteristics of supply circuit, motor, required control sequence, and duty cycle of 

motor and load. See Division 40 sections for information on motor control sequence.  

PART 2 -  PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  To match existing parts and integration requirements, provide products by 

the following: 

1. Allen Bradley; Rockwell Automation. 
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2. Eaton  

3. Schnieder Electric 

4. Siemens 

5. Or equal 

B. Contractor job site integration of reactors, harmonic filters, power components, etc. may 

be required.  Start-up, harmonic testing and warranty support services must be supplied by 

the above or other qualified company approved by engineer. Allowable harmonic limits to 

be coordinated with Avista Utilities. 

2.2 VARIABLE FREQUENCY CONTROLLERS 

A. Description:  NEMA ICS 2, IGBT, PWM, VFD, VFC; listed and labeled as a complete 

unit and arranged to provide variable speed of a NEMA MG 1, Design B, 3-phase, 

induction motor by adjusting output voltage and frequency. Refer to Divisions 40 – 43 and 

46 for additional information on motors controlled by VFCs. 

B. Design and Rating: Match load type such as fans, blowers, and pumps; and type of 

connection used between motor and load such as direct or through a power-transmission 

connection.   

C. Output Rating: 3-phase; 6 to 120 Hz, with horsepower constant throughout speed range. 

D. Unit Operating Requirements: 

1. Input ac voltage tolerance of 480 V, plus or minus 10 percent. 

2. Input frequency tolerance of 60 Hz, plus or minus 6 percent. 

3. Output Rating: 3-phase; 6 to 66 Hz, with amperage equal or greater to motor 

nameplate amperage including altitude derating. 

4. Minimum Inverter Efficiency: 96 percent at 60 Hz, full load. 

5. Minimum Displacement Primary-Side Power Factor: 96 percent lagging. 

6. Overload Capability: 1.1 times the base load current for 60 seconds; 2.0 times the 

base load current for 3 seconds. 

7. Starting Torque: Default to be 50% with adjustment to 120%. 

8. Speed Regulation: Plus or minus 1 percent. 

9. Isolated control interface to allow controller to follow control signal over an 11:1 

speed range. 

E. Internal Adjustability Capabilities: 

1. Minimum Speed: 5 to 25 percent of maximum rpm. 
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2. Maximum Speed: 80 to 100 percent of maximum rpm. 

3. Acceleration:  Adjustable from .01 to 3600 seconds. 

4. Deceleration:  Adjustable from .01 to 3600 seconds. 

5. Current Limit: 50 to a minimum of 110 percent of maximum rating. 

F. Self-Protection and Reliability Features: 

1. Input transient protection by means of surge suppressors. 

2. Snubber networks to protect against malfunction due to system voltage transients. 

3. Under- and overvoltage trips; inverter overtemperature, overload, and overcurrent 

trips. 

4. Filtering to prevent noise interference with other electronic equipment. 

5. Motor Overload Relay: Adjustable. 

6. Notch filter to prevent operation of the controller-motor-load combination at a 

natural frequency of the combination. 

7. Instantaneous line-to-line and line-to-ground overcurrent trips. 

8. Loss-of-phase protection. 

9. Reverse-phase protection. 

10. Short-circuit protection. 

11. Motor overtemperature fault. 

G. Automatic Reset and Restart: To attempt three restarts after controller fault or on return of 

power after an interruption and before shutting down for manual reset or fault correction.  

Bi-directional autospeed search shall be capable of starting into rotating loads spinning in 

either direction and returning motor to set speed in proper direction, without damage to 

controller, motor, or load. 

H. Power-Interruption Protection: To prevent motor from re-energizing after a power 

interruption until motor has stopped.  VFC to automatically re-start motor after outage. 

I. Carrier Frequency Adjustment: Provide ability to manually adjust drive carrier frequency.  

VFCs 100HP and less shall provide carrier frequency adjustment capability from 1 to 

10kHz.  VFCs over 100HP shall include carrier frequency adjustment information 

recommended by the manufacturer. 

J. Torque Boost: Automatically vary starting and continuous torque to at least 1.5 times the 

minimum torque to insure high-starting torque and increased torque at slow speeds. 
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K. Motor Temperature Compensation at Slow Speeds: Adjustable current fallback based on 

output frequency for temperature protection of self-cooled fan-ventilated motors at slow 

speeds. 

L. Provide line and load side filtering to minimize total harmonic distortion. 

M. Status Lights:  Door-mounted LED indicators shall indicate the following conditions: 

1. Power on. 

2. Run. 

3. Overvoltage. 

4. Line fault. 

5. Overcurrent. 

6. External fault. 

N. Panel-Mounted Operator Station: Start-stop and auto-manual selector switches with 

manual speed control potentiometer and elapsed time meter. 

O. Indicating Devices:  Meters or digital readout devices and selector switch, mounted flush 

in controller door and connected to indicate the following controller parameters: 

1. Output frequency (Hz). 

2. Motor speed (rpm). 

3. Motor status (running, stop, and fault). 

4. Motor current (amperes). 

5. Motor torque (percent). 

6. Fault or alarming status (code). 

7. PID feedback signal (percent). 

8. DC-link voltage (VDC). 

9. Set-point frequency (Hz). 

10. Motor output voltage (V). 

P. Control Signal Interface:  Provide VFC with the following: 

1. Electric Input Signal Interface: A minimum of 2 analog inputs (0 to 10 V or 0/4-

20 mA) and 6 programmable digital inputs. 
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2. Remote Signal Inputs:  Capability to accept any of the following speed-setting 

input signals from the BMS or other control systems: 

a. 0 to 10-V dc. 

b. 0-20 or 4-20 mA. 

c. Potentiometer using up/down digital inputs. 

d. Fixed frequencies using digital inputs. 

e. RS485. 

f. Ethernet connectivity using Ethernet/IP or MODBUS protocol 

g. Keypad display for local hand operation. 

h. Remote start/stop input 

3. Output Signal Interface: 

a. Provide two analog output signals (0/4-20 mA), which can be programmed 

for the following: 

b. Output frequency (Hz). 

c. Output current (load). 

d. DC-link voltage (VDC). 

e. Motor torque (percent). 

f. Motor speed (rpm). 

g. Set-point frequency (Hz). 

4. Remote Indication Interface:  Provide dry circuit relay outputs (120-V ac, 1 A) for 

remote indication of the following: 

a. Motor running. 

b. Set-point speed reached. 

c. Fault and warning indication (overtemperature or overcurrent). 

d. PID high or low speed limits reached. 

e. Drive system is in remote. 

Q. Integral Disconnecting Means:  Provide HACR rated breaker as indicated on drawings. 
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2.3 ACCESSORIES 

A. Push-Button Stations, Pilot Lights, and Selector Switches: NEMA ICS 2, heavy-duty type. 

B. Stop and Lockout Push-Button Station: Momentary-break, push-button station with a 

factory-applied hasp arranged so padlock can be used to lock push button in depressed 

position with control circuit open. 

C. Control Relays: Auxiliary and adjustable time-delay relays. 

D. Standard Displays: 

1. Output frequency (Hz). 

2. Set-point frequency (Hz). 

3. Motor current (amperes). 

4. DC-link voltage (VDC). 

5. Motor torque (percent). 

6. Motor speed (rpm). 

7. Motor output voltage (V). 

E. Historical Logging Information and Displays: 

1. Real-time clock with current time and date. 

2. Running log of total power versus time. 

3. Total run time. 

4. Fault log, maintaining last four faults with time and date stamp for each. 

F. Harmonic Mitigation: Complying with IEEE Standard 519-1992 shall be a requirement of 

this project. Harmonic filters, 18 pulse converter configurations, phase multiplication 

devices, or any other components required to mitigate harmonic voltage and current to 

IEEE Std. 519-1992 shall be an integral part of the VFC system. Designs which are not 

pre-integrated and factory wired as part of the UL label will not be acceptable. 

1. Designs which cause voltage rise at the VFC terminals must document 

coordination with the total system variation to prevent nuisance tripping. 

2. Designs which do not provide both true and displacement, measured at the VFC 

terminals, of at least 95% or better at full load are not acceptable.  Designs that 

allow leading power factor at minimum loads are not acceptable. 

G. Relevant data for VFC vendor calculations to meet IEEE Std. 519-1992 requirements are 

as follows: 
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1. The point of common coupling (PCC) shall be defined per 3.01.C below. 

2. The calculated load current (IL) shall be the total combined full load current of each 

ASD system supplied as part of this project or the total combined amperage of 

loads designated as “non-linear”. 

3. The VFC vendor is responsible for determining the short circuit current (ISC) 

available at the PCC. 

2.4 EXAMINATION 

A. Examine areas, surfaces, and substrates to receive VFCs for compliance with requirements, 

installation tolerances, and other conditions affecting performance. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Select features of each VFC to coordinate with ratings and characteristics of supply circuit 

and motor; required control sequence; and duty cycle of motor, drive, and load.   

B. Select rating of controllers to suit motor controlled. The VFC vender shall certify that the 

supplied equipment is properly matched to the loads being fed. 

C. The drive shall be capable of operating in compliance with IEEE 519-1992, with point of 

common coupling (PCC) defined as the point at which each individual device is connected 

to the electrical distribution system. Drive manufacturer shall provide harmonic 

calculations and on-site post installation harmonic testing with certified reports prior to 

final acceptance of installation.  See 3.04D. 

3.2 FIELD QUALITY CONTROL 

A. Prepare for acceptance tests as follows: 

1. Test insulation resistance for each VFC element, bus, component, connecting 

supply, feeder, and control circuit. 

2. Test continuity of each circuit. 

3. All tests necessary to prove compliance with IEEE Standard 519-1992. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect 

field-assembled components and equipment installation, including pretesting and adjusting 

VFCs. 

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

1. Test procedures used. 
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2. Test results that comply with requirements. 

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

achieve compliance with requirements. 

3.3 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

B. Verify that electrical wiring installation complies with manufacturer's submittal and 

installation requirements in Division 26 sections. 

C. Complete installation and startup checks according to manufacturer's written instructions. 

3.4 ADJUSTING 

A. Set field-adjustable switches. 

3.5 CLEANING 

A. Clean VFCs internally, on completion of installation, according to manufacturer's written 

instructions.  Vacuum dirt and debris; do not use compressed air to assist in cleaning. 

3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel 

to adjust, operate, and maintain VFCs.  

 

END OF SECTION 26 29 23 
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SECTION 26 32 13 – ENGINE GENERATORS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Extent of engine generator set Work is indicated by drawings and is hereby defined to 

include, but not by way of limitation, engines, electrical generators, engine starting systems 

including batteries, instrument control panel, transfer switches, annunciator panel, exhaust 

silencer, and accessories required for a complete generator installation. 

B. Generator set required for the project is a diesel engine-driven unit. 

1.2 SUBMITTALS 

A. Product Data:  Submit manufacturer's data on engine-driven generator sets and 

components. Submit wiring diagrams for engine-driven generator units showing 

connections to electrical power panels, feeders, automatic transfer switches, and ancillary 

equipment.  Differentiate between portions of wiring that are manufacturer-installed and 

portions that are field-installed. 

B. Maintenance data for materials and products, for inclusion in Operating and Maintenance 

Manual specified in Section 26 05 00 – Electrical, General.  Include complete Operations 

and Maintenance Manual, Illustrated Parts List and Maintenance Schedule. 

C. Certifications:  Provide engine-driven generator sets certified test record of the following 

final production testing: 

1. Single-step load pickup. 

2. Transient and steady state governing. The generator will serve loads controlled by 

VFD’s. Manufacturer shall take appropriate measures.  Refer to drawings for loads 

served. 

3. Safety shutdown device testing. 

4. Voltage regulation. 

5. Rated power. 

6. Maximum power. 

D. Provide certified test record prior to engine-driven generator set being shipped from factory 

to project location. 

E. Unit Responsibility:  The complete standby emergency generator systems are to be tested 

under full load conditions, as a unit, before being shipped to the job site from factory.  

Installation and hook-up to be under direct supervision of factory trained personnel.   
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F. The automatic transfer control shall be supplied per specification Section 26 36 00 – 

Transfer Switches and integrated with the engine-generator. 

G. Generator support shall be a factory authorized service center located within a 200 mile 

radius of the project site. 

1.3 DELIVERY, STORAGE AND HANDLING 

A. Deliver engine-driven generator properly packaged and mounted on pallets, or skids to 

facilitate handling of heavy items.  Utilize factory-fabricated type containers or wrappings 

for engine-generator and components that protect equipment from damage. 

B. Store engine-driven generator equipment in original packaging and protect from weather 

and construction traffic.  Wherever possible, store indoors; where necessary to store 

outdoors, store above grade and enclose with watertight wrapping. 

C. Handle engine-driven generator equipment carefully to prevent physical damage to 

equipment and components.  Do not install damaged equipment; remove from site and 

replace damaged equipment with new. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering diesel generator sets which may be incorporated in the Work include the 

following:  

1. Caterpillar Tractor Co. 

2. Cummins Corp. 

3. Kohler Power Systems 

4. Generac 

B. Generator Sets 

1. General:  Except as otherwise indicated, provide manufacturer's standard engine-

driven generator sets and auxiliary equipment as indicated by published product 

information, and as required for a complete installation. 
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2. Engine-Driven Generator: Provide packaged electrical power engine-driven 

generator assembly unit rated as indicated on drawings, at a governed speed of 

1800 RPM, and rated 80 percent power factor for continuous operation, 480/277 

volt, 3-phase, 4-wire, 60 Hz, at installed altitude (verify altitude), at 110 deg. F.  

Equip generator with a turbo-charged, 1800 RPM, engine, and fueled as noted; 

liquid cooled.  Engine shall meet all EPA Tier level requirements at time engine is 

manufactured.  Provide unit-mounted radiator, blower fan, water pump, and 

thermostat.  Connect engine drive directly to 4-pole revolving-field type single, 

maintenance-free, bearing generator through semi-flexible steel disk coupling; 

equip set with associated control equipment to automatically start engine, transfer 

load to standby power upon failure of normal power source, transfer load back to 

normal power upon its restoration, and stop engine.  Actual temperature rise 

measured by resistance method at full load shall not exceed 125 degrees 

Centigrade.  Cushion-mount engine-generator on heavy steel base with spring type 

vibration isolators to reduce possibility of torsional vibration.  Provide water-

cooled type engine with unit-mounted radiator.  Equip engine with low-oil 

pressure, high-water temperature, and automatic overspeed safety shutdown 

devices.  Equip generator with exciter and voltage regulator to maintain voltage 

within 2 percent of rated value.  Direct-connect generator to fly wheel by semi-

flexible steel disk coupling.  Provide unit capable of voltage recovery, within 

regulated range, of 7 seconds following sudden load increase from 0 to 100 percent 

of rated load, and with voltage dip not to exceed 35 percent upon application of 

rated load at rated power factor.  Construct unit in compliance with applicable 

standards; and with additional construction features as indicated: 

a. Motor Starting Accessories:  The generator will be used to feed motor 

loads that are controlled via variable frequency drives.  Provide items for 

improved motor starting and generator regulation such as permanent 

magnet generator end, electronic governor, voltage regulators, etc.. 

b. Starting System: Provide engine-generator units with 24-volt, 3-wire, 

negative ground, starting systems including 24-volt positive engagement 

solenoid shift-starting motors, batteries and 35-ampere, or greater, 

automatic battery charging alternators with solid-state voltage regulation. 

c. Instrument Control Panel: Provide engine-generator units with engine oil-

pressure and water-temperature indicators, battery charge-rate ammeter, 

START - STOP switch for manual operation of unit, reset circuit breaker, 

static voltage regulator, voltage-adjusting rheostat, voltmeter, ammeter 

with phase selector switch with an OFF position, and with running time 

indicator and frequency meters.  Select type circuitry of plug-in design 

capable of quick replacement, and of accepting a plug-in device that 

allows maintenance to test control panel performance without operating 

the engine. 

d. Controller:  Provide a set mounted controller that complies with applicable 

NFPA standards.  Controller shall provide all indicators, alarms, and 

monitoring functions that a Cummins Power Command Control 2100 

provides per NFPA 110 level one requirement.  Controller shall be 

accessible without the use of ladders, steps, etc. 
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e. Connection to Data Link:  Provide a Ethernet/IP connection to SCADA. 

The controls shall have the ability to communicate in a common protocol 

with the programmable logic controller for the following: 

1) Engine high-temperature shutdown. 

2) Lube-oil low-pressure shutdown. 

3) Overspeed shutdown. 

4) Remote emergency-stop shutdown. 

5) Engine high-temperature pre-alarm. 

6) Lube-oil low-pressure pre-alarm. 

7) Fuel tank, low-fuel level. 

8) Low coolant level. 

9) Over crank shutdown. 

10) Coolant low-temperature alarm. 

11) Control switch not in auto position. 

12) Battery-charger malfunction alarm. 

13) Battery low-voltage alarm. 

f. Provide hardwired dry contact connection to SCADA for the following 

signals: 

1) Generator Running 

2) Generator Fault 

3) Generator not in Auto. 

2.2 ENGINE-GENERATOR SET ACCESSORIES 

A. Provide battery rack, battery warmers, battery cables, 12-volt battery(ies) capable of 

delivering the minimum cold-cranking amps required at zero degrees Fahrenheit per SAE 

Standard J-537. 

B. Provide gas proof, seamless, stainless steel, flexible exhaust connector. 

C. Provide flexible fuel line(s) rated 300 degrees F and 100 PSI ending in pipe thread. 

D. Provide engine exhaust silencer, coated to be temperature and rust resistant, rated for 

critical applications 35dB reduction.  Exhaust silencer to be housed inside of weatherproof 

enclosure. 
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E. Provide block heater of proper wattage and voltage, thermostatically controlled to maintain 

engine coolant at 90 degrees Fahrenheit (32 degrees Celsius).  The block heater shall be 

installed with shut-off valves for maintenance.  Valves to be field installed. 

F. Provide 10-ampere automatic float and equalize battery charger with +/- 1% constant 

voltage regulation from no load to full load over +/- 10% AC input line variation, current 

limited during engine cranking and short circuit conditions, temperature compensated for 

ambients from -40 degrees C to +60 degrees C, 5% accurate voltmeter and ammeter, fused, 

reverse polarity and transient protected. 

G. Provide a U.L. 142 label double wall sub base fuel tank of adequate capacity to operate 

generator 24 hours at full load and meet the requirement for 110% fuel tank volume 

containment. Tank shall be of steel construction and installed under the generator.  Provide 

Sub Base Tank to include C Channel or I beam welded beneath the tank spaced 40 inches 

apart to accept neoprene pads between support beams and concrete floor.  Tank shall be 

equipped with normal and emergency venting.  Provide all necessary piping for a complete 

venting system.  Venting shall comply with applicable requirements of IFC.  Tank openings 

and overflow protection shall comply with IFC.  Tank to be equipped with supply/return 

lines installed to engine, low fuel level switch, leak detection, and tank heater.  Install tank 

and accessories per applicable codes, standards, and manufacturers requirements. 

H. Provide U.L listed weatherproof sound attenuated (79dB at 23 feet) housing.  Housing to 

be finished inside and out with a rust-inhibiting primer, and then a top coat paint.  Side 

panels to be removable for maintenance and lockable.  Provide necessary louvers and 

exhaust silencer connections. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions under which diesel engine-driven generator units are to be 

installed and notify Contractor in writing of conditions detrimental to proper completion 

of the Work.  Do not proceed with the Work until unsatisfactory conditions have been 

corrected in a manner acceptable to the Installer. 

3.2 INSTALLATION OF DIESEL ENGINE-DRIVEN GENERATOR SETS 

A. Install engine-driven generator unit as indicated, in accordance with the equipment 

manufacturer's written instructions, and with recognized industry practices, to ensure that 

engine-generator unit fulfills requirements.  Comply with NFPA and NEMA standards 

pertaining to installation of engine-generator sets and accessories. 

B. Coordinate with other work, including raceways, electrical boxes and fittings, fuel tanks, 

piping and accessories, as necessary to interface installation of engine-generator equipment 

work with other work. 
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C. Tighten connectors and terminals, including screws and bolts, in accordance with 

equipment manufacturer's published torque tightening values for equipment connectors.  

Where manufacturer's torquing requirements are not indicated, tighten connectors and 

terminals to comply with tightening torques specified in UL Stds 486A, B and the National 

Electrical Code. 

D. Align shafts of engine and generator within tolerances recommended by engine-generator 

unit manufacturer. 

E. Contractor to fill tank prior to testing. 

3.3 GROUNDING 

A. Provide equipment grounding connections for diesel engine-driven generator units as 

indicated.  Tighten connections to comply with tightening torques specified in UL Std 

486A to assure permanent and effective grounding. 

3.4 FIELD QUALITY CONTROL 

A. Start-up Testing 

1. Engage local equipment manufacturer's representative to perform start-up and load 

tests upon completion of installation, with the Engineer in attendance; provide 

certified test record.  Tests are to include the following: 

a. Check fuel, lubricating oil, and antifreeze in liquid cooled models for 

conformity to the manufacturer's recommendations under environmental 

conditions present. 

b. Test, prior to cranking engine for proper operation, accessories that 

normally function while the set is in a standby mode. 

c. Check, during start-up test mode, for normal and emergency line-to-line 

voltage and phase rotation. 

d. Test, by means of simulated power outage, automatic start-up by remote-

automatic starting, transfer of load, and automatic shutdown.  Prior to this 

test adjust, for proper system coordination, transfer switch timers.  Monitor 

throughout the test, engine temperature, oil pressure, battery charge level, 

generator voltage, amperes, and frequency.  All tests shall be conducted 

with generator under full (100%) load.  Full load test shall be minimum 4 

hours under full load. 

2. Upon completion of installation demonstrate capability and compliance of system 

with requirements.  Where possible, correct malfunctioning unit at site, then retest 

to demonstrate compliance; otherwise, remove and replace with new unit, and 

proceed with retesting.  Initial testing and retesting to be at no cost to Owner. 

3. Upon completion of all tests and Owner acceptance, Contractor to top off fuel tank. 
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3.5 PERSONNEL TRAINING 

A. Building Operating Personnel Training:  Train Owner's building personnel in procedures 

for starting-up, testing and operating diesel engine-driven generator sets.  In addition, train 

Owner's personnel in periodic maintenance of batteries. 

END OF SECTION 26 32 13 

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY 

WWTP UPGRADES 222194-002 

TRANSFER SWITCHES  26 36 00 - 1 

SECTION 26 36 00 - TRANSFER SWITCHES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 1 specification sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes transfer switches rated 600 V and less, including the following: 

1. Automatic transfer switches. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, weights, 

operating characteristics, furnished specialties, and accessories. 

B. Shop Drawings:  Dimensioned plans, elevations, sections, and details showing minimum 

clearances, conductor entry provisions, gutter space, installed features and devices, and 

material lists for each switch specified. 

C. Manufacturer Seismic Qualification Certification:  Submit certification that transfer 

switches accessories, and components will withstand seismic forces for the area/location 

installed. 

D. Field quality-control test reports. 

E. Operation and Maintenance Data:  For each type of product to include in emergency, 

operation, and maintenance manuals.  In addition to items specified in Division 1, Section 

01 78 23 - Operation and Maintenance Data, include the following: 

1. Features and operating sequences, both automatic and manual. 

2. List of all factory settings of relays; provide relay-setting and calibration 

instructions, including software, where applicable. 

1.4 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Maintain a service center capable of providing training, 

parts, and emergency maintenance repairs within a 100 mile radius of project location. 

B. Source Limitations:  Obtain automatic transfer switches through one source from a single 

manufacturer. 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 

NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 

and marked for intended use. 
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D. Comply with NEMA ICS 1 – Industrial Control and Systems: General Requirements. 

E. Comply with NFPA 70 – National Electric Code. 

F. Comply with NFPA 110 – Standard for Emergency and Standby Power Systems. 

G. Comply with UL 1008 unless requirements of these Specifications are stricter. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

1. Contactor Transfer Switches: 

a. Caterpillar; Engine Div. 

b. Schneider; ASCO Power Technologies, LP. 

c. Onan/Cummins Power Generation; Industrial Business Group. 

d. Kohler Power Systems. 

2.2 GENERAL TRANSFER-SWITCH PRODUCT REQUIREMENTS 

A. Indicated Current Ratings:  Apply as defined in UL 1008 for continuous loading and total 

system transfer, including tungsten filament lamp loads not exceeding 30 percent of switch 

ampere rating, unless otherwise indicated. 

B. Tested Fault-Current Closing and Withstand Ratings:  Adequate for duty imposed by 

protective devices at installation locations in Project under the fault conditions indicated, 

based on testing according to UL 1008. 

1. Where transfer switch includes internal fault-current protection, rating of switch 

and trip unit combination shall exceed indicated fault-current value at installation 

location. 

C. Solid-State Controls:  Repetitive accuracy of all settings shall be plus or minus 2 percent 

or better over an operating temperature range of minus 20 to plus 70 deg C. 

D. Resistance to Damage by Voltage Transients:  Components shall meet or exceed voltage-

surge withstand capability requirements when tested according to IEEE C62.41.  

Components shall meet or exceed voltage-impulse withstand test of NEMA ICS 1. 

E. Electrical Operation:  Accomplish by a nonfused, momentarily energized solenoid or 

electric-motor-operated mechanism, mechanically and electrically interlocked in both 

directions. 
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F. Switch Characteristics:  Designed for continuous-duty repetitive transfer of full-rated 

current between active power sources. 

1. Switch Action:  Double throw; mechanically held in both directions. 

2. Contacts:  Silver composition or silver alloy for load-current switching.  

Conventional automatic transfer-switch units, rated 225 A and higher, shall have 

separate arcing contacts. 

G. Neutral Terminal:  Solid and fully rated, unless otherwise indicated. 

H. Annunciation, Control, and Programming Interface Components:  Devices at transfer 

switches for communicating with remote programming devices, annunciators, or 

annunciator and control panels shall have communication capability matched with remote 

device. 

I. Factory Wiring:  Train and bundle factory wiring and label, consistent with Shop Drawings, 

either by color-code or by numbered or lettered wire and cable tape markers at 

terminations.  Color-coding and wire and cable tape markers are specified in 

Division 16050 "Electrical Identification." 

J. Enclosures:  General-purpose NEMA 250, Type 12, complying with NEMA ICS 6 and 

UL 508, unless otherwise indicated/required. 

2.3 AUTOMATIC TRANSFER SWITCHES 

A. Switching Arrangement:  Double-throw type, incapable of pauses or intermediate position 

stops during normal functioning, unless otherwise indicated. 

B. Manual Switch Operation:  Unloaded.  Control circuit automatically disconnects from 

electrical operator during manual operation. 

C. Signal-Before-Transfer Contacts:  A set of normally open/normally closed dry contacts 

operates in advance of retransfer to normal source.  Interval is adjustable from 1 to 30 

seconds. 

D. Digital Communication Interface:  Matched to capability of remote annunciator or 

annunciator and control panel. 

E. In-Phase Monitor:  Factory-wired, internal relay controls transfer so it occurs only when 

the two sources are synchronized in phase.  Relay compares phase relationship and 

frequency difference between normal and emergency sources and initiates transfer when 

both sources are within 15 electrical degrees, and only if transfer can be completed within 

60 electrical degrees.  Transfer is initiated only if both sources are within 2 Hz of nominal 

frequency and 70 percent or more of nominal voltage. 
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F. Motor Disconnect and Timing Relay:  Controls designate starters so they disconnect 

motors before transfer and reconnect them selectively at an adjustable time interval after 

transfer.  Control connection to motor starters is through wiring external to automatic 

transfer switch.  Time delay for reconnecting individual motor loads is adjustable between 

1 and 60 seconds, and settings are as indicated.  Relay contacts handling motor-control 

circuit inrush and seal currents are rated for actual currents to be encountered. 

G. Automatic Transfer-Switch Features: 

1. Undervoltage Sensing for Each Phase of Normal Source:  Sense low phase-to-

ground voltage on each phase.  Pickup voltage shall be adjustable from 85 to 100 

percent of nominal, and dropout voltage is adjustable from 75 to 98 percent of 

pickup value.  Factory set for pickup at 90 percent and dropout at 85 percent. 

2. Adjustable Time Delay:  For override of normal-source voltage sensing to delay 

transfer and engine start signals.  Adjustable from zero to six seconds, and factory 

set for one second. 

3. Voltage/Frequency Lockout Relay:  Prevent premature transfer to generator.  

Pickup voltage shall be adjustable from 85 to 100 percent of nominal.  Factory set 

for pickup at 90 percent.  Pickup frequency shall be adjustable from 90 to 100 

percent of nominal.  Factory set for pickup at 95 percent. 

4. Time Delay for Retransfer to Normal Source:  Adjustable from 0 to 30 minutes, 

and factory set for 10 minutes to automatically defeat delay on loss of voltage or 

sustained undervoltage of emergency source, provided normal supply has been 

restored. 

5. Test Switch:  Simulate normal-source failure. 

6. Switch-Position Pilot Lights:  Indicate source to which load is connected. 

7. Source-Available Indicating Lights:  Supervise sources via transfer-switch normal- 

and emergency-source sensing circuits. 

a. Normal Power Supervision:  Green light with nameplate engraved 

"Normal Source Available." 

b. Emergency Power Supervision:  Red light with nameplate engraved 

"Emergency Source Available." 

8. Unassigned Auxiliary Contacts:  Two normally open, single-pole, double-throw 

contacts for each switch position, rated 10 A at 240-V ac. 

9. Transfer Override Switch:  Overrides automatic retransfer control so automatic 

transfer switch will remain connected to emergency power source regardless of 

condition of normal source.  Pilot light indicates override status. 

10. Engine Starting Contacts:  One isolated and normally closed, and one isolated and 

normally open; rated 10 A at 32-V dc minimum. 
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11. Engine-Generator Exerciser:  Solid-state, programmable-time switch starts engine 

generator and transfers load to it from normal source for a preset time, then 

retransfers and shuts down engine after a preset cool-down period.  Initiates 

exercise cycle at preset intervals adjustable from 7 to 30 days.  Running periods 

are adjustable from 10 to 30 minutes.  Factory settings are for 7-day exercise cycle, 

20-minute running period, and 5-minute cool-down period.  Exerciser features 

include the following: 

a. Exerciser Transfer Selector Switch:  Permits selection of exercise with and 

without load transfer. 

b. Push-button programming control with digital display of settings. 

c. Integral battery operation of time switch when normal control power is not 

available. 

2.4 SOURCE QUALITY CONTROL 

A. Factory test and inspect components, assembled switches, and associated equipment.  

Ensure proper operation.  Check transfer time and voltage, frequency, and time-delay 

settings for compliance with specified requirements.  Perform dielectric strength test 

complying with NEMA ICS 1. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Design each fastener and support to carry load indicated by seismic requirements and 

according to seismic-restraint details.   

B. Identify components according to Section 26 05 00 – Electrical, General.  

C. Set field-adjustable intervals and delays, relays, and engine exerciser clock. 

3.2 CONNECTIONS 

A. Wiring to Remote Components:  Match type and number of cables and conductors to 

control and communication requirements of transfer switches as recommended by 

manufacturer.  Increase raceway sizes at no additional cost to Owner if necessary to 

accommodate required wiring. 

B. Ground equipment according to Section 26 05 26 – Grounding and Bonding for Electrical 

Systems. 

C. Connect wiring according to Section 26 05 19 – Low-Voltage Power Conductors and 

Cables.  
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3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to 

inspect, test, and adjust components, assemblies, and equipment installations, including 

connections.  Report results in writing. 

B. Perform tests and inspections and prepare test reports. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative 

to inspect components, assemblies, and equipment installation, including 

connections, and to assist in testing. 

2. After installing equipment and after electrical circuitry has been energized, test for 

compliance with requirements. 

3. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

4. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-

resistance tester.  Include external annunciation and control circuits.  Use test 

voltages and procedure recommended by manufacturer.  Comply with 

manufacturer's specified minimum resistance. 

a. Check for electrical continuity of circuits and for short circuits. 

b. Inspect for physical damage, proper installation and connection, and 

integrity of barriers, covers, and safety features. 

c. Verify that manual transfer warnings are properly placed. 

d. Perform manual transfer operation. 

5. After energizing circuits, demonstrate interlocking sequence and operational 

function for each switch at least three times. 

a. Simulate power failures of normal source to automatic transfer switches 

and of emergency source with normal source available. 

b. Verify time-delay settings. 

c. Verify pickup and dropout voltages by data readout or inspection of 

control settings. 

d. Test bypass/isolation unit functional modes and related automatic transfer-

switch operations. 

e. Verify proper sequence and correct timing of automatic engine starting, 

transfer time delay, retransfer time delay on restoration of normal power, 

and engine cool-down and shutdown. 

C. Coordinate tests with tests of generator and run them concurrently. 
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D. Report results of tests and inspections in writing.  Record adjustable relay settings and 

measured insulation and contact resistances and time delays.  Attach a label or tag to each 

tested component indicating satisfactory completion of tests. 

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

3.4 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel 

to adjust, operate, and maintain transfer switches and related equipment as specified below. 

B. Coordinate this training with that for generator equipment. 

END OF SECTION 26 36 00 
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SECTION 26 43 13.A - SURGE PROTECTIVE DEVICES (SPD) FOR LOW-VOLTAGE ELECTRICAL 

POWER CIRCUITS 

PART 1 - GENERAL 

1.1 SCOPE 

A. The Contractor shall furnish and install the Surge Protective Device (SPD) equipment 

having the electrical characteristics, ratings, and modifications as specified herein and as 

shown on the contract drawings. To maximize performance and reliability and to obtain 

the lowest possible let-through voltages, the ac surge protection shall be integrated into 

electrical distribution equipment such as switchgear, switchboards, panelboards, busway 

(integrated within bus plug), or motor control centers (MCC). Refer to related sections for 

surge requirements in: 

1.2 RELATED SECTIONS 

A. Section 16426A – Metal Enclosed Draw out Switchgear (Magnum DS) – Low Voltage 

B. Section 16426B – Metal Enclosed Draw out Switchgear (DSII) – Low Voltage  

C. Section 16428 – Switchboards – Low Voltage (Compartmentalized Feeders – Pow-R-Line 

i) 

D. Section 16429 – Switchboards – Low Voltage (Group Mounted Feeders – Pow-R-Line C) 

E. Section 16431 – Switchboards – Low Voltage (Commercial Metering) 

F. Section 16466 – Busway – Low Voltage 

G. Section 16470 – Panelboards 

H. Section 16482A & B – Motor Control Centers – Low Voltage (Freedom and Advantage) 

1.3 REFERENCES 

A. SPD units and all components shall be designed, manufactured, and tested in accordance 

with the latest applicable standards. 

1.  ANSI/UL 1449 4th Edition or later 

2. ANSI/UL 1283 5th Edition or later (Type 2 applications) 

3. IEEE C62.41.1 

4. IEEE C62.41.2 

5. IEEE C62.43-2005 

6. IEEE C62.45-2002 
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7. IEEE C62.48-2005 

8. IEEE C62.62-2010 

9. UL 96A 

10. NFPA 780 

11. FCC Part 15, Subpart B and ICES-003 – Radiated Emissions (for surge protection 

devices with communication capabilities) 

12. FCC Part 15, Subpart B and ICES-003 – Conducted Emissions (for surge 

protection devices with communication capabilities) 

1.4 SUBMITTALS – FOR REVIEW/APPROVAL 

A. The following information shall be submitted to the Engineer: 

1. Provide verification that the SPD complies with the required ANSI/UL 1449 4th 

Edition or later listing by Underwriters Laboratories (UL).  Compliance may be in 

the form of a file number that can be verified on UL’s website www.ul.org, the 

website should contain the following information at a minimum: model number, 

SPD Type, system voltage, phases, modes of protection, Voltage Protection Rating 

(VPR), and Nominal Discharge Current In. 

B. Where applicable the following additional information shall be submitted to the engineer: 

1. Descriptive bulletins 

2. Product sheets 

1.5 SUBMITTALS – FOR CONSTRUCTION 

A. The following information shall be submitted for record purposes: 

1. Final as-built drawings and information for items listed in Section 1.04 and shall 

incorporate all changes made during the manufacturing process. 

1.6 QUALIFICATIONS 

A. The manufacturer of the electrical distribution equipment shall be the manufacturer of the 

SPD within the listed electrical distribution equipment. 

B. For the equipment specified herein, the manufacturer shall be ISO 14001 and ISO 9001 or 

9002 certified. 

C. The manufacturer of this equipment shall have produced similar electrical equipment for a 

minimum period of twenty-five (25) years. When requested by the Engineer, an acceptable 

list of installations with similar equipment shall be provided demonstrating compliance 

with this requirement. 

D. The SPD shall be compliant with the Restriction of Hazardous Substances (RoHS) 

Directive 2011/65/EU and have a visible label showing compliance. 

E. The SPD shall be UL 1449 current edition listed, 20 kA In Type 1 or Type 2 for use in UL 

96A systems. 
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1.7 DELIVERY, STORAGE AND HANDLING 

A. Equipment shall be handled and stored in accordance with manufacturer’s instructions. 

One (1) copy of manufacturer’s instructions shall be included with the equipment at time 

of shipment. 

1.8 OPERATION AND MAINTENANCE MANUALS 

A. Operation and maintenance manuals shall be provided with each SPD shipped.  

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Eaton  

1. The listing of specific manufacturers above does not imply acceptance of their 

products that do not meet the specified ratings, features, and functions. 

Manufacturers listed above are not relieved from meeting these specifications in 

their entirety. Products in compliance with the specification and manufactured by 

others not named will be considered only if pre-approved by the Engineer ten (10) 

days prior to bid date. 

2.2 VOLTAGE SURGE SUPPRESSION – GENERAL 

A. Electrical Requirements 

1. Unit Operating Voltage – Refer to drawings for operating voltage and unit 

configuration. 

2. Maximum Continuous Operating Voltage (MCOV) – The MCOV shall not be less 

than 115% of the nominal system operating voltage. 

3. The suppression system shall incorporate thermally protected metal-oxide 

varistors (MOVs) as the core surge suppression component for the service entrance 

and all other distribution levels. The system shall not utilize silicon avalanche 

diodes, selenium cells, air gaps, or other components that may crowbar the system 

voltage leading to system upset or create any environmental hazards. End of life 

mode to be open circuit. Unit with end of life short-circuit mode are not acceptable. 

4. Unit shall operate without the need for an external overcurrent protection device 

(OCPD) and be listed by UL as such. Unit must not require external OCPD or 

replaceable internal OCPD for the UL Listing.  
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5. Protection Modes – The SPD must protect all modes of the electrical system being 

utilized. The required protection modes are indicated by bullets in the following 

table: 

Protection Modes 

Configuration L-N L-G L-L N-G 

Wye ● ● ● ● 

Delta N/A ● ● N/A 

Single Split 

Phase 
● ● ● ● 

High Leg Delta ● ● ● ● 

6. Nominal Discharge Current (In) – All SPDs applied to the distribution system shall 

have a 20kA In rating regardless of their SPD Type (includes Types 1 and 2) or 

operating voltage.  SPDs having an In less than 20kA shall be rejected. 

7. ANSI/UL 1449 4th Edition Voltage Protection Rating (VPR) – The maximum 

ANSI/UL 1449 4th Edition VPR for the device shall not exceed the following: 

Modes 208Y/120 480Y/277 600Y/347 

L-N; L-G; N-G 700 1200  1500 

L-L 1200  2000  3000 

B. SPD Design 

1. Maintenance Free Design – The SPD shall be maintenance free and shall not 

require any user intervention throughout its life.  SPDs containing items such as 

replaceable single-mode modules, replaceable fuses, or replaceable batteries shall 

not be accepted.  SPDs requiring any maintenance of any sort such as periodic 

tightening of connections shall not be accepted.  SPDs requiring user intervention 

to test the unit via a diagnostic test kit or similar device shall not be accepted. 

2. Balanced Suppression Platform – The surge current shall be equally distributed to 

all MOV components to ensure equal stressing and maximum performance. The 

surge suppression platform must provide equal impedance paths to each matched 

MOV. Designs incorporating replaceable SPD modules shall not be accepted. 

3. Electrical Noise Filter – Each Type 2 unit shall include a high-performance 

EMI/RFI noise rejection filter. Noise attenuation for electric line noise shall be up 

to 50 dB from 10 kHz to 100 MHz using the MIL-STD-220A insertion loss test 

method.  Products unable able to meet this specification shall not be accepted. 

4. Type 2 units with filtering shall conform to UL 1283 5th Edition. 

5. Type 1 units shall not contain filtering or have a UL 1283 5th Edition Listing. 

6. Internal Connections – No plug-in component modules or printed circuit boards 

shall be used as surge current conductors. All internal components shall be 

soldered, hardwired with connections utilizing low impedance conductors. 
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7. Monitoring Diagnostics – Each SPD shall provide the following integral 

monitoring options: 

a. Protection Status Indicators - Each unit shall have a green / red solid-state 

indicator light that reports the status of the protection on each phase.  

1) For wye configured units, the indicator lights must report the 

status of all protection elements and circuitry in the L-N and L-G 

modes.  Wye configured units shall also contain an additional 

green / red solid-state indicator light that reports the status of the 

protection elements and circuitry in the N-G mode.  SPDs that 

indicate only the status of the L-N and L-G modes shall not be 

accepted. 

2) For delta configured units, the indicator lights must report the 

status of all protection elements and circuitry in the L-G and L-L 

modes 

3) The absence of a green light and the presence of a red light shall 

indicate that damage has occurred on the respective phase or 

mode.  All protection status indicators must indicate the actual 

status of the protection on each phase or mode.  If power is 

removed from any one phase, the indicator lights must continue to 

indicate the status of the protection on all other phases and 

protection modes. Diagnostics packages that simply indicate 

whether power is present on a particular phase shall not be 

accepted.   

b. Remote Status Monitor (optional) – The SPD must include Form C dry 

contacts (one NO and one NC) for remote annunciation of its status.  Both 

the NO and NC contacts shall change state under any fault condition. 

c. Audible Alarm and Silence Button (optional) – The SPD shall contain an 

audible alarm that will be activated under any fault condition.  There shall 

also be an audible alarm silence button used to silence the audible alarm 

after it has been activated. 

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY 

WWTP UPGRADES 222194-002 

SURGE PROTECTIVE DEVICES (SPD) FOR LOW-VOLTAGE  

ELECTRICAL POWER CIRCUITS  26 43 13.A - 6 

d. Surge Counter (optional) – The SPD shall be equipped with an LCD 

display that indicates to the user how many surges have occurred at the 

location. The surge counter shall trigger each time a surge event with a 

peak current magnitude of a minimum of 50 ± 20A occurs.  A reset 

pushbutton shall also be standard, allowing the surge counter to be zeroed.  

The reset button shall contain a mechanism to prevent accidental resetting 

of the counter via a single, short-duration button press.  In order to prevent 

accidental resetting, the surge counter reset button shall be depressed for 

a minimum of 2 seconds in order to clear the surge count total. 

1) The ongoing surge count shall be stored in non-volatile memory.  

If power to the SPD is completely interrupted, the ongoing count 

indicated on the surge counter’s display prior to the interruption 

shall be stored in non-volatile memory and displayed after power 

is restored.  The surge counter’s memory shall not require a 

backup battery in order to achieve this functionality. 

e. Advanced Monitoring Display (AMD) (optional) -   The SPD shall be 

equipped with an LCD display that indicates to the user the quantity and 

magnitude of surges that have occurred on each phase.  

1) AMD shall display remaining surge protection levels as a 

percentage with 0% = unprotected, 1-99% = partially protected, 

100% = fully protected. 

2) In addition to the green/red monitoring solid-state indicator LED 

(reference 2.E.a) the LED shall include a yellow status to indicate 

the unit as partially protected 

3) AMD shall provide a surge counter for each phase with three 

categories as defined by IEEE standards (C62.41) as follows:  

4) Low Level surge (IEEE Category A)  

5) Medium Level surge (IEEE Category B)  

6) High Level surge (IEEE Category C)  

7) AMD shall provide local access to the following information and 

data: Surge counts for each phase and per category, total surge 

counts, event logs with time & date stamps (last 20 events of each 

category per phase), SPD Protection Level percentage, alarm 

status, device catalog number, style number, serial number, date 

code, firmware version, PCB serial number, device name, IP 

address, ethernet MAC address, and customer support contact 

information. 

8) User shall be capable of inputting the following info into the 

AMD: set date and time, set device name, change password, clear 

surge counts & event logs, edit MODBUS status, Edit IP Address, 

Edit Subnet Mask, and Edit Gateway. 
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9) User shall be capable of testing the display. 

10) The AMD option shall provide a RJ45 ethernet connection port on 

the surge device, which shall provide a means for secure firmware 

updates to the SPD. 

11) Time and date stamped events to be capable of being downloaded 

through a RJ45 ethernet connection port.  

f. Remote Monitoring (optional with AMD) – The SPD shall be capable of 

Ethernet communications via Modbus/TCP and BACnet protocols and 

contain an onboard webpage which complies with UL 2900 standards.  

g. BACnet and Modbus/TCP shall be user configurable with access to the 

following registers:  

h. Remaining surge protection levels as a percentage with 0% = unprotected, 

1-99% = partially protected, 100% = fully protected  

i. LED status for each indicator color (red/yellow/green) 

j. Surge counter for each phase with three categories defined using the 

resultant current from IEEE waveforms (C62.41.2) as follows: Low Level 

surge (IEEE Category A), Medium Level surge (IEEE Category B), High 

Level surge (IEEE Category C) 

k. Access to the following information and data: Surge counts for each phase 

and per category, total surge counts, event logs with time & date stamps 

(last 2000 low, 1500 medium, and 1000 high events on each phase), SPD 

Protection Level percentage, alarm status, device catalog number, style 

number, serial number, date code, firmware version, PCB serial number, 

device name, IP address, ethernet MAC address, and customer support 

contact information. 

l. User shall be capable of remotely inputting the following information: set 

date and time, set device name, change password, clear surge counts & 

event logs, change sensitivity settings, edit MODBUS status, edit IP 

Address, edit Subnet Mask, and edit Gateway. 

m. The onboard webpage shall provide a pre-configured user interface with 

access to the following information:  

n. Remaining surge protection levels as a percentage with 0% = unprotected, 

1-99% = partially protected, 100% = fully protected  

o. LED status for each indicator color (red/yellow/green) 

p. Surge counter for each phase with three categories defined using the 

resultant current from IEEE waveforms (C62.41.2) as follows: Low Level 

surge (IEEE Category A), Medium Level surge (IEEE Category B), High 

Level surge (IEEE Category C) 
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q. Access to the following information and data: Surge counts for each phase 

and per category, total surge counts, event logs with time & date stamps 

(last 2000 low, 1500 medium, and 1000 high events on each phase), SPD 

Protection Level percentage, alarm status, device catalog number, style 

number, serial number, date code, firmware version, PCB serial number, 

device name, IP address, ethernet MAC address, and customer support 

contact information. 

r. User shall be capable of remotely inputting the following information: set 

date and time, set device name, change password, clear surge counts & 

event logs, edit MODBUS status, edit IP Address, edit Subnet Mask, and 

edit Gateway. 

C. Thermal MOV Protection 

1. The unit shall contain thermally protected MOVs.  These self-protected MOVs 

shall have a thermal protection element integrated with the MOV and a mechanical 

disconnect with arc quenching capabilities in order to achieve overcurrent 

protection of the MOV.  The thermal protection assembly shall disconnect the 

MOV(s) from the system in a fail-safe manner should a condition occur, that would 

cause them to enter a thermal runaway condition. 

2. Fully Integrated Component Design – All of the SPD’s components and 

diagnostics shall be contained within one discrete assembly.  The use of plug in 

single-mode modules that must be ganged together in order to achieve higher surge 

current ratings or other functionality shall not be accepted. 

D. Safety Requirements  

1. The SPD shall minimize potential arc flash hazards by containing no single-mode 

plug in user serviceable / replaceable parts and shall not require periodic 

maintenance.  SPDs containing items such as replaceable single-mode plug in 

modules, replaceable fuses, or replaceable batteries shall not be accepted.  SPDs 

requiring any maintenance of any sort such as periodic tightening of connections 

shall not be accepted.  SPDs requiring user intervention to test the unit via a 

diagnostic test kit or similar device shall not be accepted. 

2. SPDs designed to interface with the electrical assembly via conductors shall 

require no user contact with the inside of the unit.  Such units shall have any 

required conductors be factory installed.  

2.3 SYSTEM APPLICATION 

A. The SPD applications covered under this section include distribution and branch panel 

locations, busway, motor control centers (MCC), switchgear, and switchboard assemblies. 

All SPDs shall be tested and demonstrate suitability for application within ANSI/IEEE 

C62.41 Category C, B, and A environments. 

 

 

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY 

WWTP UPGRADES 222194-002 

SURGE PROTECTIVE DEVICES (SPD) FOR LOW-VOLTAGE  

ELECTRICAL POWER CIRCUITS  26 43 13.A - 9 

B. Surge Current Capacity – The minimum surge current capacity the device is capable of 

withstanding shall be as shown in the following table: 

Minimum surge current capacity based on ANSI / IEEE C62.41 location category  

Categor

y 
Application Per Phase Per Mode 

C 
Service Entrance Locations (Switchboards, 

Switchgear, MCC, Main Entrance) 
250 kA 125 kA 

B 
High Exposure Roof Top Locations (Distribution 

Panelboards) 
160 kA 80 kA 

A Branch Locations (Panelboards, MCCs, Busway) 120 kA 60 kA 

2.4 LIGHTING AND DISTRIBUTION PANELBOARD REQUIREMENTS  

A. The SPD application covered under this section includes lighting and distribution 

panelboards.  The SPD units shall be tested and demonstrate suitability for application 

within ANSI/IEEE C62.41 Category B environments. 

1. The SPD shall not limit the use of through-feed lugs, sub-feed lugs, and sub-feed 

breaker options. 

2. SPDs shall be installed immediately following the load side of the main breaker.  

SPDs installed in main lug only panelboards shall be installed immediately 

following the incoming main lugs.  

3. The panelboard shall be capable of re-energizing upon removal of the SPD. 

4. The SPD shall be integral to the panelboard and connected directly to the bus.  

Alternately, an integral SPD can be connected to a circuit breaker for disconnecting 

purposes, in the case a disconnect is required. 

5. The SPD shall be included and mounted within the panelboard by the manufacturer 

of the panelboard. 

6. The SPD shall be of the same manufacturer as the panelboard. 

7. The complete panelboard including the SPD shall be UL67 listed. 

2.5 SWITCHGEAR, SWITCHBOARD, MCC AND BUSWAY REQUIREMENTS 

A. The SPD application covered under this section is for switchgear, switchboard, MCC, and 

busway locations. Service entrance located SPDs shall be tested and demonstrate suitability 

for application within ANSI/IEEE C62.41 Category C environments. 

B. The SPD shall be of the same manufacturer as the switchgear, switchboard, MCC, or 

busway. 

C. The SPD shall be factory installed integral to the switchgear, switchboard, MCC, and/or 

bus plug at the assembly plant by the original equipment manufacturer. 
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D. Locate the SPD on the load side of the main disconnect device, as close as possible to the 

phase conductors and the ground/neutral bar. 

E. The SPD shall be connected through a disconnect (30A circuit breaker).  The disconnect 

shall be located in immediate proximity to the SPD.  Connection shall be made via bus, 

conductors, or other connections originating in the SPD and shall be kept as short as 

possible. 

F. The SPD shall be integral to switchgear, switchboard, MCC, and/or bus plug as a factory 

standardized design. 

G. All monitoring and diagnostic features shall be visible from the front of the equipment. 

2.6 SERVICE ENTRANCE REQUIREMENTS 

A. Service entrance located SPDs shall be tested and designed for applications within 

ANSI/IEEE C62.41 Category C environments. 

PART 3 - EXECUTION 

3.1 FACTORY TESTING 

A. Standard factory tests shall be performed on the equipment under this section. All tests 

shall be in accordance with the latest version of NEMA, IEEE, and UL standards. 

3.2 INSTALLATION 

A. The installation of the SPD shall be factory installed integral to the distribution equipment. 

The Contractor shall install all distribution equipment per the manufacturer's 

recommendations, applicable electrical codes, and the contract drawings. 

3.3 WARRANTY 

A. The manufacturer shall provide a ten (10) year warranty (15 year warranty with 

registration) that covers replacement of the complete unit, including lightning, from the 

date of shipment against any SPD part failure when installed in compliance with 

manufacturer's written instructions and any applicable national or local electrical code. 

END OF SECTION 26 43 13.A 
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SECTION 40 05 51 - VALVES, GENERAL 

PART 1 - GENERAL 

1.1 WORK INCLUDED  

A. The Contractor shall provide valves, actuators, and appurtenances, complete and operable, 

in accordance with the Contract Documents.  

B. The provisions of this Section shall apply to all valves and valve actuators pertaining to 

this Work as outlined in Contract Documents.  Valves and actuators in particular locations 

may require a combination of units, sensors, and controls indicated in other sections of the 

Specifications. 

C. Where a valve is to be supported by means other than the piping to which it is attached, the 

Contractor shall obtain from the valve manufacturer a design for support and foundation 

that satisfies the criteria in Section 43 05 01 – Equipment General Provisions.  The design, 

including drawings and calculations sealed by an engineer, shall be submitted with the 

Shop Drawings.  When the design is approved, the support shall be provided.  

D. Unit Responsibility: A single manufacturer shall be made responsible for coordination of 

design, assembly, testing, and furnishing of each valve; however, the Contractor shall be 

responsible to the Owner for compliance with the requirements of each valve section.  

Unless indicated otherwise, the responsible manufacturer shall be the manufacturer of the 

valve.  

E. Single Manufacturer: Where two or more valves of the same type and size are required, the 

valves shall be furnished by the same manufacturer.  

1.2 REFERENCE STANDARDS 

A. ANSI B1.20.1   Pipe Threads, General Purpose 

B. ANSI B16.1   Cast Iron Pipe Flanges and Flanged Fittings 

C. ANSI B16.5   Pipe Flanges and Flanged Fittings 

D. ANSI B16.18 Cast Copper Alloy Solder Joint Pressure Fittings Class 

25, 125, 250 and 800 

E. AWWA C111 Rubber-Gasket Joints for Ductile Iron and Gray Iron 

Pressure Pipe and Fittings 

F. AWWA C207 Steel Pipe Flanges for Waterworks Service - Sizes 4 

through 144 IN 

G. NEMA    Motors and Generators 
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1.3 SUBMITTALS  

A. Furnish submittals in accordance with Section 01 33 00 – Submittal Procedures.  

B. Shop Drawings:  Shop Drawings shall contain the following information:  

1. Valve name, size, Cv factor, pressure rating, identification number (if any), and 

specification section number.  

2. Complete information on valve actuator, including size, manufacturer, number, 

limit switches, and mounting.  

3. Cavitation limits for control valves.  

4. Assembly drawings showing part nomenclature, materials, dimensions, weights, 

and relationships of valve handles, handwheels, position indicators, limit switches, 

integral control systems, needle valves, and control systems.  

5. Data in accordance with Section 40 05 93 – Motor Requirements for Process 

Equipment.  

6. Complete wiring diagrams and control system schematics.  

7. Valve Labeling: A schedule of valves to be furnished with stainless steel tags, 

indicating in each case the valve location and the proposed wording for the label.  

8. Certification that products being used under meet requirements of standards 

referenced. 

C. Operation and Maintenance Data:  Provide in accordance with Section 01 78 23 – 

Operation Maintenance Data.  

D. Spare Parts List: A Spare Parts List shall contain the required information for each valve 

assembly, where indicated.  

E. Factory Test Data: Where indicated, signed, dated, and certified factory test data for each 

valve requiring certification shall be submitted before shipment of the valve.  The data shall 

also include certification of quality and test results for factory-applied coatings.  

1.4 QUALITY ASSURANCE  

A. Manufacturer's Qualifications: Valve manufacturers shall have a successful record of not 

less than five (5) years in the manufacture of the valves indicated.  

B. Valve Testing: As a minimum, unless otherwise indicated or recommended by the 

reference Standards, valves 3-inches in diameter and smaller shall be tested in accordance 

with manufacturer's standard, larger valves shall be factory tested as follows:  
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1. Hydrostatic Testing: Valve bodies shall be subjected to internal hydrostatic 

pressure equivalent to twice the water rated pressure of the valve.  Metallic valves 

rating pressures shall be at 100 degrees F and plastic valves shall be at 73-degrees, 

higher temperature according to type of material.  During the hydrostatic test, there 

shall be no leakage through the valve body, end joints, or shaft seals, nor shall any 

part of the valve be permanently deformed.  The duration shall be sufficient time 

to allow visual examination for leakage.  Test duration shall be at least 10 minutes. 

2. Seat Testing: Valves shall be tested for leaks in the closed position with the 

pressure differential across the seat equal to the water rated pressure of the valve.  

The duration of test shall be sufficient time to allow visual examination for 

leakage. Test duration shall be at least 10 minutes. Leakage past the closed valve 

shall not exceed 1 fluid ounce per hour per inch diameter for metal seated valves 

and drop-tight for resilient seated valves.  

3. Performance Testing: Valves shall be shop operated from fully closed to fully open 

position and reverse under no-flow conditions in order to demonstrate the valve 

assembly operates properly.  

C. Certification: Prior to shipment, the Contractor shall submit for valves over 12- inches in 

size, certified, notarized copies of the hydrostatic factory tests, showing compliance with 

the applicable standards of AWWA, ANSI, or ASTM. 

PART 2 - PRODUCTS 

2.1 GENERAL 

A. All valves used in potable water systems shall be NSF/ANSI 61 certified and compliant 

with 14 and 372. 

2.2 PRODUCTS  

A. Valves and gates shall be new and of current manufacture. Shut-off valves 6-inches and 

larger shall have actuators with position indicators.  Gate valves 18-inches and larger or 

where chain wheel is required, shall be furnished with spur gear and hand wheel.  Buried 

valves shall be provided with valve boxes and covers containing position indicators and 

valve extensions.  Manual shut-off valves mounted higher than 7-feet above working level 

shall be provided with chain actuators.  

B. Valve Actuators: Unless otherwise indicated, valve actuators shall be in accordance with 

Section 40 05 57 – Actuators for Process Valves and Gates. 

C. Protective Coating: The exterior surfaces of all valves and the wet interior surfaces of 

ferrous valves of sizes 4-inches and larger shall be coated in accordance with 

manufacturer’s written instructions.  The valve manufacturer shall certify in writing that 

the required coating has been applied and tested in the manufacturing plant prior to 

shipment.  Flange faces of valves shall not be epoxy coated.  
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D. Valve Labeling: Except when such requirement is waived by the Engineer in writing, a 

label shall be provided on shut-off valves and control valves except for hose bibbs.  The 

label shall be of 1/16-inch plastic or stainless steel, minimum 2-inches by 4-inches in size 

and shall be permanently attached to the valve or on the wall adjacent to the valve as 

directed by the Engineer. 

E. Valve Lining: Each valve shall be lined with the same material required for the pipeline in 

which the valve is installed.  

2.3 MATERIALS  

A. Materials shall be suitable for the intended application. Materials in contact with potable 

water shall be listed as compliant with NSF Standard 61.  Materials not indicated shall be 

high-grade standard commercial quality, free from defects and imperfections that might 

affect the serviceability of the product for the purpose for which it is intended.  Unless 

otherwise indicated, valve and actuator bodies shall conform to the following requirements:  

1. Cast Iron: Close-grained gray cast iron, conforming to ASTM A 48 - Gray Iron 

Castings, Class 30, or to ASTM A 126 - Gray Iron Castings for Valves, Flanges, 

and Pipe Fittings.  

2. Ductile Iron: ASTM A 536 - Ductile Iron Castings, or to ASTM A 395 - Ferritic 

Ductile Iron Pressure-Retaining Castings for Use at Elevated Temperatures.  

3. Steel: ASTM A 216 - Steel Castings, Carbon Suitable for Fusion Welding for 

High- Temperature Service, or to ASTM A 515 - Pressure Vessel Plates, Carbon 

Steel, for Intermediate- and Higher-Temperature Service.  

4. Bronze: ASTM B 62 - Composition Bronze or Ounce Metal Castings, and valve 

stems not subject to dezincification shall conform to ASTM B 584 - Copper Alloy 

Sand Castings for General Applications.  

5. Stainless Steel: Stainless steel valve and operator bodies and trim shall conform to 

ASTM A 351 - Steel Castings, Austenitic, for High-Temperature Service, Grade 

CF8M, or shall be Type 316 stainless steel.  

6. PVC: Poly Vinyl Chloride materials for valve body, flanges, and cover shall 

conform to Cell Classification 12454.  

7. CPVC: Chlorinated Poly Vinyl Chloride materials for valve body, flanges, and 

cover shall conform to Cell Classification 23447.  

2.4 VALVE CONSTRUCTION  

A. Bodies: Valve bodies shall be cast, molded (in the case of plastic valves), forged, or welded 

of the materials indicated, with smooth interior passages.  Wall thicknesses shall be 

uniform in agreement with the applicable standards for each type of valve, without casting 

defects, pinholes, or other defects that could weaken the body.  Welds on welded bodies 

shall be done by certified welders and shall be ground smooth.  Valve ends shall be as 

indicated, and be rated for the maximum temperature and pressure to which the valve will 

be subjected.  
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B. Valve End Connections: Unless otherwise indicated, valves 2-1/2 inches diameter and 

smaller may be provided with threaded end connections. Valves 3-inches and larger shall 

have flanged end connections.  

C. Bonnets: Valve bonnets shall be clamped, screwed, or flanged to the body and shall be of 

the same material, temperature, and pressure rating as the body.  The bonnets shall have 

provision for the stem seal with the necessary glands, packing nuts, or yokes.  

D. Stems: Valve stems shall be of the materials indicated, or, if not indicated, of the best 

commercial material for the specific service, with adjustable stem packing, O-rings, 

Chevron V-type packing, or other suitable seal.  Where subject to dezincification, bronze 

valve stems shall conform to ASTM B 62, containing not more than 5 percent of zinc or 

more than 2 percent of aluminum, with a minimum tensile strength of 30,000 psi, a 

minimum yield strength of 14,000 psi, and an elongation of at least 10 percent in 2 inches.  

E. Stem Guides: Stem guides shall be provided per the manufacturer’s recommendations.  

Submerged stem guides shall be 304 stainless steel.  

F. Internal Parts: Internal parts and valve trim shall be as indicated for each individual valve.  

Where not indicated, valve trim shall be of Type 316 stainless steel or other best suited 

material.  

G. Nuts and Bolts: Nuts and bolts on valve flanges and supports shall be in accordance with 

Section 43 05 50 – Equipment Mounting.  

2.5 VALVE ACCESSORIES  

A. Valves shall be furnished complete with the accessories required to provide a functional 

system.  

2.6 SPARE PARTS  

A. The Contractor shall furnish the required spare parts suitably packaged and labeled with 

the valve name, location, and identification number. The Contractor shall also furnish the 

name, address, and telephone number of the nearest distributor for the spare parts of each 

valve.  Spare parts are intended for use by the Owner, after expiration of the correction of 

defects period.  

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Prior to installation, inspect interconnecting piping and end connections to ensure 

compatibility. 

B. Prior to installation, inspect and verify condition of valve and appurtenances.  Installation 

constitutes installer's acceptance of product condition for satisfactory installation. 

C. Ensure exposed piping is sufficiently supported to bear weight of valve when it is installed. 
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3.2 PREPARATION 

A. Correct defects or conditions, which may interfere with or prevent a satisfactory 

installation. 

3.3 VALVE INSTALLATION  

A. Valves, actuating units, stem extensions, valve boxes, and accessories shall be installed in 

accordance with the manufacturer's written instructions and as indicated. Gates shall be 

adequately braced to prevent warpage and bending under the intended use.  Valves shall 

be firmly supported to avoid undue stresses on the pipe.  

B. Access: Valves shall be installed with easy access for actuation, removal, and maintenance 

and to avoid interference between valve actuators and structural members, handrails, or 

other equipment.  

C. Valve Accessories: Where combinations of valves, sensors, switches, and controls are 

indicated, the Contractor shall properly assemble and install such items so that systems are 

compatible and operating properly. The relationship between interrelated items shall be 

clearly noted on Shop Drawing submittals.  

 

END OF SECTION 40 05 51 
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SECTION 40 05 57 – ACTUATORS FOR PROCESS VALVES AND GATES 

PART 1 -  GENERAL 

1.1 WORK INCLUDED  

A. The Contractor shall provide all valve actuators and appurtenances, complete and operable, 

in accordance with the Contract Documents.  

B. The provisions of this Section shall apply to all valves and gates, except where otherwise 

indicated in the Contract Documents. This Section includes manual operators and 

motorized valve operators, and mechanical, gear type limit switches. 

C. Unit Responsibility: A single manufacturer shall be responsible for furnishing and 

coordinating design, assembly, testing, and installation of each type of valve and gate; 

however, the Contractor shall be responsible to the Owner for compliance with the 

requirements of each valve and gate section.   

D. Single Manufacturer: Where two or more valve or gate actuators of the same type or size 

are required, the actuators shall all be produced by the same Manufacturer.   

1.2 REFERENCE STANDARDS 

A. Unless otherwise indicated and where applicable, all actuators shall be in accordance with 

ANSI/AWWA C540 - AWWA Standard for Power-Actuating Devices for Valves and 

Sluice Gates. 

B. National Electrical Manufacturer’s Association (NEMA). 

1.3 SUBMITTALS  

A. Submittals shall be furnished in accordance with Section 01 33 00 – Submittal Procedures 

and Section 40 05 51 - Valves, General.  

B. Shop Drawings: Shop Drawings of all actuators shall be submitted together with the valve 

and gate submittals as a complete package.  

C. Motorized valve submittals shall include the following: 

1. Installation list of similar municipal applications with contacts and phone numbers 

to verify experience. 

2. Shop drawings and product data. 

3. Motor, gear type and design information. 

4. Design Data shall include: 

a. Operating calculations for max break and max dynamic torques and 

minimum safety factor at which degree of valve opening and at break. 
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b. Submit data and calculations to substantiate operating time. 

c. Submit proposed operator configuration and dimensions for each valve. 

5. Wiring Schematics. 

6. Manufacturer’s published installation instructions. 

7. Submit Operation and Maintenance Manuals in accordance with Section 01 78 23 

– Operation and Maintenance Data. 

8. Warranty. 

1.4 QUALITY ASSURANCE 

A. Manufacturer Qualifications: 

1. The motorized operators offered for this project shall have a minimum of 5 years 

of commercial use in municipal wastewater installations of a similar scope and use. 

New and prototype hardware/software will not be accepted. 

2. Submit evidence of satisfactory operation of the proposed product in at least five 

separate facilities in accordance with the following requirements. Include contact 

names and phone numbers. 

PART 2 -  PRODUCTS 

2.1 GENERAL 

A. All valve and gate actuators shall comply with the requirements of Section 40 05 51 – 

Valves, General.  

B. Unless otherwise indicated, all shut-off and throttling valves, and externally actuated 

valves and gates, shall be provided with manual or power actuators.  The Contractor shall 

furnish all actuators complete and operable with mounting hardware, motors, gears, 

controls, wiring, solenoids, handwheels, levers, chains, and extensions, as applicable.  All 

actuators shall be capable of holding the valve in any intermediate position between fully-

open and fully-closed without creeping or fluttering. All wires of motor-driven actuators 

shall be identified by unique numbers.  

C. Where indicated, certain valves and gates may be provided with actuators manufactured 

by the valve or gate Manufacturer.  Where actuators are furnished by different 

manufacturers, the Contractor shall coordinate selection to have the fewest number of 

manufacturers possible.  

D. Materials: All actuators shall be current models of the best commercial quality materials 

and liberally-sized for the maximum expected torque. All materials shall be suitable for the 

environment in which the valve or gate is to be installed.  
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E. Mounting: All actuators shall be securely mounted by means of brackets or hardware 

specially designed and sized for this purpose and of ample strength. The word "open" shall 

be cast on each valve or actuator with an arrow indicating the direction to open in the 

counter-clockwise direction.  All gear and power actuators shall be equipped with position 

indicators. Where possible, manual actuators shall be located between 48 and 60 inches 

above the floor or the permanent working platform.  

F. Functionality: Electric and pneumatic actuators shall be coordinated with power and 

instrumentation equipment indicated elsewhere in the Contract Documents.  

2.2 MANUAL ACTUATORS  

A. Unless otherwise indicated, all valves and gates shall be furnished with manual actuators 

as specified below: 

1. Valves up to and including 4 inches in diameter shall have direct acting lever or 

handwheel actuators of the manufacturer’s best standard design. 

2. Larger valves and gates shall have gear-assisted manual actuators, with a 

maximum operating pull of 60 pounds on the rim of the handwheel. 

a. Above ground valves 6-inches to 24-inches in diameter may have traveling 

nut actuators, worm-gear actuators, spur- or bevel-gear actuators, as 

appropriate for each valve. 

b. Above ground valves 30-inches in diameter and greater and valves for 

pressures higher than 250 psi shall have totally enclosed worm-gear 

actuators. 

c. Buried and submerged valves, gates, and other valves as indicated shall 

have totally enclosed worm-gear actuators, hermetically-sealed water-

tight and grease-packed. 

B. Buried Valves:  Unless otherwise indicated, buried valves shall have extension stems to 

grade, with square nuts or floor stands, position indicators, and cast-iron or steel pipe 

extensions with valve boxes, covers, and operating keys.  Where so indicated, buried valves 

shall be in cast-iron, concrete, or similar valve boxes with covers of ample size to allow 

operation of the valve actuators.  Covers of valve boxes shall be permanently labeled as 

required by the local Utility Company or the Engineer.  Wrench-nuts shall comply with 

AWWA C500 – Metal-Seated Gate Valves for Water Supply Service. 

C. Chain Actuator: Manually-activated valves with the stem located more than 7-feet above 

the floor or operating level shall be furnished with chain drives consisting of sprocket-rim 

chain wheels, chain guides, and operating chains, and be provided by the valve 

Manufacturer. The wheel and guide shall be of ductile-iron, cast-iron, or steel, and furnish 

heavy-duty, Type 304 stainless steel  operating chain looped to extend within 3-feet of the 

operating floor level. The valve stem of chain-actuated valves shall be extra strong to allow 

for the extra weight and chain pull.  Hooks shall be provided for chain storage where chains 

interfere with pedestrian traffic.  
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D. Floor Boxes: Hot-dip galvanized cast-iron or steel floor boxes and covers to fit the slab 

thickness shall be provided for all operating nuts in or below concrete slabs. For operating 

nuts in the concrete slab, the cover shall be bronze-bushed.  

E. Manual Worm-Gear Actuator: The actuator shall consist of a single or double reduction 

gear unit contained in a weather-proof cast-iron or steel body with cover and minimum 12-

inch diameter handwheel. The actuator shall be capable of 90-degree rotation and shall be 

equipped with travel stops capable of limiting the valve opening and closing.  The actuator 

shall consist of spur or helical gears and worm-gearing.  The spur or helical gears shall be 

of hardened alloy steel and the worm-gear shall be alloy bronze.  The worm-gear shaft and 

the handwheel shaft shall be of stainless steel.  All gearing shall be accurately cut with 

hobbing machines. Ball or roller bearings shall be used throughout. Actuator output gear 

changes shall be mechanically possible by simply changing the exposed or helical gear set 

ratio without further disassembly of the actuator. All gearing shall be designed for a 100 

percent overload.  

2.3 ELECTRIC MOTOR ACTUATORS  

A. Where electric motor actuators are indicated, an electric motor-actuated valve control unit 

shall be attached to the actuating mechanism housing by means of a flanged motor adaptor 

piece.  

B. Design: 

1. The actuators shall be suitable for use on a nominal 480 volt, 3 phase, 60Hz power 

supply and are to incorporate motor, integral reversing starter, local control 

facilities and terminals for remote control and indication connections housed 

within a self-contained, sealed enclosure. 

2. Meet applicable AWWA requirements and meet the requirements set out in 

EN15714-2 and ISA SP96.02. 

3. The actuator shall be sized to guarantee valve closure. The safety margin of motor 

power available for seating and unseating the valve shall be sufficient to ensure 

torque switch trip at maximum valve torque with the supply voltage 10% below 

nominal. For linear operating valves, the operating speed shall be such as to give 

valve closing and opening at approximately 10-12 inches per minute unless 

otherwise stated in the data sheet.  For quarter turn valve types, the operating time 

will be a maximum of 60 seconds. 

4. Handwheels for Manual Operation:  

a. Metallic with arrows to indicate "open" rotation; incapable of rotation 

during motor operation; unaffected by fused motor, being mechanically 

independent of the motor drive; maximum 80 pound pull on rim for 

manual operation. Actuators shall be fitted with 2-inch AWWA nut for 

portable operator. When in the manual operating mode, actuator to remain 

in this mode until motor is energized, at which time the actuator shall 

automatically return to electric operation. 
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5. Declutch Lever: Padlockable, capable of mechanically disengaging motor and 

related gearing positively when motor is de-energized and freeing handwheel for 

manual operation. 

a. Do not share any gearing between motor operation and handwheel 

operation. 

b. Design so that simultaneous manual and motor operation is impossible. 

6. Motorized operators shall be provided with an integrally mounted communication 

module within the actuators, to allow non-intrusive set up, double sealed electrical 

housing and shall not require access after factory fitting.  In order to maintain the 

integrity of the enclosure, setting of the torque levels, position limits and 

configuration of the indication contacts etc. shall be carried out without the 

removal of any actuator covers and without mains power over an Infra-red or 

Bluetooth® wireless interface. Sufficient commissioning tools shall be provided 

with the actuators and must meet the enclosure protection and certification levels 

of the actuators.  Commissioning tools shall not form an integral part of the 

actuator and must be removable for secure storage.  In addition, provision shall be 

made for the protection of configured actuator settings by a means independent of 

access to the commissioning tool. Provision shall be made to disable Bluetooth® 

communications or only allow a Bluetooth® connection initiated by an Infra-Red 

command for maximum security. 

a. Each operator shall have independent HAND-OFF-AUTO selector switch 

and OPEN-CLOSE control devices that are wired to the motor starter 

circuit and completely isolated and independent of the valve actuator 

remote control network. 

b. The actuator shall include a device to ensure that the motor runs with the 

correct rotation for the required direction of valve travel irrespective of the 

connection sequence of the power supply. 

7. The complete motorized operator enclosure shall be: 

a. NEMA 4 and NEMA 6 submersible to IP68 (20 feet of head for 72 hours).  

Actuators shall be suitable for indoor and outdoor use.  The actuator shall 

be capable of functioning in an ambient temperature ranging from -6°C 

(22°F) to 70°C (158°F), up to 100% relative humidity. 

b. Actuators for hazardous area applications shall meet the area 

classification, gas group and surface temperature requirements specified 

in data sheet. 

c. Equipped with a separately sealed (double “O” ring) terminal area, such 

that with the terminal cover removed the actuator’s internal components 

are protected from environmental moisture and dust during storage and 

“no-power” conditions, start-up and working life. Enclosure must allow 

for temporary site storage without the need for electrical supply 

connection. 

d. All external fasteners shall be stainless steel. 
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C. Actuator Gearing: 

1. Meet applicable AWWA requirements. 

2. Single reduction type with hardened alloy steel worm gear, and aluminum bronze 

worm gear set; self-locking to maintain gate position. 

3. Power Gearing: Accurately cut to assure minimum backlash; anti-friction bearing 

with caged balls or rollers throughout. 

4. Stem Nuts: High tensile aluminum bronze; accurately machined and mounted in 

heavy ball or roller bearings.  

5. Actuator Gear Housing: Aluminum housing with a separate cast iron thrust base. 

6. Lubrication: Rotating power train components immersed in oil with provisions for 

inspection and re-lubrication without disassembly. 

a. Lubricants: Suitable for ambient conditions of -20 degrees F to +150 

degrees F. 

b. Provide seals on shafting.  All seals, feed throughs, and bearings shall 

provide sealing such that the actuator can be mounted in any position with 

no leakage of oil. Secondary gearboxes shall be externally attached to the 

actuator to accommodate variations in output speeds, torques or operating 

times and for use with quarter-turn valves. These multi-turn and quarter-

turn gearboxes are to use accurately cut gears suitable for motor drive. 

D. Motors: 

1. The motor shall an integral part of the actuator, designed specifically for valve 

actuator applications.  It shall be a low inertia high torque design, class F insulated 

with a class B temperature rise giving a time rating of 15 minutes at 40°C (104°F) 

at an average load of at least 33% of maximum valve torque.  Where the total cycle 

time (two complete strokes) is longer than 15 minutes then NEMA Class H motor 

for 30 minute duty rating is to be used, with a maximum continuous temperature 

rating of 125 degrees C rise over ambient Temperature shall be limited by 2 

thermostats embedded in the motor end windings and integrated into its control. 

Type: Specifically designed for gate actuator service with high starting torque, low 

inertia, totally enclosed, non-ventilated construction. 

2. Protection shall be provided for the motor as follows: 

a. Stall - the motor shall be de-energized within 8 seconds in the event of a 

stall when attempting to unseat a jammed valve. 

b. Over temperature - thermostat will cause tripping of the motor.  Auto-reset 

on cooling. 

c. Single phasing - lost phase protection 

d. Direction – phase rotation correction 

3. Motor Windings: Epoxy treated. 

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY  

WWTP UPGRADES 222194-202 

ACTUATORS FOR PROCESS VALVES AND GATES 40 05 57 - 7 

4. Size: Sufficient to provide the maximum torque required for valve opening/closing 

operation, with a safety factor of 1.5.  Torque shall be based on the valve 

manufacture’s calculated torque required for opening/closing at full differential 

and maximum valve dynamic torque. 

5. Voltage Tolerance: Capable of operating at within 10 percent of specified voltage. 

6. Motor Starters: 

a. For Open-Close Service: Self-contained electromechanical reversing 

starter suitable for 60 starts/hr. 

b. For Modulating Service: Self-contained solid-state reversing starter 

suitable for 1,200 starts per hour. The hammer action will be replaced by 

a direct drive. 

7. Accessories: Internal thermal contacts embedded in the motor windings for 

detecting motor overload and a ground lug. 

8. Power Supply: As scheduled or as indicated on the Drawings. 

9. Enclosures for Motors, Switches, and Other Electrical Compartments shall be: 

a. In Class 1, Division 1 or Division 2, classified areas or where indicated in 

the Motorized Operator Schedule: NEMA 7 and NEMA 6 submersible to 

IP68. 

b. In other locations: NEMA 4 and NEMA 6 submersible to IP68. 

c. Terminal compartment shall have three threaded cable entries as a 

minimum. Provide additional threaded entries if required or indicated on 

the Drawings. 

E. Controls: 

1. Voltage Transformer: 

a. As required to step down power supply to control voltage. 

b. Size voltage transformer to provide 24VDC or 120 VAC control power, 

for customer signals, indication and interlock relays as needed with 25 

percent spare capacity or 15 VA, whichever is greater, for the multi-turn 

actuator. 
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2. Control Station: 

a. Integral with operator. Enclosures shall be: 

1) In Class 1, Division 1 or Division 2 classified areas: NEMA 7 and 

NEMA 6 submersible to IP68. 

2) In other locations: NEMA 4 and NEMA 6 submersible to IP68. 

b. Provided with Following Devices: 

1) HAND-OFF-AUTO selector switch, lockable in the OFF position. 

2) OPEN and CLOSE pushbuttons. 

3) OPEN and CLOSE indicating lights. 

3. Torque Sensing: 

a. Torque and thrust loads in both closing and opening directions shall be 

limited by a torque sensing device.  

b. Torque setting: 40 percent to 100 percent rated torque, adjustable in 1% 

increments and indicated locally. 

4. Electric Circuit Diagrams: 

a. Identical regardless of whether gates are to open or close on torque or 

position limit. 

b. Non-intrusive calibration-adjustment and interrogation of the actuator 

shall be accomplished without the removal of any of the actuator’s covers. 

Non-intrusive calibration, adjustment & interrogation will be by means of 

a setting tool to provide speedy interrogation capabilities as well as 

security. The setting tool shall be in a non-intrusive intrinsically safe 

watertight casing. In addition it shall be possible to use a PDA or laptop. 

5. Valve Position/Actuator Status Indication: 

a. The actuator shall provide a local display of the position of the valve, even 

when the power supply is not present. 

b. In the event of a (main) power (supply) loss or failure, the position contacts 

shall continue to be able to supply remote position feedback and maintain 

interlock capabilities. 

c. Absolute position measurement should be incorporated within the 

actuator. The technology must be capable of reliably measuring position 

even in the case of a single fault. The design must be simple with the 

minimum amount of moving parts (no more than 5). Technologies such as 

LEDs or potentiometers for position measurement are considered 

unreliable and therefore not preferred. The position of the actuator and 

valve shall be updated contemporaneously, even when the power supply 

is not present. 
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d. Four contacts shall be provided which can be selected to indicate any 

position of the valve; Provision shall be made for the selection of a 

normally closed or open contact form.  Contacts shall maintain and update 

position indication during handwheel operation when all external power 

to the actuator is isolated. The contacts shall be rated at 5 Amps, 250 VAC, 

30 VDC.  Provision shall be made in the design for an additional eight 

contacts having the same functionality.  A configurable monitor relay shall 

be provided as standard, which can be used to indicate either Availability 

or Fault. The relay should be a spring return type with a Normally Open / 

Normally Closed contact pre-wired to the terminal bung. 

e. As an alternative to providing valve position, any of the above contacts 

shall be selectable to signal one of the following: 

1) Valve Opening or Closing. 

2) Motor Tripped on Torque in Mid Travel. 

3) Motor Stalled. 

4) Actuator Being Operated by Handwheel. 

f. For actuators in modulating service, provide a controller that will accept a 

4-20 mA analog signal. Additionally, a 4-20 mA position transmitter shall 

be included to provide a valve position feedback. The controller shall 

compare the input signal with the feedback signal to produce an error 

signal. The controller shall cause the motor to move the valve or gate in a 

direction so as to reduce the magnitude of the error signal. The controller 

positioning accuracy shall be plus or minus 1.0 percent of travel or better. 

It shall be possible to adjust Dead Band (0 to 9.9 percent of travel) and a 

Motion Inhibit Timer (2 to 99 seconds), and select action upon loss of 

signal, open/close/stay put. 

6. Integral Starter and Transformer  

a. The reversing starter, control transformer and local controls shall be 

integral with the valve actuator, suitably housed to prevent breathing and 

condensation. The starter shall be suitable for 60 starts per hour and of 

rating appropriate to motor size. The controls supply transformer shall be 

fed from two of the incoming three phases and incorporate overload 

protection. It shall have the necessary tapping and be adequately rated to 

provide power for the following functions: 

1) Energizing of the contactor Coils 

2) 24VDC or 110V AC output for remote controls (maximum 

5W/VA) 

3) Supply for all internal electrical circuits 
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7. Local Position Indication: 

a. The actuator display shall include a dedicated numeric/symbol digital 

position indicator displaying valve position from fully open to fully close 

in 0.1% increments. Valve closed and open positions shall be indicated by 

symbols showing valve position in relation to the pipework to ensure that 

valve status is clearly interpreted.  With mains power connected, the 

display shall be backlit to enhance contrast at all ambient light levels and 

shall be legible from a distance of at least 5m (16ft). 

b. Red, green, and yellow LEDs corresponding to open, closed and 

intermediate valve positions shall be included on the actuator display when 

power is switched on. The yellow LED should also be fully programmable 

for on/off, blinker and fault indication. The digital display shall be 

maintained and updated during handwheel operation when mains power 

to the actuator is isolated.  

c. The actuator display shall include a fully configurable dot-matrix display 

element with a minimum pixel resolution of 168 x 132 to display 

operational, alarm, configuration and graphical datalogger information.  

The text display shall be selectable between English and other languages 

such as: Spanish, German, French, and Italian.  Provision shall be made to 

upload a different language without removal of any covers or using 

specialized tools not provided as standard with the actuator Local Display: 

Large enough to be readable from a distance of six feet when the actuator 

is powered up. It shall be possible to rotate the display in 90 degree 

increments to compensate for the actuators installed position. 

d. Each actuator shall include a Data Logger to provide diagnostic 

information for maintenance & preventative maintenance purposes, 

including torque curves for both open & close strokes. This information is 

to be accessed by means of a) the setting tool, b) PDA or c) laptop, and in 

a format that can be saved electronically or on paper and then viewed at a 

later date. The software to achieve this and any updates to the software are 

to be supplied at no extra cost to the end user. Datalogger graphical 

displays should as a minimum be able to display log and trend graphs on 

the local LCD for the following: 

1) Torque versus Position 

2) Number of Starts versus Position 

3) Number of starts per hour 

4) Dwell Time 

5) Average temperature. 

e. The main display shall be capable of indicating 4 different home-screens 

of the following configuration:  

1) Isolation and status 
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2) Position and torque (analogue) 

3) Position and torque (digital) 

4) Position and demand (positioning). 

F. Operation: 

1. Controller System: Rated as follows: 

a. Open-Close Service - 60 starts per hour (minimum). 

b. Modulating Service - 1,200 starts per hour (minimum). 

G. Manufacturers: 

1. Intelligent electric actuators with torque output requirements of 750 ft-lbs and less 

for butterfly valves and eccentric plug valves shall be quarter turn type.  

Acceptable manufactures include: 

a. Rotork “IQT Series” 

b. Limitorque “QX” 

c. EIM “HQ Series” 

2. Intelligent electric actuators for open-close service shall be multi-turn type.  

Acceptable manufacturers include: 

a. Rotork “IQ Series” 

b. Limitorque “MX” 

c. EIM “TEC 2000” 

3. Intelligent electric actuators for modulating service shall be as follows: 

a. Rotork “IQ Series” 

b. Limitorque “MX” 

c. EIM “TEC 2000” 

4. Intelligent actuators for explosion proof service shall be as follows: 

a. Rotork “IQ Series” 

b. Limitorque “MX” 

c. EIM “TEC 2000” 
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PART 3 -  EXECUTION 

3.1 GENERAL  

A. Field representatives of manufacturers of valves or gates with electric actuators shall adjust 

actuator controls and limit switches in the field for the required function.  

B. All valve and gate actuators and accessories shall be installed in accordance with Section 

40 05 51 - Valves, General. Actuators shall be located to be readily accessible for operation 

and maintenance, without obstructing walkways. Actuators shall not be mounted where 

shock or vibrations will impair their operation, nor shall the support systems be attached to 

handrails, process piping, or mechanical equipment.  

3.2 SOURCE QUALITY CONTROL 

A. Factory test each motorized operator assembly in accordance with AWWA C540, except 

as modified herein.  

B. Demonstrate that the stroke time is within the specified range. 

C. Verify limit switch and torque switch functions in both directions. 

D. Provide individual factory test certificates for each motorized actuator at no additional cost. 

Record the following parameters as a minimum. 

1. No load current. 

2. Current at maximum torque setting. 

3. Stall current. 

4. Torque at maximum torque setting. 

5. Stall torque. 

6. Test voltage and frequency. 

7. Flash test voltage. 

8. Actuator output speed. 

E. Record details of specification, such as gear ratios for both manual and automatic drive, 

closing direction, wiring diagram, and serial number on the test certificates. 

F. Require the motorized actuator manufacturer to submit certified statements that 

proof-of-design tests were carried out per the “Valve Actuator” section of AWWA C540 

and that all requirements were successfully met. 

3.3 INSTALLATION 

A. Install operators in accordance with manufacturer's instructions. 
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3.4 MANUFACTURER'S FIELD SERVICES 

A. Coordinate field service work with Owner and Engineer prior to initiating such work. 

B. Contractor shall furnish a qualified Manufacturer’s Representative to provide 

manufacturer’s field services for inspection, testing, equipment startup, and operator 

training.   

C. Require manufacturer’s representative to perform the following services as described 

below and as specified in Section 01 75 00 -  Equipment Testing and Startup Procedures.  

1. Installation Assistance: 

a. Advise/observe the Contractor on the installation of motorized operators. 

b. Check and verify that installation of the motorized operators is in 

accordance with the Drawings and manufacturer’s installation 

instructions. 

c. Provide additional assistance as required. 

2. Provide a 2-year warranty from date of substantial completion for the project.  

3. Training: Provide a minimum of four (4) hours of training for the Owner’s staff on 

the operation and maintenance of electric operated gates and valves.  

3.5 COMMISSIONING KIT  

A. Each actuator shall be supplied with a start-up kit comprising installation instruction 

manual, electrical wiring diagram and cover seals to make good any site losses during the 

commissioning period.  In addition, sufficient actuator commissioning tools shall be 

supplied to enable actuator set up and adjustment during valve/actuator testing and site 

installation commissioning. 

 

END OF SECTION 40 05 57 
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SECTION 40 05 64 - BUTTERFLY VALVES 

PART 1 - GENERAL 

1.1 WORK INCLUDED 

A. Furnish all labor, materials, and equipment as required to furnish and install butterfly 

valves with manual, electric or pneumatic actuators as indicated on the Plans and in 

accordance with these specifications. 

1.2 REFERENCE STANDARDS 

A. Commercial Standards: 

1. ANSI/AWWA C504  Rubber-Seated Butterfly Valves.  

2. ANSI/AWWA C540 Power Actuating Devices for Valves and Sluice 

Gates 

3. ANSI/AWWA C550 Protective Epoxy Interior Coatings for Valves 

and Hydrants 

4. ANSI B16.1 Cast Iron Pipe Flanges and Flanged Fittings Class 

25, 125, 250, and 800 

5. ANSI B16.5   Pipe Flanges and Flanged Fittings 

6. ASTM A48   Specifications for Gray Iron Castings 

7. ASTM A126 Gray Iron Castings for Valves, Flanges and Pipe 

Fittings 

8. STM A276 Specifications for Stainless and Heat-Resisting 

Steel Bars and Shapes 

9. ASTM A436   Austenitic, Gray Iron Castings 

10. ASTM A536   Ductile Iron Castings 

11. MSS SP67   Butterfly Valves 

1.3 SUBMITTALS 

A. Provide shop drawings per Section 01 33 00 – Submittal Procedures and Section 40 05 51 

– Valves, General including: 

1. Complete Shop Drawings of butterfly valves and actuators. 

2. Drawings showing valve port diameter complete with dimensions, part numbers 

and materials of construction 
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3. Certification of proof-of-design test form the valve manufacturer. 

4. If automatically actuated, provide actuator information in accordance with Section 

40 05 57 – Actuators for Process Valves and Gates.  

5. For above grade installations, provide literature regarding valve position indicators 

and installation information to indicate if valves must be installed in the upright 

position. If valve must be installed in upright position, provide modified valve 

position indicator that can be seen from the floor when opening or closing the 

valve.  

1.4 QUALITY ASSURANCE 

A. Valves shall be subjected to performance, leakage, and hydrostatic test in accordance with 

procedures and acceptance criteria established by AWWA C504. 

PART 2 - PRODUCTS 

2.1 GENERAL 

A. Butterfly valves shall comply with the requirements of Section 40 05 51 – Valves, General. 

2.2 BUTTERFLY VALVES FOR GENERAL PURPOSE SERVICE 

A. Valves shall be certified to NSF Standard 61. 

B. Butterfly valves shall be rubber seated butterfly valves that conform to AWWA C504, rated 

for water working pressures up to 150 psig, subject to the following requirements.  

Butterfly valves for general purpose service shall be rubber seated butterfly valves that 

conform to AWWA C504, rated for water working pressures up to 150 psig, subject to the 

following requirements.  Valves shall be of the size and class indicated, suitable for bubble 

tight shut-off service as well as throttling service at rated pressure at ambient temperatures 

of 33 to 125 degrees F.  Lug or wafer style valves shall have ANSI 125 lb flange bolt hole 

patterns. 

C. Body:  The valve body shall be of cast iron conforming to ASTM A126 - Specifications 

for Gray Iron Castings for Valves, Flanges and Pipe Fittings, Class B, with either wafer, 

lug, or flanged design as indicated in drawings, drilled to ANSI B 16.1 - Cast Iron Pipe 

Flanges and Flanged Fittings, Class 125.  The entire body shall be factory coated with an 

epoxy coating system in accordance with AWWA C550. 

D. Disc:  The disc shall be a ductile iron conforming to ASTM A536, with factory applied 

epoxy coating in accordance with AWWA C550.  The disc shall have no holes drilled into 

it for securing the disc to the stem with pins, screws, or any other such hardware.  If the 

disc design is such that securing hardware is required then the disc and securing hardware 

shall both be type 316 stainless steel. 

E. Seat:  The valve seat shall be Ethylene-Propylene-Diene Monomer (EPDM) or Buna N and 

shall be bonded or vulcanized to the valve body. 
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F. Stem:  The valve stem shall be a Type 316 stainless steel ASTM A276, with keyed slots 

on the stem to make with receiving slots on the inner part of the disc requiring no disc 

screws or pins for connection of the tem to the disc.  If connecting pins or screws are 

required for a particular manufacturer’s design, then the disc as well as the connecting 

hardware shall be type 316 stainless steel. 

G. Stem Bushing:  The stem bushing shall be a non-corrosive, heavy duty acetal bushing. 

H. Stem Seal:  The stem shall be a double “U” cup seal or O-ring designed which is self 

adjusting and provides positive sealing in both directions, and is suitable for the service 

condition. 

I. Flange / Style:  Unless otherwise specified or noted on the drawings, the style of each 

butterfly valve shall be lug style.  The Contractor shall not use any type of raised face type 

PVC flange on either side of any butterfly valve.  Contractor shall be responsible to ensure 

that the selected butterfly valve will fully open and close without any physical interference 

at all.    

J. Testing:  Valves shall be factory leak tested in accordance with AWWA C504. 

K. Manufacturers or equal: 

1. DeZurik Water Controls 

2. Henry Pratt Company 

3. Bray 

4. Val-matic 

2.3 BUTTERFLY VALVES FOR AIR SERVICE 

A. General:  Butterfly valves for air service shall be specifically designed for this service and 

meet or exceed the design, strength, performance, and testing standards of AWWA C504. 

They shall be suitable for pressures from vacuum to 125 psi and temperatures from minus 

40 degrees F to 300 degrees F. 

B. Body:  The valve body shall be of cast iron conforming to ASTM A126, Class B, with lug 

or flanged design as indicated, drilled to ANSI B16.1, Class 25, 125, 250, and 800, Class 

125. 

C. Disc:  The disc shall be cast iron conforming to ASTM A126 with a nylon coating, bronze, 

or Type 316 stainless steel. The disc shall be designed with the air- profile or other suitable 

shape. Sprayed or plated disc edges are not acceptable. 

D. Seat:  The elastomer seat shall be in the body. It shall be field-replaceable without special 

tools. The seat material shall be EPDM or PTFE/Viton to provide a tight shut-off at the 

temperatures above. 

E. Shaft:  The valve shaft shall be of Type 316 or 304 stainless steel, with sufficient strength 

to allow for the increased torque for air service. 
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F. Bearings:  Shaft bearings shall be of the self-lubricating corrosion resistant sleeve type. 

G. Packing:  The packing shall be of the adjustable or self adjustable (a-ring) type, suitable 

for the temperature and service conditions. 

H. Manufacturers, or Equal: 

1. DeZurik water Controls 

2. Henry Pratt Company 

3. Bray 

2.4 VALVE SCHEDULE 

A. In addition to providing all necessary valves 3-inch diameter and smaller, the Contractor 

shall provide the butterfly valves as shown on the valve schedule in the Contract Drawings.  

2.5 ACTUATORS 

A. Manual Actuators:  Actuators shall conform to Section 40 05 57 – Actuators for Process 

Valves and Gates and to ANSI / AWWA C540 - Power Actuating Devices for Valves and 

Sluice Gates, subject to the following requirements.  Unless otherwise indicated, all 

manually-actuated butterfly valves of 6 inch diameter and larger shall be equipped with a 

handwheel and 2-inch square actuating nut and position indicator.  Manual lever type 

actuators shall allow for positive throttling and have at minimum 10 stop positions from 

open to close for positive locking of the valve.  The manual lever type actuators as well as 

handwheel actuators shall have an epoxy coating per manufacturer’s standard coating. 

B. Electric Actuators:  Where indicated on Plans, provide electric actuators that meet the 

requirements of AWWA C 540 and are in accordance with Section 40 05 57 – Actuators 

for Process Valves and Gates. The maximum torque for the valve shall be input into the 

actuator program to be the maximum torque applied by the actuator. 

2.6 PAINTING AND COATINGS 

A. All valves inside of hydraulic structures shall be provided with a high build epoxy coating 

system, per manufacturers standard coating. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Prior to installation, inspect interconnecting piping and end connections to ensure 

compatibility. 

B. Prior to installation, inspect and verify condition of valve and appurtenances.   

C. Ensure exposed piping is sufficiently supported to bear weight of valve when it is installed. 

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY  

WWTP UPGRADES 222194-202 

BUTTERFLY VALVES 40 05 64 - 5 

3.2 PRODUCT HANDLING 

A. Protect valves and components against dirt and damage during shipment and storage. 

B. Handle valves to prevent damage or contamination. 

3.3 INSTALLATION 

A. Install all valves in accordance with manufacturer’s recommendations and with Section 40 

05 51 – Valves, General. 

 

END OF SECTION 40 05 64 
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SECTION 40 05 65.29 – DOUBLE-DISK CHECK VALVES  

PART 1 -  GENERAL 

1.1 WORK INCLUDED  

A. The Contractor shall provide double-disk check valves and appurtenances, complete and 

operable, for process air piping in accordance with the Contract Documents.. 

1.2 REFERENCE STANDARDS 

A. ANSI/AWWA C 508 Swing-Check Valves for Waterworks Service, 2 in. 

through 24 in. 

B. ASTM A 126    Gray Iron Casting for Valves, Flanges, and Pipe Fittings;  

C. ANSI/ASME B 16.1  Cast Iron Pipe Flanges and Flanged Fittings, Class 25, 

125, 250 and 300;  

D. ASTM B 584    Copper Alloy Sand Castings for General Applications  

E. ASTM B 584 or B 148   Aluminum-Bronze Castings, or of Buna-N;  

F. ASTM B 763    Copper Alloy Sand Castings for Valve Application, or  

G. ANSI/ASME B1.20.1   Pipe Threads, General Purpose (inch);  

H. ASTM B 16  Free-Cutting Brass Rod, Bar, and Shapes for Use in Screw 

Machines. 

1.3 SUBMITTALS 

A. The Contractor shall furnish submittals in accordance with Section 40 05 51 – Valves, 

General.  

PART 2 -  PRODUCTS 

2.1 DOUBLE-DISK CHECK VALVES  

A. Double-disk check valves for air and gas service and where indicated, shall be of the wafer-

type designed to fit between ANSI B16.1 flanges for 125-lb rating. The check valve leaves 

shall be spring-loaded. Flow from one direction shall cause the valve to open, and upon 

valve shutoff, the spring shall shut the valve leaves before reverse flow starts, acting at a 

point of zero velocity, for non-slam closure. The spring-tension of each valve shall be 

designed for the individual operating condition.  

B. Body:  The valve body shall be of cast iron conforming to ASTM A 126 with integrally-

cast seat, rated for minimum 150-lb working pressure at up to 250 degrees F.  
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C. Leaves:  The leaves shall be of bronze, aluminum bronze, or ductile iron, revolving on 

stainless steel or monel hinge pins with retainers. 

D. Seat:  The valves shall have resilient seats for bubble-tight shut-off, suitable for 

temperatures up to 250 degrees F without sticking. The seats shall be Viton or other suitable 

material for the intended purpose. The seat rings shall be firmly attached a shoulder cast in 

the body or to the disc by compression-molding or similar acceptable method.  

E. Springs:  The springs shall be of Type 316 stainless steel or Inconel, as best suited for the 

service condition.  

F. Manufacturers, or equal: 

1. APCO (Valve and Primer Corporation) 

2. Proquip International  

3. VAL-MATIC (Valve and Manufacturing Corporation) 

PART 3 -  EXECUTION 

3.1 GENERAL  

A. Valves shall be installed in accordance with provisions of Section 40 05 51 – Valves, 

General. 

END OF SECTION 40 05 65.29 
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SECTION 40 05 82 – SOLENOID VALVES 

PART 1 - GENERAL 

1.1 WORK INCLUDED  

A. The Contractor shall provide miscellaneous valves, and appurtenances, complete and 

operable in accordance with the Contract Documents.  

1.2 REFERENCE STANDARDS 

A. Commercial Standards: 

1. AWWA C511 Reduced-Pressure Principle Backflow Prevention 

Assembly 

2. ANSI B16.1 Cast Iron Pipe Flanges and Flanged Fittings 

3. C-510-97  Double Check Valve Backflow Prevention Assembly  

4. C-511-97  Reduced Pressure Principle Backflow Prevention 

Assembly  

5. NPFA 820 Standard for Fire Protection in Wastewater Treatment and 

Collection Facilities 

1.3 SUBMITTALS 

A. Furnish submittals in accordance with Section 01 33 00 – Submittal Procedures and Section 

40 05 51 – Valves, General. 

B. Technical Manual:  Furnish operation and maintenance information in accordance with 

Section 01 78 23 – Operation and Maintenance Data.  

1.4 QUALITY ASSURANCE  

A. Comply with quality assurance requirements listed in Section 40 05 51 – Valves, General. 

PART 2 - PRODUCTS 

2.1 GENERAL 

A. All valves specified in this Section shall meet the applicable requirements of Section 40 05 

51 – Valves, General.  

B. All components that are in contact with potable water shall be certified to NSF Standard 

61. 
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2.2 SOLENOID VALVES  

A. All coil ratings shall be for continuous duty. For electrical characteristics see electrical 

drawings or specifications.  

B. Explosion-proof valves shall be provided in Class 1, Division 1 areas as required under 

NPFA 820 guidelines.  This applies to any solenoid valves located in the Headworks 

Building. 

C. Solenoid valves shall be of the size, type, and class indicated and shall be designed for not 

less than 150 psi water-working pressure. Valves for water, air, or gas service shall have 

brass or bronze body with screwed ends, stainless steel trim and spring, Teflon or other 

resilient seals with material best suited for the temperature and fluid handled. Unless 

otherwise indicated, for chemicals and all corrosive fluids, solenoid valves with PVC, 

CPVC, polypropylene (PP), polyvinylidene fluoride (PVDF), or Teflon materials of 

construction, suitable for the specific application shall be provided. Enclosures shall be 

NEMA rated in accordance with the area designations.  

D. Solenoid valves shall be pilot controlled and shall be water hammer free. 

E. Solenoid valves shall fail in the closed position unless otherwise indicated on the project 

drawings. 

F. Where solenoid valves are apart of a packaged equipment system, those solenoids valves 

shall be specified and provided by the equipment manufacturer. 

G. Manufacturers, or Equal:  

1. For general duty  

a. Automatic Switch Co. (ASCO), Model "RED HAT" 

b. Skinner Valve (Parker Hannifin Corporation) 

c. Magnatrol Valve Corporation 

d. J. D. Gould Co.  

2. Metallic valves for corrosive fluids  

a. Valcor Engineering Corporation 

3. Plastic valves for corrosive fluids  

a. GF Plastic Systems, Inc.  

b. Spears Mfg. Co. 
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PART 3 - EXECUTION 

3.1 INSTALLATION  

A. Valves shall be installed in accordance with the manufacturer's printed recommendations, 

and with provisions of Section 40 05 51 – Valves, General.  

B. After installation is complete, the solenoid valve shall be tested for proper operation. 

 

END OF SECTION 40 05 82 
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SECTION 40 05 93 – COMMON MOTOR REQUIREMENTS FOR PROCESS EQUIPMENT 

PART 1 -  GENERAL 

1.1 THE REQUIREMENT 

A. The Contractor shall provide electrical motors, accessories, and appurtenances complete 

and operable, in conformance with the individual driven equipment specifications and the 

Contract Documents. 

B. The provision in this Section apply to all low voltage AC squirrel cage induction motors 

except as indicated otherwise. 

C. All motors shown on the Drawings or specified in other divisions of the specifications shall 

in general, be furnished with the driven equipment and connected under Division 26 of the 

Specification.  

D. If motors are specified in other divisions of the Specification, then in the event of conflicts, 

the more restrictive specification shall apply. 

E. The Contractor shall assign to the equipment supplier the responsibility to select suitable 

electric motors for the equipment.  The choice of motor manufacturer shall be subject to 

review by the Engineer.  Such review will consider future availability of replacement parts 

and compatibility with driven equipment. 

1.2 REFERENCE SPECIFICATIONS, CODES AND STANDARDS  

A. Motors shall be designed, built, and tested in accordance with the latest revision of the 

following standard documents. In the case of conflict between the requirements of this 

Section and those of the standard documents, the requirements of this Section shall prevail.  

1. NEMA MG 1   Motors and Generators  

2. ANSI/IEEE 112  Test Procedures for Polyphase Induction Motors and 

Generators  

3. UL l004   Motors, Electric 

1.3 CONTRACTOR SUBMITTALS  

A. Refer to Section 01 33 00 – Submittal Procedures and individual equipment specification 

requirements.  

B. Submit the motor manufacturer's certification of bearing life on motors where application 

conditions suggest significant belt drive or thrust loads.  

C. A Motor Data form (sample Form follows section) shall be submitted for each and every 

motor furnished under this Contract.  

D. Motor outline, dimensions, and weight.  
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E. Manufacturer's descriptive information relative to specified features.  

F. Motor Performance Characteristics:  

1. Guaranteed minimum efficiency at rated load at rated voltage.  

2. Guaranteed minimum power factor at rated load at rated voltage.  

3. Expected efficiency at 1/2, 3/4, and full load at rated voltage.  

4. Expected power factor at 1/2, 3/4, and full load at rated voltage.  

5. Motor no-load current at rated voltage.  

6. Full load current at rated voltage.  

7. Full load current at 110 percent voltage.  

8. Starting current at rated voltage.  

9. Full load speed.  

10. Certified copy of test report for identical motor tested in accordance with NEMA 

MG 1-12.53a and IEEE Standard 112, Test Method B, showing full load efficiency 

and power factor not less than specified value. Motors not as specified will be 

rejected.  

G. Vertical Motor Data:  

1. Thrust bearing life  

2. Type of thrust bearing lubrication.  

3. Type of guide bearing lubrication.  

H. Operation and Maintenance Manuals (provided before or during training of treatment plant 

staff), including:  

1. Complete information for storage and installation.  

2. Complete operating and maintenance instructions.  

3. Bill of Materials. 

1.4 EQUIPMENT GUARANTEE  

A. Guarantees shall cover:  

1. Faulty or inadequate design.  

2. Improper assembly or erection.  
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3. Breakage, or other failure. 

4. Defective workmanship or materials  

1.5 FACTORY TESTS 

A. Provide factory test and test reports as listed below for all polyphase motors. For motors 7 

1/2 hp and above, provide test reports for the actual motor being supplied. For motors under 

7 1/2 hp, test reports of an identical motor may be provided. Perform all tests in accordance 

with the Procedures for Polyphase Induction Motors and Generators No. 112A and NEMA 

MG 1.  

B. Measurements of no-load current and speed at nominal voltage and frequency  

1. Measurement of locked rotor current at rated frequency.  

2. Results of high-potential test.  

3. Determination of efficiency and power factor at 1/2 load, 3/4 load, full-load, and 

service factor load.  

PART 2 -  PRODUCTS 

2.1 GENERAL  

A. Provide squirrel-cage induction motors unless otherwise noted.  

B. Electric motors driving identical machines shall be identical. 

C. Coordination: Provide motors especially suitable both electrically and mechanically to 

drive the loads specified. The speed, horsepower, torque base, bearing, shaft, insulation 

and enclosure shall be closely coordinated with this specification so as to provide a 

satisfactory, efficient drive without overloading, overheating, abnormal noise or vibration. 

The BHP required of the driven equipment under the most severe operating conditions for 

the equipment served shall not exceed the rated nameplate horsepower of the motor when 

operating at its rated service factor, nor shall it exceed the rated nameplate horsepower of 

the motor when operated at specified conditions at a service factor of 1.0. The "most severe 

operating conditions" shall include the full possible range of normal operating conditions 

but shall not include unusual conditions such as equipment failure.  

D. Standards: All motors shall be in accordance with NEMA-MG 1 "T" Line, IEEE and ANSI 

latest revision insofar as they are applicable.  

E. Service Conditions: Provide motors designed and built for long, trouble-free life in 

industrial service capable of operating successfully under the following application 

conditions:  

1. 40°C maximum ambient temperature to -20 degrees Celsius minimum ambient 

temperature.  
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2. Altitude at the facility site shall be verified.  

3. Voltage variations to + 10 percent of nameplate rating.  

4. Frequency variations to + 5 percent of nameplate rating.  

5. Multiple speed motors suitable for use with multiple speed starter furnished.  

6. Inverter duty motors suitable for use with variable frequency drives, if furnished.  

F. Operating Characteristics: All motors shall be rated for full-voltage starting, NEMA 

Design B, normal torque, normal starting current, unless otherwise required by the driven 

equipment or specified.  

G. Installation Environment: Provide motors suitable for the environment in which they are 

to be installed. Where the installation environment is specified, provide motors suitable for 

the environment indicated and in conformance with the specification.  

H. Exempt Motors:  Motors for valve operators, submersible pumps, or motors which are 

integral part of standard manufactured equipment, i.e., non-NEMA mounting, common 

shaft with driven element, or part of domestic or commercial uses apparatus may be 

exempted from these specifications to the extent that such variation reflects a necessary 

condition of motor service or a requirement of the driven equipment. 

2.2 ENCLOSURES  

A. Horizontal: Dripproof NEMA Standard MG 1, unless otherwise specified. Provide screen 

over all air openings.  

B. Vertical: Motors shall be weather protected Type 1 (WP-l) NEMA Standard MG 1, with 

inlet and outlet openings screened unless otherwise specified.  

C. TEFC and TENV: Totally enclosed fan cooled (TEFC) where specified. Provide horizontal 

TEFC motors with condensate drain holes. Totally enclosed non- ventilated (TENV) may 

be substituted for TEFC at Contractor's option.  

D. Cast iron or extruded aluminum or die cast aluminum stator frames and end shields, rigid 

construction.  

E. Heavy fabricated steel, cast iron or aluminum frames for single phase motors. 

2.3 ACCESSORY REQUIREMENTS  

A. Motor Assembly: Provide NEMA conduit entrance box. Provide conduit entrance box size 

and drilling to conform to the conduit or wiring requirements indicated on the electrical 

drawings. Include motor leads and all accessory leads in a common conduit entrance box.  

B. Motor Leads: Provide motor leads compatible with motor insulation systems, permanently 

identified.  
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C. Eyebolts: Provide drilling and tapping for eyebolts on all motors weighing more than 83 

pounds.  

D. Nameplates: Provide one or more engraved stainless steel stamped metal nameplates with 

the information required by NEMA-MGI-IO.38 and the following additional information:  

1. Maximum ambient temperature for which motor is rated.  

2. Class of insulation.  

3. Service factor.  

4. Bearing number.  

5. Motor connection diagram if more than three leads.  

6. Power rating in KW if driven equipment ratings are given in metric units.  

E. Oil Lubricated Polyphase Motors: Provide lubricating oil reservoirs and sight gauges.  

F. Painting: As specified in Section 43 05 01 – Equipment General Provisions.  

G. Provide motor grounding lug suitable to terminate ground wire, sized as indicated. 

2.4 INSULATION CLASS  

A. Provide NEMA Class B insulation for all polyphase squirrel-cage induction motors, unless 

otherwise specified.  

1. Provide additional anti-abrasion protection for non-enclosed motors, per NEMA 

MGl-l.27.  

2. Provide additional moisture protection for enclosed motors, per NEMA MGl-

20.48a.  

B. Class F insulation with additional nonhygroscopic moisture protection as specified in 

paragraph 2.03A above may be utilized at the Contractor's option, however, the 

temperature rise as measured by resistance when operating at rated service factor and load 

shall conform to the limiting observable temperatures in NEMA-MGl, for class of 

insulation used.  

C. Class A insulating materials shall not be utilized except in single-phase fractional 

horsepower motors or used in dry locations, with a standard reduction in rated temperature 

rise.  

D. Encapsulation: Where specified. Provide insulating resin encapsulation by a molded or 

equivalent process in which the resin completely surrounds the conductors in the slots and 

end turns, leaving no voids between the conductors or adjacent stator steel. Allowable 

temperature rise shall not exceed the limits of NEMA-MGl.  
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E. Motors to be operated from adjustable frequency drives shall be provided with insulation 

systems to withstand 1600 volt spikes, with dV/dt as defined in NEMA MG 1-31 and shall 

be labeled as “Inverter Duty”. 

2.5 SERVICE FACTOR  

A. Provide the service factor indicated, or NEMA standard for the specified insulation and 

enclosure, whichever is greater. Minimum service factor shall be 1.15.  

2.6 NEMA TYPE  

A. Provide motors in accordance with standard NEMA type classifications as specified. The 

use of industry standard subclassifications such as "mill and Chemical" motors and similar" 

standard" heavy-duty designs are encouraged where they meet or exceed the specified 

minimum requirements.  

2.7 POWER RATINGS  

A. Motor horsepower or kw ratings, if indicated in the detailed equipment specifications, are 

minimum size acceptable.  

B. Ratings indicated on the electrical drawings are for guidance only and do not limit the 

equipment size.  

C. Frame/hp relationships shall conform to the latest NEMA standards for "T" or "U" frames 

and all dimensions shall meet NEMA standards.  

2.8 STANDARD RATED VOLTAGE PHASE AND FREQUENCY  

A. Provide motors nameplate-rated for 60 Hertz power supply as follows unless otherwise 

specified or shown on the drawings:  

1. Motor less than 1/6 hp, single-phase, 115 volts.  

2. Motors 1/6 hp through 1 hp, single phase, 115/230 volts.  

3. Motors 1 hp and greater, three phase, 460 volts.  

4. Multi-speed motors may have single voltage rating if manufacturer's standard.  

B. Conform to the specified service conditions and the equipment specifications without 

reduction in the service factor.  

2.9 BEARINGS AND SHAFTS  

A. Motors greater than 2 HP shall have bearings designed for 17,500 hours (belted) or 100,000 

hours (coupled) L-10 life. 

B. Fractional Horsepower:  Motors with fractional horsepower through 2 HP shall be provided 

with Lubricated-for-Life ball bearings.  
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C. Horizontal Motors Over 2 HP:  Motors larger than 2 HP shall be provided with 

relubricatable ball bearings.  Lubrication shall be per manufacturer’s recommendation for 

smooth operation and long life of the bearings. 

D. Vertical Motors Over 2 HP: Vertical motors larger than 2 HP shall be provided with 

relubricatable ball, spherical, roller, or plate type thrust bearings.  Lubrication shall be per 

manufacturer’s recommendation for smooth operation and long life of the bearings. 

E. Shafts: Shafts shall be in accordance with NEMA "T" or "TS" dimensions. Long shafts 

shall be suitable for belt, chain or gear drive within limits established by good industrial 

practice and documented by NEMA. Short shafts shall be used for direct connection. 

Vertical motors shall be the solid-shaft type except where application requires a hollow-

shaft design.   

F. Inverter Duty Motors: Motors to be used in VFD applications must have bearing protection 

from shaft currents.  Provide AEGIS shaft grounding ring, ceramic bearings or equivalent 

means to prevent premature bearing failure due to shaft current discharge. 

2.10 DUTY CYCLE  

A. Provide motors rated for continuous duty unless otherwise specified. Short time rated 

motors may be provided where the application is well documented by NEMA, is usual 

industrial practice and the driven equipment and motor is a tested combination under the 

specified performance conditions.  

2.11 LUBRICATION  

A. Horizontal polyphase motors shall be grease lubricated. The bearing housing shall be large 

enough to hold sufficient lubricant to minimize the need for frequent relubrication, but 

facilities shall be provided for adding new grease and draining out old grease without major 

motor disassembly. Motors 180T frame and smaller may utilize grease release fitting in 

lieu of grease drain plug. The bearing housing shall have long, tight, running fits or rotating 

seals to protect against the entrance of foreign matter into the bearings or leakage of grease 

out of the bearing cavity.  

B. Vertical polyphase motor lubrication shall conform to the motor manufacturer's 

recommendations. Except as otherwise recommended, guide bearings shall be ball 

bearings, grease lubricated; thrust bearings shall be grease lubricated through frame 28OT, 

oil lubricated in larger frame sizes.  

2.12 MOTOR THERMAL PROTECTION 

A. Provide one heat-sensing detector per phase, embedded in the windings to provide even 

temperature protection on motors 75 hp or larger. Coordinate over-temperature protection 

system with motor starter overload relays.  

B. Single Phase Motor:  Single phase 120, 208, or 230 volt motor shall have integral thermal 

overload protection or shall be inherently current limited. 
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C. Thermostats:  Winding thermostats shall be snap action, bi-metallic, temperature-actuated 

switch, and shall be factory mounted integral to the motors.  Thermostats shall be provided 

with one normally closed contact.  The thermostat switch point shall be precalibrated by 

the manufacturer. 

2.13 HIGH EFFICIENCY MOTORS  

A. All motors provided shall be high efficiency as specified below.  

B. High efficiency motors shall have minimum and nominal efficiencies which meet or 

exceed the efficiencies specified below when tested in accordance with the latest version 

of IEEE Test Procedure 112A. Method B. using accuracy improvement by segregated loss 

determination including stray load loss improvement as specified in NEMA Standard MGl-

12.S3A. latest revision. Minimum efficiencies shall be guaranteed in writing.  

C. Single speed induction high efficiency motors, three-phase, NEMA Design B, 460V, 

continuous duty, 40°C ambient shall meet or exceed the efficiencies specified in the 

following table.  

 

Energy Efficiency Horizontal 

HP 

Nominal 

Speed RPM 

Percent Guaranteed  

Minimum Rated  

Load Efficiencies 

Percent Guaranteed 

Minimum Rated  

Load Power Factor 

DP TEFC DP TEFC 

1 
1,800 80.0 81.5 85.0 85.0 

1,200 78.5 79.3 74.0 74.0 

1.5 

3,600 79.3 81.5 86.0 86.0 

1,800 79.3 82.0 88.0 88.0 

1,200 82.5 84.0 69.5 69.5 

2 

3,600 82.0 84.0 88.0 88.0 

1,800 81.5 83.7 84.0 84.0 

1,200 85.5 85.5 69.0 69.0 

900 82.9 82.5 54.0 54.0 

3 

3,600 82.0 84.0 91.0 88.0 

1,800 84.8 86.5 79.0 79.5 

1,200 87.5 88.1 71.0 71.5 

900 84.1 82.9 62.0 62.5 

5 

3,600 84.8 86.5 87.0 91.5 

1,800 86.5 86.5 81.0 81.0 

1,200 87.5 88.1 75.5 75.5 

900 87.5 86.5 70.0 70.5 

7.5 

3,600 86.5 88.1 90.0 90.0 

1,800 89.3 89.5 86.5 86.5 

1,200 88.5 88.5 80.0 80.0 

900 87.5 86.5 72.0 72.0 

10 

3,600 89.3 89.5 90.0 90.0 

1,800 89.3 89.5 86.0 86.0 

1,200 89.5 89.5 80.5 81.0 

900 89.3 88.5 77.5 78.0 
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2.14 ACCEPTABLE MANUFACTURER 

A. U.S. Motors 

B. General Electric 

C. Equal 

PART 3 -  EXECUTION 

3.1 ERECTION 

A. Motors shall be factory installed on common bases, stands, etc., with the driven equipment. 

Provide suitable couplings and guards between motor and driven equipment.  

B. Align and connect to driven equipment.  

C. Connect motors to power supply and controllers and verify correct rotation of equipment.  

3.2 INSTALLATION CHECK  

A. Provide services of an experienced, competent, and authorized representative of the 

manufacturer to visit site of work and inspect, check, adjust if necessary, and approve 

equipment installation for motors 25 hp and larger.  

B. Assure that equipment manufacturer's representative is present when equipment is placed 

in operation.  

C. Verify that equipment representative revisits jobsite as often as necessary until all trouble 

is corrected and equipment installation and operation are satisfactory, in the opinion of the 

Owner.  

D. The Installing Contractor shall perform the following field checks: 

1. Inspect each motor installation for any deviation from rated voltage, phase, or 

frequency and improper installation. 

2. Visually check for proper phase and ground connections.  Verify that multi-voltage 

motors are connected for proper voltage. 

3. Check winding and bearing temperature detectors and space heaters for functional 

operation. 

4. Test for proper rotation prior to connection to the driven equipment. 

5. Test insulation (megger test) of all new and re-used motors in accordance with 

NEMA MG-1.  Test voltage shall be 1000 VAC plus twice the rated voltage of the 

motor. 

 

END OF SECTION 40 05 93 
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MOTOR DATA FORM 

Equipment Name:        Equipment Number(s):     

Site Location:              

Nameplate Markings 

Mfr:    Mfr Model:   Frame:   HP:    

Volts:    Phase:   RPM:    Service Factor:   

FLA:    LRA:    Freq:   Ambient Temp Rating:    °C 

Time Rating:  

 (NEMA MG-10.35) 

Design Letter   

 (NEMA MG-1.16)  

KVA Code Letter:   Insulation Class:   

The following information is required for high efficiency motors only: 

A. Guaranteed minimum efficiency at full load at NEMA efficiency index: 

             

(NEMA MG1-12.53B) 

B. Nameplate or nominal efficiency:         

Data Not Necessarily Marked on Name Plate 

 Type of enclosure:        Enclosure Material:      

 Temp rise:      °C (NEMA MG1-12.41, 42) 

 Space heater included:      Yes    No; 

 If yes,     Watts    Volts 

 Type of Rotor winding over-temperature protection, if specified: 

Use the space below to provide additional information on other motor modifications, if specified: 

              

              

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY  

WWTP UPGRADES 222194-202 

CONTROL PANELS 40 67 00 - 1 

SECTION 40 67 00 - CONTROL PANELS 

PART 1 -  GENERAL 

1.1 WORK INCLUDED  

A. The Contractor shall provide control panels, complete and operable, in accordance with the 

Contract Documents.  

B. The provisions of this Section apply to local panels provided in equipment systems 

specified in other sections unless indicated otherwise in those sections.  

1.2 REFERENCE STANDARDS 

A. ASTM A 283  Low and Intermediate Tensile Strength Carbon Steel Plates 

B. UL 508A Industrial Control Panels 

1.3 SUBMITTALS  

A. Submittals shall be furnished in accordance with Sections 01 33 00 – Submittal Procedures.  

B. Shop Drawings: The Contractor shall submit shop drawings for each panel and enclosure 

provided under Division 40.  The shop drawings shall completely define and document the 

construction, finish, layout, power circuits, signal and safety grounding circuits, fuses, 

circuit breakers, signal circuits, internally mounted instrumentation, face plate mounted 

instrumentation components, internal panel arrangements, and external panel 

arrangements. The submittal shall include the following:  

1. A complete index shall appear in the front of each bound volume. Drawings and 

data sheets associated with a panel shall be grouped together with the panels being 

indexed by systems or process areas. Panel tagging and nameplate nomenclature 

shall be consistent with the requirements of the Contract Documents.  

2. Scaled physical arrangement drawings drawn to scale that define and quantify the 

physical groupings comprising control panel sections, auxiliary panels, subpanels, 

and racks.  Cutout locations with nameplate identifications shall be shown.  

3. Front of panel layouts for all control panels.  

4. Schematic/elementary diagrams shall depict all control devices and circuits and 

their functions.  

5. Interconnection diagrams shall locate and identify all external connections 

between the control panel/control panel devices and associated equipment. These 

diagrams shall show interconnecting wiring by lines, designate terminal 

assignments, and show the physical location of all panel ingress and egress points.  

6. A bill of material that enumerates all devices associated with the control panel.  
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PART 2 -  PRODUCTS 

2.1 GENERAL 

A. Environmental Suitability: Indoor and outdoor control panels and instrument enclosures 

shall be suitable for operation in the ambient conditions associated with the locations 

designated in the Contract Documents.  Heating, cooling, and dehumidifying devices shall 

be provided, as indicated, in order to maintain all instrumentation devices within 20 percent 

of the minimums and maximums of their rated environmental operating ranges.  The 

Contractor shall provide all power wiring for these devices.  Instrumentation in hazardous 

areas shall be suitable for use in the particular hazardous or classified location in which it 

is to be installed.  

B. The control panel shall be the source of power for any 120 VAC solenoid valves 

interconnected with the control panel.  Equipment associated with the control panel shall 

be ready for service after connection of conductors to equipment, controls, and control 

panel.  

C. Instrument power circuits shall be fed from the associated PLC panel.   

D. Control panels that do not contain motor controllers, shall not contain any voltages greater 

than 120VAC. 

E. Unless indicated otherwise, control panels shall be housed in NEMA rated enclosures in 

accordance with Section 26 05 33 16 – Cabinets and Boxes For Electrical Systems.  Panels 

shall be either freestanding, pedestal-mounted or equipment skid-mounted, as indicated.  

Internal control components shall be mounted on an internal back-panel or side-panel as 

required.  

F. Each source of foreign voltage shall be isolated by providing disconnecting or pull-apart 

terminal blocks. Each control panel shall be provided with identified terminal strips for the 

connection of all external conductors.  The Contractor shall provide sufficient terminal 

blocks to connect 25 percent additional conductors for future use.  

G. Motor starters, where required, shall be in accordance with Section 26 29 13 13 – Across-

the-Line Motor Controllers, 26 29 13 16 – Reduced-Voltage Motor Controllers, and 

Section 26 29 23 – Variable-Frequency Motor Controllers. Each motor starter shall be 

provided with contact closures for motor overload, local indication, and remote alarm.  

Discrete outputs from the control panel shall be provided by electrically isolated 

interposing relay contacts.  Analog inputs and outputs leaving the envelope of the building 

shall be isolated 4-20 mA, 2-wire signals with power supply.  All analog inputs and outputs 

shall be individually fused. 

H. Control panel mounted devices shall be mounted a minimum of 3 feet above finished floor 

elevation.  
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2.2 CONTROL PANELS  

A. Each PLC and remote I/O system and corresponding housing, including I/O modules, 

power supply modules, communication interface devices, and peripheral equipment shall 

be mounted inside a NEMA enclosure in accordance with Section 26 05 00 – Electrical, 

General.  I/O wiring from the field to the remote I/O system shall be terminated on terminal 

blocks in the lower portion of the enclosure.  

B. Materials:  Panels shall be made of Grade 304 stainless steel if mounted outside. Section 

2.2.B.4 lists control panels and required minimum NEMA ratings. Panel section faces shall 

be No. 12 gauge minimum thickness for free standing panels and No. 14 gauge minimum 

thickness for wall mounted or pedestal mounted panels. Materials shall be selected for 

levelness and smoothness. 

1. Relay rack high density type panels shall utilize standard relay racks with No. 14 

gauge steel frame and supports.  

2. Structural shapes and strap steel shall comply with ASTM A 283 - Low and 

Intermediate Tensile Strength Carbon Steel Plates, Grade C. 

3. Bolting Material: Commercial quality carbon steel bolts, nuts, and washers shall 

be 1/2-inch diameter with UNC threads. Carriage bolts shall be used for attaching 

end plates. All other bolts shall be hex end machine bolts. Nuts shall be hot pressed 

hex, American Standard, heavy. Standard wrought washers shall be used for 

foundation bolts and attachments to building structures. Other bolted joints shall 

have SAE standard lock washers. 

4. Control Panel Locations and minimum required NEMA ratings: 

a. Pump Station Control Panel: Inside, NEMA 1 

b. Screen Control Panel: Inside, NEMA 1 

c. Grit Control Panel: Inside, NEMA 1 

d. Dewatering Control Panel: Inside, NEMA 1 

e. SBR Main Control Panel: Inside, NEMA 1 

f. Sand Filter Main Control Panel: Inside, NEMA 1 

g. Sand Filter Compressed Air Control Panel: Outside, NEMA 4X 

h. UV Control Panel: Inside, NEMA 12 

C. Construction: Dimensions shall be in accordance with vendor's requirements. Control 

panels greater than 84 inches in width shall be built in sections not to exceed 84 inches. 

Elevations and horizontal spacing shall be subject to Engineer's approval.  

D. Fabrication:  End plates, top plates, and top closure panels (to hung ceiling) shall be 

provided when required by the material requisition. End plates, top plates, and top closure 
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panels shall be removable with countersunk bolts to match panels. Top closure panels shall 

be furnished in lengths which match the widths of standard panels, except that one top 

closure panel may extend across two 4-foot 6-inch wide or five 2-foot wide standard panels. 

The vertical joints of these panels shall align with the vertical joints of the standard panels.  

1. End closure or rear closure doors shall be provided where required. Such doors 

shall be flush fitting, gasketed, and be of the hinged lift-off type with lockable door 

handles. A common key shall be provided for all doors on one panel assembly. 

Removable access panels shall be provided with dished handle fasteners. Screw 

driver 1/4 turn or Dzus type fasteners are not acceptable.  

2. The flanged edges of all panels shall be straight and smooth. Corners shall be 

welded and ground smooth.  

3. The face of the panel shall be true and level after angling.  

4. All panel cutouts and holes may be cut or drilled by any standard method that does 

not cause deformation.  Burrs shall be ground smooth.  

5. Adjacent panels shall assemble with races flush. Gaps or cracks shall not be visible 

from the front of the assembled instrument board.  

6. Stiffeners shall be welded to the back of panels, as required to prevent panel 

deformation due to the weight of face mounted instruments.  

E. Preparation of Panel Surface:  The following requirements apply to the front and rear face 

of the panel, both sides and the edges of all flanges, and the periphery of all holes or cutouts.  

1. High spots, burrs, and rough spots shall be ground smooth.  

2. The surfaces shall be sanded or sandblasted to a smooth, clean, bright finish. 

3. All traces of oil shall be removed with a solvent. 

4. The first coat of primer shall be applied immediately.  

F. Instrument Finishing: The final coats applied to painted surface of instrument cases, doors, 

or bezels which are visible from the front of panels shall be manufacturer's standard unless 

otherwise indicated.  Black Japan or "crinkle" finishes on instrument cases are not 

acceptable.  

G. Mounting of Instruments:  The panel vendor shall provide cutouts, and shall mount all 

instrument items indicated to be panel mounted, including any instruments indicated to be 

furnished by other vendors but installed in the panel. 

1. The panel vendor shall also mount behind the panels other instrument accessory 

items as required for functionality as indicated. 

2. Equipment mounted at the rear of panel shall be installed to allow for 

commissioning adjustments, servicing requirements, and cover removal.  
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3. Spare space shall be kept clear of wiring, etc., to give maximum space for future 

additions.  

H. Panel Components: 

1. Terminal Blocks.   

a. Terminal blocks for power distribution and digital signals shall comply 

with the following requirements 

1) Terminal blocks shall be UL rated for 600V, 30A minimum. 

2) Terminal blocks shall have a compression-style screw clamp 

connection. 

3) Terminal blocks shall be capable of accepting #12 AWG wire. 

4) Terminal blocks directly associated with digital I/O signals shall 

be two-tier with pre-manufactured jumper bars for distribution of 

common signals. 

b. Terminal blocks for analog signals shall comply with the following 

requirements: 

1) Terminal blocks shall be UL rated for 300V, 20A minimum. 

2) Terminal blocks shall have a compression-style screw clamp 

connection. 

3) Terminal blocks shall be capable of accepting #16 AWG wire. 

4) Terminal blocks shall be three-tier sensor blocks for termination 

of signal positive, negative, and shield with pre-manufactured 

jumper bars for distribution of common signals. 

c. Fuse blocks shall comply with the following requirements:  

1) Fuse blocks shall be UL rated for 600V, 10A minimum. 

2) Fuse blocks shall incorporate a hinged lever that accepts 5x20 mm 

fuses.  

3) Fuse blocks shall have a compression-style screw clamp 

connection. 

4) Fuse blocks shall be capable of accepting #12 AWG wire. 

5) Fuse blocks shall contain blown-fuse indication through the use 

of a neon lamp or an LED. 

d. All terminal blocks and fuse blocks shall be designed for DIN rail 

mounting.  Extra deep 15 mm DIN rail shall be used.  
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e. Contractor shall provide terminal block end sections and end stops as 

necessary for a complete installation.  

f. Terminal blocks and fuse blocks shall be provided with pre-printed snap-

on label strips.  Stick-on labeling is not acceptable.  Labeling shall be 

consistent with Contractor’s control panel drawings.  Contractor shall 

clearly label all terminal blocks in every control panel; unlabeled terminal 

blocks are not acceptable. 

g. Terminal blocks and fuse blocks shall be ABB, Allen-Bradley, or 

approved equal. 

2. Instrument Power:  All instruments requiring power that are wired to a PLC shall 

also have power supplied from the same PLC control panel.  All instrument power 

sources shall be individually fused. 

3. Signal surge suppressors.  Signal surge suppressors shall be provided for all analog 

signals leaving the envelope of the building.  

a. Signal surge suppressors shall be Phoenix Contact TT-2-PE-24DC or 

equal. 

4. Control Relays.  Control relays shall comply with the following requirements: 

a. Relays shall be plug-in style with a DIN-rail mountable base. 

b. Relays shall have on/off indication. 

c. General purpose control relays shall have 24VDC or 120VAC coil as 

required for application.  Relay contacts shall be rated 10 Amp at 120VAC 

or 125VDC.  Contractor shall be responsible for quantity of contacts as 

required for application.  New general purpose control relays shall be 

Allen Bradley 700-HA series or equal. 

d. Digital output interposing relays shall be terminal block style.  Allen 

Bradley 700-HL series or equal. 

5. Intrinsically Safe Barriers.  Relays shall be solid-state electronic type in which the 

energy level of the sensing or actuation circuit is low enough to allow safe use in 

hazardous areas.  Relays shall be located in non-hazardous areas.  Relays shall be 

manufactured by GEMS, MTL, R.Stahl, Inc., or Turck. 

6. Circuit Breakers.  Circuit breakers for use in control panels shall be rated for 600V 

service.   

a. Control panel circuit breakers shall be DIN-rail mounted. 

b. Control panel circuit breakers shall be Allen-Bradley, Square D, or 

approved equal. 
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7. Surge Suppression.  PLC control panels shall incorporate a transient-voltage surge 

suppressor on the incoming line.  Surge suppressors shall be properly sized by the 

Contractor based upon the maximum current draw of the control panel.  

a. Surge suppressors shall be Innovative Technology, Leviton, or equal. 

8. DC Power Supplies.  PLC control panels shall be provided with a redundant DC 

power supply system containing two identical 24VDC power supplies and a 

redundancy module to regulate loading. 

a. DC Power Supplies shall be redundant.  A redundancy module shall be 

used to regulate loading.  

b. Size DC power supplies based upon the actual 24V load.  Power supplies 

shall not be loaded more than 50% of rated capacity. 

c. DC power supply systems shall be Sola HD SDN Series, ABB CP Series, 

or equal. 

9. Digital Panel Indicators.  Digital indicators shall be designed for semi-flush 

mounting in a panel.  The indicator shall be a 3 1/2 digit LED, LCD, or gas 

discharge type display, with digits at least 0.5 inch high.  The indicator shall be 

easily read at a distance of 10 feet in varying control room lighting environments.  

Operating temperature range shall be 32°F to 140°F.  Accuracy shall be ±0.1 

percent.  The indicator shall be scaled in engineering units, with the units engraved 

on the display face or on the associated nameplate.  The indicator shall have a 

selectable decimal point and shall provide over-range indication.  Digital indicators 

shall be manufactured by Invensys/Eurotherm/Action Instruments, Newport 

Electronics, Precision Digital Corporation, or Red Lion Controls. 

10. Selector Switches.  Selector switches shall be 30.5-mm, heavy-duty, oil-tight type 

with gloved-hand or wing lever operators.  Position legends shall be engraved on 

the switch faceplate.  Switches for electric circuits shall have silver butting or 

sliding contacts, rated 10 amperes continuous at 120 V ac.  Contact configuration 

shall be as indicated on the Drawings or for the application.  Switches used in 

electronic signal circuits shall have contacts suitable for that duty.  Switches shall 

be Eaton/Cutler-Hammer "10250T", General Electric "CR104P", or Allen Bradley 

“800T”. 

11. Indicating Lights.  Indicating lights shall be 30.5-mm, heavy-duty, oil-tight type, 

with full voltage LED lamps.  Legends shall be engraved on the lens or on a legend 

faceplate.  Lights shall be push-to-test type.  Indicating lights shall be Eaton/Cutler 

Hammer "10250T", General Electric "CR104P", or Allen Bradley “800T”. 

12. Pushbuttons.  Push buttons shall be 30.5-mm, heavy-duty, oil-tight type.  Legends 

shall be engraved on the push-button faceplate.  Contacts shall be rated 10 amperes 

continuous at 120 V ac.  Push buttons shall be Eaton/Cutler-Hammer "10250T", 

General Electric "CR104P", or Allen Bradley “800T”. 

13. Alarm Horns.  Horns shall be high-decibel, panel-mount, vibrating type designed 

for heavy-duty use.  Horn volume shall be field-adjustable from 78 to 103 dB at 
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10 feet.  Horns shall operate at 120 volts ac.  Horns shall be weatherproof NEMA 

Type 4X.  Horns shall be panel front mounted and shall be supplied with gasket.  

Horns shall be Edwards Signals “870P Series.”Horns shall be supplied with a field 

mounted enclosure.  Horns shall be Edwards Signals “876 series.” 

I. Electrical Requirements: 

1. All conduit, wireways, switches, wire, and electrical fittings for 120 volt circuits 

to instruments and other electrical devices as required for a complete and operable 

installation.  

2. Conduit, wireways, junction boxes and fittings shall be provided for signal wire, 

thermocouple, or resistance thermometer lead wire. Conduit or wireway runs shall 

include those required between temperature sensors and temperature transmitters 

and between the thermocouple wireway or junction box and instruments.  

3. Each terminal connection shall have a plastic plate with a terminal and instrument 

tag number. Wiring shall be identified with stamped tubular wire end markers.  

4. PLC control panels shall be provided with a 15 amp, 120 volt, service outlet circuit 

within the back-of-panel area.   

5. PLC control panels shall be provided with fluorescent light and door activated 

switch. 

6. Wall mounted or pedestal mounted panels shall be so sized as to adequately - 

dissipate heat generated by equipment mounted in or on the panel.  

7. Control panels mounted outside shall be provided with thermostatically controlled 

heaters that maintain inside temperature above 40 degrees F.  

8. Wiring Methods: Wiring methods and materials for all panels shall be in 

accordance with the NEC requirements for General Purpose (no open wiring) 

unless otherwise indicated.  Control Panels shall be UL508A listed Control Panels. 

9. Signal and Control Circuit Wiring:  Wire type and sizes: Conductor shall be 

flexible stranded copper machine tool wire, UL listed Type MTW, and shall be 

rated 600 volts. Wires, including shielded cables, shall be No. 16 AWG minimum.  

a. Wire Insulation Colors: Ungrounded control circuit conductors operating 

at the supply voltage shall have a black insulation. Grounded circuit 

conductors shall have white insulation. Insulation for ungrounded AC 

control circuit conductors operating at less than the supply voltage shall 

be red. Wires energized by a voltage source external to the control panel 

shall have yellow insulation.  Insulation for ungrounded DC conductors 

shall be blue.  Insulation for grounded DC conductors shall be white with 

blue stripe. Twisted pair wiring shall be positive(+) black and negative(-) 

white/clear. 

b. Wire Marking: Wire numbers shall be marked using white numbered wire 

markers made from plastic-coated cloth, Brady Type B 500 or equal, or 

shall be heat shrink plastic. 
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c. Flexible conduit is not acceptable except when specifically approved by 

the Engineer in writing.  Conduit fittings shall be Crouse Hinds cast 

fittings or equal.  

d. Splicing of wires will only be allowed in junction boxes. Splices shall be 

either soldered or pressure crimped type.  

e. For case grounding, panels shall be provided with a 1/4-inch by 1-inch 

copper ground bus complete with soderless connector for one No.4 AWG 

bare stranded copper cable. The copper cable shall be provided by the 

Contractor and be connected to a system ground loop. 

10. Power Supply:  Unless otherwise indicated control panel primary power supplies 

shall be 120 volt, 60 Hz circuits.  24VDC subsystems shall be provided for PLC 

control panels and as indicated on the drawings. 

J. Labor and Workmanship: Panels shall be fabricated, piped, and wired by fully qualified 

workmen who are properly trained, experienced, and supervised.  

K. At a minimum, control panels shall be constructed in a UL shop and contain UL labels 

prior to shipment. 

2.3 UNINTERRUPTIBLE POWER SUPPLY (UPS)  

A. Provide and install UPS(s) to power all PLC hardware furnished under this Specification.  

B. The UPS shall receive a 120 VAC, 60 HZ power input, and generate a 120 VAC, 60 HZ 

output signal which is protected from incoming spikes, sags, noise, brownouts, and power 

outages. 

1. The UPS shall incorporate a transformer, a battery pack, a battery charger, an 

inverter, and a microprocessor based controller to provide continuous, on-line, 

computer grade uninterruptible power.  Lighting and surge protection shall meet 

ANSI/IEEE c62.41 categories A and B. The UPS shall be U.L. listed.  Spike 

attenuation shall be 2000 to 1.  The output neutral shall be bonded to ground.  Noise 

isolation shall be 120 Db common-mode, 60 Db normal mode.  Output voltage 

regulation shall be + 3% with less than 5% total harmonic distortion.  UPS 

efficiency shall be at least 85%.  The UPS shall be rated for ambient temperatures 

from 32 degrees F to 104 degrees F and relative humidity from 0 to 95% 

2. Each UPS shall maintain power to all of its connected loads, including non-

constant loads such as alarms and printers, for a minimum of 15 minutes with a 

50% growth factor over the connected load.  The equipment submittal shall include 

sizing calculations which support the model and size selected.  The UPS shall be 

supplied with a low output voltage cutoff to prevent damage to loads when the 

battery power is exhausted. 

C. The equipment shall include sizing calculation which support the unit selected being able 

to power all its connected loads for the indicated time period with a 50% growth factor. 

D. The uninterruptible power supply shall be Eaton Ferrups UPS series, Liebert, IPM or equal.  
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PART 3 -  EXECUTION 

3.1 LISTING AND INSTALLATION 

A. Control Panels shall be fabricated in accordance with UL 508A, and shall be UL Listed 

Industrial Control Panels. 

3.2 EQUIPMENT DELIVERY 

A. Panels shall be crated for shipment using a heavy framework and skids. Panel sections shall 

be cushioned to protect the finish of the instruments and panel during shipment. 

Instruments which are shipped with the panel shall further have suitable shipping stops and 

cushioning material installed to protect parts which could be damaged due to mechanical 

shock. Each separate panel unit shall be provided with removable lifting lugs to facilitate 

handling. 

B. Shipments by air ride van unless otherwise indicated.  Control panel testing and inspection, 

if required, shall be performed prior to shipping.  

3.3 CONTROL PANEL SIGNAL AND CONTROL CIRCUIT WIRING 

A. Wiring Installation: Wires shall be run in plastic wireways except (1) field wiring, (2) 

wiring between mating blocks in adjacent sections, (3) wiring from components on a swing 

out panel to components on a part of the fixed structure, and (4) wiring to panel mounted 

components. Wiring run from components on a swing out panel to other components on a 

fixed panel shall be made up in tied bundles. These bundles shall be tied with nylon wire 

ties and shall be secured to panels at both sides of the "hinge loop" so that conductors are 

not strained at the terminals.  

B. Wiring run to control devices on the front panels shall be tied together at short intervals 

with nylon wire ties and be secured to the inside face of the panel using adhesive mounts.  

C. Wiring to rear terminals on panel-mount instruments shall be in plastic wireways secured 

to horizontal brackets above or below the instruments in about the same plane as the rear 

of the instruments.  

D. Shop Drawings shall show conformance to the above wiring installation requirements.  

E. Wire Marking: Each signal, control, alarm, and indicating circuit conductor connected to a 

given electrical point shall be designated by a single unique number which shall be shown 

on Shop Drawings. These numbers shall be marked on conductors at every terminal.  

3.4 CALIBRATION, TESTING, AND INSTRUCTION  

A. Calibration, testing, and instruction shall be performed in accordance with Section 40 79 

23 – Testing, Calibration, and Commissioning.  

B. Inspection and Approval: Panel fabricator shall conduct the following tests before 

shipment.  

1. Alarm circuits rung out to determine their operability.  
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2. Electrical circuits checked for continuity and where applicable, operability.  

3. Any other test required to place the panel in an operating condition.  

C. It shall be the responsibility of the Contractor to furnish all necessary testing devices and 

sufficient manpower to perform the tests required by the Engineer.  

D. Factory Acceptance Testing:   PLC control panels shall be factory tested as required by 

Division 40 specifications. 

E. Field Testing: Each control panel shall be tested again for functional operation in the field 

after the connection of external conductors and prior to equipment startup.  

 

END OF SECTION 40 67 00 
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SECTION 40 70 00 – INSTRUMENTATION AND CONTROL, GENERAL 

PART 1 -  GENERAL 

1.1 SUMMARY 

A. Section includes: 

1. General requirements applicable to all Process Control and Instrumentation Work. 

2. General requirements for process control and instrumentation submittals. 

3. See Section 40 70 00.2 – Instrumentation and Control, System Description for a 

list of Owner-selected System Integrator (SI) and a complete description of the 

system. 

4. As specified in this Section the Contractor shall provide the following services 

including, but not limited to: 

a. PLC panelsand panel submittals 

b. Instrumentation required for the successful completion of the project that 

is not explicitly provided by others.  Refer to Sections 40 67 00.A – Panel 

List and 40 70 00.A – Instrumentation List for description of equipment 

which is provided by the Contractor 

c. Termination of all control wiring of instrumentation in the field and in 

control panels. 

d. Loop testing and documentation of all instrumentation loops. 

e. System Integrator (SI) shall be responsible for the following for Plant 

Main Control Panel (LCP-D1000) and remote control panel (RCP-

A1000):  

1) Panel design. Contractor shall be responsible for purchase and in-

stall of this panel along with all other panels as listed in the Con-

tract Documents. LCP-D1000 and RCP-A1000 will be procured 

using the contingency allowance. 

2) HMI software and configuration 

3) PLC software and programming 

4) SCADA system programming 

5) SCADA computer(s) hardware and installation 

6) Assist electrical contractor in performing loop tests. 

7) Control system startup, documentation, and training. 
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5. It is the intent of these Specifications that the entire instrumentation and control 

system be complete and operable. Provide all necessary material and labor for the 

complete system from source of power to final utilization equipment, including all 

connections, testing, calibration of all equipment furnished by others, as well as 

equipment furnished by the Contractor. 

B. Related sections: 

1. The Contract Documents are complementary; what is called for by one is as bind-

ing as if called for by all. 

2. It is the Contractor’s responsibility for scheduling and coordinating the Work of 

subcontractors, suppliers, and other individuals or entities performing or furnish-

ing any of Contractor’s Work. 

a. Items involving electrical, control, and instrumentation construction may 

be indicated on the Drawings or specified in the Specifications that do not 

apply specifically to electrical, control and instrumentation systems. 

3. It is the duty of the Contractor to see that the completed Work complies accurately 

with the Contract Documents. 

 

C. Interfaces to equipment, instruments, and other components: 

1. The Drawings, Specifications, and overall design are based on preliminary infor-

mation furnished by various equipment manufacturers, which identify a minimum 

scope of supply from the manufacturers. This information pertains to, but is not 

limited to, instruments, control devices, electrical equipment, packaged mechani-

cal systems, and control equipment provided with mechanical systems. 

2. Provide all material and labor needed to install the actual equipment furnished, 

include all costs to add any additional instruments, wiring, control system in-

puts/outputs, controls, interlocks, electrical hardware etc., which may be necessary 

to make a complete, functional installation based on the actual equipment fur-

nished: 

a. Make all changes necessary to meet the manufacturer’s wiring require-

ments. 

3. Submit all such changes and additions to the Engineer for acceptance as specified 

in Section C-700 – General Conditions. 

4. Review the complete set of Drawings and Specifications in order to ensure that all 

items related to the instrumentation and control systems are completely accounted 

for. Include any items indicated on the Drawings or in Specifications from another 

discipline in the scope of Work:  

a. If a conflict between Drawings and Specifications is discovered, refer con-

flict to the Engineer as soon as possible for resolution. 
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D. All instrumentation, and control equipment and systems for the entire project to comply 

with the requirements specified in the Instrumentation and Control Specifications, whether 

referenced in the individual Equipment Specifications or not: 

1. The requirements of the Instrumentation and Control Specifications apply to all 

Instrumentation and Control Work specified in other Specifications, including 

HVAC controls, packaged mechanical systems, LCPs, VCPs, etc. 

2. Inform all vendors supplying instrumentation, control systems, panels, and/or 

equipment of the requirements of the Instrumentation and Control Specifications. 

3. The Owner is not responsible for any additional costs due to the failure of the Con-

tractor to notify all subcontractors and suppliers of the Instrumentation and Control 

Specifications’ requirements. 

E. Contract Documents: 

1. General: 

a. The Drawings and Specifications are complementary and are to be used 

together in order to fully describe the Work. 

2. Specifications: 

a. Section C-700 – General Conditions and Section C-800 – Supplementary 

Conditions of the Contract Documents govern the Work. 

b. These requirements are in addition to all General Requirements. 

3. Contract Drawings: 

a. The Instrumentation and Control Drawings show in a diagrammatic man-

ner, the desired locations, and arrangements of the components of the In-

strumentation Work. Follow the Drawings as closely as possible, use pro-

fessional judgment and coordinate with the other trades to secure the best 

possible installation, use the entire Drawing set for construction purposes. 

b. Locations of equipment, control devices, instruments, boxes, panels, etc. 

are approximate only, exercise professional judgment in executing the 

Work to ensure the best possible installation: 

1) The equipment locations and dimensions indicated on the Draw-

ings and elevations are approximate. Use the shop drawings to de-

termine the proper layout, foundation, and pad requirements, etc. 

for final installation. Coordinate with all subcontractors to ensure 

that all instrumentation and control equipment is compatible with 

other equipment and space requirements. Make changes required 

to accommodate differences in equipment dimensions. 

2) The Contractor has the freedom to select any of the named manu-

facturers as identified in the individual Specifications; however, 

the Engineer has designed the spatial equipment layout based 

upon a single manufacturer and has not confirmed that every 

named manufacturer’s equipment fits in the allotted space. It is the 
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Contractor’s responsibility to ensure that the equipment being fur-

nished fits within the defined space. 

c. Installation details: 

1) The Contract Drawings include installation details showing means 

and methods for installing instrumentation and control equipment. 

For cases where typical details are not provided or compatible 

with an installed location, develop installation details that are nec-

essary for completing the Work, and submit these details for re-

view by the Engineer. 

d. Schematic diagrams: 

1) Schematic diagrams show control function only. Incorporate other 

necessary functions for proper operation and protection of the sys-

tem. 

2) Add slave relays, where required, to provide all necessary contacts 

for the control system or where needed to function as interposing 

relays for control voltage coordination, equipment coordination, 

or control system voltage drop considerations. 

3) Mount all devices shown on motor controller schematic diagrams 

in the controller compartment enclosure, unless otherwise noted 

or indicated. 

4) Control schematics are to be used as a guide in conjunction with 

the descriptive operating sequences in the Specifications. Com-

bine all information and furnish a coordinated and fully functional 

control system. 

F. Alternates/Alternatives: 

1. Substitute item provisions as specified in Section C-700 – General Conditions. 

G. Changes and change orders: 

1. As specified in Section C-700 - General Conditions. 

1.2 REFERENCES 

A. See Section 40 70 00.1 – Instrumentation and Control, References and Definitions 

1.3 SYSTEM DESCRIPTION 

A. See Section 40 70 00.2 – Instrumentation and Control, System Description  

1.4 SUBMITTALS 

A. Furnish submittals as specified in Section 01 33 00 – Submittal Procedures and this Sec-

tion. 

1. Furnish the submittals required by each section in the Electrical Specifications. 
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2. Adhere to the wiring numbering scheme specified in Division 26 throughout the 

Project: 

a. Uniquely number each wire. 

b. Wire numbers must appear on all Equipment Drawings. 

3. Use equipment and instrument tags, as indicated on the Drawings, for all 

submittals. 

B. Submittal organization as specified in Section 01 33 00 – Submittal Procedures and this 

Section 

C. Submittal requirements as specified in Section 01 33 00 – Submittal Procedures and this 

Section: 

1. Furnish submittals including: 

a. Project Shop Drawing submittals. 

b. The Process Control and SCADA Software Submittal including control 

system software, programming, and screens. 

c. Testing, Calibration and Start-up procedures. 

d. O&M Manual as specified in Section 01 78 23 – Operation and 

Maintenance Data. 

e. Training Submittals. 

f. Record Documents. 

g. Testing Documents 

D. Submittal preparation as specified in Section 01 33 00 – Submittal Procedures and this 

Section: 

E. Specific submittal requirements: 

1. Control panel hardware submittal in 1 package 

a. Project Shop Drawing submittals. 

1) Control panel hardware submittal in 1 package with complete and 

detailed bills of materials: 

a) Including quantity, description, manufacturer, and part 

number for each assembly or component for each control 

panel. 

b) Include all items within an enclosure. 

2) Furnish sufficient information to evaluate the suitability of the 

proposed material or equipment for the intended use, and for com-

pliance with these Specifications. 
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3) Use equipment and instrument tags as depicted on the P&IDs for 

all submittals. 

4) Adhere to wiring identification scheme outlined in Specification 

26 05 00 – Electrical, General throughout the Project. 

5) Wire numbers must appear on all equipment drawings. 

b. Requirements for physical separation between control system components 

and 120 VAC, 480 VAC, and medium voltage power cables. 

c. UPS and battery load calculations to show that the backup capacity and 

time meet the specified requirements. 

d. Provide a data sheet for each control system component together with a 

technical product brochure or bulletin. 

2. O&M Manual 

a. Spare parts list: 

b. Control and SCADA System Software Record Documents: 

1) Include electronic copies of all software and applications. 

2) Navigation tree and screen shots of all SCADA screens with basic 

narrative. 

3) Navigation tree and screen shots of all OIT screens with basic nar-

rative 

c. Instrument data sheets and cut sheets: 

d. Training Submittals. 

e. Record Documents. 

3. Training submittals: 

a. Develop and submit for review a general training plan. Include complete 

descriptions of all planned training classes, a preliminary training 

schedule, a list of all proposed instructors along with resumes, examples 

of proposed training manuals, and a description of any special training 

tools to be used (simulators, self-paced modules, personal computer-based 

training, etc.). 

b. The Engineer will review the general training plan. Special emphasis will 

be placed on review of the qualifications of the proposed instructors and 

the timing of the individual courses to maximize their effectiveness. If, in 

the opinion of the Engineer, the proposed instructors are not sufficiently 

qualified to conduct the specified training courses, or lack experience, 

where required, on the specific configuration of the system, provide more 

qualified instructors. 
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4. Record documents: 

a. Furnish as specified in Section 01 77 00 – Closeout Procedures. 

b. Provide record documents of all Instrumentation Drawings. 

c. Shop drawings: 

d. Review and corrections: 

1) Correct any record documents or other documents found to be in-

complete, not accurate, of poor quality, or containing errors. 

e. Control Panel Drawings 

f. Control System Diagram: 

1) Submit a complete set of control system diagrams including the 

following information: 

a) All PLCs, workstations, printers, communication devices, 

and communication links: 

2) All cables required for communication requirements. 

5. Testing, Calibration, and Start-up Submittal: 

a. General testing submittal requirements are specified in this Section and 

other Sections. 

b. Test Procedure Submittals: 

1) Submit the proposed procedures to be followed during tests of the 

PCIS and its components in two parts: 

a) Preliminary Submittal: Outline of the specific proposed 

tests and examples of proposed forms and checklists. 

b) Detailed Submittal: After successful review of the 

Preliminary Submittal, submit the proposed detailed test 

procedures, forms, and checklists. Include a statement of 

test objectives with the test procedures. 

c. Provide certified and witnessed test and calibration checklists for any of 

the following tests: 

1) Calibration, adjustment, and test details for all components and 

systems. 

2) Factory Acceptance Tests (FAT). 

3) Site Acceptance Test (SAT) 

4) Operational Readiness Test (ORT). 
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d. Test reports: 

1) As specified in Section 01 33 00 – Submittal Procedures. 

1.2 QUALITY ASSURANCE 

A. Manufacture instruments at facilities certified to the quality standards of ISO 9001. 

B. Furnish all equipment listed by and bearing the label of UL or of an independent testing 

laboratory acceptable to the Engineer and the Authority Having Jurisdiction. 

C. The panel provider must have their own operating UL listed panel fabrication facility. All 

panels must be fabricated at this facility and meet all UL 508/508A requirements. 

D. System Integration: 

1. The Contractor, through the use of a pre-qualified SI, is responsible for the 

implementation of the PCIS and the integration of the PCIS with other required 

instrumentation and control devices. 

2. The contractor assumes full responsibility, working with the SI where applicable, 

to perform all work to select, furnish, install, test, calibrate, and place into 

operation all instrumentation, controls, telemetry equipment, control panels, and 

SCADA system including application software, for a complete, integrated and 

functional PCIS system. 

3. Due to the complexities associated with the interfacing of numerous control system 

devices, it is the intent of these Specifications that the SI be responsible for the 

integration of the PCIS with existing devices and devices provided under the 

Contract Documents with the objective of providing a completely integrated 

control system. 

1.3 DELIVERY, STORAGE, AND HANDLING 

A. Store all equipment and materials delivered to the job site in a location that will not inter-

fere with the construction or the Owner’s operations. 

B. Shipping precautions: 

1. After completion of shop assembly, successful FAT, pack all equipment, cabinets, 

panels, and consoles in protective crates and enclose in heavy-duty polyethylene 

envelopes or secured sheeting to provide complete protection from damage, dust, 

and moisture. 

2. Place dehumidifiers when required, inside the polyethylene coverings. 

3. Skid-mount the equipment for final transport. 

4. Provide lifting rings for moving without removing protective covering. 

5. Display boxed weight on shipping tags together with instructions for unloading, 

transporting, storing, and handling at the job site. 

C. Tagging: 
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1. Tag each component and/or instrument to identify its location, instrument tag 

number, and function in the system. 

2. Firmly attach a permanent tag indelibly machine marked with the instrument tag 

number, as given in the tabulation, on each piece of equipment constituting the 

PCIS. 

3. Tag instruments immediately upon receipt in the field. 

4. Prominently display identification on the outside of the package. 

5. Utilize the Tag and Loop Number identifications shown on the P&IDs. 

D. Delivery and inspection: 

1. Deliver products in undamaged condition, in manufacturer’s original container or 

packaging with identifying labels intact and legible. Include date of manufacture 

on label. 

1.4 PROJECT OR SITE CONDITIONS 

A. Site conditions: 

1. Provide a PCIS, including all equipment, raceways and any other components 

required for a complete installation that meets the environmental conditions for the 

Site as specified in the General Requirements and below. 

1.5 SEQUENCING 

A. General: 

1. As specified in Section 01 31 19 – Project Meetings and Section 01 35 13 – Special 

Project Procedures. 

2. Testing requirements are specified in Section 40 70 00 – Instrumentation and 

Control, and other sections. 

3. General scheduling requirements are specified in Section 01 32 16 – Construction 

Progress Schedule. 

4. Other scheduling activities to be determined between the Owner, contractor, 

engineer and SI 

B. Training: 

1. As specified in this Section. 

2. Complete all training as agreed upon with the Owner, contractor, engineer and SI. 

 

3. Within 10 days after the completion of training, submit the following: 

a. A list of all Owner personnel that attended the session. 
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b. A copy of the training materials utilized during the lesson with all notes, 

diagrams, and comments.  

C. Site Acceptance Test (SAT) or Pre-commissioning test: 

1. Commence after acceptance of all training, wire test, calibration tests, and loop 

validation tests, and all inspections have demonstrated that the PCIS complies with 

all Contract requirements. 

2. The Programmer will assist with SAT testing for PLCs programmed by the 

Programmer.  

3. The Programmer shall not be required to be on site, nor shall the Programmer be 

required to supply application software, until the loop validation tests are complete 

for a PLC and all prerequisites for the pre-commissioning test are completed. 

4. Complete SAT test before the ORT. 

D. Operational Readiness Test (ORT) 

1. Complete all with the Owner, contractor, engineer and SI. 

2. Confirmation by the Owner, contractor and engineer that the PCIS functions 

correctly and as designed. 

E. Substantial completion testing: The following conditions be fulfilled before the PCIS is 

considered complete: 

1. All submittals have been completed and approved. 

2. The Owner training has been performed. 

3. All required spare parts, expendable supplies, and test equipment have been 

delivered to the Owner. 

4. The PCIS has been calibrated, loop tested and pre-commissioned. 

5. The ORT has been successfully completed. 

6. All debris associated with installation of instrumentation has been removed. 

7. All probes, elements, sample lines, transmitters, tubing, and enclosures have been 

cleaned and are in like-new condition. 

1.6 WARRANTY 

A. Warrant the PCIS as specified in Section C-700– Standard General Conditions of the Con-

struction Contract: 

1. Provide additional warranty as specified in the individual Instrumentation and 

Control Specifications. 
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1.7 SYSTEM START-UP 

A. Replace or modify equipment, software, and materials that do not achieve design require-

ments after installation in order to attain compliance with the design requirements: 

1. Following replacement or modification, retest the system and perform additional 

testing to place the complete system in satisfactory operation and obtain 

compliance acceptance from the Engineer. 

PART 2 -  PRODUCTS 

2.1 MANUFACTURERS 

A. Provide similar items from a single manufacturer throughout the PCIS portion of the Pro-

ject. 

B. Allowable manufacturers are specified in individual instrument and equipment specifica-

tions in other sections of the Instrumentation and Control Specifications. 

2.2 MATERIALS 

A. Furnish all materials under this Contract that are new, free from defects, and standard prod-

ucts produced by manufacturers regularly engaged in the production of these devices and 

that bear all approvals and labels as required by the Specifications. 

B. Provide materials complying with the applicable industrial standard as specified in the 

Contract Documents. 

2.3 SOURCE QUALITY CONTROL 

A. Provide all equipment that is new, free from defects, and standard products produced by 

manufacturers regularly engaged in the production of these products that bear all approvals 

and labels as required by the Specifications. 

B. Arrange with all manufacturers of the equipment and fabricators of panels and cabinets, to 

allow the Owner and Engineer to inspect and witness the testing of the equipment at the 

site of fabrication: 

1. Equipment includes the cabinets, special control systems, flow measuring devices, 

and other pertinent systems and devices. 

C. Factory testing is specified in Division 26 and other sections of the Electrical, and the In-

strumentation and Control Specifications. 

PART 3 -  EXECUTION 

3.1 EXAMINATION 

A. Review the existing Site conditions and examine all shop drawings for the various items 

of equipment in order to determine exact routing and final terminations for all wiring and 

cables. 

B. Provide a complete instrumentation and control system: 
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1. Install all extra conduits, cables, and interfaces as may be necessary to provide a 

complete and operating electrical, and process control and instrumentation system. 

3.2 FIELD QUALITY CONTROL 

A. Inspection: 

1. Allow for inspection of PCIS installation. 

2. Provide any assistance necessary to support inspection activities. 

3. Engineer inspections may include, but are not limited to, the following: 

a. Inspect equipment and materials for physical damage. 

b. Inspect installation for compliance with Drawings and Specifications. 

c. Inspect installation for obstructions and adequate clearances around 

equipment. 

d. Inspect equipment installation for proper leveling, alignment, anchorage, 

and assembly. 

e. Inspect equipment nameplate data to verify compliance with design 

requirements. 

f. Inspect cable terminations. 

g. Inspect/witness instrument calibrations/verifications. 

4. Inspection activities conducted during construction do not satisfy inspection 

requirements specified in Division 26. 

B. Instrument Installation Inspection: 

1. Provide any assistance necessary to support inspection activities. 

2. Inspections may include, but are not limited to, the following: 

a. Inspect equipment and materials for physical damage. 

b. Inspect the installed arrangement, lay lengths, orientation, piping 

obstructions etc. that could affect the instruments accuracy or 

repeatability. 

c. Inspect installation for compliance with Drawings and Specifications. 

d. Inspect installation for obstructions and adequate clearances around 

equipment. 

e. Inspect equipment installation for proper leveling, alignment, anchorage, 

and assembly. 

f. Inspect equipment nameplate data to verify compliance with design 

requirements. 
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g. Inspect cable terminations. 

h. Inspect/witness instrument calibrations/verifications. 

3. Inspection activities conducted during construction do not satisfy inspection 

requirements specified in Division 26. 

C. Field testing is specified in Division 26 and Section 01 75 00 – Equipment Testing and 

Startup Procedures. 

D. Installation supervision: 

1. Ensure that the entire PCIS is installed in a proper and satisfactory manner. At a 

minimum, the contractor with assistance of the SI where applicable, shall provide 

the following services: 

a. Installation resources: 

1) Coordinate with the Contractor regarding installation require-

ments of the Contract Documents. 

b. Provide technical assistance to installation personnel by telephone: 

1) Furnish installation personnel with at least one copy of the ap-

proved submittals, including all installation details. 

c. Periodic inspections during the construction period. 

d. A complete check of the completed installation to ensure that it is in 

conformance with the requirements of the equipment manufacturer and the 

Contract Documents. 

e. Field-verify accuracy and calibration of all instruments. 

3.3 CLEANING 

A. As specified in Section 01 77 00 – Closeout Procedures. 

3.4 PROTECTION 

A. Protect all Work from damage or degradation until date of Substantial Completion. 

END OF SECTION 40 70 00 
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SECTION 40 70 13 - IN-LINE LIQUID FLOW MEASURING SYSTEMS 

PART 1 - GENERAL 

1.1 WORK INCLUDED  

A. The Contractor shall provide in-line liquid flow measuring systems, complete and operable, 

in accordance with the Contract Documents.  The transmitter portion of the system shall 

be remotely mounted as shown on Contract Drawings. 

1.2 REFERENCE STANDARDS 

 A. Commercial Standards: 

1. ISA – S 5.1   Instrumentation Symbols and Identification 

2. ANSI – B16.1 Cast Iron Pipe Flanges and Flanged Fittings, 

Class 25, 125, 250, and 800 

3. ANSI/AWWA C207 Steel Pipe Flanges for Waterworks Service – 

Sized 4-inch through 144-inch 

4. ANSI/AWWA C700  Cold Water Meters 

5. ASME Report   Fluid Meters, Sixth Edition, 1971 

1.3 SUBMITTALS  

A. Shop Drawings: At a minimum, the following information shall be submitted with each 

meter supplied: 

1. Data sheets and catalog literature for the flow meter and the microprocessor-based 

signal converter. 

2. Connection diagrams for equipment wiring. 

3. Materials of construction and connection fittings. 

4. Recommended spare parts list. 

B. Test Data: Signed, dated, and certified calibration data for each flow metering system 

which requires factory testing, submitted before shipment of equipment. 

C. Certifications:  The Contractor shall provide Manufacturer's certification of proper 

installation and certification of satisfactory field testing. 

D. Owner’s Manual:  Submit Owner’s manual as specified in Special Provisions, to include 

operation and maintenance data and other information for the equipment. 
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1.4 QUALITY ASSURANCE 

A. Each flow metering system shall be hydraulically calibrated at a facility which is traceable 

to the National Institute of Standards and Technologies. The calibration procedure shall 

conform to the requirements of ANSI/NCSL Z 540-1 Calibration. A real-time computer-

generated printout of the actual calibration data shall be submitted to the Engineer at least 

30 days prior to shipment to the site. 

B. Accuracy Requirements: Unless otherwise indicated, flow meters shall be guaranteed to 

register flow to an accuracy of plus and minus 0.3% of actual flow throughout the range 

indicated.  

C. Guarantees, Warranties: After completion the Contractor shall furnish to the Owner the 

manufacturer’s written guarantee that the metering system swill operate within the 

published accuracies and flow ranges and meet these specifications.  The Contractor shall 

also furnish the manufacturer’s warranties as published in its literature. 

PART 2 - PRODUCTS 

2.1 GENERAL 

A. All meters shall be capable of operating at an minimum ambient temperature ranging from 

-4 to 140 degrees F.  

B. All meters shall be rated for NFPA hazardous areas, see Drawings for further information. 

C. The Contractor shall be responsible for confirming necessary cable length with meter 

manufacturer prior to ordering any meter equipment.   

2.2 ELECTROMAGNETIC (MAG) FLOW METERS  

A. The electromagnetic flowmeter shall consist of a flow sensor based on Faraday’s Law of 

Electromagnetic Induction, the flow of liquid through the sensor induces an electrical 

voltage that is proportional to the velocity of the flow. 

B. Electromagnetic flowmeter systems shall be the low frequency electromagnetic induction 

type which produces a DC pulsed signal directly proportional to and linear with the liquid 

flow rate. Complete zero stability shall be an inherent characteristic of the flowmeter 

system. Each magnetic flow metering system shall include a metering tube, signal cable, 

transmitter, and flowmeter grounding rings.   

C. Meter Tube:  The tube shall be constructed of 304 or 316 stainless steel tube with ductile 

iron flanged or Carbon Steel connections and include a minimum of two (2) self-cleaning 

electrodes.  The electrodes shall be constructed of materials conforming to the 

manufacturer's recommendation for the intended service.  The meter housing shall be IP67 

or IP68, rated for a submergence depth of 3 meters for a duration of 48 hours. Grounding 

rings shall conform to the manufacturer's bore and material recommendation for the 

intended service.  Grounding rings shall be designed to protect and shield the liner's edge 

interface from abrasion at the meter end.  
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D. Performance Requirements:  The flow metering system shall conform to the following: 
 

No. Item Units Value 

1 Time Constant Secs 0.5 – 1,000 

2 Accuracy % 0.5 of Full Flow  

3 Repeatability % 0.25 full scale 

4 Power Consumption watts 50 or less 

5 Power Requirements VAC 120  

E. Transmitter:  The microprocessor-based signal converter/transmitter shall be remote 

mounted outdoors on disconnect support structure and shall have the following:  

1. Transmitter shall be suitable for installation outdoors, subject to direct sunlight and 

full temperature range at installed location. Transmitter housing to be NEMA 4X, 

with min. IP65 ingress protection. Provide with sun shield and/or other accessories 

as recommended by manufacturer. 

2. DC pulse technique to drive flux-producing coils and capability to convert DC 

pulse signal from the tube to a standardized flow VDC pulse contact and a 4-20 

mA DC signal into a minimum of 700 ohms.  

3. Communication using Ethernet/IP prootocol 

4. Six digit LCD displays for flow rate, percent of span, and totalization.  An operator 

interface with keypad which responds to English text entry. 

5. Integral low flow cutoff and zero return to produce a consistent zero output signal 

in response to an external dry contact closure. 

6. Automatic range change and capability to measure flow in both directions. 

7. Programmable parameters including meter size, full scale Q, magnetic field 

frequency, primary constant, time constant. 

8. Data retention for minimum of five (5) years without auxiliary power (main or 

battery). 

9. Self diagnostics and automatic data checking. 

10. Protected terminals and fuses in a separate compartment which isolates field 

connection from electronics. 
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F. Manufacturers, or equal 

F. 

1. Krohne 

2. Siemens 

3. Endress+Hauser 

4. Badger Meter 

2.3 WATER METERS 

A. Water meters shall be magnetic drive turbine type meters manufactured in accordance with 

AWWA C701 and requirements as noted herein.  

B. Strainers, stainless steel mounting bolts, and flange gaskets shall be furnished with each 

meter. The casing of the strainer shall be provided with a removable top plate with stainless 

steel fasteners. Meters shall be designed for easy removal of internal parts, the strainer, and 

the meter.  

C. Materials: Components in contact with potable water shall be certified to comply with 

NSF/ANSI 61, NSF/ANSI 61 Annex G, and NSF/ANSI 372. Turbine spindles shall be 

stainless steel or Monel. External fasteners shall be stainless steel. The internal parts of the 

strainer shall be stainless steel. 

D. Each meter shall be furnished with a transmitter to provide 4-20mA signal proportional to 

the flow. Meter-mounted indicators, totalizers, and transmitters, or any combination 

thereof, shall be of the same manufacturer as the meters. 

E. Manufacturers, or equal 

1. Badger Meter, Inc. 

2. Neptune Technology Group 

3. Sensus 

 

2.4 TARGET TYPE FLOW SWITCHES 

A. Target-type flow switches shall utilize a vane or paddle type target to actuate the switch. 

1.  For pipe sizes greater than or equal to 2 inch [50 mm], switches shall have an NPT 

connection for insertion into the process piping.   

2. For pipe sizes less than 2 inches, the flow switch shall be factory installed in a 

spool piece, suitable for flange or thread mounting in the process piping.   

3. Switch wetted components shall be compatible with the process fluid.   
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4. Switches shall contain at least one non-mercury SPDT contact, rated 5 amp [A] at 

120 volts ac.   

5. The switch enclosure shall be a minimum NEMA Type 4 housing.   

6. Switches shall be factory calibrated to actuate at the specified flow rates for the 

given pipe size.   

7. All flow switches shall be installed in horizontal piping. 

B. Manufacturers, or equal. 

1. Magnetrol 

2.5 ROTAMETERS 

A. The meters shall be suitable for the service and chemicals conveyed at process 

temperatures. 

B. Basic Design: Unless otherwise indicated, all rotameters in chemical solution lines and 

where shown shall have vertical bottom inlets and top outlets with ANSI 150-lb flanged 

ends, for vertical mounting. Meters in gas, air, and pump seal flushing lines shall be of the 

modified rotameter design with screwed ends, spring-loaded pistons, and union bodies for 

mounting in any position. All meters shall be rated for a minimum working pressure of 150 

psi. 

C. Flanged Meters for Chemical Solutions: Flanged rotameters for chemical solutions and 

other service, where indicated, shall be calibrated in gallons per minute, pounds per 24 

hours (for chlorine gas), or cubic feet per minute for other gases and air. The meters shall 

have Hastelloy C floats, 10-inch long scales, and a range of 10:1 with an accuracy of plus 

and minus 2 percent. The scales shall be suitable for the capacity ranges noted. The 

following body materials shCil1 be used for the rotameters: 

1. Chlorine Service - cast iron ends, Teflon-lined, or PVC ends, with heavy 

borosilicate glass tubes and packing glands. 

D. Screwed Meters for Water, Air, and Fuel Gas: Rotameters with NPT screwed ends for 

water, air, and fuel gas service shall be calibrated in gallons per minute or cubic feet per 

minute. The bodies shall have union ends for ease of maintenance, polysulphone tubes, 

aluminum or brass end fittings, Type 316 stainless steel internal parts and scales suitable 

for the capacity range noted. The meters shall have an accuracy of not less than plus and 

minus 5 percent over the capacity range. 

E. Manufacturers, or Equal 

1. Chlorine Service - Brooks No. 1180, or Pennwalt "Varea-Meter” 

2. Water, Air and Gas Meters - Headland "In-Line Meters", or Universal Flow 

Monitors, Inc. "INSITE" meters. 
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PART 3 - EXECUTION 

3.1 GENERAL  

A. The Contractor shall assemble and install all equipment specified herein, in strict 

accordance with the manufacturer’s published instructions, under the supervision of the 

manufacturer’s representative, under the general review of the Engineer.  All installations 

shall be accomplished by competent craftsmen in a workmanlike manner. 

B. Final acceptance of the equipment is contingent on satisfactory operation after installation. 

3.2 INSTALLATION 

A. The meters shall be installed in easily accessible locations for ease of reading and 

maintenance, and where shown, for balancing of flow in several lines, in conjunction with 

throttling and shut-off valves.  Where possible, all meters shall be installed in such a way 

to provide the manufacturer’s recommended straight approach and straight piping 

downstream.  All meters, shut-off and balancing valves shall be firmly supported from the 

structure or from the floor with approved supports.  In-line meters shall be installed to 

provide full-line flow and not less than the manufacturer’s recommended head at all items. 

B. Wiring between flow sensors and remote mounted signal converters shall use cable type 

and procedures as per the manufacturer’s recommendations.  Provide sufficient cable from 

meter vault to location where local display will be located.  Confirm cable lengths prior to 

submitting shop drawings. 

3.3 TESTING 

A. Equipment shall be prepared for operational use in accordance with manufacturer’s 

instructions, including bench test and calibration, where required. 

B. Each item shall be subjected to an operating test over the total range of capability of the 

equipment.  Where applicable, tests shall be conducted in accordance with the Test Code 

of the Standards of the Hydraulic Institute.  The Contractor shall notify the Engineer one 

week in advance of all tests to be conducted on site. 

3.4 CLEANUP 

A. After completion and testing of its work, the Contractor shall remove all debris from the 

site, clean all meters, controls, cabinets, and other metering appurtenances, to hand over 

each system in perfect operating condition. 

3.5 MANUFACTURERS SERVICE REPRESENTATIVE 

A. Erection and Startup Assistance: During erection and startup of the magnetic flow meters, 

the Contractor shall obtain all necessary assistance from an experienced factory service 

representative to ensure a correct and first-class installation, in accordance with the 

manufacturer’s instructions. 
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B. Instruction of Owner’s Personnel: After completion of the installation and during startup 

of the plant, the Contractor shall instruct the Owner’s personnel in the proper operation, 

maintenance and repair of all metering equipment.  For this purpose, the Contractor shall 

obtain the services of an experienced factory service representative, who shall half a day 

on the site to fully instruct the Owner’s operating personnel on all phases of its equipment. 

The Contractor shall video tape the training session and provide a DVD of the training to 

the Owner. 

END OF SECTION 40 70 13 
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SECTION 40 72 00 - LEVEL MEASURING SYSTEM 

PART 1 -  GENERAL 

1.1 WORK INCLUDED  

A. The Contractor shall provide level sensing equipment, complete and operable, in 

accordance with the Contract Documents. 

1.2 SUBMITTALS  

A. Furnish submittals in accordance with Section 01 33 00 Submittals. 

1.3 QUALITY ASSURANCE  

A. Calibration: All level sensing equipment shall be shipped to the project site factory 

calibrated and accompanied with certificate of such. 

B. Warranty: All sensors shall be provided with the manufacturer’s standard one-year product 

warranty. 

PART 2 -  PRODUCTS 

2.1 SUBMERSIBLE PRESSURE SENSOR  

A. Submersible pressure sensors shall consist of a transducer, transmitter/receiver, and control 

relays. The pressure sensing unit shall consist of a top half of a 316 stainless steel seal with 

a welded 316 stainless steel diaphragm. The liquid level shall be obtained by converting 

pressure sensed across a diaphragm-protected transducer element. A microprocessor shall 

amplify and convert the signal into a digital representation from pressure to a liquid level 

surface reading. An output is produced when manually determined trip values are 

exceeded. The microprocessor-based electronics shall enable user selection of range, span, 

setpoints, time delay, units of distance, and selectable failsafe mode. Relay setpoints shall 

be adjustable over the entire span without the use of reference targets. Automatic 

temperature compensation circuitry shall be incorporated. 

1. Diaphragm: The diaphragm shall be glycerin-filled and be welded 316 stainless 

steel with a 0.13 cubic inch displacement. 

2. Material: All wetted parts, including standoff ring, spacers, nuts and bolts shall be 

of 316 Stainless steel. The body shall be made of 300 stainless steel and shall be 

explosion-proof design. Cable shall be polyurethane-jacketed, and 40-ft shall be 

provided as standard. 

3. Signal Output: A 4-20 MADC using 2-wire twisted pair grounded shield cable.  

FM and CSA explosion-proof and intrinsically safe with a response time less than 

5 ms. 
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4. Accuracy: the pressure sensing transducer shall have a static accuracy of 0.25% 

FSO BFSL and a 1-year stability accuracy of 0.20% FSO. 

5. Remote mounted units shall be provided with a connecting cable provided by the 

manufacturer of the switches. Input power shall be 120 VAC. 

6. Switches shall be SPBT with a minimum rating of 10 Amps at 120 V AC. 

7. Repeatability shall be 0.1-inch or less with a response time of less than one second 

and an accuracy of plus or minus 0.25 percent of full scale. 

B. Manufacturers, or equal  

1. Blue Ribbon, Model BR313S 

2. WIKA, LS-10 LevelGuard 

3. Hach FL1500 Flow Sensor and Controller 

4. Equal must be approved during bidding process. 

2.2 NON-INTRUSIVE ULTRASONIC LEVEL SENSORS  

A. Non-intrusive ultrasonic level sensors shall consist of a transducer, transmitter/receiver, 

and control relays. The sonic level switch transmitter shall generate pulses that are directed 

to the liquid level. The returning echo/signal shall be detected by the receiver. A 

microprocessor shall amplify and convert the signal into a digital representation of the 

distance from the reflecting surface. An output is produced when manually determined trip 

values are exceeded. The microprocessor-based electronics shall enable user selection of 

range, span, setpoints, time delay, units of distance, and selectable failsafe mode. Relay 

setpoints shall be adjustable over the entire span without the use of reference targets. 

Automatic temperature compensation circuitry shall be incorporated. 

1. The transducer housing shall be PVC with corrosion resistant sensor element. 

2. Remote mounted units shall be provided with a connecting cable provided by the 

manufacturer of the switches. Input power shall be 120 V AC. 

3. Switches shall be SPBT with a minimum rating of 10 Amps at 120 V AC. 

4. Repeatability shall be 0.1-inch or less with a response time of less than one second 

and an accuracy of plus or minus 0.25 percent of full scale. 

B. Manufacturer, or equal 

1. SIEMENS HydroRanger 200 

2. Equal must be approved during bidding process. 
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2.3 RADAR LEVEL SENSORS 

A. The instrument shall be supplied with flanged/NPT process connections per Design 

Documentation in accordance with ANSI B16.5. 

B. The probe shall be constructed of material compatible with process medium in 

either 316L stainless steel, Hastelloy, PTFE, or ceramic. 

C. The instrument shall be capable of handling process pressures between -14.5 psi to 

580 psi. 

D. The instrument shall have a maximum error of ± 2 mm on measuring ranges less 

than 49 feet. 

E. The instrument shall not be affected by changing media, changing temperatures, 

gas blankets or vapors. 

F. Available Manufacturers:  Subject to compliance with requirements, Manufacturers 

offering non contacting radar level sensors which may be incorporated include the 

following:  

1. Endress + Hauser 

a. Micropilot FMR51 

b. Micropilot FMR52 

2. Emerson 

a. Rosemount 5408 

3. Or approved equal. 

2.4 FLOAT SWITCHES 

A. Float type level switches shall be mercury-free self counter-weighted, SPDT. 

B. Float type level switches shall be intrinsically safe with a zener barrier between the 

switch contacts and the power source. 

C. Cable hangers shall be constructed of material compatible with process medium in 

either stainless steel, PVC, or ABS. 

D. Float type level switches shall be supplied with adequate cable length to reach the 

barrier location without splicing the cable. 

E. Available Manufacturers:  Subject to compliance with requirements, Manufacturers 

offering float type level switches which may be incorporated include the following: 
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1. Endress + Hauser 

a. Liquifloat FTS20 

2. SJE Rhombus 

3. Dwyer 

a. Series FSW2 

4. Or approved equal. 

PART 3 -  EXECUTION 

3.1 DELIVERY, STORAGE, AND HANDLING 

A. Store all instruments in a dedicated structure with space conditioning to meet the 

recommended storage requirements provided by the Manufacturer. 

B. Any instruments that are not stored in strict conformance with the Manufacturer’s 

recommendation shall be replaced. 

3.2 TESTING 

A. Each device shall be prepared for operational use in accordance with manufacturer’s 

instructions, including bench test and calibration, where required. 

B. Each device shall be subjected to an operating test over the total measurement range of the 

instrument. 

C. The Contractor shall provide documented evidence of pressure testing following 

installation. 

D. Isolate and protect instruments where in-situ testing is outside of instrument allowable 

range which may cause damage to the device.   

3.3 CLEANUP 

A. After completion of installation and testing of device operation, the Contractor shall 

remove all debris from the site, clean all meters, cabinets, and appurtenance. The 

Contractor shall submit each system to the Owner in final operating condition. 

B. Provide to Owner all associated documentation including manuals, completed data sheets, 

configuration settings, certificates of calibration, etc. 

 

END OF SECTION 40 72 00 
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SECTION 40 74 00 - TEMPERATURE MEASURING SYSTEMS 

PART 1 - GENERAL 

1.1 WORK INCLUDED 

A. General: The Contractor shall provide temperature-measuring systems, complete and 

operable, in accordance with the Contract Documents.  

1.2 SUBMITTALS  

A. The Contractor shall submit manufacturer’s information for Engineer review in accordance 

with Section 01 33 00 – Submittal Procedures. 

1.3 QUALITY ASSURANCE  

A. Warranty: All temperature measuring systems shall be provided with manufacturer’s 

standard one-year product warranty. 

PART 2 - PRODUCTS 

2.1 TEMPERATURE MEASURING SYSTEMS  

A. Insertion type resistance temperature detectors (RTDs) shall be 100 ohms nominal at 0 

degree C, tip-sensitive, 3 wire platinum in 1/4-inch Type 316 stainless steel sheath with 

watertight potting.  Time constant in agitated water shall not exceed 6.0 seconds.  RTD 

shall comply with International Practical Temperature Scale (IPTS) 68 standards.  

Accuracy shall be plus or minus 0.1 degree C.  Temperature transmitters shall be 2 wire 

devices with continuously adjustable span and zero adjustments, integral direct reading 

indicator, solid state circuitry, and a 4 - 20 mA DC output linearly proportional to the 

indicated temperature span.  Where indicated with thermowells, RTDs shall be provided 

with 316 stainless steel thermowell, spring-loading device, extensions, union coupler, and 

explosion-proof aluminum connection head.  Union shall extend out beyond the pipe 

lagging.  Surface type RTDs shall be a 100 ohm nominal at 0 degree C, 3 wire platinum 

element in a flexible watertight case for strapping to a pipe surface.  

B. Temperature transmitters shall be 2 wire devices with continuously adjustable span and 

zero adjustments, integral direct reading indicator, solid state circuitry, and a 4 - 20 mA 

DC output linearly proportional to the indicated temperature span.   

C. Where indicated with thermowells, RTDs shall be provided with 316 stainless steel 

thermowell, spring-loading device, extensions, union coupler, and explosion-proof 

aluminum connection head.  Union shall extend out beyond the pipe lagging.   

D. Surface type RTDs shall be a 100 ohm nominal at 0 degree C, 3 wire platinum element in 

a flexible watertight case for strapping to a pipe surface.  
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E. Resistance temperature detector assemblies shall be Rosemount Series 78, Moore 

Industries Ready to Install, or equal. Transmitter shall be Rosemount Model 3144/644, 

Moore Industries Ready to Install RTI2, or equal.  

F. Resistance temperature for room detection shall be Versis Industries TE Series wall 

temperature sensor or equal. 

2.2 BIMETALLIC TEMPERATURE DETECTION SWITCHES  

A. Temperature switches shall be bimetallic type with 3/4-inch NPT thermowell process 

connection per applicable piping code. Switches shall have SPOT -contacts and be 

provided with an adjustable setpoint.  

B. Bimetallic temperature detection switches shall be Mercoid Series FM-437 (water and oil 

service), Honeywell, or equal.  

 

END OF SECTION – 40 74 00 
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SECTION 40 79 23 – TESTING, CALIBRATION, AND COMMISSIONING 

PART 1 - GENERAL 

1.1 GENERAL PROCEDURES FOR INSPECTION, TEST, AND INSTRUMENT CALIBRATION 

A. Each instrument shall be checked against the latest version of the design documents for 

tagging, manufacturer, model number, range, action, etc., before functional testing or 

calibration. 

B. Any air system, permanent or temporary, used for energizing instrumentation shall be dry 

and clean at all times, and be blown down thoroughly before use.  Any connection between 

the air supply system shall be via proper filter and regulator. 

C. Plastic sealing plugs shall be used for all pneumatic connections and tubing except during 

test and immediately before final connection in the field. 

D. Care shall be observed when connecting electric power supplies to the instrumentation.  

Insure correct voltage and frequency on AC power supplies.  Insure correct voltage, 

polarity, and superimposed ripple on DC power supplies.  Insure correct polarity of the 

supply and proper grounding before connecting instruments. 

E. The Instrumentation and Control Systems Contractor shall satisfy the requirement that the 

installation, calibration, and checkout of the instruments meet the requirements of the 

project specifications. 

F. The Calibration procedures for verifying instrument precision should conform to accepted 

practices as outlined in ASTM, ASHRAE, ISA, etc. specifications. 

G. The Instrumentation and Control Systems Contractor shall provide copies of 

manufacturer’s installation and calibration instructions to the calibration technicians prior 

to the commencement of calibration. 

1.2 INSTRUMENT QUALITY LEVELS AND METEROLOGY 

A. Instrumentation supplied for the calibrating sensing instruments for facility control system 

shall include documentation concerning the calibration method and traceability to the 

National Institute for Standards and Testing (NIST). 

B. Process instrumentation shall be field checked for accuracy before installation even if the 

instruments have been calibrated by the manufacturer’s metrology facilities. 
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PART 2 - PRODUCTS 

2.1 CALIBRATION AND TEST EQUIPMENT 

A. All calibration and test equipment shall be in proper working order and calibrated using 

traceable standards and equipment set by the NIST.  Certificates of traceability shall be 

kept on file in the field calibration office or field project office.  Copies of the traceability 

documents shall be included with the submittal of the calibration forms. 

B. All calibration and test equipment shall carry a documented current calibration sticker 

reflecting the date of the last calibration and the name or initials of the technician who 

performed the calibration.  A current calibration will be performed before the equipment is 

shipped to the site.  The calibration equipment shall be shipped directly from the calibrating 

authority to the site, in packaging provided by the calibrating authority.  A current 

calibration will be performed for all calibration or test equipment every 180 days or within 

the normal calibration interval, whichever is less. 

C. Any field instruments calibrated with test equipment whose calibration has expired will be 

rejected and will be required to be recalibrated. 

D. All Calibration and test equipment shall be of a higher accuracy than the instrument being 

calibrated.  The manufacturer’s recommendations for calibration accuracy will prevail in 

all instances. 

E. The Control Systems Contractor shall supply calibration and test equipment of sufficient 

quantity, quality, and type to calibrate the instruments and sensors used in the installation. 

2.2 BENCH TEST AND CALIBRATION FORMS AND METHODOLOGY 

A. Calibration forms and calibration procedures for each instrument type shall be generated 

by the Instrumentation and Control Systems Contractor and approved by the Owner or his 

representative before proceeding with any calibrations.  The manufacturer’s procedures or 

the Owner’s existing procedures shall form the basis for the calibration procedure. 

B. The following format shall be used for instrument calibration form: 

1. A separate calibration form shall be generated for similar types of instruments that 

have different accuracy and tolerance requirements. 

2. The form shall contain as found and as calibrated data areas.  The form shall 

contain areas for the calibrating and test instruments manufacture, serial number, 

and date of calibration. 

3. The forms shall be filled out and signed in black ink. 

4. Those instruments that can shall be calibrated on the bench under controlled 

conditions.  Care shall be taken with those instruments that must be calibrated in 

the field to approximate the conditions of the bench test. 
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PART 3 - EXECUTION 

3.1 GENERAL 

A. The Control Systems Contractor shall calibrate all instrumentation in an environment 

suitable to quality testing procedures.  High accuracy comparative instruments or 

mechanisms shall be the standard against which instrument calibration is tested. 

B. Verify that all process and test instruments have been calibrated and traceable to the NIST 

or other appropriate reference standards.  Verify that a calibration sticker has been affixed 

to the instrument and that each instrument is within its calibration period at the time that 

the calibration is performed. 

C. Each instrument shall be calibrated as per Owner approved calibration procedures and 

forms. 

D. Each instrument shall have a calibration sheet completely filled out with all pertinent data 

related to the calibration and system.  These calibration sheets shall be organized in a binder 

by system and turned over to the Owner at the completion of the project. 

E. Instruments shall have a calibration sticker placed on the instrument.  The sticker shall not 

be placed until the instrument has successfully completed the calibration procedure and the 

associated calibration form has been filled out and signed.  The sticker shall bear the date 

of calibration and expiration and initials of the technician certifying calibration. 

 

END OF SECTION 40 79 23 
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SECTION 41 12 13.36 - SCREW (SHAFTLESS) BULK MATERIAL CONVEYORS  

PART 1 - GENERAL 

1.1 WORK INCLUDED 

A. The Work includes a horizontal shaftless screw conveyor for handling dewatered, Waste 

Activated Sludge from the volute press.  Contractor shall furnish and install one (1) 

complete conveyor system for conveyance of dewatered sludge, including conveyor, drive 

motor, gear reducer, supports, anchor bolts, wiring, and all accessories and appurtenances 

specified or otherwise required for a complete and properly operating installation. 

B. All equipment included in this Section shall be furnished by the volute press vendor as part 

of the Dewatering Package, and the satisfactory operation of the system. The conveyor 

equipment shall be controlled by the volute press control panels and shall be coordinated 

with the volute press equipment for both placement as well as controls to assure a 

completely integrated and functional dewatered sludge handling system in the Dewatering 

Room. 

1.2 MANUFACTURER'S QUALIFICATIONS 

A. The shaftless screw conveyor shall be manufactured by a supplier with not less than 20 

operating installations of shaftless screw conveyors in North America.   

B. The manufacturer shall provide a written statement indicating at least 5 years experience 

in the construction and manufacture of shaftless conveyor systems incorporating the design 

features as herein specified. 

1.3 SUBMITTALS 

A. Shop Drawings:  The Contractor shall submit shop drawings in accordance with the 

requirements of Section 01 30 00 – Submittal Procedures.  Shop Drawings shall contain 

the following information, at a minimum: 

1. Complete description in sufficient detail to permit an item-by-item comparison 

with the Specifications.  

2. Layout drawings to include accessories, appurtenances, coordination with 

peripheral equipment, drives, and required clearances. 

3. Details of transition chutes, discharge chutes, flexible connectors, hinged covers 

and cover locking device.    

4. Electrical data including control and wiring diagrams.  

5. Drive and motor in accordance with applicable electrical specifications.  
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6. Calculations showing the sizing of all drive components including gear reducers, 

belts, sheaves and electric motor horsepower. The calculations shall show 

allowances for all service factors and component efficiencies in determining 

sizing and shall show that all drive train components are capable of withstanding 

the drive motor torque at full load motor amps.  

7. Submit bearing life calculations for the gear reducer bearing and/or drive end 

bearings sealed by a registered Professional Engineer in the State of Oregon. 

8. Provide design loadings to be transmitted to foundations or supports and anchoring 

calculations sealed by a registered Professional Engineer in the State of Idaho. 

9. Shop drawings for equipment anchors. 

10. Manufacturer's installation and testing instructions.   

B. Owner’s Manual as specified in Section 01 78 23 – Operation and Maintenance Data.  

C. Spare Parts List:  A spare parts list shall contain the required information for each conveyor. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE AND DESIGN REQUIREMENTS   

A. The shaftless screw conveyor system shall be designed to meet the following minimum 

performance and design requirements.  

Description CON-8359A 

Cubic ft per Hour   40 

Material  Dewatered Sludge 

Material Density (lbs/ft3) 65 

Solids (min.) 13% 

Length See dwgs 

Angle 15 

Min Flight OD 8.3in  

Min Spiral Weight per ft 19.6  

Minimum Trough Width 10.25in  

Drive Location Inlet end 

Motor Type TEFC 

 

B. Spiral Design:  The torsional rating of the auger flighting shall be reached at 30% of the 

Fy value in the extreme fiber of the flight material.  Calculations shall demonstrate that, at 

250% of the motor nameplate horsepower, the drive unit cannot produce more torque than 

the torsional rating of the flighting, and that the "spring effect" of the spiral shall not exceed 

+ 0.8 mm per meter of length at maximum load conditions. 
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2.2 MANUFACTURERS, OR EQUAL 

A. JDV Equipment 

B. Or Approved Equal. 

2.3 MATERIALS  

A. Unless otherwise specified or permitted, the materials used in the fabrication of the 

equipment under this Section shall conform to the following: 

1. Trough, Chutes, Covers AISI 304 stainless steel, 1/8” thick 

2. Drive and end plates AISI 304 stainless steel, ½” thick min. 

3. Spiral Flighting             Cold-formed, high strength micro-alloy spring 

steel with minimum hardness of 220 Brinell 

4. Wear Liner Plastimeric (UMHW), 3/8” thick min. 

5. Inlet &Discharge Chutes             AISI 304 stainless steel, 1/8” thick 

6. Supports  AISI 304 stainless steel, ¼” thick  

7. Hardware AISI 316 stainless steel  

8. Cover fasteners AISI 304 stainless steel screw clamps 

9. Drive Shaft AISI 1045     

2.4 SHAFTLESS SCREW CONVEYOR CONSTRUCTION 

A. Spiral Flighting 

1. Spiral flighting for the shaftless screw conveyors shall be designed to convey 

material without a center shaft, and with the stability to prevent distortion and 

jumping in the trough. 

2. The spiral flighting shall be formed in sections from one continuous flat hot-rolled 

spring steel bar and shall be concentric to within 2mm +/-.  Sectional flighting 

formed from plate shall not be permitted. 

3. Spiral flighting shall have full penetration welds at all splice connections.  The 

flights shall be aligned to assure true alignment when assembled in the field and 

shall be made in accordance with the supplier's requirements.  The spiral flights 

shall be coupled to the end shaft by a flanged, bolted connection. 

4. The connection of the spiral to the drive system shall be through a flanged 

connection plate that is welded to the spiral forming a smooth and continuous 

transformation from the flange plate to the spiral.  The drive shaft shall have a 

mating flange and shall be bolted to the spiral connection plate.   
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B. Trough and Liner 

1. Troughs shall be similar to the dimensional standards of CEMA 300 and enclosure 

classification IIE.  Each conveyor trough shall be U-shaped, fabricated from a 

minimum 1/8-inch stainless steel plate. 

2. Each trough shall be lined with 3/8-inch minimum UHMW polyethylene, with 

retainer strips welded to the trough along the top of the liner.  The wear liner shall 

be furnished in maximum four-foot sections to provide ease of replacement.  

Fasteners shall not be used below the spiral centerline to hold the liner. 

3. Stiffeners shall be placed across the top of the trough and fastened to both sides of 

the trough to maintain trough shape and act as a face seal for the covers; apply a 

continuous gasket, one half inch width, to the entire top face of the trough top 

flange and stiffeners. 

4. Each trough shall be equipped with filling and/or discharge openings as required 

by the contract drawings.  If required, each filling and discharge opening shall be 

flanged suitable for interconnection to other devices.  Any interconnecting devices 

such as chutes and hoppers shall be fabricated from the same material as the 

troughs.   

5. Each conveyor shall be provided with a drainage connection at the low end, as 

shown on the Drawing. 

6. The portion of each trough that is not covered by the filling chute shall be covered 

by a bolted cover of a material identical to the trough.  The covers shall be 

manufactured in maximum four-foot length section to allow for access to the 

conveyors.  To prevent unsafe access to the conveyors, quick opening covers will 

not be allowed. 

C. Inlet Chutes:  Inlet chutes shall be provided by the volute press vendor and extended to the 

rotary press discharge.  All chutes shall be fabricated from the same material as the 

conveyor trough.  Manufacturer shall provide rubber flexible connectors, ends as required, 

to connect to the volute presses as per the volute press manufacturer’s recommendations. 

D. Conveyor Supports 

1. Manufacturer shall furnish conveyor with factory-mounted lugs for attaching to 

supports.  Contractor shall furnish and install stands, beam connections, etc. to 

support the conveyors as shown on the drawings. 

E. Drive Assembly 

1. Each spiral conveyor shall be driven by a constant-speed integral gear 

reducer/motor drive unit mounted to an adapter flange mounted to the end plate of 

the conveyor.  The adapter flange shall allow the leakage of any material from the 

conveyor trough to atmosphere rather than into the gear reducer/ motor drive unit.  

Direct coupling of the gear reducer/motor drive unit to the end flange of the 

conveyor will not be acceptable. 
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2. The drive unit shall be rigidly supported so there is no visible "wobble" movement 

under any operating condition.  In the event of a prolonged power failure or 

emergency system shutdown, the drive system shall be designed, at a minimum, to 

start the conveyor from a dead stop with the trough filled throughout its entire 

cross-sectional area and length with partially dried and hardened dewatered 

material. 

3. An adjustable greased gland packing ring consisting of two Teflon coated packing 

rings shall seal the drive shaft at its penetration through the end plate. 

4. Motor:   Each motor shall be 460-volt, 60 Hz, 3 phases conforming to the General 

Equipment specifications, except as modified herein.   

5. Reducer:  All gears shall be AGMA Class II, single or double reduction, helical 

gear units with high capacity roller bearings.  Bearings shall be designed for the 

thrust loads from the fully loaded startup condition and shall have an AFBMA B10 

life of 50,000 hours.  The reducer will be the standard air-cooled unit with no 

auxiliary cooling.  The gear reducer shall be sized with a torque service factor of 

1.5 times the absorbed power or 1.1 times the motor nameplate, at the driven shaft 

speed, whichever is greater. 

F. Torque Overload:  Torque overload protection shall be provided to protect the drive 

components from torsional loadings exceeding the rating of the screw. A current 

transformer shall be provided and shall sense the current draw of the motor levels. The 

signal shall be transmitted to the current overload protection device, which is set as required 

by the equipment supplier. 

G. Motion Failure Alarm Unit:  Each conveyor drive unit shall be equipped with a motion 

failure alarm unit.  The location and mounting details shall be as recommended by the 

conveyor manufacturer.  Motion sensors shall be the non-contacting type using a probe 

with a pre-amplifier and main electronic assembly.  The main electronic unit shall operate 

on 120-volt, single phase, 60 Hz power supply, and shall be housed in a NEMA 4X 

enclosure.  A 0-60 second time delay shall be provided for startup of the conveyor. 

H. Emergency Shutdown:  Each conveyor shall be furnished with an emergency trip cord and 

safety switch.  The cord shall run the full length of each conveyor.  The trip switch shall 

immediately stop all conveyors when the switch is actuated. 

2.5 CONTROLS 

A. The control of the screw conveyor shall be as described in the Section 46 76 26.13 under 

the Volute Dewatering Press.  The screw conveyor shall be controlled by the Volute Press 

Control Panels. 

2.6 ANCHORAGE  

A. Anchor Bolts: All anchor bolts shall be a minimum of ½” diameter and made of Type 316 

stainless steel.  The equipment supplier shall furnish all anchor bolts, nuts, and washers for 

the conveyor equipment. 
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B. Anchor bolts shall comply with manufacturer’s recommendations and shall be stainless 

steel. 

2.7 SPARE PARTS 

A. Conveyor shall be furnished with a complete set of the manufacturer’s suggested spare 

parts.  

PART 3 - EXECUTION 

3.1 QUALITY ASSURANCE 

A. Prior to shipping, conveyors shall be inspected and operated in the shop with the actual 

drive unit for this project in its entire length.  Conveyor longer than the required shipping 

lengths will have the screws tack welded together and tested in their entire length.  

Conveyors should be operated for a minimum of 15 minutes and observed for alignment 

and abnormal operation.  Conveyors shall be corrected as necessary.  Prior to shipment the 

tack welds will be broken apart and conveyors suitably prepared for shipment. 

3.2 INSTALLATION 

A. Contractor shall install conveyor equipment in accordance with manufacturer’s 

recommendations. 

B. Operation of the conveyor system shall be coordinated with operation of the screening 

equipment, to start/stop automatically. 

3.3 MANUFACTURER'S FIELD SERVICES 

A. Field services shall be provided by the volute press supplier and shall be included as part 

of the days of field service identified in Section 46 76 26.13. 

END OF SECTION 41 12 13.36 
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SECTION 43 05 01 - EQUIPMENT GENERAL PROVISIONS 

PART 1 -  GENERAL 

1.1 WORK INCLUDED 

A. The provisions of this Section apply to all sections of Divisions 41 to 46 unless specifically 

revised therein. 

B. Furnish each piece of equipment complete with its base, drives, shafting, couplings, 

controls, guards, and other appurtenances which are specified or are required for proper 

and safe operation. 

C. Furnish any special tools or equipment required for proper operation maintenance, testing, 

or adjusting. 

1.2 REFERENCE STANDARDS 

A. Codes:   All codes, as referenced herein, are specified in Section 01 42 19 – Reference 

Standards. 

B. Equipment shall be in accordance with the following standards, as applicable and as 

indicated in each equipment specification: 

1. AFBMA  Anti-Friction Bearing Manufacturers Association, Inc. 

2. ASTM   American Society for Testing and Materials  

3. ANSI   American National Standards Institute  

4. ASME   American Society of Mechanical Engineers  

5. AWWA  American Water Works Association  

6. ASHREA American Society of Heating, Refrigerating, and Air 

Conditioning  Engineers  

7. AWS   American Welding Society  

8. NFPA   National Fire Protection Association  

9. NEMA   National Electrical Manufacturers Association 

10. OSHA General Industry Safety Orders  

C. The following standards are referenced in this and other Divisions 41 to 43 and Division 

46: 

1. ANSI B16.1 Cast Iron Pipe Flanges and Flanged Fittings, Class 25, 

125, 250 and 800 
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2. ANSI B16.5 Pipe Flanges and Flanged Fittings, Steel, Nickel Alloy 

and other Special Alloys 

3. ANSI B46.1  Surface Texture 

4. ANSI S12.6 Method for the Measurement of the Real-Ear Attenuation 

of Hearing Protectors 

5. ASME B1.20.1  General Purpose Pipe Threads (Inch) 

6. ASME B31.1  Power Piping 

7. AWWA C206  Field Welding of Steel Water Pipe 

8. AWWA C207 Steel Pipe Flanges for Waterworks Service - Sizes 4 In. 

Through 144-inches (100 mm through 3,600 mm) 

9. AWWA D100  Welded Steel Tanks for Water Storage  

10. ASTM A48  Gray Iron Castings 

11. ASTM A108  Steel Bars, Carbon, Cold-Finished, Standard Quality  

12. ASME B17.1  Keys and Keyseats 

13. ASME B106.1M Design of Transmission Shafting 

1.3 SUBMITTALS 

A. Submittals shall be made in accordance with Section 01 33 00 – Submittal Procedures and 

the specific equipment specifications sections. 

B. Shop Drawings: Furnish complete drawings and technical information for equipment, 

piping, valves, electrical and controls. Where indicated or required by the Engineer, Shop 

Drawings shall include clear, concise calculations showing equipment anchorage forces 

and the capacities of the anchorage elements proposed by the Contractor. 

C. Spare Parts List: The Contractor shall obtain from the manufacturer and submit at the same 

time as Shop Drawings a list of suggested spare parts for each piece of equipment. 

Contractor shall also furnish the name, address, and telephone number of the nearest 

distributor for each piece of equipment. 

D. Operation and Maintenance Manual:  Provide technical operation and maintenance 

manuals in accordance with Section 01 78 23 – Operation and Maintenance Data. 

1.4 ADAPTATION OF EQUIPMENT 

A. The Contractor shall furnish equipment readily adaptable for installation and operation. 

Equipment furnished shall be compatible with all other equipment furnished under the 

Contract. 
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B. The Contractor shall assume full responsibility for all modifications of mechanical and 

electrical controls, equipment, wiring, piping, as required to accomplish function intended 

by the Contract Documents. 

1.5 QUALITY ASSURANCE 

A. Guarantees:  Unless otherwise accepted herein, guarantee all equipment and its install 

required.  Guarantees shall cover the following: (1) Faulty or inadequate design; (2) 

Improper assembly or erection; (3) Leakage, breakage, or other failure; and (4) Defective 

workmanship or materials. 

B. Inspection, Start-up and Field Adjustment: The Contractor shall demonstrate that all 

equipment meets the specified performance requirements.  Contractor shall provide the 

services of an experienced, competent, and authorized service representative of the 

manufacturer of each item of major equipment who shall visit the site of Work to perform 

the following tasks:  

1. Assist the Contractor in the installation of the equipment.  

2. To inspect, check, adjust if necessary and approve the equipment installation.  

3. To start-up and field-test the equipment for proper operation, efficiency, and 

capacity. 

4. To perform necessary field adjustments during the test period until the equipment 

installation and operation are satisfactory to the Engineer.  

5. To instruct the Owner's personnel in the operation and maintenance of the 

equipment. Instruction shall include step-by-step trouble shooting procedures with 

all necessary test equipment. 

C. Quality and Tolerances: Tolerances and clearances shall be as shown on the Shop Drawings 

and shall be closely adhered to. 

D. Machine Finish: The type of finish shall be the most suitable for the application and shall 

be shown in micro-inches in accordance with ANSI B46.1 

E. Manufacturer's Experience: Equipment manufacturer shall have a record of at least 5 years 

of successful, trouble free operation in similar applications and size equal or larger than the 

equipment in this contract. 

PART 2 -  PRODUCTS 

2.1 GENERAL 

A. Protection of Equipment:  Equipment shall be boxed, crated, or otherwise protected from 

damages and moisture during shipment, handling, and storage.  Equipment shall be 

protected from exposure to corrosive fumes and shall be kept thoroughly dry at all times.  

Pumps, motors, drives, electrical equipment, and other equipment having anti-friction or 

sleeve bearings shall be stored in weather tight storage facilities prior to installation.  For 
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extended storage period, plastic equipment wrappers shall be avoided to prevent 

accumulation of condensate in gears and bearings.  In addition, motor space heaters shall 

be energized, and shafts shall be rotated.  Equipment delivered to the Site with rust or 

corroded parts shall be rejected.  If equipment develops defects during storage, it shall be 

disassembled, cleaned and recoated to restore it to original condition. 

B. Identification Equipment Items:  At the time of shipping, each item of equipment shall have 

a legible identifying mark corresponding to the equipment number in the Contract 

Documents for the particular item. 

C. Protective Coating:  Equipment shall be painted or coated in accordance with  

manufacturer’s standard system, unless otherwise indicated.  Non-ferrous metal and 

corrosive-resisting steel surfaces shall be coated with grease or lubricating oil.  Coated 

surfaces shall be protected from abrasion or other damage during handling, testing, storing, 

assembly and shipping. 

D. Controls:  Equipment and system controls shall be in accordance with Division 26 and 

Division 40.  

E. All flanges on equipment and appurtenances provided under this Section shall conform to 

ANSI B16.1, Class 125; or B16.5, Class 150, unless otherwise shown.  All pipe threads 

shall be in accordance with ANSI/ASME B1.20.1. 

F. Nameplates:    Equipment nameplates of stainless steel shall be engraved or stamped and 

fastened to the equipment in an accessible location with No. 4 or larger oval head stainless 

steel screws or drive pins.  Nameplates shall contain the manufacturer’s name, model, serial 

number, size, characteristics, and appropriate date describing the machine performance 

ratings. 

G. Tools:  The Contractor shall furnish one complete set of special wrenches and other special 

tools necessary for the assembly, adjustment, and dismantling of the equipment.  Tools 

shall be of best quality hardened steel forgoing with bright finish.  Wrench heads shall have 

work faces dressed to fit nuts.  Tools shall be suitable for professional work and 

manufactured by Snap On, Crescent, Stanley, or equal.  The set of tools shall be neatly 

mounted in a labeled toolbox of suitable design provided with a hinged cover. 

H. Lubricants:  The Contractor shall install lubricants for all equipment during storage and 

prior to initial testing of the equipment.  After successful initial testing, final testing, and 

satisfactory completion startup testing, the Contractor shall conduct one complete lubricant 

change on all equipment.  In addition, the Contractor shall be responsible for the proper 

disposal of all used lubricants.  The Owner will then be responsible for subsequent lubricant 

changes. 

I. Hazardous Location Rating of Equipment:  Equipment manufacturer shall reference the 

hazardous-area classification drawing in the Contract Documents and provide equipment 

in compliance with the defined NEC- classification requirements. It will be the 

manufacturer's sole responsibility to submit equipment in compliance with the Contract 

Documents, NFPA 820, and NEC requirements. 
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2.2 EQUIPMENT SUPPORTS 

A. All pipe connections to equipment shall be supported, anchored and guided to avoid 

stresses and load on equipment flanges and equipment.  Supports and hangers shall be in 

accordance with the requirements of Section 43 05 50 - Equipment Mounting.  

2.3 NOISE REQUIREMENTS 

A. Noise Level:  When in operation, no single piece of equipment shall exceed the OSHA 

noise level requirement of 105 dBA for one-hour exposure per day. 

B. High Noise Level Location:  The Contractor shall provide two personal hearing protection 

stations at the Blower Room.   

C. Personal Hearing Protection:  In each hearing protection station, the Contractor shall 

furnish three pairs of high attenuation hearing protectors in the original unopened 

packaging.  The ear protectors shall be capable of meeting the requirements of ANSI S12.6 

and shall produce a noise level reduction of 25 dBA at a frequency of 500 Hz.  The hearing 

protectors shall have fluid filled ear cushions and an adjustable, padded headband.  The 

protectors shall be stored in a weatherproof, labeled, steel cabinet, provided at an approved 

location near the noise producing equipment. 

2.4 VIBRATION LIMITATIONS 

A. Vibration frequencies shall span the range from 5.0 to 5,000 Hz. Where specified, 

measurements shall be obtained while the installed equipment is operating within the 

specified speed range. 

B. Centrifugal Machines with Sleeve Bearings: Unless otherwise specified, centrifugal 

machines with sleeve bearing shafts shall not exhibit unfiltered RMS readings for vibration 

displacement in excess of the following:  

 

Shaft speed range 

range, rpm 

Displacement 

peak to peak, mils 

Up to 900 3.5 

901-1800 3.0 

1801-3000 2.5 

3001-4500 2.0 

Above 4500 1.6 

Displacement measurements shall be taken radially on the shaft at two points at each 

bearing. Measuring points shall be 90 degrees apart.  

C. Centrifugal Machines with Antifriction Bearings: Unless otherwise specified, centrifugal 

machines with antifriction bearing shafts shall not exhibit unfiltered RMS readings for 

vibration velocity in excess of 0.12 inch per second. Velocity measurements shall be taken 

on one point of each bearing housing.  
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D. Positive Displacement Machines: Unless otherwise specified, positive displacement 

machines of the rotary, reciprocating and controlled volume types shall operate without 

any lateral or torsional vibration characteristics that may accelerate wear of the equipment. 

The Contractor shall provide manufacturer's certification that the manufacturer has 

inspected the machine under operating conditions and found it to comply with the 

manufacturer’s requirements. 

E. Vibration Isolators:  Air compressors, blowers, engines, inline fans shall be provided with 

restrained spring-type vibration isolators or pads per manufacturer's written 

recommendations. Vibration isolations shall be provided with seismic restraint. 

2.5 CRITICAL SPEED REQUIREMENTS 

A. Unless otherwise specified, rotating mechanical equipment shall not exhibit critical speeds 

within the specified range of operating speeds and impeller blade pass frequencies. Critical 

speeds for equipment with rigid rotor systems shall be at least 20 percent greater than 

maximum operating speed and maximum impeller blade pass frequency, whichever is 

greater. Critical speeds for equipment with flexible shaft-rotor systems shall be at least 15 

percent below minimum operating speed and 20 percent above maximum operating speed 

and blade pass frequency. 

2.6 DRIVE TRAINS AND SERVICE FACTORS 

A. Drive Trains and Service Factors:  Service factors shall be applied in the selection or design 

of mechanical power transmission components.  All components of drive train assemblies 

between the prime mover and the driven equipment shall be designed and rated to deliver 

the maximum peak or starting torque, speed, and horsepower.  All of the applicable service 

factors shall be considered, such as mechanical (type of prime mover), load class, start 

frequency, ventilation, ambient temperature, and fan factors.  Drive train components 

include couplings, shafts, gears, and gear drives, drive chains, sprockets, and V-belt drives.  

Unless otherwise indicated, the following load classification shall apply in determining 

service factors: 

 

Type of Equipment Service Factor Load Classification 

Centrifugal Fans 1.0 Uniform 

Pumps 

 Centrifugal or Rotary 

 Reciprocating 

 Cranes or Hoists 

 

1.0 

1.8 

1.25 

 

Uniform 

Moderate Shock 

Moderate Shock 
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B. Mechanical Service Factors 

 

 Mechanical Service Factors 

Uniform 1.25 

Moderate Shock 1.50 

Heavy Shock 2.0 

C. For thermal rating adjustments such as start frequency, ambient temperature, and hourly 

duty cycle factor, ventilation factor, and fan factor, refer to gear manufacturer sizing 

information. 

D. For service factors of electric motor, see Section 40 05 93 – Motor Requirements for 

Process Equipment 

Where load classifications are not indicated, service factors based on AGMA 514.02 shall 

be used for standard load classification and for flexible couplings. 

2.7 SHAFTING 

A. Shafting shall be continuous between bearings and shall be sized to transmit the power 

required. Keyways shall be accurately cut in line.  Shafting shall not be turned down at the 

ends to accommodate bearings or sprockets whose bore is less than the diameter of the 

shaft.  Shafts shall rotate in the end bearings and shall be turned and polished, straight, and 

true.  

B. Design Criteria: All shafts shall be designed to carry the steady state and transient loads 

suitable for unlimited number of load applications, in accordance with ASME B 106.1 M 

- Design of Transmission Shafting.  Where shafts are subjected to fatigue stresses, such as 

frequent start and stop cycles, the mean stress shall be determined by using the modified 

Goodman Diagram.  The maximum torsional stress shall not exceed the endurance limit of 

the shaft after application of the factor of safety of 2 in the endurance limit and the stress 

concentration factor of the fillets in the shaft and keyway. Stress concentration factor shall 

be in accordance with ASME Standard B17.1 - Keys and KeySeats.  

C. Materials: Shafting materials shall be appropriate for the type of service and torque 

transmitted. Environmental elements such as corrosive gases, moisture, and fluids shall be 

taken into consideration. Materials shall be as indicated unless furnished as part of an 

equipment assembly.  

1. Low carbon cold-rolled steel shafting shall conform to ASTM A 108, Grade 1018.  

2. Medium carbon cold-rolled shafting shall conform to ASTM A 108, Grade 1045.  

3. Other grades of carbon steel alloys shall be suitable for service and load. 
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4. Corrosion-resistant shafting shall be stainless steel or Monel, whichever is most 

suitable for the intended service. 

D. Differential Settlement: Where differential settlement between the driver and the driven 

equipment may occur, a shaft of sufficient length with sets of universal type couplings shall 

be provided.  

2.8 BEARINGS  

A. Bearings shall conform to the standards of the Anti-Friction Bearing Manufacturers 

Association, Inc. (AFBMA).  

B. To assure satisfactory bearing application, fitting practice, mounting, lubrication, sealing, 

static rating, housing strength, and lubrication shall be considered in bearing selection.  

C. All re-lubricatable type bearings shall be equipped with an hydraulic grease fitting in an 

accessible location and shall have sufficient grease capacity in the bearing chamber.  

D. All lubricated-for-life bearings shall be factory-lubricated with the manufacturer's 

recommended grease to insure maximum bearing life and best performance.  

E. Anti-Friction Type Bearing Life: Except where otherwise indicated, bearings shall have a 

minimum 10 life expectancy of 10 years or 20,000 hours, whichever occurs first.  Where 

so indicated, bearings shall have a minimum rated L-10 life expectancy corresponding to 

the type of service, as follows:  

 

Type of service Design Life, years L-10 Design Life, hours 

 (Whichever comes first) 

8-hour shift 10 20,000 

16-hour shift 10 40,000 

Continuous 10 60,000 

F. Bearing housings shall be of cast iron or steel and bearing mounting arrangement shall be 

as indicated or as recommended in the published standards of the manufacturer.  Split-type 

housings may be used to facilitate installation, inspection, and disassembly.  

G. Sleeve Type Bearings: Sleeve-type bearings shall have a steel, cast iron or ductile iron 

housing and Babbitt or bronze liner. Bearing housing shall be bolted and doweled to the 

lower casing half. These housings shall be provided with cast iron caps bolted in place and 

the bearing end caps shall be bored to receive the bearing shells.  Sleeve bearings shall be 

designed on the basis of the maximum allowable load permitted by the bearing 

manufacturer.  If the sleeve bearing is connected to an equipment shaft with a coupling, 

the coupling transmitted thrust will be assumed to be the maximum motor or equipment 

thrust.  Lubricant, lubrication system, and cooling system shall be as recommended by the 

bearing manufacturer.  
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H. Plate Thrust Bearings: Thrust bearings shall be the Kingsbury Type, designed and 

manufactured to maintain the shaft in the fixed axial position without undue heating or the 

necessity of adjustment or attention. Bearings shall be oil lubricated to suit the 

manufacturer's standard method of lubrication for the specific bearing. If bearing cooling 

is required, manufacturer shall provide necessary piping, filters, and valves.  

2.9 ELECTRIC MOTORS 

A. All motors shall comply with requirements listed in Section 40 05 93 – Motor 

Requirements for Process Equipment.  All variable frequency drive (VFD) controlled 

motors shall comply with NEMA MG-1 Design “B” requirements. 

2.10 SPARE PARTS 

A. Spare parts, where specified, shall be provided in clearly labeled boxes. Labels shall 

display “Mill City WPCF" a major piece of equipment to which the part belongs, the part 

name, and the manufacturer's part number. 

PART 3 -  EXECUTION 

3.1 PROTECTION 

A. Box, crate, or otherwise completely enclose and protect all equipment during shipment, 

handling, and off-site storage. Responsibility for storage on the job site will be assigned to 

the installing Contractor. 

B. Protect equipment from exposure to elements and keep all items thoroughly dry at all times.  

Protect against impact, abrasion, discoloration and other damage. Protect electrical 

equipment, controls and insulation against moisture, freezing, or water damage. 

3.2 INSTALLATION 

A. Equipment shall be installed in accordance with the manufacturers written 

recommendations.  The Contractor shall select or recommend the size and type of coupling 

required to suit each specific application; installation shall be per equipment manufacturer's 

printed recommendations. All insulating connections shall be installed in accordance with 

the manufacturer's printed instructions.  

B. Alignment: Equipment shall be field tested to verify proper alignment.  

3.3 SERVICES OF MANUFACTURER  

A. Inspection, Startup, and Field Adjustment: Where required by individual sections, an 

authorized, experienced, and competent service representative of the manufacturer shall 

visit the Site for the number of days indicated in those sections to witness or perform the 

following and to certify in writing that the equipment and controls have been properly 

installed, aligned, lubricated, adjusted, and readied for operation.  

1. Installation of equipment  
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2. Inspection, checking, and adjusting the equipment and approving its installation  

3. Startup and field testing for proper operation, efficiency, and capacity  

4. Performing field adjustments during the test period to ensure that the equipment 

installation and operation comply with requirements  

B. Instruction of the Owner's Personnel: Where required by the individual equipment sections, 

an authorized training representative of the manufacturer shall visit the Site for the number 

of days indicated in those sections to instruct the Owner's personnel in the operation and 

maintenance of the equipment, including step-by-step troubleshooting with necessary test 

equipment.  Instruction shall be specific to the models of equipment provided.  

1. The representative shall have at least two years’ experience in training. A resume 

of the representative shall be submitted.  

2. Training shall be scheduled three weeks in advance of the scheduled session.  

3. Proposed training material and a detailed outline of each lesson shall be submitted 

for review. Review comments from the Engineer shall be incorporated into the 

material.  

4. The training materials shall remain with the trainees after the session.  The 

Contractor shall videotape the training for later use by the Owner's personnel.  

3.4 PACKAGED EQUIPMENT  

A. When any system is furnished as pre-packaged equipment, the Contractor shall coordinate 

all necessary space and structural requirements, clearances, utility connections, signals, and 

outputs with subcontractors to avoid later change orders.  

B. If the packaged system has any additional features (as safety interlocks, etc.) other than 

required by the Contract Documents, the Contractor shall coordinate such features with the 

Engineer and provide all material and labor necessary for a complete installation as 

required by the manufacturer.  

3.5 FIELD TESTS 

A. Where indicated by the individual equipment sections, equipment shall be field tested after 

installation to demonstrate satisfactory operation without excessive noise, vibration, or no 

overheating of bearings or motor. 

B. The following field testing shall be conducted:  

1. Start, check, and operate the equipment over its entire operating range. Vibration 

level shall be within the amplitude limits as indicated or as recommended by the 

reference applicable Standards. 

2. Obtain, record and provide to Engineer concurrent readings of motor voltage, 

amperage, capacity, vibration, and bearing temperatures for each piece of major 

equipment. 
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C. The Engineer shall witness field testing.  The Contractor shall notify the Engineer of the 

test schedule seven days in advance.  

D. In the event that any equipment fails to meet the test requirements, the equipment shall be 

modified and resettled until it satisfies the requirement.  

 

END OF SECTION 43 05 01 
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SECTION 43 05 50 - EQUIPMENT MOUNTING 

PART 1 -  GENERAL 

1.1 WORK INCLUDED 

A. This section specifies mounts, supports, and the anchorage for equipment, tanks, piping 

and accessories.  

1.2 REFERENCE STANDARDS 

A. Federal Specifications 

1. MIL-A-907E  Antiseize Thread Compound, High Temperature 

B. Commercial Standards 

1. ASTM A 48  Gray Iron Castings 

2. ASTM A 193 Alloy Steel and Stainless Steel Building Materials for 

High Temperature Service 

3. ASTM A 194 Carbon and Allow Steel Nuts for Bolts for High Pressure 

and High Temperature Service 

4. ASTM A 307 Carbon Steel Bolts and Studs, 600,000 psi Tensile 

Strength 

5. ASTM A 325 Structural Bolts, Steel, Heat Treated, 120/105 ksi 

Minimum Tensile Strength 

1.3 SUBMITTALS  

A. Calculations and shop drawings shall be submitted for all of the work required above in 

accordance with Section 01 33 00 – Submittal Procedures. Anchor bolt and expansion bolt 

submittals shall be in accordance with requirements specified herein. All calculations must 

be made and signed by a civil or structural engineer currently registered in the State of 

Oregon.  

B. Inasmuch as some anchorage or equipment mounting is to be made to poured-in-place 

concrete elements, it is imperative that these types of anchorage be coordinated with the 

concrete subcontractor so that anchorage may be installed at time of pouring.  If 

calculations and anchorage details are not submitted prior to pouring of concrete, the 

Contractor shall become responsible for any strengthening of concrete elements because 

of superimposed seismic loading.  
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1.4 QUALITY ASSURANCE  

A. Support, anchorage and mounting of all tanks, piping and equipment shall be designed and 

provided by Contractor according to manufacturer's recommendation, the latest version of 

the International Building Code and industry standards requirements, unless otherwise 

specified. All elements required to resist the calculated forces described herein or required 

by the equipment manufacturer shall be provided by the Contractor.  

PART 2 -  PRODUCTS 

2.1 GENERAL  

A. Equipment mountings shall be as shown.  All equipment located in floor slabs shall be 

mounted on concrete pads.  Where a steel or cast base is shown or specified between the 

equipment and the concrete pedestal, it shall be hot-dip galvanized after fabrication.  

B. For belt driven equipment shown as in-line and piggyback, the base shall be, rectangular 

and the motor shall always be behind and above the driven equipment and never over the 

driven equipment unless approved by the Engineer.  Motor mounting hardware for any belt 

driven configuration shall allow for belt tension adjustment.  

2.2 EQUIPMENT SUPPORTS AND FOUNDATIONS 

A. Steel Bases:  Structural steel bases shall be rectangular in shape for all equipment other 

than centrifugal refrigeration machines and pump bases, which may be "T" or "L" 1 shaped 

where shown.  Pump bases for split case pump shall include supports for suction and 

discharge base ells.  All perimeter members shall be beams with a minimum depth equal 

to 1/10th of the longest dimension of the base.  Beam depth need not exceed 14 inches 

provided that the deflection and misalignment is kept within acceptable limits as 

determined by the manufacturer.  Grout holes shall be provided for the bases of all 

equipment where vibration isolation is not specified. Where vibration isolation is required, 

height saving brackets shall be employed in all mounting locations to provide a base 

clearance of 1 inch. 

2.3 CONNECTIONS 

A. All pipe connections to equipment shall be supported, anchored, and guided to avoid 

stresses and loads on equipment flanges and equipment.   

B. Flanges and Pipe Threads:  All flanges on equipment and appurtenances provided under 

this Section shall conform to ANSI B16.1, Class 125; or B16.5, Class 150, unless otherwise 

shown.  All pipe threads shall be in accordance with ANSI/ASME B1.20.1. 

C. Unless otherwise indicated, equipment supports, anchors, and restrainers shall be 

adequately designed for static, dynamic, wind, and seismic loads.  The design horizontal 

seismic force shall be the greater of: that noted in the general structural notes or as required 

by the governing building code, or 10 percent of gravity.  Submitted design calculations 

for equipment supports shall bear the signature and seal of an engineer registered in the 

state wherein the project is to be built, unless otherwise indicted. 

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY  

WWTP UPGRADES 222194-202 

 

EQUIPMENT MOUNTING  43 05 50 - 3 

D. Equipment Foundations:  Mechanical equipment, tanks, control cabinets, enclosures, and 

related equipment shall be mounted on minimum 4-inch high concrete bases unless 

otherwise indicated.  Equipment foundations are indicated on Drawings. The Contractor 

through the equipment manufacturer shall verify the size and weight of equipment 

foundation to insure compatibility with equipment. 

E. Couplings:  Mechanical couplings shall be provided between the driver and the driven 

equipment.  Flexible couplings shall be provided between the driver the driven equipment 

to accommodate sight angular misalignment, parallel misalignment, end float, and to 

cushion shock loads. 

1. Unless otherwise indicated or recommended by the equipment manufacturer, 

coupling type shall be furnished with the respective equipment as follows: 

 

Equipment Type Coupling Type 

Horizontal and end suction pumps Gear or flexible spring 

Vertical nonclog pumps, closed coupled Flexible disk pack 

Single stage centrifugal blowers Flexible disk pack 

Air compressors Gear or flexible pack 

2. Each coupling size shall be determined based on the rated horsepower of the motor, 

speed of the shaft, and the load classification service factor.  The Contractor shall 

have the equipment manufacturer select or recommend the size and type of 

coupling required to suit each specific application. 

3. Taper-Lock or equal bushing may be used to provide for easy installation and 

removal of shafts of various diameters. 

2.4 ANCHOR BOLTS 

A. The CONTRCTOR shall be responsible in providing anchor bolts for all owner–furnished 

equipment supplied to this project.   

B. Anchor bolt holes in equipment support frames shall not exceed the bolt diameters by more 

than 25 percent, up to a limiting maximum oversizing of 1/4 inch. Minimum anchor bolt 

diameter shall be 1/2 inch. Anchor bolts shall be furnished with leveling nuts, the faces of 

which shall be tightened against flat surfaces as shown to not less than 10 percent of the 

bolt's safe tensile stress.  

C. Tapered washers shall be provided where mating surface is not square with the nut.  

PART 3 -  EXECUTION 

3.1 INSTALLATION  

A. Each piece of equipment shall be anchored to resist a minimum lateral force required by 

the code, the manufacturer of the equipment or a lateral seismic force of 40 percent of the 
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operating weight of the equipment, whichever is greater.  This force shall be considered 

acting at the center of gravity of the piece under consideration.  No equipment shall be 

anchored to vertical structural elements without written approval of the Engineer.  

B. Equipment which is not vibration isolated shall be anchored directly to the, supporting floor 

system.  In addition to the anchorage, all such equipment shall be internally designed so 

that all static and moving parts are anchored to the supporting framework to resist the 

imposed seismic force.  All forces must be transmitted to the base in order to be anchored 

as required.  Vibration isolated equipment shall be specially designed to meet these same 

requirements. 

C. Equipment, tanks, piping supports, and anchorage located outside the building shall be 

designed to comply with the latest version of the International Building Code requirements.  

D. All piping, raceways, accessories, and appurtenances, furnished with equipment shall be 

anchored to resist a lateral seismic force of 40 percent of its operating weight without 

excessive deflection. This force shall be considered acting at the center of gravity of the 

piece under consideration.  

 

END OF SECTION 43 05 50 
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SECTION 43 05 60 – PROCESS EQUIPMENT TESTING  

PART 1 -  GENERAL 

1.1 SUMMARY 

A. Section includes: Testing of mechanical equipment and systems. 

B. Related Sections: 

1. The Contract Documents are complementary; what is called for by one is as 

binding as if called for by all. 

2. It is the Contractor’s responsibility for scheduling and coordinating the Work of 

subcontractors, suppliers, and other individuals or entities performing or 

furnishing any of Contractor’s Work. 

1.2 REFERENCES 

A. American National Standards Institute (ANSI): 

1. S1.4 Specification for Sound Level Meters. 

B. Hydraulic Institute (HI). 

1.3 SUBMITTALS 

A. Test instrumentation calibration data. 

B. Test plan specified in this Section. 

C. Test result reports. 

PART 2 -  PRODUCTS  NOT USED 

PART 3 -  EXECUTION 

3.1 QUALITY CONTROL TESTING AND REPORTING 

A. Scheduling and notification: 

1. Witnessed source quality control tests: Schedule test date and notify Engineer at 

least 30 days prior to start of test. 

2. Field quality control tests: Schedule test date and notify Engineer at least 7 days 

prior to start of test. 

B. Testing levels: 
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1. Test equipment based on test levels specified in the equipment section of this 

Project. 

2. Requirements for Test Levels 1 to 4 are defined below. 

3. Test levels apply for both Source (Factory) Quality Control Tests and Field Quality 

Control Tests as specified in the equipment sections of this Project. 

4. If testing is not specified in the equipment section, provide Level 1 testing. 

C. Witnessing: Source Quality Control Tests not witnessed unless specified otherwise in the 

equipment section; Field Quality Control Tests shall be witnessed. 

D. Instrumentation: Provide necessary test instrumentation which has been calibrated within 

1 year from date of test to recognized test standards traceable to the National Institute of 

Standards and Technology, Washington, D.C. or approved source. Properly calibrated field 

instrumentation permanently installed as a part of the Work may be utilized for Field 

Quality Control Tests. 

E. Temporary facilities and labor: Provide necessary fluids, utilities, temporary piping, 

temporary supports, temporary access platforms or access means and other temporary 

facilities and labor necessary to safely operate the equipment and accomplish the specified 

testing. With Owner's permission, some utilities may be provided by fully tested 

permanently installed utilities that are part of the Work. 

F. Test fluids: 

1. Factory tests: Use water or air as appropriate at ambient conditions unless specified 

otherwise in the equipment section. 

2. Field tests: Use specified process fluid at available conditions. 

G. Pressure testing: Hydrostatically pressure test pressure containing parts in the factory at the 

appropriate standard or code required level above the equipment component specified 

design pressure or operating pressure, whichever is higher. Submit pressure test reports 

before shipping. 

H. Test measurement and result accuracy: 

1. Use test instruments with accuracies as recommended in the appropriate referenced 

standards. When no accuracy is recommended in the referenced standard, use 1 

percent or better accuracy test instruments. Improved (lower error tolerance) 

accuracies specified elsewhere prevail over this general requirement. 

2. Do not adjust results of tests for instrumentation accuracy. Measured values and 

values directly calculated from measured values shall be the basis for comparing 

actual equipment performance to specified requirements. 

I. Field testing: 
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1. Submit test plan as specified in this Section. Indicate test start time and duration, 

equipment to be tested, other equipment involved or required; temporary facilities 

required, number and skill or trade of personnel involved; safety issues and 

planned safety contingencies; anticipated effect on Owner's existing equipment 

and other information relevant to the test. Provide locations of all instruments to 

be used for testing. Provide calibration records for all instrumentation. 

2. Prior to testing, verify equipment protective devices and safety devices have been 

installed, calibrated, and tested. 

J. Reports: Submit reports for source and field-testing. Submit Source Quality Control Test 

result reports before shipping equipment to the field. Report features: 

1. Report results in a bound document in generally accepted engineering format with 

title page, written summary of results compared to specified requirements, and 

appropriate curves or plots of significant variables in English units. 

2. Include appendix with a copy of raw, unmodified test data sheets indicating test 

value, date and time of reading, and initials of person taking the data. 

3. Include appendix with sample calculations for adjustments to raw test data and for 

calculated results. 

4. Include appendix with the make, model, and last calibration date of 

instrumentation used for test measurements. 

5. Include in body of report a drawing or sketch of the test system layout showing 

location and orientation of the test instruments relative to the tested equipment 

features. 

3.2 EQUIPMENT TESTING, GENERAL 

A. Tests for pumps, all levels of testing: 

1. Test in accordance with applicable HI Standards in addition to the requirements in 

this and other sections. 

2. Test tolerances: In accordance with appropriate HI Standards, except the following 

modified tolerances apply: 

a. From 0 to plus 5 percent of head at the specified flows [rated design point 

flow]. 

b. From 0 to plus 5 percent of flow at the rated design point head. 

c. No negative tolerance for the efficiency at the specified flows [rated design 

point]. 

d. No positive tolerance for vibration limits. Vibration limits and test 

methods in HI Standards do not apply, use limits and methods specified in 

this or other sections of the Specifications. 
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B. Tests for drivers: Test motors as specified in Section 40 05 93 – Motor Requirements for 

Process Equipment. Test other drivers as specified in the driver equipment section. 

3.3 REQUIREMENTS FOR VIBRATION TESTING 

A. Definitions: 

1. Peak-to-peak displacement: The root mean squared average of the peak-to-peak 

displacement multiplied by the square root of 2. 

2. Peak velocity: The root mean squared average of the peak velocity multiplied by 

the square root of 2. 

3. Peak acceleration: The root mean squared average of the peak acceleration 

multiplied by the square root of 2. 

4. High frequency enveloping: A process to extract very low amplitude time domain 

signals associated with impact or impulse events such as bearing or gear tooth 

defects and display them in a frequency spectrum of acceleration versus frequency.  

a. Manufacturers: One of the following or equal: 

1) Rockwell Automation, Entek Group, "Spike Energy" analysis. 

2) CSI, "PeakVue." 

5. Low speed equipment: Equipment or components of equipment rotating at less 

than 600 revolutions per minute. 

6. High speed equipment: Equipment and equipment components operating at or 

above 600 revolutions per minute. 

B. Vibration instrumentation requirements: 

1. Analyzers: Use digital type analyzers or data collectors with anti-aliasing filter, 12 

bit A/D converter, fast fourier transform circuitry, phase measurement capability, 

time wave form data storage, high frequency enveloping capabilities, 35 frequency 

ranges from 21 to 1,500,000 cycles per minute, adjustable fast fourier transform 

resolution from 400 to 6,400 lines, storage for up to one hundred 3,200 line 

frequency spectra, RS232C data output port, circuitry for integration of 

acceleration data to velocity or double integration to displacement.  

a. Manufacturers: One of the following or equal: 

1) Entek-IRD, Division of Rockwell Automation, Enpac 1200 with 

applicable data analysis software or Entek Model 838 analyzer 

with built in printer. 

2) Computational Systems Inc., (CSI) Division of Emerson Electric, 

Model 2120A, Data Collector/analyzer with applicable analysis 

software. 
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2. Analyzer settings: 

a. Units: English, inches/second, mils, and gravitational forces. 

b. Fast fourier transform lines: Most equipment 1,600 minimum; for motors, 

enough lines as required to distinguish motor current frequencies from 

rotational frequencies, use 3,200 lines for motors with a nominal speed of 

3,600 revolutions per minute; 3,200 lines minimum for High Frequency 

Enveloping; 1,600 lines minimum for low speed equipment. 

c. Sample averages: 4 minimum 

d. Maximum frequency (Fmax): 40 times rotational frequency for rolling 

element bearings, 10 times rotational frequency for sleeve bearings. 

e. Amplitude range: Auto select but full scale not more than twice the 

acceptance criteria or the highest peak, whichever is lower. 

f. Fast fourier transform windowing: Hanning Window. 

g. High pass filter: Minus 3 dB at 120 cycles per minute for high speed 

equipment. Minus 3 dB at 21 cycles per minute for low speed equipment. 

3. Accelerometers: 

a. For low speed equipment: Low frequency, shear mode accelerometer, 500 

millivolts per gravitational force sensitivity, 10 gravitational force range, 

plus/minus 5 percent frequency response from 0.5 hertz to 850 hertz, 

magnetic mount.  

 

1) Manufacturers: One of the following or equal: 

a) Wilcoxon Research, Model 797L. 

b) PCB, Model 393C. 

b. For high speed equipment: General purpose accelerometer, 100 millivolts 

per gravitational force sensitivity, 50 gravitational force range, plus/minus 

3dB frequency response range from 2 hertz to 12,000 hertz when stud 

mounted, with magnetic mount holder.  

1) Manufacturers: One of the following or equal: 

a) Wilcoxon Research, Model 793. 

b) Entek-IRD Model 943. 

C. Accelerometer mounting: 

1. Use magnetic mounting or stud mounting. 
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2. Mount on bearing housing in location with best available direct path to bearing and 

shaft vibration. 

3. Remove paint and mount transducer on flat metal surface or epoxy mount for High 

Frequency Enveloping measurements. 

D. Vibration testing results presentation: 

1. Provide equipment drawing with location and orientation of measurement points 

indicated. 

2. For each vibration measurement take and include appropriate data on equipment 

operating conditions at the time vibration data is taken; for pumps, compressors, 

and blowers record suction pressure, discharge pressure, and flow. 

3. When Vibration Spectra Data required: 

a. Plot peak vibration velocity versus frequency in cycles per minute. 

b. Label plots showing actual shaft or part rotation frequency, bearing inner 

and outer race ball pass frequencies, gear mesh frequencies and relevant 

equipment excitation frequencies on the plot; label probable cause of 

vibration peaks whether in excess of specification limits or not. 

c. Label plots with equipment identification and operating conditions such 

as tag number, capacity, pressure, driver horsepower, and point of 

vibration measurement. 

d. Plot motor spectra on a log amplitude scale versus frequency. 

4. For low speed equipment, plot peak vibration displacement versus frequency as 

well as velocity versus frequency. 

5. Provide name of manufacturer and model number of the vibration instrumentation 

used, including analyzer and accelerometer used together with mounting type. 

3.4 TESTING LEVELS 

A. Level 1 Quality Control Tests: 

1. Level 1 General Equipment Performance Test: 

a. For equipment, operate, rotate, or otherwise functionally test for 

15 minutes minimum after components reach normal operating 

temperatures. 

b. Operate at rated design load conditions. 

c. Confirm that equipment is properly assembled, equipment moves or 

rotates in the proper direction, shafting, drive elements and bearings are 

installed and lubricated in accordance with proper tolerances, and that no 
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unusual power consumption, lubrication temperatures, bearing 

temperatures, or other conditions are observed. 

2. Level 1 Pump Performance Test: 

a. Measure flow and head while operating at or near the rated condition; for 

factory testing, testing may be at reduced speeds with flow and head 

corresponding to the rated condition when adjusted for speed using the 

appropriate affinity laws. 

b. Use of a test driver is permitted for factory tests when actual driver is given 

a separate test at its point of manufacture as specified in Section 26 08 00 

– Field Electrical Acceptance Tests or the applicable equipment section. 

Use actual driver for field tests. 

c. Record measured flow, suction pressure, discharge pressure, and make 

observations on bearing temperatures and noise levels. 

3. Level 1 Vibration Test: 

a. Test requirement:  

1) Measure filtered vibration spectra versus frequency in 3 

perpendicular planes at each normally accessible bearing housing 

on the driven equipment, any gears and on the driver; 1 plane of 

measurement to be parallel to the axis of rotation of the 

component. 

2) Vibration spectra versus frequency shall be in accordance with 

Vibration Acceptance Criteria. 

b. Equipment operating condition: Test at specified maximum speed. 

4. Level 1 Noise Test: 

a. Measure unfiltered overall A-weighted sound pressure level in dBA at 

3 feet horizontally from the surface of the equipment and at a mid-point of 

the equipment height. 

B. Level 2 Quality Control Tests: 

1. Level 2 General Performance Test: 

a. For equipment, operate, rotate, or otherwise functionally test for at least 

2 hours after components reach normal operating temperatures. 

b. Operate at rated design load conditions. 

c. Confirm that equipment is properly assembled, equipment moves or 

rotates in the proper direction, shafting, drive elements and bearings are 

installed and lubricated in accordance with proper tolerances, and that no 

unusual power consumption, lubrication temperatures, bearing 

temperatures, or other conditions are observed. 
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2. Level 2 Pump Performance Test: 

a. Test 2 hours minimum for flow and head at the rated condition; for factory 

testing, testing may be at reduced speeds with flow and head 

corresponding to the rated condition when adjusted for speed using the 

appropriate affinity laws. 

b. Use of a test driver is permitted for factory tests when actual driver is given 

a separate test at its point of manufacture as specified in Section 26 08 00 

– Field Acceptance Tests. Use actual driver for field tests. 

c. Test for flow and head at 2 additional conditions; 1 at 25 percent below 

the rated flow and 1 at 10 percent above the rated flow. 

d. Record measured flow, suction pressure, discharge pressure, and 

observations on bearing temperatures and noise levels at each condition. 

3. Level 2 Vibration Test: 

a. Test requirement:  

1) Measure filtered vibration spectra versus frequency and measure 

vibration phase in 3 perpendicular planes at each normally 

accessible bearing housing on the driven equipment, any gears and 

on the driver; 1 plane of measurement to be parallel to the axis of 

rotation of the component; measure actual rotational speeds for 

each vibration spectra measured using photometric or other 

tachometer input connected directly to the vibration data collector. 

2) Vibration spectra versus frequency shall be in accordance with 

Vibration Acceptance Criteria. 

b. Equipment operating condition: Repeat test requirements at design 

specified maximum speed and at minimum speed for variable speed 

equipment. 

c. Natural frequency test of field installed equipment: 

1) Excite the installed equipment and support system in 3 

perpendicular planes, use same planes as operating vibration 

measurement planes, and determine the as-installed natural 

resonant frequency of the driven equipment, the driver, gears and 

supports. 

2) Perform test at each bearing housing, at each support pedestal, and 

for pumps on the suction and discharge piping. 

3) Perform with equipment and attached piping full of intended 

service or process fluid. 

4. Level 2 Noise Test: 
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a. Measure filtered A-weighted overall sound pressure level in dBA for each 

of 8 octave band mid-points beginning at 63 hertz measured at 3 feet 

horizontally from the surface of the equipment at mid-point height of the 

noise source. 

C. Level 3 Quality Control Tests: 

1. Level 3 General Equipment Performance Tests: 

a. For equipment, operate, rotate, or otherwise functionally test for at least 

4 hours after components reach normal operating temperatures. 

b. Operate at rated design load conditions for 1/2 the specified time; operate 

at each of any other specified conditions for a proportionate share of the 

remaining test time. 

c. Confirm that equipment is properly assembled, equipment rotates in the 

proper direction, shafting and bearings are installed and lubricated in 

accordance with proper tolerances, and that no unusual noise, vibration or 

temperatures are observed. 

d. Take appropriate capacity, power or fuel consumption, torque, revolutions 

per minute, pressure and temperature readings using appropriate test 

instrumentation to confirm equipment meets specified performance 

requirements at the design rated condition. 

e. Bearing temperatures: During maximum speed or capacity performance 

testing, measure and record the exterior surface temperature of each 

bearing versus time. 

2. Level 3 Pump Performance Test: 

a. Test 4 hours minimum for flow and head at or near the rated condition; for 

factory testing, testing may be at reduced speeds with flow and head 

corresponding to the rated condition when adjusted for speed using the 

appropriate affinity laws. 

b. Use of a test driver is permitted for factory tests when actual driver is given 

a separate test at its point of manufacture as specified in Section 26 08 00 

– Field Electrical Acceptance Tests. Use actual driver for field tests. 

c. Test each specified flow and head condition at the rated speed and test at 

minimum as well as maximum specified speeds; operate at each test 

condition for a minimum of 15 minutes; for factory testing, test at other 

speeds may be omitted if test driver at reduced speeds is used for rated 

condition testing. 

d. Record measured shaft revolutions per minute, flow, suction pressure, 

discharge pressure; record measured bearing temperatures (bearing 

housing exterior surface temperatures may be recorded when bearing 

temperature devices are not required by the equipment section) and record 

observations on noise levels. 
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3. Level 3 Vibration Test: 

a. Requirements: Same as Level 2 vibration test except data taken at each 

operating condition tested and with additional requirements below. 

b. Perform High Frequency Enveloping Analysis for gears and bearings. 

1) Measure bearing element vibration directly on each bearing cap in 

a location close as possible to the bearing load zone that provides 

a smooth surface and direct path to the bearing to detect bearing 

defects. 

2) Report results in units of acceleration versus frequency in cycles 

per minute. 

c. Perform Time Wave Form analysis for gears, low speed equipment and 

reciprocating equipment; plot true peak amplitude velocity and 

displacement versus time and label the period between peaks with the 

likely cause of the periodic peaks (relate the period to a cause). 

d. Plot vibration spectra on 3 different plots; peak displacement versus 

frequency, peak acceleration versus frequency and peak velocity versus 

frequency. 

4. Level 3 Noise Test: Measure filtered, un-weighted overall sound pressure level in 

dB at 3 feet horizontally from the surface of the equipment at mid-point height and 

at 4 locations approximately 90 degrees apart in plan view; report results for each 

of 8 octave band mid-points beginning at 63 hertz. 

 

D. Level 4 Quality Control Tests: 

1. Level 4 General Equipment Performance Test: 

a. For equipment, operate, rotate, or otherwise functionally test for at least 

8 hours after components reach normal operating temperatures. 

b. Operate at rated design load conditions for1/2 the specified time; operate 

at each of any other specified conditions for a proportionate share of the 

remaining test time. 

c. Confirm that equipment is properly assembled, equipment rotates in the 

proper direction, shafting and bearings are installed and lubricated in 

accordance with proper tolerances, and that no unusual noise, vibration or 

temperatures are observed. 

d. Take appropriate capacity, power or fuel consumption, torque, revolutions 

per minute, pressure and temperature readings using appropriate test 

instrumentation to confirm equipment meets specified performance 

requirements at the design rated condition. 
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e. Bearing temperatures: During maximum speed or capacity testing, 

measure and record the exterior surface temperature of each bearing versus 

time. 

2. Level 4 Pump Performance Test: 

a. Test 8 hours minimum for flow and head; begin tests at or near the rated 

condition; for factory and field-testing, test with furnished motor at full 

speed. 

b. Test each specified flow and head condition at the rated speed and test at 

minimum as well as maximum specified speeds; operate at each test 

condition for a minimum of 20 minutes or longer as necessary to measure 

required performance, vibration and noise data at each test condition. 

c. Record measured shaft revolutions per minute, flow, suction pressure, 

discharge pressure; record measured bearing temperatures (bearing 

housing exterior surface temperatures may be recorded when bearing 

temperature devices not required by the equipment section) and record 

observations on noise levels. 

d. Bearing temperatures: During maximum speed or capacity testing, 

measure and record the exterior surface temperature of each bearing versus 

time. 

 

 

 

e. Perform efficiency and/or Net Positive Suction Head Required (NPSHr) 

and/or priming time tests when specified in the equipment section in 

accordance with the appropriate HI standard and as follows: 

1) Perform NPSHr testing at maximum rated design speed, head and 

flow with test fluids at ambient conditions; at maximum rated 

speed, test at 15 percent above rated design flow, and 25 percent 

below rated design flow. 

2) Perform efficiency testing with test fluids at maximum rated 

speed. 

3) Perform priming time testing with test fluids at maximum rated 

speed. 

3. Level 4 Vibration Test: Same as Level 3 vibration test. 

4. Level 4 Noise Test: Same as Level 3 Noise Test except with data taken at each 

operating condition tested. 
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3.5 SOURCE QUALITY CONTROL 

A. Test equipment as specified for each type of test at the test levels specified in equipment 

sections. Prepare and submit test reports as specified. 

B. Inspection and balancing: 

1. Statically and dynamically balance each of the individual rotating parts as required 

to achieve the required field vibration limits. Statically and dynamically balance 

the completed equipment rotating assembly and drive shaft components. 

2. Furnish copies of material and component inspection reports including balancing 

reports for equipment system components and for the completed rotating 

assembly. 

C. Critical speed of rotating equipment: Satisfy the following: 

1. The first lateral and torsional critical speed of all constant, variable, and 2-speed 

driven equipment that is considered rigid such as horizontal pumps, all non-clog 

pumps, blowers, air compressors, and engines shall be at least 25 percent above 

the equipment’s maximum operating speed.  

2. The first lateral and torsional critical speed of all constant, variable, and 2-speed 

driven equipment that is considered flexible or flexibly mounted such as vertical 

pumps (vertical in-line and vertical non-clog pumps excluded) and fans shall at 

least 25 percent below the equipment’s lowest operating speed. 

3. The second lateral and torsional critical speed of all constant, variable, and 2-speed 

equipment that is considered flexible or flexibly mounted shall be at least 

25 percent above the maximum operating speed. 

3.6 FIELD QUALITY CONTROL 

A. Test equipment as specified for each type of test at the test levels specified in equipment 

sections. Prepare and submit test reports as specified. Comply with latest version of 

applicable standards. 

B. For variable speed equipment, conduct test to establish performance over the entire speed 

range and at the average operating condition. Establish performance curves for: 

1. The speed corresponding to the rated maximum capacity. 

2. The speed corresponding to the minimum capacity. 

3. The speed corresponding to the average operating conditions. 

3.7 VIBRATION ACCEPTANCE CRITERIA 

A. Testing of rotating mechanical equipment: Tests are to be performed by an experienced, 

factory trained, and independent authorized vibration analysis expert. 
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B. Vibration displacement limits: Unless otherwise specified, equipment operating at speeds 

600 revolutions per minute or less is not to exhibit unfiltered readings in excess of 

following: 

 

Operating Speed 

(revolutions per minute) 

Unfiltered (Overall) 

Peak-to-Peak 

Amplitude (mils) 

All Rotating Equipment 

0 - 300 6.5 

301 - 600 4.5 

Note: For all equipment, axial shaft displacements not to exceed 50 percent of the 

maximum radial shaft displacements shown in the table relative to the casing. 

C. Vibration velocity limits: Unless otherwise specified, equipment operating at speeds 

greater than 600 revolutions per minute is not to exceed the following peak velocity limits: 

 

Item 

Unfiltered Overall 

Limit 

(inches per second) 

Any Filtered Peak Limit 

(inches per second) 

Non-Clog Solids Handling 

Centrifugal Pumps 

0.35 0.25 

Horizontal and Vertical In-Line 

Centrifugal Pumps (other than 

Non-Clog type) 

0.18 (Input BHP 25 or 

less) 

0.14 (Input BHP 25 or 

less) 

0.22 (Input BHP more 

than 25 but less than 

100) 

0.18 (Input BHP more 

than 25 but less than 100) 

0.25 (Input BHP 100 or 

more) 

0.20 (Input BHP 100 or 

more) 

Vertical Turbine, Mixed Flow, and 

Propeller Pumps 

0.31 (Input BHP 100 or 

less) 

0.22 

 0.35 (Input BHP 125 or 

more) 

0.25 

Vertical Turbine, Mixed Flow, and 

Propeller Short Set Pumps 

0.28 (Input BHP 100 or 

less) 

0.21 

0.33 (Input BHP 125 or 

more) 

0.24 

Motors  See Applicable Motor Specification 

Gear Reducers, Radial Not to exceed AGMA 6000-A88 limits 

Other Reducers, Axial 0.10 0.10 

Centrifugal Fans and Blowers 0.15 0.10 

Other Equipment, Radial 0.16 0.10 

Other Equipment, Axial 0.10 0.10 
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D. Equipment operation: Measurements are to be obtained with equipment installed and 

operating within capacity ranges specified and without duplicate equipment running. 

E. Additional criteria: 

1. No narrow band spectral vibration amplitude components, whether sub-rotational, 

higher harmonic, or synchronous multiple of running speed, are to exceed 

40 percent of synchronous vibration amplitude component without manufacturer's 

detailed verification of origin and ultimate effect of such excitation. 

2. The presence of discernable vibration amplitude peaks in Test Level 2 or 

3 vibration spectra at bearing inner or outer race frequencies shall be cause for 

rejection of the equipment. 

3. For motors, the following shall be cause for rejection: 

a. Stator eccentricity evidenced by a spectral peak at 2 times electrical line 

frequency that are more than 40 percent of the peak at rotational frequency. 

b. Rotor eccentricity evidenced by a spectral peak at 2 times electrical line 

frequency with spectra side bands at the pole pass frequency around the 2 

times line frequency peak. 

c. Other rotor problems evidenced by pole pass frequency side bands around 

operating speed harmonic peaks or 2 times line frequency side bands 

around rotor bar pass frequency or around 2 times the rotor bar pass 

frequency. 

d. Phasing problems evidenced by 1/3 line frequency side band spectral 

peaks around the 2 times electrical line frequency peak. 

4. The presence of peaks in a High Frequency Enveloping spectra plot corresponding 

to bearing, gear or motor rotor bar frequencies or harmonics of these frequencies 

shall be cause for rejection of the equipment; since inadequate lubrication of some 

equipment may be a cause of these peaks, lubrication shall be checked, corrected 

as necessary and the high frequency envelope analysis repeated. 

3.8 NOISE REQUIREMENTS AND CONTROL 

A. Make measurements in relation to reference pressure of 0.0002 microbar. 

B. Make measurements of emitted noise levels on sound level meter meeting or exceeding 

ANSI S1.4, Type II. 

C. Set sound level meter to slow response. 

D. Unless otherwise specified, maximum free field noise level not to exceed 85 dBA 

measured as sound pressure level at 3 feet from the equipment. 
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3.9 FUNCTIONAL AND OPERATIONAL TESTING OF EQUIPMENT 

A. General checkout: Prior to operating equipment, inspect, test, and check supporting 

systems, including but not limited to power systems, control systems, piping systems, 

lubrication systems, and safety systems. 

1. Test and calibrate instrumentation and electrical devices as specified in  

Section 26 08 00 - Field Electrical Acceptance Tests and Section 40 79 23 - 

Testing, Calibration, and Commissioning. 

2. As a minimum for control systems associated with the equipment, perform the 

following: 

a. Individual Loop Tests: Test from field device to intermediate terminations 

to controller and back to controlled element. 

b. End-to-end test: Simulate input at field device and observe control system 

response at the final field control element. 

3. Prior to testing, provide signed and dated certificates of calibration for test 

instrumentation and equipment. 

B. Operation of related existing equipment: Owner will operate related existing equipment or 

facilities necessary to accomplish the testing. 

C. Acceptable tests: Demonstrate the equipment performance meets the requirements of this 

Section and the equipment section; when the equipment fails to meet the specified 

requirements, perform additional more detailed testing to determine the cause, correct, 

repair, or replace the causative components and repeat the testing that revealed the 

deficiency. 

END OF SECTION 43 05 60 
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SECTION 43 20 00 - PUMPS, GENERAL 

PART 1 - GENERAL 

1.1 WORK INCLUDED  

A. The Contractor shall provide and install all pumps and pumping appurtenances, complete 

and operable, in accordance with the Contract Documents.  

B. The provisions of this Section apply to all pumps and pumping equipment except where 

otherwise indicated in the Contract Documents.  

C. Unit Responsibility: The pump manufacturer shall be made responsible for furnishing the 

Work and for coordination of design, assembly, testing, and installation of the Work of 

each pump section; however, the Contractor shall be responsible to the Owner for 

compliance with the requirements of each pump section.  

D. Single Manufacturer: Where two (2) or more pump systems of the same type or size are 

required, the pumps shall all be produced by the same manufacturer.  

1.2 REFERENCE STANDARDS 

A. ANSI/IEEE 112  Test Procedure for Polyphase Induction Motors and Generators  

B. ANSI/IEEE 115  Test Procedure for Synchronous Machines 

C. ANSI/HI 9.6.4 Centrifugal and Vertical Pumps – Vibration Measurements and 

Allowable Values 

D. ANSI/HI 14.6 Rotodynamic Pumps for Hydraulic Performance Acceptance 

Tests   

E. ASTM A 48   Gray Iron Castings 

F. ASTM B 62   Composition Bronze or Ounce Metal Castings,  

G. ASTM B 584  Copper Alloy Sand Castings for General Applications 

H. ANSI/ASME B16.1  Cast Iron Pipe Flanges and Flanged Fittings, Class 25, 125, 250, 

and 800 

I. ANSI/ASME B16.5  Pipe Flanges and Flanged Fittings 

1.3 SUBMITTALS  

A. Shop Drawings shall be submitted in accordance with Section 01 33 00 – Submittal 

Procedures.  At a minimum, the following information shall be submitted with each pump 

supplied:  

1. Pump name, identification number, and specification section number. 
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2. Performance data curves showing head, capacity, horsepower demand, NPSH 

required, and pump efficiency over the entire operating range of the pump.  The 

equipment manufacturer shall indicate separately the head, capacity, horsepower 

demand, overall efficiency, and minimum submergence required at the design flow 

conditions and the maximum and minimum flow conditions.  Performance curves 

at intervals of 100 rpm from minimum speed to maximum speed shall be furnished 

for each centrifugal pump equipped with a variable speed drive.  

3. The Contractor shall require the manufacturer to indicate the limits on the 

performance curves recommended for stable operation without surge, cavitation, 

or excessive vibration.  The stable operating range shall be as wide as possible 

based on actual hydraulic and mechanical tests.  

4. Assembly and installation drawings including shaft size, seal, coupling, bearings, 

anchor bolt plan, part nomenclature, material list, outline dimensions, and shipping 

weights.  

5. Data, in accordance with Section 40 05 93 – Common Motor Requirements 

Process Equipment, for the electric motor proposed for each pump.  

6. Elevation of proposed local control panel showing panel-mounted devices, details 

of enclosure type, single line diagram of power distribution, and current draw of 

panel, and list of all terminals required to receive inputs or to transmit outputs from 

the local control panel.  

7. Wiring diagram of field connections with identification of terminations between 

local control panels, junction terminal boxes, and equipment items. 

8. Complete electrical schematic diagram.  

B. Technical Manual: The Technical Manual shall contain the required information for each 

pump section.  

C. Spare Parts List: A spare parts list shall contain the required information for each pump 

section.  

D. Factory Test Data: Signed, dated, and certified factory test data for each pump system 

which requires factory testing, submitted before shipment of equipment. 

E. Certifications:  The Contractor shall provide Manufacturer's certification of proper 

installation and certification of satisfactory field testing. 

1.4 FACTORY TESTING  

A. Motors: Electric motors shall be tested in accordance with Section 40 05 93 – Common 

Motor Requirements for Process Equipment.   

B. The following minimum test results shall be submitted:  
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1. At maximum speed, a minimum of five hydraulic test readings between shutoff 

head and 25 percent beyond the maximum indicated capacity, recorded on data 

sheets as defined by the Hydraulic Institute.  For variable speed driven pumps, 

each pump shall be tested between maximum and minimum speed at 100 rpm 

increments.  

2. Pump curves showing head, flow, bhp, and efficiency requirements.  Include 

calculated NPSH required curve and certification that the pump shaft horsepower 

demand did not exceed the rated motor horsepower of 1.0 service rating at any 

point on the curve.  

C. Acceptance: In the event of failure of any pump to meet any of the requirements, the 

Contractor shall make all necessary modifications, repairs, or replacements to conform to 

the requirements of the Contract Documents and the pump shall be retested until found 

satisfactory.  

PART 2 - PRODUCTS 

2.1 GENERAL 

A. All components that are in contact with potable water shall be certified to NSF Standard 

61. 

B. Compliance with the requirements of the individual pump sections may necessitate 

modifications to the manufacturer's standard equipment.  

C. Performance Curves: All centrifugal pumps shall have a continuous rising curve or the 

system operating range shall not cross the pump curve at two different capacities or "dip 

region."  Unless indicated otherwise, the required pump shaft horsepower at any point on 

the performance curve shall not exceed the rated horsepower of the motor or engine or 

encroach on the service factor.  

D. Each unit of pumping equipment shall incorporate all basic mechanisms, couplings, electric 

motors or engine drives, variable speed controls, necessary mountings, and appurtenances.  

E. Redundancy:  Unless otherwise specified, the Contractor shall provide pumps for each 

intended service in a “1 x 2” lead/lag configuration.  For each service a minimum of two 

pumps shall be provided, unless otherwise specified, each sized to meet design flow 

conditions.   

F. Hazardous Location Rating of Equipment:  Equipment manufacturer shall reference the 

hazardous-area classification drawing in the Contract Documents and provide equipment 

in compliance with the defined NEC- classification requirements. It will be the 

manufacturer's sole responsibility to submit equipment in compliance with the Contract 

Documents, NFPA 820, and NEC requirements. 
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2.2 MATERIALS  

A. All materials shall be suitable for the intended application; materials not indicated shall be 

high-grade, standard commercial quality, free from all defects and imperfections that might 

affect the serviceability of the product for the purpose for which it is intended, and shall 

conform to the following requirements. 

 

Casings and Bowls Cast iron pump casings and bowls shall be of close-grained 

gray cast iron, conforming to ASTM A 48 - Gray Iron 

Castings, Class 30, or equal. 

Impellers Bronze pump impellers shall conform to ASTM B 62 - 

Composition Bronze or Ounce Metal Castings, or B 584 - 

Copper Alloy Sand Castings for General Applications, where 

dezincification does not occur. 

Shafts Stainless steel pump shafts shall be Type 416 or 316.  

Miscellaneous stainless steel parts shall be Type 316.  

Anchor Bolts Anchor bolts, washers, and nuts in non-corrosive areas, shall 

be galvanized steel. Anchor bolts, washers, and nuts in 

corrosive or submerged conditions shall be stainless steel.  

2.3 PUMP COMPONENTS - GENERAL  

A. Flanges and Bolts: Suction and discharge flanges shall conform to ANSI/ASME B16.1 - 

Cast Iron Pipe Flanges and Flanged Fittings, Class 25, 125, 250, and 800 or ANSI/ASME 

B16.5 - Pipe Flanges and Flanged Fittings dimensions.  

B. Lubrication: Vertical pump shafts of clean water pumps shall be product water lubricated, 

unless otherwise indicated.  Deep-well pumps and pumps with dry barrels, shall have 

water- or oil-lubricated bearings and seals and enclosed line shafts.  Pumps for sewage, 

sludge, and other process fluids shall be lubricated as indicated.  

C. Handholes:  Handholes on pump casings shall be shaped to follow the contours of the 

casing to avoid any obstructions in the water passage.  

D. Drains: All gland seals, air valves, cooling water drains, and drains from variable speed 

drive equipment shall be piped to the nearest floor sink or drain, with galvanized steel pipe 

or copper tube, properly supported with brackets.  

E. Mechanical Seals: Mechanical seals shall be fresh water-flushed unless indicated 

otherwise; in which case product water cleaned by a solids separator as manufactured by 

Lakos, or equal.  

1. Mechanical seals shall be as manufactured by the following, or equal:  

 

Potable and Raw 

Water Pumps 

Double 

Seals 

John Crane Type 3710, Flowserve Type 

PSS2, Chesterton Type 442 

Single 

Seals 

John Crane Type 88SRS, 

Flowserve Type ISCPX, 

Chesterton Type UV, GSS or 155 
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2. Mechanical seals for all services shall be equipped with nonclogging, flexible-

mounted seats with elastomer secondary seals. Wetted metal parts shall be Type 

316 stainless steel, Alloy 20, or Hastelloy B or C, whichever has the best corrosion 

resistance to the pumped fluid.  Dual cartridge seals shall be double balanced to 

allow for seal integrity in case of flush water pressure reversal.  All single and 

double seals shall have springs in the non-wetted end of the seal.  

3. Fresh water shall be delivered to the seals through appropriate size piping with 

plug valves, strainers, pressure regulators, electrically operated solenoid valves, 

and rotameters. Wiring shall comply with Division 26 and solenoid control shall 

comply with Division 40.  

2.4 PUMP APPURTENANCES  

A. Nameplates: Each pump shall be equipped with a stainless steel nameplate indicating serial 

numbers, rated head and flow, impeller size, pump speed, and manufacturer's name and 

model number.  

B. Solenoid Valves: The pump manufacturer shall provide solenoid valves on the water or oil 

lubrication lines and on all cooling water lines.  Solenoid valve electrical ratings shall be 

compatible with the motor control voltage.  

PART 3 - EXECUTION  

3.1 INSTALLATION 

A. General: Pumping equipment shall be installed in accordance with the manufacturers 

written recommendations. 

B. Alignment: All equipment shall be field tested to verify proper alignment and freedom 

from binding, scraping, shaft runout, or other defects.  Pump drive shafts shall be measured 

just prior to assembly to ensure correct alignment without forcing.  Equipment shall be 

secure in position and neat in appearance.  

C. Lubricants: The Contractor shall provide the necessary oil and grease for initial operation.  

3.2 SERVICES OF MANUFACTURER  

A. Instruction of the Owner's Personnel: An authorized training representative of the 

manufacturer shall visit the Site for the number of days as indicated in the individual pump 

specification to instruct the Owner's personnel in the operation and maintenance of the 

equipment, including step-by-step troubleshooting with necessary test equipment.  

Instruction shall be specific to the models of equipment provided.  

1. The representative shall have at least two (2) years experience in training.  A 

resume for the representative shall be submitted a minimum of 4 weeks prior to 

the site visit. 

2. Training shall be scheduled a minimum of three (3) weeks in advance of the first 

session.  
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3. Proposed training material and a detailed outline of each lesson shall be submitted 

for review.  Comments shall be incorporated into the material. 

4. The training materials shall remain with the trainees. The Owner may videotape 

the training for later use with the Owner's personnel.  

3.3 FIELD TESTING 

A. Test Protocols:  Startup, check, and operate the pump system over its entire speed range.  

If the pump is driven by a variable speed drive, the pump and motor shall be tested at 100 

RPM increments.  If the pump is driven at constant speed, the pump and motor shall be 

tested at max RPM.  Unless otherwise indicated, vibration shall be within the amplitude 

limits recommended by the Hydraulic Institute Standards at a minimum of four pumping 

conditions defined by the Engineer.  

1. Obtain concurrent readings of motor voltage, amperage, pump suction head, and 

pump discharge head for at least 4 pumping conditions at each pump rotational 

speed if variable speed at 100 RPM increment or at max RPM if constant speed. 

Check each power lead to the motor for proper current balance. 

2. Determine bearing temperatures by contact type thermometer.  A run time until 

bearing temperatures have stabilized shall precede this test, unless insufficient 

liquid volume is available. 

3. Electrical and instrumentation tests shall conform to the requirements of the 

sections under which that equipment is specified. 

4. Field testing will be witnessed by the Engineer. The Contractor shall furnish 3 days 

advance notice of field testing. 

B. In the event any pumping system fails to meet the indicated requirements, the pump shall 

be modified or replaced and re-tested as above until it satisfies the requirements.  

C. After each pumping system has satisfied the requirements, the Contractor shall certify in 

writing that it has been satisfactorily tested and that all final adjustments have been made.  

Certification shall include the date of the field tests, a listing of all persons present during 

the tests, and the test data.  

D. The Contractor shall be responsible for all costs of field tests, including related services of 

the manufacturer’s representative, except for power and water, which the Owner will bear.  

If available, the Owner's operating personnel will provide assistance in field testing.  

3.4 PROTECTIVE COATING 

A. Materials and equipment shall be coated per Manufacturer’s written instructions. 

END OF SECTION 40 20 00 
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PROGRESSING CAVITY SLUDGE PUMPS 

PART 1 - GENERAL 

1.1 DESCRIPTION 

A. SCOPE: This section specifies positive displacement progressing cavity pumps, complete 

with electric motors, and all specified appurtenances, as shown on the plans and specified 

herein.  Pumps shall be used to pump waste activated sludge from a solid holding tank to 

a dewatering press and shall be supplied as part of the dewatering system package. 

B. TYPE: The pumping units shall be of the self-priming, positive displacement, progressing 

cavity type specifically designed for pumping the specified wastewater sludge. 

C. EQUIPMENT LIST 

          Equipment 

  Item         Number  

  Dewatering Feed Pump                 PMP-A5503 

D. PERFORMANCE AND DESIGN REQUIREMENTS 

1. Sludge handling pumps shall be specifically designed and selected for continuous 

duty pumping of liquids with the following properties: 

    Percent Solids    Up to 3% 

    Specific Gravity   Approx. 1.0    

    Solids Size    <1/4”  

    pH     5.5-8.0  

    Temperature    40-90 F  

2. The pumps shall be of the compact, close-coupled design.  The gear reducer shall 

be sized for a minimum service factor of 1.5 and designed with a thrust load 

capability of 150 percent of the actual thrust load.  

3. The pumps, along with associated drive appurtenances, shall be mounted on 

common fabricated steel baseplates. 

4. Manufacturers must currently have installations for the same liquids and of the 

same size pump unit, in service for a minimum of three years. Manufacturers not 

named in this specification must also provide a pre-submittal package to the 

engineer no less than three weeks prior to the bid date for approval. The pre-

submittal package must include, at minimum, the following: dimensional drawing, 

performance curve, O&M manual, electrical/drive details, installation list (for the 

same liquids as specified) with minimum three contacts and phone numbers. 
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E. OPERATING CONDITIONS:  

 The progressing cavity pumps shall have the following operating characteristics: 

Equipment 

Service 

Rated 

Capacity, 

gpm 

Differential 

Pressure 

psi 

 

Maximum 

pump speed, 

rpm 

Suction and 

discharge 

port size, 

in 

Motor 

hp 

Drive 

Dewatering 

Feed Pump 

5-50 

 

<30 

 

255 4” Suction, 

3” Discharge 

 

 

 

5 

 

Variable 

Speed from 

inverter 

 

1.2 REFERENCES 

A. This section contains references to the following documents.  They are part of this section 

as specified and modified.  In case of conflict between the requirements of the section and 

those of the listed documents, the requirements of this section shall prevail. 

  Reference  Title 

  AGMA 6010-E-88 Spur, Helical, Herringbone, and Bevel Enclosed Drive 

  AGMA 6019-E-89 Gear Motors Using Spur, Helical, Herringbone, Straight Bevel, or 

Spiral Bevel Gears 

  AGMA 6023-A88 Design Manual for Enclosed Epicyclic Gear Drives 

1.3 ENVIRONMENTAL CONDITIONS 

A. Pumps to be provided under this section will be installed indoors in a heated building. 

1.4 SUBMITTALS 

A. Submit shop drawings in accordance with Section 01 33 00 – Submittal Procedures and 43 

20 00 – Pumps, General. 

B. Product Data: Submit manufacturer’s technical product data including: 

1. Seal water pressure and flow requirements. 

2. Pump performance curves per Section 43 20 00 – Pumps, General.  

3. Pump outline drawing 

4. Electric motor data and testing results per Section 43 20 00 – Pumps, General and 

Section 40 05 93 – Common Motor Requirements for Process Equipment.  

5. Typical installation guides 

6. Bearing life calculations 

7. List of spare parts for each pump 
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C. Operation and Maintenance Data:  Submit operation and maintenance data and parts list 

for the equipment.  Include this data and product data in maintenance manual, in 

accordance with Section 01 78 23 – Operation and Maintenance Data.  

1.5 QUALITY ASSURANCE 

A. Pump, motor, and controls shall be coordinated by the Contractor to provide operable 

pumping systems as indicated by the drawings and specifications.  The motor horsepower 

shall not be exceeded when the pump is operating anywhere on its curve. 

B. Manufacturers:  Firms regularly engaged in manufacture of pumping equipment of types 

required, whose equipment has been in satisfactory use in similar service for not less than 

5 years.  

C. Provide pumps in this Section from the same manufacturer. 

D. Witnessing: Factory testing shall not be witnessed by the Engineer or Owner. 

E. Equipment performance test: Test level as scheduled; test as specified in Section 43 05 60 

– Process Equipment Testing. 

F. Vibration test: Test level as scheduled; test as specified in Section 43 05 60 – Process 

Equipment Testing.  

G. Noise test: Test level as scheduled; test as specified in 43 05 60 – Process Equipment 

Testing.  

H. Hydrostatic pressure tests: As specified for components in this Section. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. As specified in Section 43 05 01 – Equipment General Provisions.  

1.7 WARRANTY 

A. A written manufacturer warranty shall be provided.  The warranty shall be for a minimum 

period of one (1) year from the date of Substantial Completion.  Manufacturer shall repair 

or replace all defects of materials or workmanship in the equipment during the warranty 

period. 

PART 2 - PRODUCTS 

2.1 ACCEPTABLE MANUFACTURERS 

A. Seepex (Basis-of-Design) 

B. Or equal 

2.2 MATERIALS 

Component Material - Sludge Pumps 

Rotor 1.0503 (C45)/AISI 1045 – Ductile chromium coating 
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Component Material - Sludge Pumps 

Stator Buna N 

Pump Body Cast iron 

Shaft Sealing Seepex GA Q1Q1VGG 

 

2.3 EQUIPMENT 

A. ROTOR AND STATOR:   

Each pump shall be a one stage design employing a convoluted rotor operating in a 

similarly convoluted stator. The convolutions shall be configured to form a cavity between 

the rotor and stator, which shall progress from the pump's inlet to discharge port with the 

operation of the rotor.  The fit between the rotor and stator at the point of contact shall 

compress the stator material sufficiently to form a seal and to prevent leakage from the 

discharge back to the inlet end of the pumping chamber. Stators for sludge pumps shall 

have Buna elastomer. The sludge pump rotors shall be constructed of hardened tool steel. 

Additionally, the sludge pump rotors shall have a chromium nitride coating (Duktil 

process) with a minimum thickness of (.0108").   

1. Stators shall be replaceable without dismantling the pump suction or discharge 

flanges or any associated piping. Pumps that require additional space for 

axial/horizontal removal of the stator shall not be allowed. Stator designs shall 

additionally incorporate a re-tensioning feature to compensate for wear in lieu of 

increasing pump speed.  

2. Rotors shall be replaceable without dismantling the pump suction or discharge 

flanges or associated piping. Pumps that require additional space for 

axial/horizontal removal of the rotor shall not be allowed. The rotor design shall 

include provisions so that rotor replacement does not require the disassembly of 

either universal joint.  

B. DRIVE TRAIN:   

The drive train shall be warranted for one (1) year from acceptance and shall consist of the 

following: 

1. Each pump rotor shall be driven through a positively sealed and lubricated pin 

joint.  The pin joint shall have replaceable bushings, constructed of air-hardened 

tool steel of 57-60 HRc, in the rotor head and coupling rod.  The pin shall be 

constructed of high speed steel, air hardened to 60-65 HRc.  The joint shall be 

grease lubricated with a high temperature (450 F), PTFE filled synthetic grease, 

covered with Buna N sleeve, and positively sealed with hose clamps constructed 

of 304 stainless steel. 

C. CASINGS:  A 150-pound (ANSI B16.5 RF) flanged connection shall be provided at both 

the inlet and discharge ports.  The suction casing shall employ two opposed cleanout 

openings to facilitate removal of debris without dismantling the pump or pipework. 
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D. BEARINGS:  Each pump shall be provided with oil lubricated thrust and radial bearings, 

located in the gearmotor, designed for all loads imposed by the specified service. Minimum 

bearing L-10 shall be 50,000 hrs.  

E. SHAFT SEALING: Shaft shall be sealed using a single internal mechanical seal as 

specified in Section 2.02.  The shaft shall be solid through the sealing area, but of a two 

part design which allows the rotating unit to be removed from the pump without 

disassembly of the gearmotor bearings. Seal materials shall be solid silicon carbide faces 

with 316 stainless steel metal parts and Viton elastomers. 

F. MOTOR AND DRIVE UNIT:   

1. Gear motors or gear reducers shall be designed in accordance with AGMA 6019-

E (Class II).  Unless otherwise noted, motors shall be energy-efficient, TEFC 

motors. Where shown on the drawings, pumps shall be provided with right angle 

gearboxes. 

2. Pumps that require variable frequency drives (VFDs) are noted in paragraph 1.01 

E. VFDs shall be constant torque type.  For VFD-driven units, the pump supplier 

shall be responsible for the provision of the fixed reduction between the motor and 

pump.  The reduction ratio shall be that required to operate the pump at its 

maximum operating speed when the motor is operating at its nominal rated full 

speed in accordance with the schedule in paragraph 1.01 E.  VFD-driven units may 

be operated at up to 60 Hz at the maximum speed. 

2.4 ACCESSORIES: 

A. RUN DRY PROTECTION: The stator shall be fitted with a sensor sleeve and thermistor 

sensor.  A controller shall also be provided and shall be installed by the contractor in the 

motor control center.  The controller shall monitor the stator temperature and activate a 

shutdown and alarm sequence if the stator temperature reaches the adjustable limit on the 

controller.  The controller shall include a manual local and remote reset function.  Input to 

the controller shall be 1x115VAC/60 Hz. 

2.5 STANDBY COMPONENTS 

A. One set of special tools shall be provided to service the pumps.   

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install products in accordance with manufacturer’s instructions and as specified in Section 

43 20 00 – Pumps, General 

B. General installation requirements shall be as specified for “Execution” in Section 43 20 00 

– Pumps, General.  

3.2 COMMISSIONING 

A. Startup services shall be provided by the screw press supplier and shall be included in the 

services for startup of the screw press and associated equipment. 
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B. Contractor shall demonstrate to Owner and Engineer that the pump system meets the 

service conditions and provide a short report showing the flows and pressures and a red-

lined pump curve with the flow, pressure, efficiency, and horsepower indicated. 

C. Manufacturer shall inspect system before initial start-up and certify that system has been 

correctly installed and prepared for start-up as specified in this Section, Section 43 05 01 

– Equipment General Provisions, and Section 43 20 00 – Pumps, General.  

D. Training: Manufacturer shall provide training to Owner’s staff.  Training shall be for a 

minimum of 3 hours and shall cover standard operating and preventive maintenance 

procedures.  The Contractor shall videotape the training and provide a copy to Owner on 

jump drive. 

END OF SECTION 4323 57.01  
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SECTION 43 25 01 - SUBMERSIBLE NON-CLOG PUMPS (LIFT STATION) 

PART 1 - GENERAL 

1.1 WORK INCLUDED 

A. Furnish and install submersible non-clog pumping equipment, associated appurtenances 

and controls as specified herein and as shown on the Drawings. 

1.2 REFERENCE STANDARDS 

A. ASTM - A36/A36M-04   Standard Specification for Carbon Structural Steel 

B. ASTM A 48/A 48M   (2008) Standard Specification for Gray Iron Castings 

C. NFPA 820 Standard for Fire Protection in Wastewater Treatment and 

Collection Facilities 

D. NEMA Standards Publication MG 1-1998 (latest version) Motors and Generators 

E. National Electric Code (NEC) 

1.3 SUBMITTALS 

A. Shop Drawings, at a minimum, shall have the following information and be submitted with 

each pump supplied:  

1. Pump performance curves showing the following: 

a. head, capacity, horsepower demand, NPSH required, pump efficiency 

over the entire operating range of the pump, performance curves at 

intervals of 5 Hz from minimum speed to maximum speed for each 

centrifugal pump equipped with a variable speed drive; the head, capacity, 

horsepower demand, overall efficiency, and minimum submergence 

required at the design flow conditions and the maximum and minimum 

flow conditions; and 

b. the limits on the performance curves recommended for stable operation 

without surge, cavitation, or excessive vibration with the stable operating 

range as wide as possible based on actual hydraulic and mechanical tests.  

2. assembly and installation drawings including shaft size, seal, coupling, bearings, 

anchor bolt plan, part nomenclature, material list, outline dimensions, and shipping 

weights 

3. bearing life calculations 

4. rail system 

5. typical installation guides 
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6. Electrical motor data 

7. Technical manuals and parts list 

8. Printed warranty 

9. Management system certificate ISO 9001 

10. Manufacturer’s equipment storage recommendations 

B. Factory Test Data shall be signed, dated, and certified factory test data for each pump 

system which requires factory testing, submitted before shipment of equipment. 

C. The Contractor shall provide Manufacturer's Certification of proper installation and 

certification of satisfactory field testing. 

D. Submit Owner’s Manual as specified in Special Provisions, to include operation and 

maintenance data and other information for the equipment. 

1.4 QUALITY ASSURANCE 

A. Pump, motor, and controls shall be coordinated by the Contractor to provide operable 

pumping systems as indicated by the Drawings and Specifications. 

B. The motor horsepower shall not be exceeded when the pump is operating anywhere on its 

curve. 

C. Pump seals shall be designed for complete water-tightness at 65 feet submergence for 30 

minutes, and data on factory testing and quality control shall be submitted with the Shop 

Drawings. 

D. Firms regularly engaged in manufacture of pumping equipment of types required and 

specific impeller characteristics, whose equipment has been in satisfactory use in similar 

service for not less than 5 years. Manufacturer shall have authorized factory warranty 

service for pumps supplied available within 50-mile driving distance of the Owner. 

E. The Contractor shall correct all defects in the pumping system upon notification from the 

Owner within 1 years from the date of Substantial Completion.  Corrections shall be 

completed within 5 days after notification. 

PART 2 - PRODUCTS 

2.1 DESIGN CRITERIA 

A. Submersible Wastewater Pumps shall be submersible non-clog wastewater pumps capable 

of pumping raw unscreened sewage in a NEC Class 1, Division 1, Group D hazardous 

location. 

B. The submersible pumps shall have a semi open multi vane self-cleaning impeller designed 

to transport wastewater with fibrous materials like wet wipes. Pumps shall be capable of 

pumping sewage under the following conditions of service: 
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C. Operating Conditions 

Criteria Unit 
Influent Lift 

Station 

Design Flow Capacity (per pump) Max. point GPM 696 

Design Flow Pump Head, TDH Ft 47 

Design Flow minimum efficiency (wire-to-water) Percent 60 

Driver   

Duty  Continuous 

Drive  On/Off 

Maximum Pump Speed RPM 1755 

Maximum Motor Speed RPM 1755 

Motor Size HP* 15 

 

* Motor sizes may differ as long as all other pumping and process requirements are met. 

 

Item Unit Value 

Fluid Service  Raw Wastewater 

Ambient Environment  Wet well, submerged 

Ambient Temperature Degrees F 30 to 120 

Ambient Relative Humidity Percent 30 to 100 

Fluid Temperature Degrees F 40 to 80 

Fluid pH Range  5 to 8.5 

Fluid Specific Gravity  1.0 

Project Site Elevation Feet 700 

D. The Contractor shall ensure the pump vendor examines the site conditions, intended 

application, and operation of the pump system and recommends the pump that will best 

satisfy the indicated requirements. 

E. Pumps shall be designed and provided to be raised, lowered, and supported on a vertical 

stainless steel guide rail system. 

2.2 MATERIALS OF CONSTRUCTION 

A. Unless otherwise specified elsewhere, all non-clog submersible pumps shall be constructed 

of the following materials: 

Item Material Construction 

Pump Casing Casing and motor housing shall 

be close-grain cast iron 

conforming to ASTM 35B 

standards.  Insert rings shall be 

made of Hard-Iron™ (ASTM 

A-532 (Alloy III A) 25% 

chrome cast iron)  

Casing shall form the volute and 

shall be a single piece with 

smooth flow passages.  A 

replaceable bottom plate 

assembly shall be used to seal 

between the impeller and the 

casing.  The casing shall have a 
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Item Material Construction 

centerline discharge to allow for 

guide rails. 

Connections Machined metal-to-metal quick 

disconnect type 

The pump(s) shall be 

automatically and firmly 

connected to the discharge 

connection, guided by no less 

than two parallel guide bars 

extending from the top of the 

station to the wet well mounted 

discharge connection. The 

material of the guide bars shall 

Stainless steel AISI 316. 

Impeller Impeller shall be of Hard-

Iron™ (ASTM A-532 (Alloy III 

A) 25% chrome cast iron) 

Impellers shall be dynamically 

balanced, semi-open, multi-vane, 

back swept, screw-shaped, non-

clog design. The impeller shall 

have vanes hardened to Rc 60 and 

shall be capable of handling 

solids, fibrous materials, heavy 

sludge and other matter found in 

wastewater. 

Shaft ASTM AISI 431 The shaft shall be totally isolated 

from the liquid being pumped and 

shall have a maximum deflection 

at the lower seal of .002 inches. 

Shaft Seals Stainless steel, Tungsten 

carbide or silicon carbide rings 

The pump shall have two 

mechanical shaft seals.  The 

upper seal shall be a corrosion 

resistant Tungsten carbide WCCR 

mechanical seal running in an oil 

bath below the stator housing.  

The lower seal shall be the 

primary seal and consist of a 

corrosion resistant Tungsten 

carbide WCCR mechanical seal.  

Seals shall contain one stationary 

and one positively driven 

tungsten-carbide seal ring.  A 

separate seal leakage chamber 

shall be provided so that any 

leakage that may occur past the 

upper, secondary mechanical seal 

will be captured prior to entry 

into the motor stator housing. 

Such seal leakage shall not 

contaminate the motor lower 

bearing. The leakage chamber 

shall be equipped with a float 
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Item Material Construction 

type switch that will signal if the 

chamber should reach 50% 

capacity.  

Bearings  The pump shaft shall rotate on 

two bearings. Motor bearings 

shall be permanently grease 

lubricated and have a nominal 

L10 lifetime of 50.000 hours. The 

upper bearing shall be a single 

deep groove ball bearing. The 

lower bearing shall be a two row 

angular contact bearing to 

compensate for axial thrust and 

radial forces. Single row lower 

bearings are not acceptable. 

Oil Chamber  To supply oil for lubrication and 

cooling of shaft seals.  The drain 

and inspection plug, with positive 

anti-leak seal shall be easily 

accessible from the outside. 

Pump Base For each pump the contractor 

shall supply and install a 

discharge connection made of 

cast iron ASTM A-48, Class 

35B 

The sealing of the pumping unit 

to the discharge connection shall 

be accomplished by a machined 

metal to metal contact. Sealing of 

the discharge interface with a 

diaphragm, O-ring or profile 

gasket will not be accepted. The 

entire weight of the pump/motor 

unit shall be borne by the pump 

discharge elbow. No portion of 

the pump/motor unit shall bear on 

the sump floor directly or on a 

sump floor mounted stand. 

Fasteners  Type 316 stainless steel All exposed fasteners 

Pump Coating  All castings must be blasted 

before coating. All wet surfaces 

are to be coated with two-pack 

oxyrane ester Duasolid 50. The 

total layer thickness should be 

at least 120 microns. Zink dust 

primer shall not be used. 

All metal surfaces (except 

stainless steel) coming into 

contact with pumped media shall 

be protected by specified coating 
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Item Material Construction 

Cable Entry  The cable entry shall consist of 

dual cylindrical elastomer 

sleeves, flanked by washers, all 

having a close tolerance fit 

against the cable and the cable 

entry. Epoxies, silicones, or other 

secondary sealing systems shall 

not be considered acceptable. 

2.3 COOLING SYSTEM 

A. The motor shall be provided with an integral motor cooling system. A stainless steel 

cooling jacket shall encircle the stator housing, providing for dissipation of motor heat 

regardless of the type of pump installation. An impeller, integral to the cooling system and 

driven by the pump shaft, shall provide the necessary circulation of the cooling liquid 

through the jacket. The cooling liquid shall pass about the stator housing in the closed loop 

system in turbulent flow providing for superior heat transfer. The cooling system shall have 

one fill port and one drain port integral to the cooling jacket. 

2.4 LIFTING SYSTEM 

A. Provide dual 316 SS guide rails extending from the base to the top of the wet well to provide 

for removal of the pump by lifting the pump without entering the wet well.  The guide rail 

system shall be non-sparking.  

B. Each pump shall be furnished with a stainless-steel bracket permanently mounted to the 

top of the pump, with a large loop for accommodating a lift hook. Each pump shall be fitted 

with a stainless steel lifting chain or lifting cable of adequate length. The working load of 

the lifting system shall be 50% greater than the pump unit weight.  

C. The guide rail system shall include a sliding guide bracket that allows removal of the pump 

without binding, and properly aligns the pump to automatically seat with the pump 

discharge connection. Each pump shall have permanently installed discharge elbow that 

seats against the pump discharge connection by a machined metal to metal contact. The 

use of a diaphragm, O-ring, or profile gasket will not be accepted.  

2.5 ELECTRICAL REQUIREMENTS 

A. Pump Controls 

1. Provide outputs to PLC for leakage and high temperature detection for each pump. 

B. Motor 

1. Pump motors shall be of explosion-proof design conforming to NFPA 70 

requirements.  In addition, pump motors shall conform to NEMA MG-1 Part 31 

requirements and shall be a premium efficiency squirrel cage induction NEMA 

Design B electric motor conforming to the following: 
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Item Value 

Installation Environment Submersible, Air Filled 

Enclosure Explosion Proof 

Insulation Class NEMA Class H or higher 

Insulation  Non-Hygroscopic Polyester 

Service Factor 1.15 Minimum 

Synchronous Speed 1800 RPM Maximum (Variable) 

Voltage 460 

Phase 3 

Frequency 60 Hz 

C. Moisture Sensor 

1. Provide moisture sensor in the seal oil chamber to detect moisture leakage through 

the outer shaft seal. The moisture sensor shall be wired to the seal leak relay.  

2. Seal leak relay shall be Flygt MiniCASII. 

D. Thermal Sensors 

1. Thermal sensors shall be used to monitor stator temperatures by the use of 3 

thermal switches embedded in the coils of the stator winding. The thermal sensors 

shall be wired to the seal leak relay. 

2. Seal leak relay shall be Flygt MiniCASII. 

E. Electric Cable 

1. The pump motor cable and control cable shall be FM-approved for use with motors 

for Class 1, Division 1, Group C & D Locations. 

2.6 SPARE PARTS 

A. Parts to be furnished include 

1. 2 sets of mechanical shaft seals 

2. 2 sets of bearings each for pump and motor 

3. 3 sets of O-rings 

4. 1 submersible cable of required length 

2.7 MANUFACTURER 

A. Flygt 

B. Or Approved Equal 
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PART 3 - EXECUTION 

3.1 FACTORY TESTING 

A. The pump shall be tested at the factory for capacity, power requirement, and efficiency at 

minimum head, rated head, shutoff head, and at as many other points as necessary for 

accurate performance curve plotting. All tests and test reports shall be made in conformity 

with the applicable requirements and recommendations of the Hydraulic Institute (HI) 

Standard 14.6 -2011. 

B. 14.6.3.4 acceptance grade 2B. The acceptance ranges are as follows. 

1. Rate of flow ±8% from values in initial submittal. 

2. Total head ±5% from values in initial submittal 

3. Pump efficiency -5% from values in initial submittal 

3.2 DELIVERY AND STORAGE 

A. All equipment delivered and placed in storage shall be stored with protection from the 

weather, humidity and temperature variations, dirt or dust, or other contaminants. 

B. All parts shall be properly lubricated and protected so that no damage or deterioration will 

occur even during a prolonged delay from the time of shipment until installation is 

completed and the pumps are ready for operation. Pump impellers shall be rotated at least 

every 30 days. 

C. Finished ferrous surfaces not painted shall be properly protected to prevent rust and 

corrosion. 

D. The finished surfaced of exposed flanges shall be protected by strong wooden blind 

flanges. 

E. Each pump shall be properly crated to protect against damage during shipment. 

3.3 INSTALLATION 

A. Install pump as shown in the drawings and as recommended by the Pump Manufacturer. 

B. The Contractor shall ensure that anchor bolts are set only after the discharge piping has 

been properly installed, to ensure exact fit with embedded piping components. 

3.4 SERVICES OF MANUFACTURER 

A. Secure start-up service for the pump as specified below:  

Schedule of Field Service Representative on Site Time 

Service 
On Site Time 

(Days) 

Trips to 

Site 

Equipment delivery verification and installation 

instruction 
1 1 
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Installation verification, start-up and instruction of the 

Owner’s  personnel 
1 1 

B. A “Day on Site” is defined as a conventional 8-hour workday excluding travel time.  A 

“Trip to Site” is defined as complete round trip travel from the Manufacturer’s factory.  All 

expenses including salary, local/long distance travel, lodging, meals and any other per diem 

or miscellaneous expenses of the authorized service representative shall be the 

responsibility of the Contractor. 

C. A factory representative of the pumping equipment shall be present to supervise start-up 

and ensure proper operation of all components.  The Contractor shall obtain and pay for 

the factory representative start-up service. 

D. The Contractor shall video tape the training session and provide a DVD to the Owner. 

END OF SECTION 43 25 00 
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SECTION 43 41 43 - POLYETHYLENE TANKS (DOUBLE WALL) 

PART 1 - GENERAL 

1.1 WORK INCLUDED  

A. The Contractor shall provide one (1) cross linked, rotationally molded polyethylene tank 

and accessories, complete and in place, in accordance with the Contract Documents. The 

tanks shall be suitable for above ground, vertical, installation and capable of containing 

Liquid Caustic Soda at atmospheric pressure. The tank shall be a double walled system 

B. Unit Responsibility: The Contractor shall assign responsibility for furnishing the tank 

system as indicated, including the level indication, to the tank manufacturer. 

1.2 REFERENCE STANDARDS  

A. Commercial Standards  

1. ASTM C 177  Test Method for Steady-State Heat Flux Measurements and 

Thermal Transmission Properties by Means of the Guarded-

Hat-Plate Apparatus 

2. ASTM C 273  Test Method for Shear Properties of Sandwich Core Materials 

3. ASTM D 638  Test Method for Tensile Properties of Plastics 

4. ASTM D 746  Test Method for Brittleness Temperature of plastics and 

Elastomers by Impact 

5. ASTM D 790  Test Methods for Flexural Properties of Unreinforced and 

Reinforced Electrical Insulating Materials 

6. ASTM D 883 Standard Definitions of Terms Relating to Plastics 

7. ASTM D 1505  Test Methods for Density of Plastics by the Density Gradient 

Technique 

8. ASTM D 1525  Test Method for Vicat Softening Temperature Plastics 

9. ASTM D 1998  Polyethylene Upright Storage Tanks 

10. ASTM D 1622  Test Method for Apparent Density of Rigid Cellular Plastics 

11. ASTM D 1623  Test Method for Tensile and Tensile Adhesion Properties of 

Rigid Cellular Plastics 

12. ASTM D 1693  Test Method for Environmental Stress-Cracking of Ethylene 

Plastics 
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13. ASTM D 2856  Test Method for Open Cell Content of Rigid Cellular Plastics 

by the Air Pycnometer 

14. ASTM F412 Standard Terminology Relating to Plastic Piping Systems 

15. ANSI Standards B-16.2, Pipe Flanges and Flanged Fittings 

16. UBC Code Uniform Building Code, latest edition 

17. ARM Low Temperature Impact Resistance (Falling Dart Test 

Procedure). 

18. IBC International Building Code, latest edition 

1.3 SUBMITTALS  

A. Submit the following in compliance with Section 01 33 00 – Submittal Procedures.  

B. Shop Drawings shall include, but not be limited to, the following items:  

1. Tank manufacturer's data and dimensions showing locations of all openings, 

locations of level indicators, seismic support structure and anchoring system 

details, and location of tank accessories. 

2. Details on inlet and outlet fittings, manways, flexible connections, vents and level 

indicators. 

3. Tank pad requirements such as pads and blockouts.  

4. Resin Manufacture Data Sheet. 

5. Anchor and hoop calculations shall be stamped and signed by a registered, third-

party engineer licensed in the State of Oregon. 

a. Wall thickness: Hoop stress shall be calculated using 600 psi @ 100 

degrees F. 

b. Tank restraint system. Show seismic and wind criteria. 

6. Manufacturer’s warranty. 

C. Owner’s Manual:  Provide technical manual that outlines recommended installation 

procedures, fitting installation and adjustment procedures and repair procedures for typical 

situations including small holes, pinholes, and minor cracks in the tank. 

D. Documentation: Provide certification signed by the manufacturer that the tanks have been 

factory tested and meet the requirements indicated.  Certification shall include calculations 

used to determine wall thickness, hoop stress shall be indicated and calculations shall be 

signed by a Registered Structural Engineer in the State of Oregon. 
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1. A representative of the manufacturer shall certify electronically or in writing that 

the tank has been installed in accordance with the manufacturer’s 

recommendations and is chemically compatible with stored chemicals. 

1.4 QUALITY ASSURANCE 

A. Manufacturer Qualifications: The tank manufacturer shall have a record of at least ten 

installations during the previous 5 years for the tank sizes indicated. The manufacturer shall 

furnish names and telephone numbers of locations that can be visibly inspected. 

B. Special Warranty Requirements: The tank shall be warranted for 5 years to be free of 

defects in material and workmanship. 

C. Tanks shall be manufactured from virgin materials. 

D. Factory Testing:  Following fabrication, the tanks, including factory applied inlet and outlet 

fittings, shall be hydraulically tested with water per current ASTM D 1998 standards. The 

test duration shall be 24 hours. Following successful testing, the tank shall be emptied and 

dried prior to shipment. 

1. Material taken from each tank shall be impacted tested per ASTM D 1998 

requirements.   Minimum tests results shall be greater than 120 ft-lb. 

2. Degree of Crosslinking. Use Method C of ASTM D 1998-Section 11.4 to 

determine the ortho-xylene insoluble fraction of cross-linked polyethylene gel test.  

Samples shall test at no less than 60 percent. 

3. Dimensions: Take exterior dimensions with the tank empty, in the vertical position.  

Outside diameter tolerance, including out-of-roundness, shall be per ASTM D 

1998.  Fitting placement tolerance shall be +/- 1/2-in vertical and +/- 2 degree 

radial. 

PART 2 - PRODUCTS 

2.1 GENERAL  

A. Tanks shall be circular in cross-section, vertical, complete with piping inlets and outlets, 

drains, overflows, and anchoring system. Covered tanks shall be vented, and shall be 

provided with entrance manways, fill connection, and level indicators. Tanks shall be 

marked to identify the manufacturer, date of manufacture, serial number, and capacity. 

Tanks shall meet the requirements of ASTM D 1998 unless otherwise indicated. 

2.2 DESIGN REQUIREMENTS 

A. The minimum required wall thickness of the cylindrical sheet shall be determined per 

ASTM D 1998. The minimum required wall thickness of the cylindrical shell at any fluid 

level shall be determined by the following equation but shall not be less than 0.187 in. 

thick. 
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   T = P x O.D./2 SD = 0.433 x S.G. x H x O.D./2 SD 

   T = wall thickness, in 

   SD = hydrostatic design stress, PSI  

   P = pressure (.433 x S.G. x H).), PSI  

   H = fluid head, ft.  

   S.G. = specific gravity. gm/cc 

   O.D. = outside diameter, ft.  

1. The hydrostatic design stress shall be determined by multiplying the hydrostatic 

design basis, determined by ASTM 02837 using rotationally molded samples, with 

a service factor selected for the application. The hydrostatic design stress is 600 

PSI at 73 degrees Fahrenheit for Type I 8 11 material. In accordance with the 

formula in 6.1, the tank shall have a stratiform (tapered wall thickness) wall. 

2. The hydrostatic design stress shall be aerated for service above 100 degrees 

Fahrenheit and for mechanical loading of the tank.  

3. The standard design specific gravity shall be 1.65. 

B. The minimum required wall thickness for the cylinder straight shell must be sufficient to 

support its own weight in an upright position without any external support. Flat areas shall 

be provided to allow locating large filings on the cylinder straight shell. The bottom 

knuckle radius of flat bottom tanks shall be a minimum of 2 inches.  

C. The top head must be integrally molded with the cylinder shell.  The minimum thickness 

of the top head shall be equal to the top of the straight wall.  The top head of tanks with 

2,000 or more gallons of capacity shall be designed to provide a minimum of 1,300 square 

inches of flat area for fitting locations. 

D. Tanks with 2,000 or more gallons of capacity shall have a minimum of 3 lifting lugs 

integrally molded into the top head.  The lifting lugs shall be designed to allow erection of 

an empty tank. 

E. The tie-down restraint system shall be designed to allow tank retention for seismic loading 

situation without tank damage.  All tank tie-down restraint systems shall be compliant with 

current building code requirements and be stamped by a licensed Engineer in the State of 

Oregon. 

F. All hardware shall be resistant to liquid chemical being stored and associated off gasses. 

G. Unless otherwise indicated by Contract drawings, for indoor pneumatic fill, manways shall 

be 24-in diameter or greater and equipped with an emergency pressure relief device with 

pressure relief at 6” water column to prevent over-pressurization. The manway shall be 

chemically compatible with the chemical being stored.  Gaskets shall be closed cell, cross-

linked polyethylene foam, Viton, or EPDM materials. 

H. Maximum diameter and heights are listed below. 

1. 2,500-gallon  

a. Maximum diameter (not including piping and appurtenances): 8.0 feet 
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b. Maximum height (not including piping and appurtenances): 10.5 feet 

2.3 MATERIALS OF CONSTRUCTION 

A. The tanks shall be a double contained system.  The interior tank shall have a nominal 

volume of 2,500 gallons.  The secondary containment tank shall have a minimum nominal 

volume of 3,100 gallons. 

B. The material used shall be virgin polyethylene resin as compounded and certified by the 

Manufacturer. Resin used in the tank shall be High Density Cross-Linked polyethylene 

resin, or resin of equal physical and chemical properties, and shall contain a minimum of 

0.25 percent ultraviolet stabilizer as recommended by the manufacturer.  

C. The double walled tank shall be made of high-density cross-linked polyethylene that meets 

or exceeds the criteria listed in Table 1. 

Table 1 – Materials 

Parameter Units 
ASTM Test 

Method 
Value 

Density gm/cc D 1505 0.943 to 0.946 

Tensile strength at yield psi minimum D 638 3290 

Elongation at break min percent D 638 640 

Stress-crack resistance min hours for F50 D 1693 
1000 

 

Vicat softening temperature Deg F D 1525 
230 

 

Brittleness temperature (Max) Deg F D 746 -180 

Flexural modulus Psi D 790 88,700 

2.4 OPERATING CONDITIONS 

A. Chemical storage tanks shall be suitable for the operating conditions specified in Table 2: 

Table 2 – Operating Conditions 

Parameter Units TK-C26101 

Chemical stored  Sodium Hydroxide 

(Liquid Caustic Soda) 

Concentration % 25% 

Design specific gravity at 60 deg. F 1.27 

Solution pH pH 12-14 

Maximum fluid 

temperature 

Deg. F 60 

Minimum fluid temperature Deg. F 35 
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Minimum ambient air 

temperature 

Deg. F 60 

2.5 TANK FITTINGS 

A. Tank fittings shall be according to the fitting schedule below.  Fittings shall be installed by 

tank manufacturer in the locations indicated on the Contract Drawings.  Gasket material 

shall be EPDM or other equivalent material.  PVC and CPVC fittings shall be compression 

type Schedule 80 long shank high-torque design with minimum of 85 percent threaded 

contact.  Any screwed fitting shall use American Standard Pipe Threads.  No metals shall 

be exposed to tank contents. 

 
Table 3 – Tank Fittings 

Parameter 
Fitting Type1  

TK-C26101 

Fill 2” PVC BF-H 

Vent (minimum)4 4” PVC BF-H 

Overflow 3” PVC BF-H 

Outlet to Pumps 2” PVC2  

Level Indication Reverse Float 

Switch 

Gasket Material PTFE or Nitrile 

Electronic Level Sensor NPT Swivel3 

  
   

Note 1:  Refer to drawings for fitting size and location.  Abbreviations for fittings are:  

BF-H: Bolted flanged with Hastelloy-C studs and polyethylene encapsulated heads. 

BF-SS: Bolted flanged fitting with 316 stainless steel studs, and polyethylene 

encapsulated heads. 

DB-SD: Double bolt with siphon drain, 316 stainless steel, and polyethylene 

encapsulated heads. 

PVC: Double-nut PVC fittings. 

Note 2: Outlet to pump located 6” above floor with siphon leg to 3” above floor. 

Note 3:  Contractor to coordinate NPT swivel mount fitting with approved sensor. 

Note 4:  Final say on the vent size shall be determined by the tank manufacturer. 

B. Bolted flange fittings shall be constructed of one 150 lb. flange with ANSI bolt pattern, 

one flange gasket and stud bolts with gaskets. Stud bolts to have chemical resistant 

polyethylene injection molded heads and gaskets to provide a sealing surface between the 

bolt head and the interior tank wall. Stud bolt heads are to be color coded for visual ease 

of identifying the bolt material by onsite operators. Green- 316 Stainless Steel, Black- 

Titanium, Red- Alloy C-276, Blue- Monel. All materials shall be compatible with chemical 

service and as indicated in the fitting schedule above. 
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C. Down Pipes and Fill Pipes: Down pipes and fill pipes shall be supported at 6-ft max 

intervals. Down pipes and fill pipes shall be PVC or material compatible with the chemical 

stored. 

D. Vents: Each tank must be vented for the material and flow and withdrawal rates expected. 

Vents should comply with OSHA 1910.106(F)(iii)(2)(IV)(9). Vents sizes shall be 

confirmed with the above schedule by tank manufacturer prior to bid and meet the 

minimum size requirements of the schedule. If a larger vent is required, the manufacturer 

shall provide such vent size at no additional cost to the Owner. 

E. On dual wall tank(s) greater than 1000 gallons, bottom fitting(s) must be designed to 

maintain 110% secondary containment integrity.  Bottom outlet flange fitting must include 

PTFE expansion joint designed to accommodate movement of primary tank in design 

accordance with ASTM-D 1998 tolerances. All secondary containment fittings and parts 

shall be resistant to chemical fume corrosion. Fitting shall include the option to connect a 

secondary containment pipe over primary pipe. 

F. All fittings on the 1/3 lower sidewall of tanks with capacities > 1000 gallons shall have 

100% virgin PTFE expansion joint.  Expansion joint to have 3 convolutions, stainless steel 

limit cables, FRP composite flanges and meet the following minimum performance 

specifications. Galvanized parts will not be accepted. Expansion joints to meet the 

following minimum performance requirements: 

1. Axial Compression ≥ 0.67” 

2. Axial Extension ≥ 0.67” 

3. Lateral Deflection ≥ 0.51” 

4. Angular Deflection ≥ 14º 

5. Torsional Rotation ≥ 4º 

 

2.6 LEVEL INDICATION  

A. Reverse Float Level Indication: The level indicator shall be assembled on the tank to act 

inversely to the tank contents and at no time shall allow tank contents into the exterior sight 

tube.  The indicator shall be neon orange for visual ease.  The level indication assembly 

shall include a PVC float, neon orange indicator, polypropylene rope, 4-inch interior 

perforated pipe, PVC roller guide elbows, 2-inch clear UV resistant PVC EnviroKing® 

sight tube (C.F. Harvel) and all required pipe supports. 

2.7 TANK ACCESSORIES 

A. Restraint System: Metal components shall be galvanized and tension ring with stainless 

steel or galvanized cables and clamps. Professional Engineer stamped seismic calculations 

shall be required per part 2.02.E. 
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B. Manways shall be 19-in. diameter or greater and equipped with an emergency pressure 

relief device or SAFE-Surge™ Manway. The SAFE-Surge™ Manway shall relieve 

pressure at 6” water column to prevent over-pressurization. The SAFE-Surge manway shall 

be chemically compatible with the chemical being stored. Gaskets shall be closed cell, 

cross-linked polyethylene foam, PTFE, Nitrile, or EPDM materials. 

C. Heating: Heating system for temperature maintenance shall be from SilcoPad® tank 

heating systems designed to maintain a desired product temperature, and not to exceed 100 

degrees F.  Each system shall include tank heating pads and a temperature controller.  The 

quantity and type of SilcoPad® is determined by the size of the tank, the desired 

temperature maintenance, and environmental conditions. Systems shall be available in 30-

, 60- or 100-degrees F. Tanks are supplied with heating panels and a controller installed by 

the manufacturer. Power supply to be the only field installation required. 

1. Pads to operate on 120 vac single phase with a maximum power density of 0.5 

watts/sq.inch. 

2. Silicone pad heaters must fully comply with Article 427-23 (b) of the National 

Electric Code. 

3. Temperature controller to be supplied with two electronic thermostats switching 

the heating system via one solid state relay.  Primary thermostat to control desired 

product temperature and secondary thermostat to provide over temperature 

protection at 150 degrees F. 

D. Insulation: Insulation used shall be polyurethane foam with a density of 2.5 lb/ft3 with a 

minimum an “R” value of 6.3/in. The foam shall be applied with a nominal thickness of 2” 

to the external tank surfaces except the tank bottom. Upon completion of application and 

curing of the insulation, 2 full coverage coats of latex mastic coating shall be applied to the 

surface of the insulation in such manner as to seal the insulation from the outside 

environment. 

2.8 MANUFACTURER, OR EQUAL  

A. Poly Processing  

B. Snyder-Crown  

C. Assmann 

D. Equal must be pre-approved during bidding process 

PART 3 - EXECUTION 

3.1 INSTALLATION  

A. Installation shall be in accordance with the Manufacturer's recommendations. 
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B. Installation will be inspected by manufacturer to verify system flexible connections, 

venting and fittings are properly installed. In addition to on-sight inspection tank system(s) 

to be reviewed using tank manual check list as supplied by manufacture as listed below. 

C. Manufacturer’s trained technician to do an onsite inspection of installation.  Inspection will 

verify chemical application, plumbing connections, venting, and applicable ancillary 

equipment such as ladders, restraints, etc.  A verification of proper installation certificate 

will be supplied when equipment passes installation checklist. 

D. Tank manuals will consist of installation check lists, tank drawing(s) as built, fitting 

drawings referencing nozzle schedule on tank drawing, materials of construction, and 

recommended maintenance program. 

3.2 FIELD TESTING  

A. After installation of tank and all fittings, the tank shall be water tested by filling the entire 

tank with water and monitoring the tank as well as all fitting connections for at least 24 

hours. Any leaks shall be corrected prior to acceptance. Following successful field testing, 

the tank shall be completely emptied and dried. 

END OF SECTION 43 41 43 
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SECTION 44 31 19 – PACKAGED BIOLOGICAL ODOR CONTROL SYSTEM 

PART 1 - GENERAL 

1.1 WORK INCLUDED 

A. This Section covers the Work necessary to provide a complete and properly functioning 

packaged 2-stage biological odor control system of unitary construction, including 

requirements for system construction, components, materials, functional testing, quality 

and use. 

B. The contractor shall furnish all materials, equipment and incidentals required to install a 

packaged biological odor control system as shown on the drawings and specified herein. 

C. The entire system shall consist of the following major components: 

1. FRP Exhaust Fan 

2. FRP Vessel with Extended Deck 

3. Inorganic Biological Media (Stage 1) 

4. Activated Carbon Media (Stage 2) 

5. Air Distribution System 

6. Media Irrigation System and Water Cabinet 

7. FRP Electrical Control Panel 

8. Nutrient Tank 

9. Nutrient Pump 

10. FRP Exhaust Stack 

D. Inlet ductwork will be provided by the contractor to collect the foul air and deliver it to the 

fan inlet. The ductwork is specified elsewhere and is not part of this specification. 

1.2 SYSTEM DESCRIPTION 

A. The biological odor control system shall consist of an exhaust fan, FRP vessel, inorganic 

biological media, activated carbon media, air and irrigation system, control panel, exhaust 

stack, dampers, valves, piping and all other equipment and accessories for a complete 

system. 

B. The complete odor control system shall be packaged and of unitary construction design.  

All components of the system shall be mounted on the vessel. No exception to this 

requirement is allowed.   
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C. The packaged biological odor control system shall be a once-through system. The system 

is equipped with an exhaust fan that continuously draws the odor-laden air from the process 

areas into the biological odor control system for treatment.  The biological odor control 

system shall be a two-stage system.  Stage 1 shall utilize an inert, porous, mineral, 

expanded clay material designed to remove hydrogen sulfide (H2S) and resist compaction 

and degradation from the acidic sulfates of the biological oxidation of the hydrogen sulfide. 

Stage 2 shall utilize a pelletized coal activated virgin carbon media to remove any 

remaining hydrogen sulfide as well as other odorous organic compounds. 

D. The first stage shall operate with an independently controlled irrigation process to provide 

Stage 1 media with adequate moisture to sustain bacterial growth and to remove toxic 

byproducts. The irrigation process shall be controlled by a programmed timing sequence 

that actuates a solenoid valve located on the water supply piping. Nutrients shall trickle 

down over the media to enhance and sustain the biological activity. The nutrients shall be 

housed in a tank and shall be dosed into the system by a nutrient pump. A pre-wired control 

panel shall be provided to ensure proper control and operation of the system. The cleaned 

air is discharged to the atmosphere through the stack (s) at the top of the unit. 

E. The odor control system shall be designed for the following operating conditions: 

Parameter Value 

Quantity  1 

Airflow Rate, cfm 300 

Avg. Inlet H2S Concentration, ppm 10 

Peak Inlet H2S Concentration, ppm 20 

F. The odor control system shall demonstrate the following performance: 

INLET OUTLET 

1-10 ppm H2S 0.1 ppm H2S 

>10 ppm H2S 1.0% of inlet 

G. The pressure drop across the biological odor control system shall not exceed 5.0” W.C. at 

the maximum airflow rate specified above. 

1.3 REFERENCE STANDARDS 

A. PS 15-69: National Bureau of Standards Voluntary Product Standard “Custom Contact 

Molded Reinforced Polyester Chemical Resistant Process Equipment.” 

B. ASTM D-883: “Definition of Terms relating to Plastics.” 

C. ASTM D-2583: “Test for Indentation Hardness of Rigid Plastics by Means of Barcol 

Impressor.” 

D. ASTM D-2563: “Recommended Practice for Classifying Visual Defects in Glass 

Reinforced Plastic Laminate Parts.” 
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E. ASTM D-4097-82: “Standard Specifications for Contact Molded Glass Fiber Reinforced 

Thermoset Resin Chemical Resistant Tanks.” 

1.4 QUALITY ASSURANCE 

A. Manufacturer Requirements: 

1. All equipment provided under this section shall be obtained from a single 

manufacturer, who shall: 

a. Assume full responsibility for the completeness and proper operation of 

the biological odor control system.  

b. Have experience; be reputable and qualified in designing and 

manufacturing biological odor control system equipment. The odor 

control system manufacturer shall show evidence of at least ten (10) 

identical 2-stage design installations of the type specified in wastewater 

plants with specified non-proprietary biofiltration media. 

c. Supply units containing all necessary appurtenances and components for 

a complete and operating system conforming to this specification. The 

entire system shall be pre-assembled, piped, wired, and factory tested prior 

to shipment to facilitate installation and start-up at the jobsite.  The overall 

system footprint, including the vessel, fan, nutrient tank, nutrient pump, 

water irrigation piping, water cabinet and accessories, control panel and 

appurtenances shall not exceed the dimensions shown on the contract 

drawings. The system equipment layout shall match site requirements. 

Any exception to this requirement is not acceptable.  

d. Supply units with inorganic biological odor control media.  Provision of 

organic biological media shall not be acceptable. Systems using any type 

of structured, synthetic media shall not be acceptable.  Systems using any 

proprietary media shall not be acceptable. 

e. The complete biological odor control system, including vessel, fan, media, 

nutrient tank, nutrient pump, water irrigation cabinet, piping and 

accessories, and controls shall be constructed to be a single piece of unitary 

construction.  Any exception to this requirement is not acceptable. 

2. To ensure quality and complete unit responsibility, the complete system must be 

assembled and tested by the manufacturer at its facility and be a standard and 

regularly marketed product of that manufacturer. The manufacturer must have a 

physical plant, technical and design staff, and fabricating personnel to complete 

the work specified. 

3. The owner reserves the right to be present at the manufacturer’s facility for visual 

inspection of equipment to be supplied and to witness factory functional testing. 

B. ACCEPTABLE MANUFACTURERS  
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1. Integrity Municipal Systems, LLC (IMS)   

2. Or approved equal   

C. WARRANTY 

1. The manufacturer shall warrantee that the equipment provided shall be free of 

defects in material and workmanship for a period of 12 months from beneficial 

occupancy.  The warranty period shall not extend beyond 18 months from delivery 

of the system to the jobsite.  The warranty does not apply to the carbon media. 

1.5 SUBMITTALS 

A. Submit in accordance with Section 01 33 00 – Submittal Procedures.  Submittals shall 

include but not be limited to the following: 

1. Shop drawings and catalog literature showing dimensional information, details of 

piping and fabrication and erection of all materials and equipment furnished under 

this section. 

2. Drawing of general arrangement and major system components. 

3. Process and Instrumentation drawing. 

4. Major system component information and descriptive literature for the following: 

a. Exhaust fan 

b. Nutrient pump 

c. Water irrigation cabinet 

d. Vessel fabrication 

e. System controls and control panel details including power and control 

wiring diagrams, terminals, and numbers 

f. Miscellaneous instrumentation and accessories 

5. Installation instructions. 

6. Operating weight of all equipment. 

1.6 OPERATION AND MAINTENANCE DATA 

A. Detailed operation and maintenance (O&M) manual for the system shall be provided by 

the manufacturer. A total of two (2) copies of O&M manuals are required. Manufacturer 

shall submit operation and maintenance data and equipment parts list in manual, in 

accordance with Section 01 78 23 – Operation and Maintenance Data. 
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1.7 MANUFACTURER SERVICES 

A. The system manufacturer shall be present at the jobsite for the following time period after 

the system is installed, travel time excluded: 

1. Sixteen (16) hours for system startup, certification of proper installation and 

training of Owner’s staff in operation of the system. 

2. Provide one trip for 2 days for these tasks. 

PART 2 - PRODUCTS 

2.1 BIOLOGICAL ODOR CONTROL SYSTEM 

A. The odor control gas treatment system shall be a once-through biologically active odor 

removal system treating the odorous air from the contaminated process areas.  The system 

shall be designed for continuous and automatic operation as well as manual operation as 

required. 

B. The biological odor control system shall be a two-stage system. The system shall consist 

of one biological treatment stage (Stage 1) followed by an activated carbon polishing stage 

(Stage 2) in series. The first stage shall be wetted with fresh potable or reuse make-up 

water. The first stage shall include a spray header to distribute liquid evenly over the media. 

C. FRP vessel, inorganic biological media, activated carbon media, exhaust fan, exhaust stack, 

nutrient tank, nutrient pump, water irrigation system, air distribution system, control panel 

and all other required appurtenances shall be pre-assembled as complete 2-stage biological 

odor control system package. Components of the biological odor control system shall 

comply with this specification. The entire system shall be pre-assembled, piped, wired, and 

factory tested prior to shipment. 

2.2 FRP VESSEL 

A. The biological odor control system shall consist of a fiberglass reinforced plastic (FRP) 

vessel with extended deck. The vessel shall be of unitary construction.  No modular 

construction or flanged pieces are allowed for the vessel itself. 

B. The system vessel shall have all components pre-mounted and piped.  The system vessel 

shall be shipped as one piece.  The system shall be included with all piping, valves and 

internals. The system top shall be removable for access to the top of the vessel’s second 

stage. 

C. The biological odor control system shall be manufactured with the following material of 

construction according to following fabrication method: 

1. Vessel and accessories shall be contact molded manufactured in accordance with 

NBS PS15-69, ASTM 4097 for contact molding. 
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2. Resin used in fabrication shall be a premium vinyl ester resin such as Hetron 922 

or Derakane 411 by Ashland Chemical, Vipel F010 by AOC or approved equal.  

The resin shall be reinforced with an inner veil of suitable synthetic organic fiber 

such as Nexus 111-00010. Any material of construction other than FRP with 

premium grade resin shall not be acceptable. 

3. Reinforcement: Glass fiber reinforcement used shall be commercial grade 

corrosion resistant borosilicate glass. 

4. Fabrication:  Fabrication shall be in accordance with NBS PS 15-69, ASTM D 

3299 and ASTM D-4097.  All non-molded surfaces shall be coated with resin 

incorporating paraffin to facilitate a full cure of the surface.  All cut edges, bolt 

holes, secondary bonds shall be sealed with a resin coat prior to the final 

paraffinated resin coat. 

a. Corrosion Liner:  The inner surface of all laminates shall be resin rich and 

reinforced with one NEXUS 111-00010 with a minimum thickness of 10 

mils.  The interior corrosion layer shall consist of two layers of 1 1/2 oz. 

per sq. ft. chopped strand mat.  The total corrosion liner thickness shall be 

a minimum of 100 mils. 

b. Structural Laminate:  Structural laminates shall consist of alternating 

layers of 1-1/2 oz per sq. ft mat of chopped glass and 24 oz per sq. yard 

woven roving applied to reach a designed thickness.  The exterior shall be 

surface coated with white gel coat containing ultraviolet light inhibitors. 

D. Access Manways:  The vessel shall be provided with access manways to allow access to 

the internals of the odor control system.  As a minimum, access manways shall be provided 

between stages. 

E. Media Support and Screen:  The system vessel shall be provided with an HDPE and FRP 

support system with polypropylene screen to accommodate the biological media and 

carbon media beds. 

F. Vessel Accessories:  The system shall be provided with all piping, valves and internals.  

Air inlet, air outlet, spray headers, drain and all vessel fittings shown on the drawings shall 

be provided by the Manufacturer. 

G. Hardware and Gaskets:  All hardware and anchor lugs shall be 316 stainless-steel.  All 

bolts shall be designed for the specified loads.  Gaskets shall be a minimum of 1/8” thick, 

full face, EPDM, suitable for the intended service. 

H. Neoprene Pad:  A ¼” thick, 60 durometer neoprene pad must be placed underneath the 

scrubber vessel during installation. 
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2.3 ODOR CONTROL MEDIA 

A. The system shall use in stage 1 an inorganic expanded clay biological media as the support 

substrate for selectively growing sulfur-oxidizing autotrophic bacteria. The media shall be 

randomly dumped in the vessel to allow a low pressure drop. The media is porous and is 

resistant to hydrogen sulfide (H2S) and acidic conditions. The media shall be non-

proprietary and commercially available. 

B. The system shall use in stage 2 a coal based activated carbon media to adsorb residual H2S 

and other odor compounds. This stage shall provide final removal of odors to specified 

level.  

C. Overall media depth shall be a minimum of 48 inches. 

2.4 EXHAUST FAN 

A. General:  Fan shall be centrifugal design manufactured of FRP with a radial blade wheel.  No 

other material of construction is acceptable. The wheel shall be statically and dynamically 

balanced. The fan inlet shall be slip type and the fan outlet shall have a flanged nozzle. The 

fan will be provided with a double lip type shaft seal.    

B. Fan shall be supplied with a TEFC motor with 1.15 service factor suitable for 

3ph/60Hz/480V service.  The fan shall be direct driven. The motor shall be inverter-duty.   

C. Performance:  The fan shall be tested and rated in accordance with AMCA and shall bear the 

AMCA seal.  

D. The fan shall be New York Blower, Hartzell or equal. 

E. The fan shall be designed for the following specifications: 

Parameter Value 

Airflow Rate, cfm 300 

S.P. up to System Inlet, in W.C 2.0 

Total Pressure Drop, in W.C 5.0 

Motor, HP 1.0 

2.5 FRP EXHAUST STACK 

A. The scrubber system shall be provided with an exhaust stack manufactured of FRP. 

B. The exhaust stack shall be contact molded and manufactured in accordance with NBS 

PS15-69 and ASTM D-4097 for contact molding. The resin used in the fabrication of the 

exhaust stack shall be the same as that used for the main vessel such as Hetron 922 or 

Derakane 411 by Ashland Chemical, Vipel F010 by AOC or approved equal. 

2.6 SYSTEM ELECTRICAL CONTROL PANEL 

A. The electrical control panel shall house all required controls for the entire system. The 

electrical control panel is pre-mounted on the system and pre-wired at the factory. 
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B. The control panel enclosure shall be rated NEMA 4X and shall be made of FRP. The 

control panel shall be factory tested to full operation with all other components prior to 

shipment. 

C. The control panel shall provide electrical control for the entire system with as a minimum 

the following switches, alarms and accessories: 

1. “On-Off” switch for Exhaust Fan 

2. Remote start command contact. 

3. “Exhaust Fan Running” indicator light and dry contact. 

4.  VFD for exhaust fan 

5. Exhaust fan fail dry contact. 

6. “Hand-Off-Auto” switch for Nutrient Pump 

7. “Nutrient Pump Running” indicator light and dry contact. 

8. “Nutrient Tank Low” indicator light and dry contact. 

9. Push button switch with status lights for water valve 

10. Timer relay for on/off control of water valve 

11. Control Transformer (480V to 120V) 

2.7 INSTRUMENTATION AND WATER CONTROLS 

A. The water irrigation controls shall be mounted in a completely separate FRP water cabinet 

on the vessel and shall consist of the following components: 

1. Ball valves 

2. Pressure reducing valve 

3. Pressure gauge 

4. Solenoid valve 

5. Gate control valve 

6. Rotameter- Variable area type with a Teflon float, EPR O-rings and PVC fittings.  

The rotameter shall have a direct reading scale. 

7. Nutrient injection connection 

8. Water fill piping for nutrient  
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9. Nutrient pump 

B. An independent media irrigation system is incorporated into Stage 1 to provide the 

biological media with adequate moisture. The system shall be designed to irrigate the top 

of the first media bed with complete and even coverage via spray nozzles. Potable water or 

plant effluent water can be used provided that residual chlorine concentrations are less than 

5 ppm. 

2.8 PIPING 

A. All make-up water and drain piping shall be SCH 80 PVC. 

2.9 INTEGRATED NUTRIENT RESERVOIR AND NUTRIENT PUMP 

A. Nutrient Addition:  The packaged biological odor control system uses a non-proprietary, 

commercially available fertilizer to provide essential nutrients to optimize the growth of 

sulfur-oxidizing bacteria. Nutrients supplied as a coating to the support media or 

proprietary nutrients shall not be allowed. The system shall be equipped with a nutrient 

addition system that provides a controlled dosage of nutrients that is automatically fed to 

the irrigation water during each irrigation cycle with the help of a nutrient pump.   

B. The Nutrient reservoir shall be integral to the system and mounted on the system deck.  The 

nutrient reservoir shall be made of FRP. The nutrient reservoir shall have a float-type level 

switch to detect a low level. Loose nutrient tanks shall not be acceptable. 

C. The Nutrient pump shall be solenoid type and shall be mounted in the water cabinet. 

2.10 FREEZE PROTECTION  

A. The system shall be equipped with freeze protection features as follows: 

1. A heating strip shall be provided in the water cabinet on the system 

2. The nutrient reservoir shall be heat traced and insulated 

B. The appropriate controls for the above-mentioned freeze protection features shall be 

provided in the local control panel. 

C. The contractor shall be responsible for the heat trace and insulation of all water piping from 

the water source to the system and for all exposed piping provided on the system. All 

associated controls for heat trace shall be the responsibility of the contractor. 

PART 3 - EXECUTION 

3.1 FACTORY ASSEMBLY AND TESTS 

A. Each system shall be pre-assembled at the manufacturing location. 
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B. System(s) shall be tested at the location of assembly to assure they are in full operational 

and working order per the requirements of the specific design(s) for the project as described 

in this specification. 

C. Engineer and/or Owner reserve the right to be present at the manufacturer’s testing facility 

to witness the factory functional testing.  Engineer and/or Owner shall provide intent to 

witness functional testing at the time of the design submittal review and approval, and 

manufacturer shall provide notice to Engineer and/or Owner regarding the scheduled time 

of the functional testing at least five business days in advance of the proposed functional 

testing. 

D. Factory testing shall include visual inspection of all equipment, complete assembly and 

functional operating testing of components including piping and equipment check, and 

verification of control panel wiring and operation.  

3.2 DELIVERY AND INSTALLATION 

A. System(s) shall be packaged and shipped so as not to incur damage to any portion of the 

system through handling and installation of the system itself. 

B. System(s) shall be installed per the manufacturer’s guidelines and recommendations.  

Installation shall include the re-assembly of any items separately packaged for protection 

during shipment. Site preparation, utility service and installation are not provided by the 

Manufacturer under these specifications. 

C. It is the contractor’s (or owner’s) responsibility to provide: 

1. FRP inlet piping from pick-up point source to fan inlet connection. 

2. Wiring to/from system control panel to remote-mounted equipment, plant 

SCADA, etc. 

3. Power to system control panel (480V, 3 ph, 60 Hz, 25 Amps). 

4. Suitable concrete mounting pads and other incidentals as necessary to complete 

the installation. 

5. Drain – a minimum of 1 inch PVC gravity drain to sewer with a barometric trap. 

6. Water Supply – a ¾ inch water supply with backflow preventer is required. The 

nominal water requirements are at a rate of 6.0 gpm and a pressure of 30 psi.  

Hardness shall not exceed 200 mg/l as calcium carbonate. 

3.3 FIELD START-UP 

A. A factory representative from manufacturer shall be present at the jobsite for initial system 

start-up of equipment as specified in Section 1.7.  Factory representative will ensure that 

system is properly installed, will start-up the system and train owner’s personnel. 

END OF SECTION 44 31 19 
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SECTION 46 21 35 - ROTATING DRUM IN-TANK SCREEN  

PART 1 - GENERAL 

1.1 SCOPE 

A. The Contractor shall furnish, install and place into satisfactory operating condition one (1) 

fully automatic, self-cleaning, tank mounted rotating drum screen with a manual screen 

bypass chamber for wastewater applications and associated controls for removing floating, 

particulate, or fibrous material and to transport washed and dewatered screenings to an 

auger conveyor as shown on the Drawings and described in the Specifications. 

B. All equipment called for under this Section shall be supplied by a single manufacturer. The 

in-tank rotating drum screen and manual bypass screen shall be supplied in one piece 

requiring no field assembly. The rotating drum screen manufacturer shall take sole 

responsibility for the screen supplied. 

C. The NEC classification for the Screen Equipment is Class 1, Division 2 Hazardous 

location. Equipment and accessories shall be rated for this environment. 

1.2 REFERENCES 

A. AISI (American Iron and Steel Institute) 

B. ABMA (American Bearing Manufacturers Association) 

C. AGMA (American Gear Manufacturers Association) 

D. NEMA (National Electrical Manufacturer’s Association) 

E. NFPA (National Fire Protection Association)  

F. ASTM (American Society for Testing and Materials) 

G. WSC (American Welding Society Code) 

H. ASME (American Society of Mechanical Engineers) 

I. NEC (National Electrical Code) 

J. UL (Underwriters Laboratory Standards) 

K. Anti-Friction Bearing Manufacturers Association (AFBMA) Publications: 

1. Standard 9-90 Load Ratings and Fatigue Life for Ball Bearings. 

2. Standard 11-90 Load Ratings and Fatigue Life for Roller Bearings. 

L. American Institute of Steel Construction (AISC) Publications 
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M. American Welding Society (AWS) Publications 

N. American Structures Painting Council (ASPC) Publications 

1.3 SUBMITTALS 

A. Submit in accordance with Section 01 33 00 – Submittal Procedures.  Submittals shall 

include but not be limited to the following: 

1. A complete set of drawings, specifications, catalog cut-sheets, and detailed 

descriptive material.  This information shall identify all technical and performance 

requirements stipulated on the drawings and in the specification. 

2. Detailed information shall be submitted for all items such as hardware, motors, 

reducers, motor controllers and instrumentation (field devices, major control panel 

devices, and anticipated control panel layout). 

3. Vendor data shall be furnished to confirm the torque and thrust rating of the drive. 

4. List showing materials of construction of all components.  

5. Manufacturer's recommended spare parts. 

6. Information on equipment field erection requirements including total weight of 

assembled components and weight of each sub-assembly.  

7. A maintenance schedule showing the required maintenance, frequency of 

maintenance, lubricants and other items required at each regular preventive 

maintenance period, including all buy-out items. 

8. Process equipment electrical requirements and schematic diagrams. 

9. Functional description of controls. 

10. Submit anchoring calculations in accordance with Section 43 05 50 – Equipment 

Mounting sealed by a civil or structural engineer currently licensed in the State of 

Oregon. 

11. Complete list of deviations from the drawings and specifications. 

B. Submit Operation and Maintenance Data in accordance with Section 01 78 23 – Operation 

and Maintenance Data.  

1.4 FEATURES 

A. The rotary perforated plate screen shall be a rotary basket, perforated plate screen with an 

integral screw conveyor and press.  The perforated plate screen shall use a single drive for 

screening, conveying, dewatering and compressing screening material. Systems other than 

rotary perforated plate screens with integral screening, screenings washing, transport, and 

compaction/dewatering using a single motor drive system, will not be considered for this 

project. 
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B. The screen design shall minimize solids deposition in the tank. 

C. Operation of the rotating basket perforated plate screen and spray bar shall be automatically 

initiated at a preset high liquid level.  Screens which operate continuously or via timer only 

will not be acceptable.  The brush and/or spray bar which are mounted above the rotating 

basket shall remove solids from the screening basket and deposit them into the concentric 

screw conveyor trough as the basket rotates.  The screenings shall be transported up the 

screw conveyor and through a compression chamber. 

D. The screen basket shall be intermittently cleaned as required by the upstream water level 

in order to always present a clean screening surface to the flow to ensure minimum headloss 

and rapid cleaning of the screen.  All open spaces of the screen shall be positively cleaned 

via spray nozzles or brush bristles which pass through the full depth of the perforations 

during the continuous cleaning cycle. 

E. The control system shall be designed so that the cleaning characteristics of the screen and 

wash systems can be changed via the programmable controller.  Systems which do not 

offer this feature will not be considered for this project. 

F. Enclosures 

1. To minimize odors and nuisance insect populations, the rotary perforated plate 

screen transport system and compaction/dewatering system shall be completely 

enclosed. A foul air connection shall be provided to connect the tank to a foul air 

treatment system. Connection shall be 4” diameter and shall be able to be 

connected to foul air piping via standard flexible connectors. 

2. The spray wash systems shall be completely enclosed to prevent spray, aerosols, 

and leakage from coming in contact with the operating floor. 

1.5 QUALITY ASSURANCE 

A. The equipment manufacturer shall, in addition to the Contractor, assume the responsibility 

for proper installation and functioning of the equipment. 

B. The Contract Documents represent the minimum acceptable standards for the screening 

equipment for this project.  All equipment shall conform fully in every respect to the 

requirements of the respective parts and sections of the drawings and specifications.  If not 

named, equipment which is a "standard product" with that manufacturer shall be modified, 

redesigned from the standard mode, and shall be furnished with special features, 

accessories, materials of construction or finishes as may be necessary to conform to the 

quality mandated by the technical and performance requirements of the specification. The 

entire unit shall be manufactured from AISI 316 stainless steel shapes.   

C. Manufacturer shall provide screen, wash press, motors, gear reducers, controls, control 

panels, and lifting attachments as a complete integrated package to ensure proper 

coordination, compatibility, and operation of the system.  The manufacturer shall test-run 

the fully assembled machine in his factory before shipment. 
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D. A written manufacturer warranty shall be provided.  The warranty shall be for a minimum 

period of one (1) year from the date of start up.  Manufacturer shall repair or replace all 

defects of materials or workmanship in the equipment during the warranty period.  

Corrections shall be completed within five (5) days after notification. 

E. All Equipment shall be the product of a manufacturer having at least 10 years of experience 

manufacturing this product and 50 installations in satisfactory operation for at least five 

years.  A list of installations shall be furnished upon request. 

F. The Rotating Drum Screen shall be shipped to the site fully assembled.  

G. Screenings Capture Rate (SCR) / Efficiency:  Percentage of material larger than screen 

perforation size captured by the screen as documented by the National screen evaluation 

facility at Chester Lee Street in England by TRPM and Northumbrian Water. The 

documented report of the test which shows the result of screenings capture rate (SCR) must 

be provided with submittals. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. The rotary perforated plate screen unit shall consist of a rotating screen basket, basket 

cleaning brush and/or basket cleaning spray bar, concentric screw conveyor, dewatering 

screw, gear reducers, support leg, anchor bolts, and screening press with controls and drive 

unit. 

B. The screening system shall be complete with local controls, main control panel, and level 

sensor. 

C. All fabricated parts of the screen shall be stainless steel unless noted otherwise. 

D. Screen Design Summary (based on SAVECO SAVI Flo-Drum Tank Mounted Rotating 

Drum Screen Model VSA 800/6-T with Manual Screen Bypass): 

1. Number of Mechanical Screens  1 

2. Number of Manual Bypass Screens 1 

3. Influent Type                                                                          Municipal Wastewater 

4. Maximum Influent Solids Concentration, mg/l 400 

5. Maximum Flow per screen, gpm 660 

6. Maximum Downstream Water Level, inches 8” 

7. Minimum Downstream Water Level, inches  0” 

8. Screening Perforation size, inches  0.25” (6 mm) 

9. Nominal Screening Basket Diameter, inches  31 
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10. Drive Motor Size, hp   1.5 

11. Tank Length, ft  6.9 

12. Tank Width, ft  3.1 

13. Tank Height, ft  5.6 

14. Screenings discharge height from mounting floor, ft 5.2 

15. Influent Flange Size, in  10 

16. Effluent Flange Size, in  12 

17. Minimum Screenings Capture Ratio (SCR) 66% 

18. Wash Water Flow Rate, gal/min   20 

19. Maximum Wash Water Pressure, psig   72 

2.2 GENERAL 

A. The in-tank rotating drum screen shall be designed to handle the maximum flow rate noted 

in paragraph 2.1.D.5 with the maximum downstream liquid level noted in paragraph 

2.1.D.6. 

B. Equipment provided shall be fully automatic, self-cleaning, perforated plate rotating drum 

screen(s). Screen(s) will be provided with an angle-of-inclination of 35˚ from horizontal. 

C. Each rotating drum screen unit shall be provided with a rotating screen basket, basket 

cleaning spray bar(s), basket cleaning brush, concentric screw conveyor with integral 

screenings washing, dewatering and screenings compaction zone with single motor drive 

system. 

D. The average in-tank rotating drum screen flow through velocity shall not exceed 3.3 ft/sec 

(1.0 m/sec) under any flow condition up to the maximum hydraulic capacity noted in 

paragraph 2.1.D. 

E. The screen shall be designed so that there are no metal on metal wearing surfaces in the 

screening, transport and compaction/dewatering zones of the screen. The spiral shall be 

supported between the gearbox and the bottom bearing and shall not rely on the anti-

rotation bars for support. Units requiring wear liners or wear bars shall not be accepted. 

F. The screening equipment shall produce dewatered screenings capable of passing the EPA 

Paint Filter Test as described in Method 9095 of EPA Publication SW-486. 

G. The rotating drum screen shall be capable of presenting a clean filtration surface to the 

oncoming liquid stream at all times during operation.  
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2.3 TANK ASSEMBLY 

A. The tank shall be constructed from type 316L stainless steel. The tank shall be designed to 

withstand the hydrostatic load from the process flow through the unit and provide support 

of the screenings basket area. The tank is supplied with footings for anchoring the unit and 

lifting lugs for installation. The tank shall be supplied with flanged inlet and flanged outlet 

connections as per Part 2.1. 

B. The top of the tank shall be enclosed by type 316L stainless steel cover, including hinged 

and removable access covers. 

C. A separate support stand shall be constructed from type 316L stainless steel and provide 

support of the conveyor tube extension. 

2.4 DRUM SCREEN BASKET 

A. The Drum Screen Basket shall be designed and built to withstand the maximum possible 

static hydraulic forces exerted on the screen by the liquid flow (including the tank being 

completely filled with liquid). Structural and functional parts shall be sized to prevent 

deflections or vibrations that may impair the screening, conveying, washing and 

compacting operations.  

B. The drum screen basket shall be of a cylindrical shape with perforations around the entire 

basket. 

C. The drum screen basket shall be perforated plate with maximum openings of 6 mm. Bar 

screens, wire mesh or wedge wire will not be acceptable screen media. 

D. The top end ring and the bottom drive ring inclusive of support arm(s) shall each be made 

from a single plate from stainless steel. Units which use multiple pieces for each end and 

that are welded or otherwise affixed shall not be accepted. 

E. A support arm hub shall be welded directly to the support arm(s). The hub shall be 

machined complete with keyway from a single piece of stainless steel. The hub shall be 

sized to support the drum screen basket without deflection or distortion. 

F. The drum screen basket shall have shaped lifting vanes to retain loose solids during rotation 

and lift them up and into the screw auger trough. Helical shaped vanes which can tumble 

screenings rather than lift screenings shall not be accepted. 

G. A one piece stainless steel seal plate shall be provided to direct water flow into the circular 

drum screen basket in the channel. The seal plate shall be sufficient to prevent bypassing 

of flow around the screen basket at the maximum screen hydraulic capacity. 

H. The drum screen basket shall be provided with a triple face seal system, incorporating an 

internal brush to minimize bypassing of hair and other fine particles, one HDPE seal 

creating a labyrinth through a ring welded on the drum screen, and an external rubber seal 

pressing on the external part of the drum ring preventing laminar bypass. Any unit which 

does not incorporate this design will not be accepted. 
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I. The upper portion of the drum screen basket shall have a brush seal to prevent screenings 

from being carried into the channel from splashing inside the drum. 

J. The drum screen basket and screw conveyor shall be fixed to the same shaft and driven by 

a common drive. 

K. The drum screen basket shall be supported by the drive end with a reinforced support arm 

and by nylon rollers at the opposite end. Each of the rollers shall use two ball bearing 

assemblies mounted to the stainless steel shaft. The rollers and bearings shall require no 

lubrication. A preload adjustment system shall be included for the rollers. Screens using 

wear shoes or glides to guide or support the basket shall not be accepted. 

2.5 DRUM SCREEN BASKET CLEANING BRUSH AND SPRAY BAR(S) 

A. The rotating drum screen basket assembly shall be cleaned by a high pressure stainless 

steel spray bar with stainless steel spray nozzles and a stainless steel backed polypropylene 

brush. The drum screen basket shall continuously rotate in one direction during the 

cleaning cycle and pass through the topmost portion where it is cleaned by the spray bar 

and brush. 

B. The drum screen basket shall incorporate a brush and spray wash located above the basket 

to remove solids from the screening basket and direct them into the concentric screw 

conveyor trough as the basket rotates. 

C. The cleaning brush shall be mounted on a holding device which keeps the brush in constant 

contact with the screen basket and can be adjusted to compensate for brush wear. 

D. The drum screen basket shall have a stainless steel backed brush attached to sweep 

materials from the edge of the screw conveyor trough. 

2.6 SCREENINGS CONVEYOR AND DEWATERING ZONE 

A. The transport tube shall be provided with anti-rotation bars bolted from the outside along 

the longitudinal axis. The screenings screw conveyor shall not be dependent on the anti-

rotation bars for support during normal operation. 

B. The screenings shafted screw conveyor shall be constructed of an epoxy coated high 

strength alloy steel for maximum torsion resistance in the screw. The screw shall be near-

white blasted, primed with an inorganic zinc primer and coated with a two part epoxy in 

the factory and no field coating shall be applied without manufacturer’s consent. 

C. The screen basket rollers and screenings collection hopper shall be attached to the 

screenings transport tube by a basket support flange. The drive assembly shall be attached 

via a drive support flange welded to the upper end of the screenings transport tube. The 

basket shall be mounted to the unit with a solid support arm hub at the lower end of the 

basket. The support arm hub shall be bolted directly to the concentric screw shaft. 

D. The concentric transport/dewatering screw shall be designed to transport and dewater the 

screened material. The unit shall be provided with screw flights of constant pitch 

approaching the compaction zone in order to prevent clogging in the compaction zone. 

Designs incorporating a decreasing pitch screw will not be accepted. 
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E. The screenings screw conveyor shall be supported by a sealed, self-lubricating lower 

bronze bushing. The shaft in contact with the bushing shall be protected by chrome a plated 

sleeve. The lower bushing shall be designed such that it does not take any thrust load from 

the screw conveyor. Designs requiring bearings of any type or externally lubricated 

bushing(s) or water injection into the housing shall not be accepted. 

F. The lower bearing shall have a 10-year or 55,000 hours of bearing life. Bearings unable to 

meet this service life will not be accepted. 

G. The stainless steel lower bearing shaft and arm(s) shall be designed to minimize material 

wrapping around the shaft. A stainless steel seal plate shall be provided to mate between 

the stationary lower bearing support and the rotating arm(s) to prevent material intrusion 

into the bearing seals. 

H. The compaction zone shall be integral to the screenings screw conveyor and compaction 

tube. The compaction zone shall be designed to form a screenings plug and return water 

released from the screened material back to the channel through circular holes that are 

machined into the screenings compaction tube. 

I. The screw conveyor shall transport the screenings to the compaction/dewatering chamber. 

After compaction and dewatering, the screenings shall be discharged with the aid of a 

serrated blade. 

J. The compaction zone housing shall be fabricated entirely of 316L stainless steel. The lower 

body shall be a welded construction with a minimum of 10 mm end plates for maximum 

torsion resistance. The bottom of the compaction zone shall be curved to promote 

maximum cleaning and minimum depositing of materials. Units utilizing a fiberglass 

reinforced compaction zone housing will not be accepted. 

K. The compaction zone shall be furnished with a latched, hinged access cover with a gasket. 

The access cover shall incorporate a motor cut-out switch to prevent operation of the unit 

with the access cover open. Units which require the use of any tools to gain access to the 

compaction zone will not be accepted. 

2.7 SPRAY WASH SYSTEM 

A. Automatic spray wash systems for the screen shall be furnished with automatic controlled 

valves and constructed of stainless steel piping and fittings, flexible reinforced hoses and 

stainless steel spray nozzles. Spray wash system shall operate only when the screen basket 

is rotating. 

B. A lower wash system shall be located over the rotating basket which utilizes a spray bar(s) 

with adequate spray nozzles to ensure a consistent spray pattern over the entire length of 

the basket. For maximum wash water flow rate and pressure the spray bar will be controlled 

with an electric actuated full port stainless steel ball valve. Full port ball valve shall have a 

maximum Cv rating of 60. 

C. A screenings spray wash system shall be located in the lower section of the transport tube 

to break up and return organic materials to the flow stream and to ensure maximum 

screenings washing. 
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D. A compaction zone wash system shall be provided which periodically cleans the 

compaction and dewatering zone via a stainless steel wash header located in the uppermost 

end of the compaction/dewatering chamber. The header shall be designed to completely 

wash the full surface of the transport tube drainage area. Wash water to the compaction 

zone will be controlled with a brass body solenoid valve. 

E. The electric actuated full port stainless steel ball valve shall be 120V AC rated and operated 

via the programmable controller and/or manually. 

F. Solenoid Valves:  Provide one (1) solenoid valve to control flow to the compaction zone 

spray wash assembly. Each valve shall have a brass body. Each valve shall be 120 volt, 

single phase, 60 Hz. Valves shall be suitable for area classification. 

G. Electric Actuated Ball Valve:  Provide one (1) electric actuated full port 316 stainless steel 

ball valve to control flow to the basket spray wash assembly. Each full port ball valve shall 

be 2-piece body, threaded ends, cast body from CF8M, 316 stainless steel, ball and stem 

from 316 stainless steel, and RTFE seats. Each valve shall be controlled by a NEMA 7 

electric actuator with a housing from cast aluminum with thermally bonded polyester 

powder coating, stainless steel output shaft, stainless steel fasteners, 115 volt, single phase, 

60 Hz, two SPDT limit switches, and visual indication on valve position. Electric actuator 

shall be suitable for area classification. 

2.8 MANUAL SCREEN BYPASS 

A. Bypass chamber shall be provided to allow peak flow to bypass the mechanical screen.  

The bypass chamber shall be supplied with a 1/2-inch manual bar rack and access cover to 

allow inspection and cleaning. The chamber shall be designed to only receive flows when 

the mechanical screen is unable to process the design flows due to mechanical, electrical 

or other failure.  

2.9 DRIVE 

A. Drive unit shall be rigidly supported so that there is no visible “wobble” movement under 

any operating condition. 

B. The basket mechanism and transport screw shall be driven by a shaft-mounted geared 

motor.   

C. Gear reducer shall be a helical gear type as manufactured by NORD or approved equal. 

Provide a cast iron frame; design in accordance with AGMA recommendations for 

wastewater service. 

D. The gear reducer shall be bolted to a machined flange welded to the upper end of the 

transport tube. 

E. The gear reducer shall be driven by a 1.5 HP, TEFC, 3 phase, 60 Hertz, 460 volt, Class 1, 

Division 2, Group D, totally-enclosed, fan-cooled motor.   

F. Chain drives, belt drives, hydraulic drives or designs incorporating a separate upper bearing 

for the transport screw will not be accepted. 
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2.10 ELEVATED PLATFORM  

A. The rotary perforated plate screen shall be mounted on stainless steel supports provided by 

the screen manufacturer.  The supports shall be designed to be anchored in concrete on the 

platform below the tank.  The Manufacturer shall be responsible for providing a design 

adequate to support all live loads encountered during operation.  

2.11 CONTROL SYSTEM 

A. All controls necessary for the fully automatic operation of the screen shall be provided by 

the Manufacturer including a 480/3/60 primary control panel with a type 316 SS NEMA 

12 enclosure, and a NEMA 4X local control station.  The control strategy shall be as 

described in Section 40 61 96 – Control Strategies. 

B. The electrical control system shall provide for automatic control of the screen via a high 

liquid level using a differential liquid level control system in connection with an adjustable 

time clock.  The screen shall operate at a high liquid level or a pre-determined time 

sequence to provide a variable time between cleaning operations. 

C. The rotating drum screen control system shall incorporate a programmable 

relay/(programmable logic controller and integral operator interface) which can change the 

cleaning characteristics of the screen and spray wash systems. 

D. The main control panel shall be wall mounted in the electrical room and include the 

following items to control the screen: 

1. Main fused disconnect with through door interlock handle. 

2. Control transformer 480/120. 

3. Branch circuit protection. 

4. Screen motor soft starter. 

5. Emergency stop pushbutton. 

6. HOA switch for each motor. 

7. Open-Close-Auto switch for screen wash water electric actuated ball valve. 

8. Open-Close-Auto switch for compaction zone wash water solenoid valve. 

9. Hour meter for each motor. 

10. Run indicating lights. 

11. Alarm lights indicating overcurrent and starter overload. 

12. Alarm reset pushbutton. 

13. Programmable logic controller (PLC)  for screen and compactor control logic 

functions. PLC shall be ethernet/IP capable. 
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14. Universal transmitter for level relay. 

15. Run and alarm auxiliary contacts. 

16. Intrinsically safe relay for level sensor. 

17. UL Label. 

E. An annotated copy of the software program shall be provided to the Owner. The copy shall 

be fully documented, un-password protected and contain HMI objects and screens to allow 

proper SCADA integration by the integration contractor. 

F. Motor Cut-out Switches:  Three (3) 120 volt interlock switches shall be factory mounted 

to the hinged tank and compaction/discharge zone access doors. Interlock switches shall 

prevent operation of the screen while a door is open. Switch housings shall be rated for 

NEMA 4X. 

G. Local Control Station:  Provide a local  control station in a NEMA 4X enclosure rated for 

Class 1, Division 2 environments, including the following operators: 

1. Drum screen LOR switch 

2. Emergency stop pushbutton 

H. Level Probe:  Provide one (1) non-contacting radar transmitter for operation of the unit by 

screen start level and high level. Unit shall not be affected by FOG, debris or foam. The 

radar unit shall provide a 4-20mA level signal and be rated for installation in a Class 1, 

Div. 1/Div. 2 area when using an intrinsically safe circuit. The sensor shall be supplied 

with 33 feet of integral cable. Float switches, single point multiple number conductivity 

probes, and ultrasonic sensors shall not be permitted. 

I. Motor starter shall meet the requirements of Section 26 29 13.16. 

2.12 SEQUENCE OF OPERATIONS 

A. Refer to Section 40 61 96 for control strategies. 

2.13 ANCHOR BOLTS 

A. Equipment manufacturer shall furnish all anchor bolts of ample size and strength required 

to securely anchor each item of equipment.  Anchor bolts, hex nuts, and washers shall be 

316 stainless-steel unless noted otherwise.  Anchor bolts shall be wedge or epoxy type. 

B. The contractor shall furnish all anchor bolts of ample size and strength required to securely 

anchor each item of equipment. Contractor shall place equipment on the foundations, 

ensure that it is leveled, shimmed, bolted down and grouted with a non-shrinking grout. 

2.14 SHOP SURFACE PREPARATION AND PAINTING 

A. Electric motors, speed reducers, and other self-contained or enclosed components shall 

have manufacturer’s standard coating. 
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B. The stainless steel parts of the unit specified in this Section shall be fully submerged into 

a pickling bath for at least 8 hours to remove welding spots and to protect the stainless steel 

against corrosion.  

2.15 SOURCE QUALITY CONTROL 

A. All structural stainless steel components shall be fabricated according to ISO 9001 and ISO 

14001. 

B. Fabricate all parts and assemblies from sheets and plates of 316 stainless-steel with a finish 

conforming to AISI 316 and ASTM A240 or A666, unless noted otherwise.  Fabricate all 

rolled or extruded shapes to conform to ASTM A276.  Fabricate all tubular products and 

fittings to conform to ASTM A269, A351 or A403. 

C. All welding in the factory shall use shielded arc, inert gas, MIG or TIG method.  Add filler 

wire to all welds to provide for a cross section equal to or greater than the parent metal.  

Fully penetrate butt welds to the interior surface and provide gas shielding to interior and 

exterior of the joint. 

D. Bolts, nuts and washers shall be AISI 316 stainless steel furnished. 

E. All surfaces that are specified to be machined shall be designed and fabricated to provide 

a run out of not more than 0.005 inches and concentricity to within 0.005 inches. 

2.16 SPARE PARTS 

A. 1 Complete bottom bearing assembly 

B. 1 set of basket cleaning brushes 

C. 1 solenoid valve 

D. 1 solenoid valve rebuild kits 

E. 3 Plastic rollers 

F. 1 Nylon wheel kit with ball bearing complete with nuts and bolts 

G. 1 Filter seal kit complete with nuts and bolts 

2.17 MANUFACTURER, OR EQUAL 

A. SAVÉCO North America, Inc. 

B. Equal must be pre-approved during bidding process. 
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PART 3 - EXECUTION 

3.1 FIELD PREPARATION AND PAINTING 

A. Each rotary perforated plate screen shall be supplied complete with supports suitable for 

mounting as shown on the contract drawings. Supports shall be shop fabricated from 316L 

stainless steel shapes and plates. Supports shall be assembled and fitted to the screen prior 

to shipment. 

B. Finish field preparation and painting shall be performed as specified by the manufacturer. 

C. The Contractor shall touch-up all shipping damage to the paint and stainless steel as soon 

as the equipment arrives on the job site. 

D. The Contractor shall supply paint for field touch-up and field painting. 

E. The Contractor shall finish paint electrical motors, speed reducers, and other self-contained 

or enclosed components with oil-resistance enamel. 

F. Prior to assembly all stainless steel bolts and nut threads shall be coated with a non-seizing 

compound by the Contractor.   

3.2 INSTALLATION, START-UP AND OPERATOR TRAINING 

A. Contractor shall verify all dimensions in the field to ensure compliance of equipment 

dimensions with the drawings.  Contractor shall notify Engineer of significant deviations. 

B. Installation of the equipment shall be in strict accordance with the contract documents and 

the manufacturer’s instructions and shop drawings.  Manufacturer shall supply anchor bolts 

for the equipment.  Contractors shall install the anchor bolts in accordance with the 

manufacturer’s recommendations. 

C. Perform Level 2 Testing in accordance with Section 43 05 60 – Process Equipment Testing. 

D. Manufacturer shall furnish the services of an authorized Manufacturer North America 

representative for one (1) trips including two (2) days to inspect the installation, carry-out 

the equipment start-up procedures, and provide training to the operators in how to 

effectively operate and maintain the equipment. 

1. Equipment shall not be energized, or “bumped” to check the electrical connection 

for motor rotation without the service engineer present. 

2. The service engineer shall make all necessary adjustments and settings to the 

controls.  In particular, the service engineer shall verify the measurement relay 

setting and the initial water level setting for the screen. 

3. The service engineer shall demonstrate proper operation of screen and screenings 

washer.  The screen shall operate automatically based on the water level. 
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4. Training shall be for a minimum of 3 hours and shall cover standard operating and 

preventive maintenance procedures.  The Contractor shall videotape the training 

and provide a copy to Owner on DVD. 

END OF SECTION 46 21 35 
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SECTION 46 23 23 –GRIT REMOVAL SYSTEM 

PART 1 - GENERAL 

1.1 SCOPE 

A. Work described in this section includes furnishing all labor, equipment, materials, tools 

and incidentals required for a complete and operable installation of the grit removal system 

as shown on the drawings and specified herein.  The manufacturer shall supply the 

equipment and the general contractor shall install the equipment. 

B. All equipment installed in the Headworks (Grit classifier and pump) shall be rated for a 

Class 1, Division 2 Hazardous location as shown on the drawings. 

1.2 DESIGN REQUIREMENTS 

A. The Grit Removal and Dewatering System shall: 

1. Removal efficiency, as outlined in each components section below, shall be based 

on the following gradation: 

 

% Passing Cumulative 

Micron 75 106 150 212 300 425 600 1000  

Western US 2.0 7.4 16.3 28.2 43.3 51.3 59.9 75.6 Physical Average 

Western US 2.3 11.0 32.5 52.7 78.6 91.1 96.8 99.9 SES Average 

B. The Grit Removal System shall be comprised of the following components:   

1. Grit Separator 

2. Grit Pump 

3. Grit Dewatering Classifier 

4. Motor Control Panel (by Contractor) 

C. The Grit Separator shall consist of internal components installed into a concrete tank and 

receive the incoming screened flow. The Grit Separator shall remove the specified grit 

particles from the specified peak flow and collect them in a sump at the bottom of the unit. 

The de-gritted effluent from the Grit Separator shall be discharged via an overflow circular 

opening as shown on the drawings.  

D. The Grit Separator shall be all-hydraulic, self-activating and shall not require 

instrumentation, internal moving parts or external power.  

E. The Grit Separator shall be self-cleaning and consist of corrosion resistant components.  

F. The Grit Pump shall convey the concentrated grit slurry from the underflow of the Grit 

Separator to the Grit Dewatering Classifier.  
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G. The Grit Dewatering Classifier shall receive the underflow from the Grit Separator unit 

and allow the grit to settle in its integral clarifier.  A slow moving auger shall carry the grit 

to the point of discharge allowing it to dewater during transport.  The dewatered grit shall 

be discharged to a dewatering grit receptacle with a drain supplied by others. The de-gritted 

overflow shall be discharged upstream of the primary grit removal equipment.  

H. The Grit Removal System and all appurtenances shall be supplied by a single supplier. 

I. The Grit Separator technology shall be designed utilizing Computational Fluid Dynamics 

(CFD) and field data to verify its flow regime, headloss and grit removal characteristics.  

Upon request, data on the computation methods used and generic simulation results shall 

be made available to the engineer.  

1.3 SUBMITTALS AND OPERATION AND MAINTENANCE MANUALS 

A. Complete fabrication, assembly, support and installation drawings, together with detailed 

specifications and data covering materials, parts, devices, and other accessories forming a 

part of the equipment furnished, shall be submitted for approval in accordance with Section 

01 33 00 – Submittal Procedures.  

B. The submittal shall include all necessary information for the proper determination of the 

acceptability of the proposed equipment and shall not necessarily be limited to the 

following:  

1. Complete description of the equipment, system, process, or function, including a 

list of system components and features, drawings, catalog information and cuts, 

Manufacturer's specifications, including materials of construction, weights, 

principal dimensions, and other important details.  

2. Performance data, curves and horsepower requirements. Manufacturer shall 

submit pump sizing calculations based on the drawings to confirm pump size and 

horsepower.   

3. Outside utility requirements, such as water, power, air, etc.  

4. Functional description of any internal instrumentation and controls supplied 

including list of parameters monitored, controlled, or alarmed.  

5. Complete data on motors and gear reducers. 

6. Anchoring calculations in accordance with 43 05 50 – Equipment Mounting. 

Calculations shall be sealed by a licensed Professional Engineer in the State of 

Oregon. 

7. Addresses and phone numbers of nearest service centers and a listing of the 

Manufacturer’s or Manufacturer's representative’s services available at these 

locations, including addresses and phone numbers of the nearest parts warehouses 

capable of providing full parts replacement and/or repair services.  

8. A list of five installations in the state where similar equipment by the Manufacturer 

is currently in similar service; including contact name, telephone number, mailing 

addresses of the municipality or installation, Engineer, Owner, and installation 
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contractor, if five installations do not exist, the list shall include all that do exist, if 

any.  

9. All differences between the specifications and the proposed equipment shall be 

clearly stated in writing under a heading of "differences". 

C. The Contractor shall submit Operation and Maintenance Manuals in accordance with 

Section 01 78 23 – Operation Maintenance and Data.  

1.4 QUALITY ASSURANCE 

A. Manufacturer Experience: All equipment furnished shall have a record of at least 10 years 

of successful, operation in similar applications from the same manufacturer. The 

manufacturer's experience shall include grit removal efficiency test results from a 

minimum of 5 similar installations.  

B. Warranty: A written manufacturer warranty shall be provided.  The warranty shall be for a 

minimum period of one (1) year from the date of Substantial Completion.  Manufacturer 

shall repair or replace all defective materials or workmanship during the warranty period.   

 

1.5 ACCEPTABLE MANUFACTURERS 

A. Hydro International 

B. Or approved equal 

1.6 REFERENCE STANDARDS 

A. Reference Standards: Comply as a minimum with applicable provisions and 

recommendations of the following: 

NEC   National Electric Code 

NEMA   Standards of National Electrical Manufacturers Association 

IEEE   Institute of Electrical and Electronic Engineers 

AFBMA  Anti-Friction Bearing Manufacturers Association 

ANSI   American National Standards Institute 

SSPC   Steel Structures Painting Council 

ASTM   American Society for Testing and Materials. 

PART 2 - PRODUCTS 

2.1  GRIT SEPARATOR 

 Design Data 
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1. Number of Units:     1 

2. Size:       8’ Diameter 

3. Configuration:     In Situ 

4. Performance:      95% removal of grit (SG 2.65) 

      ≥ 106 microns at peak flow 

5. Peak Flow/Unit:      0.936 mgd with 7" headloss 

6. Headloss at Peak Flow:     7” 

7. Depth of flow in the effluent pipe at Peak Flow: 7” 

8. Underflow Rate:    100 gpm 

9. Influent Connection:      8” Plain end pipe 

10. Effluent Connection:    24” circular outlet 

11. Underflow Connection:     3” flanged pipe 

12. Underflow Layout:    Dry Mount Pump 

13. NPW Connection:      1” NPT 

14. HDPE Components:     Dip plate, center shaft, cone 

15. 304 SS Components:     Inlet pipe, deflector plate,  

fluidizing ring, support frame 

B. Operation  

1. The Grit Separator shall be designed to separate grit and sand from screened raw 

wastewater using Hydro-dynamic separation and boundary layer effects to aid 

gravitational forces. 

2. All flow passages shall be self-cleaning and free of sharp projections or fittings 

that may snag stringy or fibrous materials. 

3. The Grit Separator shall be characterized by a predetermined flow path caused by 

the vessel geometry and flow modifying components to maximize the 

concentration and removal of settleable solids.  

4. The Grit Separator shall include a fluidizing system to prevent the collected grit 

from compacting in the collection area, release entrapped organics, and aid in 

transporting the accumulated grit to the Grit Dewatering Unit. 

C. Construction 

1. The internal components of the Grit Separator shall consist of a dip plate with 
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annulus baffle plate and overflow channel and a center shaft and cone fabricated 

from HDPE.  

2. The center shaft and cone shall be mounted so that its edge is clear of the sloping 

base of the vessel. It shall be removable from the top of the unit.  

3. All suspended components shall be attached to a support frame anchored to the 

concrete chamber walls. 

4. A stainless steel fluidizing ring shall be mounted to the floor of the grit collection 

under the cone. 

5. All flanges shall conform to ANSI B16.1 bolt patterns.  

2.2 GRIT PUMP  

A. Acceptable Manufacturers: 

1. Trillium 

2. Or equal 

B. Design Data 

1. Number of Units:    1 

2. Type:     Self-Priming 

3. Flow Rate:      100 gpm 

4. Total Dynamic Head:   20 ft 

5. RPM:     940 

6. Suction Connection:   3” 

7. Discharge Connection:   3” 

8. Motor:      3 hp, 480V 

9. Seal:     Mechanical, Flushless 

10. Materials of Construction:   High Chrome impeller, Ductile Iron  

Casing & Coverplate 

C. Operation 

1. The grit pump shall operate intermittently whenever there is flow entering the Grit 

Concentrator unit.  

D. Construction  
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1. Pumps shall be horizontal, self-priming, centrifugal type, designed specifically for 

handling raw, unscreened, domestic sanitary sewage.   

2. Casing: Casing shall be 65-45-12 ductile iron with a minimum   Brinell hardness of 

150 and shall incorporate an integral volute scroll.  The casing shall incorporate 

following features:  

a. Mounting feet sized to prevent tipping or binding when the pump is 

completely disassembled for maintenance.  

b. One 96 mm (3.75”) diameter case fill/inspection port with a self-centering 

port cover shall be incorporated on pumps 3 inch in size or less. Pumps 4 

inch in size or larger shall incorporate two case fill/inspection ports. The 

port may be opened after loosening a hand nut/clamp bar assembly. In 

consideration of safety, hand nut threads must provide slow release of 

pressure and the clamp bar shall incorporate two recessed areas which 

securely center it from coming loose prematurely while loosening the hand 

nut. A Teflon encapsulated Viton o-ring shall be utilized to prevent 

leakage and adhesion of the fill port cover to the casing.  

c. Casing drain plug shall be at least 1 inch NPT to insure complete and rapid 

draining of the pump volute.  

3. Coverplate: The coverplate shall be 65-45-12 ductile iron with a minimum Brinell 

hardness of 150. The design must incorporate the following maintenance features:  

a. The coverplate must be retained by hand nuts for complete access to pump 

interior. Coverplate removal must provide ample clearance for removal of 

stoppages and allow service to the impeller, seal, wearplate, or check valve 

without removing the suction or discharge piping. 

b. A replaceable wearplate made of High Chrome with a minimum hardness 

of 650 Brinell must be secured to the coverplate by 316 SS studs and 

hardware.  

c. In consideration for safety, a pressure relief valve shall be supplied in the 

volute. The pressure relief valve shall open at 150 PSI.  

d. Buna-N o-rings shall seal the coverplate to the pump casing.  

e. Two 304 stainless steel hand adjustment knobs to assist in removal of the 

coverplate.  

f. A convenience handle shall be mounted to the face of the coverplate.  

4. Rotating Assembly: A rotating assembly, which includes impeller, shaft, mechanical 

shaft seal, 316 stainless steel shaft sleeve and seal hardware, lip seals, bearings, 

sealplate and bearing housing, must be removable as a single unit without disturbing 

the pump casing or piping. The design shall incorporate following features:  

a. The sealplate and bearing housing shall be High Chrome with a minimum 

Brinell hardness of 650.  
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b. Separate oil-filled bearing and seal cavities shall be vented to the 

atmosphere.  Cavities must be cooled by the liquid pumped. Three lip seals 

will maintain the integrity of the atmospheric barrier and isolate the two oil 

cavities, preventing oil leakage.  

1) The bearing cavity shall have an oil level sight gauge and fill/one 

way vent plug. The clear sight gauge shall provide easy monitoring 

of the bearing cavity oil level and condition, without removal of the 

fill plug check valve. The check valve shall vent the cavity, but 

prevent introduction of moist air to the bearings.  

2)  The seal cavity shall have an oil level sight gauge and fill/one way 

vent plug. The clear sight gauge shall provide easy monitoring of the 

seal cavity oil level and condition without removal of the fill/one 

way vent plug. The check valve shall vent the cavity but prevent 

introduction of moist air to the mechanical seal chamber.  

3) Double lip seal shall provide an atmospheric path to provide positive 

protection of the bearings and the capability for either external visual 

monitoring of drainage or with an optional seal leakage probe.  

c. The impeller shall be High Chrome with a minimum hardness of 650 Brinell, 

two-vane, semi-open, non-clog, with integral pump-out vanes on the back 

shroud. The impeller shall thread onto the pump shaft and be secured by an 

impeller locking bolt made of Nitronic 60 with locking threads.        

d. The shaft shall be 17-4 PH stainless steel with rolled threads for installation 

of the impeller.  Machining of threads which weaken the structural integrity 

of the shaft will not be accepted.  

e. The bearings shall be anti-friction ball type of proper size and design to 

withstand all radial and thrust loads expected during normal operation. 

Bearings shall be oil lubricated from a dedicated reservoir. Pump designs 

which use the same oil to lubricate the bearings and shaft seal shall not be 

acceptable. 

f. The mechanical shaft seal shall be of the oil lubricated type. The stationary 

and rotating seal faces shall be silicon carbide alloy. Each mating surface 

shall be lapped to within two light bands flatness (23.3 millionths of an inch) 

as measured by an optical flat under monochromatic light. The stationary seal 

seat shall be double floating by virtue of a dual o-ring design; an external o-

ring secures the stationary seat to the sealplate, and an internal o-ring holds 

the faces in alignment during periods of mechanical or hydraulic shock (loads 

which cause shaft deflection, vibration, and axial/radial movement). 

Elastomers shall be Viton; cage, spring and shaft sleeve are to be 316 

stainless steel. The seal shall be oil lubricated from a dedicated reservoir. The 

same oil shall not lubricate both shaft seal and shaft bearings. The seal shall 

be warranted in accordance with requirements listed under PART 1- General. 

g. The pusher bolts must have capability to assist in the removal of the rotating 

assembly, and the threaded holes shall be sized to accept the same capscrew 
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as used for retaining the rotating assembly.  

5. Adjustment of the impeller face clearance (distance between impeller and wearplate) 

shall be accomplished by external means.  

a. Clearances shall be maintained by an external shimless and tool-less 

coverplate adjustment using a hand knob design for incremental 

adjustment of clearances without requiring any tools. Requirement of 

realignment of belts, couplings, etc., shall not be acceptable. The 

coverplate shall be capable of being removed without disturbing clearance 

settings.  

b. There shall be provisions for additional clearance adjustment in the event 

that adjustment tolerances have been depleted from the coverplate side of 

the pump. The removal of stainless steel shims from the rotating assembly 

side of the pump shall allow for further adjustment to assist in obtaining 

optimal efficiency while extending the life of the impeller and wearplate.                                      

c. Clearance adjustment which requires movement of the shaft only, thereby 

adversely affecting seal working length or impeller back clearance, shall not 

be acceptable.  

6. Suction check valve shall be molded Neoprene with integral steel and nylon 

reinforcement. A blow-out center shall protect pump casing from hydraulic shock or 

excessive pressure by blowing out if the internal volute pressure exceeds 180 PSI. 

Removal or installation of the check valve must be accomplished through the 

coverplate opening, without disturbing the suction piping. Sole function of the check 

valve shall be to save energy by eliminating the need to reprime after each pumping 

cycle. Pumps requiring a suction check valve to assist reprime will not be acceptable.  

7. Spool flanges shall be one-piece ductile iron Grade 65-45-12 fitted to suction and/or 

discharge ports. The suction and discharge flanges shall have one 1-¼ inch NPT and 

one ¼ inch NPT tapped hole with pipe plugs for mounting gauges or other equipment.  

8. Motor shall be 3 HP, 3 Phase, 60 Cycle, 460 Volt, 1800 RPM, and shall be connected 

to the pump by the drive method specified.  All motors shall be of nationally known 

manufacture and shall conform to NEMA standards and specifications. 

2.3 GRIT DEWATERING CLASSIFIER 

A. Design Data 

1. Number of Units:    1 

2. Design Flow Rate:   100 gpm 

3. Maximum Grit Load:     0.75 cyd/hr 

4. Clarifier Size:     60” Wide 

5. Clarifier Surface Area:   14.5 sq.ft 
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6. Spiral Diameter:    12” 

7. Max. Spiral Speed:   2 rpm 

8. Inlet Connection:     6” flanged pipe 

9. Overflow Connection:     6” flanged pipe 

10. Drain Connection:    3” threaded pipe  

11. Motor:      1.0 hp 

12. Material:     304 SS  

B. Operation 

1. The Grit Dewatering Classifier unit shall be designed to capture and dewater 

concentrated grit slurry from the Grit Separator unit.  

2. The Grit Dewatering Classifier unit clarifier shall be designed based on a settling 

rate not to exceed 6.9 gpm/ft2.  

C. Construction 

1. The Grit Dewatering Classifier shall be provided with an integral clarifier which 

shall provide at least 3 inches of freeboard.  

2. The conveying screw shall have 3/16 inch thick flights mounted on a 3 1/2 

diameter schedule 40 pipe. 

3. The housing for the Grit Dewatering Classifier auger shall be fitted under the 

clarifier.  The housing for the Grit Dewatering Classifier auger shall be stainless 

steel and shall be inclined at 25 degrees. 

4. The clarifier and auger housing shall be fully covered.  All covers and hardware 

shall be stainless steel. A foul air port shall be provided to allow connection to foul 

air piping system. Vendor shall identify port diameter, which shall be compatible 

with standard flexible connector sizes. 

5. The auger housing shall be provided with one (1) threaded drain.   

6. The Grit Dewatering Classifier unit support structure shall be as shown on the 

general arrangement drawing and anchored to a stable base.  

7. All flanges shall be spinning flanges, a minimum of 1/2 inch thick, and drilled to 

match ANSI 150 lb. pipe flanges.   

8. The Grit Dewatering Classifier unit shall be supplied as standard with access to 

ease maintenance: 

a. Externally accessible bearing unit. 
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b. Clarifier observation and maintenance hatches. 

c. Rodding/Flushing water access point opposite of the unit drain. 

D. Drive Unit 

1. The Grit Dewatering Classifier shall be provided with a drive unit consisting of the 

motor and the helical gear reducer, mounted as a single integrated unit.  

2. The motor shall be 3 phase, 460 VAC, 60 Hz, NEMA Design B, TENV enclosure.  

3. The helical gear reducer shall have hardened alloy steel gears accurately cut to 

shape.  

2.4 CONTROLS AND INSTRUMENTATION 

A. Controls shall be provided by the contractor. Vendor shall provide a full sequence of 

operation narrative for the contractor/engineer’s use in programming the contractor-

supplied PLC. 

2.5 UTILITY REQUIREMENTS 

A. WATER 

1. The Grit Separator shall require an intermittent supply of 50 gpm clarified non-

potable water at 50 psig supplied to the grit fluidizing pipe via a NPT connection. 

No other utility water shall be required. 

B. ELECTRICAL 

1. Motor starters shall be provided by the contractor. 

2. Motors shall meet the applicable requirements of Division 26 and Division 40 of 

the specifications. 

2.6 MATERIALS AND FINISHES  

A. MATERIALS 

1. All stainless steel used for the fabrication of the equipment shall conform to the 

following standards:  

 

Plate and Sheet  ASTM A 167 

       ASTM A 240 

Bar   ASTM A 276 

       ASTM A 479 

Tube   ASTM A 312 

B. EXTERIOR SURFACES FINISHES 

1. All surfaces shall be free of sharp edges, weld spatter and residue.  All welds shall 

be ground smooth.  
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2. All stainless steel surfaces shall be acid washed.  

PART 3 - EXECUTION 

3.1 DELIVERY AND INSTALLATION 

A. The equipment and material shall be shipped complete except where partial disassembly is 

required by transportation regulations or for protection of components. 

B. Spare parts shall be packed in containers bearing packing lists clearly designating contents 

and pieces of equipment for which they are intended. 

C. The CONTRACTOR shall inspect equipment prior to unloading and notify the 

MANUFACTURER of any damage to equipment within 5 days to effect proper remedial 

action.  Failure to notify the MANUFACTURER of damage to equipment prior to 

unloading shall void all warranties pertaining to subject equipment. 

D. The CONTRACTOR shall unload, store and safeguard equipment, materials, and spare 

parts in accordance with MANUFACTURER’S recommendations. 

3.2 START-UP, TRAINING AND MANUFACTURER’S SERVICES 

A. A factory trained representative for the equipment specified herein shall be present at the 

jobsite and/or classroom designated by the Owner for a maximum of four (4) 8-hour man-

days (two (2) visits) for installation inspection, plant startup, functional testing, and 

operator instructions; travel time excluded.  A minimum of 30 days notice is required to 

schedule manufacturer’s services.  Any services with less than 30 days notice shall be billed 

for service time and actual travel costs. 

3.3 FUNCTIONAL TESTING 

A. Prior to plant startup, all equipment shall be inspected for proper alignment, operation, 

connection, and satisfactory operation by means of a functional test.  It is the General 

Contractor’s responsibility to duly notify the MANUFACTURER of any inabilities to 

perform functional testing prior to operator training. 

 

3.4 MANUFACTURER’S CERTIFICATE(S) 

A. Provide MANUFACTURER’S certificate of installation and commissioning following 

functional testing and startup. 

END OF SECTION 46 23 23 
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SECTION 46 30 00 – CHEMICAL FEED EQUIPMENT, GENERAL  

PART 1 - GENERAL 

1.1 WORK INCLUDED  

A. Provide chemical solution feed equipment, complete and operable, in accordance with the 

Contract Documents. 

B. Equipment shall be from manufacturers with several years of experience in the 

manufacture and assembly of similar products, with a record of successful installations. 

Such manufacturers shall maintain a well-established, authorized, local service agency 

with sufficient spare parts and personnel to respond within 48 hours to any service calls. 

C. Unless indicated otherwise, the requirements of this Section apply to all chemical feeding 

equipment in the Contract Documents. 

D. The skid for caustic soda dosing shall be provided by the vendor. The skid for methanol 

dosing shall be provided by the contractor. 

1.2 SUBMITTALS  

A. Furnish submittals in accordance with Section 01 33 00 – Submittal Procedures.  

B. Shop Drawings: Complete fabrication, assembly, foundation, and installation drawings, 

together with detailed specifications and data covering materials used, parts, devices, 

supports, and other accessories forming a part of the equipment. 

C. Certification: The supplier shall obtain written certification from the manufacturer, 

addressed to the Owner, stating that the equipment will efficiently and thoroughly perform 

the required functions in accordance with these Specifications and the Drawings, that the 

materials are best suited for the chemicals handled, and that the manufacturer accepts joint 

responsibility with the supplier for coordination of equipment, including motors, variable 

speed drives, controls, and services required for proper installation and operation of the 

completely assembled and installed unit. 

D. Technical Manuals: Furnish complete operations and maintenance manuals prior to start-

up. Printed instructions relating to proper maintenance, including lubrication, and parts lists 

indicating the various parts by name, number, and diagram where necessary, shall be 

furnished with each unit or set of identical units. 

E. Spare Parts List: The supplier shall obtain from the manufacturer a list of suggested spare 

parts for each piece of equipment subject to wear, such as seals, packing, gaskets, nuts, 

bolts, washers, wear rings, etc. 

F. Field Procedures: Instructions for field procedures for erection, adjustments, inspection, 

and testing shall be furnished prior to installation of the equipment. 
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1.3 QUALITY ASSURANCE  

A. After completion, the supplier shall furnish to the Owner the manufacturer's written 

guarantees that the equipment will operate with the published efficiencies, heads, criteria, 

and flow ranges and meet these specifications. The supplier shall also furnish the 

manufacturer's warranties as published in its literature. 

PART 2 - PRODUCTS 

2.1 GENERAL 

A. Wherever it is required, a single Manufacturer shall be responsible for the compatible and 

successful operation of the various components of any equipment unit. It shall be 

understood to mean that the supplier shall provide only such equipment as the designated 

manufacturer will certify is suitable for use with its equipment and with the further 

understanding that this in no way constitutes a waiver of any indicated requirements. 

B. Manufactured items provided under this Section shall be of current manufacture, and shall 

be the products of reputable manufacturers specializing in the manufacture of such 

products. 

C. Where two (2) or more units of the same type or size of equipment are required, all such 

units shall be produced by the same manufacturer. 

D. Chemical dosing equipment shall be skid mounted as indicated in the Construction 

Drawings. Skid components shall be provided as outlined in this Section. 

2.2 MATERIALS 

A. General: Materials employed in the equipment shall be suitable for the intended 

application; materials not specifically called for shall be high-grade, standard commercial 

quality, free from defects and imperfections that might affect the serviceability of the 

product for the purpose for which it is intended. 

B. Corrosion Resistance: Materials used in the construction of chemical feeding equipment 

shall be resistant to corrosive attacks from the chemicals. The following lists some of the 

suitable materials for the construction of the corresponding chemicals. Unless the 

manufacturer proposes more suitable materials, the list shall be adhered to: 

Chemical  Suitable Handling Material 

Sodium Hydroxide 316 Stainless Steel  

Hastelloy C (fair) 

Titanium (fair) 

PVC 

FRP (suitable grade) 

Saran 

Teflon 

Methanol 316 Stainless Steel 

PVC, CPVC 
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Chemical  Suitable Handling Material 

EPDM 

PTFE 

Nitrile (Buna N) 

Neoprene 

2.3 CHEMICAL DOSING SKID SYSTEM 

A. Refer to specific dosing pump specifications and construction drawings for more 

information. See Section 46 33 44 - Peristaltic Metering Pumps. 

B. Nameplate: Each piece of equipment shall be provided with a stainless-steel nameplate, 

indicating equipment characteristics, capacity, manufacturer, model number, and serial 

number. 

C. Equipment Supports: Chemical feeding equipment and piping shall be firmly anchored. 

Fabricated supports exposed to chemical spills shall be of FRP. All anchor bolts, nuts, and 

washers of such supports shall be of non-metallic type. The containment shall be self-

supporting and capable of being wall, shelf or floor mounted as indicated in the 

Construction Drawings. 

D. Piping: The sodium hydroxide dosing system shall be pre-plumbed with all piping, valves 

and fittings to provide a complete and operable system. Piping shall be sized appropriately 

based on demand. 

E. Skid Connections:  Skid shall be provided with the number of inlets and outlets as indicated 

in the Construction Drawings. Connections shall be union type. Seals may be EPDM, 

PTFA, nitrile, or neoprene for methanol dosing, and PTFE or nitrile for sodium hydroxide 

dosing. Provide a Y-type strainer near all inlet connections. 

F. Pump Connections: Shall be flexible, reinforced braided PVC tubing rated for 200 psi 

maximum continuous duty and terminated to half unions with stainless steel hose clamps. 

The tubing shall be NSF listed. 

G. Flow Indicator: Provide flow indicator for each pump. Indicator shall be clear PVC with a 

ball indicator and shall be securely mounted to the skid. 

H. Spill Containment:  shall be provided with a drain port to drain fluid. 

I. Valves: Provide isolation and check valves for each pump in the skid as indicated in the 

Construction Drawings. 

J. Pressure Relief: Provide pressure relief valves on the discharge of each pump discharge 

line. A relief line shall connect to the low-pressure side of the pump. Relief valve shall be 

adjustable at increments from 10 to 150 psi. 

K. Pressure Gauges: All chemical metering pumps, and other equipment, where shown, shall 

be equipped with pressure gauges with diaphragm seals in accordance with Division 40 

that the size of gauges on small metering pumps may be smaller than specified in the above 

section. 
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L. Safety Equipment: Where required by Code, all chemical unloading, storage, and feeding 

equipment shall be furnished with the necessary safety devices and warning signs, clearly 

visible. 

M. Calibration Columns: Provide Calibration Columns as indicated on the Contract Drawings. 

Each Calibration Column shall be an acrylic tube with PVC heads. The columns shall be 

calibrated for 30 second sampling periods and shall have the capacity as indicated by the 

manufacturer and shall have a maximum height of 30 inches. Each column shall be securely 

supported at both top and bottom. 

2.4 CHEMICAL STORAGE 

A. Chemical Tank Pipe Connection Expansion Joints: Provide a custom flexible connection 

for each chemical tank horizontal connection shown on the contract drawings. The flexible 

connection shall be manufactured by Harrington Plastics or equal. The flexible connection 

shall consist of all nonmetallic materials: polypropylene braided overwrap, convoluted 

PTFE liner, and PVDF flanges. The flexible connection shall be a minimum length of 6-

inches and shall allow for minimum horizontal and vertical deflection of 4%. 

B. Flexible Tubing: Provide a custom flexible connection with quick connects as shown on 

the contract drawings. The flexible connection shall be manufactured by Harrington 

Plastics or equal. The flexible connection shall consist of all 316 stainless steel: 

polypropylene braided overwrap, convoluted PTFE liner, and quick connects. The flexible 

connection shall be a minimum length of 3’-6” and shall allow for minimum horizontal 

and vertical deflection of 4%. 

2.5 TOOLS AND SPARE PARTS  

A. Tools: Special tools necessary for maintenance and repair of the equipment and one 

pressure grease gun for each type of grease required for the equipment shall be furnished 

as a part of the Work; such tools shall be suitably stored in metal tool boxes, and identified 

with the equipment number by means of stainless steel or solid plastic name tags attached 

to the box. 

B. Spare Parts: Furnish spare seals, and gaskets, as required by the feed equipment sections. 

PART 3 - EXECUTION 

3.1 INSTALLATION  

A. Chemical feeding equipment shall be installed in accordance with governing safety 

standards, the Shop Drawings, and as indicated. 

B. Test all chemical feed equipment in accordance with manufacturer recommendations prior 

to placing in service. 

END OF SECTION 46 30 00 
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SECTION 46 33 33 – LIQUID POLYMER BLENDING SYSTEMS 

PART 1 -  GENERAL 

1.1 WORK INCLUDED 

A. Contractor shall furnish all labor, materials, equipment and appurtenances required one (1) 

polymer blending unit (PBU) with a progressive cavity pump together with all drives, 

motors, pumps, valves, piping, supports, tanks, wiring, and controls for complete and 

operable systems, in accordance with the requirements of the Contract Documents.  

B. The polymer dilution and feed system shall be capable of effectively activating and fully 

blending with water a homogenous polymer solution ranging from 0.1% to 1% 

concentration of emulsion polymers with active contents up to 75%. 

C. The polymer blending unit shall be supplied by the Volute Dewatering press supplier.  

D. The requirements of Section 43 05 01 - Equipment General Provisions apply to this section. 

1.2 SUBMITTALS 

A. Submittals shall be in accordance with the requirements of Section 01 33 00 – Submittal 

Procedures. 

B. At a minimum, shop drawings shall include complete fabrication, assembly, foundation, 

and installation drawings, together with detailed specifications and data covering materials 

used, parts, devices, supports, and other accessories forming a part of the equipment. In 

addition, shop drawings shall include the following information: 

1. Polymer metering pump performance data showing head, capacity, horsepower 

demand, NPSH required, and pump efficiency.  

2. Assembly and installation drawings including shaft size, seal, coupling, bearings, 

anchor bolt plan, part nomenclature, material list, outline dimensions, and shipping 

weights. Assembly and installation drawings  

3. Elevation of proposed local control panel showing panel-mounted devices, details 

of enclosure type, single line diagram of power distribution, and current draw of 

panel, and list of all terminals required to receive inputs or to transmit outputs from 

the local control panel.  

4. Wiring diagram of field connections with identification of terminations between 

local control panels, junction terminal boxes, and equipment items. 

5. Complete electrical schematic diagram.  

C. The dilution water and post dilution water requirements shall be identified by the 

Manufacturer. 
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D. Owner’s Manual: Provide operation and maintenance manuals in accordance with Section 

01 78 23 – Operation and Maintenance Data.  

E. Spare Parts List: A spare parts list shall contain the required information for each pump 

section.  

1.3 QUALITY CONTROL 

A. Warranty: The polymer blending system shall be covered by a minimum One (1) YEAR 

conventional warranty. The mixing chamber shall be covered by a LIFETIME warranty 

covering the repair or replacement of the mixing chamber or any part of the mixing 

chamber which fails for any reason, excluding weather related or over-pressure failures. In 

addition, the mixing chamber shall be warranted against plugging for any reason. If 

plugging occurs the mixing chamber shall be repaired or replaced at no cost to the owner. 

Metering pumps, options and accessories shall be covered by a minimum conventional 

one-year warranty. The full warranty shall be valid regardless of whether potable or non-

potable dilution water having high solids content is used.  The start of the warranty is from 

the date of Substantial Completion. 

B. Manufacturer Qualifications: The polymer activation/feed system manufacturer shall have 

a record of at least ten installations during the previous 5 years.  

C. Pre-assemble and factory test system to ensure compliance with pressure and operational 

requirements. 

D. The approved system shall produce a completely homogenous polymer and water solution 

free of visible polymer agglomerations, or “fish-eyes”. 

PART 2 -  PRODUCTS 

2.1 GENERAL 

A. The polymer mix/feed units shall be integrated equipment packages to automatically meter, 

dilute, mix, activate, and feed liquid/emulsion polymer and water. Concentrated polymer 

and water shall be blended in a completely back-mixed environment with a minimum 3 

seconds of detention time at maximum throughput. Each unit shall include progressive 

cavity type polymer metering pumps, capable of pumping liquid or emulsion polymers 

with viscosities up to 75,000 cps. At no time shall the polymer be exposed to a rotating 

centrifugal pump impeller or other excessive shear.  

B. The system shall be designed for use with either potable or non-potable dilution water.  

Where non-potable water is to be provided, supplier shall identify all water quality 

requirements necessary to produce a satisfactory polymer/water solution. 

C. All components that require periodic maintenance shall be readily accessible. 

D. Each polymer mix/feed unit shall be sized according to the following design criteria: 

1. Neat Polymer Flow Rate: 0.05-1.0 gph 
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2. Dilution Water Flow Rate: 12-120 gph 

2.2 MATERIALS OF CONSTRUCTION  

A. The following material requirements will be strictly adhered to: 

1. System skid: 304 stainless steel 

2. Hardware: Type 18-8 stainless steel 

3. Inlet and Outlet fittings: 304 stainless steel 

4. Piping & pipe fittings: schedule 80 PVC 

5. Tubing and tube fittings: polyethylene, polypropylene, stainless steel and Viton 

6. Water solenoid valve: brass 

7. Pressure gauges: stainless steel, liquid filled 

8. Pressure switches: NEMA 4, brass connection 

9. Flow meter: acrylic, stainless steel, PVC and or polypropylene 

10. Water control valve: stainless steel with stainless steel seat 

11. Mixing chamber body / flanges: stainless steel  

12. Mixing chamber cover / chamber: clear polycarbonate 

13. Mixing Chamber Discharge: stainless steel 

14. Impeller: 304 stainless steel 

15. Impeller shaft seal: Viton, stainless steel, ceramic, carbon 

16. Mixing chamber pressure relief valve: stainless steel 

17. Metering pump wetted parts: stainless steel & Viton 

18. Metering Pump Shaft Seals: Viton, stainless steel ceramic, carbon  

19. Control enclosure: FRP 

2.3 POLYMER ACTIVATION & BLENDING CHAMBER: 

A. These specifications are based on a multi-stage, multi-zone, Hydro-Mechanical polymer 

activation & blending technology.  Alternate technologies will only be considered if proven 

to provide an equal level of performance, versatility, reliability and quality, otherwise the 

following technology will be provided without exception.  
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B. In order to provide control and versatility to optimize the performance of the wide range 

of polymers available and to optimize system reliability, a multi-stage Hydro-Mechanical 

polymer blending technology shall be provided with both a non-mechanical and 

mechanical mixing stage:  

1. Non-Mechanical Stage: To optimize reliability, the device shall be capable of 

activating and blending polymer based on plant water pressure alone at 30 psid or 

greater.  Polymer shall be injected directly into a water jet by means of an injection 

quill positioned such that the non-mechanical mixing energy is in no way 

diminished prior to polymer and water contact. The non-mechanical zone shall be 

designed such that the velocity of the mixing energy producing water jet is 

maintained or increases as flow decreases.  

2. Hydro-Mechanical mixing Stage: In order to provide optimal polymer 

performance under all operating conditions and to provide total control over 

mixing energy, in addition to the non-mechanical mixing stage the device shall be 

capable of producing its mixing energy independent of plant water pressure 

through a variable intensity, controllable stainless steel hydro-mechanical mixer. 

The mixing impeller shall be fully controllable and capable of inducing ultra high, 

non-damaging mixing energy at all flow rates. This shall be accomplished by 

controlling mixing intensity and preventing over exposure to, or damaging 

recirculation through the impeller.  The polymer mixing impeller shall be designed 

to produce both axial and radial flow to optimize mixing effectiveness and to 

effectively inducing high, non-damaging mixing energy over the systems full flow 

range.  

3. Mixers that rely solely on plant water pressure and or flow for mixing energy will 

not be acceptable.  Mixers where performance is affected by flow rate and therefore 

retention time resulting in under or over exposure to mixing energy, or which rely 

on constant speed impellers or that rely on close tolerances for blending shall not 

be acceptable.    

C. In order to prevent polymer build-up, the mixing chamber shall maintain high velocity in 

the entire chamber - at no time shall there be low velocity within any portion of the mixing 

chamber.  

D. The mixing impeller shall be controlled by a VFD motor controller and driven by a wash-

down duty motor.  The motor shall be mounted horizontally or above the mixing chamber.  

Motors mounted under the mixing chamber where seal failure or leaks can damage the 

motor shall not be acceptable. 

E. The mixer drive shaft shall be sealed by a mechanical seal which shall have an integrally 

mounted and factory plumbed seal flush. A drain hole behind the seal shall be provided in 

the mixing chamber to drain the polymer solution in case of a seal failure.  The seal shall 

be easily accessible for replacement. Systems without a seal flushing system shall not be 

considered. Systems with holes in the mixing impeller to “pull” polymer away from the 

seal shall not be acceptable or used, as this feature fails to prevent polymer from coating 

the shaft seal face. All bearings shall be external from the mixing chamber.  Internal 

bearings shall not be acceptable.   
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F. Both mechanical and non-mechanical mixing zones shall be clear polycarbonate to view 

the mixing action and blending effectiveness.  Acrylic chambers prone to becoming brittle 

over time and cracking, or opaque pipe shall not be acceptable to meet this requirement.  

The clear cover shall have a stainless steel reinforced gusseted flange with a stainless steel 

discharge connection in order to handle maximum operating pressures.   

G. The mixing chamber shall have a maximum rated pressure of 100 psi.  Provide a pressure 

relief on the mixing chamber factory set at 75 psi.   

H. Provide a neat polymer check valve specifically designed to isolate neat polymer from 

dilution water.  The valve shall be designed with an open, unobstructed path to the valve 

seat. To minimize check valve plugging due to normally occurring polymer 

agglomerations, the minimum open area up to and including the valve seat shall be 3/16” 

without exception.  The valve body shall be constructed of Teflon with Viton seals. The 

valve poppet and spring shall be stainless steel.  The spring shall be outside of the polymer 

flow path to prevent build-up and plugging. The locking pin used to hold the valve in place 

shall be attached to the mixing chamber with a lanyard. The valve shall be readily 

accessible for cleaning and shall not require tools for removal, cleaning or replacement. 

Conventional check valves, valves that rely on ball seals, and or check valves that are 

installed inside the mixing chamber, or which require mixing chamber disassembly for 

servicing will not be accepted. 

2.4 DILUTION WATER ASSEMBLY: 

A. The dilution water flow rate shall be monitored by a Rotameter flow meter having the range 

as specified under paragraph 1.02 above.  Unions or flanges shall be provided on the flow 

meter to allow easy removal for cleaning. 

B. The unit shall have an electric solenoid valve for on/off control of total dilution water flow. 

C. A differential pressure type low water differential pressure alarm shall be provided.  The 

switch shall be adjustable between 9 and 60 psid.  Static working pressure, 500 psi. The 

pressure switch shall be as manufactured by Ashcroft.    

D. Provide a 2-1/2” stainless steel liquid filled pressure gauge to monitor dilution water inlet 

pressure. 

2.5 PROGRESSIVE CAVITY NEAT POLYMER METERING PUMP 

A. The unit shall have one (1) neat polymer metering pump(s) integrally mounted on the 

systems skid.  The metering pump(s) shall have a range as specified under paragraph 1.02 

above.  The pump shall be a positive displacement type constructed of stainless steel and 

Viton. The shaft seal shall be an adjustable packing type.  Mechanical seals shall not be 

used. A 240/480 VAC wash-down duty motor shall drive the pump.  A gear reducer shall 

be provided to produce a maximum pump shaft speed of not more than 545 RPM. The 

motor shall be controlled by a VFD motor controller located in the system control panel. 
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B. Provide a calibration column with two full port PVC ball valves having Viton o-rings.  The 

column shall be calibrated for a one minute draw-down at maximum pump rate and read 

in GPH and milliliters.  The calibration column shall be rigidly mounted to the systems 

frame with a minimum of two heavy duty brackets.  Mounting the calibration to the neat 

polymer inlet piping shall not be acceptable.  Provide a breather plug in the top of the 

calibration column designed to allow adequate displacement of air during calibration while 

preventing water or other foreign material from entering the calibration column. 

C. Provide a pressure relief valve on the discharge of the metering pump, adjustable between 

25 and 100 psi.  The valve shall be factory plumbed to the suction of the pump.  The valve 

shall have a stainless steel or PVC body with stainless steel, Viton and Teflon internals.  

Brass pressure relief valves shall not be acceptable. 

2.6 SOLUTION DISCHARGE ASSEMBLY: 

A. Provide a 2-1/2” stainless steel liquid filled pressure gauge to monitor system discharge 

pressure. 

2.7 CONTROLS: 

A. Junction Box integral to the systems frame shall be provided.  The enclosure shall be rated 

NEMA 4X and constructed of FRP. The control panel and all components shall be 

industrial duty. All skid mounted electrical components interconnected to the control panel 

shall terminate at numbered and labeled terminal blocks. The terminal blocks shall be sized 

for 14 ga. wire. Wires shall be neatly run through wire race-way and numbered with shrink 

tubing type labels. Adhesive labels shall not be used. The junction box shall be positioned 

such that there are no obstructions in front of the junction box per related NFPA 

requirements. 

B. Junction Box Features: 

1. NEMA 4X FRP junction box  

2. Numbered terminal block  

3. Terminal block legend 

4. Numbered wires 

5. Connections for: 

a. Dilution water solenoid valve 

b. Motor (230/480 AC mechanical mixing chamber) 

c. Motor (230/480 AC motor for progressive cavity pump) 

d. Differential pressure switch (loss of water pressure) 

e. Loss of polymer flow (low polymer flow) 

f. Ground terminals 
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2.8 SYSTEM SKID: 

A. The system's frame shall be of rugged 304 stainless steel construction.  No mild steel shall 

be used.  All piping shall be rigidly supported. 

B. Under no circumstance shall the pump suction exceed 5” from the bottom of the skid for 

progressive cavity pumps. 

C. The skid shall have an integral stainless steel drip pan located under the neat polymer 

metering pump.  Provide one dozen absorbent pads designed for oil and sized to fit within 

the drip pan.  

D. The overall system footprint shall not exceed 40”W x 24”D X 42”H. 

2.9 SPARE PARTS  

A. All polymer mix/feed pumps shall be furnished with the following spare parts: 

1. One (1) progressive cavity pump shaft seal. 

2. One (1) banding clamp tool for replacement of the progressive cavity metering 

pump pin joint banding clamps. 

3. One (1) neat polymer check valve, complete. 

2.10 MANUFACTURERS, OR EQUAL:  

A. Velodyne 

B. Engineer Approved Equal 

PART 3 -  EXECUTION 

3.1 INSTALLATION 

A. The polymer mix/feed pumps shall be installed in accordance with approved procedures 

submitted with the shop drawings and per Screw Press Manufacturer’s written instructions, 

unless otherwise approved. 

3.2 SERVICES OF MANUFACTURER  

A. Inspection, Startup, and Field Adjustment: An authorized service representative of the 

Screw Press and/or Polymer Mix Manufacturer shall visit the site for one day to witness 

the following and to certify in writing that the equipment and controls have been properly 

installed, aligned, lubricated, adjusted, and readied for operation:  

1. Installation of the equipment 

2. Inspection, checking, and adjusting the equipment 

3. Startup and field-testing for proper operation  
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4. Performing field adjustments to ensure that the equipment installation and 

operation comply with the specified requirements.  

B. Field Services:  

1. All field services required for start-up, optimization, and training will be included 

with start-up of the Volute Dewatering Press. 

C. For the purposes of this paragraph, a workday is defined as an eight-hour period, excluding 

travel time.  

END OF SECTION 46 33 33 
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SECTION 46 33 44 - PERISTALTIC METERING PUMPS 

PART 1 - GENERAL 

1.1 WORK INCLUDED  

A. The Contractor shall assemble and install chemical peristaltic metering pumps, pump skids, 

and appurtenances, complete and operable, in accordance with the Contract Documents. 

B. Methanol Dosing Pumps: 

1. Three methanol dosing pumps to be supplied. 

2. Methanol dosing pumps shall be positive displacement peristaltic type complete 

with spring-loaded pumphead, integral variable-speed gearmotor, and flexible 

extruded tube. 

3. The methanol dosing pumps shall be dry self-priming, capable of being run dry 

without damaging effects to pump or tube and shall have a maximum suction lift 

capability of up to 30' vertical water column. Maximum pressure rating: 30 psi. 

4. Pumps shall be capable of pumping both liquids and gases without vapor locking 

5. The methanol pumps shall use no check valves or diaphragms and shall require no 

dynamic seals in contact with the process fluid.  Process fluid shall be contained 

within pump tubing and shall not directly contact any rotary or metallic 

components. Upon failure, the process fluid shall be completely contained within 

the pump head to prevent hazardous exposure to operators. Manufacturers that do 

not offer a completely contained pump head are not acceptable. 

6. Methanol pumps to be the manufacturer’s standard product. Manufacturer of 

tubing pumps must have at least ten operating installations in the United States 

over a period of at least five years in the same service and size as specified. Pumps 

must be manufactured under ISO 90001-2000. 

C. Caustic Soda Dosing Pumps: 

1. Three caustic soda pumps to be supplied. 

2. The caustic soda dosing pumps shall be positive displacement type with peristaltic 

pumphead technology or Conveying Wave Technology (CWT) cartridge-style 

pumphead, consisting of an eccentrically driven rotor which occludes a membrane 

against a track and self-contained variable speed drive. 

3. The caustic soda dosing pumps shall be capable of pumping at 100 psi 

continuously and up to 145 psi intermittently. 

4. Pumps shall be capable of pumping both liquids and gases without vapor locking 
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5. The caustic soda pumps shall not require the use of back pressure valves, suction 

foot valves, strainers, pulsation dampeners, or auto degassing valves and shall not 

require dynamic seals in contact with the pumped fluid.  Process fluid shall be 

contained within pump tubing and shall not directly contact any rotary or metallic 

components during operation. Upon failure, the process fluid shall be completely 

contained within the pump head to prevent hazardous exposure to 

operators.  Manufacturer’s that do not offer a completely contained pump head are 

not acceptable. 

6. Caustic soda pumps to be the manufacturer’s standard product. Manufacturer of 

tubing and pumps must have at least ten operating installations in the United States 

over a period of at least five years in the same service and size as specified. Pumps 

must be manufactured under ISO 90001-2000, 

1.2 SUBMITTALS 

A. Submit certifications and testing consistent with Section 01 33 00 – Submittal Procedures 

and Section 43 05 01 – Equipment General Provisions. 

B. At a minimum, shop drawings shall include complete fabrication, assembly, foundation, 

and installation drawings, together with detailed specifications and data covering materials 

used, parts, devices, supports and other accessories forming a part of the equipment.  In 

addition, shop drawings shall include the following information: 

1. Pump name, identification number, and specification section number. 

2. Performance data curves showing head, capacity, horsepower demand, NPSH 

required, and pump efficiency over the entire operating range of the pump. 

3. Assembly and installation drawings including shaft size, seal, coupling, bearings, 

anchor bolt plan, part nomenclature, material list, outline dimensions, and shipping 

weights. 

4. Elevation of proposed local control panel showing panel-mounted devices, details 

of enclosure type, single line diagram of power distribution, and current draw of 

panel, and list of all terminals required to receive inputs or to transmit outputs from 

the local control panel. 

5. Wiring diagram of field connections with identification of terminations between 

local control panels, junction terminal boxes, and equipment items. 

6. Complete electrical schematic diagram. 

C. Technical Manual: The Technical Manual shall contain the required information for each 

pump section as specified in Section 01 33 00 – Submittal Procedures. 

D. Spare Parts List: A spare parts list shall contain the required information for each pump 

section. 
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1.3 QUALITY CONTROL 

A. Factory Test Data: Signed, dated, and certified factory test data for each pump system 

which requires factory testing, submitted before shipment of equipment. 

B. Pump shall be 24-hour continuous duty rated. 

C. Manufacturer's Experience: The chemical feeding equipment shall be the product of a 

manufacturer who has designed and manufactured similar equipment and has a record of 

at least 5 years of successful operation of this type of process. The Supplier may be required 

to submit evidence to this effect together with a representative list of installations. The 

pump manufacturer shall maintain a permanent, local service department and a spare parts 

department. 

D. Pumps shall be manufactured in compliance with ISO 9001-2008 standards and meet CE 

and applicable electrical standards. 

E. To ensure proper function and quality, pumphead, tubing, and drive shall be manufactured 

by the same company. Tubing purchased by the pump manufacturer from a third party is 

not acceptable. 

1.4 WARRANTY 

A. A written manufacturer warranty shall be provided.  The warranty shall be for a minimum 

period of three (3) years from the date of Substantial Completion. The manufacturer shall 

provide parts to replace all defects of materials or workmanship in the equipment during 

the warranty period. 

PART 2 - PRODUCTS 

2.1 GENERAL  

A. The pumps shall be positive displacement type complete with self-contained variable speed 

drive as specified. Pumps shall be self-priming and shall have a maximum suction lift of 

up to 30 feet vertical water column. 

B. Pump Schedule: 
 

Chemical 
Equipment 

Number 

Feed Range 

(gph) 

Continuous Operating 

Pressure (psi) 

Methanol (100%) PMP-

C161X2 

0.7-7.4 30 

Sodium Hydroxide (35%) PMP-

C261X1 

0-31.7 100 

X = 1,2,3    

2.2 OPERATING CONDITIONS 

A. The work of this section shall be suitable for long-term operation under the conditions 

listed in the table below: 
 

Equipment Number PMP-C161X2* PMP-C261X1* 

Chemical Methanol (100%) Sodium Hydroxide (25%) 
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Ambient Environment Outdoors Outdoors 

Ambient Temperature. (deg 

F) 

32 to 90 32 to 90 

Ambient Relative Humidity, 

(%) 

20 to 100 20 to 100 

Fluid Temperature, (deg F) 35 to 60 35 to 60 

Fluid pH Range N/A 12 - 14 

Specific Gravity 0.795 @ 68 Deg F 1.27 

Project Elevation, (ft) 860 860 

Minimum Suction Lift, (ft) 4 4 

* X = 1, 2, or 3 (Three pumps Total) 

2.3 PERFORMANCE REQUIREMENTS 

A. The pumps specified in this section shall satisfy the performance requirements listed in the 

table below:  

 

Chemical Methanol 

Duty Continuous 

Drive Variable 

Pump Head 
Closed Coupled Peristaltic Std. pump head 

for max performance 

Continuous Operating Pressure (psi) 100 

Tubing Material Marprene 

  

  

Chemical Sodium Hydroxide 

Duty Continuous 

Drive Variable 

Pump Head 
Peristaltic Std. pump head for max 

performance 

Continuous Operating Pressure (psi) 30 

Tubing Material Santoprene 
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2.4 CONSTRUCTION  

A. For both methanol and caustic soda dosing pumps, all wetted parts to be compatible with 

chemical being used. 

B. Methanol pumps shall consist of the following: 

1. Pumphead shall consist of a fixed track, a hinged guard door, two spring-loaded tube 

clamp mechanisms, and spring-loaded roller rotor assembly.  Pump tubing shall be in 

contact with the inside diameter of the track through an angle of 180 degrees and be 

held in place on the suction and discharge by a spring loaded self-adjusting clamp 

mechanism.  At all times, one roller shall be fully engaged with the tubing providing 

complete compression and preventing back flow or siphoning.  Tube occlusion and 

spring tension shall be factory set to accommodate 2.4mm wall thickness tubing and 

shall not require adjustment for accommodating tubing of 1.6mm to 9.6mm ID.   

a. Pumphead Assembly 

1) Pump Track Geometry must have a minimum 96.6mm swept diameter 

through a minimum track angle of 180 degrees  

2) When closed, pump door shall seal against the pump track for leak 

containment. 

3) Provide high corrosion/impact materials as specified 

a) Track Construction: polyphenylene sulfide (PPS) 

b) Guard Construction: hinged impact-resistant polycarbonate 

breakaway guard, tool un-lockable for operator safety. 

c) Rotor Construction: polyphenylene sulfide (PPS) 

b. Tube Retention 

1) Pump shall be supplied with LoadSure tubing element with molded 

fittings, which shall be self-locating when fitted into the pumphead. 

c. Rotor Assembly  

1) Provide rotor assembly that ensures gradual tube occlusion and 

compensates for tube tolerance: 

a) Twin spring-loaded roller arms located 180 degrees apart, each 

fitted with stainless steel helical springs and compressing roller for 

occlusion of the tube twice per rotor revolution  

1) Compressing Rollers:  316SS with low friction stainless steel 

bearings and PTFE seals, minimum diameter of 18mm 

       b)  Provide non-compressing guide rollers constructed of corrosion  

  resistant Nylatron 

2) Clutch: Equip rotor with a central handgrip hub and manually activated 

clutch to disengage the rotor from the drive for manual rotor rotation 

during tube loading.  Clutch shall automatically reengage rotor to gearbox 

upon one complete revolution. 

3) Mounting:   To prevent slip, the rotor assembly shall be axially secured to 

the dogged output shaft of the gearmotor via a slotted collet and central 

retaining screw.   

4) Pumpheads requiring disassembly or special tools for tube changing are not 

acceptable. 

2. Tubing shall be supplied with LoadSure tubing element with molded fittings, which 

shall be self-locating when fitted into the pumphead.  Pumphead shall accept tubing 

sizes 1.6mm, 3.2mm, 4.8mm, 6.4mm, 8.0mm and 9.6mm with 2.4mm wall thickness 

and materials including, Marprene, Bioprene, Silicone, Sta-Pure & Chem-Sure.  Pumps 
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that require tools for adjustment or changing pumpheads to accept different tubing 

materials or sizes are not acceptable. 

3. Molded Fittings:  Quick connect type integral to tubing element that seals leak tight to 

pumphead. 

4. Pump tubing shall be constructed of Marprene II, a thermoplastic elastomer with 64 

Shore A durometer and minimum 2.4mm wall thickness.  If required for chemical 

compatibility, pump manufacturer shall recommend an alternate tubing material. 

5. Supply One (1) meter of reinforced transparent PVC flexible hose for connection of the 

pump to suction and discharge process lines.  Flexible hose shall have quick connect 

ends for mounting to pump and process piping. 

6. The gearmotor shall consist of the gearing and motor as a single configured unit with 

UL listing. Gearing shall be double reduction helical in-line design with a housing 

constructed of SAE Class 30 cast iron and fitted with a Viton seal. Gearbox output 

shaft and face shall accept the direct coupling of the peristaltic pumphead.  Gearing 

shall be manufactured to AGMA Class 10 requirements with an overall rating of 

AGMA Class II under continuous operation and a minimum efficiency of 95%.  

Integral speed motor shall include a 4-pole TEFC motor construction, Design B with 

Class F insulation, and 40 deg C ambient rating.  Motor shall have an ingress protection 

rating of NEMA 4X. 

7. Variable Speed Drive - Variable speed controller shall incorporate PWM type AC 

variable speed circuitry and shall be preprogrammed for optimum performance with a 

peristaltic pump. 

8. Mounting: Drive shall be mounted to epoxy-coated aluminum baseplate. 

9. Paint: Pumphead shall be paint free.  Gearmotor shall be painted with epoxy corrosion 

resistant finish. 

C. Caustic soda pumps shall consist of the following: 

1. Pumphead 

a. Technology: Provide tool-free ReNu cartridge-style peristaltic pumphead 

technology. For operator safety, pumphead shall be serviceable as a single 

replaceable component.   Pumps that require an operator to open the 

pumphead for tube replacement, cleaning, or rebuilding or that require tools 

for maintenance are unacceptable. 

b. Max rating: Qdos 20, with SEBS pumphead – 5.3 GPH at 55 rpm and 100 psi      

                          of discharge pressure  

7.93 GPH at 125 rpm and 100 psi of discharge pressure.  

c. Housing construction: corrosion resistant and high impact resistant glass 

filled PPS or PPE/PS. 

d. Geometry: Pumphead shall consist of sealed track housing with in-line 

porting. Suction and discharge ports shall be 180 degrees apart with 

bottom suction and top discharge. 

e. Rotor: Pumphead rotor shall be constructed of glass filled Nylon, sealed 

within the track housing, and supported by its own bearings. Peristaltic 

occlusion level shall be factory set to ensure flow accuracy of +/- 1% and 

repeatability performance of +/- 0.5% and shall not require any field 

adjustment. 

f. Leak containment/detection:  In the event of peristaltic element failure, the 

leak sensor shall shut the pump down immediately with all process fluid 

contained within the sealed pumphead. 

g. Sensor type: Utilize non-contacting optical sensor.   Sensor shall not come 
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in contact with the process fluid, shall contain no moving parts, shall not 

depend on the capacitance of the process fluid, shall not require fluid to 

leak out of the pump housing for engagement, nor shall require any 

sensitivity or calibration adjustment. 

h. Alarm: Sensor shall shut down the pump, give a visual indication on the 

drive controller, and if specified shall provide an output general alarm 

signal. 

i. For operator and environmental safety, pumps which do not have leak 

containment, leak sensor, and shutdown are not acceptable.  For additional 

overpressure safety, sealed pumphead shall have a controlled drain-to-waste 

port. 

2.  Port connections: Pumphead shall utilize polypropylene compression fittings     

  which shall mate to 10mm ID reinforced, transparent PVC interface hose. Provide 

polypropylene compression by ½” NPT adaptors for connecting interface hose to 

process line. 

 

 

2.5 ACCESSORIES 

A. Accessories shall be provided as outlined in Section 46 30 00 - Chemical Feed Equipment, 

General. 

2.6 SPARE PARTS  

A. Provide manufacturer’s recommended spare parts, including at a minimum: 

1. A complete set of extra compression fittings shall be furnished with each pump. 

2. One (1) replacement tube for each pump. 

3. One spare pumphead for each pump skid. 

2.7 PUMP DRIVE  

A. Mounting: Where motors or starters are an integral part of the pump, components shall be 

self-supporting and not require anchoring.   

B. Each pump shall be provided with the following drives: 

 

Rating Continuous 24-hour operation, 110oF maximum ambient temperature 

Supply 120V 60 Hz; 1-Phase  

Enclosure NEMA 4X 
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Housing 

Impact resistant engineering plastic, 20% glass filled PPE/PS. 

Polyester powder-coated aluminum is acceptable for the pump 

housing. 

Drive Motor 

Direct coupled pumphead with fully protected drive. Brushless DC 

motor with integral gearbox and closed loop tachometer feedback.  

Motor shall include overload protection. 

2.8 PUMP CONTROLS  

A. Operator membrane keypad: 

1. Increase/Decrease Speed 

2. Start/Stop 

3. Auto/Manual selector 

4. Programmable keypad disabled to prevent changes from incidental contact. 

5. Programmable automatic restarting for resumed pumping after recovery from 

power interruption. 

6. LED display of RPM 

B. Remote Features: 

1. Analog input of 4-20 mA for speed control in Auto mode.  Signal response may 

be scaled over any part of the drive speed range. Contractor to ensure analog 

signals being sent to the pump for automatic speed control from other devices are 

isolated signals.  An analog input of 4-20 mA is acceptable for speed control. 

2. The SCADA system will provide run and speed signals to the chemical dosing 

pumps based on flow meter signals from the  influent pump station or according 

to operator dosing inputs for caustic soda dosing. 

3. For methanol dosing, the SCADA system will provide run and speed signals based 

on flow meter signals, nitrate levels, and dissolved oxygen levels measured in the 

secondary effluent line, or according to operator dosing inputs. 

4. Dry contact closure input for remote start/stop - functional in both the Auto and 

Manual modes. 

5. Discrete output for running indication and alarm faulting. 

6. Analog output of 4-20 mA to provide pump speed for use by SCADA to calculate 

flow in gph. 

2.9 MANUFACTURERS OR EQUAL 

A. Watson-Marlow 

B. Equal must be pre-approved during bidding process. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Chemical feed systems shall be installed in accordance with accepted procedures submitted 

with the shop drawings and as indicated on the drawings, unless otherwise accepted.  

3.2 FIELD QUALITY CONTROL 

A. Manufacturer shall employ and pay for services of their field service representative(s) to: 

1. Inspect equipment covered by these Specifications. 

2. Supervise pre-start adjustments and installation checks. 

3. Conduct initial startup of equipment and perform operational checks. 

4. Provide a written statement certifying that manufacturer's equipment has been 

installed properly, started up and is ready for operation. 

B. Instruct Owner personnel for 8 hours at the job site per Section 01 78 23 – Operation and 

Maintenance Data.  Contractor shall video training and provide a copy on thumb drive to 

Owner. 

END OF SECTION 46 33 44 
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SECTION 46 66 56 – OPEN-CHANNEL LP/HI UV TREATMENT EQUIPMENT  

PART 1 - GENERAL  

1.1 WORK INCLUDED 

A. Vendor shall furnish an open channel, gravity flow, low-pressure high intensity ultraviolet 

(UV) disinfection system complete with an automatic mechanical/chemical cleaning 

system and variable output electronic ballasts. The UV system to be complete and 

operational with all control equipment and accessories as shown and specified herein. The 

system shall be furnished complete with UV banks, system control center, electrical 

cabinets housing the electronic ballasts, power distribution, and system controls, UV 

detection system, support rack(s), level controller(s), automatic wiping system, spare parts, 

and associated instrumentation. 

B. The system described herein shall be capable of disinfecting effluent to meet the water 

quality standards listed in this Section. 

1.2 REFERENCE STANDARDS 

A. Products and their installation shall be in accordance with the following trade standards 

and recommended practices as applicable: 

1. National Water Research Institute  Ultraviolet Disinfection Guidelines for 

Drinking Water and Water Reuse (2012) 

2. EPA 815-D-03-007  Ultraviolet Disinfection Guidance 

Manual, United States Environmental 

Protection Agency 

3. EPA 625/1-86/021 EPA Design Manual Municipal 

Wastewater Disinfection 

4. NSF/ANSI 55  2002 NSF International Standard, 

American National Standard for 

Drinking Water Treatment Units - 

Ultraviolet Biological Water Treatment 

Systems, NSF International 

5. ONORMm5873.1e  Plants for the Disinfection of the Water 

using Ultraviolet Radiation, 

Requirements and Testing, Low 

Pressure Mercury Lamp Plants, 

ONORM  

6. ANSI C62-41 (IEEE 587)  Transient Protection 

7. ANSI/NFPA 70    National Electric Code 
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8. ANSI C78.1    Lamp Starting 

9. ANSI C82.1    Lamp Starting 

10. UL 935     Standard for Fluorescent-Lamp Ballasts  

1.3 SUBMITTALS 

A. Submittals shall be in accordance with the requirements of Section 01 33 00 – Submittal 

Procedures. 

1. The Contractor shall submit a copy of the equipment specification section with all 

addenda and all referenced specification sections.  Each paragraph shall be check-

marked to indicate specification compliance or marked to indicate deviations from 

the specification requirements.  Check marks shall indicate complete compliance 

with the paragraph requirements.  The manufacturer shall prepare a detailed 

justification for each deviation. Failure to include the required specification 

sections and justification for deviations will indicate non-compliance and shall be 

rejected without further consideration. 

2. Provide complete description in sufficient detail to permit an item comparison with 

the specification.  Submittal shall include descriptive information including 

catalog cuts, shop drawings, manufacturer’s specifications for all major 

components, and weight of each bank. 

3. The UV Manufacturer shall submit: 

a. Bioassay Validation Report for the proposed system as per paragraph 2.4. 

b. SCADA detailed tag list for all of the points outlined in Section 40 61 96 

- Control Strategies including functionality of each point.  The intent of 

this submission is to provide the SCADA integrator information for 

integrating the UV system into the SCADA system. 

4. Provide overall layout dimensions, required clearances and general description of 

the equipment, including location of electrical equipment, control panels and other 

auxiliary equipment.  Disinfection system must fit in the structure as shown on the 

drawings. 

5. Provide electrical single line diagrams, schematics diagrams, interconnection 

diagrams, and internal wiring diagrams of UV System.  Include operating 

characteristics of all electrical and control equipment including power 

consumption, operating voltage and amperage tolerances, and ancillary electrical 

services required. 

6. Provide hydraulic calculations demonstrating the hydraulic characteristics for plug 

flow, dispersion, and retention time for each of the design conditions specified, 

and system headlosses. 

7. Provide complete data on materials to be used for fabrication. 
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8. Provide disinfection performance guarantee and warranty letters. 

B. Submit Operation and Maintenance Manuals in accordance with Section 01 78 23 – 

Operation and Maintenance Data. 

1.4 QUALITY ASSURANCE 

A. Guarantee: The UV manufacturer must provide a written guarantee that the installed 

ultraviolet system will produce an effluent that meets the bacteriological requirements of 

this specification, based on the specified wastewater quality entering the UV process if 

maintained and operated in accordance with the manufacturer’s recommendations. 

B. Qualification of Manufacturer: Supply products that are produced by a manufacturer who 

is regularly engaged in the manufacture of open channel low-pressure high output UV 

disinfection for a minimum period of ten (10) years, and with a history of at least fifty (50) 

successful UV municipal wastewater treatment installations of similar size and type to be 

provided. 

C. Independent certification of fouling factor and lamp aging factor must be submitted if 

values other than the specified default values are being proposed. 

D. Documentation of UV manufacturer's service capabilities including location and 

experience. 

E. Warranty: The Manufacturer shall execute and deliver to the Owner all manufacturers’ 

warranties applicable to the equipment or any part thereof. 

1. The equipment shall be guaranteed against defects in material and workmanship 

for a period of two (2) years, and ballasts to be warranted for five (5) years from 

the date of Substantial Completion.   

2. The UV lamps shall be warranted against lamp failure for a minimum of 

12,000 operating hours.  Lamp failure is a total loss of light output from the lamp.   

3. In case of premature lamp failure, the UV manufacturer shall offer the following: 

a. Lamp failure before 9,000 hours - send a replacement lamp free of charge 

b. Lamp failure after 9,000 hours - issue a credit proportional to the hours 

not used 

4. The UV manufacturer shall ensure disposal of returned lamps (old/used) at no cost 

to the Owner upon receipt of the returned lamps at the manufacturing headquarters. 

Shipping costs shall be borne by the Owner. 

5. Ballasts/Lamp Drivers shall be warranted for 5 years, prorated after 1 year.   

6. UV intensity sensors shall be warranted for 5 years without prorating. 
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PART 2 - PRODUCTS 

2.1 GENERAL  

A. The UV disinfection unit shall deliver the minimum UV inactivation dose at maximum 

flow capacity, minimum operating temperature, and the minimum design UV 

transmittance, with lamp output adjusted to account for the combined lamp degradation 

factor to simulate the end of lamp life condition. 

B. The end of lamp life is based on a lamp aging factor either determined from independent 

testing following NWRI guidelines and guaranteed by the UV manufacturer or the 

minimum lamp aging factor of 50%.  Regardless of test results provided, the lamp aging 

factor shall not exceed 0.85.  The minimum end of lamp life is of the nominal lamp output, 

which is defined as the full power amp output after 100 hours of lamp operation. 

C. The UV disinfection system fouling factor shall be a factor determined from independent 

testing in accordance to the NWRI guidelines and guaranteed by the UV Manufacturer.  

Regardless of independent test results provided, this factor shall not exceed 0.9. 

D. If no independent third-party testing has been conducted, the default factors as described 

in the NWRI guidelines must be used:  Aging Factor = 0.50, Fouling Factor = 0.80. 

E. The system shall be able to continue providing disinfection while replacing UV lamps, 

quartz sleeves, ballasts and while cleaning the UV lamp sleeves. 

F. The UV disinfection system supplied shall be UL-listed, or equivalent label and listed. 

2.2 DESIGN CRITERIA 

A. The UV Manufacturer shall provide equipment which shall disinfect a tertiary wastewater 

effluent with the following characteristics:  

No. Item Unit Value 

1 Peak Flow MGD 0.682 

2 Minimum Flow MGD 0.10 

3 Total Suspended Solids, Average mg/L 5 

4 pH  6.5 – 9.0 

5 Water Temperature Deg C 8.0 – 25.4 

B. Disinfection Requirements:  The UV disinfection system shall provide an effluent with no 

greater than the following fecal coliform count levels with one bank out of service: 

No. Item Unit Value 

1 Maximum for any one sample* per 100 

ml 

< 23 

Effluent standards shall be guaranteed regardless of influent count to UV system. 

*4 of 7 non-detect of consecutive daily effluent grab samples 
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C. Provide a UV system that satisfies the following system requirements: 

No. Item Unit Value 

1 Min. Ultraviolet Transmittance at 254 nm % 65 

2 Minimum Dose at Peak Disinfection 

Flow and End of Lamp Life 

mJ/ cm2 100 

3 Maximum Headloss at Peak Disinfection 

Flow 

inches 0.35 

5 Available Electrical Service  480V, Three 

Phase 

D. Redundancy shall be included in the design, such that a bank can be taken offline while the 

remaining banks are sufficient to deliver the required dose. 

E. Dosage Requirements: The UV disinfection system will provide the listed dosage at peak 

flow with one unit out of service at end of lamp life after reductions for UV sleeve fouling. 

2.3 SYSTEM CONFIGURATION 

A. The UV structure will be built to accommodate the UV equipment as shown on the 

drawings. The UV system shall be designed for complete indoor installation and shall 

conform to the following configuration: 

1. Total number of channels:    1  

2. Overall channel length:     See Drawings 

3. Channel width:      See Drawings 

4. Channel depth:      See Drawings 

5. Nominal water depth in channel:   See Drawings 

2.4 PERFORMANCE REQUIREMENTS 

A. The UV disinfection system will produce an effluent conforming to the microbiological 

discharge limit as specified in this Specification.   Grab samples will be taken in accordance 

with the Microbiology Sampling Techniques found in Standard Methods for the 

Examination of Water and Wastewater, (latest edition). 

B. Design the UV system to deliver a minimum MS2 RED 100 mJ/cm2 at peak flow, in 

effluent with a UV Transmission of 65% at end of lamp life (EOLL) after reductions for 

quartz sleeve fouling.  The basis for evaluating the RED will be the independent third-party 

bioassay, without exception. Bioassay validation methodology to follow applicable 

protocols described in 2006 USEPA UVDGM. 
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C. The RED will be adjusted using the aging factor listed in 2.1 to compensate for lamp output 

reduction over the time period corresponding to the manufacturer’s lamp warranty. The 

use of a higher lamp aging factor will be considered only upon review and approval of 

independent third party verified data that has been collected and analysed in accordance 

with protocols described in the NWRI Ultraviolet Disinfection Guidelines for Drinking 

Water and Water Reuse (May 2012) but shall not exceed the maximum lamp life factor 

specified in section 2.1. 

D. The RED will be adjusted using the quartz sleeve fouling factor listed in 2.1 to compensate 

for quartz sleeve transmission reduction due to wastewater effluent fouling.  The use of a 

higher quartz sleeve fouling factor will be considered only upon review and approval of 

independently verified data that has been collected and analysed in accordance with 

protocols described in the NWRI Ultraviolet Disinfection Guidelines for Drinking Water 

and Water Reuse (May 2012) but shall not exceed the maximum fouling factor specified 

in section 2.1. The data recorded for the determination of the validated fouling factor must 

be obtained by testing in secondary wastewater effluent utilizing the same lamp, quartz 

sleeve and cleaning system proposed by the UV Manufacturer. 

E. Independent validation for use of higher factors (lamp aging and sleeve fouling) must be 

submitted to the Engineer for consideration a minimum of fifteen (15) days prior to bid. 

The independent validation shall have oversight by a qualified registered professional 

engineer with knowledge and experience in testing and evaluation of UV systems as 

defined in the EPA UVDGM (Appendix C, Section C.3.3)  

F. At a minimum the following parameters shall have been considered during validation 

testing: 

1. UVT 

2. Measured UV intensity 

3. Flow rate per lamp 

4. Power consumption 

5. UV sensitivity of challenge organism 

6. Head loss across UV banks 

G. Validation testing that does not utilize all of the above parameters is considered inadequate 

as it does not allow for appropriate system sizing.  Bids based on inadequate validation 

testing shall not be considered.  To be acceptable, UV sensor data must be collected during 

the biodosimetry validation testing. 

H. The UV system shall be capable of dose pacing to reduce electrical energy consumption in 

response to the disinfection demand based on a minimum of channel flow signal (provided 

by others through either SCADA communications or 4-20mA signal), the UV sensor 

signal(s) and the online measured UV transmittance.   
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I. For determining UV dose during operation and for dose pacing, the UV transmittance value 

shall be incorporated into the UV control system’s validated operating equation, along with 

the upstream measured flowrate.   

J. Lamp aging and sleeve fouling factors shall not be allowed in lieu of UV sensor signal(s) 

for determination of UV dose during operation. 

K. Other modules within the system shall be able to continue providing UV treatment while 

replacing UV lamps, quartz sleeves, ballasts and while cleaning the UV lamp sleeves in a 

given module. 

2.5 CONSTRUCTION AND MATERIALS 

A. The system shall be designed for immersion of the UV lamps in the effluent within their 

protective quartz sleeve. 

B. The UV lamp configuration shall be a horizontal, staggered arrangement, and parallel to 

each other and flow to assure best mixing and to minimize channel depth. 

C. All metal in contact with effluent will be Type 316 stainless steel. 

D. All materials exposed to UV light shall be 316 stainless steel, quartz glass, PTFE, FKM, 

or other suitable long-term UV resistant materials. Wiring shall be Teflon-coated. 

E. All wiring connecting the lamps to the ballasts shall be enclosed inside the frame of the 

UV module and not exposed to the effluent. 

2.6 UV LAMPS 

A. Lamps shall be low-pressure mercury amalgam, high intensity type. 

B. Lamp filaments shall be sufficiently rugged to withstand shock and vibration.   

C. Lamp types with a polychromatic UV output or UVC output efficiency of less than 30% at 

254nm are not acceptable. 

D. Each lamp shall be tested in UV-output, lamp current and lamp voltage from the 

manufacturer.  All results shall be stored in a database referencing to the individual batch 

number. The lamp batch number shall be printed on the lamp surface. 

E. UV output energy of the lamp shall be variable for a minimum range of 60% -100% of 

UV-C ballast power input. 

F. Useful lamp life shall be guaranteed at 12,000 operating hours for each lamp under normal 

operation conditions.  Normal operation conditions include a maximum of ten (10) on/off 

cycles per 24 operating hours. 

G. UV lamps shall not require a cool down period prior to re-start should the power to the UV 

system fail or be interrupted for a short period of time. 
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H. Each lamp base shall incorporate a dielectric barrier or pin isolator.  The pin isolator shall 

consist of a non-conductive divider placed between the lamp pins to prevent direct arcing 

across the pins in moist conditions.  The barrier shall be dielectrically tested for 2,000 volts 

RMS. 

I. Each lamp plug (Type 6P) shall be accessible from the top of the UV bank to facilitate 

lamp removal without moving the banks. An integral safety interlock in the plug will 

prevent removal of energized lamps. 

J. The UV Manufacturer shall ensure disposal of returned lamps (old/used) at no cost to the 

Owner upon receipt of the returned lamps at the manufacturing headquarters. 

K. Lamp sleeves shall have a nominal wal thickness of 1.5 mm. 

2.7 UV BANKS OR MODULES 

A. The UV banks shall be designed for submergence without causing failures or damage to 

the system or components.   

B. Each UV module will consist of UV lamps with an electric ballast enclosure mounted on a 

Type 316 stainless steel frame. 

C. All electrical connectors and motors located on the module and above nominal channel 

water level shall either rated at IP67 or located within IP67 enclosures suitable for 

temporary submersion. 

D. The UV bank design and mounting shall provide plug and socket quick disconnect facilities 

enabling non-technical personnel to carry out lamp replacement, wiper insert replacement, 

etc., without the need for any tools or specialist isolation procedures. 

E. Each lamp assembly will be enclosed in its individual quartz sleeve, one end of which will 

be closed and the other end sealed by an integrated lamp connector. 

F. The closed end of the quartz sleeve will be held in place by means of a retaining O-ring. 

The quartz sleeve will not come into contact with any steel in the frame. 

G. Lamps shall be removable with the quartz sleeve and wiper system remaining in place. 

H. The UV lamp sleeve shall be a single piece of clear fused quartz circular tubing, which 

shall not be subject to degradation over the life of the system.  

I. The lamp socket shall be centered against the inside of the quartz sleeve and shall be 

retained by a cap nut with a ribbed exterior surface providing a positive handgrip for 

tightening / loosening without the need for any tools.  This connection includes a self-

contained o-ring, sealing the lamp and socket module (independently from the quartz 

sleeve). 

J. Each UV module will be connected to a receptacle on the Power Distribution System 
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K. A portable crane system shall be provided by the supplier that is able to fully lift a UV 

module out of the channel for cleaning and replacement of bulbs as required.  Components 

shall include the portable crane and mounting sockets, to be installed by contractor. 

2.8 LEVEL CONTROL WEIR 

A. A level control weir shall be provided by the manufacturer and located at the end of the 

UV channel. 

B. The effluent level control weir shall be constructed of Type 304 stainless steel and designed 

to maintain a minimum channel effluent level as required to keep lamps submerged (see 

drawings). 

2.9 WIPING SYSTEM 

A. Each UV bank shall be equipped with an in-situ automatic wiping system with selectable 

wiping frequency.  The cleaning system may use mechanical wiping or a combination of 

chemical/mechanical cleaning. Where the UV system only provides a mechanical wiping 

system, supplier shall include provisions for out of channel cleaning by supplying offline 

cleaning tank with appurtenances to provide ability to air scrub and supply with cleaning 

solution. 

B. The cleaning system will be fully operational while UV lamps and modules are submerged 

in the effluent channel and energized.   

C. The wiping system shall be controlled by the UV system controller and provide a fully 

automatic, unattended operation. The cleaning system will also be operable in remote 

manual mode. 

D. Vendor shall provide cleaning solution for equipment start-up and testing until the system 

is accepted by Owner as being substantially complete. 

E. The number of wiping strokes per interval shall be factory preset for optimum effect to 2 

strokes per time interval, with time intervals being user adjustable. 

F. Actuation mechanism(s) for the automatic wiping system shall be driven by an integral 

electric motor within the module or by means of an external hydraulic pump. 

2.10 UV MONITORING SYSTEM 

A. A submersible UV sensor shall continuously sense the UV intensity produced in each bank 

of UV lamp modules. 

B.  The sensor shall not degrade after prolonged exposure to the UV light or effluent. 

C. The sensor shall measure only the germicidal portion of the light emitted by the UV lamps 

as measured at 253.7 nm.  It shall have sensitivity at 253.7 nm of greater than 95%.  Sensors 

whose sensitivity to other wavelengths amounts to more than 5% of the total sensitivity 

shall not be allowed. 
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D. The physical construction of the sensor shall be built and certified according to the DVGW 

W294 or O-Norm-M5873 standards or in accordance with the USEPA UV disinfection 

guidelines with calibration methods traceable to the US National Institute for Standards 

and Technology (NIST). 

E. The measured UV intensity signal shall be fed into the UV System Controller and used for 

continuous monitoring.  In automatic mode, the UV Control System shall automatically 

adjust to draw the minimum electrical power while maintaining the prescribed minimum 

dose required for disinfection.  The UV dose shall be displayed on the operator interface. 

F. The UV intensity monitoring system shall be factory calibrated. Calibration shall be valid 

for minimum of one (1) year unless otherwise specified.  Submit calibration certificate to 

Engineer prior to start-up. 

G. The UV sensor shall be automatically cleaned at the same frequency and methodology as 

the lamp sleeves to prevent fouling of the sensor and resulting false alarms for low 

intensity. 

H. There shall be a minimum of one (1) UV sensor for each bank of lamps. 

2.11 UV TRANSMITTANCE (UVT) MONITOR 

A. A single UVT monitor shall be provided by the Contractor with channel mounting 

hardware and the UVT reading will be included on the HMI as described in Section 40 75 

16.16 – UV Transmittance Process Measurement Devices.  The UV Equipment Vendor 

shall accept the signal from this UVT monitor for us as described below: 

1. The UVT measurement shall be used as part of the control strategy to account for 

changes in UVT of the secondary effluent.  The controls shall include a means to 

specify a transmittance so that the system can continue to automatically operate 

should the UVT monitor need to be repaired or replaced.  The UVT reading shall 

also be an output to the SCADA system for monitoring and trending via ethernet. 

2.12 DOSE-PACING 

A. A dose-pacing system will be supplied to modulate the lamp UV output in relationship to 

an ethernet signal from an effluent flow meter via the main plant PLC (by Contractor). 

B. The system to be dose-paced such that as the flow and effluent quality change, the design 

UV dose is delivered while conserving power. 

C. The dose-pacing system will allow the operator to vary the design dose setting. Logic and 

time delays will be provided to regulate UV bank ON/OFF cycling. 

2.13 HYDRAULIC SYSTEM CENTER (HSC) 

A. One (1) HSC will be supplied to house all components required to operate the automatic 

cleaning system. 

B. Enclosure material of construction will be 304 Stainless Steel - Type 4X (IP66). 
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2.14 CLEANING SYSTEM 

A. An automatic cleaning system will be provided to clean the quartz sleeves using both 

mechanical and chemical methods. Wiping sequence will be automatically initiated with 

capability for manual override.   

B. The cleaning system will be fully operational while UV lamps and modules are submerged 

in the effluent channel and energized. 

C. Cleaning cycle intervals to be field adjustable. 

D. Remote Manual and Remote Auto cleaning control options will be provided. 

E. The cleaning system will be provided with the required solutions necessary for initial 

equipment testing and for equipment start-up. 

2.15 WATER LEVEL CONTROL 

A. The Vendor shall provide finger weirs for UV channel water level control. The weirs shall 

be constructed of Type 304 or 316 stainless steel. The weirs shall maintain a water level 

within tolerances required to keep lamps submerged and to prevent an excessive water 

layer over top of the lamps (see drawings). The contractor shall be responsible to provide 

adequate supports for the finger weirs.  

B. Low Water Level Sensor:  One low water level sensor will be provided by the manufacturer 

for each channel. During manual, automatic and remote modes of the system operation, the 

water level sensor will ensure that lamps extinguish automatically if the water level in the 

channel drops below an acceptable level.  The low water level sensor will be powered by 

a separate control box that is mounted near the channel. Power supply shall be 120V. 

2.16 ELECTRICAL AND CONTROL SYSTEM 

A. General 

1. All controls necessary for the fully automatic operation of the screen shall be 

provided. The control strategy shall be as described in Section 40 61 96 – Control 

Strategies. 

2. Electrical and control enclosures shall be installed in the building near the UV 

system. 

3. The electrical system shall be designed to provide: 

a. Maximum reliability of the UV disinfection system. 

b. Segregation of plant services and supplies into sensible groups to allow 

for safe and simple maintenance or servicing while maintaining the 

required level of disinfection. 
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c. Plug and socket quick disconnect facilities enabling non-technical 

personnel to carry out lamp replacement without the need for any tools or 

special isolation procedures. 

4. All heat sensitive components shall be adequately cooled with dry air utilizing 

forced ventilation. Indoor temperatures can range up to 104 degrees F. 

5. Harmonic distortion correction equipment shall be provided by the UV 

Manufacturer as required to meet IEEE519-1992 of The Institute of Electrical and 

Electronic Engineers. 

B. Electrical Enclosure 

1. Each UV module within a bank shall be powered and controlled by one (1) 

Electrical Enclosure or powered by the bank’s dedicated Power Distribution 

Center (PDC) and controlled by a System Control Center (SCC). 

a. The UV manufacturer shall supply all cabling and conduit between the 

lamps and ballasts. 

b. The UV manufacturer shall perform all terminators between lamps and 

ballasts. 

c. Each electronic ballast within a UV module will operate two lamps. 

d. Power factor will not be less than 98% leading or lagging. 

e. Electrical supply to each PDC shall be 480/277V 60Hz, 3 Phase, 4 Wire + 

Ground, 6.20 kVA. 

f. Electrical supply to the Hydraulic System Center will be 480V 60Hz, 3 

Phase, 3 Wire + Ground, 2.5 kVA.  

g. Electrical supply for the Level Control Panel will be provided by the 

PDC(s) and be 24 Volt DC. 

h. Electrical supply to the System Control Center  will be 120V 60Hz, 1 

Phase, 2 Wire + Ground, 1.8 VA. 

2. The electrical and control enclosures shall contain the proper control device, 

electronic ballasts, power distribution, and all necessary electrical components to 

operate the UV system. 

3. A power supply of 480 volts, 3 phase, 60 hertz, 4 wire plus ground shall be 

provided to the Electrical Enclosure.  Any transformers or other items required to 

provide adequate power to the electrical enclosures shall be provided by the 

manufacturer. 

4. All enclosures shall be UL-Listed/ painted 304 stainless steel with suitable air 

conditioning units, if necessary.  This includes the ballast cabinets and the control 

system panel. 

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY  

WWTP UPGRADES 222194-202 

OPEN-CHANNEL LP/HI UV TREATMENT EQUIPMENT 46 66 56 - 13 

C. Electronic Ballasts 

1. The ballasts shall be electronic microprocessor controlled designed as slot cards 

fitting into a rack system with a plug connector for ease of maintenance or located 

inside 6P rated ballast enclosures above channel. 

2. Each ballast shall drive a pair of lamps with independent control and monitoring 

circuits. 

3. The ballast shall produce an earth free lamp power supply operating at above 

supply frequency and optimized to preserve lamp life. 

4. The ballast shall incorporate a galvanic separation of the two circuits. In case of 

the secondary circuit operating in abnormal conditions regarding voltage and/or 

amperage, the ballast shall shut off the lamp concerned. 

5. The operating power factor for the ballasts shall not be less than 0.94. 

6. The ballast shall be capable of varying the lamp power between 60-100%, or 

greater, proportional to 4-20 mA control signal. 

7. The configuration of ballast cooling shall include an independent air conditioning 

system to reduce risk of ballast overheating or located inside 6P rated ballast 

enclosures above channel cooled by convection.  

D. Power Distribution Center 

1. Power distribution will be through environmentally sealed receptacles on the 

PDC(s) to allow for local connection of UV modules. 

2. Data concentration will be through integrated circuit boards located inside the 

Power Distribution Center. 

3. PDC enclosure material will be Type 304 Stainless Steel - Type 4X (IP66). 

4. All internal components will be sealed from the environment. 

5. All Power Distribution Centers to be cULus listed  listed to Canadian and USA 

safety standards, with a rating of Type 4X. 

6. One separate sealed Power Distribution Center will be provided per bank of lamps. 

E. Instrumentation and Controls 

1. Local monitoring and control shall be configured to each power/control module 

(bank) with a local control selector (local-off-remote), power on display, status of 

each lamp, low UV intensity alarm, high water temperature alarm (if applicable), 

and lamp hours run counter. 
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2. Remote monitoring and control shall be configured to each power/control panel to 

accept the indicated inputs when remote control selected and to provide the 

indicated outputs at all times with an external, supervisory control system. 

a. Discrete Outputs (Message handler via ethernet signal): Power on display, 

chamber/cabinet, common alarm  

b. Alarms will be provided to indicate to plant operators that maintenance 

attention is required or to indicate an extreme alarm condition in which the 

UV treatment performance may be jeopardized. 

c. The 100 most recent alarms will be recorded in an alarm history register 

and displayed when prompted. 

d. Bank status will be capable of being placed either in Manual, Off or Auto 

mode. 

e. Elapsed time of each lamp will be recorded and displayed on the display 

screen when prompted. 

f. Message handler via ethernet will be provided to remotely indicate status 

and alarms such as: 

1) Alarm conditions (critical, major, minor, channel low-level) 

g. Data connection (if required) component installed within the UV systems 

control to enable plant staff to receive enhanced over-the-phone and online 

UV product support from OEM. OEM-provided app to enable UV system 

monitoring, product troubleshooting, and alarm notifications with 

cybersecurity verified by third-party and that is consistent with FCC. 

F. Control Unit (PLC) 

1. The control device shall be governed by Touch Smart Controller with Allen 

Bradley SCADA connectivity.  The PLC shall be continuously monitoring and 

controlling the UV system’s functions. Custom electronics and the UV sensor shall 

provide the control panel with the necessary indications of the system parameters. 

One (1) such PLC will be provided for the UV system.   

2. Complete control and monitoring of the UV system shall be accomplished through 

the operator interface. The operator interface shall be a Touchsmart Color HMI, 

minimum 12” size.   

3. The PLC shall be menu driven and shall display the following system information 

when prompted: bank status, individual lamp status, lamp operating hours, UV 

intensity, ON/OFF frequency, alarms, alarm history. 

4. The PLC program shall control the On/Off cycling and lamp power of the UV 

banks based upon a Dose-pacing philosophy. 
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5. The PLC shall utilize a UV intensity sensor located within each UV bank to 

accurately sense any change in lamp power, effluent transmittance and compensate 

for any reduction in the UV-C output due to lamp aging. 

6. The PLC shall receive inputs from the UV sensor, UVT monitor, and influent flow 

meter and shall automatically adjust the received UV Dose to maintain the required 

levels under all operation conditions. 

7. A PLC that actively monitors only flow and uses independent transmittance for 

theoretical Dose paced control is not acceptable. 

G. Safety Alarms 

1. General alarms are as follows: 

a. Lamp Failure Alarm 

b. Multiple Lamp Failure Alarm 

c. Low UV Intensity 

d. Bank Communication Alarm 

2. The PLC shall utilize a UV sensor located within the UV bank to accurately sense 

any change in lamp power, effluent transmittance and compensate for any 

reduction in the UV-C output due to lamp aging.  The PLC shall receive inputs 

from the UV sensor and flow meter (provided by others) and shall automatically 

adjust the received UV Dose to maintain the required levels under all operation 

conditions. 

3. Should there be any abnormalities or failure to the UV sensor, the following will 

occur: 

a. UV Sensor Failure 

b. Low UV Intensity  

c. Low-Low UV Intensity 

H. Major alarms shall be provided by the System Control Center or Local Operator Interface 

to indicate an extreme alarm condition in which the disinfection performance may be 

jeopardized. Alarms shall include the alarms listed under Section F and the following:  

1. Flow Meter Failure shall indicate a failure to receive a signal from the effluent 

flowmeter.  

2. PLC Power Failure alarm shall indicate loss of power to the PLC. If there is a loss 

of power to the PLC, the modules shall be turned on full power until PLC control 

is restored. 
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2.17 SPARE PARTS 

A. The following spare parts and safety equipment shall be furnished: 

1. Ten (10) percent of UV lamps 

2. Ten (10) percent of sleeves 

3. One (1) UV Ballast 

4. 10% Wiper Rings 

5. One (1) UV intensity Sensor 

6. Two (2) face shields that blocks light between 200 and 400 nm. 

2.18 ANCHORAGE AND FASTENERS 

A. GENERAL 

1. The Installation Contractor shall furnish all anchoring hardware for the supplied 

equipment in accordance with Section 43 05 50 – Equipment Mounting. 

2. The Installation Contractor shall furnish all epoxy and dispensing equipment for 

chemical anchoring. 

3. The Vendor shall provide anchor bolt calculations made and signed by a civil or 

structural engineer currently registered in the State of Oregon. 

2.19 MANUFACTURERS OR APPROVED EQUAL 

A. Trojan (Basis-of-Design) 

B. Wedeco 

C. Equal must be pre-approved during bidding process 

PART 3 - EXECUTION 

3.1 DELIVERY AND INSTALLATION 

A. All components shall be handled with care during transportation, storage and installation. 

The Contractor shall follow the Manufacturer’s storage and handling instructions. 

B. Installation of the UV equipment shall be by the Installation Contractor in accordance with 

the engineering drawings and instructions.  The Manufacturer is to provide a factory-

trained field representative to assist in and verify proper installation of the UV equipment. 

This can be included as part of the services identified in Part 3.2 below. 

C. All required installation hardware, such as, but not limited to, support braces and saddles, 

bolts, washers, nuts, and jam nuts, shall be furnished by the Contractor. 
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3.2 MANUFACTURER'S SERVICES 

A. Manufacturer’s representative for the equipment specified herein shall be present at the 

jobsite for a minimum number of workdays for services listed below.  Excluded from these 

time requirements shall be travel time spent, time spent during shipping of equipment, time 

spent at the jobsite correcting any fabrication or manufacturing errors, and time spent 

preparing and operating the equipment to meet performance requirements including all 

performance testing.  The Bid shall include all associated expenses incurred by the 

technical representative during the jobsite visits.  The following services will be provided: 

1. Minimum one workday (8 hours) per channel for installation inspection. 

2. Minimum of four workdays (8 hours each) for UV system start-up. 

3. One workday (8 hours) for maintenance training, maintenance assistance, 

classroom and on-site equipment operation instructions, troubleshooting, and other 

post-startup services. 

B. Minimum qualifications for field representative performing startup and training include 

previous startup experience at a minimum of five (5) projects that have included a similar 

UV system. 

C. Startup services and training of Owner’s personnel shall be at such times as requested by 

the Owner.   

D. The factory representative is to provide instruction pertaining to operation, maintenance, 

and cleaning procedures, as well as provide a full functional demonstration of the system.  

E. The Installation Contractor shall video tape all training sessions and provide a copy to the 

Owner to use such tapes for continuing operator training. 

3.3 FIELD TESTING 

A. Testing and start up shall be conducted as required in Section 01 75 00 – Equipment Testing 

and Startup Procedures. 

B. Equipment Checks:  Prior to the final acceptance field testing, the Manufacturer shall check 

that all equipment is installed properly and functions as specified herein.  The equipment 

checks shall include, but not be limited to: 

1. Proper installation and alignment of electrical wiring and connections. 

2. Water tightness of all submerged equipment. 

3. Proper operation of instrumentation, alarms, and operating indicators associated 

with the UV equipment. 

4. Proper placement and operation of ballast, cooling fans, and other equipment in 

the electrical and control panels, and adequate ventilation in the enclosures. 
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5. Proper operation of lamp module shutoff switches and ground fault circuit 

interrupters. 

6. Proper operation and communication between the ballast enclosures and PLC 

monitoring equipment. 

C. Certification: Upon completion of equipment checks, the Manufacturer shall submit to the 

Owner written certification that all UV equipment and accessory equipment associated 

with the UV disinfection system have been properly installed, are in good condition, are 

functioning properly, and are in accordance with the Contract Documents. 

D. The Manufacturer shall provide on-site performance testing. During performance testing, 

the peak hour flow shall be simulated to verify performance of the equipment provided. If 

the UV disinfection system fails to meet the wastewater plant’s disinfection requirements 

when operating within the design parameters, the Manufacturer shall have 15 days to 

modify the disinfection equipment and the system shall be re-tested for compliance with 

the project requirements. This process shall continue until the equipment performs as 

specified. 

END OF SECTION 46 66 56 
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SECTION 46 76 26.13 – VOLUTE DEWATERING PRESS 

PART 1 - GENERAL  

1.1 SCOPE OF WORK 

A. Vendor shall furnish volute dewatering press together with associated sludge conditioning 

tank, control panel, polymer dilution and injection system, flowmeter, sludge feed pump, 

cake conveyor and all appurtenances as specified in the Contract Documents and as 

required to meet the specified performance requirements and to provide a full and properly 

functioning sludge dewatering system. 

B. The system shall function to dewater waste activated sludge from a sequencing batch 

reactor system.  WAS will be stored up to 3-4 days in mixed and aerated holding tanks.  

From this tank, a suction line to the sludge feed pump will be provided.  Dewater cake 

solids from the press will be discharged into a shaftless screw conveyor. Refer to the design 

drawings for additional information. 

C. Unit responsibility: All equipment furnished under this section shall be the responsibility 

of a single Manufacturer to fabricate or procure, integrate, factory test, and deliver to the 

project site. It shall be the responsibility of the Manufacturer to coordinate all details and 

components required for a properly functioning system. 

D. All equipment will be installed in an unclassified, conditioned building. 

1.2 RELATED SECTIONS 

A. Section 46 33 33 - Liquid Polymer Blending System 

B. Section 43 23 57 – Progressive Cavity Pumps 

C. Section 40 70 13 – In-Line Liquid Flow Measuring Systems 

D. Section 41 12 13.36 - Screw (Shaftless) Bulk Material Conveyors 

E. National Electrical Manufacturers Association (NEMA). 

F. Underwriters Laboratory (UL). 

1.3 SUBMITTALS 

A. The submittal shall be made in accordance with Section 01 33 00 – Submittal Procedures: 

1. General Assembly drawings of all equipment to be supplied detailing all relevant 

dimensions and connection sizes. 

2. Electrical drawings for all control panels showing all necessary field connections 

to be made. 
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3. Manufacturer’s catalog sheets showing specified equipment, control panel, 

connecting piping and valves, spare parts package, O&M Manuals, and warranty 

information 

4. Installation instructions. 

5. Equipment weights and lifting points. 

6. List of installations. 

7. Motor characteristics and performance information. 

8. Parts list including a list of recommended spare parts and all components located 

within the control panel. 

B. Operation and Maintenance Data:  Submit operation and maintenance data and equipment 

parts list in manual, in accordance with Section 01 78 23 – Operation and Maintenance 

Data. 

1.4 QUALITY ASSURANCE 

A. All components of the sludge dewatering equipment shall be engineered for long, 

continuous, and uninterrupted service with minimal operator intervention.  Provisions shall 

be made for easy maintenance, adjustment, or replacement of all parts. 

B. To ensure unity of responsibility, the volute dewatering press, supporting frames, polymer 

mixing and feeding blend unit, and control systems shall be furnished and coordinated by 

a single Manufacturer. The Contractor shall assume full responsibility for the satisfactory 

installation and operation of the entire volute dewatering press system package. 

C. Prior to shipment, the Volute Dewatering Press and control panel shall be factory tested at 

the place of assembly.  Factory test each pre-assembled, pre-wired, Volute Dewatering 

Press and its associated control panel to be supplied to the job site.  Prior to shipment, 

verify through a one-hour continuous operating test that the Volute Dewatering Press and 

associated equipment operate smoothly, noiselessly, vibration free, and without 

overheating of any bearing or motor.  

D. Manufacturer shall have at least ten (10) full-scale systems utilizing the exact technology 

and equivalent equipment size proposed for this project operating successfully for at least 

five (5) years in North America at municipal wastewater treatment plants that were 

furnished under the manufacturer’s own name.  

E. A written manufacturer warranty shall be provided for all equipment supplied.  The 

warranty shall be for a minimum period of one (1) year from the date of Substantial 

Completion.  Manufacturer shall repair or replace all defects of materials or workmanship 

in the equipment during the warranty period.   

1.5 MANUFACTURER OR EQUAL 

A. Process Wastewater Technologies LLC 
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B. Or Approved Equal 

1.6 DESIGN CRITERIA 

A. Sludge Characteristics: Waste Activated Sludge 

B. Feed Concentration: 0.7% - 2.0%  DS 

C. Feed Capacity:  44 gpm 

D. Minimum Required Dewatered Cake Concentration: 16% DS 

E. Capture Rate: ≥ 95% 

F. Number of Dewatering Drums: 2 

G. Maximum Polymer Dosage: 55 lbs of active polymer per dry ton of solids 

1.7 SYSTEM PERFORMANCE 

A. The sludge dewatering system will be capable of delivering and dewatering the feed sludge 

and producing a solids cake with no free water present.  The system will be able to start 

up, operate as required and shut down in the absence of any operators. 

B. The sludge dewatering equipment shall be designed to adequately condition and dewater 

the sludge such that a dewatered sludge cake is produced that easily discharges from the 

dewatering unit, without blinding or plugging, and that may be handled by solids conveying 

equipment. 

C. Each unit shall be designed to operate in the environment for which it is intended, 

continuously or intermittently on demand, and shall perform the required dewatering 

operations without spillage of water or sludge beyond the nominal machine envelope.  In 

addition, the unit will operate with no requirement for operator attention other than periodic 

inspection and chemical replenishment. 

1.8 SYSTEM DESCRIPTION 

A. The sludge dewatering system shall consist of One (1) Volute Dewatering Press and all 

appurtenances. 

B. The Volute Dewatering Press shall be a complete prefabricated system consisting of: 

1. Sludge conditioning system consisting of two-stage flocculation tanks with a 

mixing tank with gear motor and mixing impeller to allow efficient mixing of 

polymer in the sludge and a flocculation tank including gear motor and large cross-

sectional area agitator. 

2. Two (2) 300 series Dewatering drums including spray wash down system and gear 

drives. 
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3. Support structure for the Dewatering Drum including filtrate collection pan and 

outlet plumbing. Support structure will include capacity to add an additional 

dewatering drum and increase the throughput capacity of the unit by 100% with 

no structural modifications.  All required mounting holes and brackets will be in 

place, drilled and tapped. 

4. A self-contained electrical and control panel including control for all supplied 

equipment including sludge feed pump, polymer blending system and cake 

conveyor. Control panel will also have all components included and wired for 

additional future dewatering drums.  

5. A stainless-steel hopper, with minimum thickness of ¼”, shall be provided to 

connect volute press discharge chute to the conveyor.   

6. One (1) polymer dilution and dosing equipment.  

7. One (1) magnetic flow meter for sludge feed, meeting the requirements of Section 

40 70 13, "In-Line Liquid Flow Measuring Systems". 

8. All electrical components for supplied equipment, including controls and motor 

starters. 

1.9 SPARE PARTS 

A. Furnish the following spare parts: 

1. Spray wash system solenoid valve. 

2. All recommended spare parts for appurtenances for one year. 

B. Spare parts shall be packaged with labels indicating the contents of each package and shall 

be delivered to Owner as directed. 

1.10 PATENTS 

A. Manufacturer warrants that the use of this system and its equipment, in the process for 

which the system has been expressly designed, will not infringe on any U.S. or foreign 

patents or patents pending.  In the event of any claim of infringement the manufacturer 

shall defend and indemnify the owner free from any liabilities associated with the use of 

the patented equipment or process. 

B. Contractor hereby grants to the owner, in perpetuity, a paid-up license to use any inventions 

covered by patent or patents pending, owned, or controlled by the Manufacturer in the 

operation of the facility being constructed in conjunction with the equipment supplied 

under this contract, but without the right to grant sublicenses. 
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PART 2 - PRODUCTS 

2.1 MATERIALS AND COATINGS SCHEDULE 

A. All materials utilized in the construction of the sludge dewatering equipment shall be 

entirely suitable in every respect for the service required.  All metals in contact with 

polyelectrolyte or sludge, and all other metal components other than those specified in the 

table below shall be stainless steel, type 304 or 316.  No carbon steel will be used for any 

part of the press. 

 

Item of Equipment Material 

Tanks and support frame Type 304 Stainless steel 

Plumbing and Spray bars Type 304 Stainless steel 

Dewatering Drums Type 304 Stainless steel 

Dewatering Drum screw Type 304 Stainless steel with flame coating 10Co-4Cr 

Gear Motors Die cast Aluminum and Type 304 Stainless steel 

Gear Motor coating Acrylic paint 

Spray nozzles Polypropylene 

Electrical enclosure Type 304 Stainless steel 

Electrical wiring housing Non-metallic flexible liquid-tight conduit and fittings 

Valves – wetted sections Stainless Steel, EPDM Seating 

2.2 STRUCTURAL COMPONENTS  

A. The structural support frame shall be fabricated of type 304 stainless steel members 

conforming to the latest ASTM Standard Specifications for Structural Steel, Designation 

A36.  It will be a rigid structure, adequately braced to withstand intended loads without 

excessive vibration or deflection. 

B. The framework shall be of welded and/or bolted construction.  All welding shall conform 

with the American Welding Society Structural Welding Code. 

C. The structure shall be designed for installation on a prepared concrete foundation, suitable 

flat concrete slab, or fabricated platform and secured with anchor bolts. 

D. The construction shall allow easy access and visual inspection of all internal components. 
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2.3 DEWATERING DRUMS 

A. The dewatering drums will be constructed of ATSM type 304 SS except for the rings in 

the thickening section of the drum which will be manufactured in a polycarbonate resin.  

All circular components will be laser cut to ensure maximum evenness of wear and 

therefore operating life.   

B. Assembly will be undertaken in such a way that all fixed rings are concentric and parallel.  

All fixed rings will be equally spaced apart for each section of the dewatering drum.  When 

mounted on the retaining rods and installed, all moving rings will move freely between the 

fixed rings. 

C. Each Dewatering Drum shall be equipped with individual spray bars.  Each spray bar shall 

consist of a spray pipe fitted with spray nozzles, located above the dewatering drum.  The 

spray pipe and spray nozzle assembly shall be readily removable. Nozzle spacing and spray 

pattern shall be such that the sprays from adjacent nozzles overlap one another on the 

dewatering drum surface.  The sprays will operate periodically and will remove solids built 

up externally on the drum such that over time no significant buildup of solids occurs on the 

drum. 

D. Each Dewatering Drum will have a drive motor: 

1. The Dewatering Drum drive motor will be a close coupled gearmotor.  Gearmotors 

will be hollow shaft design designed to drive the dewatering drum screws with no 

additional couplings or joints.  Motors will be filled with grease on assembly and 

sealed for life.  Screw rotational speed shall be obtained through a hypoid reduction 

gear. Input power to the dewatering drum drive shall be supplied through an A.C. 

variable frequency drive unit.   

2. Maximum horsepower of the motor will be 1 HP. 

2.4 MIXING AND FLOCCULATION TANKS 

A. Each Volute Dewatering Press shall have an integrated two-stage mixing system 

comprising of a flash/rapid mix tank and flocculation tank, each with mixers and drive 

motors.  Tank sizing and design will ensure adequate residence times and mixing 

conditions to ensure complete flocculation and satisfactory dewatering performance. Tank 

design will minimize the possibility of any short circuiting of flow.   

B. Design and manufacture of tanks and spill trays must ensure no leakage or spillage of fluids 

under normal working conditions.   

C. Mixing and flocculation tanks will be manufactured in type 304 stainless steel and will be 

a minimum of 11 gauge (0.12”). Tanks and spill containment trays will be fully welded 

internally and externally.   

D. Each Mixer will have a drive motor: 
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1. The mixer and flocculation tank drive motors will be a one piece gearmotor.  

Gearmotors will be hollow shaft design designed to drive the mixing impeller 

shafts with no additional couplings or joints.  Motors will be filled with grease on 

assembly and sealed for life.  Mixer rotational speed shall be obtained through a 

hypoid reduction gear.  Input power to the dewatering drum drive shall be supplied 

through an A.C. variable frequency drive unit allowing variable mixing energy to 

be input to the system.  

2. Maximum horsepower of the mixer motor will be 0.5 HP.  

3. Maximum horsepower of the Flocculation tank motor will be 1 HP.  

 

2.5 POLYMER PREPRATION SYSTEM 

A. Each Volute Dewatering Press shall be supplied with an automated polymer system. 

B. Polymer system will ship separately from the press and will be located near the press as 

shown in the drawings. 

C. Polymer system will be controlled by the Volute Press Control Panel. 

D. Polymer system shall meet the requirements of Section 46 33 33 – Liquid Polymer 

Blending System. 

2.6 SLUDGE FEED PUMP 

A. The sludge pump will pump the sludge out of the solids holding tank. Each Volute 

Dewatering Press shall be supplied with an appropriately sized sludge feed pump. 

B. Sludge feed pump will be controlled by the Volute Press Control Panel. 

C. Sludge feed pump shall be located in the same building as the volute press. 

D. Sludge feed pump shall meet the requirements of Section 43 23 57 – Progressing Cavity 

Pumps. 

2.7 VOLUTE PRESS CONTROL PANEL 

A. Each Volute Dewatering Press shall have an integrated electrical and control system that 

will allow for safe, simple, and automated operation of the unit.  All electrical work, motors 

and drives will comply with any relevant NEMA standards. 

B. The electrical control system will be able to accept remote start and stop signals, and will 

have outputs for unit in operation, and unit alarms to an external SCADA system as shown 

on the drawings. 

C. Control Panel Features: 

1. Control Panel will be UL508 listed. 
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2. Enclosures: Control panel enclosures shall be wall mounted or free-standing, 

fabricated of type 304 stainless steel and shall be suitable for NEMA 4X service.  

3. The control panel shall accept a 480 volt, 60 hertz, 3 phase ac power input.  A main 

disconnect circuit breaker and operator mechanism shall be included.  When the 

disconnect is in the open position, all power shall be removed from the control 

system. 

4. IEC rated motor starters shall be provided for all non-VFD and DC motors.      

5. Variable frequency drives (VFD) shall be provided for the dewatering drum drives, 

mixing and flocculation tank agitators as well as any pumps.  

6. Standard SCCR rating of the panel will be 5kA  Short circuit protection for system 

components shall be accomplished utilizing circuit breakers and fuses.  Individual 

thermal overload protection shall be provided. 

7. A transformer shall be included that will provide power for the control system. 

8. A Programmable Logic Controller (PLC) will control all timing and switching 

functions 

D. External Enclosure Features 

1. The external door of the panel will have the following switches and indicators: 

a. Main Isolating Switch (Circuit Breaker) 

b. An emergency stop button which shall be a mushroom head style 

pushbutton that when depressed shall immediately de-energize all moving 

equipment in the system. 

2. Within a widowed enclosure mounted on the panel door: 

a. HMI Touch Screen 

b. An H-O-A system switch to switch the system from Auto to off to manual 

modes 

c. Power on Light (white) 

d. An Operating Light -for when the unit is in operation - (green) 

3. In addition to items located on the main enclosure door:  

a. An Alarm Light - a flashing light located on the top of the panel (red) 

E. Programmable Logic Controller (PLC) 

1. Each Volute Dewatering Press will be provided with an Allen Bradley 

CompactLogix 5069-L306ER PLC with a PanelView 5310 10” HMI or equal, 

installed, wired and programmed to perform the following functions: 
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a. Control of all components of the Volute Thickener- system including the 

ability to set times and operating speeds for any pump installed, 

dewatering drums, mixers, polymer dosing system and wash-down sprays.   

b. System Tuning - PLC will allow suitably qualified operators to adjust 

operating parameters such as delay timers for fault alarms and system 

calibration constants. 

c. Monitoring Operation - PLC will allow the operator to inspect the 

operation of all the components including indicators such as output 

frequency, current draw, thermal condition, elapsed operating times, and 

any faults present.  Operator will be able to view approximated readouts 

of all operational speeds and flowrates relevant to the operation of the 

system. 

d. Manual operation of components - Operator will be able to manually 

operate each item of equipment from the PLC interface for inspection and 

maintenance reasons.  For equipment located remotely, such as the feed 

pump, a local control station shall be provided with an HOA, E-stop and 

appropriate run, on and alarm lights. 

e. Time Clocks - Operator will be able to set the unit to operate at specific 

time or on specific days with no operators present. 

2.8 ELECTRICAL HARDWARE 

A. Power wiring shall be 600 volt, type MTW or equivalent insulated stranded copper and 

shall be sized for the required load, 14 AWG minimum.  

B. Control wiring shall be 250 volt, type MTW or equivalent insulated stranded copper and 

shall be sized for the required load, 18 AWG minimum. 

C. Circuit breakers for the main disconnect shall be thermal magnetic molded case units. 

Circuit breakers shall be Square D, Class 650, Type HDL or equivalent. 

D. Motor Control Relays shall be full voltage, non-reversing, IEC style across-the-line units.  

Coils shall be 120 volts ac. Square D Tesys D / Siemens type Sirius 3RT10 / or equivalent. 

E. Motor Circuit Breakers shall be thermal magnetic units. Motor Circuit Breakers shall be 

Square D Tesys GV2 or equivalent. 

F. Selector switches shall be heavy duty, corrosion resistant units rated for NEMA 4X service.  

Contact blocks shall be rated for 10 ampere continuous service.  Selector switches shall be 

Idec Series TWTD or equal. 

G. Pilot lights shall be heavy duty, corrosion resistant units rated for NEMA 4X service. Units 

shall be 120 VAC full voltage incandescent type. Pilot lights shall be Idec Series TWTD 

or equal. 

Docusign Envelope ID: 9F2B8D1C-FF59-49E2-BB69-485EC0D2D3F4



MILL CITY 

WWTP UPGRADES 222194-202 

VOLUTE DEWATERING PRESS 46 76 26.13 - 10 

H. Terminal blocks shall be high density, solderless box lug style, with 600-volt rating. 

Terminal blocks shall be Phoenix Contact Push In type, Allen Bradley 1492 type, or 

equivalent 

I. Control relays shall be general purpose type with a 6 amp or greater contact rating, 

miniature square base or slim line base, with internal on status pilot light. Miniature square 

base relays shall be Allen Bradley Type 700-HF Series or equivalent. Slim line base relays 

shall be Schneider Electric Slim Interface Relay or equivalent. 

J. Programmable Logic Controller (PLC) shall be an Allen Bradley CompactLogix 5069-

L306ER PLC with a Panelview 5310 10.4” HMI. 

K. Motor starters and VFDs shall meet the requirements of Sections 26 29 13.13, Section 26 

29 23 and other applicable sections of Division 26. 

L. Unmanaged Ethernet Switch shall be Moxa EDR-810-2GSFP. 

2.9 FUNCTIONAL SPECIFICATION 

A. The control panel will undertake the following operations: 

B. Auto-Manual operation 

1. The Volute Thickener-Dewatering Press system may be set to either 

Auto/Manual/Off on the control panel via a 3 position switch.  This will be the 

“main switch” for the plant. 

2. When set to manual, all items may be switched on and off at the control panel by 

the switches on the HMI unit.   

3. When set to off, no items will work whether switched on or off either at the control 

panel or anywhere else. 

4. When set to Auto, the system will start-up and shutdown based on the HMI.  The 

system would also shut down based on a low level in the holding tanks.   

5. An interlock shall be provided between the dewatering system control panel and 

the low water level in the solids holding tanks.  This interlock shall cause the 

dewatering system to begin its shutdown cycle. 

C. Clock Operation 

1. The clock function will be controlled by the PLC in the control panel.  Two clock 

functions will be allowed for in the program.  The clock may be set to either “On” 

or “Auto/timer” via at the PLC.  If the clock is set to “On” the plant will run for as 

long as the main switch is set to “Auto”.  When the clock is set to “Auto/Timer” 

the plant will operate in accordance with the clock settings.   
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2. Clock function settings will allow the operator to set the dewatering press and all 

associated equipment to switch on and off, at pre-designated times on pre-

designated days with no operators being present.  A minimum of two (2) different 

“clock programs” will be allowed for in the PLC program. 

D. Sludge Feed  

1. Sludge is fed to the dewatering unit by a pump controlled from the control panel.  

A VFD will control the speed of the pump.  In the event of a pump overload or a 

VFD fault the dewatering unit will shut down and an alarm will occur.   

2. A flow meter will monitor the sludge flow.  The operator will be able to set the 

flow and the feed pump will operate to maintain that flow via a PID loop.  Any 

variations from the preset flow will cause the system to shut down and an alarm to 

occur. 

E. Polymer Feed 

1. Polymer feed is achieved by the integral polymer preparation system connected to 

the dewatering unit.  This system is controlled and powered by the control panel.  

Outputs from the control panel to the polymer preparation system will include 

power, start and stop signals, and variable speed control for the polymer feed 

pump. 

2. Manual adjustment of the speed control for the polymer dilution mixing chamber 

will be make from the control panel.  The control panel will also monitor the 

polymer preparation system for faults due to low water pressure, or no polymer 

flow and shut the system down with an alarm should this occur. 

F. Flocculation Tank Agitation 

1. Whenever the dewatering unit is operating 2 motorized agitators will operate 

continuously, stirring the contents of the flocculation tank.  These are geared 

motors and will be controlled by a VFD in the control panel.  The VFD will be 

adjustable from 5 Hz up to 75 Hz. 

2. A high level sensor will detect any high fluid level in the flocculation tank and will 

shut the dewatering unit down and cause an alarm should this occur. 

G. Dewatering Drums 

1. The Dewatering Drums will operate whenever the system is operating.  The motor 

is controlled by a single VFD.  The Range of Adjustment for this will be 15 Hz to 

60 Hz.  When the system shuts down the dewatering drum will continue to operate 

for a pre-set time before they shut down.  Sprays will periodically switch on while 

the dewatering drum is operating.  The frequency and duration of the spray are 

adjustable in the PLC. 
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PART 3 - EXECUTION 

3.1 DELIVERY, STORAGE, AND HANDLING OF EQUIPMENT 

A. All equipment shall be shipped and delivered fully assembled, except where partial 

disassembly is required in order to conform to transportation regulations or for the 

protection of components. 

B. Contractor shall be responsible for unloading of the machinery and shall have equipment 

on-site available at the time of delivery permitting proper handling of the equipment. 

3.2 INSTALLATION  

A. Contactor will undertake installation of equipment in this section as per the manufacturer’s 

submitted instructions and in accordance with these specifications and associated plans.  

B. Manufacturer will provide consultation as necessary to ensure correct installation and 

resolve any issues that arise during installation.  

C. Manufacturer shall supply anchor bolts for the equipment.  Contractors shall install the 

anchor bolts in accordance with the manufacturer’s recommendations. 

3.3 START-UP AND COMMISSIONING 

A. Upon completion of the installation, and at a time that is deemed to be most appropriate by 

consensus of all parties, the services of the manufacturer's factory trained startup technician 

shall be provided at the project site for equipment start-up.  The following tasks will be 

undertaken during this time: 

1. Installation inspection to ensure all equipment is installed properly and is ready to 

be started up and operated. 

2. Functional Startup of equipment, calibration and setting of equipment parameters. 

3. Operational startup, optimization and data collection. 

4. Operator Training  

B. Service technician shall be onsite for a minimum of Five workdays (0.5 day for 

installation inspection, 1 day for operation and calibration, and 0.5 day for operator 

training, 3 day for performance testing) at startup to provide the following additional 

startup services.  

1. Provide Operator training after successful startup of the equipment. 

2. Installation Contractor shall videotape the manufacturer-led training session and 

provide to Owner. Allow for a minimum of one training session of a maximum of 

four (4) hours following a course outline acceptable to the Engineer. Training shall 

take place during regular work hours, Monday through Friday, excluding City 

holidays. Anticipated course outline could include the following subjects: 
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a. Startup procedures. 

b. Shutdown procedures. 

c. Troubleshooting. 

d. Selection of proper polymer types and dosages. 

e. Replacement of unit components. 

f. Operating adjustments for performance optimization.  

g. Preventive maintenance. 

h. Maintenance procedures.  

i. Emergency procedures.  

j. Record keeping. 

k. Mechanical unit function and description. 

l. Variable frequency drives. 

m. System controls. 

3. Workday: A “workday” shall be defined as an eight (8) hour work period onsite, 

excluding all travel time to and from the site. 

C. The Contractor shall provide manufacturer a minimum of two (2) weeks’ notice prior to 

onsite start up, functional testing, and manufacturer training services. 

D. Contractor shall ensure that start up is not performed until there is a minimum volume of 

sludge to allow three (3) days of operation at dewatering system design capacity (assuming 

6 hours/day of operation), plus sludge production rates sufficient to allow plant operators 

to operate the press on a regular schedule following start-up and training of plant staff. 

3.4 PERFORMANCE TEST  

A. A performance test shall be conducted following startup verifying that the unit meets the 

minimum performance requirements specified. 

B. Performance test shall be three (3) days in duration, minimum of two (2) hours of operation 

each day. 

C. Provide written test procedures including sampling frequency and analysis at least 30 days 

prior to start of testing.  Provide recommended polymer and concentration. 

D. The owner shall operate the equipment throughout the duration of the test, obtain the 

samples, and document the data needed to confirm the performance of the dewatering 

system. 
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1. Owner will conduct the laboratory tests. 

E. One sample of the following flow streams shall be obtained for every hour of operation 

during the performance testing: 

1. Feed sludge. 

2. Pressate. 

3. Dewatered sludge. 

Once the operation has stabilized, the Owner may elect to reduce the number of samples 

to be analyzed each day. 

F. Manufacturer’s field technician shall optimize the polymer dosing by changing the dosage 

and collecting cake samples to determine the minimum dosage that provides a cake meeting 

the performance requirements. 

G. The following process data shall be recorded and documented each ½ hour of the test: 

1. Feed sludge flow rate. 

2. Polymer dosage and feed rate. 

3. Cumulative feed sludge flow each day of operation. 

4. Alarm conditions. 

5. Equipment problems. 

6. Screw speed and drum speed (if applicable). 

H. In the case of nonacceptable performance, the Manufacturer shall then have 15 days in 

which to perform at its sole expense, any supplemental testing, equipment adjustments, 

changes, or additions and request an additional retest of the nonacceptable system. 

1. If the modified equipment does not meet the guaranteed performance requirements 

of this Section, all or part of the final payment of the total lump sum price shall be 

retained as damages, or 

2. Owner may elect to have the manufacturer remove the unit and refund any monies 

paid. 

END SECTION 46 76 26.13 
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