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BIRMINGHAM WWTP
PROCESS FLOW DIAGRAM

KANSAS CITY WATER SERVICES
WASTEWATER TREATMENT PLANT OPERATIONS AND MAINTENANCE
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By: Al Ingham 7-31-20

Reference: J. L.

Revised By: ______

BV Project No: 404617

Primary Clarifiers

Number of Clarifiers – 2
Diameter per Clarifier - 113 ft
Sidewater Depth - 13.75 ft
Surface Area per Clarifier - 10,029 ft2
Volume per Clarifier - 153,743 ft3 (1.15 MG)
Total Volume – 
Surface Overflow Rate: 
      @ XX mgd - 756 gpd/ft2
      @ XX mgd - XXX gpd/ft2
      @ 24 mgd - 1,200 gpd/ft2
Solids Loading Rate @ 29.4 mgd
(1,950 mg/L MLSS & 100% RAS - 40 lbs/day/ft2
Detention Time @ XX mgd - X @ X.X hrs
Weir Length per Clarifier - 626 ft

Secondary ClarifiersNumber of Clarifiers – 2
Diameter per Clarifier – 100 ft X 100 ft
Sidewater Depth – 8 ft
Surface Area per Clarifier – 10,000 ft2
Total Volume – 20,000 ft3 (0.677 MG)
Detention Time:
      @XX mgd - 0.7 hrs. 
      @XX mgd - 1.4 hrs.
      @XX mgd - X.X hrs.       
Surface Overflow Rate:
      @XX mgd - XXXX gpd/ft2
      @XX mgd – 1,000 gpd/ft2 
      @XX mgd - XXXX gpd/ft2     
Weir Length per Clarifier – 722 ft. 

Number of Pumps – 2 
Sludge (1 Scum)Sludge Type -
Sludge Capacity -
Scum Type – 
Scum Capacity -

Pumps

Pumps

Number of Pumps – 3
Pump Type -
Pump Capacity -

Number of Channel – 1
Type - Sodium Hypochlorite
Volume - 273,840 gal
Capacity - 20 MGD 

Disinfection

Pumps

Number of Pumps – 2
Type of Pumps - Vertical Turbine
Diameter per Pump – 
Capacity per Pump - 28,000 gpm (40 MGD)
PS FIRM Capacity - 40 mgd

Pumps

Number of Pumps – 3 
Sludge (2 Scum)
Sludge Type -
Sludge Capacity -
Scum Type – 
Scum Capacity -

Pumps

Number of Pumps – 3 
Pump Type-
Pump Capacity -

Number of Aeration Basins – 2
Dim. per Basin -120.5'x122'x13.5'SWD
Volume per Basin - 198,464 ft3
Total Volume - 396,927 ft3
Detention Time
      @ xx mgd - 2 hrs. 
      @ xx mgd - 4 hrs.
Type of Aeration - Surface Aerator
Number of Aerators - 8

Aeration Basins

Pumps
Number of Pumps – 5 
Sludge Type -
Sludge Capacity -
Scum Type – 
Scum Capacity -

Number of Units – 2
Type of Grit Tank – Aerated
Length per Channel - 100 ft
Width per Channel - 26 ft
Sidewater Depth - 12.5 ft
Volume - 0.24 MG
Capacity per Channel - 117 MGD
Total Capacity - 233 MGD
Type of Diffusers - Out of Service
Number of Blowers – 3
Capacity per Blower - X,XXX SCFM

Grit Channels
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WWTP OVERVIEW
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Operations 
Technology Group

Reference: J. L.

Revised By: ______

BV Project No: 404617

Drawn By: ADI 8-21-20

M

M

Raw Water

To Sludge
Injection Hydrants

To East Sludge
Pumping Station

To Sludge Injection Hydrants

From Sludge Force Main Valve Vault

To Sludge Force Main Valve Vault

Final Effluent to 
Missouri River

Effluent Pumps

No. 1 No. 2Future

Wetwell

Final Basin
Sludge Pumping

Station No. 2

Sludge Transfer
 Pumping Station 

Chlorine
Contact

Basin 
No. 1

Final Basin 
No. 2

Final Basin 
No. 1 Primary Basin 

No. 1

Primary Basin 
No. 2

Primary Basin Pumping Station 

Aeration Basin 
No. 2

Aeration Basin 
No. 1

Aerated 
Grit

Chamber 
No. 2

Aerated 
Grit

Chamber 
No. 1

R
e

tu
rn

 S
lu

d
g

e
P

u
m

p
 P

la
tf

o
rm

S
p

li
tt

e
r

S
tr

u
ct

u
re

Pump 
Discharge 
Channel

Motor Operated
Sluice Gate

Final Basin
Pumping 
Station 
No. 1

No. 1 No. 2 No. 3

1138



BIRMINGHAM WWTP
INFLUENT PUMPING STATION PROCESS FLOW DIAGRAM

KANSAS CITY WATER SERVICES
WASTEWATER TREATMENT PLANT OPERATIONS AND MAINTENANCE

Operations 
Technology Group

Reference: J. L.

Revised By: ______

BV Project No: 404617

Drawn By: ADI 8-21-20

Influent Structure

From North
Bank Interceptor

From Shoal
Creek Interceptor

From East
Liberty Force Main

From Northland
Industrial Park

To Birmingham WWTP

Trash Screen (Typ)

Bar Screen (Typ)

RSP-5

RSP-4

RSP-3

RSP-2

Wetwell

Influent Pump Station

No. of Units: 
Capacity:
Backup:
Installed Spares:
Type:
Capacity:
Rated Total Head:
Drive Type:
Flow Meter Type:

4
-
0
0
Dry-Pit Centrifugal
12,500/9,500 gpm
50 ft
Constant/VFD
-

Screening

No. of Units: 
Type:
Width:
Depth:
Flow Capacity:
  Avg Flow/Channel:
  Max Flow/Channel:
Wet Screenings Capacity:
Volume Reduction:
Solids Content Compacted Screenings:
Material Density Compacted Screenings:
 

2
Mech Bar Screen
ft
Ft
-
MGD
MGD
MGD
Cu ft/hr/Channel
% Minimum
Lb/cu ft
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PRELIMINARY/PRIMARY TREATMENT PROCESS FLOW DIAGRAM

KANSAS CITY WATER SERVICES
WASTEWATER TREATMENT PLANT OPERATIONS AND MAINTENANCE

Operations 
Technology Group
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Revised By: ______

BV Project No: 404617

Drawn By: ADI 8-25-20

M

Grit
Chamber

1

From Birmingham
Pump Station

Grit
Chamber

2

M

Sludge 
Distribution Line

Primary
Basin 2

Primary
Basin 1

Sludge Pumps

5A

5B

5C

Primary Pump 
Station

M

Scum Pumps

1

2
Sludge Pumps

3A

3B

To Grit Chamber (Not Used) To Sludge Transfer Pump Station

To Aeration Basin 2

To Aeration Basin 1

Grit Removal

No. of Units: 
Size:
Depth:
Flow Capacity:
  Avg Flow/Channel:
  Max Flow/Channel:

2
100 ft x 26 ft
12.5 ft
-
MGD
117 MGD

Clarifiers

2
100 ft x 100 ft
8 ft
-
-
10 MGD
15 MGD
-

No. of Units:
Size:
Side Water Depth:
Flow Capacity (Less Return Flow)
  Min Flow/Clarifier:
  Avg Flow/Clarifier:
  Max Return Flow/Clarifier:
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SECONDARY TREATMENT PROCESS FLOW DIAGRAM

KANSAS CITY WATER SERVICES
WASTEWATER TREATMENT PLANT OPERATIONS AND MAINTENANCE

Operations 
Technology Group

Reference: J. L.

Revised By: ______

BV Project No: 404617

Drawn By: ADI 8-25-20

M

M

Aeration
Basin 1From Basin 1

From Basin 2 Aeration
Basin 2

Final Clarifier 1
Floating Mixer (Typ)

Surface 
Aerator (Typ)

RAS Pump Station

RAS Pump Station

Final Clarifier 2

Scum to Final Basin 
Pump Station 1

WAS to Final Basin 
Pump Station 1

To Disinfection

Scum to Final Basin 
Pump Station 2

WAS to Final Basin 
Pump Station 2

To Final Basin Pump 
Station 2

Activated Sludge System Process Design Criteria

Type:
MLSS:
Avg Daily Dry Weather Flow:
Peak Hourly Flow:
Return Sludge Rate:
Min Dissolved Oxygen Level:
Avg BOD5 Loading:
Max BOD5 Loading:
F|M
Min Detention Time:
Solids Retention Time:

4,000 mg/L
MGD
MGD
25.9 MGD
Mg/L
Lb/Day
52,400 lb/Day
0.75 lbs BOD5/lbs MLVSS/Day
Hrs
2.0 Days

Aeration Basins

No. of Units:
Size:
Side Water Depth:
Volume/Basin:
Total Volume:

2
120.5 ft x 122 ft
13.5 ft
198,464 cu ft
396,927 cu ft

Blowers
No. of Units:
Firm Capacity:
Avg Air Flow Rate:
SCFM /Basin at Avg:
Blower Horsepower:
Diffusers
Diffuser Tubes:
Type:
Mixer
No. of Units:
Horsepower:
Type:

-
-
-
Scfm
Scfm
Scfm
HP-
-
Surface Aeration:
-
2
HP
Floating Mixer

Aeration Air System
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FINAL CLARIFIER SOLIDS PROCESS FLOW DIAGRAM

KANSAS CITY WATER SERVICES
WASTEWATER TREATMENT PLANT OPERATIONS AND MAINTENANCE
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Final Basin Pump
 Station No. 1

M

M

Final Basin Pump
 Station No. 2

Scum Pumps

Scum Pump

WAS Pumps

WAS Pump

WAS Pump

WAS Pump

M

M

Scum From Final Basin 2

Scum From Final Basin 1

WAS From Final Basin 1

From Final Basin 2

WAS From Final Basin 2

From Aeration Basin 2

To Sludge Wetwell

To North Sludge Wetwell

To South Sludge Wetwell

To Lagoons (Not Used)

RAS to Aeration Basin 2 (Not Used)

RAS to Aeration Basin 3 (Not Used)

Waste Activated Sludge Pump

No. of Units: 
Total Installed:
Uninstalled Spares:
Capacity:
Total Dynamic Head:
Motor:
Flow Meter Type:

5
5
0
-
gpm
Ft
HP
-

Scum Pump

No. of Units: 
Backup:
Uninstalled Spares:
Type:
Flow:
Total Dynamic Head:
Max Horsepower:
Drive Type:
Telescoping Valves:

3
0
0
-
gpm
ft
HP
-
-
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DISINFECTION AND EFFLUENT PUMPING STATION PROCESS FLOW DIAGRAM

KANSAS CITY WATER SERVICES
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Revised By: ______

BV Project No: 404617

Drawn By: ADI 8-21-20

M

Effluent Structure

 Chlorine Contact Basin 1

From Final Basins

Chemical Induction Unit

Effluent Pump Station

Weir Wall

Effluent Pumps
No. 1 No. 2

To Irrigation Pump Stations

To Missouri River Outfall
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Technology Group
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Revised By: ______

BV Project No: 404617

Drawn By: ADI 8-26-20

Sludge Transfer
Pump 3

M

Sludge Transfer
Pump 2

Sludge Transfer
Pump 1

Grinder (Typ)

From Final Pump Station 2

From Final Basin 2

From Final Basin 2

From Final Pump Station 2

South Sludge
Overflow

South Sludge
Wetwell

North Sludge
Overflow

North Sludge
Wetwell

To Valve Vault
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IRRIGATION PUMPING STATION PROCESS FLOW DIAGRAM
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No. 1 No. 2 No. 3

Irrigation Pumps 

Irrigation Pump Station 

From Disinfection Building

To Sludge Injection

To Sludge Injection

To Sludge Injection
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Page 1 of 2 

 

SECTION 13510 – COMPUTER SYSTEM HARDWARE  

PART 1 – GENERAL 

1.01 SCOPE 

A. This section covers the furnishing and installation of standard computer system 

hardware fully configured to work with the software specified in the computer 

system software section.  Principal items of the computer and peripheral hardware 

to be furnished are specified or are indicated on the control system block diagram 

on the Drawings. 

B. System Supplier shall furnish all necessary interconnecting cables, accessories, 

and appurtenances as well as additional computer or peripheral hardware required 

for proper operation and to meet the functional requirements indicated on the 

Drawings and specified herein. 

C. All equipment shall be capable of tolerating and "riding through" a power 

interruption of 8 milliseconds or less without interruption of normal operation. 

D. Control System 

1. Section Instrumentation and Control System shall apply to all computer 

hardware furnished under this section. 

E. Refer to Appendix 13510-A Standard Computer Configurations for a listing of 

computer hardware requirements covering devices specified herein.  

1.02 GENERAL 

A. Equipment furnished and installed under this section shall be fabricated, 

assembled, erected, and placed in proper operating condition in full conformity 

with the Drawings, Specifications, engineering data, instructions, and 

recommendations of the equipment manufacturer, unless exceptions are noted by 

Engineer. 

B. General Equipment Stipulations 

1. The General Equipment Stipulations shall apply to all equipment and 

materials furnished under this section.  If requirements in this specification 

differ from those in the General Equipment Stipulations, the requirements 

specified herein shall take precedence. 

1.03 SUBMITTALS 

A. See Section 13500 - Instrumentation and Control System 

1. Submittals shall be as specified in the Instrumentation and Control System 

section. 

 

1.04 DELIVERY, STORAGE, AND SHIPPING 

A. Delivery, storage, and shipping shall be as specified in the Instrumentation and 

Control System section. 
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PART 2 – PRODUCTS 

2.01 SYSTEM COMPUTERS 

A. Server Computers 

1. System Supplier shall ensure that all computers are configured to operate 

properly with all software, input/output devices, and peripherals supplied. 

2. Each server provided shall be configured identically to allow them to be used 

interchangeably between applications. Each server shall be the model and 

configuration as listed in the appendix to this section. 

B. Engineering Workstation Computers 

1. Each engineering workstation computer shall be comprised of the 

configuration listed in the appendix to this section. 

2. CD-RW/DVD Drive Compatibility 

a. The workstations shall be supplied with front-access USB ports capable of 

being configured for the use of an external CD-RW/DVD drive.  

C. Thin Clients 

1. Each thin client shall be comprised of the configuration listed in the appendix 

to this section. 

D. Portable Laptop Computer 

1. One portable laptop computer shall be provided. The configuration listed in 

the appendix to this section shall be provided as a minimum. 

2.02 MONITORS 

A. Each server shall be provided with a single monitor in the size indicated in the 

appendix to this section. Each engineering workstation computer and thin client 

shall be provided with dual monitors in the size indicated in appendix to this 

section.  

B. Monitors shall meet the requirements listed in the appendix to this section. 

2.03 BADGE SCANNERS 

A. Each Engineering Workstation and Thin Client shall be provided with an RFID 

badge scanner. The badge scanner shall be configured to allow an operator to log 

onto the workstation or thin client by swiping their Owner-provided RFID. User 

verification shall be manufactured by RF Ideas Model RDR-80581AKU-RA, 

without exception to match existing units.   

 

PART 3 – EXECUTION 

3.01 INSTALLATION REQUIREMENTS 

A. Installation, field check, testing and training shall be as described in the 

Instrumentation and Control System section. 

 

END OF SECTION  
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APPENDIX 13510 – STANDARD COMPUTER CONFIGURATIONS 

PART 1 – GENERAL 

1.01 SUMMARY 

A. This appendix includes the Owner’s standard computer configurations and 

hardware requirements.  

PART 2 – PRODUCTS 

2.01 SERVER COMPUTERS 

Server: Stratus ftServer 4920 for SCADA server 

applications. 

Hewlett Packard (HP) servers for high level 

historical, reporting, and virus detection 

functions. 

CPU: Dual Intel Xeon with10 Hyperthreaded cores 

per processor 

Memory Size (RAM): 128GB 

Storage: 2.44TB combined utilizing 600 GB 15K RPM 

2.5” disk drives 

Monitor Size: 24” diagonally 

Other Requirements: • 23 GHZ Auto Uptime Layer for VM 

• Configuration of 23 Virtual Machines 

• US/JP 115-15A NEMA 5-15P 

• Stratus Total Assurance 

• 5 year Warranty and Support with 

Active Remote Fault Notification 
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2.02 ENGINEERING WORKSTATION COMPUTERS 

CPU Type: Intel Core i7 

CPU Speed: 3.4 GHz 

Memory Size (RAM): 16GB minimum 

Monitor Resolution: Ultra-high 4K 3840 x 2160 

Monitor Type IPS type LCD panel or approved equal 

Monitor Size 24” diagonally 

Manufacturer: Hewlett Packard (HP) 

Other Requirements: • 512 GB solid state drive (SSD) 

• Single CPU 

• CD/DVD Reader-Writer 

• Integrated or discrete graphics 

processor unit (6GB VRAM dedicated) 

• 12 MB cache 

• One 10/100/1000 Mbps RJ-45 

connectivity Ethernet port 

• Wired scroll mouse 

• Standard wired Windows keyboard 

• Minimum of 6 USB 3.1 Gen 1 type A 

ports 

• Minimum of 2 USB Type C ports 

• Integrated sound card and speakers 

• 3.5mm audio port 

2.03 THIN CLIENTS 

Display outputs: Capable of supporting multiple display port 

and/or multiple HDMI ports. 

Monitor Resolution: Ultra-high 4K 3840 x 2160 

Monitor Type: IPS type LCD panel or approved equal 

Monitor Size: 24” diagonally 

Memory Size (RAM): 4GB 

CPU: Intel Atom Quad Core or approved equal 

Storage: 128gb SSD 

Other Requirements: • One 10/100/1000 Mbps RJ-45 

connectivity Ethernet port. 

• Fanless thermal solution. 

• Mounting options for wall, VESA, DIN 

rail, bookshelf, and machine mount. 

• -20 to 60 deg C operating temperature. 

Manufacturer: Rockwell Automation Versaview 5200 Non-

Display Thin Client or approved equal. 
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2.04 PORTABLE LAPTOP COMPUTER 

CPU Type: Intel Core i7 

CPU Speed: 3 GHz 

Display Resolution: FHD 1080p 

Display Type: TFT Flat Panel LCD with 300 nits brightness 

Display Size: 14” diagonally 

Memory Size (RAM): 16GB 

Storage: 512GB SSD 

Other Requirements: • One 10/100/1000 Mbps RJ-45 

connectivity Ethernet port 

• HDMI video output 

• Minimum of 2 USB 3.1 Gen 1 type A 

ports 

• Minimum of 2 USB Type C 

Thunderbolt 4.0 ports with Power 

Delivery and DisplayPort 

• Intel integrated graphics  

• Integrated sound with speakers 

• 3.5mm audio port 

• Lithium-ion battery with a minimum of 

5 hours of use. 

• Windows 10 Operating System 

Docking station shall be 

provided with the 

following requirements: 

• Integral 10/100/1000 Base-TX Ethernet 

connection 

• USB C laptop connection 

• Minimum of 2 USB Type C ports 

• Minimum of 3 USB 3.1 Gen 1 type A 

ports 

• HDMI video output and two 

DisplayPort video outputs 

• 3.5mm audio port 

• Kensington security slot 

• Standard windows keyboard 

• Standard scrolling mouse 

Manufacturer: Dell Latitude or approved equal 

2.05 MONITORS 

Display Type: IPS LED-backlit LCD with antiglare finish 

Display Resolution: Ultra-high definition (UHD) 4K 3840 x 2160 

Display Refresh Rate: 60Hz 

Brightness: 350 cd/m². 

Aspect Ratio: 16:9 

Contrast Ratio: 1000:1 
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Connectivity: Display Port and HDMI port integral to the 

unit. 

Additional Requirements: • Removable height-adjustable stand for 

setting on a desk. 

• VESA mount compatible. 

Requirements for Large 

Screen Monitors: 
• 70-inch diagonal screen size 

• 120 Hz refresh rate 

• Commercial rated and designed for 

continuous 24/7/365 operation. 

Manufacturers: Samsung, LG, or Sony. 

 

 

PART 3 – EXECUTION (NOT USED)  

END OF SECTION 
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SECTION 13520 – COMPUTER SYSTEM SOFTWARE  

PART 1 – GENERAL 

1.01 SCOPE 

A. This section covers computer system software to be furnished and installed by the 

System Supplier on computer hardware specified in the respective Division 13 

sections. 

B. System Supplier shall furnish standard, field proven, fully debugged and 

supported software packages for this application with a minimum of additions or 

changes. Customized or specially written software shall be furnished only if 

required to meet all functional requirements specified herein. 

C. Software is described in functional categories. System Supplier shall furnish a 

complete software package including the functional requirements specified, along 

with any additional software required for proper and efficient operation of the 

system. Rockwell Automation software shall be purchased from Rensenhouse 

Electric Supply KCMO as indicated in the Bid Form and Allowances sections and 

as specified herein.  

D. This section includes general requirements and may not list all software or all 

characteristic of software required by System Supplier to meet the functional 

requirements specified, nor to determine the location of the software modules 

within the system. 

E. The computer control software shall meet the design conditions and performance 

requirements. 

F. Control System 

1. The Instrumentation and Control System section shall apply to all software 

furnished under this section. Additional software requirements are indicated in 

the Software Control Block Descriptions section. Software configuration 

programming standards shall be as discussed in the Instrumentation and 

Control System section. 

1.02 GENERAL 

A. Software packages shall control computer system level activities as well as higher 

level process control activities, allowing the process to be monitored and 

controlled through an interactive operator interface. 

B. Interface 

1. Users shall be able to interface to all process control activities through fully 

interactive software modules initiated and operated using easily recognized 

icons or custom symbols or driven by full-screen and pull-down menus. 

Selection of icons or menus shall be through pointing devices and shall not 

normally require the use of an alphanumeric keyboard. Systems that require 

the use of typed commands to move from module to module or from display 

to display are not acceptable. 
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C. Execution 

1. Throughout the execution of all software modules, the operator shall be 

presented with all command or operation choices available at that point in the 

program to make the choices self-explanatory and unambiguous. Question-

and-answer or fill-in-the-blank requests are acceptable only where file names, 

tag names, or other unique text or numerical information is required. 

D. Configuration 

1. All programs shall be self-configuring to obtain the size and configuration of 

the system from parameters contained in the various files created during 

system generation. No parameters related to the hardware configuration shall 

be hard coded into any of the software. 

E. Version 

1. All programs shall be the latest version commercially available at the time the 

system is delivered to the Owner. Superseded versions, revisions, or releases 

are not acceptable 

F. Drawings 

1. Supplementing this section, the Drawings indicate locations and arrangement 

of computer enclosures and provide one-line and block diagrams regarding the 

connection and interaction with other equipment. 

1.03 SUBMITTALS 

A. See section 13500 – Instrumentation and Control System 

1. Submittals shall be as specified in the Instrumentation and Control System 

section. 

B. Software Module Descriptions 

1. In addition to the requirements of the Instrumentation and Control System 

Section, a complete description of the software packages and modules shall be 

submitted to verify compliance with this section. 

1.04 DELIVERY AND SHIPPING 

A. Delivery and shipping shall be as in the Instrumentation and Control System 

section. 

PART 2 – PRODUCTS 

2.01 OPERATING SYSTEM SOFTWARE 

A. Server operating system software shall be Windows Server 2016, without 

exception, and shall include a complete and unmodified operating system that 

provides system level functions. Workstation and thin client operating system 

shall be Windows 10, without exception. 

2.02 PROCESS CONTROL SYSTEM APPLICATION SOFTWARE 

A. Process control software shall enable the operator to monitor and control field 

devices connected to PLCs, RTUs, or other input/output hardware. The process 
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control system application software shall meet the following minimum 

requirements and shall exceed these requirements where necessary to comply with 

the functional requirements of the project. A license shall be issued for each 

machine loaded with process control software. 

B. A license shall be issued for each machine loaded with process control software. 

C. Approved Software 

1. The process control system application software shall be Rockwell 

Automation FactoryTalk SE with PlantPAx, without exception. 

2. The control system hardware shall be as specified in the Computer System 

Hardware section. 

3. Required Software Modules 

a. The following software modules shall be provided, installed, and 

configured by the System Supplier. 

Software Description License by 

Rensenhouse 

Electric (RE) or Re-

Used (RU) 

Process Automation 

System Server 

(PASS) 

Consists of the following 

modules: 

• FactoryTalk 

View SE Server 

(10 client 

licenses for new 

package) 

• FactoryTalk Linx 

• Alarm 

Management 

• FactoryTalk 

Historian 

Interface 

RE 

Active Directory 

(replicate) 

Manages security 

authentication using a 

database within the 

Windows server domain. 

RU 

Remote Desktop 

Server/Thin 

Manager (RDS/TM) 

Consists of the following 

modules (client licenses 

in parentheses): 

• FactoryTalk SE 

Client Thin 

Manager 

• FactoryTalk SE 

Client RDS 

Client 

• Access Licensing 

RE 
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4. Additional requirements for the SCADA System software capabilities and 

programming are provided in associated Division 13 sections. 

D. Password Protection 

1. Operator access within the control system software shall be controllable 

through a password-based security scheme. Operators shall be assigned their 

own user account and password. Nine levels of security protection shall be 

provided. Each system display, database block, control action, and software 

module shall be assigned its own security levels and shall be inaccessible to 

users without proper security clearance. After initial creation, passwords shall 

be field alterable, but only by the assigned user or a system administrator. 

E. System Response 

1. All responses to the operator shall be clear, unambiguous, and complete. 

Every operator menu, target selection, or request shall generate a response 

providing the range of choices for the next step in the process or indicating 

that the request or chosen operation has been completed, is being processed, 

or cannot be performed. Every operator menu or target pick shall generate a 

graphic or text message response, even if it is a negative one. 

F. Interactive Software Commands 

1. The software's interactive command structures, user interface, menu 

organization, and procedures shall be consistent and predictable for all 

software modules throughout the system. Similar operations shall be 

performed in a similar manner, so that an operator will not need to learn 

different techniques for initiating the same operation in different software 

modules. 

G. Operator Commands 

a. The software shall accept each operator command or selection, decode it, 

and check its validity and correctness in the sequence of data and 

operations previously presented. Invalid or incorrect commands or menu 

selections shall not be processed; instead, a message shall be generated 

which explains why the command or menu selection is invalid. When a 

command or selection is canceled prior to being fully processed, the 

software shall clear all pending sequences and shall not initiate any system 

control commands. 

H. Database 

1. The software shall include a comprehensive interactive database system for 

creating, sorting, editing, and monitoring all process inputs and outputs and 

internally used variables and control blocks. The system shall request, receive, 

process, and store all real-time data according to the information contained in 

the database. Database points shall be enabled or disabled individually at any 

time by an operator working at the proper security level. All internal database 
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point information shall be accessible to other external database software 

applications through ODBC export of comma separated value direct SQL 

commands. 

I. Alarm Processing 

1. Alarm processing software shall be provided to recognize and report alarms to 

the operator in an organized, unambiguous, clear, and convenient manner. 

Alarms shall be classified into at least five priority levels and at least two 

independent classes. System events shall be considered alarms classified by 

their own specific priority or class. 

a. Alarms 

(i) Alarm processing software shall generate alarms for at least the 

following conditions. 

1. Discrete input or output change of state if defined as an alarm in 

the database. 

2. Analog value exceeding the alarm limits defined in the database. 

3. Analog rate of change exceeding the limits defined in the database. 

4. Failure of any process input/output hardware, communications 

link, or other major hardware component. 

b. Acknowledgement 

(i) Alarms shall be generated as they occur and shall not be cleared until 

they have been acknowledged and conditions have returned to normal. 

Alarms shall clear from each operator workstation once they have been 

acknowledged from any workstation. 

c. Alarm Summary Display 

(i) An alarm summary display shall be provided which lists at least 100 of 

the most recent alarms in all classes, with the most recent alarm listed 

first. Alarms shall appear flashing or in a unique color until they are 

acknowledged by the operator. Alarms of different priorities shall be 

easily distinguished on all alarm displays through the use of unique 

colors or similar methods. 

(ii) Each operator workstation in the system shall be configured to display 

only certain alarms, alarm classes, and alarm priorities based on the 

preferences of the Owner. 

d. Alarm Logging 

(i) Alarm logs shall constitute a hard-copy record and a soft-copy record 

saved in the historical database of all alarms, events, and significant 

operator actions. Alarm displays and alarm log entries shall include the 

date and time that the alarm was detected, the tag name and 

description of the alarmed point, and an entry describing the nature of 

the alarm. Alarms shall be logged on an alarm and event printer and 

saved in the historical database as they occur. 

e. Responses to Alarms 
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(i) An audible alarm shall sound at the operator's console at each 

occurrence of a new alarm event. The audible alarm shall be silenced 

when it is acknowledged by the operator. 

(ii) Voice annunciation shall be used to annunciate alarm events. 

(iii)The audible alarm shall use an external sound system, such as a sound 

card and external speakers. 

f. Alarm Enabling 

(i) Alarms originating from database entries such as discrete change of 

state or analog limit violations shall be enabled or disabled on a point-

by-point basis. 

(ii) Alarms shall be capable of being shelved for an operator-entered 

period of time. After the alarm shelving time period has elapsed, the 

shelved alarm shall become active again. 

g. Alarm Notification Software 

(i) Alarms shall be integrated into the Owner’s existing external or 

integral alarm notification software package to generate alarms for 

paging, texting, voice call, or email systems.  

J. Operator Interface 

1. System software shall be suitable for creation and modification of 

alphanumeric and graphic displays and linking of dynamic fields to database 

variables. 

K. System Storage 

1. The system shall be capable of storing and utilizing full-screen user displays 

and pop-up windows, each containing any number of the following 

components: 

a. Static and dynamic alphanumeric information. 

b. Static and dynamic or object-based graphics. 

c. Dynamic bar graph displays. 

d. Dynamic analog real-time and historical trends displays. 

L. Component and Configuration Information 

1. The software shall enable the user to reuse components and configuration 

information from any screen or pop-up window with or without modification. 

All configuration information shall be displayed in any of 256 colors, flashing 

or non-flashing. Dynamic fields shall change color or from flashing to non-

flashing and back in response to a change in value, state, or alarm condition of 

the linked variable. Dynamic objects linked to process inputs and outputs shall 

be capable of displaying at least three equipment states, such as on/off/alarm 

for pumps, or open/close/transition for valves. 

M. Communications 

1. System software shall support communications among computers and PLCs 

as indicated on the Drawings and as specified herein. System Supplier shall be 
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responsible for any device driver development required to support the 

communications indicated. 

2. Data Retrieval and Transmission 

a. The software shall retrieve and send data from and to all remote field 

devices indicated on the Drawings. The software shall perform all required 

error checking to ensure the validity of all data transactions and proper 

completion of the scan sequence. All communication system malfunctions, 

including "no response", shall be reported to the system as alarms. Re-

transmission shall be utilized to correct or overcome communication 

errors. 

3. Communications Driver 

a. The software shall be supplied with communications drivers capable of 

communicating with any existing remote field devices indicated on the 

Drawings as well as all software input/output drivers required to 

communicate with all field devices and system hardware that are furnished 

as part of the control system. 

b. Network communications drivers shall be provided for notification and 

alarming of SNMP compliant devices, such switches and routers. Drivers 

shall be OPC to SNMP drivers. Generic OPC drivers shall be provided for 

the HMI software as required. Drivers shall be Kepware, Matrikon, or 

equal. 

N. Historical Data Storage 

1. The software shall include modules for historical data gathering, data 

reduction, and reporting. Real-time analog signal values shall be collected and 

stored in the historical database based on a user defined time interval of 1 

second to 1 day, or on a change of state deadband configured for each 

database point. Alarms and events shall be collected and stored in the 

historical database as they occur. The historian shall support the following 

features: 

a. The historical database shall be a real-time relational database. The 

database shall be an extension of Microsoft SQL Server. The historical 

database shall acquire point information from the graphical user database. 

b. Access to data shall be by any SQL or ODBC compliant software 

package, such as Crystal Reports, Oracle database applications, Microsoft 

Excel, or Microsoft Access. 

c. Database shall allow the use of a separate I/O server for data from the 

programmable logic controller system. 

2. Data Reduction Capabilities 

a. Data reduction capabilities shall be provided to average and reduce data to 

hourly records, and the hourly records to daily records. Entries for all 

hourly and daily averaged records shall include sample, average, 
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minimum and maximum values as defined by Owner. Both hourly and 

daily averages for each day shall be stored in the historical database. 

3. Retrieval Software 

a. Data retrieval software shall be provided to allow access to historical data 

files for the following uses: 

(i) Tools shall be provided for remote trending and display of the data on 

all user workstations. Trend displays shall allow up to eight tags to be 

graphed in the window. Graphs shall allow stacking or separate 

display of each tag. Displays shall allow save functions for retrieval 

from the computer hard drive. Trends shall display real-time data, or 

display data from the history files. The trend display shall show the 

time frame of stored data. 

(ii) Import/export of data from/to ASCII files. 

(iii)Inclusion in user-generated reports. 

(iv) Tools for Microsoft Excel display of data shall be included. Tools shall 

allow the retrieval and display of real-time data, or historical data. 

O. Reports 

1. Report logs shall constitute a hard-copy summary of user-selected process 

data. At least 30 report formats shall be available in the system. Report 

printing software shall include a user-interactive, on-line report editor to allow 

the operator to select the following parameters for each report: 

a. Data consisting of measured variables, calculated variables, and manually 

entered data. 

b. Starting and ending time of data to be included in the report. 

c. Print format for each variable. 

d. Titles and subtitles to appear on each page of the report, including report 

name, current time, and date. 

e. Paper width (from 8 to 14 inches). 

f. Print pitch (from 5 to 16.5 characters per inch). 

g. Number of columns on each page. 

h. Number of lines per page and number of pages per report. 

2. Database Points 

a. All database points in the system, including all input/output points, 

manually entered points, and calculated points, shall be available for use 

in reports. Reports shall include sample, average, minimum, and 

maximum values for analog variables and the time of occurrence for 

minimum and maximum values. Information printable for discrete 

variables shall include running time, state, and transition count. 

3. Report Formats 

a. Report logs shall constitute a file or a hard-copy summary of user-selected 

process data. All historical data for points in the history database shall be 
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available for reporting from an SQL and ODBC compliant database. 

Reporting software shall have the following features: 

(i) Creation and modification of report formats or content shall not 

require direct modification of system source code. Reports shall have 

the ability to be created in third party software packages such as 

Microsoft Excel and Microsoft Access. 

P. Off-line Storage Software 

1. The software shall include provisions for copying to backup media any or all 

of the historical data currently stored on the hard drive. The software shall 

support archival of data to any backup devices specified in the Computer 

System Hardware section. Archival of data shall be intuitive and the archival 

software shall guide an operator through the backup process. 

2. Backup Data 

a. Once historical data is copied to back-up media, the software shall allow 

the operator to delete it without negative consequences to free space on the 

hard drive. Archived historical data shall be re-loadable and usable in all 

the same ways as historical data that has not been removed from the local 

hard drive. 

3. Logical Disk Drive 

a. If the backup device is on-line and addressable by a logical disk drive 

letter (e.g., an optical disk drive defined as "D:"), historical data archived 

to that device shall be accessible directly without restoration to a local 

hard drive. 

4. Internet/Intranet Connectivity 

a. The software shall include provisions for making connections to the 

process data through the existing corporate Intranet or through a 

connection made on the Internet. This “thin client” solution shall provide 

authorized users access to all displays and process information by utilizing 

any standard Internet browser. 

b. The application software shall include software for development for web 

browser based interface. Features shall include the following: 

(i) The software shall allow access to the real-time process operations 

through any web browser without special software on the computer. 

(ii) The software shall provide security to prevent unauthorized use. 

(iii)The software shall allow the user to view alarms through the browser. 

(iv) The software shall allow the user to view historical data through the 

browser. 

2.03 SOFTWARE DOCUMENTATION 

A. System Supplier shall relinquish all documentation supplied with the software 

furnished, such as user manuals, programmer guides, reference cards or keyboard 

templates, and related materials. In addition, System Supplier shall generate and 

submit to Owner and Engineer written documentation of any configuration work, 
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modifications of the system, or setup of software done before or after installation 

of equipment on the site. Documentation shall be electronic and one hard copy. 

This includes any and all information on the development of any standard 

“objects,” “wizards,” or “scripts” created for the use in this project. 

2.04 PLC SOFTWARE 

A. The requirements for PLC software are specified in the Programmable Logic 

Controller section. 

2.05 EXTENDED SUPPORT OR WARRANTY 

A. The process control system software shall include the extended or comprehensive 

support service of the manufacturer. The service shall include all software updates 

and phone and personal support when needed. The service shall be for a period of 

one year after final acceptance and shall cover all software packages supplied 

under this contract. 

2.06 TRAINING SERVICES 

A. Training requirements are specified in the Instrumentation and Control System 

section. 

 

PART 3 – EXECUTION 

A. The System Supplier shall install the process control software on the control 

system hardware specified in another section. 

B. Configuration 

1. System Supplier shall install and properly configure any supplemental 

programs, modules, and software packages necessary to meet the functional 

requirements of the project as described in the Instrumentation and Control 

System and Software Control Block Description sections. 

 

END OF SECTION 
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SECTION 13530 – PROGRAMMABLE LOGIC CONTROLLERS  

PART 1 – GENERAL 

1.01 SCOPE 

A. This section covers programmable logic controllers (PLCs), including associated 

input/output hardware to control process equipment and serve as the interface to 

field devices. 

B. Control System 

1. The Instrumentation and Control System section shall apply to all equipment 

furnished under this section. Additional PLC software requirements are 

indicated in Software Control Block Descriptions section. 

1.02 GENERAL 

A. Equipment furnished and installed under this section shall be fabricated, 

assembled, erected and placed in proper operating condition in full conformity 

with the Drawings, Specifications, engineering data, instructions, and 

recommendations of the equipment manufacturer, unless exceptions are noted by 

Engineer. 

B. General Equipment Stipulations 

1. The General Equipment Stipulations shall apply to all equipment and 

materials furnished under this section.  If requirements in this specification 

differ from those in the General Equipment Stipulations, the requirements 

specified herein shall take precedence. 

C. Drawings 

1. Supplementing this section, the Drawings indicate the number and types of 

PLCs, locations of PLCs, and provide diagrams and schematics regarding 

connection and interaction with other equipment.  All hardware, including 

power supplies, special cables, and other appurtenant equipment, shall be 

provided to meet the functional requirements described herein and indicated 

on the Drawings. 

D. PLC Listings 

1. Listings of the PLCs and OITs that are part of the project are attached as 

Appendix A to this section.  Input and output (I/O) listings for PLCs are 

included on the Drawings. 

1.03 SUBMITTALS 

A. See section 13500 – Instrumentation and Control System 

1. Submittals shall be as specified in the Instrumentation and Control System 

section. 

1.04 DELIVERY, STORAGE, AND SHIPPING 

A. Delivery, storage and shipping shall be as specified in the Instrumentation and 

Control System Section. 
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1.05 SPARE PARTS 

A. Spart Parts shall be furnished as follows: 

Spare Part Quantity 

Processor modules 2 of each type 

Power supply modules 2 of each type 

I/O modules 3 of each type 

Communication modules 3 of each type 

 

PART 2 – PRODUCTS 

2.01 GENERAL 

A. All equipment furnished under this section shall be expressly selected by System 

Supplier for its superior quality for the intended purpose and shall comply with 

the following requirements. 

B. Interchangeability 

1. All programmable logic controller systems shall be products of the same 

manufacturer and of the same series or product line.  Processors, local and 

remote input/output hardware, communications modules, and specialty 

modules such as coprocessors and ASCII modules shall be interchangeable 

among all I/O panels and systems.  PLC modules and hardware by other 

manufacturers will be acceptable only if the PLC manufacturer does not offer 

suitable modules and hardware for the same functions. 

C. Initial, Spare, and Future Memory (RAM) 

1. System Supplier shall provide adequate memory for the amount of I/O, 

control algorithms, and communications in the initial system. 

2. Each programmable logic controller shall include provisions for future 

expansion and shall have 100 percent spare memory capacity and 100 percent 

spare data capacity installed.  The spare memory capacity shall be 

documented by submitting to Engineer, during factory testing, a statement 

indicating the amounts of memory of all types being utilized and the total 

amount available in each system.  The statement shall include an estimate of 

the total program and data memory necessary, including spare memory, based 

on the I/O hardware for the system, and previous programming experience. 

D. Spare I/O 

1. Each PLC input/output enclosure shall be provided with at least 20 percent 

spare inputs and outputs of each type.  Spare I/O shall be installed, wired, and 

interfaced properly to the terminal strip.  The spare I/O shall be in addition to 

any I/O installed and reserved for future process signals as may be indicated 

on the I/O list.  In addition, each PLC input/output enclosure shall be capable 

of accommodating 20 percent of additional input/output capacity of each type 
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as originally assembled, without the need for additional expansion racks, 

communication adapters, cables, or PLC power supplies. 

E. Expandability 

1. Each PLC processor and associated I/O shall have a future expandability of at 

least 50 percent of the provided system. 

2. A minimum of two spare slots or 10% spare slots, whichever is greater, shall 

be provided between the digital cards and the analog cards to allow expansion 

of the digital I/O.  Each I/O rack shall minimally contain four spare slots or 

20% spare slots, whichever is greater, including the spare slots between the 

digital I/O and analog I/O modules noted above. 

F. Acceptable Manufacturers 

1. The PLCs shall be Allen-Bradley ControlLogix 1756-L8* series.  In specific 

applications as shown on the Drawings or small standalone vendor control 

systems the PLC shall be Allen-Bradley CompactLogix. 

G. Signal Power Supplies 

1. Regulated DC power supplies shall be provided in each PLC enclosure for 

analog inputs, digital outputs, and digital inputs. Power supplies shall be 

suitable for an input voltage variation of ±10 percent, and the supply output 

shall be fused or protected against short-circuiting.  Output voltage regulation 

shall be as required by the instrumentation equipment supplied under another 

section. 

2. The loop power supply shall be separate from the power supply circuit for the 

processor and racks. 

3. The power source for all digital inputs from field devices shall be separately 

fused for each digital input module.  Unless otherwise noted, all field devices 

will be provided with dry contacts that close to provide an input to the PLC. 

H. Appurtenances 

1. The PLC processor and I/O hardware shall be provided as complete systems, 

as shown on the control system block diagram drawings.  The PLCs shall 

include all necessary hardware and software for a complete working system.  

All special rack or panel mounted power supplies, special interconnecting and 

programming cables, special grounding hardware, or isolation devices shall be 

furnished for proper operation of the equipment.  Signal converters, signal 

boosters, amplifiers, special power supplies, special cable, special grounding, 

intrinsically safe relays and current repeaters, surge suppression devices, and 

isolation devices shall be furnished and installed for proper operation of the 

equipment. 

I. PLC Arrangement 

1. The PLCs shall be distributed and arranged as indicated on the Drawings. 

J. Service Conditions 

1. Service conditions are indicated in the Instrumentation and Control System 

section. 
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2.02 PLC PROCESSOR 

A. The programmable logic controller processor shall be an industrial-type rack-

mounted unit that utilizes nonvolatile type memory.  Battery-backed memory is 

not acceptable.  Each processor shall include onboard flash memory or 

CompactFlash card for storage of the user program.  The processor shall 

automatically download the user program from nonvolatile memory upon startup 

after a power loss.  Nonvolatile memory shall be programmable by the PLC or 

PLC software. 

B. Diagnostics 

1. The processor shall utilize self-monitoring diagnostic techniques and shall 

contain easily visible LED diagnostic indicators for "run" and "halt" 

conditions as well as memory and input/output error conditions.  Diagnostic 

codes shall also be available through the programming device to facilitate 

troubleshooting. 

C. Programming Port 

1. The processor shall include a programming port that is available for 

programming and monitoring on-line after the system is fully functional, and 

after all communications, human machine interface (HMI), and network 

connections have been made.  Removal or disruption of network 

communications, remote I/O communications, and HMIs to allow for on-line 

programming and monitoring will not be acceptable.  A key switch shall be 

provided on the processor for selection of the operating mode and as a 

security measure. 

D. Communications 

1. The processor shall be programmed to operate autonomously, regardless of 

communications status with other units.  Each programmable controller shall 

be furnished complete with communication modules for local and remote 

input/output hardware communications, communications with other 

programmable controllers, and communication with host computers as shown 

on the block diagram. 

2. DNP3 Over Ethernet Communication Modules 

a. DNP3 modules shall be furnished as indicated on the Drawings and in the 

attached PLC Listing to facilitate PLC communication to the Owner’s 

SCADA system.  Modules shall be compatible with Allen-Bradley 

ControlLogix backplane and utilize Add-On Instructions (AOI) for data 

transfer and configuration.  Modules shall be provided with CIPconnect-

enabled network diagnostics and 10/100 Mbps auto crossover detection 

Ethernet configuration.  DNP3 communication modules shall be capable 

of up to 40 IED connections and transmitting up to 300 commands.  

Modules shall have an integral 10/100 Base-T, RJ45 connector and 

link/activity LED indicators.  DNP3 communication modules shall be 

manufactured by ProSoft Technology without exception. 
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b. DNP3 modules for remote sites shall be ProSoft Technologies PLX51-

DNPS.  The master gateway for the East Tank shall be a ProSoft 

Technologies PLX51-DNPM. 

3. Modbus Serial Communication Module 

a. Modbus serial modules shall be furnished as indicated on the Drawings 

and in the attached PLC Listing to facility PLC communications to 

existing pump controllers. Modules shall be compatible with Allen-

Bradley ControlLogix backplane and utilize Add-On Instructions (AOI) 

for data transfer and configuration. Modules shall be provided with 

CIPconnect-enabled network diagnostics and 10/100 Mbps auto crossover 

detection Ethernet configuration. Modules shall have at minimum two 

serial ports.  

b. Modbus serial modules shall be ProSoft Technology MVI56E-MCM.  

E. Environment 

1. The processor shall be suitable for operation in the environments specified in 

another section. 

F. Programming 

1. The processor shall be programmable using the IEC 1131 international 

programming standards and ladder logic programming.  IEC 1131 

programming shall include the following: 

a. Functional Block Diagram. 

(i) Function block programming is the Owner’s standard.  The I&C 

System Supplier shall receive written approval from the Owner to 

utilize ladder logic or structured text. 

(ii) PLC programs shall utilize Rockwell PlantPAx process library Add 

On Instructions (AOIs). 

b. Structured Text. 

c. Ladder Diagram. 

2. Ladder logic programming shall include a minimum of the following 

capabilities: 

a. Contacts, coils, branching. 

b. Data comparisons. 

c. On-delay and off-delay timers. 

d. Counters with comparators. 

e. Floating point Math and Logical instructions. 

f. PID loop control. 

g. Jumps and Subroutine functions. 

h. Master control relay. 

i. Transitional or one-shot outputs. 

j. Standard and user-defined data tables for digital and analog value storage. 

k. Remote I/O capability. 

l. Fault-mode subroutine. 
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G. Programming Capabilities 

1. The processor shall include the following capabilities for programming, 

debugging of programs, and troubleshooting: 

a. Off-line programming. 

b. On-line programming. 

c. On-line status of coils and registers. 

d. Input/output forcing. 

H. Hardware Configuration 

1. Processors shall be configured for standard rack mounting.  Each 

programmable logic controller processor shall include integral 

communications ports for the programming device, remote input/output, HMI 

device, or remote communications interfaces. 

I. Input/Output Hardware 

1. Input/output hardware shall be arranged as indicated on the Drawings.  

Programmable logic controller systems shall support the following types of 

input/output modules: 

a. 120 volt ac digital input and output. 

b. 4-20 mA dc analog input and output. 

2. All digital input/output hardware shall include isolation against surges of at 

least 1500 volts.  All output hardware connected to inductive loads shall be 

supplied with surge suppression devices and recommended by the PLC 

manufacturer to prevent damage to output hardware.  Combination 

input/output modules will be acceptable if they meet the following 

requirements. 

3. Wiring Terminals 

a. All input/output modules shall utilize easily removable plug-in or hinged 

field wiring terminals to allow removal of modules without disconnecting 

individual wires. 

4. I/O Circuit Power Supply 

a. Outputs for motor driven equipment will typically be powered from the 

driven equipment. Digital outputs for miscellaneous equipment shall be 

powered either from the controlled equipment or the PLC enclosure as 

indicated on the Drawings or as coordinated with the controlled equipment 

supplier.  Outputs that control process equipment specified under other 

sections or provided under other contracts shall be fully isolated or shall 

operate either interposing relays or relay-type digital output modules in the 

PLC cabinet. 

5. Digital Input Modules 

a. Digital input modules shall sense voltages between 100 and 130 volts AC 

or  20 to 28 volts DC as indicated on the PLC Listing appended to this 

section.  Modules shall have LED indicators for each point to display the 

status of the field contact. Each input module shall be suitable for being 
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connected to a separate voltage source and return. Return voltage may be 

common to the entire module unless otherwise indicated on the appended 

PLC Listing. Digital input modules shall have multiple inputs.  

b. 120VAC type digital input modules shall be Allen-Bradley 1756-IA16 or 

approved equal.   

c. 24VDC type digital input modules shall be Allen-Bradley 1756-IB16 or 

approved equal. 

d. 32-point 24VDC type digital input modules shall be Allen-Bradley 1756-

IB32 or approved equal. 

6. Digital Output Modules 

a. Digital output modules shall control voltages from 100 to 130 volts AC or 

20 and 28 volts DC as indicated on the PLC Listing appended to this 

section and shall be rated at least 1 ampere. Outputs shall be individually 

fused and shall have LED indicators to display output status.  Outputs 

shall withstand a surge of at least 80 amperes for one cycle and shall have 

an off-state leakage current not to exceed 2.0 mA. Digital output modules 

shall provide complete electrical isolation between individual output 

circuits. Digital output modules shall have multiple outputs.  

b. 120VAC type digital output modules shall be Allen-Bradley 1756-OA16 

or approved equal. 

c. 24VDC type digital output modules shall be Allen-Bradley 1756-OB16 or 

approved equal. 

d. 32-point 24VDC type digital output modules shall be Allen-Bradley 1756-

OB32 or approved equal. 

7. Relay Digital Output Modules 

a. Where indicated on the appended PLC Listing, digital output modules 

shall have dry contact relay type outputs suitable to control voltages from 

24 to 110 volts dc and 24 to 230 volts ac and shall be rated at least 2 

amperes.  Outputs have LED indicators to display output status.  Digital 

outputs for motor driven equipment shall be powered by the driven 

equipment.  Outputs shall withstand a surge of at least 80 amperes for 15 

milliseconds.  Relay digital output modules shall have multiple outputs.   

b. Relay digital output modules shall be 1756-OW16I or approved equal. 

8. Analog Input Modules 

a. Analog input modules shall accept linear 4-20 mA dc signals from field 

transmitters.  Analog to digital conversion accuracy shall be at least 12-bit 

(0-4095 count) resolution.  Analog input modules shall have multiple 

inputs. Each input shall be fully isolated from the other inputs.  

b. Analog input modules shall be Allen-Bradley 1756-IF8I or approved 

equal. 

9. Analog Output Modules 
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a. Analog output modules shall transmit linear 4-20 mA dc signals to field 

devices.  Loop power for all analog outputs shall be provided by regulated 

power supplies in each input/output enclosure and shall be capable of 

driving a 0 to 600 ohm load.  Digital to analog conversion accuracy shall 

be at least 12-bit (0-4095 count) resolution.  Analog output modules shall 

have multiple outputs. Analog output modules shall be  

b. Allen-Bradley 1756-OF8I or approved equal. 

10. RTD Input Modules 

a. RTD input modules shall measure the resistance over a pair of conductors 

and calculate the respective process temperature.   The input range of the 

RTD input module shall be configurable and have an analog-to-digital 

conversion accuracy of at least 24-bits.  The modules shall support 

platinum, nickel, and copper RTD sensors.   RTD modules shall have 8 

input channels.   

b. RTD input modules shall be Allen-Bradley 1756-IRT8I or approved equal. 

11. Panel Terminations 

a. All PLC input/output signals for field connections shall be terminated 

through panel enclosure terminal strips.  Direct connection of field wiring 

to the I/O module terminals is not acceptable. 

12. Interposing Relays 

a. Interposing relays shall be incorporated on all I/O circuits as shown on the 

PLC input/output listing, where required by the application of isolate 

foreign power sources, where the continuous output rating of the PLC 

relay digital or output module is not sufficient to power the connected 

device or equipment, or where otherwise required by the System 

Supplier’s equipment.  Interposing relays shall be provided for any digital 

output module output signal that leaves the PLC enclosure. Interposing 

relays shall be mounted in the PLC enclosure containing the output 

module that activates the relays. 

2.03 COMMUNICATIONS 

A. Each programmable controller system shall be furnished complete with 

communication hardware for local input/output hardware, remote input/output 

hardware, and other programmable logic controllers. 

B. Communication hardware shall be compatible with cable, data highway, fiber 

optic, or radio communications media as shown on the Drawings.  Ethernet 

components and cabling are specified in the associated Division 13 sections. 

C. Addressability 

1. Each programmable logic controller shall be individually addressable so that 

only the selected controller responds when queried. IP addressing shall be 

used. Designation of a controller's network address may be either a software 

or hardware function. 

D. Communications Hardware 
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1. System Supplier shall provide all necessary communications hardware.  

Hardware shall be included for, but not be limited to, remote I/O, data 

highway, host computer, fiber optics, Ethernet and radio. 

2. PLC to PLC Communications Hardware 

a. Each PLC shall communicate to other PLCs over a network as shown on 

the control system block diagram. System Supplier shall include all rack 

mounted, enclosure mounted, or desktop mounted communications 

modules required for a complete working system. 

3. PLC to Remote I/O Communications Hardware 

a. The master PLC shall communicate with the remote PLC rack over a 

remote I/O communications network.  System Supplier shall include all 

rack mounted, enclosure mounted, or desktop mounted communications 

modules required for a complete working system. 

4. PLC to Host Communications Hardware 

a. Each PLC shall communicate to the host computer over a network as 

shown on the control system block diagram.  System Supplier shall 

include all rack mounted, enclosure mounted, or desktop mounted 

communications modules required for a complete working system.  The 

computer system hardware is covered in another section. 

2.04 PROGRAMMING DEVICE HARDWARE 

A. One programming device shall be provided and shall be a portable laptop 

computer as specified in the Computer System Hardware section. System 

Supplier shall provide two interconnecting cables, each 5 meters long, to connect 

the computer to the programmable logic controller. 

2.05 PROGRAMMING SOFTWARE 

A. System Supplier shall furnish two licensed copies of PLC programming software 

to the Owner. The software shall be suitable for running on a laptop computer 

running Windows 10 operating system software. A full legal set of programming 

software documentation shall accompany each copy of the software. Each copy of 

the programming software shall include all necessary device drivers and add-on 

software packages. 

B. Standard Product 

1. The programming software shall be personal computer based and a standard 

product of Rockwell Automation. The software shall be Allen-Bradley 

RSLogix Studio 5000 Logix Designer Professional Edition.  The software 

version shall be confirmed with the Owner prior to program development and 

procurement. 

C. Programming Software Features 

1. The programming software shall allow off-line development of all PLC-

related programming, including user annotation of the program, and creation 

and printing of application programs and I/O cross-reference lists.  Special 
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programming tasks originally provided by System Supplier shall also be 

included. 

2. On-line features shall include IEC-61131 standards program modification, 

ladder-logic modification, program language modification, monitoring of real-

time ladder-logic execution, monitoring of program execution, monitoring and 

manipulation of timer and counter preset and present values, monitoring and 

forcing of physical I/O, and monitoring and manipulation of analog (register) 

and bit (binary) data table values.  PLC and I/O hardware diagnostic and 

status information shall be accessible using the software in on-line mode. 

2.06 SYSTEM ENCLOSURES 

A. Programmable logic controllers and input/output hardware shall be housed in 

shop-assembled panels as indicated on the Drawings and as described in the 

Panels and Appurtenances section. 

2.07 OPERATOR INTERFACE TERMINALS 

A. Operator interface terminals (OIT) shall be microprocessor-based flat panel type.  

The unit shall have data entry capabilities and shall include a password security 

function.  The unit shall be connected to the PLC and shall display status, alarm, 

and diagnostic information. The unit shall provide a nominal diagonal display 

area dimension of 12”, with WXGA resolution, 18-bit color, and a luminance of 

300 cd/m2.  The OIT shall be furnished with a minimum of 8 MB of flash 

memory and 8 MB of system memory.  The operator interface unit shall be 

provided with an Ethernet port for communications, and two USB ports for 

programming.  The OIT shall be rated NEMA 4X, suitable for panel face. 

B. Terminals shall be powered from 120 V ac, 60 Hz, single phase.  Terminals shall 

be suitable for ambient temperatures of +32 to +130°F and a relative humidity of 

5 to 95 percent. 

C. One licensed copy of the OIT software used to create the screens shall be turned 

over to the City upon successful startup and commissioning of the system. 

D. The operator interface unit shall be Allen-Bradley Model 2711P-T12W22A9P 

PanelView Plus 7 Performance 1200W, without exception. 

E. OIT shall provide graphic screens that shall be used by the operators to access all 

functions and setpoints necessary for comprehensive control.  The I&C System 

Supplier shall be responsible for developing and configuring the custom graphic 

displays.  Each piece of major process equipment that is monitored and controlled 

by the control system shall be displayed on the graphic screens.  Graphic screens 

shall be representations of the equipment and piping. The screens must accurately 

show all devices and equipment that is part of the control loops. The System 

Supplier shall utilize the version of the SCADA System Software Standards and 

Conventions document modified for this project to define such items as proposed 

graphic display process line colors/representations; color standards for “on”, 

“off”, “opened”, “closed”, and “alarm” conditions; alarm handling conventions; 
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how items will be selected for control; methods for navigation between displays; 

address usage/naming conventions; and security setup.  Proposed displays shall be 

submitted to the Engineer and Owner for approval as described in the 

Instrumentation and Control System section. 

F. Each new and existing OIT that is part of the Project shall be provided with a 

panel-mounted flush mount badge scanner.  Contractor shall plan for installation 

of the badge scanner and install in close proximity to the OIT on the panel door.  

Badge scanner shall be configured to compare the scanned badge versus the user 

database programmed into the OIT by the Contractor.  Contractor shall obtain the 

latest user database from the Owner.  Badge scanners shall be rf IDEAS WAVE 

ID Plus Surface Mount, without exception, to match Owner’s existing units. 

PART 3 – EXECUTION 

3.01 INSTALLATION REQUIREMENTS 

A. PLCs installation requirements are specified in Instrumentation and Control 

System section except as described herein. 

B. Field check, testing, and training shall be as specified in the Instrumentation and 

Control System section. 

3.02 CONFIGURATION 

A. PLC Programming and Configuration 

1. Configuration services are specified in the Instrumentation and Control 

System section. 

B. Communications Configuration 

1. The communications shall be fully configured and installed by System 

Supplier and shall be operation before application software configuration by 

others. Communications shall be configured as shown on the Drawings. 

  

END OF SECTION 
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13530-A PLC Listings

600 - SW Boulevard Sanitary and Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

120V AC 0 13 slot

(6) 8CH

(1) 8CH 

RTD

(1) 8CH

120V AC 1 10 slot
(3) 16CH

120V

(2) 16CH

120VAC

(4) 8CH 

Relay

601 - 25th Street Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

120V AC 0 10 slot

(5) 8CH

(3) 8CH 

RTD

120V AC 1 10 slot
(6) 16CH

120V

(4 ) 16CH 

Relay

120V AC 2 10 slot
(6) 8CH

(2) 8CH

603 - Broadway Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P603PMPPLCCP01

P603PMPPLC01
Pump Station PLC N

No existing 

PLC
N/A 120V AC 0 7 slot

(1) DNP3 Card, 

(1) ProSoft 

Modbus Serial 

(1) 8CH 

Iso
N/A

(1) 16CH

120V

(1) 16CH

120V

604 - North Airport Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P604PMPPLCCP01

P604PMPPLC01
Pump Station PLC N N N CompactLogix L30ER Dual 0 4 slot

(1) ProSoft 

Modbus TCP
(1) 8CH N/A

(2) 16CH 

120V
N/A

606 - Gillis Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P606PMPPLCCP01

P606PMPPLC01
Pump Station PLC N

No existing 

PLC
N/A 120V AC 0 7 slot

(1) ProSoft 

Modbus Serial 

(1) 8CH 

Iso
N/A

(1) 16CH

120V

(1) 16CH

120V

P601PMPPLCCP01

P601PMPPLC01

ControlLogix PLC to be provided 

and installed by others as part 

of a separate contract

ControlLogix PLC to be provided 

and installed by others as part 

of a separate contract

ControlLogix (See 

Notes)
YN

Y

PV+1500
Pump Station PLC

ControlLogix (See 

Notes)
NN

Y

PV+1500
Pump Station PLC

P600PMPPLCCP01

P600PMPPLC01
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13530-A PLC Listings

607 - Lydia Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P607PMPPLCCP01

P607PMPPLC01
Pump Station PLC N

No existing 

PLC
N/A 120V AC 0 7 slot

(1) ProSoft 

Modbus Serial 

(1) 8CH 

Iso
N/A

(1) 16CH

120V

(1) 16CH

120V

608 - Prospect Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P608PMPPLCCP01

P608PMPPLC01
Pump Station PLC N

No existing 

PLC
N/A 120V AC 0 7 slot

(1) DNP3, 

(1) ProSoft 

Modbus Serial

(1) 8CH 

Iso
N/A

(1) 16CH

120V

(1) 16CH

120V

609 - Milwaukee Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P609PMPPLCCP01

P609PMPPLC01
Pump Station PLC N N N CompactLogix L33ER Dual 0 10 slot (3) 8CH (1) 8CH

(4) 16CH 

24VDC

(1) 16CH 

24VDC

610 - Truman Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P610PMPPLCCP01

P610PMPPLC01
Pump Station PLC N N N CompactLogix L30ER Dual 0 4 slot (1) DNP3 (1) 8CH N/A

(2) 16CH 

120V
N/A

611 - Hawthorn Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P611PMPPLCCP01

P611PMPPLC01
Pump Station PLC N

No existing 

PLC
N/A 120V AC 0 7 slot

(1) DNP3, 

(1) ProSoft 

Modbus Serial

(1) 8CH 

Iso
N/A

(1) 16CH

120V

(1) 16CH

120V
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13530-A PLC Listings

612 - Blue Bank Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P612PMPPLCCP01

P612PMPPLC01
Pump Station PLC N N Y MicroLogix 1200 120V AC 0 7 slot

(1) 8CH 

Iso
N/A

(1) 16CH

120V

(1) 16CH

120V

614 - South Airport Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P614PMPPLCCP01

P614PMPPLC01
Pump Station PLC N N Y SLC 5/05 120V AC 0 10 slot (1) DNP3 (2) 8CH (1) 8CH

(2) 16CH

120V

(1) 16CH 

Relay

619 - North Church Estates Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P619PMPPLCCP01

P619PMPPLC01
Pump Station PLC N N Y SLC 5/03 ProSoft

120V AC (See 

notes)
0 7 slot (1) DNP3 (1) 8CH

(1) 16CH

24VDC

(1) 16CH 

Relay

Replace existing 24V DC power 

supply with new 120V AC 

power supply in new rack

623 - Pied Creek Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P623PMPPLCCP01

P623PMPPLC01
Pump Station PLC

Y

PV+7
N N ControlLogix 5572 120V AC 0 10 slot

(1) DNP3, 

(2) Ethernet/IP
(2) 8CH (1) 8CH

(2) 16CH 

24VDC

(1) 16CH 

Relay

631 - First Creek Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

120V AC 0 10 slot
(1) DNP3, 

(1) Ethernet/IP
(2) 8CH (1) 8CH

(4) 16CH 

24VDC

120V AC 1 10 slot (1) Ethernet/IP
(3) 16CH 

24VDC

(2) 16CH 

24VDC

632 - Second Creek Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P632PMPPLCCP01

P632PMPPLC01
Pump Station PLC

Y

PV+1500
N N ControlLogix 5572 120V AC 0 13 slot

(1) DNP3, 

(1) Ethernet/IP
(1) 8CH (1) 8CH

(3) 16CH 

24VDC

(1) 16CH 

24VDC

Replace existing ProSoft 

Modbus Card with a new DNP3 

Card

ControlLogix 5572

Replace existing ProSoft 

Modbus Card with a new DNP3 

Card

P631PMPPLCCP01

P631PMPPLC01
Pump Station PLC

Y

PV+1500
N N
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13530-A PLC Listings

637 - South Airport Relief Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P637PMPPLCCP01

P637PMPPLC01
Pump Station PLC N N

No existing 

PLC
N/A 120V AC 0 7 slot (1) 8CH

(1) 16CH

120VAC

(1) 16CH 

120VAC

642 - Wildwood West Sanitation Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P642PMPPLCCP01

P642PMPPLC01
Pump Station PLC N N Y SLC 5/03 ProSoft 24V DC 0 10 slot (1) DNP3 (1) 8CH (1) 8CH

(1) 16CH

120VAC

(1) 16CH 

24VDC

643 - KCI Industrial Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P643PMPPLCCP01

P643PMPPLC01
Pump Station PLC N N Y SLC 5/03 ProSoft

120V AC (See 

notes)
0  7 slot (1) DNP3 (1) 8CH

(1) 32CH

24VDC

(1) 32CH

24VDC

Replace existing 24V DC power 

supply with new 120V AC 

power supply in new rack

646 - Briarcliff West Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P646PMPPLCCP01

P646PMPPLC01
Pump Station PLC N N Y SLC 5/03 ProSoft

120V AC (See 

notes)
0 7 slot (1) DNP3 (1) 8CH

(1) 16CH

24VDC

(1) 16CH 

24VDC

Replace existing 24V DC power 

supply with new 120V AC 

power supply in new rack

657 - Northland Mobile Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P657PMPPLCCP01

P657PMPPLC01
Pump Station PLC

Y

PV600
Y Y SLC 5/05

120V AC (See 

notes)
0 10 slot (1) DNP3 (1) 8CH (1) 8CH

(3) 16CH

24VDC

(1) 16CH 

24VDC

Replace existing 24V DC power 

supply with new 120V AC 

power supply in new rack

659 - Chouteau Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P659PMPPLCCP01

P659PMPPLC01
Pump Station PLC N N Y

ControlLogix 5562 

(see notes)
120V AC 0 10 slot (1) Ethernet/IP (1) 8CH

(2) 16CH 

24VDC

(1) 16CH 

24VDC

Replace with ControlLogix L82 

processor
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13530-A PLC Listings

662 - Riverside Horizons Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

120V AC (See 

notes)
0 10 slot (1) DNP3

(4) 8CH 

Iso
(2) 8CH

120V AC (See 

notes)
1 10 slot

(7) 16CH

24VDC

(2) 16CH 

24VDC

P662PMPRIOCP01

P662PMPRIO01
RIO Panel

Y

PV300
N - Demo only Y MicroLogix 1200 (1) Ethernet/IP

(2) 16CH

24VDC

(1) 16CH 

Relay

Existing 14CH DI and 10CH DO 

integral to processor.  

Functionality to be replaced by 

dedicated DI card and 

dedicated relay output card.

663 - Birchwood Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P663PMPPLCCP01

P663PMPPLC01
Pump Station PLC N Y SLC 5/03 ProSoft

120V AC (See 

notes)
0 7 slot (1) 8CH

(1) 16CH

24VDC

(1) 16CH 

24VDC

Replace existing 24V DC power 

supply with new 120V AC 

power supply in new rack

664 - Gregory Ridge Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P664PMPPLCCP01

P664PMPPLC01
Pump Station PLC

Y

PV+7
N N ControlLogix L81E 120V AC 0 7 slot (1) 8CH

(2) 32CH 

24VDC

(1) 16CH 

24VDC

667 - 12th Street Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P667PMPPLCCP01

P667PMPPLC01
Pump Station PLC N Y SLC 5/03 ProSoft 120V AC 0 7 slot (1) DNP3 (1) 8CH

(1) 16CH

120VAC

(1) 16CH 

Relay

P662PMPPLCCP01

P662PMPPLC01
Pump Station PLC

Y

PV+1250
N Y SLC 5/05

Replace existing 24V DC power 

supply with new 120V AC 

power supply in new rack. 

Additional DI cards from the 

current quantity have been 

listed to allow the incorporation 

of additional I/O from a vendor 

panel (see Drawings)
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13530-A PLC Listings

676 - South Airport Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P676PMPPLCCP01

P676PMPPLC01
Pump Station PLC N Y SLC 5/03 ProSoft 120V AC 0 7 slot

(1) 8CH 

RTD

(3) 16CH 

120VAC

(1) 16CH 

Relay

Replace existing isolated 8CH 

AC/DC discrete input modules 

with 16CH 120VAC discrete 

input modules.

677 - 118th & Lawndale Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P677PMPPLCCP01

P677PMPPLC01
Pump Station PLC N Y SLC 5/03 ProSoft 120V AC 0  4 slot (1) 8CH

(1) 16CH

120VAC

(1) 16CH 

120VAC

682 - Lake Waukomis Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P682PMPPLCCP01

P682PMPPLC01
Pump Station PLC N N ControlLogix 5572

120V AC (See 

notes)
0 10 slot (1) Ethernet/IP (2) 8CH

(2) 16CH

24VDC

(1) 16CH 

Relay

Replace existing 24V DC power 

supply with new 120V AC 

power supply in new rack

684 - White Aloe Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P684PMPPLCCP01

P684PMPPLC01
Pump Station PLC N Y SLC 5/03 ProSoft

120V AC (See 

notes)
0 7 slot (2) 8CH

(1) 16CH

24VDC

(1) 16CH 

Relay

Replace existing 24V DC power 

supply with new 120V AC 

power supply in new rack

686 - Brush Creek Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P686PMPPLCCP01

P686PMPPLC01
Pump Station PLC N Y SLC 5/03 ProSoft

120V AC (See 

notes)
0 10 slot (2) 8CH

(2) 16CH

24VDC

(1) 16CH 

Relay

Replace existing 24V DC power 

supply with new 120V AC 

power supply in new rack

687 - Upper Rush Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P687PMPPLCCP01

P687PMPPLC01
Pump Station PLC

Y

PV+7
N N ControlLogix 5572 120V AC 0 7 slot (1) Ethernet/IP (1) 8CH

(2) 16CH

24VDC

(2) 16CH 

Relay

Items listed are to be provided 

and installed by others as part 

of a separate contract
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688 - Harlem Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P688PMPPLCCP01

P688PMPPLC01
Pump Station PLC N Y SLC 5/03 ProSoft 120V AC 0 7 slot (1) 8CH

(3) 16CH

120VAC

(1) 16CH 

Relay

Replace existing isolated 8CH 

AC/DC discrete input modules 

with 16CH 120VAC discrete 

input modules

692 - 83rd Street Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P692PMPPLCCP01

P692PMPPLC01
Pump Station PLC N Y SLC 5/03 ProSoft

120V AC (See 

notes)
0 7 slot (1) 8CH

(1) 16CH

24VDC

(1) 16CH 

Relay

Replace existing 24V DC power 

supply with new 120V AC 

power supply in new rack

693 - Birmingham Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P693PMPPLCCP01

P693PMPPLC01
Pump Station PLC

Y

PV+1500
N N ControlLogix 5572 120V AC 0 17 slot (3) Ethernet/IP (2) 8CH (1) 8CH

(4) 16CH

120VAC

(1) 16CH 

Relay

694 - Mace Road Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P694PMPPLCCP01

P694PMPPLC01
Pump Station PLC N Y SLC 5/03 ProSoft

120V AC (See 

notes)
0 7 slot (1) 8CH

(1) 16CH

24VDC

(1) 16CH 

Relay

Replace existing 24V DC power 

supply with new 120V AC 

power supply in new rack

696 - Weatherby Lake Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P696PMPPLCCP01

P696PMPPLC01
Pump Station PLC

Y

PV+7
N N ControlLogix 5572 120V AC 0 7 slot (1) Ethernet/IP (1) 8CH

(2) 16CH

24VDC

(2) 16CH 

Relay

Items listed are to be provided 

and installed by others as part 

of a separate contract
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WW SCADA System Improvements Phase 2

13530-A PLC Listings

Page 7 of 8

Issued for Bid

December 2023

1179



13530-A PLC Listings

697 - Platte Woods Sanitary Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P697PMPPLCCP01

P697PMPPLC01
Pump Station PLC N Y SLC 5/03 ProSoft

120V AC (See 

notes)
0 7 slot (1) 8CH

(1) 16CH

24VDC

(1) 16CH 

Relay

Replace existing 24V DC power 

supply with new 120V AC 

power supply in new rack

699 - Kemper Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P699PMPPLCCP01

P699PMPPLC01
Pump Station PLC N Y SLC 5/04 120V AC 0 10 slot See Notes See Notes

(3) 16CH

12VAC

(3) 8CH 

Relay

(1) 2CH AI/2CH AO card in 

panel.  Provide one AI and one 

AO card as a replacement.

711 - Birmingham WWTP

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

120V AC 0 17 slot (2) Ethernet/IP
(10) 16CH

24VDC

(2) 16CH 

24VDC

120V AC 1 17 slot (1) Ethernet/IP (11) 8CH (4) 8CH

745 - KCI De-Icing Flood Station

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

P745PMPPLCCP01

P745PMPPLC01
Pump Station PLC N

No existing 

PLC
N/A 120V AC 0 4 slot (2) Ethernet/IP

(1) 16CH

120V

848 - East Tank

Panel Tag/

PLC Tag PLC Description OIT (Y/N) OIT Replaced? PLC Replaced?

Existing PLC 

Processor Power Supply Rack # Rack Size Comm Cards AI AO DI DO Notes

Rack Mounted

P848PMPPLC01

Data Concentrator 

PLC
N

No existing 

PLC
N/A 120V AC 0 4 slot

(1) DNP3, 

(1) Ethernet/IP

(1) 16CH

120V

ControlLogix 5572
P711PMPPLCCP01

P711PMPPLC01
Plant PLC

Y

PV+1500
N N
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SECTION 13540 – RADIO EQUIPMENT 

PART 1 – GENERAL 

1.01 SCOPE 

A. This section covers the furnishing of radio communication equipment for the 

Instrumentation and Control System.  Radio equipment shall operate in 

conjunction with field devices such as PLCs, RTUs, etc., as described elsewhere 

in these Specifications.  The radio equipment shall consist of base radios and 

remote radios. 

B. Control System 

1. The Instrumentation and Control System section shall apply to all equipment 

furnished under this section. 

1.02 GENERAL 

A. Equipment furnished and under this section shall be fabricated, assembled, 

erected, and placed in proper operating condition in full conformity with the 

Drawings, Specifications, engineering data, instructions, and recommendations of 

the equipment manufacturer, unless exceptions are noted by the Engineer. 

B. General Equipment Stipulations 

1. The General Equipment Stipulations shall apply to all equipment provided 

under this section.  If requirements in this specification differ from those in 

the General Equipment Stipulations, the requirements specified herein shall 

take precedence. 

C. Drawings 

1. Supplementing this section, the Drawings show the configuration of the radio 

system, a location map of the sites, and antenna types with support and cable 

and mounting details.  All hardware, including power supplies, special cables, 

and other appurtenant equipment, shall be provided to meet the functional 

requirements described herein and indicated on the Drawings. 

D. Accessories 

1. System Supplier shall provide all necessary equipment such as channel 

processors, line buffers, communication couplers, and modems, to transmit 

commands and receive data via communication channels.  System Supplier 

shall also provide all radio transmitters, receivers, antennas, cabling, and 

mounting hardware for a complete operational radio system. 

1.03 SUBMITTALS 

A. See Instrumentation and Control System section. 

1. Submittals shall be as specified in the Instrumentation and Control System 

section. 

1.04 DELIVERY, STORAGE, AND SHIPPING 
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A. Delivery, storage and shipping shall be as specified in the Instrumentation and 

Control System section. 

1.05 SPARE PARTS 

A. The following spare parts shall be provided: 

Spare Parts Quantity 

4RF Aprisa + Radio 1 

Yagi Antenna 1 

 

PART 2 – PRODUCTS 

2.01 SERVICE CONDITIONS 

A. Service conditions are specified in the Instrumentation and Control System 

section.   

2.02 220 MHZ RADIOS 

A. The scope of radio provisions in this contact includes the following: 

1. Master polling radio installed at the East Tank (Facility 848) 

2. Remote radios for communications to either the East Tank or to the North Oak 

Tank (Facility 847) as designated on the Drawings 

B. Radio General Characteristics 

Number of channels (per radio): 1 

Frequency Selection: 220/221 MHz 

Adaptive Modulation: QPSK to 64-QAM 

Sensitivity: -104 dBm 

Antenna Gain (dBd): 9.5 

Vertical Beamwidth: 43 degrees 

Type of Antenna: Yagi 

Communications Data Baud Rate: 4800 

 

C. Communication Channel: 

1. Radios indicated on the Drawings or specified herein shall utilize frequency 

modulated, radio frequency as its communications medium. 

2. System transceivers shall operate on a dedicated channel pair in the 220-222 

MHz band in conformance with FCC Rules and Regulations, Parts 47 CFR 

Part 90 and Subpart T. Bandwidth shall be 12.5 kHz. 

3. The specific frequency for each radio to use will be provided following 

contract award. 

D. System Equipment 

1. MAS radio transceivers shall be 4RF – Aprisa + 220-222 MHz without 

exception. 

E. Digital Interface 
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1. Interface shall be Ethernet for communications to the PLC by way of a 

security device and DNP3 Over Ethernet interface card. 

F. Radio System Diagnostics  

1. The radios shall include system diagnostics to permit continuous or scheduled 

automatic monitoring of key operating parameters and alarm conditions. 

2. Communication 

a. The diagnostic package shall communicate data from all remote 

transceiver radios in the system to the base radio and polling remote radio 

via the radio’s RF channel. 

3. Radio Diagnostic Software 

a. Diagnostic software capable of operation on the latest version of MS 

Windows 10 operating system shall be supplied to enable a workstation 

computer or notebook computer to communicate with the radio via a 

separate USB or Ethernet diagnostic port. The diagnostic software shall 

support the data/control functions specified herein and shall be fully 

loaded and operational on the notebook computer furnished hereunder or 

in another section as specified. 

b. Diagnostics Data 

(i) Diagnostic data transmitted over the radio frequency channel must use 

dual ton multi-frequency encoding to eliminate the possibility of 

diagnostic information being misinterpreted as data being sent from 

the SCADA system. 

4. Programming Device Hardware 

a. The programming device shall be a portable laptop computer as specified 

in the Computer System Hardware section. 

5. Special Devices 

a. System Supplier shall provide two sets of any special devise (such as 

modems, adapter cards, interface converters, etc.) required to establish an 

operational programming line between the radios and programming 

device. 

6. Base Radio or Polling Remote Radio Diagnostic Data/Control Functions 

a. The following functions shall be monitored by the diagnostic system: 

(i) The operation and status of redundant transmitter, receivers, and 

power supplies; including automatic switch over to standby unit upon 

failure. All modules must be continuously monitored while on line and 

in standby states. 

(ii) Remote switch over to the alternate transmitter or receiver to permit 

remote troubleshooting of radio hardware and software. 

(iii)Remote testing of the hot standby switch over logic and alarm 

reporting logic. 
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(iv) Power supply voltage, current, and transmission of power from 

redundant power supplies and transmitters. 

(v) Received signal strength, frequency offset, and FM deviation levels of 

redundant base radio, polling remote radio, or a repeater radio. 

b. The radio diagnostics shall permit remote adjustment of key parameters in 

the remote radio transceivers from a personal computer connected to the 

base radio or polling remote radio. The parameters shall include transmit 

power , transmit frequency offset, and transmit modulation deviation. 

c. Control and Display Capability 

(i) Radio diagnostic software shall include control and display capability 

of the remote radio transceiver parameters listed below. 

1. Frequency (remote display and control). 

2. Deviation (remote display and control). 

3. Transmit Power Output (remote display and control). 

4. Receiver Signal Strength (remote display). 

5. Power Supply Voltage (remote display). 

6. Internal Voltage Regulator Voltage (remote display). 

7. Phase Lock Loop Voltage (remote display). 

8. Internal Radio Temperature (remote display). 

7. Remote Transceiver Radio Diagnostic Data/Control Functions 

a. The remote transceiver radio shall monitor its internal operation and 

diagnostic parameters from a hand-held terminal or personal computer 

plugged into the remote transceiver. A loop-back decoder board that 

operates in conjunction with the base radio or polling remote radio 

microprocessor to provide signal strength, frequency error, and deviation 

levels shall be supplied for each remote transceiver radio. The following 

data/diagnostic functions shall be supplied. 

(i)       Transmit and Receive Frequencies (display and control). 

(ii)       Time-out Timer Setting (display and control). 

(iii)      Soft-Carrier De-key Setting (display and control). 

(iv)       Loop-Back Code (display and control). 

(v)       Squelch Tail Eliminator (display and control) 

(vi)       Push-To-Talk Delay (display and control) 

(vii) Clear-To-Send Delay (display and control) 

(viii) Frequency (Remote display and control) 

(ix)       Deviation (Remote display and control) 

(x)       Transmit Power Output (display and control) 

(xi)       Receiver Signal Strength (display) 

(xii) Power Supply Voltage (display) 

(xiii) Internal Voltage Regulator Voltage (display) 

(xiv) Phase Lock Loop Voltage (display) 
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(xv) Internal Radio Temperature (display) 

 

2.03 SURGE SUPPRESSION 

A. System Supplier shall provide an in-line surge suppressor on antenna cables at 

each radio site to protect the radio equipment from damage by lighting.  Surge 

suppressors shall be Polyphaser Series IS-B50LN-C2 or equal. 

B. Two lengths of Superflexible Heliax cable shall be supplied for each surge 

suppressor: one for the connection between surge suppressor and radio antenna 

port, and one for the connection between the coaxial transmission cable (1/2 inch 

and larger) and the antenna.  The cable shall be terminated with standard N type 

connectors.  The cable shall be Andrew Superflexible Heliax 1/4 inch Type 

FSS1-50A. 

2.04 ANTENNA CABLE 

A. All cabling between antennas and radio transceivers shall utilize a splice-free 

foam dielectric coaxial cable cut to length.  Foam dielectric coaxial cable shall 

consist of an inner conductor surrounded by a foam dielectric, a corrugated outer 

conductor surrounding the dielectric, and a polyethylene jacket.  The installation 

shall use self-flaring connectors specifically designed for use with the cable.  The 

antenna cable shall be grounded as indicated in the Drawings. 

B. All foam dielectric coaxial cable for all antenna locations shall be Andrew ½ inch 

Heliax, “Type LDF4-50A.” 

2.05 ANTENNAS 

A. System Supplier shall furnish the antennas and supporting structures at radio sites 

as indicated on the Drawings.  Antennas shall have an S/N (flat weighing) 15 

dBm threshold at antenna port (3 kHz channel) of -104 dBm S/N for FM digital. 

B.  Omnidirectional Antennas 

1. Contractor to install an Owner-provided omnidirectional antenna on the East 

Tank Tower as shown on the Drawings.  

C. Directional Antennas 

1. A 9.5 dB directional Yagi antenna with a minimum 20 dB front-to-back ratio 

shall be provided for each remote transceiver radio site and polling remote 

radio site as indicated on the Drawings.  Each antenna shall be of heavy-duty 

design for permanent installation, with gold anodized aluminum support boom 

and elements and mounting hardware supplied by the antenna manufacturer.  

The radiating element of the antenna shall be radome protected.  Yagi 

antennas shall be Decibel DB498 or equal. 

D. Wooden Poles 

1. Wooden poles for mounting antennas shall be furnished in the lengths 

indicated at the locations indicated on the Drawings.  The wooden poles shall 

be burn-branded on the face and the butt.  The markings on the face shall be 6 
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feet above ground line, assuming standard setting depths.  The markings shall 

be as designated in ANSI 05.1, Paragraph 6.25.  Each pole shall have a 15 

degree one-way roof. 

2. The poles shall meet the applicable requirements of ANSI 05.1 and AWPA 

C4. 

E. Radio Masts 

1. Self-supporting radio masts shall be furnished of the height at the location 

indicated on the Drawings.  The mast shall be of tapered, tubular design, 

manufactured of high-strength steel, with a galvanized protective coating, and 

shall be mounted on a heavy-duty foundation designed and approved by the 

mast manufacturer.  The mast shall be designed for the loading indicated on 

the Drawings and shall be Valmont Structures, or equal. 

F. Grounding Conductors 

1. All ground conductors shall be soft drawn copper cable or bar, not smaller 

than 12 AWG, bare or green insulated in accordance with the National 

Electrical Code. 

G. Grounding Rods 

1. Ground rods not described elsewhere shall be 5/8 inch diameter by 8 feet long, 

with a copper jacket bonded to a steel core. 

PART 3 – EXECUTION 

3.01 GENERAL INSTALLATION REQUIREMENTS 

A. General installation requirements are described in the Instrumentation and Control 

System section. 

B. Radio Equipment 

1. The radio equipment shall be mounted in field device enclosures or in a 

separate enclosure as specified herein.  Separate enclosures shall be furnished 

with the same NEMA rating and color as the field device enclosure. 

C. Radio Signal Strength Testing 

1. A physical radio path study has been performed for system configuration 

parameters, locations for repeaters, and for the sites indicated on the 

Drawings.  The results of that study are included as an appendix to these 

Specifications. 

D. Functional Testing 

1. As a minimum, the following functional tests shall be performed on the 

communications equipment. 

2. Antenna Alignment 

a. After each antenna is permanently installed, a power monitor shall be used 

to properly adjust the antenna for maximum signal strength.  A written 

report on the monitoring results shall be submitted to the Engineer for 

review before the radios are placed into permanent operation. 
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3. Radio Frequency Check 

a. After each radio has been installed but before it is placed into permanent 

operation, a frequency check shall be conducted to verify conformance 

with the specified tolerances.  The frequency check shall be performed by 

a radio technician either employed or under subcontract to System 

Supplier.   

4. Ping Test 

a. The I&C System Supplier shall perform a ping test to verify 

communication between any new radio transmitters and repeaters. 

5. A written report on the results shall be submitted to the Engineer and Owner 

for review. 

E. Surge Suppressor Installation 

1. Surge suppressors shall be bulkhead mounted on the radio enclosures and 

shall be suitable for the sizes of cable inside and outside the enclosures. 

F. Installation of Grounding Materials 

1. Electrical system grounding and equipment grounding shall be in compliance 

with the National Electrical Code. 

G. Antenna Installation 

1. System Supplier shall provide and supervise the installation of antenna 

equipment at radio sites as indicated on the Drawings.  Damage to Owner’s 

structures, tanks, or reservoirs caused by the Contractor shall be repaired to 

the Owner’s satisfaction at Contractor’s expense. 

3.02 FCC LICENSE 

A. One or more frequency licenses has been granted to the Owner by the FCC.  The 

licensed frequencies will be provided following contract award. 

 

 

END OF SECTION 
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SECTION 13550 – SOFTWARE CONTROL BLOCK DESCRIPTIONS 

PART 1 – GENERAL 

1.01 SCOPE 

A. This section provides functional descriptions of the PLC and computer software 

requirements for the Instrumentation and Control System as indicated on the 

Drawings. These descriptions are intended to provide an overview of the 

operating concept of the plant process equipment rather than describing in detail 

every operating feature or interlock. 

B. Control System 

1. The Instrumentation and Control System section shall apply to all systems 

described in this section. 

1.02 SUBMITTALS 

A. See section 13500 – Instrumentation and Control System 

1. Submittals shall be as specified in the Instrumentation and Control System 

section. 

PART 2 – PRODUCTS 

2.01 GENERAL 

A. The descriptions are applicable to the software specified in the Computer System 

Software section and the Programmable Logic Controllers section. 

PART 3 – EXECUTION 

3.01 PLC PROGRAMMING FUNCTIONAL REQUIREMENTS 

A. The following paragraphs describe general configuration tasks that are required 

for the system PLC(s). These tasks shall be programmed in any applicable PLC. 

Each PLC may have multiple instances of each of these tasks or may have no 

instances of some or all of these tasks. The input/output lists (located in these 

documents as specified in the Instrumentation and Control System section) and 

detailed equipment control descriptions (included herein) shall be referenced to 

determine the requirements for each PLC. 

B. The following paragraphs cover functional requirements of the software, which 

are generic and may or may not be related to any specific control loop. 

C. Available Process Values 

1. All PLC-generated process alarm, equipment status, and process variable 

values shall be available at any operator workstation. 

D. Flow Values 

1. Flow values shall be integrated, totalized, and stored in the PLC registers so 

the values displayed on the HMI computers and on the field processor will be 

identical. 

E. System Failure 
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1. Failure of a PLC shall result in safe shutdown of associated process 

equipment. Interposing relays shall be provided where required to assure that 

equipment will revert to its fail-safe condition. Failure of any PLC or its 

communication shall be alarmed on the HMI computer. 

F. HMI Computers 

1. The HMI computers shall function as a monitoring system, not as a controller, 

for the process equipment. The computer shall download set points and other 

information to the PLCs, and the PLCs shall perform all control algorithms, so 

a temporary failure of the any HMI computer will not disrupt plant control. 

G. Rack/Module Configuration 

1. The rack and module definitions for each PLC, as well as the PLC 

communications configuration shall be completely configured to allow proper 

addressing of all field connected I/O points. This shall include configuration 

of any remote input/output (RIO) racks. 

H. PLC Database Definition 

1. The PLC database will include both field I/O points and internally generated 

points required for programming. All field I/O points and internal 

programming points shall be fully defined according to database naming 

conventions approved by Owner. As a minimum, each database point shall be 

provided with a tag name, engineering unit, alarm parameters, and description. 

I. Analog Scaling 

1. Each analog input and output will be appropriately scaled for use in internal 

PLC programming, monitoring by the HMI computers, or transmission to 

other PLCs. Requirements for raw count values shall be coordinated with the 

operator interface software to ensure compatibility. 

J. Equipment Runtimes 

1. For each equipment item whose "run" status is monitored by a PLC, an 

internal equipment runtime shall be accumulated by the respective PLC. The 

runtime procedure will monitor the status of the equipment "run" contact and, 

when the equipment is running, increment a software timer that maintains 

equipment runtime to within a one-minute resolution. The timer shall stop 

incrementing, but not reset, when the "run" contact indicates that the 

equipment is not running. The timer value shall increment an hour counter 

that maintains an integer value representing the equipment run time in hours. 

The counter value shall be available for display on the HMI computer. A 

manual reset of the runtime value shall be available at the HMI computers for 

personnel at the supervisor level and above. 

K. Change-of-State Alarms 

1. While equipment is controllable from the PLC ("in remote"), discrete output 

commands shall be compared to their respective process feedback status 

signal (where available) to verify proper execution. If the feedback status does 

not match the most recent output command (after an adjustable 2 to 300 
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second time delay), an alarm message shall be displayed on the HMI 

computer and the condition shall be logged as an alarm, requiring operator 

acknowledgment. The alarm shall remain energized until the proper discrete 

condition is sensed or until the operator resets the alarm through the HMI 

computer. 

L. Equipment Availability 

1. In general, equipment with PLC control has been provided with a local 

selector switch that transfers control to the PLC. The PLC shall monitor the 

position of this switch to determine if the equipment is available for PLC 

control. If the equipment is not available, the PLC program shall not attempt 

to implement remote manual or automatic status changes for the equipment. 

The PLC program may, however, need to implement special routines if 

equipment unavailability affects a sequence (as described in the detailed 

equipment descriptions). 

M. Maintained/Momentary Outputs 

1. The need for maintained or momentary control outputs shall be determined 

from the input/output listing and the electrical schematics. In general, 

equipment with only one control output indicated in the I/O list shall be 

programmed for a maintained control output. Equipment with two (or more) 

control outputs shall be programmed for momentary outputs. Provisions shall 

be made, in either case, to remove the active state (start, open, forward, 

initiate, etc.) control output when an equipment failure is sensed or when the 

equipment transitions from available to unavailable (local switch change). 

N. Equipment Mode Changes 

1. Unless otherwise indicated in the equipment control descriptions, equipment 

in automatic mode shall be transitioned to manual mode (and stopped) if the 

equipment fails or becomes unavailable or if the PLC processor resets. 

O. Manual/Auto Bumpless Transfer 

1. Unless otherwise indicated in the equipment control descriptions, equipment 

changes from automatic to manual control shall be bumpless. Equipment 

running or stopped in automatic mode shall remain running or stopped when 

manual mode is selected. 

P. East Tank Front-End Processing 

1. The East Tank PLC (PLC848PLC01) shall be built and programmed to act as 

a front-end processor for providing information from the following sites to the 

SCADA backbone: 

a. Facility 603, Broadway Flood Station  

b. Facility 608, Prospect Flood Station  

c. Facility 610, Truman Flood Station  

d. Facility 611, Hawthorn Floor Station  

e. Facility 619, North Church Estates Sanitary Station  

f. Facility 662, Riverside Horizons Sanitary Station  
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g. Facility 667, 12th Street Sanitary Station  

2. Communications over the radio system shall use DNP3 over Ethernet 

communications.  The East Tank PLC and all PLCs that communicate to the 

East Tank shall be provided with a DNP3 over Ethernet card for this 

communication. 

Q. North Oak Tank Front-End Processing 

1. The North Oak Tank PLC (PLC847PLC01) was installed in a previous phase 

to act as a front-end processor.  This PLC’s program shall be programmed to 

additionally communicate from the following sites to the SCADA backbone: 

a. Facility 623, Pied Creek Sanitary Station  

b. Facility 631, First Creek Sanitary Station  

c. Facility 632, Second Creek Sanitary Station  

d. Facility 642, Wildwood West Sanitary Station  

e. Facility 643, KCI Industrial Sanitary Station  

f. Facility 657, Northland Mobile Sanitary Station  

2. Communications over the radio system shall use DNP3 over Ethernet 

communications.  All PLCs that communicate to the North Oak Tank shall be 

provided with a DNP3 over Ethernet card for this communication. 

3.02 HMI FUNCTIONAL REQUIREMENTS 

A. The following paragraphs describe general configuration tasks that are required 

for the HMI and related software. 

B. Database 

1. The system database, including field I/O and internal points shall be as 

indicated in the modified version of section 13500-A SCADA System 

Software Standards and Conventions. 

C. Trend Displays 

1. Trend displays shall be developed to present real-time and historical process 

data in an X-Y graph format. Real-time trends shall utilize current process 

values to generate temporary graphs that do not retain data values. Historical 

trends shall utilize historically collected data and shall access the data files 

directly for use in the trend display. Historical trends shall allow paging 

forward and back to the limits of the collected data. The trending package 

shall be configured to automatically retrieve historical data from the proper 

data file to accommodate the paging functions. Content of the trends will be 

determined after meeting with the Owner. Forty-five real-time trend displays 

and forty-five historical trend displays shall be provided. 

D. Alarms 

1. Complete system alarming shall be configured. This shall include 

configuration of graphical alarm displays, and configuration of audible alarms 

through the HMI speakers. All process or system alarms shall appear on an 

alarm summary screen and the alarm banner of each process graphic. Alarms 

and events shall be color coded on the alarm summary screen, with initial 
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colors based on Owner conventions or the default colors associated with the 

graphics package. The colors may be adjusted after meeting with Owner. 

Alarm prioritizing and area assignments (if any) shall be coordinated with 

Owner at the first configuration meeting. 

2. For LOW or LOW-LOW analog or discrete alarms which do not apply if 

associated equipment is not operating, provisions shall be made to 

prevent/Lock generation of the alarm unless the associated equipment is 

operating. This shall include alarms such as low amperage alarms for pumps 

that are not running. This may also include low flows or pressures when 

associated pumps are not operating (this will only apply if periodic operation 

of the equipment is considered normal). 

3. All alarms/events shall be time stamped when displayed or printed. 

Unacknowledged alarms shall not automatically clear from the alarm 

summary if they return to normal before being acknowledged. 

E. Reporting 

1. System reporting shall be accomplished using the standard operator interface 

software-reporting package. All necessary report development, including 

macro development in spreadsheets, shall be supplied to access real-time and 

historical data for reporting. Five historical, monthly facility reports shall be 

provided. 

F. Historical Data Collection 

1. System data shall be collected for historical archiving and for use in trending 

and reporting functions. Requirements for data collection shall be as needed to 

support the trends and reports developed. 

G. Manual Entry of Data 

1. The human machine interface (HMI) computers shall allow manual entry of 

laboratory data and other variables, which shall then be available for display 

and use in reports. Operator entered commands from any of the HMI 

computers shall be logged at all HMI computers. 

H. PlantPAx Programming 

1. PlantPAx programming shall be implemented for all monitoring and 

equipment control on both HMI software and the PLC software.  As a 

minimum, System Supplier shall plan to use the following PlantPAx objects: 

Object Name Description 

P_AInAdv Object for processing analog inputs 

P_LLS Object for monitoring and controlling of a parallel group of 

motors 

P_Motor Object for monitoring and controlling constant speed pumps 

and motors 

P_VSD Object for monitoring and controlling variable speed drives 

(VSDs), otherwise referred to as variable frequency drives 

(VFDs) or adjustable frequency drives (AFDs) 
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Object Name Description 

P_ValveMO Object for monitoring and controlling motor 

actuated/operated open/close valves 

P_ValveC Object for monitoring and controlling motor 

actuated/operated modulating valves 

 

I. Network Configuration 

1. The System Supplier shall be responsible for configuration of network 

communications to allow all SCADA System communications to occur.  

Network configuration shall meet the requirements of the following: 

a. The IP addressing scheme shall follow the rules established by the Owner.  

Rules are not published for security reasons.   System Supplier shall 

request a copy of the IP addressing scheme from the Owner after project 

notice to proceed has been executed. 

b. Network switches shall be configured to support virtual local area 

networks (VLAN) to segregate network traffic into the following general 

categories: 

VLAN Devices on VLAN 

VLAN10 Servers, thin clients, engineering workstations/thick clients 

VLAN11 PLCs 

VLAN12 Operator interface terminals (OITs) 

VLAN13 Device level Ethernet/IP and Modbus TCP networks 

including MCCs, UPSs, variable frequency drives (VFDs) 

 

J. Identification Badge Scanners 

1. The System Supplier shall be responsible for configuration and integration of 

WAVE ID Plus badge scanners used for user login authentication purposes on 

PanelView OITs and HMI Workstations. 

a. HMI Workstations will authenticate users through the Microsoft Active 

Directory networked server. The WAVE ID Plus badge scanner will scan 

the user badge, authenticate through the Active Directory server, and enter 

login credentials on the HMI Workstation. 

b. PanelView OITs will authenticate users locally through internal 

PanelView FactoryTalk security. Each OIT will have a corresponding 

WAVE ID Plus badge scanner to capture the user badge identification 

number and grant the ability for the user to log in. Custom configuration 

of the WAVE ID Plus badge scanner is required for integration with the 

PanelView OIT. Badge identification number will be transferred to the 

local PLC and logged to historian. 

3.03 EQUIPMENT CONTROL AND CONTROL MODE OVERVIEW 

A. The following paragraphs explain the general format and control modes that are 

used in the detailed equipment descriptions. These paragraphs apply to the 

attached, project specific, equipment control descriptions included herein. 
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B. General 

1. Appended to this section are the equipment control programming 

requirements, with requirements for both PLC programming and the minimum 

operator interface functions. The HMI requirements represent the anticipated 

display generation requirements and shall be adjusted if the PLC 

programming warrants adjustment. 

C. Control Modes 

1. There are two general control modes available for the process equipment: 1) 

remote manual, and 2) remote auto. Remote manual control provides a means 

for operators to adjust equipment status or setpoint, through the HMI, using 

manually initiated commands. Remote automatic control provides a means for 

automatically changing equipment status or setpoint based on measured 

process parameters, calculated values, or operator setpoints. Some equipment 

may have more than one remote auto mode. 

2. Descriptions for local control are included in the detailed equipment control 

descriptions. They are provided primarily for documentation purposes and for 

information. These controls are hardwired and require no programming effort. 

3.04 DETAILED EQUIPMENT CONTROL DESCRIPTIONS 

A. The following paragraphs describe functional requirements for various software 

control blocks in the control systems. These descriptions are intended to provide 

an overview of the operational concept for the facilities, rather than describing in 

detail every operating feature or interlock. 

1. Reverse Engineering for PLC Replacements 

a. System Supplier shall convert existing programs from their present form 

into an RS Studio 5000 format using PlantPAx objects.  Existing process 

logic concepts shall be preserved, but PlantPAx objects shall be applied to 

all equipment. System Supplier shall document the reverse engineering 

process as part of the Stage 2 submittals before programming is finalized. 

b. Applicable sites: 

(i)  Facility 612, Blue Bank Flood Station 

(ii)   Facility 614, South Airport Flood Station 

(iii)  Facility 619, North Church Estates Sanitary Station 

(iv)   Facility 642, Wildwood West Sanitary Station 

(v)       Facility 643, KCI Industrial Sanitary Station 

(vi)       Facility 646, Briarcliff West Sanitary Station 

(vii) Facility 657, Northland Mobile Sanitary Station 

(viii) Facility 662, Riverside Horizons Sanitary Station 

(ix)   Facility 663, Birchwood Sanitary Station 

(x)       Facility 667, 12th Street Sanitary Station 

(xi)       Facility 676, South Air Pumping Sanitary Station 

(xii) Facility 677, 118th & Lawndale Sanitary Station 

(xiii) Facility 684, White Aloe Sanitary Station 
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(xiv) Facility 686, Brush Creek Sanitary Station 

(xv) Facility 688, Harlem Sanitary Station 

(xvi) Facility 692, 83rd Street Sanitary Station 

(xvii) Facility 694, Mace Road Sanitary Station 

(xviii) Facility 697, Platte Woods Sanitary Station 

(xix) Facility 699, Kemper Flood Station 

2. PlantPAx Implementation for Reused PLCs 

a. All existing PLCs to be reused shall be updated to include PlantPAx 

objects for all equipment. Equipment shall be controlled by the process 

logic already in place. 

b. Applicable sites: 

(i)       Facility 604, North Airport Flood Station 

(ii)   Facility 609, Milwaukee Flood Station 

(iii)  Facility 610, Truman Flood Station 

(iv)   Facility 631, First Creek Sanitary Station 

(v)       Facility 632, Second Creek Sanitary Station 

(vi)       Facility 659, Chouteau Sanitary Station  

(vii) Facility 664, Gregory Ridge Sanitary Station 

(viii) Facility 682, Lake Waukomis Sanitary Station  

3. Implementation of New PLCs at Sites Previously not PLC-controlled 

a. System Supplier shall program a new PLC at each site that did not 

previously have a PLC for local and/or remote monitoring and control, 

including using PlantPAx objects for all equipment.  

b. For the following sites that were previously monitored and controlled by 

one or more local level controllers, the System Supplier shall program the 

new PLC to monitor the level controllers. Control of the facility will 

remain with the existing controller(s). 

(i)   Facility 603, Broadway Flood Station 

(ii)   Facility 606, Gillis Flood Station 

(iii)  Facility 607, Lydia Flood Station 

(iv)   Facility 608, Prospect Flood Station 

(v)   Facility 611, Hawthorn Flood Station 

c. For the following site, the System Supplier shall program a new PLC as a 

data concentrator for statuses from the existing PLCs, including using 

PlantPAx objects for all equipment. 

(i) Facility 745, KCI De-Icing Flood Station 

d. For the following sites that were previously monitored and controlled by 

one or more local level controllers, the System Supplier shall program the 

new PLC to replace the function of the level controllers. 

(i) Facility 637, South Airport Relief Flood Station. Equipment shall 

operate as follows: 
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Associated Equipment 

Wetwell Level Transmitter,  

Sewage Pumps 1, 2, 3 & 4  

Sump Pump 

 

Associated PLC 

P637PMPPLC01 

 

Associated Drawing(s) 

637-I-701 

637-I-901 

637-I-902 

 

Local Manual Mode 

Local manual control of the pumps shall be provided at the equipment. 

The local control station shall have a HAND-OFF-AUTO (HOA) selector 

switch. When the HOA switch is in the HAND position, the pump shall 

run and shall stop when the HOA switch is switched back to the OFF 

position. 

 

Local Auto Mode 

Sump Pump– Local auto control of the sump pump is provided. When the 

HOA switch is in the AUTO position, the pump shall operate based on 

the sump float. The sump pump will only be monitored by the PLC and 

not controlled. 

Sewage Pumps – Local auto mode not available 

 

Remote Manual Mode 

Remote manual control shall be provided through the PLC. When the 

HAND-OFF-AUTO (HOA) selector switch at the control station is in 

AUTO, the operator shall select MANUAL at the Operator Workstation 

and the pump shall be controlled from the Operator Workstation using 

operator manual commands. The pump shall start/stop based on the input 

entered at the Operator Workstation. 

 

Remote Auto Mode 

Remote auto mode shall be provided through the PLC. When the HAND-

OFF-AUTO (HOA) selector switch at the control station is in AUTO, the 

operator shall select AUTO at the Operator Workstation and the pumps 

shall operate as a group to control the level in the wetwell. 
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The PLC will use the PlantPAx Lead/Lag/Standby instruction, P_LLS, to 

control the startup and rotation of the pumps to control the level. The 

pumps will be defined by the P_LLS instruction as lead, lag 1, lag 2, and 

lag 3. The order of rotation will be controlled by the P_LLS instruction. 

 

The operator shall set the Lead Pump Start Level Setpoint, the Lag 1 Start 

Level Setpoint, the Lag 2 Start Level Setpoint, and the Lag 3 Start Level 

Setpoint at the Operator Workstation. When a start level setpoint is 

reached, the corresponding pump will be called to start. The operator 

shall set the Lead Pump Stop Level Setpoint, the Lag 1 Stop Level 

Setpoint, the Lag 2 Stop Level Setpoint, and the Lag 3 Stop Level 

Setpoint at the Operator Workstation. When a stop level setpoint is 

reached, the corresponding pump will be called to stop. The initial start 

and stop setpoints will be determined during field testing of the pump 

station. 

 

If at any time the Wetwell Level High switch is energized, all pumps 

shall be called to start and shall remain running for a short time after the 

switch is de-energized. The time delay to keep the pumps running after 

the switch is de-energized shall be determined during field testing as to 

not run the wetwell dry. 

 

Alarms 

Sewage Pump (1-4) Overtemp/Moisture 

Sewage Pump (1-4) Fail-To-Start 

Sewage Pump (1-4) Fail-To-Stop 

Wetwell High Level 

 

Status Indications 

The Operator Workstation shall indicate the following pump status: 

Pump Running, Pump HOA Switch in Hand, Pump HOA Switch in Auto, 

Pump in HMI Manual/Auto, and Pump in Lead/Lag1/Lag2/Lag3. 

 

PLC Powerup 

On PLC powerup, control of the pumps shall be set to remote auto mode. 

 

 

 

END OF SECTION 
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SECTION 13561 – PANEL MOUNTED INSTRUMENTS 

PART 1 – GENERAL 

1.01 SCOPE 

A. The Panel Mounted Instruments section covers the furnishing of all panel 

mounted instruments and accessories required for the Instrumentation and Control 

System as specified herein or as indicated on the Drawings. 

B. Equipment and services provided under this section shall be subject to the 

Instrumentation and Control System section.  This section shall be used and 

referenced only in conjunction with the Instrumentation and Control System 

section.  Supplementing the Instrumentation and Control System section, 

instrument data, special requirements, and options are indicated on the Drawings 

or the Instrument Device Schedule. 

C. When multiple instruments of a particular type are specified, and each requires 

different features, the required features are described on the Drawings or the 

Instrument Device Schedule. 

1.02 DESIGN CRITERIA 

A. The instruments shall be installed to measure, monitor, or display the specified 

process at the ranges and service conditions indicated on the Drawings or as 

indicated in the Instrument Device Schedule.  The instruments shall be installed at 

the locations indicated on the Drawings or the Instrument Device Schedule. 

B. Where possible, each instrument shall be factory calibrated to the calibration 

ranges indicated on the Drawings or in the Instrument Device Schedule.  

Transmitters or similar measurement instruments shall be calibrated using 

National Institute of Standards and Technology (NIST) approved bench 

calibration procedures, when such procedures exist for the instrument type.  For 

"smart" devices, calibration data shall be stored digitally in each device, including 

the instrument tag designation indicated on the Drawings and/or Instrument 

Device Schedule. 

C. Panel mounted instruments for each filter in a water plant, shall be supplied with 

power from a common source. 

1.03 SUBMITTALS 

A. See Section Instrumentation and Control System section. 

1. Submittals shall be as specified in the Instrumentation and Control System 

section. 

PART 2 – PRODUCTS 

2.01 GENERAL 
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A. The following paragraphs describe minimum device stipulations.  The Drawings  

shall be used to determine any additional instrument options, requirements, or 

service conditions. 

B. Programming Device 

1. For systems that require a dedicated programming device for calibration, 

maintenance, or troubleshooting, one such programming device shall be 

provided for each Owner facility (quantity required shall be as indicated in the 

Instrumentation and Control System section).  The programming device shall 

include appropriate operation manuals and shall be included in the training 

stipulations.  For systems that allow the programming device functions to be 

implemented in software, running on a laptop computer, the software shall be 

provided instead of the programming device. 

C. Configuration Software/Serial Interface 

1. Devices indicated as requiring a serial interface shall be provided with all 

accessories to properly communicate over the serial link.  An appropriate 

cable shall be provided to allow the transmitter serial interface to be connected 

to a laptop computer.  One licensed copy of the diagnostic/interface software 

shall be provided for each Owner facility (quantity required shall be as 

indicated in the Instrumentation and Control System section).  Software shall 

be capable of running under the Windows 10 operating system.  If the 

software furnished performs the same functions as the programming device, 

specified elsewhere, then the programming device need not be furnished. 

2.02 PANEL FRONT MOUNTED DEVICES 

A. Switches, Lights, and Push Buttons 

1. Selector Switches 

a. 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”. 

2. Indicating Lights 

a. 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”. 

3. Push Buttons 

a. 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 

1199



 13561 – Panel Mounted Instruments  

Kansas City WSD  Issued for Bid 

WW SCADA System Improvements Phase 2  December 2023 

Page 3 of 5 

amperes continuous at 120 V ac.  Push buttons shall be Eaton/Cutler-

Hammer "10250T", General Electric "CR104P", or Allen Bradley “800T”. 

2.03 PANEL INTERIOR MOUNTED DEVICES 

A. Power Supplies 

1. Regulated dc power supplies for instrument loops shall be designed and 

arranged so that loss of one supply does not affect more than one instrument 

loop or system.  Power supplies shall be suitable for an input voltage variation 

of ±10 percent, and the supply output shall be fused or shortcircuit protected.  

Output voltage regulation shall be by the instrumentation equipment supplied.  

Multiloop or multisystem power supplies will be acceptable if backup power 

supply units are provided which will automatically supply the load upon 

failure of the primary supply.  The backup supply systems shall be designed 

so either the primary or the backup supply can be removed, repaired, and 

returned to service without disrupting the instrument system operation.  

Multiloop power supply connections shall be individually fused so a fault in 

one instrument loop will be isolated from the other loops being fed from the 

same supply.  Fuses shall be clearly labeled and shall be located for easy 

access.  Multiloop supply systems shall be oversized for an additional 

10 percent future load.  Failure of a multiloop supply shall be indicated on the 

respective instrument panel or enclosure. 

2. Power supplies shall be Phoenix Contact or approved equal. 

B. Relays 

1. Relays indicated to be provided in panels, enclosures, or systems furnished 

under this section shall be of the plug-in socket base type with dustproof 

plastic enclosures unless noted otherwise.  Relays shall be UL recognized and 

shall have not less than double-pole, double-throw contacts.  Control circuit 

relays shall have silver cadmium oxide contacts rated 10 amperes at 120 V ac.  

Electronic switching-duty relays shall have gold-plated or gold alloy contacts 

suitable for use with low-level signals.  Relays used for computer input, alarm 

input, or indicating light service shall have contacts rated at least 3 amperes.  

Time delay relays shall have dials or switch settings engraved in seconds and 

shall have timing repeatability of ±2 percent of setting.  Latching and special 

purpose relays shall be for the specific application.  Unless otherwise 

indicated, all relays shall have an integral pilot light that illuminates to 

indicate an energized condition.  Relays shall be IDEC "Series RR"; Potter & 

Brumfield "Series KRP, CB"; or Struthers-Dunn "Series 219, 246”. 

C. Intrinsically Safe Relays 

1. 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, Eaton/MTL, R.Stahl, Inc., or Turck. 

D. Electronic Signal Booster/Isolators 
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1. Electronic signal boosters and isolators shall have all solid-state circuitry and 

complete electrical isolation between the power supply and the input and 

output signals.  Accuracy shall be ±0.15 percent of span.  Isolators shall be 

manufactured by Acromag, Moore Industries-International, Inc., or Phoenix 

Contact. 

E. Fixed Deadband Signal Monitors 

1. Signal monitors shall accept an electronic analog input signal and shall 

provide an electrically isolated contact output that changes state when the 

input exceeds a predetermined value.  Circuitry shall be all solid-state.  Set 

point shall be fully adjustable and shall have a resolution of 0.1 percent of 

span.  Trip point repeatability shall be 0.1 percent of span.  Deadband shall be 

approximately 1 percent of span.  Output relay contacts shall be single-pole, 

double-throw, and rated 5 amperes at 120 V ac.  Monitors shall be capable of 

actuating from either an increasing or decreasing input signal and shall fail in 

the alarm or fail safe condition upon power failure.  Signal monitors shall be 

manufactured by Acromag, Ametek Power Instruments, Moore Industries-

International, Inc., or Phoenix Contact. 

F. Adjustable Deadband Signal Monitors 

1. Signal monitors shall accept an electronic analog input signal and shall 

provide an electrically isolated contact output when the input exceeds a 

predetermined value.  Circuitry shall be all solid-state.  Set point shall be fully 

adjustable and shall have a resolution of 0.1 percent of span.  Trip point 

repeatability shall be 0.1 percent of span.  Deadband shall be adjustable from 

1 to 99 percent by means of a potentiometer.  Output relay contacts shall be 

single-pole, double-throw, and rated 5 amperes at 120 V ac.  Where standard 

deadband is not adjustable up to 99 percent, a dual alarm unit wired to a seal-

in relay may be used as an alternate.  The dual alarm set points shall be clearly 

marked "On/Off" or "Upper/Lower" set point.  Signal monitors shall be 

manufactured by Acromag, Ametek Power Instruments, Moore Industries-

International, Inc., or Phoenix Contact. 

G. Strip Heaters 

1. Electric strip heaters shall be provided as indicated on the Drawings, as 

specified, and for the application.  Strip heaters shall be sized to prevent 

condensation within the enclosure and to maintain the equipment above its 

minimum operating temperature.  Strip heaters shall be located to avoid 

overheating electronic hardware or producing large temperature fluctuations.  

Strip heaters shall be controlled by adjustable thermostats with adjustment 

ranges of 30 to 90 °F. A circuit disconnect switch shall be provided within the 

enclosure. 

H. Intrinsically Safe Barriers 

1. Barriers 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.  
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Barriers shall be located in non-hazardous areas.  Barriers shall be 

manufactured by MTL, R. Stahl, Inc., or Turck. 

PART 3 – EXECUTION 

3.01 FIELD SERVICES 

A. Manufacturer's field services shall be provided for installation, field calibration, 

startup, and training as specified in the Instrumentation and Control System 

section.  Instruments shall not be shipped to the Work Site until two weeks prior 

to the scheduled installation.  System Supplier shall be responsible for 

coordinating the installation schedule with the Installation Contractor.  Each 

shipment shall contain a listing of protective measures required to maintain sensor 

operation, including a listing of any common construction or cleaning chemicals 

that may affect instrument operation. 

  

END OF SECTION 

 

 

 

 

 

 

 

 

 

  

1202



 13566 – Miscellaneous Instruments  

Kansas City WSD  Issued for Bid 

WW SCADA System Improvements Phase 2  December 2023 

Page 1 of 4 

SECTION 13566 – MISCELLANEOUS INSTRUMENTS 

PART 1 – GENERAL 

1.01 SCOPE 

A. This section covers the furnishing of all miscellaneous instruments and 

accessories required for the Instrumentation and Control System as specified 

herein or as indicated on the Drawings. 

B. Equipment and services provided under this section shall be subject to the 

Instrumentation and Control System section.  This section shall be used and 

referenced only in conjunction with the Instrumentation and Control System 

section.  Supplementing the Instrumentation and Control System section, 

instrument data, special requirements, and options are indicated on the Drawings 

or the Instrument Device Schedule Drawings. 

C. When multiple miscellaneous instruments of a particular type are indicated, and 

each requires different selectable features, the required features are described on 

the Drawings or in Instrument Device Schedule Drawings. 

1.02 DESIGN CRITERIA 

A. Each device shall be a pre-assembled, packaged unit.  Upon delivery to the work 

site, each device or system shall be ready for installation with only minor piping 

and electrical connections required by System Supplier. 

B. Primary elements shall derive any required power from the transmitter, unless 

otherwise indicated. 

C. The instruments shall be installed to measure, monitor, or display the specified 

process at the ranges and service conditions indicated on the Drawings or as 

indicated in the Instrument Device Schedule Drawings.  The instruments shall be 

installed at the locations indicated on the Drawings or the Instrument Device 

Schedule Drawings. 

1.03 SUBMITTALS 

A. Submittals shall be made as specified in Instrumentation and Control System 

section. 

1.04 SHIPMENT, PROTECTION, AND STORAGE 

A. Equipment provided under this section shall be shipped, protected, and stored as 

specified in the Instrumentation and Control System section.  Identification of 

packaging shall be as described in the Instrumentation and Control System 

section. 

PART 2 – PRODUCTS 

2.01 GENERAL 
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A. The following paragraphs provide minimum device stipulations.  The Instrument 

Device Schedule shall be used to determine any additional instrument options, 

requirements, or service conditions. 

B. Interconnecting Cable 

1. For systems where the primary element and transmitter are physically 

separated, interconnecting cable from the element to the transmitter shall be 

provided.  The cable shall be the type approved by the instrument 

manufacturer for the intended purpose of interfacing the element to the 

transmitter.  Length of cable shall be a minimum of three meters or as 

indicated in the Instrument Device Schedule Drawings. 

C. Programming Device 

1. For instruments that require a dedicated programming device for calibration, 

maintenance, or troubleshooting, one such programming device shall be 

provided for each Owner facility (quantity required shall be as indicated in the 

Instrumentation and Control System section). The programming device shall 

include appropriate operation manuals and shall be included in the training 

requirements.  For systems that allow the programming device functions to be 

implemented in software, running on a laptop computer, the software shall be 

provided instead of the programming device. 

D. Configuration Software/Serial Interface 

1. Devices indicated as requiring a serial interface shall be provided with all 

accessories required to properly communicate over the serial link.  An 

appropriate cable shall be provided to allow the transmitter serial interface to 

be connected to a personal computer.  One licensed copy of the 

diagnostic/interface software shall be provided for each Owner facility 

(quantity required shall be as indicated in the Instrumentation and Control 

System section).  Software shall be capable of running under Microsoft’s 

Windows 10 operating system.  If the software furnished performs the same 

functions as the programming device, specified elsewhere, then the 

programming device shall not be furnished. 

2.02 MISCELLANEOUS INSTRUMENTS 

A. Milliamp Calibrator 

1. The calibrator shall be a portable battery powered unit capable of reading and 

generating the following signals: 

a. Read 0 to 50 mA DC. 

b. Power and read 2-wire transmitters at 24V DC supply, 4-20 mA. 

c. Simulate 2-wire transmitters with external 24V DC supply, 4-20 mA. 

d. Read 0-99 V DC. 

e. Output a 0 to 24 mA DC signal into a 0 to 1200 ohm load. 

2. The calibrator shall have a 4 digit LCD display with an accuracy of 

0.05 percent and shall have a "4" and "20" mA quick check output feature.  
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The calibrator shall be provided with a carrying case, test leads, a set of 

batteries, and an ac power adapter.  The calibrator shall be Fluke 707, PIE 

334, Meriam M334, or approved equal. 

B. Multi-function Instrument Calibrator 

1. The calibrator shall be completely portable and shall be capable of measuring 

and generating milliamperes, millivolts and volts.  The calibrator shall have 

one 4-1/2 digit display capable of indicating either calibrator input or output.  

The display indication (output or input) shall be switch selectable.  The input 

display shall be bipolar, complete with a minus (-) sign. 

2. Inputs shall range from -50 to +50 volts; -100 to +100 mV; and -50 to 

+50 mA dc.  Outputs ranges shall cover 0 to 110 mV, 0 to 11 volts and 0 to 

22 mA dc.  Input and output accuracy shall be ± 0.1 percent of full scale and 

shall be traceable to the National Institute of Standards and Technology.  The 

calibrator shall be capable of simulating a two-wire transmitter operating from 

an external supply voltage of 12 to 65 V dc or driving an external load of 0 to 

400 ohms at 20 mA dc from the calibrator's internal 24 V dc supply.  The 

calibrator shall have input-output isolation and shall be protected against 

misconnection and overvoltage. 

3. The calibrator shall be powered from a snap-in battery pack capable of 

operating the calibrator for 8 hours at 20 mA continuous output.  The 

calibrator shall be supplied with two battery packs, a separate battery charger, 

a carrying case, an instruction manual, and test leads.  The calibrator shall be 

Fluke 726 Precision Multifunction Calibrator. 

4. The calibrator shall be capable of measuring pressure in inches of water [kPa] 

or psig [kPa gage].  Accuracy of pressure measurement shall be 0.07 percent 

of full scale and shall be traceable to the National Institute of Standards and 

Technology.  The pressure modules shall have over pressure relief that 

protects calibration and shall be compatible with nonconductive, 

noncorrosive, instrument-grade clean air or clean inert gas.  Pressure ranges 

and modules shall be provided as follows: 

a. Dual Scale: 0-10 PSIG; 0-280” H2O 

b. Dual Scale: 0-33 PSIG; 0 to 830 inches H2O 

c. Single Scale: 0 to 100 psig 

5. The calibrator shall be provided with fittings, connecting tubing and a portable 

air supply pump. 

 

PART 3 – EXECUTION 

3.01 FIELD SERVICES 
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A. Manufacturer's field services shall be provided for installation, field calibration, 

startup, and training as specified in the Instrumentation and Control System 

section. 

B. Instruments shall not be shipped to the Work Site until two weeks prior to the 

scheduled installation.  The System Supplier shall be responsible for coordinating 

the installation schedule with the Installation Contractor.  Each shipment shall 

contain a listing of protective measures required to maintain sensor operation, 

including a listing of any common construction or cleaning chemicals that may 

affect instrument operation. 

 

END OF SECTION 
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SECTION 13570 – PANELS AND APPURTENANCES  

PART 1 – GENERAL 

1.01 SCOPE 

A. The Panels, Consoles and Appurtenances section covers the furnishing of panels, 

consoles, and appurtenances as indicated on the Drawings and listed in the 

attached Equipment Schedules.  

B. This section also describes requirements for panels furnished under other sections 

whose respective specification refers to this section. Panels furnished under other 

sections are not listed in the attached Equipment Schedules. 

C. Control System 

1. The Instrumentation and Control System section shall apply to all equipment 

furnished under the Panels and Appurtenances section. 

1.02 GENERAL 

A. Equipment furnished and installed under this section shall be fabricated and 

assembled in full conformity with the Drawings, specifications, equipment 

schedules, engineering data, instructions, and recommendations of the equipment 

manufacturer, unless exceptions are noted by the Engineer. 

B. General Equipment Stipulations 

1. The General Equipment Stipulations shall apply to all equipment and 

materials provided under this section.  If requirements in this specification 

differ from those in the General Equipment Stipulations, the requirements 

specified herein shall take precedence. 

C. Seismic Design Requirements 

1. Seismic design requirements for products specified herein shall be as 

indicated in the Meteorological and Seismic Design Criteria section. 

D. Drawings 

1. General dimensions and arrangements are indicated on the Drawings and 

attached Equipment Schedules. System Supplier shall be responsible for 

coordinating the console and enclosure sizes and arrangements to 

accommodate the equipment provided. 

E. The I&C System Supplier or responsible control panel fabrication supplier shall 

be UL508A certified. 

1.03 SUBMITTALS 

A. Submittals shall be made as specified in the Instrumentation and Control System 

section. 

B. Submit confirmation of compliance with the requirements of the Meteorological 

and Seismic Design Criteria section. 

1.04 DELIVERY, STORAGE, AND SHIPPING 
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A. Delivery, storage and shipping shall be as per The Instrumentation and Control 

System section. 

1.05 SPARE PARTS 

A. Spare parts shall be provided as specified below: 

Spare Parts Quantity 

24 volts DC power supplies 2 

Fuses 20 of each size 

Panel-mounted UPS 1 

PART 2 – PRODUCTS 

2.01 PANEL DESIGN AND FABRICATION FEATURES 

A. All panels furnished shall conform to the stipulations of NEMA ICS-6-1993 

(R2001, R2006).  Unless indicated otherwise on the Drawings, the following 

paragraphs describe general fabrication specifications for the PLC cabinets, 

instrument panels, consoles, enclosures, and subpanels. 

1. Fittings 

a. Compression type bulkhead fittings shall be provided near the bottom or 

the top of the panel for all field connections.  Compression nuts and 

sleeves shall be provided for the field connections.  Indicators, recorders, 

controllers, and other pneumatic devices shall be provided with plugged 

test connections and shutoff valves for isolation. 

B. Power Entrance 

1. The power entrance to each panel shall be provided with a surge protection 

device.  Refer to the Instrumentation and Control System section for surge 

suppression requirements. 

C. Control Panel 120VAC Power Distribution 

1. Each device powered from control panel 120 volts AC sources whether UPS 

or non-UPS source shall be provided with a DIN-rail mounted circuit breaker 

for protection and easy isolation from other devices. 

D. Power Wiring 

1. Power distribution wiring on the line side of panel fuses shall be minimum 

12 AWG.  Secondary power distribution wiring shall be minimum 14 AWG.  

Wiring for ac power distribution, dc power distribution, intrinsically safe, and 

control circuits shall have different colors and shall agree with the color-

coding legend on System Supplier's panel wiring diagrams.  With the 

exception of electronic circuits, all interconnecting wiring and wiring to 

terminals for external connection shall be stranded copper, insulated for not 

less than 600 volts, with a moisture resistant and flame retardant covering 

rated for not less than 90°C. 

E. Instrument and Control Wiring 

1. All internal panel wiring shall be type MTW stranded copper wiring rated not 

less than 600 volts.  Electronic analog circuits shall be twisted and shielded 
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pairs rated not less than 300 volts.  Analog circuits shall be separated from ac 

power circuits.  Intrinsically safe circuits shall be physically separated from 

other circuits in accordance with applicable codes.  Wires within the panel 

shall conform to the minimum size as shown in the table below: 

Type Min. Wire Size Color 

AC Control 16 AWG Red 

DC Control 16 AWG Blue(+), Blue w/ white 

stripe (DC GND) 

Analog Circuits 18 AWG Twisted 

Pair 

Black(+)/White(-) 

Foreign voltages 16 AWG Yellow 

AC Equipment 

Ground 

Refer to associated 

equipment 

specification 

Green 

 

2. All wiring shall be grouped or cabled and firmly supported inside the panel.  

Each individual wire in power, control, and instrumentation circuits shall be 

provided with identification markers at each point of termination.  The wire 

markers shall be positioned to be readily visible for inspection and the 

identification numbers shall match the identification on the supplier's panel 

wiring drawings.  Wiring shall be bundled in groups and bound with nylon 

cable ties or routed in Panduit or similar nonmetallic slotted ducts.  Ducts 

shall be readily accessible within the panel, with removable covers, and with 

space equal to at least 40 percent of the depth of the duct remaining available 

for future use after completion of installation and field wiring.  Sufficient 

space shall be provided between cable groups or ducts and terminal blocks for 

easy installation or removal of cables. 

F. Terminal Blocks 

1. Terminal blocks for external connections shall be suitable for 12 AWG wire 

and shall be rated 30 amperes at not less than 300 volts.  Terminal blocks shall 

be fabricated complete with marking strip, covers, and pressure connectors.  

Terminals shall be labeled to agree with identification shown on the supplier's 

submittal drawings.  A terminal shall be provided for each conductor of 

external circuits, plus one ground for each shielded cable.  Not less than 

8 inches of clearance shall be provided between the terminal strips and the 

base of vertical panels for conduit and wiring space.  Not less than 25 percent 

spare terminals shall be provided.  Each control loop or system shall be 

individually fused, and all fuses or circuit breakers shall be clearly labeled and 

located for easy maintenance. 

2. Terminals shall be screw-down type without exception.  Terminals shall be 

provided with stand-off rail to allow easy access to the terminals and to the 

wiring.  Terminals shall be manufactured by Phoenix Contact or approved 

equal. 
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G. Backup Power  

1. Power supply to the panels shall be from electrical sources shown on the 

Drawings, which may be backed by redundant utility feeds, engine generators, 

or externally mounted uninterruptible power supplies (UPSs) specified in 

other sections. 

2. Where indicated in the attached Equipment Schedules, on the Drawings or in 

the referring equipment specifications, free-standing vertical panels and wall 

cabinets shall each be provided with an interior-mounted UPS to provide 

backup power to critical loads upon loss of power supply to the panel.  UPS-

backed power shall be provided to the programmable logic controller CPU, 

instrument loops, I/O modules (operating and wetting voltages), all network 

communications devices, and any other load essential to preventing loss of 

control system function.  Backup power for panel interior lights, heaters, and 

convenience receptacles is not required.  UPSs for free-standing vertical 

panels and wall cabinets shall meet the requirements specified below. 

3. UPS for Free-Standing Vertical Panels and Wall Cabinets 

a. Each UPS shall accept incoming 120 volts ac, 60Hz, single-phase utility 

power, apply surge protection, and supply power to the connected loads.  

The UPS shall be a double-conversion (“on-line”) type to provide a 

breakless transfer to backup power.  In the event of incoming power 

failure, the UPS shall provide 120 volts ac, 60 Hz, single-phase power to 

its connected loads by inverting power stored within integral storage 

batteries.  The UPS shall be contained inside the enclosure and supported 

by a dedicated shelf attached to the backplane or sidewall.  The shelf shall 

be between 12 and 18 inches from the bottom of the enclosure and shall 

not be directly above any electronic or electromechanical devices. 

b. The UPS shall have at least two integral NEMA 5-15R receptacles for 

connection of battery-backed loads.  Upon restoration of incoming power, 

the UPS shall recharge the batteries and return its connected loads to the 

incoming power source.  The factory-installed line cord and plug shall not 

be altered.  The UPS output shall be connected by plug and line cord to 

terminal blocks as necessary to distribute power to loads not having a 

power cord and plug; all other loads shall be connected directly to the 

UPS’s integral receptacles or to permanently installed receptacles fed from 

the UPS output. 

c. The UPS shall maintain a temperature-compensated, float charge voltage 

on the batteries when utility power is available.  Overcurrent protection 

when utility power is available shall be from a circuit breaker internal to 

the UPS.  The UPS shall be intrinsically current-limiting when the unit is 

on battery. 

d. The UPS shall meet the following requirements: 
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Capacity, minimum: 1000 VA/ 700 watts 

Filtering and surge protection: Meets IEEE/ANSI C62.41 

Category B (IEEE 587) 

Voltage, output (on battery): 120 volts ± 3 percent 

Voltage, output (on-line): Nominal ± 3 percent 

Frequency and waveform, output 

(on battery): 

60 ± 0.3 Hz, true sine-wave 

Efficiency, minimum (on-line): 90 percent 

Operating Environment: 0 to 40ºC; 0 to 95 percent 

relative humidity, non-

condensing 

Backup time, minimum at half of 

rated load: 

30 minutes 

Recharge time, maximum to 90 

percent of full charge: 

12 hours 

e. The UPS shall have spare capacity of at least 30 percent based on actual 

connected loads.  The System Supplier shall advise the Engineer if the 

UPS capacity needs to be higher than specified above to meet this 

requirement. 

f. The UPS shall have a visual status indicator for low (or faulty) battery and 

incoming ac power failure.  The UPS shall emit an audible signal when the 

UPS is operating on battery power. A relay shall be installed within the 

panel and its coil connected across the UPS input power as a means of 

providing a contact for remote indication of a power failure condition. 

g. The UPS shall be furnished with an Ethernet network card with RJ-45 

connector for communicating status and alarm conditions to the 

Instrumentation and Control System PLC and HMI.  Communication shall 

be via 10/100-BaseT Ethernet and shall use HTTP, SMTP, SNMP, 

Modbus TCP, or other protocol as necessary to transfer the information 

into the PLC and HMI database for display and alarming.  Special 

software or drivers necessary to complete the communications link shall 

be furnished with the UPS systems.  One copy of any special software or 

drivers necessary to allow monitoring over the network shall be provided 

for all UPSs furnished under this section. 

h. Batteries shall be sealed maintenance-free, gelled electrolyte lead-acid, or 

valve-regulated, maintenance-free, lead-acid.  Flooded-electrolyte type 

batteries will not be acceptable. 

i. The UPS shall be APC “Smart-UPS”, Vertiv/Liebert “GXT4”, Toshiba 

“1000 Series”, or equal. 

j. Each UPS shall be mounted within a free-standing vertical panel or wall 

cabinet on a pivot shelf to prevent obstruction of the panel components, as 

shown on the Drawings. The pivot shelf shall be attached to the floor of 

the panel and rotate 90 degrees to swing outside of the panel, providing 
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access to the panel components behind.  The pivot shelf shall be sized to 

accommodate the size and weight of the UPS without overhang and shall 

include straps to secure the UPS to the shelf.  Pivot shelves shall also be 

installed in existing panels for UPSs being provided in existing panels.  

Pivot shelves shall be as manufactured by Crusoe or equal.  

4. Rack-Mounted Uninterruptible Power Supply (UPS) 

a. The UPS shall accept incoming 120 volts ac, 60 Hz, single-phase utility 

power, apply surge protection, and supply power to the connected loads.  

The UPS shall be a double-conversion (“on-line”) type.  In the event of 

incoming power failure, the UPS shall provide 120 volts ac, 60 Hz, single 

phase power to its connected loads by inverting power stored within 

integral storage batteries.  UPS output shall be true sine-wave under both 

utility and battery operation. 

b. The UPS shall be EIA 19-inch, rackmount-type and shall be furnished 

with all mounting accessories necessary to install it within the enclosure.  

The UPS shall have at least four integral NEMA 5-15R receptacles for 

connection of battery-backed loads.  Upon restoration of incoming power, 

the UPS shall recharge the batteries and return its connected loads to the 

incoming power source.  The factory-installed line cord and plug for input 

connection shall not be altered. 

c. The UPS shall maintain a temperature-compensated, float charge voltage 

on the batteries when utility power is available.  Overcurrent protection 

when utility power is available shall be from a circuit breaker internal to 

the UPS.  The UPS shall be intrinsically current-limiting when the unit is 

on battery. 

5. The UPS shall meet the following requirements: 

Capacity, minimum: 2000 VA/1400 watts 

Voltage, output (on battery): 120 volts ± 2 percent 

Frequency, output (on battery): 60 ± 0.5 Hz 

Efficiency, minimum (on-line): 90 percent 

Operating Environment: 0 to 40ºC; 0 to 95 percent 

relative humidity, non-

condensing 

Backup time, minimum at half of 

rated load: 

30 minutes 

Recharge time, maximum to 90 

percent of full charge: 

8 hours 

 

6. The UPS shall have a visual status indicator for low (or faulty) battery, on 

bypass, UPS fault, and incoming ac power failure. 

7. The UPS shall be furnished with an Ethernet network card with RJ-45 jack for 

communicating status and alarm conditions to the Instrumentation and Control 

System HMI.  Communication shall be via 10/100-BaseT Ethernet and shall 
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use HTTP, SMTP, SNMP, or other protocol as necessary to transfer the 

information into the HMI database for display and alarming.  One copy of any 

special software or drivers necessary to allow monitoring over the network 

shall be provided for all UPSs furnished under this section. 

8. Batteries shall be sealed maintenance-free, gelled electrolyte lead-acid, or 

valve-regulated, maintenance-free, lead-acid.  Flooded-electrolyte type 

batteries will not be acceptable.  Additional rack-mounted battery modules 

shall be supplied to meet runtime requirements. 

9. The UPS shall be APC “Smart-UPS RT”, Vertiv/Liebert “GXT4 Rack 

Mount”, Toshiba “1000 Rack Mount”, or equal. 

H. Device Tag Numbering System 

1. All devices shall be provided with permanent identification tags.  The tag 

numbers shall agree with the Instrument Device Schedule and with the 

supplier's equipment drawings.  All field-mounted transmitters and devices 

shall have stamped stainless steel identification tags.  Panel, subpanel, and 

rack-mounted devices shall have laminated phenolic identification tags 

securely fastened to the device.  Hand-lettered labels or tape labels will not be 

permitted. 

I. Nameplates 

1. Nameplates shall be provided on the face of the panel or on the individual 

device.  Panel nameplates shall have legends and approximate dimensions as 

indicated on the Drawings and shall be made of laminated phenolic material 

having engraved letters approximately 3/16 inch [5 mm] high extending 

through the black face into the white layer.  Nameplates shall be secured 

firmly to the panel.  Panel face nameplates do not replace the requirement for 

device identification tags as specified under the Device Tag Numbering 

System paragraph. 

J. Indicating Light Color Designations 

1. Indicating lights shall be colored as shown in the following table unless 

indicated otherwise on the Drawings, in other specification sections, or in the 

Instrument Device Schedule Drawings. 

Color Meaning 

Red Associated equipment or device is 

“running”, “open”, or in an unsafe 

state or position. 

Green Associated equipment or device is 

“stopped”, “closed”, or in a safe 

state or position. 

Cyan Associated valve in “intermediate” 

position. 

Amber Associated equipment or device has 

“failed” or a process alarm 

condition is present or imminent. 
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White Power source is on and functional. 

 

K. Painting 

1. Interior and exterior surfaces of all carbon-steel panels shall be thoroughly 

cleaned and painted with rust inhibitive (universal) primer.  The panel interior 

shall be painted white with the manufacturer's standard coating.  All pits and 

blemishes in the exterior surface shall be filled.  Exterior surfaces shall be 

painted with one or more finish coats of the manufacturer's standard coating.  

Finish coats shall have a dry film thickness of at least 4 mils [100 mm].  Color 

shall be ANSI 61 gray. 

L. Panel-Mounted Instruments 

1. Instruments, power supplies, pilot devices, and appurtenances mounted within 

or on the face of the panel shall meet the requirements specified in Section 

13561, Panel Mounted Instruments, for those items unless noted otherwise 

herein, on the Drawings or, if applicable, within the referring equipment 

specification section. 

2. Panels provided for unconditioned indoor service shall be provided with a 

thermostatically controlled ventilation fan as indicated in the attached 

schedules.  Each vent shall be provided with a filter to minimize dust 

intrusion.  Blank plates shall be provided to completely isolate the fan/filter if 

desired.  The ventilation fan shall be provided with a disconnecting means to 

prevent the fan from running.  Panel ventilation fans shall be Hoffman or 

equal. 

3. Panels provided for outdoor service or mounting in an outdoor enclosure shall 

be provided with a thermostatically controlled strip heater.  The thermostat 

shall be specifically designer for heating service.  Panels for outdoor service 

shall not have ventilation provisions.  The heater shall be provided with a 

disconnecting means to prevent the heater from turning on.  Refer to section 

13561 Panel Mounted Instruments for strip heater requirements. 

M. Grace Ports 

1. PLC control panels shall be provided with grace ports on the exterior of the 

enclosure.  Grace ports shall be provided with an Ethernet RJ-45 port 

connected via CAT6 communications cabling to the associated ethernet 

switch mounted in the control panel.    Grace ports shall be provided with a 

120-volt AC duplex receptacle to power portable laptop computers.  Grace 

ports shall be manufactured by Grace Technologies or approved equal. 

N. Factory Test 

1. Panels shall be factory tested electrically by the panel fabricator before 

shipment. 

2.02 FREESTANDING VERTICAL PANELS 

A. The following paragraphs specify the freestanding vertical panels. 

B. Construction 
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1. Panel construction shall be an indoor, dusttight, completely enclosed cubicle 

formed from steel structural members and steel plates.  The base shall be 

formed of steel channels, with flanges extending upwards.  The base shall be 

provided with 1/2 inch [12.5 mm] diameter holes at 12 inch [300 mm] centers 

so that the base can be bolted to the concrete equipment base.  Welds, seams, 

and edges on all exposed surfaces shall be ground smooth.  Suitable lifting 

facilities shall be provided for handling and shipment. 

C. Structure 

1. Panel structure shall be suitably braced and of sufficient strength to support all 

equipment mounted on or within, to withstand handling and shipment, to 

remain in proper alignment, and to be rigid and freestanding.  Top, sides, and 

back shall be fabricated from USS 10 gage [3.42 mm thick] or heavier carbon 

steel sheets, with stationary back suitable for back to wall installation, or 

designed for rear access with hinged back doors.  Doors shall not be greater 

than 24 inches [600 mm] wide or spaced not greater than 36 inches [900 mm] 

center to center.  Rear access doors shall be fabricated from USS 14 gage 

[1.9 mm thick] or heavier carbon steel. 

D. Panel Front 

1. The front shall be a hinged door, or doors, with mounted instruments and 

control devices, fabricated from USS 10 gage [3.42 mm thick] carbon steel 

sheet and suitably braced and supported to maintain alignment.  Panels with 

hinged fronts shall be of sufficient width to permit door opening without 

interference with rear projection of flush mounted instruments. 

E. Doors 

1. Doors shall be essentially full height, having turned back edges and additional 

bracing to ensure rigidity and prevent sagging.  Doors shall be mounted with 

strong, continuous, piano type hinges.  Positive latches, acting from a 

common door handle, shall hold doors securely compressed at top, side, and 

bottom against rubber gaskets. 

F. Mounted Instruments 

1. The front shall be stationary, with mounted instruments and control devices, 

fabricated from 3/16 inch [5 mm] carbon steel plate.  Panel fronts shall be 

suitably reinforced between mounting cutouts and drilling to support 

instruments and devices without deformation and shall be free from waves 

and other imperfections, Panel fronts shall be recessed at the base.  Adjoining 

panel sections shall be accurately shop fitted to assure satisfactory assembly in 

the field. 

2. Instrument Arrangement 

a. Panel instruments and control devices shall be arranged in a logical 

configuration for the plant operators.  The centerline of recorders shall be 

within 3 feet [900 mm] and 5'-9" [1.75 m] above the base of the panel for 

convenient reading and chart replacement.  Control switches shall be 
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within 6 feet [1.83 m] and 2'-6" [760 mm] above the base of the panel.  

Indicators may be located within 2'-6" [760 mm] and 6'-6" [1.98 m] above 

the base of the panels.  Annunciators and clocks may be mounted near the 

top of the panels. 

G. Conduit Entrance 

1. The bottom shall be open and components shall be arranged for external 

wiring conduit to enter from below. 

H. Size and Arrangements 

1. Panel dimensions and general instrument arrangement shall be as indicated on 

the Drawings or in the attached equipment schedules. 

I. Interior Lighting  

1. Illumination of panel interiors shall be provided by ceiling mounted lamp 

fixtures spaced at approximately 2'-6" [760 mm] and near the door.  Fixtures 

shall be nominal 5-watt LED type and provided with a corresponding door 

switch to allow the lights to energize when the respective door is held open.  

Duplex-grounded receptacles shall be provided for service and maintenance 

tools at spacing not greater than 5 feet [1.52 m] throughout the length of a 

panel.  The lighting and receptacle circuit shall be fused separately from the 

instrumentation systems. 

J. Laptop Shelf 

1. Free-standing control panels shall be provided with a cantilevered fold-down 

shelf designed for a laptop computer to set on.  The shelf shall be permanently 

affixed to the interior of the panel door(s).  Shelf height should be suitable for 

standing height.  Laptop shelf shall be Hoffman or equal. 

2.03 WALL-MOUNTED CABINETS 

A. Cabinets, which contain the system components indicated on the Drawings, shall 

be suitable for wall or strut mounting and shall meet the NEMA enclosure rating 

as indicated on the Drawings or, if applicable, in the attached equipment 

schedules or the referring equipment specification section.  The enclosures shall 

be fabricated from USS 14 gage [1.9 mm thick], or heavier, carbon steel, stainless 

steel, or fiberglass.  Cabinets shall be equipped with full size gasketed doors with 

hinges and a chromium-plated or stainless steel three-point latch the door shall be 

lockable with a key and provided with a hasp for accommodating a padlock.  

B. Floor stands shall be provided to support cabinets not fastened to a wall or other 

support.  Floor stands shall be full-depth and shall have a minimum height of 12 

inches.  Floor stand material and finish shall match the cabinet. 

C. All wall-mounted cabinets shall meet the requirements of the panel fabrication 

paragraph of this section. 

D. Outdoor cabinets shall be provided with sunshades as indicated on the Drawings 

or, if applicable, in the attached equipment schedules or the referring equipment 

specification section. 
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2.04 DATA SERVER ENCLOSURES 

A. An enclosed equipment distribution rack shall be provided for mounting network 

equipment provided as rack-mounted, including switches, firewalls, routers, and 

patch panels.  The rack shall be black painted steel or painted aluminum 

construction with fully tapped, standard 18.3 inch hole-to-hole centers and shall 

include all hardware and accessories including frame, shelves, and raceways as 

specified and as shown on Drawings.  Rack enclosures shall be as manufactured 

by Amco Engineering, Hoffman, or equal. 

B. Data server enclosures shall include lockable front and rear access doors. 

C. Each data server enclosure shall be furnished with a rack-mounted uninterruptible 

power supply (UPS) to provide backup power to all enclosed loads.  Rack-

mounted UPSs are specified elsewhere in this section. 

D. Each data server enclosure shall be furnished with a rack-mountable keyboard, 

video, and mouse (KVM) console that provides secure access to the rack-mounted 

hardware.  The KVM console shall include at a minimum, a retractable LCD 

monitor and keyboard and front panel computer selection.  KVM consoles shall 

be TAA Compliant 8-Port 17” LCD Combo KVM Switch or equivalent.  

PART 3 – EXECUTION 

3.01 GENERAL INSTALLATION REQUIREMENTS 

A. Installation requirements are specified in the Instrumentation and Control System 

section.  In addition, equipment furnished under this section shall conform to the 

following manufacturing stipulations. 

B. Piping 

1. All tubing shall be run in horizontal and vertical planes and shall be rigidly 

supported to withstand handling and shipment.  Flexible polyethylene tubing 

shall be used to connect devices mounted on hinged doors. 

C. Wiring 

1. All wiring shall be grouped or cabled and firmly supported inside the panel.  

Wiring shall be bundled in groups and routed in Panduit or similar 

nonmetallic slotted ducts.  Ducts shall be readily accessible within the panel 

with removable covers and shall have a space of at least 40 percent of the 

depth of the duct available for future use after installation is complete and all 

field wiring installed.  Sufficient space shall be provided between cable 

groups or ducts and terminal blocks for easy installation or removal of cables. 

D. More Than One Panel 

1. Where signal or loop wiring must be routed to more than one panel or device, 

the required circuit routing shall be as indicated on the one-line diagrams.  

The panel fabricator shall provide such additional circuits as may be indicated 

on the electrical schematic Drawings. 
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13570-S01 – FREESTANDING VERTICAL PANEL SCHEDULE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 Listed panel depth is a minimum. 

END OF SCHEDULE 

2.010 Tag Number/Panel ID P667PMPPLCCP01 

2.020 NEMA Enclosure Rating  

  12  

  4  

  4X X 

2.030 Materials of construction  

  Carbon steel  

  316 Stainless steel X 

  Fiberglass polyester  

2.040 Environmental provisions  

  Sunshade and drip shield  

  Cooling fan  

  Air conditioner  

2.050 Door Arrangements  

  Hinged rear doors  

  Hinged front door with instruments  

 
 Hinged front door without 

instruments 
X 

  Fixed front  

  Recessed base  

2.060 Dimensions (min. H x W x D) 1 72”x24”x18” 

2.070 Panel interior-mounted UPS X 

2.080 Conduit entrance  

  Bottom open X 

  Removable top plates  

3.000 
Exceptions, Clarifications, and 

Comments 

 

3.010 
Legs required to mount panel above 

grade 
X 

3.020   
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13570-S02 – WALL-MOUNTED CABINET SCHEDULE 

2.010 
Tag Number/Panel ID 

P619PMPRADIOCP01 

P646PMPFPPCP01 

P663PMPFPPCP01 

P664PMPFPPCP01 

P686PMPFPPCP01 

P697PMPFPPCP01 

P623PMPRADIOCP01 

P676PMPFPPCP01 

P699PMPRADIOCP01 

P745PMPPLCCP01 

P603PMPPLCCP01 

P637PMPPLCCP01 

 

P606PMPPLCCP01 

P607PMPPLCCP01 

P608PMPPLCCP01 

P611PMPPLCCP01 

P612PMPPLCCP01 

2.020 NEMA Enclosure 

Rating 

    

 
     12 

    

 
     3R 

    

 
     4 

    

 
     4X 

X X X X 

2.030 Materials of 

construction 

    

 
     Carbon steel 

    

 
     316 Stainless steel 

X X X X 

 
     Fiberglass polyester 

    

2.040 Environmental 

provisions 

    

 
     Sun shade 

X    

 
     Cooling fan 

    

     Air conditioner     

     Heater X X X X 

2.050 Dimensions  

(min. H x W x D) 1 
36”x30”x16” 36”x30”x16” 48”x24”x18” 48”x36”x16” 

3.000 
Exceptions, 

Clarifications, and 

Comments 

    

3.010 
     None     

     

1 Listed panel depth is a minimum. 

END OF SCHEDULE 
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13570-S03 – NETWORK RACK SCHEDULE 

2.010 
Tag Number/Panel ID P711NETCP01 

2.020 
Rack Features 

 

 

     Open Frame 
 

Enclosed X 

     Wall Mounted 
X 

     Floor Mounted  

     Doors with Windows 
 

2.030 
Materials 

 

 

     Carbon steel X 

     Stainless steel 
 

     Fiberglass polyester 
 

2.040 
Optional Accessories 

 

  

Internal UPS X 

Vertical Cable 

Management 
X 

Horizontal Cable 

Management 
 

Light X 

Power Distribution 

Unit 
X 

3.000 
Exceptions, 

Clarifications, and 

Comments 

 

 

     Exterior dimensions 

     (H x W x D), 

minimum 
25”x23.5”x25.5” 

 

END OF SCHEDULE 
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SECTION 13590 – PROCESS CONTROL NETWORK SYSTEMS  

PART 1 – GENERAL 

1.01 SCOPE 

A. The Network Systems section covers the furnishing of all hardware and software 

for process control network systems for the Instrumentation and Control System.  

Principal components of the network systems shall be as indicated on the Network 

Control Block Diagrams and as described below. 

B. System Supplier shall furnish all necessary network equipment, interconnecting 

cables, accessories, software, and appurtenances for proper network operation and 

to meet the functional requirements indicated on the Drawings and specified 

herein.  Configuration of all hardware shall be provided by the System Supplier. 

C. Equipment and services provided under the Network Systems section shall be 

subject to the general requirements specified in the Instrumentation and Control 

System section.  Supplementing this section, network data, special requirements, 

and options may be indicated on the Drawings listed above. 

D. Control System 

1. The Instrumentation and Control System section shall apply to all systems 

described herein.  All applicable requirements specified in the Instrumentation 

and Control System section shall apply to equipment and services provided 

herein. 

E. Network Functional Description 

1. The process control network system shall provide communications between 

the operator workstations, servers, network switches, fire walls, routers, and 

PLCs. 

1.02 GENERAL 

A. System Supplier shall select the process control network equipment for its 

superior quality and the intended performance.  The System Supplier shall install 

all equipment in accordance with the manufacturer's instructions.  Equipment and 

materials used shall be subject to review and shall comply with the following 

requirements. 

B. General Equipment Stipulations 

1. The General Equipment Stipulations shall apply to all equipment and 

materials provided under this section.  If requirements in this specification 

differ from those in the General Equipment Stipulations, the requirements 

specified herein shall take precedence. 

C. Drawings 

1. Supplementing this section, the Drawings indicate locations and arrangement 

of hardware and enclosures, provide mounting details, and may show other 

information regarding the connection and interaction with other equipment. 

D. Governing Standards 
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1. Governing Standards for process control network systems shall be as specified 

in the Instrumentation and Control System section. 

E. Power and Instrument Signals 

1. Unless otherwise specified, electric power supply to the network equipment 

will be unregulated 24 volts dc or 120 volts ac.  Where shown, network 

equipment shall be provided with backup power such as an uninterruptible 

power supply. 

F. Appurtenances 

1. Special or manufacturer specific power supplies, special cable, special 

grounding, and isolation devices shall be furnished for proper performance of 

the equipment. 

G. Interchangeability and Appearance 

1. To the extent possible, components used for similar types of functions and 

services shall be the same brand and model line.  Similar components of dif-

ferent network hardware shall be the products of the same manufacturer to 

facilitate maintenance and stocking of spare parts.  Whenever possible, 

identical units shall be furnished. 

H. Programming Software 

1. Software required for programming, shall be provided for systems that contain 

any equipment that requires software for routine maintenance and 

troubleshooting.  The programming software shall be the latest version offered 

by the manufacturer, compatible with the equipment provided, and newly 

purchased for this project.  Programming software shall be turned over to 

Owner at completion of startup.  Programming software shall be licensed to 

the Owner. 

1.03 SUBMITTALS 

A. Submittals shall be made in accordance with the requirements of the 

Instrumentation and Control System section and as listed below. 

B. The submittals shall include the following items for the Network Design submittal 

(to be provided with the First Stage Submittals): 

1. A complete process control network topology diagram, detailing all hardware, 

cabling and the interconnections between all connected equipment.  

Interconnections to existing installed equipment and Owner-furnished 

equipment shall be included in the diagram. 

2. A complete listing of IP addresses to be assigned to all network and network 

connected equipment furnished under this contract shall be provided.  The 

assignment of IP addresses shall be coordinated with the Owner.  Failure to 

provide this equipment IP addresses list with the First Stage Submittals could 

cause the submittal to be returned as unreviewed or rejected outright. 

C. All above documentation shall also be provided in the O&M manuals. The 

Ethernet Network Test reports described herein shall be provided with the Third 
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Stage O&M submittals.  Failure to provide the Ethernet Network Test reports 

with the Third Stage O&M submittals could cause the submittal to be returned as 

unreviewed or rejected outright. 

1.04 DELIVERY, SHIPMENT, PROTECTION, AND STORAGE 

A. Equipment provided under this section shall be shipped, protected, and stored as 

specified in the Instrumentation and Control System section.  Identification of 

packaging shall be as described in the Instrumentation and Control System 

section. 

1.05 CONNECTION TO EXISTING OWNER NETWORKS 

A. Network hardware and software provided shall be compatible with the Owner's 

existing process control network systems wherever a system interconnection is 

provided.  System Supplier shall verify existing process control systems to ensure 

compatibility. 

B. All connections to the Owner's existing network shall be fully coordinated 

between the Owner and the System Supplier.  Prior to connecting to the existing 

network, the System Supplier shall provide a written request to the Owner for an 

Owner's representative to be available, along with facility approval as described 

below when existing systems are disconnected and at the time of any new 

connections. 

1.06 COORDINATION WITH OWNER 

A. The System Supplier shall coordinate all demolitions, installations and rework on 

the existing networks with the Owner and the Engineer.  No work shall be 

performed without the written consent of the Owner.  The System Supplier shall 

submit a written request to perform work on the existing network, including date, 

time, scope of work, length of time, and any Owner's support that may be 

required. 

PART 2 – PRODUCTS 

2.01 GENERAL 

A. The following paragraphs provide minimum process control Ethernet network 

device stipulations. 

2.02 NETWORK CABLING SPECIFICATIONS 

A. Individual network equipment and related devices shall be coordinated with items 

provided in the Metallic Communication Cables and Connectors section and the 

Fiber Optic Communication Cables and Connectors section. 

2.03 ETHERNET NETWORK HARDWARE 

A. Ethernet network hardware shall be provided as specified and/or as shown on the 

Drawings.  All specified functionality of provided Ethernet network equipment 

shall adhere to the IEEE 802.3 and 802.3u standards using copper wire or fiber 
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optic strands.  Ethernet network switches shall support ring, bus, tree, or point-to-

point network topologies.  On-line signal monitoring shall be provided to detect 

and locate impending faults.  Ethernet network switches shall be replaceable on-

line without disrupting the network.  Redundant Ethernet switches shall be 

provided where shown on the Drawings.  Ethernet switches shall be provided to 

connect multiple network segments together, selectively forwarding traffic 

between the segments. 

B. Rack-Mounted Ethernet Switches 

1. Each rack-mounted Ethernet network switch shall include the following 

functionality: 

a. Switches shall support the quantity of 10/100/1000BaseTX ports and 

10BaseFL/100BaseFX/1000BaseLX Fiber ports to meet the connectivity 

and functionality indicated in this specification and as shown on the 

Drawings.  Switches shall be provided with a minimum of 

10/100/1000Base-T, RJ-45 ports.  A minimum of 16 ports shall be 

provided that includes at least 20% spare ports for the installed system.  

When fiber optic cable is connected to an Ethernet switch, a minimum of 

four (4) 100/1000Base-FX, multimode or single mode fiber optic cable LC 

ports with SFP modules (or built in) shall be provided.  Total number of 

copper and fiber ports shall be as indicated in this specification and as 

shown on the Drawings. 

b. Each switch connection shall automatically sense the network speed of the 

devices to which it is connected. 

c. Path Redundancy: IEEE 802.1w Rapid Spanning Tree Protocol. 

d. Prioritization:  IEEE 802.1p QoS Support. 

e. Support for Optional Redundant Power Supply as required on Drawings. 

f. Management: Fully Managed Switch with support for SNMP v.3., and 

port mirroring. All unused ports shall be disabled using the Ethernet 

switch programming software. 

g. All necessary memory upgrades, software feature sets, and cables needed 

for proper operation of these switches shall be furnished with each switch. 

h. Environmental:  Suitable for installation in industrial environments.  

(i) Operating Temperature Range:   0 to 60°C 

(ii) Operating Relative Humidity Range:   10 to 95% 

i. Mounting: 19-inch rack mount 

j. Connectivity: Provide copper and fiber patch panel as shown on the 

Drawings. 

2. Power over Ethernet (POE) switches shall have the following functionality: 

a. Power Enabling and standards: IEEE 812.3af. 

b. Power: 48 VDC, 50 watt minimum power supply for power enabling 

switch. 

c. LED indication of the link activity for each port and power forwarding. 
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3. Rack-mount industrial ethernet switches as shown on the Drawings shall be 

Allen Bradley 5410 series Industrial Distribution Switches without exception.  

Rack-mount industrial ethernet switches shall be configured to be Layer 3 or 

Layer 2 models as shown on the Drawings. 

C. Industrial (Panel-Mounted) Ethernet Switches 

1. Managed Ethernet Switches 

a. Each Ethernet switch mounted in a process area enclosure shall include 

the following functionality: 

(i) Ports: Switch shall support the quantity of 10/100BaseTX ports and 

100BaseFX fiber ports to meet the connectivity and functionality 

indicated on the Drawings, with a minimum of 20% spare auto-

negotiating 10/100Base-T, RJ-45 ports, and two (2) single mode LC 

fiber uplink ports.  SFP modules shall be provided as required.  A 

minimum of four UTP ports shall be provided. 

(ii) Layer 3 Ethernet switches connecting to the fiber backbone shall 

include two single mode bidirectional SFPs capable of 1000 Mbps 

over 10 km, Cisco Model GLC-BX-U. 

(iii)Each switch connection shall automatically sense the network speed of 

the devices to which it is connected. 

(iv) Capable of ring-based media redundancy with 30 ms recovery time. 

(v) Path Redundancy: IEEE 802.1w Rapid Spanning Tree Protocol. 

(vi) Prioritization:  IEEE 802.1p QoS Support. 

(vii) Network Segregation:  Port VLAN. 

(viii) Management:  SNMPv3 and Browser-based management shall be 

supported. 

(ix) IGMP snooping supported. 

(x) LED indication of the link activity for each port. 

(xi) Environmental:  Suitable for installation in industrial environments. 

1. Operating Temperature Range:  -10 to 60°C. 

2. Relative Humidity Range: 10 to 95% 

(xii) Redundant 24 VDC power supply inputs. 

(xiii) Conformal coating option for use in hazardous environments. 

(xiv) Mounting: DIN-rail mounted suitable for panel installation. 

(xv) All necessary memory upgrades, software feature sets, and cables 

needed for proper operation of these switches shall be furnished with 

each switch. 

b. Power over Ethernet (POE) switches shall have the following 

functionality: 

c. Power Enabling and standards: IEEE 812.3af. 

d. LED indication of the link activity for each port and power forwarding. 

e. Switches shall be Allen Bradley Stratix series or approved equal.  

Switches shall be furnished with POE injector(s) as shown on the 
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Drawings.  Layer 2 switches as shown on the Drawings shall be Allen 

Bradley Stratix 5200 series without exception.  Layer 3 switches as shown 

on the Drawings shall be Allen Bradley Stratix 5400 series without 

exception. 

2. Unmanaged Ethernet Switches 

a. Each unmanaged Ethernet switch mounted in a process area enclosure 

shall include the following functionality: 

(i) Ports: Switch shall support the quantity of 10/100Base TX ports and 

100BaseFX fiber ports to meet the functionality indicated on the 

Drawings, with a minimum of 20% spare auto-negotiating 

10/100Base-T, RJ-45 ports. SFP modules shall be provided when 

required. A minimum of four UTP ports shall be provided. 

(ii) Each switch connection shall automatically sense the network speed of 

the devices to which it is connected. 

(iii)Path Redundancy: IEEE 802.1w Rapid Spanning Tree Protocol. 

(iv) LED indication of the link activity for each port. 

(v) Environmental: Suitable for installation in industrial environments. 

1. Operating Temperature Range: -10 to 60 C. 

2. Relative Humidity: 10 to 95%. 

(vi) Redundant 24 VDC power supply input where shown on the 

Drawings. 

(vii) Conformal coating option for use in hazardous environments. 

(viii) Mounting: DIN-rail mounted suitable for panel installation. 

(ix) All necessary memory upgrades, software feature sets, and cables 

needed for proper operation of these switches shall be furnished with 

each switch. 

b. Unmanaged switches shall be Phoenix Contact “FL Switch 1000/1100 

series”, Hirschmann “Spider series”, Red Lion N-Tron “series 1000”, or 

approved equal. 

D. Security Appliances 

1. Security appliances shall be provided to allow connection of a Wide Area 

Network (WAN) to the Local Area Network (LAN).  The security appliance 

shall limit incoming and outgoing network traffic to specific IP addresses.  

a. LAN Connection: 5-10/100 Base-T Ethernet Port. 

b. WAN Connection: At least 2 WAN slots. 

c. Management: Browser based, and SNMP v2 or v3. 

d. VLAN Support. 

2. Security appliances shall be Fortinet FGR-70F or approved equal. 

E. Network Firewall 

1. Network firewall hardware shall be a dedicated hardware device and provide 

security and isolation between networks.  Network firewalls shall be provided 
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where shown on the Drawings or specified herein.  Firewalls shall have the 

following functionality: 

a. Stateful Packet Inspection (SPI), Deep Packet Inspection (DPI), and 

Filtering. 

b. DHCP and Network Address Translation Services. 

c. Virtual private networking (VPN) support. 

d. A minimum of three dedicated or configurable DMZ port. 

e. A minimum of five integrated 10/100Base-T ports. 

f. Management: Browser based, and SNMP v2 or v3. 

g. Logging of all access through the firewall. 

h. 19-inch rack mounting, where required for proper installation. 

i. Network firewalls shall operate on 120 VAC and be provided with backup 

power. 

2. Firewalls shall be Cisco Firepower 1000 series, Hirschmann Eagle40-07, or 

approved equal.  Firewall capability can be provided with a router, provided 

the above functionality is provided. 

F. Ethernet Connectors 

1. Ethernet wiring connectors shall be RJ-45 male modular plug connectors. 

2. Standard RJ45 Connectors 

a. Standard connectors shall be polycarbonate, clear connectors.  Connectors 

shall conform to RJ-45 and ISO 8877 standards.  Contacts shall be gold 

plated with a 0.5A current rating and a -25º to 60º C temperature rating.  

Connectors shall accept unshielded Cat-5e or Cat-6, AWG 24, solid 

conductor cable. 

3. Industrial RJ45 Connectors 

a. Industrial connectors shall be an eight position industrial connector for use 

in manufacturing environments.  Connectors shall meet the TIA/EIA-568-

B.2 standard for Cat-5e or Cat-6 requirements. The connector shall 

incorporate an IP67 rated seal and shall provide protection from dust and 

temporary immersion in water.  A tethered protective cap shall be 

provided.  The connector shall accept a non-shielded Cat-5e or Cat-6 solid 

twisted pair cable.  Connectors shall be Panduit, Belden, or approved 

equal. 

4. Industrial RJ45 Receptacles 

a. Industrial receptacles shall be an eight position industrial, panel mounted 

pass through receptacle.  Receptacles shall meet the TIA/EIA-568-B.2 

standard for Cat-5e or Cat-6 requirements. The receptacle shall 

incorporate an IP67 rated seal and shall provide protection from dust and 

temporary immersion in water.  A tethered protective cap shall be 

provided.  The receptacle shall accept a non-shielded Cat-5e or Cat-6 solid 

twisted pair cable.  Receptacles shall be Panduit, Belden, or approved 

equal. 
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G. Media Converters 

1. The System Supplier shall supply fiber optic media converters for all systems 

requiring conversion from copper media to fiber optic media.  All converters 

shall be mounted in the network panels or process control enclosures.  The 

System Supplier shall coordinate the media converter and termination 

requirements with the fiber optic cable and network protocols.  Media 

converters shall operate on 120 Vac or 24 Vdc as shown on the Drawings and 

be provided with backup power. 

2. Fiber to Copper Converters 

a. Fiber optic to copper media converters for all computer networks shall 

convert twisted pair 10/100BaseT cable transmissions to 10/100BaseFX 

fiber optic cable transmissions. Converters shall provide auto-sensing 

detection of network speed and full duplex or half duplex signaling. 

Converters shall have diagnostic LEDs for network speed and network 

traffic. Converter copper port shall be 100BaseTX (RJ-45).  Converter 

fiber port shall be compatible with connectors provided with fiber cable 

jumpers and compatible with fiber cable type and light wavelength. 

Transmission Speed shall be 100Mbps on both ports.  The converter shall 

be powered from 120 volts ac, or shall be provided with a plug-in 

transformer to provide the required voltage to the device.  Converters shall 

be provided with backup power.  Converters shall be [DIN rail] [19-inch 

rack] mounted in network panels or process control enclosures.  

Converters shall be as manufactured by Lantronix, D-Link, Black Box, 

Hirschmann, or approved equal. 

2.04 SPARE PARTS 

A. Spare parts shall be provided as specified below: 

Spart Parts Quantity 

Switches 1 of each type 

Security Appliances 1 of each type 

Firewalls 1 of each type 

Media Converters 1 of each type 

  

  

PART 3 – EXECUTION 

3.01 NETWORK INSTALLATION REQUIREMENTS 

A. Additional network installation requirements are specified in the Instrumentation 

and Control System section.  Networks shall be installed and tested in accordance 

with the following requirements. 

3.02 NETWORK CONFIGURATION 
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A. The System Supplier shall fully configure all network devices.  All device 

selections shall be fully coordinated with the Owner to ensure compatibility with 

existing systems and standards. 

B. Ethernet Switches 

1. The System Supplier shall fully configure all Ethernet switches.  The 

following shall be configured: 

a. For managed switches, unused ports shall be disabled for security 

purposes during the switch configuration via settings or software selection. 

b. Spanning Tree or other appropriate redundancy scheme shall be 

configured for all redundant links.  Trunking or other bandwidth sharing 

redundancy schemes shall be utilized where available to minimize 

switching times and increase available bandwidth. 

c. Management Password Security in accordance with the Owner’s cyber 

security policy. 

d. Quality of Service, with any traffic to/from PLCs getting priority over all 

other traffic. 

e. VLAN/subnet network segmentation. 

C. Firewalls 

1. The System Supplier shall fully configure all network firewalls.  The firewall 

shall be configured for all network connections provided under this contract 

and shall be configured to exclude devices not part of the control system 

network unless otherwise specified.  The firewall shall be configured to deny 

all traffic, except for traffic specifically allowed in the ruleset. 

D. Network Configuration Report 

1. The System Supplier shall provide a configuration report to the Owner 

detailing all connections, addresses, and port assignments. 

E. Management Software 

1. Management software shall be fully configured for all network devices 

provided. 

3.03 NETWORK TESTING 

A. After each network has been installed, a technical representative of System 

Supplier shall test the network and shall provide a written report for each test.  

Specific testing requirements are described in the individual network specification 

sections. 

B. Systems Check 

1. A technical representative of System Supplier shall participate in the checkout 

of network systems.  Systems check requirements shall be as specified in the 

Instrumentation and Control System section. 

2. Test Equipment 

a. Unless specified otherwise, all test equipment for the calibration and 

checking of system components shall be provided by System Supplier for 
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the duration of the testing work and this test equipment will remain the 

property of System Supplier. 

3. Ethernet Network Minimum Test Requirements 

a. The following minimum tests are to be performed by the System Supplier: 

(i) Verify Link Integrity Status LED is lit on both sides of each link.  

Refer to product manuals to confirm the LED status indication for 

each network interface card or network device. 

(ii) Verify proper operation and failover of each redundant component and 

redundant link.  Each redundant server, PLC, or other network 

hardware device shall be powered down or disconnected from the 

network to verify that the other device successfully takes control, and 

all functionality exists.  For redundant network connections, each 

network connection shall be disconnected to verify that there is no loss 

of communication on the network. 

(iii)Verify alarming of each link failure. Network failure alarms shall be 

configured within the network interface card software or other network 

device configuration software.  For PLC communication, 

communication heartbeats shall be configured to detect a loss of 

communication, and alarms shall be configured when the heartbeat is 

not received.  The generation of a communication alarm shall be 

confirmed for each network device. 

(iv) Verify bandwidth usage of fully installed systems as part of the 

Operation Acceptance Testing as specified in the Commissioning 

section.  The analysis of the network utilization and bandwidth usage 

shall be performed using SolarWinds NetFlow Traffic Analyzer or 

equivalent.  Any concerns identified from the analysis shall be clearly 

identified with the recommended corrective actions. 

C. Ethernet Network Test Reports 

1. Upon completion and testing of the installed Ethernet network, the System 

Supplier shall submit test reports to the Engineer in printed form.  Test reports 

are to show all test results performed by the System Supplier for each port and 

piece of equipment.  Date of calibration of the test equipment is also to be 

provided. 

3.04 NETWORK TROUBLESHOOTING 

A. It is the System Supplier’s responsibility to provide trouble-free and reliable 

networks.  The System Supplier shall employ any means necessary to ensure 

operational networks.  The System Supplier shall obtain any needed test 

equipment, including but not limited to time-domain reflectometers, protocol 

analyzers and network sniffers, to troubleshoot any problems.  The System 

Supplier shall utilize the services of a trained and certified Network Engineer that 

is regularly involved in troubleshooting network problems, in the event that 
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operational or reliability problems exist.  Acceptable certifications include Cisco 

CCNP, Cisco CCIE, or Network Professional Association Certified Network 

Professional (CNP). 

3.05 TRAINING 

A. Training for networks is covered under Network Training in the Instrumentation 

and Control System section. 

 

END OF SECTION 
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SECTION 13591 – METALLIC AND FIBER OPTIC COMMUNICATION CABLES AND 

CONNECTORS  

PART 1 – GENERAL 

1.01 SCOPE 

A. The Metallic and Fiber Optic Communications Cable and Connectors section 

covers the furnishing and installation of cable systems to provide communications 

for the Instrumentation and Control System as indicated on the Drawings. 

B. Accessories and appurtenances shall be provided as specified herein to provide a 

complete and properly operating system. 

C. Equipment and services provided under this section shall be subject to the General 

Computer Control System Requirements specified in the Instrumentation and 

Control System Section and the Process Control Network Systems section.  

Supplementing the Metallic and Fiber Optic Communications Cable and 

Connectors section, network data, special requirements, and options are indicated 

on the Drawings. 

1.02 SUBMITTALS 

A. Submittals shall be made as specified in the Instrumentation and Control System 

section. 

B. Qualifications 

1. The name, address and telephone number of the proposed contractor or 

subcontractor, including specific personnel to perform the work shall be 

included with the submittals.  Provide the experience record of the 

subcontractor and personnel in performing work similar to that specified. 

Include the agency, contact person, and telephone number of at least three (3) 

previous network installation projects completed by the proposed 

subcontractor. The Engineer shall review and approve the network installation 

subcontractor and personnel prior to any of the related work being performed. 

This review will be conducted during the project submittal phase, as described 

below. 

C. Drawings and Data 

1. All material and equipment documentation shall be submitted for review in 

accordance with the Submittals section.  Each sheet of descriptive literature 

submitted shall be clearly marked to identify the material or equipment. 

2. Product data shall include the following in the Submittals section: 

a. Cut sheets and catalog literature for proposed fiber optic cable, and fiber 

optic cable accessories (pigtails, connectors, etc.) 

b. Manufacturer specifications and data that clearly shows that the fiber optic 

cable meets all requirement specified herein. 

c. Sample of the proposed cable. 

d. Physical dimension drawings of all fiber optic accessories. 
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e. Proposed fiber identification sequence and labeling. 

f. Provide off-line maintenance aids and on-line diagnostics to check the 

performance of the communication links and interfaces of devices on the 

data highway. 

g. Provide a Recommended Spare Parts List (RSPL). 

h. Provide a list of recommended special tools for fiber installation testing or 

maintenance. 

D.  Operations and Maintenance Manuals 

1. Operation and Maintenance Manuals shall have the following items included 

in addition to those items specified in other sections: 

a. Description of all components. 

b. Methods of connection. 

c. Connection diagram. 

d. OTDR trace plots for all fibers. 

1.03 SHIPMENT, PROTECTION, AND STORAGE 

A. Equipment provided under this section shall be shipped, protected, and stored in 

accordance with the requirements of the Instrumentation and Control System 

section. 

1.04 QUALIFICATIONS 

A. Due to the specialized nature of installing, splicing, terminating, and testing 

optical fiber cable, the Contractor shall utilize personnel who are experienced in 

such practices.  The installing Contractor or Subcontractor shall have performed 

similar installation and testing work on at least three projects of similar size and 

complexity.  The personnel assigned to the installation and testing shall also have 

experience on at least three projects of similar size and complexity. 

PART 2 – PRODUCTS 

2.01 GENERAL 

A. All fiber optic cable, fiber optic hardware and accessories shall be designed, 

assembled and connected in accordance with the requirements of these 

Specifications and the Drawings. 

2.02 ETHERNET UNSHEILDED TWISTED PAIR (UTP) CABLE 

A. Ethernet cables and connectors shall be provided for a complete and working 

system, and/or as shown on the Drawings.  Cable for Ethernet wiring shall be 

UTP Cat-6 cable.  Jacket color coding for cables shall be as follows: 

1. Standard Cat-6 – Yellow 

2. Crossover Cables – Red 

B. Category 6 UTP Cable 

1. Cat-6 cable shall meet the following requirements: 

a. 24 AWG 
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b. 4 pair solid strand FEP Teflon insulation 

c. 100 Ohm impedance 

d. 1-250 MHz frequency range 

e. Min attenuation 19.9dB 

f. 100 Ohm impedance 

g. Min NEXT 44.3dB/100MHz 

h. Min PS-NEXT 42.3dB/100MHz 

i. Min ELFEXT 27.8dB/100MHz 

j. Min PS-ELFEXT 24.8dB/100MHz 

k. Min return loss 20.1 dB/100 MHz 

l. Max delay skew 45 ns 

m. Max propagation delay 540 ns 

2. Plenum rated cable shall have FEP insulation jacketing and FEP insulation for 

conductors.  Non plenum rated cable shall have PVC insulation jacketing and 

polyethylene insulation for conductors.  Cat-6 cable shall be Belden 1872 or 

equal. 

C. Ethernet Patch Cables 

1. Pre-wired and terminated patch cables with RJ-45 connectors and lever 

protecting boot shall be furnished for all connections to computers, network 

equipment, and controller equipment except where physical conditions (i.e. 

length over 12 ft. or conduit size) require unterminated wire to be installed.  

Patch cables shall be Cat-5e for networks speeds up to 100 MHz, and Cat-6 

for networks speeds greater than 100 MHz and shall meet the requirements of 

Cat-6 cable specified in this section.  Straight through cables shall be wired 

using the T568-B standard for both connectors.  Crossover cables shall be 

wired using the T568-A standard for one connector and the T568-B standard 

for the opposite end. 

2.03 FIBER OPTIC CABLE 

A. The fiber optic cable must meet all of the requirements of the following 

paragraphs: 

1. The fiber optic cable must meet the following requirements of the National 

Electrical Code (NEC) Section 770. 

2. Riser Applications – Applicable Flame Test UL 1666. 

3. Finished cables shall conform to the applicable performance requirements of 

Table 8-6 and 8-7 in the Insulated Cable Engineers Association, Inc. (ICEA) 

Standard for Fiber Optic Premises Distribution Cable (ICEA S-83-596). 

4. Every fiber in the cable must be usable and meet required specifications. 

5. All optical fibers shall be sufficiently free of surface imperfections and 

inclusions to meet the optical, mechanical, and environmental requirements of 

this specification. 
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6. Each optical fiber shall consist of a doped silica core surrounded by a 

concentric glass cladding. The fiber shall be a matched clad design. 

7. All optical fibers shall be proof tested by the fiber manufacturer at a minimum 

load of 100 kpsi. 

8. All optical fibers shall be 100 percent attenuation tested. The attenuation shall 

be measured at 1310 nm and 1550 nm for single-mode fibers. The attenuation 

shall be measured at 850 nm and 1300 nm for multimode fibers.  The 

manufacturer shall store these values for a minimum of 5 years. These values 

shall be available upon request and provided in submittals described in the 

paragraphs above. 

9. The storage temperature range for the cable on the original shipping reel shall 

be –40oC to +70oC. The operating temperature range shall be –40oC to +70oC. 

Testing shall be in accordance with FOTP-3. 

10. The attenuation specification shall be a maximum attenuation for each fiber at 

23 + 5oC. 

11. The attenuation of the cabled fiber shall be uniformly distributed throughout 

its length such that there are no discontinuities greater than 0.10 dB at either 

1310 nm or 1550 nm (single-mode) in any one kilometer length of fiber.  For 

multimode, there shall be no discontinuities greater than 0.2 dB at 

850nm/1300nm in any one kilometer length of fiber. 

12. Required Fiber Grade:  

a. Single-mode: Maximum Fiber Attenuation at 1383 ± 3 nm shall not 

exceed 2.1 dB/km.  

b. Multimode: Maximum Fiber Attenuation at 850 nm shall be 3.5 dB/km. 

13. Optical fibers shall be placed inside a loose buffer tube. The nominal outer 

diameter of the buffer tube shall be 2.5 mm. 

14. The cable shall contain 96 fibers unless noted otherwise on the Drawings. 

Each buffer tube shall contain up to 12 fibers. 

15. The fibers shall not adhere to the inside of the buffer tube. 

16. Each fiber shall be distinguishable from others by means of color coding in 

accordance with TIA/EIA-598-A, “Optical Fiber Cable Color Coding.” 

17. The fibers shall be colored with ultraviolet (UV) curable inks. 

18. Buffer tubes containing fibers shall also be color coded with distinct and 

recognizable colors in accordance with TIA/EIA-598-A, “Optical Fiber Cable 

Color Coding.” 

19. In buffer tubes containing multiple fibers, the colors shall be stable during 

temperature cycling and not subject to fading or smearing onto each other. 

Colors shall not cause fibers to stick together. 

20. The buffer tubes shall be resistant to kinking. 

21. The cable jacket color shall be black. 

22. Fibers may be included in the cable core to lend symmetry to the cable cross-

section where needed. Fibers shall be placed so that they do not interrupt the 
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consecutive positions of the buffer tubes. In dual layer cables, any fillers shall 

be placed in the inner layer. Fillers shall be nominally 3.0 nm in outer 

diameter. 

23. The jacket shall be continuous, free from pinholes, splits, blisters, or other 

imperfections. The jacket shall have a consistent, uniform thickness; jackets 

extruded under high pressure are not acceptable. The jacket shall be smooth, 

as consistent with the best commercial practice. The jacket shall provide the 

cable with a tough, flexible, protective coating, able to withstand the stresses 

expected in normal installation and service. 

24. The outer cable jacket shall be marked with the manufacturer’s name or UL 

file number, date of manufacture, fiber type, flame rating, UL symbol, and 

sequential length markings every four feet (e.g. “OS2 SINGLEMODE – 

TYPE OFNR – (UL) 00001 Feet”). “City of KCMO Fiber 816-301-6260” 

shall also be imprinted on the cable along the entire length every four feet. 

The print color shall be white. 

25. The cable shall be all-dielectric. 

26. The cable shall be gel-free. 

27. Flammability – All cables shall comply with the requirements of the 1996 

NEC Article 770. All cables shall pass UL 1666. 

B. Fiber optic cable shall be Corning Cable Systems “ALTOS Gel-Free Double-

Jacket, Dielectric Cable” series without exception. 

C. Single-mode Fiber Optic Cables 

1. Single-mode fiber optic cable shall meet the following requirements: 

a. The dispersion unshifted single-mode fiber utilized in the cable specified 

herein shall confirm to the specifications herein. 

b. Single-mode OS2. 

c. Cladding diameter: 125.0 + 1.0 μm. 

d. Core-to-Cladding Offset: < 0.8 μm. 

e. Cladding Non-Circularity: < 1.0%. 

f. Coating Diameter: 245 ± 10 μm. 

g. Colored Fiber Diameter: nominal 900 μm. 

h. Attenuation Uniformity: No point discontinuity greater than 0.10 dB at 

either 1310 nm or 1550 nm. 

i. Attenuation at the Water Peak: The attenuation at 1383 ± 3 nm shall not 

exceed 2.1 dB/km. 

j. Cutoff Wavelength: The cabled fiber cutoff wavelength(λccf,) shall be < 

1260 nm. 

k. Mode-Field Diameter: 9.30±0.50 µm at 1310 nm 10.50 ± 1.00 

micrometers at 1550 nm. 

l. Zero Dispersion Wavelength (λo): 1301.5 nm < λo < 1321.5 nm. 

m. Zero Dispersion Slope (So): < 0.092 ps/(nm^2 *km). 
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n. Fiber Polarization Mode Dispersion (PMD): < 0.5 ps/(sq. km). 

o. The fiber optic cable must meet the following requirements of the 

National Electrical Code (NEC) Section 770. 

p. Riser Applications – Applicable Flame Test UL 1666. 

2. Single-mode fiber optic cables with 96 fibers shall be Corning Cable Systems 

“ALTOS Gel-Free Double-Jacket, Dielectric Cable model number 096EUE-

T4100D20” without exception.   

D. Hybrid Fiber Optic Cables 

1. Hybrid fiber optic cables shall be furnished and installed in accordance with 

the requirements of these specifications and the Drawings. Hybrid cable shall 

be provided for applications as indicated on the Drawings. Hybrid fiber optic 

cabling shall meet the following requirements: 

a. The cable shall contain 24 fibers total. The first 12 buffers in the TIA/EIA 

598 color-coded tubes shall contain single-mode fiber strands and the 

remaining 12 buffers shall contain multimode fiber strands. 

b. The single-mode shall meet the requirements listed herein. 

c. Multimode fiber shall only be provided as a means to interface with the 

Owner’s existing network communication cabling and shall be compatible 

with the existing cabling and/or network hardware. 

2. Multimode fiber provided in hybrid fiber optic communications cabling shall 

be 62.5/125μm core diameter. 62.5/125μm core diameter multimode fiber 

optic cable shall meet the following requirements: 

a. The multimode fiber utilized in the cable specified herein shall meet 

EIA/TIA-492AAAA-1989, “Detail Specification for 62.5 m Core 

Diameter/125 m Cladding Diameter Class Ia Multimode, Graded Index 

Optical Waveguide Fibers.”Core diameter: 62.5 + 3.0 micrometers. 

b. Cladding diameter:  125.0 + 2.0 micrometers. 

c. Core-to-Cladding Offset:  < 3.0 micrometers. 

d. Cladding non-circularity:  < 2.0%. Defined as: [1-(min. cladding dia. + 

max. cladding dia.)] X 100. 

e. Core non-circularity:  < 6.0%. Defined as: [1-(min. core dia. + max. core 

dia.)] X 100. 

f. Coating Diameter: 245 + 10 micrometers. 

g. Graded index. 

h. Numerical Aperture: 0.275 + 0.015. 

i. Attenuation Uniformity: There shall be no point discontinuities greater 

than 0.2 dB at either 850 nm or 1300 nm. 

j. Minimum Bandwidth Requirement shall be 160/500 MHz-km at 850/1300 

nm. 

E. Fiber Optic Cable Connectors 

1. All optical fibers shall be terminated with connectors that are LC type for 

singlemode cables and type ST for multimode cable. 
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2. Epoxy Connectors 

a. Epoxy connectors shall be provided to terminate each fiber in the cable. 

Connector style, LC, or other, shall be coordinated with the patch panels 

and field devices that will interface directly with the cable.  Connectors 

shall be compatible with the supplied cable.  Connector loss shall be no 

greater than 0.3 dB. Loss measurement shall be performed at the time of 

splicing and documentation shall be furnished for each termination.  

Connectors shall be Corning Cable Systems Connectors, or equal. 

F. Fiber Optic Jumper Cables 

1. Fiber optic jumper cables shall be furnished and installed for equipment 

interfacing and between termination cabinets.  The jumpers shall meet the 

following requirements. 

a. The jumpers shall be OS2 singlemode unless noted otherwise on the 

Drawings. They shall be tight-buffered and be protected by Kevlar-type 

strength material. 

b. The jumpers shall be supplied with connectors on each end. Connector 

types (ST, LC, etc.) shall be matched to the equipment provided.  Jumpers 

shall be sized to provide a single connection between the fiber optic 

hardware being connected.ethernet cable test equipment 

G. One hand-held network cable tester that is compatible with the provided network 

cabling shall be provided. The cable tester shall check for open pairs, shorted 

pairs, crossed pairs, reversed pairs, and split pairs for faults up to 100 m.  Tester  

shall be Black Box "Model SOHO Plus Tester", Fluke MicroScanner2 Pro, or 

equal. 

2.04 FIBER OPTIC PATCH PANELS 

A. Fiber optic patch panels (as referred to as fiber termination cabinets) shall be 

furnished to terminate fibers at the fiber optic modules, and any other data 

highway attached equipment.  The cabinets shall meet the following 

requirements: 

1. The patch panels shall be wall, rack, DIN-rail, or outdoor field mount type as 

indicated in the schedule attached to this section, having provisions for 

terminating multiple fiber optic cables.  Splice trays, strain relief cable 

attachment points, fiber organizers and bend radius hardware shall be 

furnished with each termination cabinet. 

2. Panel size shall be suited to the number of fibers to be terminated within the 

cabinet as shown on the Drawings and the schedule attached to this section.  

Bayonet/flanged couplings shall be furnished and mounted to each fiber to be 

terminated. 

3. Fiber terminations shall be spliced to pigtail cables having connector types as 

specified herein.  The pigtails shall be terminated in an orderly method. 
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B. Rack mount fiber optic patch panels shall be Corning Cable systems “CCH 

series” or approved equal. 

C. Wall mount fiber optic patch panels shall be Corning Cable systems “WCH 

series” or approved equal. 

D. DIN-rail mount fiber optic patch panels shall be Corning Cable Systems “SMH 

series”, Black Box, RLH Industries “Slimline series”,  or approved equal. 

E. Rugged field mount fiber distribution panels shall be factory terminated with the 

required length of fiber optic cabling as shown on the Drawings and meet the 

fiber requirements specified herein.  Rugged field mount fiber optic distribution 

units shall be Fiber Connections Inc. “Gator Patch series” without exception. 

 

PART 3 – EXECUTION 

3.01 INSTALLATION 

A. The System Supplier shall be responsible for the coordination of the installation 

of all cable furnished hereunder.  The System  Supplier shall be responsible for 

the termination of all cable furnished hereunder. 

B. Cable Damage 

1. If the cable becomes damaged during installation, the Contractor shall stop 

work and notify the Engineer immediately. The Owner and Engineer will 

decide whether to replace the entire reel of cable or to install a splice at the 

damaged section.  If the Owner decides to replace the entire reel of cable, the 

Contractor shall begin the installation at the last designated splice point.  The 

damaged cable between these points shall be removed, coiled, tagged, and 

given to the Owner. Installation of new cable to replace damaged cable shall 

not be a basis of extra payment or contract completion time.  In addition to 

installation of the new cable, the Contractor shall reimburse the Owner for the 

entire cost of the replacement reel of cable. This cost will be withheld from 

the contract price.  If the Owner decides to install a splice at the damaged 

point, and the cable is damaged a second time, the entire reel of damaged 

cable (and all subsequent damaged reels) shall be replaced with new reels at 

the Contractor’s expense. 

C. Ethernet Cable Installation 

1. Straight through cables shall be wired using the T568-B standard for both 

connectors as shown in the table below (connector pin numbers are left to 

right with the clip down).  Crossover cables shall be wired using the T568-A 

standard for one connector and the T568B standard for the opposite end as 

shown in the table below. 

Connector Pin 568A Wiring 

Conductor 

568B Wiring 

Conductor 

1 

2 

White/Green 

Green 

White/Orange 

Orange 
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3 

6 

White/Orange 

Orange 

White/Green 

White/Blue 

4 

5 

Blue 

White/Blue 

Blue 

White/Blue 

7 

8 

White/Brown 

Brown 

White/Brown 

Brown 

 

D. Fiber Optic Cable Installation 

1. The cable manufacturer shall provide installation procedures and technical 

support concerning the items contained in this specification.  Fiber optic cable 

installation shall meet the following requirements: 

a. All fiber optic cable shall be installed, terminated, and tested by the 

System Supplier or his fiber subcontractor as specified above. 

b. In pulling the cable, strain-release, or other tension limiting devices shall 

be used to limit the pull tension to less than 600 lbs. 

c. Minimum bend radius restrictions shall be satisfied both during and after 

cable installation. 

d. Horizontal, unsupported cable runs shall be supported at continuous 

distances of 5 feet or less. 

e. All conduit and cabinet entrances shall be sealed with RTV or other re-

enterable sealant material to prevent ingress of water, dust or other foreign 

materials. 

f. Cable routing within occupied office areas shall conform to Federal, State, 

and local electrical and fire codes. 

g. Any non-terminating (field) splices shall be documented as to the physical 

location and cable meter mark (prior to stripping). Field splices shall be 

OTDR-tested and documented prior to final cable acceptance testing. 

h. Fiber optic cables shall be installed in accordance with NECA 301-2004, 

Installing And Testing Fiber Optic Cables. 

3.02 CABLE TESTING 

A. After the network cabling has been installed, each network cable shall be tested. 

B. Test Equipment 

1. Unless specified otherwise, all test equipment for the calibration and checking 

of system components shall be provided by System Supplier for the duration 

of the testing work and this test equipment will remain the property of System 

Supplier. 

C. Ethernet UTP Cable Testing 

1. The System Supplier shall utilize the previously specified test equipment, and 

additional tools as needed to validate the Ethernet UTP cable installation.  All 

test equipment shall bear current calibration certification from a certified 

calibration laboratory, as appropriate.   
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2. The System Supplier shall provide test documentation that includes the cable 

number, total length of cable, a permanent hard copy, as well as a USB type A 

flash drive or CD copy of all traces. 

3. After connectors are installed the following tasks shall be performed: 

a. Perform end-to-end testing on all installed cables from both ends of the 

cable.  Test shall include cable system performance tests and confirm the 

absence of wiring errors. Each cable shall be tested for open pairs, shorted 

pairs, crossed pairs, reversed pairs and split pairs. 

b. Submit a signed test report presenting the results of the cable testing. 

c. Repair or replace any portions of the system not meeting ANSI/TIA/EIA 

standards for a Category 6 installation.  Repaired sections shall be 

retested. 

4. A check off sheet shall be utilized, shall be signed by the technician testing 

the cables, and shall be submitted for approval.  Any identified faults shall be 

corrected at no additional cost.  Submit three (3) copies of all final 

documentation (including traces), using the approved test form, to the Owner 

upon successful completion of the testing. 

D. Fiber Optic Cable Testing 

1. Test procedures and field test instruments shall comply with applicable 

requirements of TIA: 

a. LIA Z136.2 

b. TIA 455 78 

c. TIA 455 133 

d. TIA 526 7 

e. TIA 526 14 

f. TIA 586-C.0 

g. TIA 568-C.1 

h. TIA 568-C.3 

2. Acceptance testing of the data highway (fiber and electronic equipment) shall 

be conducted as a part of integrated system field testing, as specified 

elsewhere. Prior to such tests, however, the fiber optic cable shall be tested as 

specified herein. 

3. The System Supplier, or his fiber subcontractor, shall conduct fiber optic 

cable testing as specified below. All testing following field installation shall 

be witnessed by the Engineer. The Contractor shall bear the cost for field 

witnessed testing in accordance with the General Equipment Stipulations 

section.  A test plan shall be submitted prior to the proposed test dates. The 

test plan and procedures shall be mutually agreed to prior to conducting the 

tests. 

4. Condition of fiber end face for each cable shall be verified. 

5. Each optical fiber of each fiber optic cable shall be OTDR (Optical Time 

Domain Reflectometer) tested on the reel at the factory, on the reel upon 
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arrival at the jobsite, and after installation and termination. For each fiber, an 

OTDR (Optical Time Domain Reflectometer) trace soft/hardcopy is required 

to be provided to the Owner and Engineer.  OTDR traces shall be provided for 

each test (at the factory, on the reel at the job-site, and after installation).  A 

100 foot launch cable shall be spliced to each fiber for each fiber OTDR test, 

to ensure accurate results.  This end-to-end trace shall be performed from 

BOTH ends of the fiber. Also for each fiber, an end-to-end power attenuation 

(insertion loss) test shall be performed. The attenuation test shall use a 

stabilized optical source and an optical power meter calibrated to the 

appropriate operating wavelength (1300 nm). 

6. For each installed fiber, the power attenuation shall not exceed the following, 

tested from connector to connector at the respective patch panels: 

a. (0.0035)L + (0.25)N + 3.0 dB 

(i) L = The length of the fiber optic cable in meters. 

(ii) N = the number of splices in the fiber. 

b. Any fiber optic cables containing one or more fibers not meeting this 

performance will not be accepted by the Owner, and shall be repaired or 

replaced at no additional cost 

7. Each fiber optic jumper cable shall be tested and must exhibit an end-to-end 

attenuation of less than 2.0 dB at 1300 nm. Any jumper exceeding this level 

shall be replaced at no additional cost to the owner.  Any damaged cable still 

on the reel shall be returned to the manufacturer for replacement at no 

additional cost to the Owner. 

8. All fiber cable testing shall be documented on pre-approved test forms. Three 

hard copies (3) copies and a copy on USB Type A flash drive or CD of all 

documentation (including OTDR traces) shall be submitted to the Engineer 

and Owner upon successful completion of the testing.   

 

END OF SECTION 
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13591-S01 FIBER OPTIC PATCH PANEL SCHEDULE 

2.010 Tag Number/ 

Panel ID 

2.020 Patch 

Port Count 

(Minimum) 

2.020 Mounting Type 

Rack Mount Wall Mount Din-Rail Mount 

P600FPP01 
12   X 

P601FPP01 
12   X 

P604FPP01 
12  X  

P606FPP01 
12  X  

P607FPP01 
12  X  

P609FPP01 
12  X  

P612FPP01 
12  X  

P614FPP01 
12   X 

P637FPP01 
12   X 

P646FPP01 
12   X 

P659FPP01 
12  X  

P663FPP01 
12   X 

P664FPP01 
12   X 

P676FPP01 
12   X 

P677FPP01 
12   X 

P682FPP01 
12   X 

P684FPP01 
12   X 

P686FPP01 
12   X 

P688FPP01 
12   X 

P692FPP01 
12   X 

P693FPP01 
96  X  

P693FPP02 
12   X 
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2.010 Tag Number/ 

Panel ID 

2.020 Patch 

Port Count 

(Minimum) 

2.020 Mounting Type 

Rack Mount Wall Mount Din-Rail Mount 

P694FPP01 
12   X 

P697FPP01 
12   X 

P699FPP01 
12   X 

P711FPP02 
96  X  

P745FPP01 
12   X 

P848FPP01 
96   X 

 

END OF SCHEDULE 
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Section 15020 
 

MISCELLANEOUS PIPING AND ACCESSORIES INSTALLATION 
 

 
PART 1 - GENERAL 
 
1-1.  SCOPE.  This section covers the installation of piping and accessories as 
indicated on the Drawings for the following piping sections: 
 

Section Title 

Miscellaneous Piping and Accessories 

Cast Iron Soil Pipe and Accessories 

Copper Tubing and Accessories 
 
Contractor shall furnish all necessary jointing materials, coatings, and 
accessories that are specified herein. 
 
Pipe supports and anchors shall be furnished by Contractor, and are covered in 
the Pipe Supports section.  Pipe trenching and backfilling are covered in the 
Trenching and Backfilling section. 
 
1-2.  GENERAL. 
 
1-2.01.  Coordination.  Materials installed under this section shall be installed in 
full conformity with Drawings, Specifications, engineering data, instructions, and 
recommendations of the manufacturer, unless exceptions are noted by Engineer. 
 
1-3.  SUBMITTALS. 
 
1-3.01.  Drawings and Data.  Complete specifications, data, and catalog cuts or 
drawings shall be submitted in accordance with the Submittals Procedures 
section.  Items requiring submittals shall include, but not be limited to, the 
following: 
 

Materials as specified herein. 

 1-4.  QUALITY ASSURANCE. 
 
1-4.01. Welding and Brazing Qualifications.  Not Used 
 
1-4.02.  Tolerances.  These tolerances apply to in-line items and connections for 
other lines. 
 

1246



 15020 – Miscellaneous Piping and Accessories Installation 

Kansas City WSD  Issued for Bid 

WW SCADA System Improvements Phase 2  December 2023 

Page 2 of 9 

The general dimension, such as face-to-face, face or end-to-end, face- or end-to 
center, and center-to-center shall be 1/8 inch. 
 
The inclination of flange face from true in any direction shall not exceed 3/64 inch 
per foot. 
 
Rotation of flange bolt holes shall not exceed 1/16 inch. 
 
1-5.  DELIVERY, STORAGE, AND HANDLING.  Shipping shall be in accordance 
with the Product Delivery Requirements section.  Handling and storage shall be 
in accordance with the Product Storage and Handling Requirements section.  All 
materials shall be stored in a sheltered location above the ground, separated by 
type, and shall be supported to prevent sagging or bending. 
 
PART 2 - PRODUCTS 
 
2-1.  SERVICE CONDITIONS.  Pipe, tubing, and fittings covered herein shall be 
installed in the services indicated in the various pipe sections. 
 
2-2.  MATERIALS. 
 

Threaded Fittings  

 Anti-Seize Thread Lubricant 

 

Jet-Lube "Nikal", John Crane "Thred 
Gard Nickel", Never-Seez "Pure Nickel 
Special", or Permatex "Nickel 
Anti-Seize". 

 Teflon Thread Sealer Paste type; Hercules "Real-tuff", John 
Crane "JC-30", or Permatex "Thread 
Sealant with Teflon". 

 Teflon Thread Tape Hercules "Tape Dope" or John Crane 
"Thread-Tape". 

 Solvent Welded Fittings  

 Solvent cement for PVC 
Systems 

ASTM D2564. 

 Solvent cement for CPVC 
Systems 

ASTM F493. 

  Sodium Hypochlorite, 
Sodium Hydroxide, and 
Sodium Bisulfite 
Service 

IPS Corporation "Weld-On 724" 

 Primer for PVC Systems ASTM F656.  
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Solder or Brazed Fittings  

 Solder 

 

 

Solid wire, ASTM B32, ANSI/NSF 61 
certified, Alloy Grade Sb5, (95-5). 

 Soldering Flux Paste type, ASTM B813. 

 Brazing Filler Metal AWS A5.8, BCuP-5; Engelhard 
"Silvaloy 15", Goldsmith "GB-15", or 
Handy & Harman "Sil-Fos". 

 Brazing Flux Paste type, Fed Spec O-F-499, 
Type B.  

Insulating Fittings  

 Threaded Dielectric steel pipe nipple, ASTM A53, 
Schedule 40, polypropylene lined, zinc 
plated; Perfection Corp. "Clearflow 
Fittings". 

Pipe Insulation See Pipe Insulation section 15083. 

Watertight/Dusttight Pipe Sleeves O-Z Electrical Manufacturing "Thruwall" 
and "Floor Seals", or Thunderline 
"Link-Seals"; with modular rubber 
sealing elements, nonmetallic pressure 
plates, and galvanized bolts.  

 Pipe Sleeve Sealant Polysulfide or urethane, as specified in 
the Caulking section or as indicated on 
the Drawings.  

  

   

   

  

 
PART 3 - EXECUTION 
 
3-1.  INSPECTION.  All piping components shall be inspected for damage and 
cleanliness before being installed.  Any material damaged or contaminated in 
handling on the job shall not be used unless it is repaired and recleaned to the 
original requirements by Contractor.  Such material shall be segregated from the 
clean material and shall be inspected and approved by Owner or his 
representative before its use. 
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3-2.  PREPARATION. 
 
3-2.01.  Field Measurement.  Pipe shall be cut to measurements taken at the 
site, not from the Drawings.  All necessary provisions shall be made in laying out 
piping to allow for expansion and contraction.  Piping shall not obstruct openings 
or passageways.  Pipes shall be held free of contact with building construction to 
avoid transmission of noise resulting from expansion. 
 
3-3.  INSTALLATION. 
 
3-3.01.  General.  All instruments and specialty items shall be installed according 
to the manufacturer’s instructions and with sufficient clearance and access for 
ease of operation and maintenance. 
 
Flat faced wrenches and vises shall be used for copper tubing systems.  Pipe 
wrenches and vises with toothed jaws will damage copper materials and shall not 
be used.  Bends in soft temper tubing shall be shaped with bending tools. 
 
3-3.02.  Pipe Sleeves.  Piping passing through concrete or masonry shall be 
installed through sleeves that have been installed before the concrete is placed 
or when masonry is laid.  Pipe sleeves installed through floors with a special 
finish, such as ceramic or vinyl composition tile, shall be flush with the finished 
floor surface and shall be provided with nickel or chromium plated floor plates.  
Unless otherwise indicated on the Drawings, in all other locations where pipes 
pass through floors, pipe sleeves shall project not less than 1 inch nor more than 
2 inches above the floor surface, with the projections uniform within each area.  
In the case of insulated pipes, the insulation shall extend through pipe sleeves.  
Where the Drawings indicate future installation of pipe, sleeves fitted with 
suitable plastic caps or plugs shall be provided. 
 
Holes drilled with a suitable rotary drill will be considered instead of sleeves for 
piping which passes through interior walls and through floors with a special finish. 
 
Unless otherwise indicated on the Drawings, all pipes passing through walls or 
slabs which have one side in contact with earth or exposed to the weather shall 
be sealed watertight with special rubber-gasketed sleeve and joint assemblies, or 
with sleeves and modular rubber sealing elements. 
 
 
3-3.03.  Pipe Joints.  Pipe joints shall be carefully and neatly made in accordance 
with the indicated requirements. 
 
3-3.03.01. Threaded.  Pipe threads shall conform to ANSI/ASME B1.20.1, NPT, 
and shall be fully and cleanly cut with sharp dies.  Not more than three threads at 
each pipe connection shall remain exposed after installation.  Ends of pipe shall 
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be reamed after threading and before assembly to remove all burrs.  Unless 
otherwise indicated, threaded joints shall be made up with teflon thread tape, 
thread sealer, or a suitable joint compound. 
 
Threaded joints in plastic piping shall be made up with teflon thread tape applied 
to all male threads.  Threaded joints in stainless steel piping shall be made up 
with teflon thread sealer and teflon thread tape applied to all male threads.  
Threaded joints in steel piping for chlorine service shall be made up with teflon 
thread tape or litharge and glycerine paste applied to all male threads. 
 
3-3.03.02. Compression. Ends of tubing shall be cut square and all burrs shall be 
removed.  The tubing end shall be fully inserted into the compression fitting and 
the nut shall be tightened not less than 1-1/4 turns and not more than 1-1/2 turns 
past fingertight, or as recommended by the fitting manufacturer, to produce a 
leaktight, torque-free connection. 
 
3-3.03.03. Flared.  Ends of annealed copper tubing shall be cut square, and all 
burrs shall be removed prior to flaring.  Ends shall be uniformly flared without 
scratches or grooves.  Fittings shall be tightened as needed to produce leaktight 
connections. 
 
3-3.03.04. Soldered and Brazed.  Where solder fittings are specified for lines 
smaller than 2 inches, joints may be soldered or brazed at the option of 
Contractor.  Brazing alloy shall contain no tin.   
 
Surfaces to be joined shall be thoroughly cleaned with flint paper and coated with 
a thin film of flux.  At each joint, tubing shall enter to the full depth of the fitting 
socket. 
 
Care shall be taken to avoid overheating the metal or flux.  Each joint shall be 
uniformly heated to the extent that filler metal will melt on contact.  While the joint 
is still hot, surplus filler metal and flux shall be removed with a rag or brush. 
 
3-3.03.05. Solvent Welded.  Solvent welded connections shall only be used for 
PVC or CPVC pipe.  All joint preparation, cutting, and jointing procedures shall 
comply with the pipe manufacturer's recommendations and ASTM D2855.  Pipe 
ends shall be beveled or chamfered to the dimensions recommended by the 
manufacturer.  Newly assembled joints shall be suitably blocked or restrained to 
prevent movement during the setting time recommended by the manufacturer.  
Pressure testing of solvent welded piping systems shall not be performed until 
the applicable curing time, as set forth in Table X2.1 of ASTM D2855, has 
elapsed.  Solvent welding shall be performed by bonding operators who have 
met the requirements of ASME B31.3 and A328. 
 
3-3.03.06. Epoxy and Adhesive Bonded.  Not Used 
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3-3.03.07. Heat Fusion Bonded.  Not Used 
 
3-3.03.08. Flanged.  Not Used 
3-3.03.09. Welded.  Not Used 
 
3-3.03.10. Grooved Couplings.  Grooves for grooved couplings shall be cut with 
a specially designed grooving tool.  Grooves cut in steel pipe shall conform to 
flexible grooving dimensions, as set forth in AWWA C606, and shall be clean and 
sharp without burrs or check marks. 
 
3-3.03.11. Push-on.  Gasket installation and other jointing procedures shall be in 
accordance with the recommendations of the manufacturer.  Each spigot end 
shall be suitably beveled to facilitate assembly.  All joint surfaces shall be 
lubricated with a heavy vegetable soap solution immediately before the joint is 
completed.  Lubricant shall be suitable for use in potable water, shall be stored in 
closed containers, and shall be kept clean. 
 
3-3.03.12. Rubber-Gasketed.  Rubber-gasketed joints for hub and spigot type 
cast iron soil pipe shall have plain spigot ends, without beads.  Cut ends of all 
pipe shall be cut square, beveled, and all burrs shall be removed.  Spigot ends 
shall be coated with a lubricant recommended by the gasket manufacturer and 
fully seated in the gasket.  Clamps for hubless cast iron soil pipe shall be 
installed in accordance with the manufacturer's recommendations. 
 
3-3.03.13. Other Pipe Joints.  Not Used 
 
3-3.04.  Pipe.  Pipe shall be installed as specified, as indicated on the Drawings, 
or, in the absence of detail piping arrangement, in a manner acceptable to 
Engineer. 
 
Piping shall be installed without springing or forcing the pipe in a manner which 
would induce stresses in the pipe, valves, or connecting equipment. 
 
Piping shall be supported in conformance with the Pipe Supports section. 
 
Piping shall be connected to equipment by flanges or unions as specified in the 
various piping sections.  Piping connecting to equipment shall be supported by a 
pipe support and not by the equipment. 
 
Water, gas, and air supply piping shall be provided with a shutoff valve and union 
at each fixture or unit of equipment, whether or not indicated on the Drawings, to 
permit isolation and disconnection of each item without disturbing the remainder 
of the system.  Air supply piping shall be provided with sectionalizing valves and 
valved air inlet connections as needed for isolation of portions of the system for 
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periodic testing.  Gas supply lines to buildings shall be provided with a shutoff 
valve and union located above grade immediately outside the building.  A capped 
drip leg shall be provided at the bottom of the vertical riser of gas supply piping 
adjacent to gas-fired appliances. 
 
A union shall be provided within 2 feet of each threaded-end valve unless there 
are other connections which will permit easy removal of the valve.  Unions shall 
also be provided in piping adjacent to devices or equipment which may require 
removal in the future and where required by the Drawings or the Specifications. 
 
Water supply piping within structures shall be arranged, and facilities provided, 
for complete drainage.  All piping serving metering equipment shall be uniformly 
graded so that air traps are eliminated and complete venting is provided.  
 
In all piping, insulating fittings shall be provided to prevent contact of dissimilar 
metals, including but not limited to, contact of copper, brass, or bronze pipe, 
tubing, fittings, valves, or appurtenances, or stainless steel pipe, tubing, fittings, 
valves, or appurtenances with iron or steel pipe, fittings, valves, or 
appurtenances.  Insulating fittings shall also be provided to prevent contact of 
copper, brass, or bronze pipe, tubing, fittings, valves or appurtenances with 
stainless steel pipe, tubing, fittings, valves, or appurtenances. 
 
Branch connections in horizontal runs of steam, air, and gas piping shall be 
made from the top of the pipe. 
 
Drains required for operation are shown on the Drawings.  However, vents at all 
high points and drains at all low points in the piping that are required for complete 
draining for pressure test may not be shown on these Drawings.  Contractor shall 
add such items as found to be necessary during detail piping design and/or 
piping installation. 
 
3-3.05.  Reducers.  Eccentric reducers shall be installed flat on the bottom for 
steam, condensate return and digester gas services. 
 
3-3.06. Valves.  Isolation valves provided with equipment and instruments shall 
be located in a manner which will allow ease of access and removal of the items 
to be isolated.  Prior to soldering or brazing valves, teflon and elastomer seats 
and seals shall be removed to prevent damage. 
 
3-4.  PIPING ASSEMBLY. 
 
3-4.01.  General.  Contractor shall only use labor that has been qualified by 
training and experience to capably perform the specified activities required to 
accomplish the work in a satisfactory manner 
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Any deviations from the Specifications or piping locations shown on the Drawings 
require prior review and approval by Engineer. 
 
3-4.02.  Buttwelded Piping.  Not Used 
3-5. PROTECTIVE COATING. Not Used  
 
3-6.  PRESSURE AND LEAKAGE TESTING.  All specified tests shall be made 
by and at the expense of Contractor in the presence, and to the satisfaction of 
Engineer.  Each piping system shall be tested for at least 1 hour with no loss of 
pressure.  The Contractor shall coordinate this section with the Pipeline Pressure 
and Leakage Testing section.  Piping shall be tested at the indicated pressures: 
 

Service Test Pressure Test Medium 

Water supply 1-1/2 times working 
pressure but not less 
than 120 psi  

Water 

   

Other piping 1-1/2 times working 
pressure but not less 
than 50 psi  

Suitable fluid or gas; for 
distilled water piping, 
distilled water or filtered oil-
free compressed air may 
be used  

   

   

Compressed air or pressurized gas shall not be used for testing plastic piping 
unless specifically recommended by the pipe manufacturer. 
 
Leakage may be determined by loss-of-pressure, soap solution, chemical 
indicator, or other positive and accurate method acceptable to Engineer.  All 
fixtures, devices, or accessories which are to be connected to the lines and 
which would be damaged if subjected to the specified test pressure shall be 
disconnected and the ends of the branch lines plugged or capped as needed 
during the testing. 
 
Unless otherwise required by the applicable codes, drainage and venting 
systems shall be water tested.  For water testing, the drainage and venting 
system shall be filled with water to the level of the highest vent stack. Openings 
shall be plugged as necessary for either type of test.  To be considered free of 
leaks, the system shall hold the water for 30 minutes without any drop in the 
water level or air pressure. 
 
All necessary testing equipment and materials, including tools, appliances and 
devices, shall be furnished and all tests shall be made by and at the expense of 
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Contractor.  Contractor shall give Engineer 5 working days advanced notice of 
scheduled testing.  
 
All joints in piping shall be tight and free of leaks.  All joints which are found to 
leak, by observation or during any specified test, shall be repaired, and the tests 
repeated. 
 
3-7.  CLEANING.  The interior of all pipe, valves, and fittings shall be smooth, 
clean, and free of blisters, loose mill scale, sand, dirt, and other foreign matter 
when installed.  Before being placed in service, the interior of all lines shall be 
thoroughly cleaned, to the satisfaction of Engineer. 
 
3-8.  ACCEPTANCE.  Owner reserves the right to have any section of the piping 
system which he suspects may be faulty cut out of the system by Contractor for 
inspection and testing.  Should the joint prove to be sound, Owner will reimburse 
Contractor on a time-and-material basis as specified in the Contract.  Should the 
joint prove to be faulty, the destructive test will continue joint by joint in all 
directions until sound joints are found.  Costs for replacement of faulty work 
and/or materials shall be the responsibility of Contractor. 
 
 

End of Section 
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Section 15050  
 

BASIC MECHANICAL BUILDING SYSTEMS MATERIALS AND METHODS 
 
 
PART 1 - GENERAL 
 
1-1.  SCOPE.  This section covers general mechanical building system 
requirements as referenced from other sections for the plumbing and heating, 
ventilating, and air conditioning systems.  Protective coatings for ductwork and 
equipment without special coatings shall be as specified in the Protective 
Coatings and Architectural Painting sections. 
 

Mechanical identification 

Special coatings 

 
 
1-2.  GENERAL.  Materials furnished and installed under this section shall be 
fabricated, assembled, erected, and placed in proper operating condition in full 
conformity with the Drawings, Specifications, engineering data, instructions, and 
recommendations of the manufacturer unless exceptions are noted by the 
Engineer. 
 
1-2.01.  Coordination.  Where two or more units of the same class of materials 
are required, they shall be the product of a single manufacturer; however, all the 
component parts of the system need not be the products of one manufacturer. 
 
1-2.02.  General Equipment Stipulations.  The General Equipment Stipulations 
shall apply to all materials furnished under this section.  If requirements in this 
specification differ from those in the General Equipment Stipulations, the 
requirements specified herein shall take precedence. 
 
1-2.03.  Governing Standards.  Except as modified or supplemented herein, all 
work covered by this section shall be performed in accordance with all applicable 
local codes and ordinances, laws, and regulations which pertain to such work.  In 
case of a conflict between these specifications and any state law or local 
ordinance, the latter shall govern. 
 
1-2.04.  Metal Thickness.  Metal thickness and gages specified herein are 
minimum requirements.  Gages refer to US Standard gage. 
 
1-3.  SUBMITTALS. 
 
1-3.01.  Drawings and Data.  Complete information, detailed specifications, and 
data covering materials, parts, devices, and accessories forming a part of the 
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materials furnished, shall be submitted in accordance with the Submittals 
Procedures section. 
1-4.  QUALITY ASSURANCE.   
 
1-4.01.  Welding Qualifications.  All welding procedures and welding operators 
shall be qualified by an independent testing laboratory in accordance with the 
applicable provisions of AWS Standard Qualification Procedures.  All procedure 
and operator qualifications shall be in written form and subject to Engineer's 
review.  Accurate records of operator and procedure qualifications shall be 
maintained by Contractor and made available to Engineer upon request. 
1-4.02.  Manufacturer's Experience.  Unless the equipment manufacturer is 
specifically named in this section, the manufacturer shall have furnished 
equipment of the type and size specified which has been in successful operation 
for not less than the past 5 years. 
 
 
PART 2 - PRODUCTS 
 
2-1.  SERVICE CONDITIONS.  All equipment shall be designed and selected to 
meet the specified conditions.  Where equipment is provided with special 
coatings, unit capacities shall be corrected to account for any efficiency losses 
from the selected special coating. 
 
2-2.  PERFORMANCE AND DESIGN REQUIREMENTS. 
 
2-2.01.  Dimensional Restrictions.  Layout dimensions will vary between 
manufacturers and the layout area indicated on the Drawings is based on typical 
values of the first manufacturer listed.  Contractor shall review the contract 
Drawings, the manufacturer’s layout drawings, and installation requirements and 
shall make any modifications required for proper installation subject to 
acceptance by Engineer. 
 
2-2.02.  Elevation.  Equipment shall be designed to operate at the elevation 
indicated in the Meteorological and Seismic Design Criteria section.  All 
equipment furnished for sites above 2000 feet above sea level shall be properly 
derated to operate and meet the specified capacities at the site conditions. 
 
2-2.03.  Equipment Efficiencies.  Unless otherwise indicated in the respective 
equipment paragraph, the equipment efficiency shall be in accordance with the 
requirements of ASHRAE Energy Standard 90.1. 
 
2-2.04.  Drive Units.  Drive units shall be designed for 24 hour continuous 
service. 
2-2.04.01.  V-Belt Drives.  Each V-belt drive shall include a sliding base or other 
suitable belt tension adjustment.  V-belt drives shall have a service factor of at 
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least 1.5 at maximum speed based on the nameplate horsepower [kW] of the 
drive motor unless otherwise indicated in the specific equipment paragraph.  
Multiple belts shall be provided in matched sets and shall be oil resistant, non-
static type.  External belts and drive assemblies shall be protected by a belt 
safety guard constructed in accordance with OSHA requirements.  The guard 
shall be provided with a tachometer opening. 
 
Unless otherwise indicated in the specific equipment paragraph, equipment with 
smaller than 10 horsepower [7.5 kW] motors shall have adjustable pitch sheaves 
and equipment with 10 horsepower [7.5 kW] and larger motors shall have fixed 
sheaves.  Adjustable sheaves shall be selected so that the fan speed at the 
specified conditions is selected at the mid-position of the sheave range.  Fixed 
sheaves shall be replaced as necessary with sheaves of the proper size during 
the air system balancing to provide the required speed for the specified airflow. 
 
2-2.04.02.  Electric Motors.  Motor horsepower scheduled on the Drawings are 
minimum motor horsepower.  Larger motors shall be provided if required to meet 
the specified capacities for the equipment furnished.  Motors furnished with 
equipment shall meet the following requirements. 
 

a. Premium efficient motors with a minimum efficiency of at least that 
specified in the Common Motor Requirements for Process Equipment 
section shall be provided where available as a standard option.  All 
other motors shall meet the minimum efficiency standards required by 
the 2007 Energy Independence and Security Act. 

b. Designed and applied in accordance with NEMA, ANSI, IEEE, 
AFBMA, and NEC for the duty service imposed by the driven 
equipment, such as frequent starting, intermittent overload, high 
inertia, mounting configuration, or service environment. 

c. Rated for continuous duty at 40°C ambient. 

d. Motors used in applications which exceed the usual service conditions 
as defined by NEMA, such as higher than 40°C ambient, altitude 
exceeding 3,300 feet, explosive or corrosive environments, departure 
from rated voltage and frequency, poor ventilation, frequent starting, or 
adjustable frequency drive applications, shall be properly selected with 
respect to their service conditions and shall not exceed specified 
temperature rise limits in accordance with ANSI/NEMA MG 1 for 
insulation class, service factor, and motor enclosure type. 

e. To ensure long life, motors shall have nameplate horsepower [kW] 
equal or greater than the maximum load imposed by the driven 
equipment and shall carry a service factor rating as follows: 

 Motor Size Enclosure Service Factor 
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 Fractional hp [kW] Open 1.15 

  Other Than Open 1.0 

 Integral hp [kW] Open 1.15 

  Other Than Open 1.0 

 Motors used with adjustable frequency drives shall have a 1.15 service 
factor on sine wave power and a 1.0 service factor on drive power. 

f. Designed for full voltage starting. 

g. Designed to operate from an electrical system that may have a 
maximum of 5 percent voltage distortion according to IEEE 519. 

h.  Totally enclosed motors shall have a continuous moisture drain that 
also excludes insects. 

i. Bearings shall be either oil or grease lubricated. 

j. Motor nameplates shall indicate as a minimum the manufacturer name 
and model number, motor horsepower, voltage, phase, frequency, 
speed, full load current, locked rotor current, frame size, service factor, 
power factor, and efficiency. 

k. Dripproof motors, or totally enclosed motors at Contractor's option, 
shall be furnished on equipment in indoor, above-grade, clean, and dry 
locations. 

l. Totally enclosed motors shall be furnished on: 

 (1) Outdoor equipment. 

 (2) Equipment for installation below grade. 

 (3) Equipment operating in chemical feed and chemical handling 
locations. 

 (4) Equipment operating in wet or dust-laden locations. 

m. Explosionproof motors shall be furnished as specified by applicable 
codes or as specified in other sections. 

n. A manufacturer's standard motor may be supplied on packaged 
equipment and fans in which case a redesign of the unit would be 
required to furnish motors of other than the manufacturer's standard 
design.  However, in all cases, the motor types indicated are preferred 
and shall be furnished if offered by the manufacturer as a standard 
option. 

o. Motors used with adjustable frequency drives shall have insulation 
system meeting the requirements of NEMA MG 1, Part 31. 

 
2-3.  MANUFACTURE AND FABRICATION. 
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2-3.01.  Welding.  All welds shall be continuous (seal type) on submerged or 
partially submerged components. 
 
2-3.02.  Anchor Bolts and Expansion Anchors.  Anchor bolts, expansion anchors, 
nuts, and washers shall be as indicated in the Anchorage in Concrete and 
Masonry section unless otherwise indicated on the Drawings. 
 
2-3.03.  Edge Grinding.  Sharp corners of cut or sheared edges which will be 
submerged in operation shall be dulled by at least one pass of a power grinder to 
improve paint adherence. 
 
2-3.04.  Surface Preparation.  All iron and steel surfaces, except motors, shall be 
shop cleaned by sandblasting or equivalent, in strict conformance with the paint 
manufacturer’s recommendations.  All mill scale, rust, and contaminants shall be 
removed before shop primer is applied. 
 
2-4.  MATERIALS. 
 
2-4.01.  Mechanical Identification.  Mechanical identification consisting of 
equipment number plates, equipment information plates, valve tags, and 
ductwork identification shall conform to the requirements of the Equipment and 
Valve Identification section and as indicated herein. 
 
2-4.01.01.  Number Plates.  Hand-lettered or tape labels will not be acceptable. 
 
Number plates for control equipment such as but not limited to thermostats, 
control stations, and emergency ventilation shutoff switches shall in addition to 
the specific device identification list the controlled equipment in parenthesis 
below the device number. 
 
2-4.01.02.  Piping.  Piping identification shall be as specified in the Protective 
Coatings section.  The lettering size, length of color field, colors, and viewing 
angles of identification devices shall be in accordance with ASME A13.1. 
 
2-4.01.03.  Valves.  Not used. 
 
2-4.01.04.  Ductwork.  Ductwork shall be identified with nameplates as specified 
herein, or stenciled painting.  Ductwork shall be identified with the equipment 
number and area served, direction of airflow, and service (supply, return, mixed, 
exhaust, and outside air).  The identification shall be located at equipment, at 
each side of structure or enclosure penetrations, and at each obstruction. 
 
2-4.02.  Seismic Design.  Not used. 
 
PART 3 - EXECUTION 
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3-1.  INSTALLATION.  Materials furnished under this section shall be installed in 
proper operating condition in full conformity with the drawings, specifications, 
engineering data, instructions, and recommendations of the manufacturer, unless 
exceptions are noted by the Engineer. 
 
The installation of identifying devices shall be coordinated with the application of 
covering materials and painting where devices are applied to surfaces.  All 
surfaces to receive adhesive number plates shall be cleaned before installation 
of the identification device. 
 
 
 End of Section 
 

1260



 15065 - Miscellaneous Steel Pipe, Tubing, and Accessories  

Kansas City WSD  Issued for Bid 

WW SCADA System Improvements Phase 2  December 2023 

Page 1 of 4 

Section 15065  
 

MISCELLANEOUS STEEL PIPE, TUBING, AND ACCESSORIES 
 
 
PART 1 - GENERAL 
 
1-1.  SCOPE.  This section covers the furnishing of miscellaneous steel pipe, 
tubing and accessories that for pipe diameters 24 inches and smaller.  Pipe and 
tubing shall be furnished complete with all fittings, flanges, unions, and other 
accessories specified herein. 
 
Steel pipe for potable and non-potable water conveyance are covered in the 
Steel Pipe section. 
 
1-2.  GENERAL. 
 
1-2.01.  General Equipment Stipulations.  The General Equipment Stipulations 
shall apply to all equipment furnished under this section.  If requirements in this 
specification differ from those in the General Equipment Stipulations, the 
requirements specified herein shall take precedence. 
 
1-3.  SUBMITTALS. 
 
1-3.01.  Drawings and Data.  Complete specifications, data, and catalog cuts or 
drawings shall be submitted in accordance with the Submittals Procedures 
section.  Submittals are required for all piping, fittings, gaskets, sleeves, and 
accessories, and shall include the following data: 
 

Name of Manufacturer 
Type and model 
Construction materials, thickness, and finishes 
Pressure and temperature ratings 

 
Contractor shall obtain and submit a written statement from the gasket material 
manufacturer certifying that the gasket materials are compatible with the joints 
specified herein and are recommended for the specified field test pressures and 
service conditions. 
 
1-4.  DELIVERY, STORAGE, AND HANDLING.  Shipping shall be in accordance 
with the Product Delivery Requirements section.  Handling and storage shall be 
in accordance with the Product Storage and Handling Requirements section.  All 
materials shall be stored in a sheltered location above the ground, separated by 
type, and shall be supported to prevent sagging or bending. 
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1-4.01.  Coated Pipe.  Handling methods and equipment used shall prevent 
damage to the protective coating and shall include the use of end hooks, padded 
calipers, and nylon or similar fabric slings with spreader bars.  Bare cables, 
chains, or metal bars shall not be used.  Coated pipe shall be stored off the 
ground on wide, padded skids.  Plastic coated pipe shall be covered or otherwise 
protected from exposure to sunlight. 
 
 
PART 2 - PRODUCTS 
 
2-1. GALVANIZED STEEL PIPE.  Not used. 
 

2-2.  STEEL PIPE.  Steel pipe materials and service shall be as specified herein. 
 

 
2-2.03.  Material Classification CS-3.   
 

CS-3 – Standard Weight Steel with 
Buttwelded Fittings.   
 
Steam and condensate piping.  
Heating water system piping.  
Chilled water system piping.  
 
2-1/2 inch 63 mm and larger.   
 

Pipe 
 
 
 
 
Fittings 

ASTM A53/A106, 
Type S, standard 
weight Grade B;  
Bevel ends. 
 
Buttwelded.  Fitting 
shall conform to 
ANSI/ASME B16.9, 
standard weight. 

 
2-2.04.  Material Classification CS-4.   
 

CS-4 – Extra Strong Steel with 
Threaded Fittings.   
 
Heating water system piping. 
Chilled water system piping. 
 
2 inch 50 mm and smaller.   
 

Pipe 
 
 
 
 
Fittings 

ASTM A53/A106, 
Type S, extra strong, 
Grade B; Threaded 
ends. 
 
Forged steel, 
threaded.  Fittings 
shall conform to ANSI 
B16.11, Class 2000 or 
3000; Bonney, Crane, 
Ladish, or Vogt. 

2-2.15.  Accessory Materials.  Accessory materials for the miscellaneous steel 
pipe and tubing systems shall be as indicated. 
 

Nipples ASTM A733, seamless, extra strong 
(Schedule 80); "close" nipples will be 
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permitted only by special authorization in 
each case. 

Unions (Malleable Iron) Fed Spec WW-U-53l, Class 2; Type B 
(galvanized) for galvanized pipe or Type A 
(black) for ungalvanized pipe. 

Flanges  

 Standard Weight Pipe ANSI/ASME B16.5, Class 150, flat faced 
when connected to flat faced flanges; 
otherwise, raised face. 

 Extra Strong Pipe  

 Other services ANSI/ASME B16.5, Class 300, raised face. 

Flange Bolts and Nuts ASTM A193, Grade B7 with ASTM A194 
Grade 2H nuts.  Length such that, after 
installation, the bolts will project 1/8 to 
3/8 inch [3 to 10 mm] beyond outer face of 
the nut. 

Flange Gaskets  

 For Heating Water 
Service 

Non-asbestos inorganic fiber with nitrile 
binder; dimensions to suit flange contact 
face, 1/16 inch [1.5 mm] minimum 
thickness for plain finished surfaces, 
3/32 inch [2 mm] minimum thickness for 
serrated surfaces; Garlock "IFG 5500". 

 For Water Service ASTM D1330, Grade I, red rubber, ring 
type, 1/8 inch [3 mm] thick.  

Grooved Couplings  

 Rigid AWWA C606; Gustin-Bacon "No. 120 Rigid" or 
Victaulic "07 Zero-Flex". 

 Standard AWWA C606; Gustin-Bacon "No. 100 Standard" or 
Victaulic "Style 77". 

Mechanical 
Couplings 

Dresser "Style 38" or Smith-Blair "Type 411 Flexible 
Coupling"; without pipe stop.  

Expansion Joints  

 Heating water, 
chilled water, 
and other 
services not 
specified. 

Flexonics "Model H Expansion Compensators" for 
3 inch [75 mm] or smaller; Flexonics "Mid-Corr, 
Series MCB" with flanged ends and stainless steel 
bellows for 4 inch [100 mm] or larger.  Expansion 
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joints shall be suitable for working pressures up to 
150 psig [1035 kPa]. 

 
2-3.  COATINGS.  Standard weight steel pipe in buried locations, except hot 
piping such as aeration air piping, shall have exterior surfaces protected with a 
shop applied plastic coating.  Coatings for hot piping shall be as specified. 
 
Shop applied coatings shall be as follows: 
 

External Coatings  

 Plastic Liberty Coating Company “Pritec" or 
Bredero-Shaw “Entec".  The products 
of other manufacturers will not be 
acceptable. 

 
 
PART 3 - EXECUTION 
 
3-1.  INSTALLATION.  Materials furnished under this section will be installed in 
accordance with the Miscellaneous Piping and Accessories Installation section. 
 
 

End of Section 
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Section 15069  
 

CAST IRON SOIL PIPE AND ACCESSORIES 
 
 
PART 1 - GENERAL 
 
1-1.  SCOPE.  This section covers the furnishing of cast iron soil pipe and 
accessories for the service conditions as specified herein.  Cast iron soil pipe 
shall be furnished complete with all fittings and other accessories. 
 
1-2.  SUBMITTALS. 
 
1-2.01.  Drawings and Data.  Complete specifications, data and catalog cuts or 
drawings shall be submitted in accordance with the Submittals Procedures 
section.  Items requiring submittals shall include, but shall not be limited to, the 
following: 
 

Pipe, Gaskets, and Couplings. 
Name of Manufacturer. 
Type and Model. 
Construction materials, thickness, and finishes. 
Coating product data sheets. 
Certification by manufacturer that the pipe and fittings furnished are in 

accordance with referenced standards.  Certification shall include legal 
name and address of the manufacturer. 

 
1-3.  DELIVERY, STORAGE, AND HANDLING.  Shipping shall be in accordance 
with the Product Delivery Requirements section.  Handling and Storage shall be 
in accordance with the Product Storage and Handling Requirements section.  All 
materials shall be stored in a sheltered location above the ground, separated by 
type, and shall be supported to prevent sagging or bending. 
 
 
PART 2 - PRODUCTS 
 
2-1.  MATERIALS. 
 
2-1.01.  Product Marking.  Pipe and fittings shall bear manufacturer’s product 
marking as required by the referenced standards.  Markings shall be plainly 
marked including but not limited to country of origin, manufacturer’s name, and 
date of manufacturer.  
 
2-1.02.  Material Classification CI-1.   
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CI-1 – Bell and Spigot 
  
Building sanitary drain, 
waste, and vent piping, 
all locations. 
Building storm drain 
piping, all locations. 
Clear water waste piping, 
all locations 

Pipe and Fittings 
 
Jointing Material 

ASTM A74 
 
Rubber gaskets, ASTM 
C564. 

 
2-1.03.  Material Classification CI-2.    
 

CI-2 – Hubless 
 
Building sanitary drain, 
waste, and vent piping, 
all locations except where 
buried. 
Building storm drain 
piping, all locations 
except where buried. 
Clear water waste piping, 
all locations except where 
buried. 
 

Pipe and Fittings 
 
Jointing Material 

CISPI 301. 
 
Heavy duty coupling, 
with neoprene rubber 
sleeve, 304 stainless 
steel shield, and 
stainless steel clamping 
bands, or bolted cast 
iron coupling with 
stainless steel bolts and 
neoprene gasket.  
Couplings shall be 
Clamp-All Products “HI-
TORQ 125”, Husky “SD 
4000”, Mission Rubber 
Company LLC 
“HeavyWeight 
Coupling”, or MG Piping 
Products “MG Coupling”, 
without exception. 

 
 
PART 3 - EXECUTION 
 
3-1.  INSTALLATION.  Materials furnished under this section will be installed in 
accordance with the Miscellaneous Piping and Accessories Installation section. 
 
 

End of Section 
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Section 15070  
 

COPPER TUBING AND ACCESSORIES 
 
 
PART 1 - GENERAL 
 
1-1.  SCOPE.  This section covers the furnishing of copper tubing and 
accessories.  Copper tubing shall be furnished complete with all fittings, flanges, 
unions, and other accessories specified herein. 
 
1-2.  SUBMITTALS. 
 
1-2.01.  Drawings and Data.  Complete specifications, data, and catalog cuts or 
drawings shall be submitted in accordance with the Submittals Procedures 
section.  Submittals are required for all piping, fittings, gaskets, sleeves, and 
accessories, and shall include the following data: 
 

Name of Manufacturer 
Type and model 
Construction materials, thickness, and finishes 
Pressure and temperature ratings 

 
Contractor shall obtain and submit a written statement from the gasket material 
manufacturer certifying that the gasket materials are compatible with the joints 
specified herein and are recommended for the specified field test pressures and 
service conditions. 
 
1-3.  DELIVERY, STORAGE, AND HANDLING.  Shipping shall be in accordance 
with the Product Delivery Requirements section.  Handling and storage shall be 
in accordance with the Product Storage and Handling Requirements section.  All 
materials shall be stored in a sheltered location above the ground, separated by 
type, and shall be supported to prevent sagging or bending. 
 
 
PART 2 - PRODUCTS 
 
2-1.  MATERIALS.  Copper tubing materials and service shall be as specified 
herein. 
 
2-1.01.  Material Classification CU-1.  Not used. 
 
 

2-1.02.  Material Classification CU-2.  Not used. 
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2-1.03.  Material Classification CU-3.   
 

CU-3 – Water Tubing 
with Solder and Brazed 
Joints 
 
Potable and non-
potable water supply, 3 
inch and smaller. 
Hot water supply. 
 

Tubing 
 
Fittings 
 
 
 
 
 
 
 
Flanges  

Hard drawn copper tubing, ASTM 
B88, Type L. 
Solder joint (smaller than 2 inch 
except compressed air piping), 
Brazed joint (2 inch and larger for 
piping other than compressed air and 
all sizes for compressed air piping), 
material to match tubing.  Fittings 
shall conform to ANSI B16.18, or 
ANSI/ASME B16.22. 
Where required for connection to 
equipment, valves, and accessories, 
ANSI B16.24, class 150, cast bronze, 
brazed joint.  

 

2-1.04.  Material Classification CU-4.  Not used. 
 

 

2-1.05.  Material Classification CU-5.  Not used. 
 

 
2-1.06.  Material Classification CU-6.  Not used. 
 

 
2-1.07.  Material Classification CU-7.   
 

CU-7 – ARC Tubing 
with Brazed Fittings 
 
Refrigerant piping.   

Tubing 
 
 
Fittings 

Hard drawn ACR copper tubing, 
ASTM B280.  Dimensions shall be in 
accordance with ASTM B280. 
Brazed. 

 
2-1.08.  Material Classification CU-8.  Not used. 
 

 
2-1.09.  Accessory Materials.  Accessory materials for the copper tubing systems 
shall be as indicated. 
 

Flange Bolts and Nuts ASTM A307, Grade B, length such 
that, after installation, the bolts will 
project 1/8 to 3/8 inch beyond outer 
face of the nut. 
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Flange Gaskets ASTM D1330, Grade I, red rubber, ring 
type, 1/8 inch thick. 

Expansion Joints Tempflex "Model HB Expansion 
Compensators" with copper tube ends. 

Insulating Fittings  

 
Threaded Dielectric steel pipe nipple, ASTM A53, 

Schedule 40, poly-propylene lined, zinc 
plated; Perfection Corp. "Clearflow 
Fittings". 

 
Flanged Epco "Dielectric Flange Unions" or 

Central Plastics "Insulating Flange 
Unions". 

 

 
PART 3 - EXECUTION 
 
3-1.  INSTALLATION.  Materials furnished under this section will be installed in 
accordance with the Miscellaneous Piping and Accessories Installation section. 
 
 

End of Section 
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Section 15400  
 

PLUMBING 
 
 
PART 1 - GENERAL 
 
1-1.  SCOPE.  This section covers the furnishing and installation of materials, 
appliances, fixtures, equipment, and appurtenances associated with the 
plumbing systems as specified herein and as indicated on the Drawings.  
Additional requirements for plumbing systems shall be as indicated in the 
schedules on the Drawings.  Suitable connections shall be provided for each 
fixture, piece of equipment, and appurtenance. 
 
Pipe materials, valves, thermal insulation, and pipe supports which are not an 
integral part of the fixture or piece of equipment and are not specified herein are 
covered in other sections. 
 
1-2.  GENERAL.  Materials furnished and installed under this section shall be 
fabricated, assembled, erected, and placed in proper operating condition in full 
conformity with the Drawings, Specifications, engineering data, instructions, and 
recommendations of the manufacturer unless exceptions are noted by Engineer. 
 
1-2.01.  Coordination.  Contractor shall verify that each component of the 
plumbing system is compatible with all other parts of the system; that all piping 
and appurtenances are appropriate; and that all devices necessary for a properly 
functioning system have been provided. 
 
Where two or more units of the same class of equipment are required, they shall 
be the product of a single manufacturer; however, all the component parts of the 
system need not be the products of one manufacturer. 
Where several manufacturers' names have been listed in this section as possible 
suppliers, only the products of the first manufacturer listed have been checked 
for size, functions, and features. 
 
 
1-2.02.  General Equipment Stipulations.  Not used 
 
1-2.03. Seismic Design Requirements. Seismic design requirements for products 
specified herein shall be as indicated in the Meteorological and Seismic Design 
Criteria section.  
 
1-2.04.  Governing Standards.  Except as modified or supplemented herein, all 
work covered by this section shall be performed in accordance with all applicable 
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municipal codes and ordinances, laws, and regulations.  In case of a conflict 
between this section and any state law or local ordinance, the latter shall govern. 
 
All work shall conform to the requirements of AGA, ASTM, NFPA, and UL safety 
requirements. 
 
1-2.05.  Power Supply.  Unless otherwise specified, power supply to equipment 
with motors shall be as indicated on the Drawings.  Power supply for controls 
shall be 120 volts, 60 Hz, single phase unless otherwise required for a properly 
operating system. 
 
1-2.06.  Metal Thickness.  Metal thicknesses and gages specified herein are 
minimum requirements.  Gages refer to US Standard gage. 
 
1-2.07.  Mechanical Identification.  Mechanical identification shall conform to the 
requirements of the Basic Mechanical Building Systems Materials and Methods 
section. 
 
1-3.  SUBMITTALS. 
 
1-3.01.  Drawings and Data.  Complete assembly and installation drawings, and 
wiring and schematic diagrams, together with detailed specifications and data 
covering materials, parts, devices, and accessories forming a part of the 
equipment furnished, shall be submitted in accordance with the Submittals 
Procedures section.  Device tag numbers indicated on the Drawings shall be 
referenced on the wiring and schematic diagrams where applicable.  The data 
and specifications to be submitted for each unit shall include, but shall not be 
limited to, the following: 
 
 
1-3.02.  Operations and Maintenance Data and Manuals.  Adequate operation 
and maintenance information shall be supplied as required in the Submittals 
Procedures section.  Operation and maintenance manuals shall be submitted in 
accordance with the Submittals Procedures section.   
 
Operation and maintenance manuals are required faucets.  
 
1-4.  QUALITY ASSURANCE. 
 
1-4.01.  Qualification.  The plumbing system installer shall be licensed as 
stipulated by the authority having jurisdiction. 
 
1-4.02.  Construction.  Plumbing fixtures shall be constructed in accordance with 
the following standards: 

Faucets ANSI/NSF 61 
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1-5.  DELIVERY, STORAGE, AND HANDLING.  Shipping shall be in accordance 
with the Product Delivery Requirements section.  Handling and storage shall be 
in accordance with the Product Storage and Handling Requirements section. 
 
1-6.  EXTRA MATERIALS.  Extra materials shall be furnished for each type and 
size of plumbing fixture or equipment as required, in the quantities indicated 
below. 

Part Number Required 
Faucet washer cartridge and O-ring kits 1 per 5 fixtures 

PART 2 - PRODUCTS 
 
2-1.  SERVICE CONDITIONS.  All plumbing fixtures and equipment shall be 
designed and selected to meet the specified conditions. 
 
2-2.  PERFORMANCE AND DESIGN REQUIREMENTS.  All fixtures and 
equipment shall be designed to meet the performance and design conditions 
specified herein and indicated on the Drawings. 
 
2-2.01.  Dimensional Restrictions.  Layout dimensions will vary between 
manufacturers and the layout area indicated on the Drawings is based on typical 
values.  Contractor shall review the contract Drawings, the manufacturer’s layout 
drawings, and installation requirements and shall make any modifications 
required for proper installation subject to acceptance by Engineer. 
 
2-3.  ACCEPTABLE MANUFACTURERS.  Acceptable manufacturers shall be as 
listed in the respective product description paragraphs. 
 
2-4.  MANUFACTURE AND FABRICATION. 
 
2-4.01.  Anchor Bolts and Expansion Anchors.  Anchor bolts, expansion anchors, 
nuts, and washers shall be as indicated in the Anchorage In Concrete and 
Masonry section unless otherwise indicated on the Drawings. 
 
2-4.02.  Surface Preparation.  All iron and steel surfaces, except motors and 
speed reducers, shall be shop cleaned by sandblasting or equivalent, in strict 
conformance with the paint manufacturer’s recommendations.  All mill scale, rust, 
and contaminants shall be removed before shop primer is applied. 
 
2-4.03.  Shop Painting. All steel and iron surfaces shall be protected by suitable 
coatings applied in the shop.  Surfaces which will be inaccessible after assembly 
shall be protected for the life of the equipment.  Coatings shall be suitable for the 
environment where the equipment is installed.  Exposed surfaces shall be 
finished, thoroughly cleaned, and filled as necessary to provide a smooth, 
uniform base for painting.  Electric motors, speed reducers, starters, and other 
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self-contained or enclosed components shall be shop primed or finished with an 
oil-resistant enamel or universal type primer suitable for top coating in the field 
with a universal primer and aliphatic polyurethane system.  
 
Surfaces to be coated after installation shall be prepared for painting as 
recommended by the paint manufacturer for the intended service, and then shop 
painted with one or more coats of the specified primer. 
 
Surface finish damaged during installation shall be repaired to the satisfaction of 
Engineer.  Field painting shall conform to the requirements of the Protective 
Coatings section. 
 
2-4.04.  Equipment Bases.  Not used 
 
2-4.05.  Special Tools and Accessories.  Not used 
 
2-4.06.  Piping Systems.  Unless otherwise specified herein, piping system 
materials shall be as specified in other sections. 
 
2-4.07.  Valves.  Unless otherwise specified herein, valves indicated to be a part 
of the plumbing systems shall be as specified in other sections. 
2-5.  WATER SUPPLY PIPING ACCESSORIES. 
 
2-6.  DRAINAGE AND VENT PIPING ACCESSORIES. 
 
2-6.01.  Cleanouts.  Cleanouts shall be provided where indicated on the 
Drawings and required by the referenced codes, and shall be of the required 
type. 
 
Floor cleanouts shall consist of a two piece body, a threaded plug, an adjustable 
head, and a cover.  Cleanouts installed in floors that include a waterproofing 
membrane shall be provided with a flashing flange and membrane clamp.  
Cleanouts installed in partition walls shall be provided with an access cover and 
frame with a securing screw installed over the cleanout plug.  Wall cleanout 
covers shall be stainless steel.  Cleanouts installed in exposed piping shall 
consist of a ferrule or threaded adapter and a cast brass or bronze plug installed 
in a T-pattern, 90 degree drainage fitting. 
 
Cast iron cleanouts shall be manufactured by Smith, Josam, or Wade.  
Polypropylene cleanouts shall be manufactured by Orion, Enfield, or Zurn.  PVC 
cleanouts shall be manufactured by Sioux Chief, Plastic Oddities, or Zurn.] 
 
2-6.02.  Bell-Up Drains.  Not used. 
 
2-6.03.  Funnel Receptors.  Not used 
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2-6.04.  Floor Drains.  Not used 
 
2-6.05.  Roof Drains and Overflow Roof Drains. Not used 
 
2-6.06.  Downspout Nozzles.  Not used. 
 
2-6.07.  Modular Trench Drain System.  Not used 
 
2-6.08.  Floor Sinks. Not used 
 
2-6.09.  Backwater Valves.  Not used. 
 
2-6.10.  Vent Flashings.  Plumbing vent flashings shall be furnished and installed 
as indicated on the Drawings. 
 
 
2-7.  PLUMBING FIXTURES AND ACCESSORIES.  
 
2-7.01.  Janitors Sinks.  Janitors sink types, dimensions, manufacturers, and 
models shall be as indicated on the Drawings. 
 
Mop sinks shall be floor mounted and constructed of pearl gray terrazzo.  Mop 
sinks shall be provided with an integral 20 gage [0.91 mm] thick stainless steel 
threshold cap, a 6 inch [150 mm] drop at threshold, and a shoulder at least 
1-1/4 inches [32 mm] wide.  A 3 inch [75 mm] cast brass drain and stainless steel 
strainer, and where indicated, a 20 gage [0.91 mm] thick stainless steel splash 
panel shall be provided for each sink.  Mop sinks shall be manufactured by 
Stern-Williams, Fiat, or Florestone Products Company, Inc. 
 
 
2-7.01.01.  Faucets.  Sink faucets shall be rough plated brass, with lever 
handles, a threaded spout, a vacuum breaker, a wall brace, and a pail hook.  The 
distance from the wall to the center of the spout outlet shall measure 
approximately 7-1/2 inches.  Sink faucets shall be as manufactured by American 
Standard, Kohler, or Eljer. 
 
2-7.01.02.  Drain Assembly.  Mop sinks shall be provided with a 3 inch  cast 
brass drain and a stainless steel strainer.  Service sinks shall be provided with a 
3 inch [75 mm] cast iron P-type trap standard, with a stainless steel strainer, a 
cleanout plug, and a threaded outlet. 
 
2-8.  PLUMBING EQUIPMENT. Not used. 
 
2-9.  COLOR. Not used.   
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2-10.  ELECTRICAL.  Not used. 
 
PART 3 - EXECUTION 
 
3-1.  INSPECTION.  Equipment installed in existing facilities with limited access 
shall be suitable for being installed through available openings.  Contractor shall 
field verify existing opening dimensions and other provisions for installation prior 
to submittal of bids. 
 
3-2.  PREPARATION. 
 
3-2.01.  Surface Preparation.  All surfaces to be field painted shall be dry and 
free of dirt, dust, sand, grit mud, oil, grease, rust, loose mill scale, or other 
objectionable substances, and shall meet the recommendations of the paint 
manufacturer for surface preparation.  Cleaning and painting operations shall be 
performed in a manner which will prevent dust or other contaminants from getting 
on freshly painted surfaces.  Oil and grease shall be completely removed by use 
of solvents or detergents before mechanical cleaning is started.  The gloss of 
previously painted surfaces shall be dulled if necessary for proper adhesion of 
top coats. 
 
3-3.  INSTALLATION.  Materials furnished under this section shall be installed in 
proper operating condition in full conformity with the drawings, specifications, 
engineering data, instructions, and recommendations of the equipment 
manufacturer, unless exceptions are noted by Engineer. 
 
Unless otherwise indicated, sleeves shall be provided for all pipe penetrations 
through concrete and masonry walls.  Sleeves and sealing requirements shall be 
as indicated in the Miscellaneous Piping and Accessories Installation section and 
as indicated on the Drawings. 
 
Not all required reducing fittings and unions are indicated.  Additional fittings and 
unions shall be provided as needed to connect all equipment and appurtenances. 
 
Insulating fittings shall be provided to prevent the contact of dissimilar metals in 
piping systems. 
 
When located indoors, fuel gas pressure regulator vents and fuel train vent 
valves shall be piped to the exterior of the building in accordance with the 
applicable codes and standards.    
Piping shall not be routed over or in front of electrical switchboards or panels 
unless acceptable to Engineer. 
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3-3.01.  Water Supply Piping and Accessories.  Water hammer arresters shall be 
provided in the hot and cold water supply piping at all quick closing valves, at 
solenoid valves, and at plumbing fixtures.  When not indicated on the Drawings, 
arresters shall be located and sized by Contractor in accordance with PDI 
Standard No. WH201.  Contractor shall submit arrester location and sizing plans 
to Engineer for approval prior to installation.  Where possible, water hammer 
arresters shall be installed in an accessible location. 
 
Water supply piping to hose faucets and hose valves shall be secured with a pipe 
support within 6 inches of the fixture. 
 
3-3.02.  Drainage and Vent Piping and Accessories.  Unless otherwise indicated 
or required by code, horizontal sanitary drainage piping 3 inches in diameter or 
smaller shall be installed at a uniform slope of 1/4 inch per foot [2 percent]; 
horizontal sanitary drainage piping larger than 3 inches in diameter shall be 
installed at a uniform slope of 1/8 inch per foot ; horizontal storm drainage piping 
shall be installed at a uniform slope of 1/8 inch per foot. 
 
Drainage fittings shall be installed to convey flow in the piping in the intended 
direction.  To the extent possible, changes in direction shall be made by sweep 
type fittings.  Quarter-bends and sanitary tee fittings shall not be installed for 
vertical to horizontal or horizontal to horizontal changes of direction. 
 
Plumbing vents through roofs shall be located at least 12 inches from a parapet 
or from the intersection of a cant with the roof deck, and shall be installed with 
watertight flashings.  Plumbing vents shall be located no closer to operable 
windows or air intakes than is allowed by the applicable code. 
 
Vents connecting to horizontal sanitary piping shall connect above the centerline 
of the piping and shall rise at an angle of not less than 45 degrees from the 
horizontal to a point at least 6 inches above the flood level rim of the fixture 
served before offsetting horizontally. 
 
Cleanouts on drainage piping inside structures shall be located where indicated 
on the Drawings.  Additional cleanouts shall be provided where required by the 
applicable code or authority having jurisdiction.  Cleanouts located in drainage 
risers shall be located 12 inches above the finished floor. 
 
Unless otherwise indicated or required by the applicable code, cleanout size shall 
equal the line size for 4 inch and smaller drainage piping, and 4 inches in 
diameter for drains larger than 4 inch.  Proper clearance shall be provided for 
access to cleanouts.  Floor cleanouts shall be installed flush with the finished 
floor. 
3-3.03.  Plumbing Fixtures and Accessories.  Plumbing fixtures shall be set level 
and plumb, and shall be securely attached to the floor or wall.  Unless otherwise 
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indicated on the Drawings, each fixture shall be mounted at the height 
recommended by the manufacturer.  Where required to be in compliance with 
ADA, fixtures shall be mounted at the heights established by the Federal 
Government. 
 
Fixtures shall be sealed to the floor or wall with a sealant as specified in the Joint 
Sealants section.  The color of sealant shall match the color of the fixture. 
 
Fixture traps shall be easily removable for servicing and cleaning.  Escutcheons 
shall be placed at all locations where fixture supply or drain piping penetrates 
walls, floors, or ceilings. 
 
Water piping at stop valves, shower heads, and flush valves shall be rigidly 
secured to blocking.  Drop-ear elbows shall be used whenever possible.  All 
water supply piping shall be cleaned and flushed before the plumbing fixtures are 
installed. 
 
 
 
3-4.  FIELD QUALITY CONTROL. 
 
3-4.01.  Installation Check.   
 
The manufacturer's representative shall furnish a written report 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 under full load conditions and that it operated satisfactorily. 
 
All costs for these services shall be included in the Contract Price. 
 
3-4.02.  Startup and Testing.  Field performance tests shall be conducted to 
demonstrate that each system is functioning as specified and to the satisfaction 
of Engineer. 
 
If inspection or tests indicate defects, the defective work or material shall be 
replaced, and inspection and tests repeated.  All repairs to piping shall be made 
with new materials.  Caulking of threaded joints or holes will not be acceptable. 
 
3-5.  ADJUSTING.  All devices shall be adjusted for proper flow and quiet 
operation.  Faucet and supply assemblies shall be adjusted or repaired to 
eliminate leaks.  All drains shall be checked for proper operation. 
 
3-6.  PROTECTION.  Plumbing fixtures,equipment and appurtenances shall be 
protected from damage immediately after installation.  Plumbing fixtures shall not 
be used during the construction. 
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3-7.  CLEANING.  After completion of testing and immediately before the final 
inspection, plumbing fixtures, equipment, piping, and appurtenances shall be 
thoroughly cleaned.  Cleaning materials and methods shall be as recommended 
by the manufacturer.   
 
Any stoppage, discoloration, or other damage to parts of the building, its finish, or 
furnishings shall be repaired at no additional cost to Owner. 
 
3-8.  DISINFECTION.  Not used 
3-9.  OPERATOR INSTRUCTION AND TRAINING.  Not used 
 

End of Section 

1278



15500 – Heating, Ventilating, and Air Conditioning 

Kansas City WSD  Issued for Bid 

WW SCADA System Improvements Phase 2  December 2023 

Page 1 of 18 

Section 15500  
 

HEATING, VENTILATING, AND AIR CONDITIONING 
 
 
PART 1 - GENERAL 
 
1-1.  SCOPE.  This section covers the furnishing and installation of heating, 
ventilating, and air conditioning (HVAC) equipment, devices, and appurtenances 
associated with the HVAC systems. 
 
Piping, pipe supports, valves, and accessories which are not an integral part of 
the equipment or are not specified herein are covered in other sections. 
 
1-2.  GENERAL.  Equipment furnished and installed under this section shall be 
fabricated, assembled, erected, and placed in proper operating condition in full 
conformity with the Drawings, Specifications, engineering data, instructions, and 
recommendations of the equipment manufacturer unless exceptions are noted by 
Engineer. 
 
1-2.01.  Coordination.  Contractor shall verify that each component of the system 
is compatible with all other parts of the system; that all piping, ductwork, 
materials, fans, and motor sizes are appropriate; and that all devices necessary 
for a properly functioning system have been provided. 
Where two or more units of the same class of equipment are needed, they shall 
be the product of a single manufacturer; however, all the component parts of the 
system need not be the products of one manufacturer. 
 
Where several manufacturers' names have been listed in this section as possible 
suppliers, only the products of the first manufacturer listed have been checked 
for size, functions, and features. 
 
1-2.02.  General Equipment Stipulations.  The General Equipment Stipulations 
shall apply to all equipment and materials furnished under this section.  If 
requirements in this specification differ from those in the General Equipment 
Stipulations, the requirements specified herein shall take precedence. 
 
1-2.03. Seismic Design Requirements. Seismic design requirements for products 
specified herein shall be as indicated in the Meteorological and Seismic Design 
Criteria section.  
 
1-2.04.  Governing Standards.  Except as modified or supplemented herein, all 
work covered by this section shall be performed in accordance with all applicable 
municipal codes and ordinances, laws, and regulations.  In case of a conflict 
between this section and any state law or local ordinance, the latter shall govern. 
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All work shall comply with UL safety requirements. 
 
1-2.05.  Power Supply.  Power supply to equipment with motors shall be as 
indicated in schedules on the Drawings.  Power supply for controls shall be 
120 volts, 60 Hz, single phase unless otherwise required for a properly operating 
system. 
 
1-2.06.  Metal Thickness.  Metal thickness and gages specified herein are 
minimum requirements.  Gages refer to US Standard gage. 
 
1-2.07.  Mechanical Identification.  Mechanical identification shall conform to the 
requirements of the Basic Mechanical Building Systems Materials and Methods 
section. 
 
1-3.  SUBMITTALS. 
 
1-3.01.  Drawings and Data.  Complete assembly and installation drawings, and 
wiring and schematic diagrams, together with detailed specifications and data 
covering materials, parts, devices, and accessories forming a part of the 
equipment furnished, shall be submitted in accordance with the Submittals 
Procedures section.  Device tag numbers indicated on the Drawings shall be 
referenced on the wiring and schematic diagrams where applicable.  The data 
and specifications for each unit shall include, but shall not be limited to, the 
following: 
 

Furnaces 
 Name of manufacturer. 
 Type and model. 
 Construction materials, thickness, and finishes. 
 Capacities. 
 Filter velocities. 
 Overall dimensions and required clearances. 
 Net weight and load distribution. 
 Performance tables with the specified operating point clearly identified for 

each unit, type, and model, with capacity in cubic feet per minute [m3/s], 
speed or rpm, brake horsepower, and static pressure listed. 

 Multiline wiring diagrams clearly indicating factory installed and field 
installed wiring with all terminals identified. 

 Electrical requirements including voltage, number of phases, and 
amperage. 

 Where specified, information on equipment manufacturers’ 
representatives. 

Fans 
 Name of manufacturer. 
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 Type and model. 
 Construction materials, thickness, and finishes. 
 Overall dimensions and required clearances. 
 Net weight and load distribution. 
 Performance curves with the specified operating point clearly identified 

for each unit, type, and model, with capacity in cubic feet per minute 
[m3/s] as the abscissa and brake horsepower, static pressure, and 
efficiency as the ordinate.  The fan curves shall include a family of curves 
for at least 3 different rotative speeds on a single chart. 

 Certified AMCA standard test code sound power output data for the fan 
outlet and casing when operating at the specified volume flow rate.  
Sound data shall list dB re 10-12 watts in each octave band, with 
midrange frequencies starting at 63 Hz and ending at 8,000 Hz. 

 Where specified, information on equipment manufacturers’ 
representatives. 

 Sheet Metal Ductwork 
 Sheet metal duct fabrication drawings indicating dimensions of individual 

shop and field fabricated sections, top and/or bottom duct elevations, 
joint locations, and dimensions of duct from walls or column rows. 

 Pressure and seal classifications. 
 Reinforcement types and spacing. 
 Joint and seam types. 
 Hanger and support types, spacing, and attachment methods. 
 Access panel and door construction, sizes, and locations. 

 Duct sealant, adhesive, gasket, and tape information.  
Ductwork materials and thicknesses. 
Product data demonstrating compliance with ASHRAE 62.1 

 
Seismic Design Requirements 

Confirmation of compliance with the requirements of the Meteorological 
and Seismic Design Criteria section.  

1-3.02.  Operation and Maintenance Data and Manuals.  Adequate operation and 
maintenance information shall be supplied as required in the Submittals 
Procedures section.  Operation and maintenance manuals shall be submitted in 
accordance with the Submittals Procedures section.  The operation and 
maintenance manuals shall be in addition to any instructions or parts lists packed 
with or attached to the equipment when delivered. 
 
In addition to the requirements of the Submittals Procedures section, the 
operation and maintenance manuals shall include a listing of all filter locations, 
types, sizes, and quantities associated with each piece of equipment. 
 
1-4.  QUALITY ASSURANCE.  Quality assurance shall comply with the 
requirements of the Basic Mechanical Building Systems Materials and Methods 
section. 
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1-5.  DELIVERY, STORAGE, AND HANDLING.  Shipping shall be in accordance 
with the Product Delivery Requirements section.  Handling and Storage shall be 
in accordance with the Product Storage and Handling Requirements section. 
 
1-6.  EXTRA MATERIALS.  Extra materials shall be furnished for the equipment 
as specified in the individual equipment paragraphs. 
 
Extra materials shall be packaged in accordance with the Product Delivery 
Requirements section, with labels indicating the contents of each package.  Each 
label shall indicate manufacturer's name, equipment name, equipment 
designation, part nomenclature, part number, address of nearest distributor, and 
current list price.  Extra materials shall be delivered to Owner as directed. 
 
Extra materials subject to deterioration such as ferrous metal items and electrical 
components shall be properly protected by lubricants or desiccants and 
encapsulated in hermetically sealed plastic wrapping. 
 
 
PART 2 - PRODUCTS 
 
2-1.  SERVICE CONDITIONS. All equipment shall be designed and selected to 
meet the specified conditions. 
 
2-2.  PERFORMANCE AND DESIGN REQUIREMENTS.  Equipment and coil 
capacities shall be as indicated on the schedules.  Where equipment is provided 
with special coatings, unit capacities shall be corrected to account for any 
efficiency losses from the selected special coating. 
 
Each fan's operating selection point on the fan curves shall be selected to the 
right of the peak pressure/efficiency point and below the lowest point along the 
fan curve to the left of the peak pressure/efficiency point. 
 
2-2.01.  Dimensional Restrictions.  Layout dimensions will vary between 
manufacturers and the layout area indicated on the Drawings is based on typical 
values of the first manufacturer listed.  Contractor shall review the contract 
Drawings, the manufacturer’s layout drawings, and installation requirements and 
shall make any modifications required for proper installation subject to 
acceptance by Engineer.  At least 3 feet of clear access space shall be provided 
on all sides of the unit unless otherwise indicated. 
 
2-2.02.  Elevation.  Equipment shall be designed to operate at the elevation 
indicated in the Meteorological and Seismic Design Criteria section.  All 
equipment furnished for sites above 2000 feet above sea level shall be properly 
derated to operate and meet the specified capacities at the site conditions. 
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2-3.  ACCEPTABLE MANUFACTURERS.  Acceptable manufacturers shall be as 
listed in the respective product description paragraphs. 
 
2-4.  MATERIALS. 
 

2-4.01.  Gas Vent Systems Gas vent systems shall be provided for all equipment 
that exhausts combustible material.  Drain tee caps, stack caps, storm collars, 
and equipment connection kits shall be provided.  The systems shall be designed 
to compensate for all flue gas-induced thermal expansions.  Gas vent system 
materials and construction shall be in accordance with the vented equipment 
manufacturer's recommendations and instructions and to any local codes which 
pertain to such work. 
 
2-4.02.  Packaged Air Handling Units.  Not used. 
 
2-4.03.  Furnaces.   
Furnaces, denoted by the symbol "FUR" and an identifying number, shall be 
furnished and installed where indicated on the Drawings.  Each unit shall be 
designed for indoor vertical or horizontal installation as indicated on the Drawings 
consisting of cabinet, heat exchanger, burner, coil, filter, drain pan, fan, and 
motor.  Surfaces in contact with the airstream shall comply with the requirements 
of ASHRAE 62.1.  The furnace manufacturer and model shall be Goodman 
GM95961004BU.  
 
2-4.03.02.  Performance and Design Requirements.  The units shall be 
completely factory assembled and tested, piped, internally wired, and shipped in 
one piece.  Each unit shall be non-condensing type with an efficiency rating of at 
least 80 percent AFUE. Each unit shall be designed for natural gas to meet the 
existing pressure range. The unit shall be suitable for the power supply and shall 
have the capacities indicated on the Drawings. 
 
2-4.03.03.  Cabinet.  The unit shall be constructed of zinc-coated steel properly 
reinforced and braced for maximum rigidity.  The unit shall be given a factory-
applied coat of rust-inhibitive primer and shall be provided with the 
manufacturer's standard enamel finish.  Interior surfaces of the unit shall have 
1 inch [25 mm] thick, 1 pound [454 kg] density, insulation foil faced or coated on 
the air side.  Removable panels shall be provided to permit easy inspection and 
maintenance. 
 
2-4.03.04.  Heating Section.  The units shall be provided with gas heating section 
consisting of aluminized steel heat exchanger, combustion fan assembly, gas 
burner, 2-stage combination gas control valve, and operating/safety controls.      
 
2-4.03.05.  Fans and Motors.  The indoor supply fan shall be a double inlet, 
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forward-curved, multiblade, centrifugal type statically and dynamically balanced 
by the unit manufacturer.  The fan shall be direct or belt driven as indicated on 
the Drawings.  Direct drive fans motors shall be multispeed with integral thermal-
overload protection.  Where belt driven fans are used, adjustable mounts and 
adjustable motor pulleys shall be provided. 
 
Static pressure values indicated on the Drawings are external to the complete 
unit.  Internal coil(s), filters and fan housing losses are not included.  A filter 
allowance of 0.15 inch water column shall be used for 1 inch pleated filter losses 
and 0.35 inch water column shall be used for 2 inch pleated filter losses. 
 
2-4.03.06.  Filters.  Filters shall be mounted integral within the unit and shall be 2 
inches thick unless otherwise indicated on the Drawings.  Filters shall conform to 
the requirements in the Air Filtration Equipment paragraph. 
 
2-4.03.07.  Controls.  Controls shall include fan delay controls, electric ignition 
with flame safety to close the gas valve if the burner fails, roll-out safety control, 
and high limit controls.   The fan delay thermal switch shall delay the fan start 
until the heat exchanger warms up and delay the fan shutdown until the heat 
exchanger cools down. 
 
A thermostat for operation of the unit shall be furnished and installed as indicated 
on the Drawings.  The thermostat shall be as needed to perform the sequence of 
operation as indicated on the Drawings.  Thermostats shall be programmable 
wall mounted type and shall conform to the requirements of the Thermostats 
paragraph. 
 
2-4.03.08.  Accessories.  Where indicated on the Drawings, a direct expansion 
cooling coil matched to the condensing unit/heat pump shall be installed on the 
unit.  The cooling coil shall be multirow, seamless copper tubing mechanically 
bonded to heavy-duty aluminum fins installed in a case with the same finish as 
the furnace.  The coil shall be factory pressure and leak tested to at least 300 
psig or greater as needed for the system operating pressures.  The coil shall be 
provided with expansion device or valve and filter-dryer.  The coil section shall 
have fully insulated, sloped drain pan extending under the coil section and 
arranged to capture and collect any condensate including carryover that may be 
produced when the unit is operating within the specified operating conditions. 
2-4.04.  Makeup Air Units.  Not used. 
 
2-4.05.  Heaters.   
Heaters of the types, sizes, and capacities specified herein shall be furnished 
and installed where indicated on the Drawings.  All heaters shall be complete 
with controls and accessories required for satisfactory operation.  Heaters shall 
be UL listed unless otherwise indicated. 
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Heaters shall be completely factory wired and shall be provided with 
disconnecting backup and safety contactors, transformers, an automatic reset 
thermal cutout, a manual reset thermal cutout, a disconnect switch, and a 
differential pressure airflow switch.  All interconnecting wiring shall be enclosed in 
a terminal box fastened to the heaters and oriented as indicated on the 
Drawings.  The terminal boxes shall be furnished with double doors. 
 
2-4.07.  Roof Hoods.  Not used. 
 
2-4.08.  Dampers.  
 
2-4.08.01.  Backdraft Dampers.  Not used. 
 
2-4.08.02.  Control Dampers.  Control dampers shall be denoted by the symbol 
"CD" and an identifying number.  Dampers with an area larger than 25 square 
feet or with any blade dimension exceeding 48 inches shall be built in sections.  
All dampers shall be carefully inspected before and after installation, and any 
damper having poorly fitted blades, insufficient framed rigidity, or excessive 
clearance or backlash in moving parts will be rejected and shall be replaced with 
an acceptable unit.  The leakage rate shall not exceed 4 cubic feet per minute 
per ft2 when tested at 1 in wc for all sizes 24 inches wide and above. 
 
Two-position dampers shall have parallel operating blades.  Modulating dampers 
shall have opposed operating blades. 
 
Damper blades shall be installed on a steel shaft operating in synthetic bearings 
suitable for industrial service.  Dampers shall be close-fitting and shall be 
designed to offer minimum resistance to the airflow when in the fully open 
position.  Damper blade linkage shall be concealed in the frame. 
 
Control dampers shall be given a special coating identical to the coating applied 
to the connected ductwork and equipment.  
 

a. Duct Mounted Control Dampers.  Control dampers mounted in 
ductwork and equipment curbs shall be Arrow United 
Industries "Type AFD-20" or Ruskin "CD-50".  The damper 
frames shall be constructed of 5 inch Type 6063 T5 extruded 
aluminum.  Damper blades shall be constructed of 6 inch wide 
airfoil-shaped extruded aluminum. 

b. Wall Mounted Control Dampers. Control dampers mounted in 
walls behind louvers shall be Arrow United Industries "Type 
AFD-20" or Ruskin "CD-40".  Control damper frames shall be 
constructed of 4 by 1 inch 6063 T5 extruded aluminum.  
Damper blades shall be constructed of 4 inch wide airfoil-
shaped extruded aluminum. 
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c. Round Control Dampers.  Round control dampers shall be 
Arrow United Industries "Type 70, 75, or 80".  The damper 
frames and blades shall be constructed of0.080 inch 
aluminum. 

 
2-4.08.03. Volume Control Dampers.  Volume control dampers shall be 
denoted by the symbol "VCD". 
Aluminum volume control dampers in round ductwork shall be Arrow United 
Industries "Type 75", or Ruskin “Model CDRS25”.  Volume control dampers in 
rectangular ductwork shall be Arrow United Industries "Type OBDPL-507", or 
Ruskin “Model CD51”.  Round dampers shall be fabricated of aluminum, with a 
nominal 7 inch [178 mm] long, 0.080 inch thick frame, and a minimum 0.080 inch 
thick circular blade.  Rectangular volume control dampers shall be fabricated with 
a 1 by 4 or 5 inch by 0.081 inch thick extruded aluminum frame and opposed 
operating blades. Blades shall be of .125 inch thick aluminum with aluminum 
shafts and ball bearings. 
 
The dampers shall be provided with adjustment quadrants and locking devices 
so arranged that the position of the damper will be indicated and the damper will 
not move when locked. 
2-4.09.  Damper Operators The damper operators shall be direct coupled or foot-
mounted type.  Each operator shall be complete with all necessary crank arms, 
ball joint connectors, push rods, linkages, and mounting brackets. 
 
Each operator shall have sufficient torque to operate the connected control 
damper based on at least 130 percent of control damper area.  Each damper 
operator shall have at least a 50 inch-pound [5.6 N-m] normal running torque.  
Where the required damper torque exceeds the damper operator running torque 
rating, multiple operators or operators with a greater running torque shall be 
furnished to produce the torque required to operate the damper.  Control 
dampers shall fail to the closed position unless otherwise indicated on the 
Drawings.  Face dampers shall fail to the closed position and bypass dampers to 
the open position. 
 
2-4.10.  Air Outlet and Inlet Devices. Air outlet and inlet devices shall be 
manufactured by Price, Tuttle & Bailey, or Titus.  Air outlet and inlet devices shall 
be furnished and installed where indicated on the Drawings. 
 
Where air outlet and inlet devices are installed in ductwork given a special 
coating, an identical coating shall be applied to the air outlet and inlet devices. 
 
2-4.10.01.  Ceiling Diffusers. Diffusers shall be square or rectangular, 
constructed of the materials indicated in the schedules on the Drawings.  
Diffusers shall have a key-operated, opposed-blade damper mounted in the neck 
where indicated in the schedules on the Drawings.  Size, location, and direction 
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of airflow shall be as indicated on the Drawings. 
 
2-4.10.02.  Registers and Grilles.  Registers and grilles shall be constructed of 
aluminum or steel as indicated in the schedules on the Drawings. The front 
blades of adjustable blade models shall be parallel to the short dimension unless 
otherwise indicated, and the front blades of fixed blade models shall be 
horizontal unless otherwise indicated.  All registers shall be furnished with key-
operated opposed blade dampers.  The dampers shall be constructed of the 
same material as the attached grille. 
 
2-4.11.  Flexible Connections.  Flexible connections located indoors shall be 
Ventfabrics "Ventglas".  Flexible connections installed outdoors or exposed to 
sunlight or weather shall be Ventfabrics "Ventlon". 
 
Ductwork connections to the air handling equipment, and where indicated on the 
Drawings, shall be made using fabric connectors with sheet metal collars.  The 
fabric shall be fire resistant, waterproof, mildew-resistant, and airtight.  At least 
3 inches of fabric shall be exposed.  Flexible connections shall be in accordance 
with the requirements of UL and NFPA. 
 
Fabric for flexible connections protected from sunlight and the weather shall be 
suitable for a temperature range of -20 to 180°F  and shall weigh at least 
27 ounces per square yard. 
 
Fabric for flexible connections exposed to sunlight or the weather shall be 
suitable for a temperature range of -10 to 250°F and shall weigh at least 
24 ounces per square yard.  
 
2-4.12.  Air Filtration Equipment.  Not used. 
  
2-4.13.  Draft Gauges.  Not used. 
 
2-4.14.  Sheet Metal Ductwork.  Ductwork, accessories, bracing, and supports 
shall be constructed of aluminum . Where more than one material is indicated, 
ductwork, accessories, bracing, and supports shall be constructed of galvanized 
steel unless otherwise indicated on the Drawings.  Ductwork, turning vanes, and 
other accessories shall be fabricated in accordance with the latest SMACNA 
HVAC Duct Construction Standards unless otherwise indicated.  Accessories, 
bracing, and supports shall be constructed of similar materials as the ductwork. 
 
Galvanized ductwork located in air conditioned spaces shall be constructed of 
G-60 or better lockforming quality in accordance with ASTM A653.  All other 
galvanized ductwork shall be constructed of G-90 or better galvanized steel.  All 
welds on galvanized metal shall be cleaned and coated with a zinc-rich paint. 
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Plenums shall be constructed of reinforced 16 gage thickness galvanized sheet 
metal. 
 
Sheet metal fan boxes shall be fabricated with 12 gage thickness galvanized 
sheet metal skin and structural steel framing of sufficient strength to support the 
fan box and the fan mounted on the box.  Drawings of the fan boxes shall be 
submitted in accordance with the Submittals Procedures section. 
 
Aluminum ductwork shall be constructed of aluminum alloy 3003-H14 or better in 
accordance with ASTM B209. 
 
Plenums shall be constructed of reinforced 0.08 thickness aluminum sheet metal. 
 
Sealants shall be suitable for the duct service and shall maintain leakage integrity 
at pressures in excess of the ductwork pressure classification. 
 
 
2-4.15.  Duct Insulation.  Interior duct liner shall be Knauf "Sonic XP Duct Liner", 
CertainTeed "ToughGard R", or Johns Manville " Linacoustic RC ". 
 
Interior duct liner shall be 1-1/2 pound per cubic foot density, spray coated duct 

liner with an "R" value of at least 4.2 ft
2 hr F/BTU  per inch thickness at 75°F.  

The insulation shall be suitable for temperatures up to 250°F and shall have at 
least a 0.55 NRC per 1 inch thickness.  The insulation shall conform to 
ASTM C1071.  The insulation surface shall be resistant to microbial growth in 
accordance with UL 181, ASTM C1338, or comparable test method and shall be 
cleanable in accordance with NAIMA recommended practices. 
 
2-4.16.  Flexible Duct and Takeoffs.  Flexible duct shall be Thermaflex “Type 
G-KM” or Flexmaster "Type 8".  Takeoffs shall be Buckley Air Products "Air-Tite 
Bellmouth BM-D". 
 
Flexible duct shall be a galvanized or vinyl-coated spring steel helix, bonded to a 
polymer liner, and wrapped with glass fiber insulation suitable for use in heating 
and cooling systems.  The insulation shall provide an "R" value of at least 

4.2 ft
2
·hr°F/BTU. The outer jacket shall be a vapor barrier of fire retardant 

polyolefin or polyethylene material.  The flexible duct shall be listed under UL 181 
as Class 1 flexible air duct and shall comply with the latest edition of NFPA 90A. 
 
Takeoffs for the flexible duct shall be bellmouth type manufactured of the same 
material as the associate ductwork with a neoprene gasket and predrilled holes.  
Each takeoff shall be equipped with a balance damper constructed of 26 gage 
thickness galvanized steel.  Scoops or other obstructions in the main duct will not 
be acceptable. 
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2-4.17.  Access Doors.  Not used. 
 
2-4.18.  Temperature Controls.   
 
2-4.18.01.  Performance and Design Requirements.  Contractor shall coordinate 
with the Work to make certain that the field wiring associated with the work of this 
section is completed in accordance with the requirements of the heating, 
ventilating, and air conditioning equipment furnished and their interconnection.  
Where cable and conduit is not indicated on the Drawings but is needed for a 
complete and functional control system in accordance with the sequence of 
operation it shall be provided as specified herein.  The control wiring shall be 
installed so that all HVAC equipment will function as described in the HVAC 
sequence of operation. 
 
Conduit and control wiring for all control circuits needed between all field 
mounted HVAC controlling and indicating devices, such as, but not limited to, 
damper actuators, thermostats, temperature control panels, pressure differential 
switches, control switches, motor starters, and the HVAC equipment, shall be 
furnished and installed as specified in the Electrical Wiring paragraph.  Cable and 
conduit for all HVAC power circuits shall be as specified in the Electrical section. 
 
2-4.18.02.  Tolerances.  Unless otherwise indicated, the controls shall maintain 
space temperatures within ±2°F, and the relative humidity within ±5 percent of 
the setpoint. 
 
2-4.18.10.  Accessory Components.  All additional control components, including, 
but not limited to, electric relays, temperature sensors and transmitters, humidity 
sensors and transmitters, controllers, and position switches, shall be furnished 
where necessary to ensure a complete, properly operating installation.  All 
components shall be products of the temperature control manufacturer.  
Accessory components not mounted inside the temperature control panels shall 
be furnished with equipment enclosures.  Relays shall be provided with 120 volt 
coils and at least 10 ampere contacts. 
 
2-4.18.11.  Electrical Wiring.  Detailed wiring diagrams shall be submitted in 
accordance with the Submittals Procedures section.  The wiring diagrams shall 
show the internal connections of the control panels and all field wiring to 
equipment remote from the control panels including wiring to Owner-furnished 
equipment.  The wiring diagrams shall be complete, showing all connections 
necessary to place the temperature control systems in operation. 
 
Control wiring shall be in accordance with the National Electric Code (NEC).  
Cable shall be multi-conductor, at least 18 AWG size, specifically designed for 
industrial systems and UL listed for indoor/outdoor installations. 
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Conduit for all HVAC control circuits in indoor locations shall be furnished and 
installed under this section.  Conduit type shall be as specified in the Electrical 
Section. 
 
2-5.  ELECTRICAL.  Electric motors and motor controls shall conform to the 
Basic Mechanical Building Systems Materials and Methods section.  Motor 
starters and controls shall be furnished and installed under the Electrical section, 
except for equipment specified or furnished with prewired integral starters.  
Disconnects for equipment shall be furnished and installed under the Electrical 
section, except where specified with integral disconnects.  All electrical controls 
shall have enclosures suitable for the environment and NEMA rating as indicated 
on the electrical Drawings.  Equipment installed outdoors shall have NEMA Type 
4 enclosures. 
 
2-6.  DRIVE UNITS.  Electric motors, V-belt drives, and safety guards shall be in 
accordance with the requirements of the Basic Mechanical Building Systems 
Materials and Methods section. 
 
2-7.  MANUFACTURE AND FABRICATION.  Manufacture and fabrication shall 
comply with the requirements of the Basic Mechanical Systems Materials and 
Methods section. 
 
2-8.  SHOP TESTING.  The equipment furnished under this section shall be 
tested at the factory according to the standard practice of the manufacturer.  
Ratings shall be based on tests made in accordance with applicable AMCA, 
ASHRAE, AHRI, NBS, NFPA, and UL Standards. 
 
2-9.  BALANCE.  All rotating parts shall be accurately machined and shall be in 
as nearly perfect rotational balance as practicable.  Excessive vibration shall be 
sufficient course for rejection of the equipment.  The mass of the unit and its 
distribution shall be such that the resonance at normal operating speeds is 
avoided.  In any case, the maximum measured root-mean-square (rms) value as 
measured at any point on the equipment shall not exceed those listed in the 
latest ASHRAE Applications Handbook. 
 
At any operating speed, the ratio of rotative speed to the critical speed of a unit 
or components thereof shall be less than 0.8 or more than 1.3. 
 
PART 3 - EXECUTION 
 
3-1.  INSPECTION.  Equipment installed in facilities with limited access shall be 
suitable for being installed through available openings.  Contractor shall field 
verify existing opening dimensions and other provisions for installation prior to 
submittal of bids. 
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Where penetrations through existing concrete slabs are made, the Contractor 
shall locate and avoid damage to all rebar, embedded conduit, etc. when making 
new openings. 
 
3-2.  PREPARATION. 
 
3-2.01.  Field Measurement.  Contractor shall be responsible for verifying all field 
dimensions, and for verifying location of all equipment relative to any existing 
equipment or structures. 
 
3-2.02.  Surface Preparation.  All surfaces to be field painted shall be dry and 
free of dirt, dust, sand, grit, mud, oil, grease, rust, loose mill scale, or other 
objectionable substances, and shall meet the recommendations of the paint 
manufacturer for surface preparation.  Cleaning and painting operations shall be 
performed in a manner which will protect freshly painted surfaces from dust or 
other contaminants.  Oil and grease shall be completely removed by use of 
solvents or detergents before mechanical cleaning is started.  The gloss of 
previously painted surfaces shall be dulled if necessary for proper adhesion of 
top coats. 
 
Surface finish damaged during installation shall be repaired to the satisfaction of 
Engineer.  Field painting shall be as specified in the Architectural Painting and
Protective Coatings sections. 
 
3-3.  INSTALLATION.  Equipment and materials furnished under this section 
shall be installed in proper operating condition in full conformity with the 
drawings, specifications, engineering data, instructions, and recommendations of 
the equipment manufacturer, unless exceptions are noted by Engineer. 
 
Gas fired equipment furnished with pressure regulators that require a vent shall 
have an independent vent routed to outside.  The vent shall be designed to 
prevent the entry of water or foreign objects. 
The space beneath baseplates shall be grouted as specified in the Grouting 
section. 
 
During construction, control measures as outlined in SMACNA IAQ Guidelines 
for Occupied Buildings under Construction shall be applied before the operation 
of any fan system. 
 
3-3.01.  Gas Vents.  Gas vents for all equipment exhausting combustible material 
shall be installed where indicated on the Drawings.  Gas vent systems shall be 
gastight to prevent leakage of combustible products into the building and shall be 
complete with all fittings, hangers, supports, and flashing necessary for proper 
installation. 
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Roof penetrations shall be flashed and counterflashed to provide a weathertight 
installation.  The installation shall include, where necessary, ventilating collars to 
give proper clearance from floors, ceilings, and roofs constructed of combustible 
materials. 
 
Gas vents shall be supported where indicated on the Drawings and where 
required by the system manufacturer.  Supports, guides, and all appurtenances 
required for a complete system shall be furnished and installed at locations 
determined by the gas vent systems manufacturer.  The entire system from the 
equipment connection to the termination, including accessories, shall be from 
one manufacturer. 
 
The gas vent heights indicated on the drawing are minimum and shall be 
increased to conform to any local codes which pertain to such work. 
 
All vertical gas vents shall be equipped with a capped tee to serve as a 
condensate drain.  Vents 6 inches and larger shall be equipped with a 
condensate drain connection. 
 
Where metal vents are used, each joint shall be sealed with sealant and/or 
aluminum or Teflon tape suitable for the operating temperatures to prevent 
leakage. The tape shall be wrapped two full turns around each joint.  Where 
single wall metal vents are used to vent equipment, a double wall vent shall be 
used outside and shall extend through the wall a minimum of 6 inches [150 mm].  
The annular space of the double wall vent shall be sealed at the connection point 
between the double and single wall pipes.  Single wall vents routed through 
unconditioned spaces or in locations below 8 feet above the finished floor shall 
be insulated to prevent condensation or limit the cold face temperature to 150°F. 
3-3.02.  Packaged Air Handling Units.  Not used. 
 
3-3.03.  Furnaces.   
Units shall be installed level and with vibration isolators types where indicated on 
the Drawings.  Flexible connections shall not be in tension when the fans are 
operating.  Ductwork and piping installed adjacent to each unit shall not interfere 
with unit servicing or panel removal.  
 
3-3.04.  Makeup Air Units.  Not used. 
 
3-3.05.  Heaters.  Not used 
 
3-3.06.  Fans.  Not used. 
 
3-3.07.  Roof Hoods.  Not used 
 
3-3.08.  Damper Operators.  Not used 
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3-3.09.  Air Outlet and Inlet Devices.  Air outlet and inlet devices shall be installed 
level and plumb and in accordance with the manufacturer’s written instructions.  
Diffusers with balance dampers installed in the flexible duct takeoffs shall not 
have an opposed blade damper mounted in the throat of the diffuser.  For 
devices installed in lay-in ceilings panels, the units shall be located in the center 
of the panel.  Ceiling mounted air devices or services weighing 20 pounds or 
more shall be supported directly from the structure. 
 
3-3.10.  Draft Gauges.  Not used 
 
3-3.11.  Sheet Metal Ductwork  Ductwork, turning vanes, and other accessories 
shall be installed and supported in accordance with the latest SMACNA Duct 
Construction Standards unless otherwise indicated.  The locations, arrangement, 
and sizes of ductwork shall be as indicated on the Drawings.  The duct sizes 
indicated are clear dimensions inside the duct or duct lining.  Sheet metal sizes 
are larger for ductwork with interior linings. 
 
Ductwork shall be fabricated, reinforced, supported, and sealed for the operating 
pressures indicated in the schedules for the connected equipment.  All ductwork 
shall have a pressure classification of at least 1 inch. 

Sheet metal ductwork shall be sealed according to the classifications described 
in the SMACNA HVAC Duct Construction Standards in accordance with the 
following: 

D Duct Type 

Duct Location 

Supply Exhaust Return 
≤ 2 inches 

wc 
> 2 inches 

wc  

Outdoors A A A A 
Unconditioned Areas B A B B 
Conditioned Spaces     
 (concealed ductwork) C B B C 
 (exposed ductwork) A A B B 

Sealing Levels 
 A - All transverse joints, longitudinal seams, and duct wall penetrations 
 B - All transverse joints and longitudinal seams 
 C - Transverse joints only 

 
All joints, seams, connections, and penetrations in ductwork located outdoors 
shall be sealed watertight and weatherproof.  Transverse joints shall be flanged 
and shall be provided with a continuous gasket and flange cap. 
 
Ductwork shall be supported as required by SMACNA.  Where ductwork is 
connected to equipment, it shall be independently supported with no weight 
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bearing on the equipment and in such a manner that the equipment maybe 
removed for service without temporary support of the ductwork.  Ductwork shall 
be supported within 24 inches of each elbow and within 48 inches of each branch 
intersection.  Strap or wire hangers shall not be used where the hanger length 
exceeds 5 feet. 
 
Ductwork shall be constructed and installed in accordance with the Drawings.  
When acceptable to Owner, modifications in the size and location of ductwork 
may be made where required to avoid interference with the building structure, 
piping systems, or electrical work.  The installation shall be coordinated with 
other phases of work to establish space and clearance requirements.  Unless 
otherwise indicated by a bottom of duct elevation, all ductwork shall be routed as 
high as possible, with a minimum height of 8 feet above the finished floor.  
Ductwork installed above suspended ceilings shall be installed with at least 
8 inch lighting allowance between the ceiling and the bottom of the ductwork. 
 
In vertical ducts with a closed bottom which terminate less than 24 inches above 
finished floor, the bottom of the ductwork shall be broken and sloped to a 1/2 inch 
drain hole in the bottom of the duct. 
 
Turning vanes shall be installed in all elbows with 45 degree or greater angles.  
Vanes shall be double thickness or a minimum 4.5 inch radius type for vanes 30 
inches and longer, where installed in ducts with velocity greater than 2000 fpm, 
or where installed in ducts with a pressure classification greater than 2 inches 
wc.  Where 4.5 inch or double thickness type turning vanes are required, each 
vane shall be welded to the vane runner. 
 
3-3.12.  Duct Insulation.  Insulation materials shall be installed in accordance with 
the manufacturer's written instructions and recommendations.  Surfaces which 
are to be insulated shall be cleaned and dried.  Insulation shall be kept clean and 
dry and shall not be removed from the factory container until it is installed.  
Packages or factory containers shall have the manufacturer's stamp or label 
bearing the name of the manufacturer and description of the contents. 
 
Insulation shall be terminated at items mounted in ductwork such as 
thermometers, controls, damper linkages, flexible connections, access doors, 
etc., to avoid interference with their function and/or replacement. 
 
The duct liner in the corners of the duct sections shall be folded and compressed 
or shall be cut and fit to ensure overlapping, butted edges.  Top and bottom 
pieces shall overlap the side pieces.  Longitudinal seams shall be made only at 
corners unless duct dimensions and standard liner product dimensions make 
seams necessary at other locations. 
 
The duct liner shall be held to the duct by a coat of waterproof, fire-retardant 
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adhesive applied over the entire duct surface.  Where duct dimensions exceed 
8 inches on any side, mechanical fasteners shall be used in addition to the 
adhesive.  All exposed edges of the duct liner shall be tightly butted and coated 
with adhesive. 
 
The following ducts shall be insulated with interior duct liner unless indicated on 
the Drawings to be wrapped or otherwise indicated: 
 

Location Ductwork 
Insulation 
Thickness 

Exterior a.  All ductwork 2 inches  

Interior within 
conditioned 
space (heated 
or cooled) 

a.  Heating supply and 
return 

1 inch  

b.  Cooling supply and 
return 

1 inch  

c.  Heating and cooling 
supply and return 

1 inch  

d.  Makeup air outside 
area served 

1 inch  

e.  Outside air (including 
plenums) 

1.5 inches  

Interior within 
unconditioned 
space 

a.  Heating supply and 
return 

1.5 inches  

b.  Cooling supply and 
return 

1.5 inches  

c.  Heating and cooling 
supply and return 

1.5 inches  

d.  Makeup air outside 
area served 

1.5 inches  

e.  Outside air (including 
plenums) 

2 inches  

Note:  Exhaust systems shall not be internally lined. 

 
3-3.13.  Flexible Duct and Takeoffs.  The length of the flexible ductwork shall not 
exceed 8 feet.  All support saddles for flexible duct shall be a minimum of 
6 inches wide. 
3-3.14.  Access Doors.  Not used 
 
3-3.15.  Temperature Controls.  Automatic temperature controls shall be 
furnished and installed as indicated on the Drawings and as specified herein. 
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3-4.  FIELD QUALITY CONTROL. 
 
3-4.01.  Installation Check.  An installation check by an authorized representative 
of the manufacturer is not required for equipment specified in this section 
 
3-4.02.  Startup and Testing.  After the equipment and systems have been 
installed, adjusted, and balanced, tests shall be conducted to demonstrate that 
each system is functioning as specified and to the satisfaction of Engineer.  Tests 
shall be as indicated in the Startup Requirements section. 
 
If inspection or tests indicate defects, the defective work or material shall be 
replaced, and inspection and tests repeated.  All repairs to piping shall be made 
with new materials.  Caulking of threaded joints or holes will not be acceptable. 
3-5.  CLEANING.  At the completion of the testing, all equipment, pipes, 
ductwork, valves, and fittings shall be cleaned of grease, debris, metal cuttings, 
and sludge.  Any stoppage, discoloration, or other damage to parts of the 
building, its finish, or furnishings shall be repaired by Contractor at no additional 
cost to Owner. 
 
 
 

End of Section 
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Section 15650 
 

REFRIGERATION SYSTEMS 
 

 
 
PART 1 - GENERAL 
 

1-1.  SCOPE.  This section covers the furnishing and installation of refrigerant 
piping and accessories, ductless split systems, and appurtenances associated 
with the heating, ventilating, and air conditioning (HVAC) systems. 
 
Piping, pipe supports, valves, and accessories which are not an integral part of 
the equipment or are not specified herein are covered in other sections. 
 
1-2.  GENERAL.  Equipment furnished and installed under this section shall be 
fabricated, assembled, erected, and placed in proper operating condition in full 
conformity with the Drawings, Specifications, engineering data, instructions, and 
recommendations of the equipment manufacturer unless exceptions are noted by 
Engineer. 
 
1-2.01.  Coordination. Contractor shall verify that each component of the system 
is compatible with all other parts of the system; that all piping, ductwork, 
materials, fans, pumps, and motor sizes are appropriate; and that all devices 
necessary for a properly functioning system have been provided. 
 
Where two or more units of the same class of equipment are required, they shall 
be the product of a single manufacturer; however, all the component parts of the 
system need not be the products of one manufacturer. 
 
Where several manufacturers' names have been listed in this section as possible 
suppliers, only the products of the first manufacturer listed have been checked 
for size, functions, and features. 
 
1-2.02.  General Equipment Stipulations.  The General Equipment Stipulations 
shall apply to all equipment and materials furnished under this section.  If 
requirements in this specification differ from those in the General Equipment 
Stipulations, the requirements specified herein shall take precedence. 
 
1-2.03. Seismic Design Requirements. Seismic design requirements for products 
specified herein shall be as indicated in the Meteorological and Seismic Design 
Criteria section.  
 
1-2.04.  Governing Standards.  Except as modified or supplemented herein, all 
work covered by this section shall be performed in accordance with all applicable 
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municipal codes and ordinances, laws, and regulations.  In case of a conflict 
between this section and any state law or local ordinance, the latter shall govern. 
 
All work shall comply with UL safety requirements. 
 
The refrigerant systems shall be constructed in accordance with ASHRAE 
Standard 15.  Refrigeration system equipment shall have a minimum efficiency of 
not less than specified in the latest edition of ASHRAE 90.1, unless otherwise 
indicated on the Drawings. 
 
Capacity ratings for condensing units, heat pumps, packaged air conditioning 
units, and packaged heat pumps with capacities less than 135,000 BTUH shall 
be in accordance with AHRI Standard 210/240.  For condensing units, heat 
pumps, packaged air conditioning units and packaged heat pumps with 
capacities over 135,000 BTUH the capacity ratings shall be in accordance with 
AHRI Standard 340/360. 
 
1-2.05.  Power Supply.  Power supply to equipment with motors shall be as 
indicated in the schedules on the Drawings.  Power supply for controls shall be 
120 volts, 60 Hz, single phase unless otherwise indicated or required for a 
properly operating system. 
 
1-2.06.  Metal Thickness.  Metal thickness and gauges specified herein are 
minimum requirements.  Gauges refer to US Standard gauge. 
 
1-2.07.  Mechanical Identification.  Mechanical identification shall conform to the 
requirements of the Basic Mechanical Building Systems Materials and Methods 
section. 
 
1-3.  SUBMITTALS. 
 
1-3.01.  Drawings and Data.  Complete assembly and installation drawings, and 
wiring and schematic diagrams, together with detailed specifications and data 
covering materials, parts, devices, and accessories forming a part of the 
equipment furnished, shall be submitted in accordance with the Submittals 
Procedures section.  Device tag numbers indicated on the Drawings shall be 
referenced on the wiring and schematic diagrams where applicable.  The data 
and specifications for each unit shall include, but shall not be limited to, the 
following: 
 

Air Cooled Condensing Units/Heat Pumps 

Name of manufacturer. 

Type and model. 

Construction materials, thickness, and finishes. 
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Locations and sizes of field connections. 

Certified performance data and ratings. 

Capacity and saturated suction temperature at specified conditions. 

Equipment efficiency ratings. 

Refrigerant type and charge. 

Overall dimensions and required clearances. 

Wiring diagrams with field and factory wiring clearly identified and electrical 
requirements. 

Net weight and load distribution. 

Where specified, information on equipment manufacturers' representatives. 

Ductless Split System Heat Pumps 

Name of manufacturer. 

Type and model. 

Construction materials, thickness, and finishes. 

Location and sizes of field connections. 

Certified performance data and ratings. 

Capacity at specified conditions. 

Refrigerant type and charge. 

Overall dimensions and required clearances. 

Multiline wiring diagrams with field and factory wiring clearly identified and 
electrical requirements. 

Net weight and load distribution. 

Where specified, information on equipment manufacturers' representatives 

 

 
1-3.02.  Operation and Maintenance Data and Manuals.  Adequate operation and 
maintenance information shall be supplied as required in the Submittals 
Procedures section.  Operation and maintenance manuals shall be submitted in 
accordance with the Submittals Procedures section.  The operation and 
maintenance manuals shall be in addition to any instructions or parts lists packed 
with or attached to the equipment when delivered. 
 
In addition to the requirements of the Submittals Procedures section, the 
operation and maintenance manuals shall include a listing of all filter locations, 
types, sizes, and quantities associated with each piece of equipment. 
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1-4.  QUALITY ASSURANCE.  Quality assurance shall comply with the 
requirements of the Basic Mechanical Building Systems Materials and Methods 
section. 
 
1-5.  DELIVERY, STORAGE, AND HANDLING.  Shipping shall be in accordance 
with the Product Delivery Requirements section.  Handling and storage shall be 
in accordance with the Product Storage and Handling Requirements section. 
 
1-6.  EXTRA MATERIALS.  Not used.  
 
PART 2 - PRODUCTS 
 
2-1.  SERVICE CONDITIONS. All equipment shall be designed and selected to 
meet the specified conditions. 
 
2-2.  PERFORMANCE AND DESIGN REQUIREMENTS.  Equipment and coil 
capacities shall be as indicated on the schedules.  Where equipment is provided 
with special coatings, unit capacities shall be corrected to account for any 
efficiency losses from the selected special coating. 
 
For equipment including fans, each fan's operating selection point on the fan 
curves shall be selected to the right of the peak pressure/efficiency point and 
below the lowest point along the fan curve, to the left of the peak 
pressure/efficiency point. 
 
2-2.01.  Dimensional Restrictions.  Layout dimensions will vary between 
manufacturers and the layout area indicated on the Drawings is based on typical 
values of the first manufacturer listed.  Contractor shall review the contract 
Drawings, the manufacturer’s layout drawings, and installation requirements and 
shall make any modifications required for proper installation subject to 
acceptance by Engineer.  At least 3 feet of clear access space shall be provided 
on all sides of the unit unless otherwise indicated. 
 
2-2.02.  Elevation.  Equipment shall be designed to operate at the elevation 
indicated in the Meteorological and Seismic Design Criteria section.  All 
equipment furnished for sites above 2000 feet above sea level shall be properly 
derated to operate and meet the specified capacities at the site conditions. 
 
2-3.  ACCEPTABLE MANUFACTURERS.  Acceptable manufacturers shall be as 
listed in the respective product description paragraphs. 
 
2-4.  MATERIALS.   
 
2-4.01.  Refrigerant Piping and Accessories.  Refrigerant piping shall conform to 
the Copper Tubing and Accessories section.  Piping shall be supported as 
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specified in the Pipe Supports section.  Refrigerant filter dryers, expansion 
valves, solenoid valves, combination sight glass and moisture indicators, 
charging valves, relief valves, and other accessories shall be furnished and 
installed as needed for proper operation of the system. 
 
2-5.  EQUIPMENT. 
 
2-5.01.  Condensing Units.   
 
Condensing units, denoted by the symbol "CU" and an identifying number and 
heat pumps denoted by the symbol "HP" and an identifying number, shall be 
furnished and installed where indicated on the Drawings.  Each unit shall consist 
of compressor(s), condenser coil, condenser fan(s) and motor(s), starters, and all 
controls necessary for proper operation.  Condensing units and heat pumps shall 
be manufactured by Trane, Carrier, McQuay, or York. 
 
The manufacturer of the equipment provided shall have a local service center. 
2-5.02.  Room Air Conditioner.  Not used. 
 
2-5.03.  Packaged Air Conditioning /Heat Pump Units.  Not used. 
 
2-5.04.  Ductless Split Systems.  
Ductless split systems shall be furnished and installed where indicated on the 
Drawings.  Each unit shall include an indoor ceiling suspended fan coil section 
and an outdoor remote condensing unit/heat pump.  Each unit shall be fully 
charged with R-410A and compressor oil.  A programmable thermostat shall be 
provided for control of each system. 
 
Ductless split systems shall be as manufactured by Mittsubishi, Daikin, Carrier, 
Friedrich, or equal. 
 
2-5.04.01.  Fan Coil.  Each fan coil unit shall be of the ductless, indoor, under-
ceiling mounted, direct expansion type.  Each fan coil unit shall consist of a fan, 
evaporator coil, air filter, return grille, supply louver, mounting harness, and drain 
pan. 
 
Fans shall be centrifugal type designed for quiet operation.  Evaporator coils 
shall be copper tube with aluminum fins and galvanized steel tube sheets.  The 
fins shall be bonded to the tubes by mechanical expansion.  Air filters shall be of 
the cleanable type.  Each unit shall be provided with access doors for easy 
removal of the filters.  Each fan coil shall be provided with a mounting system 
and supports. 
 
The fan coil fan shall be suitable for the power supply indicated on the Drawings. 
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2-5.04.02.  Condensing Unit/Heat Pump.  Each condensing unit/heat pump shall 
be factory assembled suitable for outdoor installation.   
 
Each condensing unit shall have a galvanized steel cabinet that shall be 
bonderized and coated with a baked-enamel finish.  The housing shall have 
removable panels, weep holes, and mounting holes.  Compressors shall be high-
efficiency, hermetically sealed reciprocating or scroll type with overload 
protection.  Condenser coils shall consist of louvered aluminum fins mechanically 
bonded to copper tubing.  Each unit shall be provided with resilient compressor 
vibration isolators to minimize noise.  Each fan shall have a TEFC motor. 
 
2-5.04.03.  Accessories.  Each unit shall be provided with an electric 
programmable thermostat capable of controlling all unit functions.  The 
thermostat shall be automatic changeover type with integral sub-base. 
 
Where indicated on the Drawings, an internal condensate pump shall be 
provided to remove condensate from the drain pan. 
 
All copper surfaces shall be protected against corrosion by a shop applied 
special coating.  
 
Each unit shall be provided with a low ambient control kit to allow operation when 
outdoor temperatures are between 0 and 60°F.  External service valves and 
electrical knockouts shall be provided. 
 
2-5.05.  Water Chillers.  Not used. 
 
2-6.  ELECTRICAL.  Electric motors and motor controls shall conform to the 
Basic Mechanical Building Systems Materials and Methods section.  Motor 
starters and controls shall be furnished and installed under the Electrical section, 
except for equipment specified or furnished with prewired integral starters.  
Disconnects for equipment shall be furnished and installed under the Electrical 
section, except where specified with disconnects.  All electrical controls shall 
have enclosures suitable for the environment and NEMA rating as indicated on 
the electrical Drawings.  Equipment installed outdoors shall have NEMA Type 4 
enclosures. 
 
2-7.  DRIVE UNITS.  Electric motors, V-belt drives, and safety guards shall be in 
accordance with the requirements of the Basic Mechanical Building Systems 
Materials and Methods section. 
 
2-8.  MANUFACTURE AND FABRICATION.  Manufacture and fabrication shall 
comply with the requirements of the Basic Mechanical Systems Materials and 
Methods section. 
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2-9.  SHOP TESTING.  The equipment furnished under this section shall be 
tested at the factory according to the standard practice of the manufacturer.  
Ratings shall be based on tests made in accordance with applicable AMCA, 
ASHRAE, AHRI, NBS, NFPA, and UL Standards. 
 
2-10.  BALANCE.  All rotating parts shall be accurately machined and shall be in 
as nearly perfect rotational balance as practicable.  Excessive vibration shall be 
sufficient cause for rejection of the equipment.  The mass of the unit and its 
distribution shall be such that the resonance at normal operating speeds is 
avoided.  In any case, the maximum measured root-mean-square (rms) value as 
measured at any point on the equipment shall not exceed those listed in the 
latest ASHRAE Applications Handbook. 
 
At any operating speed, the ratio of rotative speed to the critical speed of a unit 
or components thereof shall be less than 0.8 or more than 1.3. 
 
 
PART 3 - EXECUTION 
 
3-1.  INSPECTION.  Equipment installed in facilities with limited access shall be 
suitable for being installed through available openings.  Contractor shall field 
verify existing opening dimensions and other provisions for installation prior to 
submittal of bids. 
 
3-2.  PREPARATION. 
 
3-2.01.  Field Measurement.  Contractor shall be responsible for verifying all field 
dimensions, and for verifying location of all equipment relative to any existing 
equipment or structures. 
 
3-2.02.  Surface Preparation.  All surfaces to be field painted shall be dry and 
free of dirt, dust, sand, grit, mud, oil, grease, rust, loose mill scale, or other 
objectionable substances, and shall meet the recommendations of the paint 
manufacturer for surface preparation.  Cleaning and painting operations shall be 
performed in a manner which will protect freshly painted surfaces from dust or 
other contaminants.  Oil and grease shall be completely removed by use of 
solvents or detergents before mechanical cleaning is started.  The gloss of 
previously painted surfaces shall be dulled if necessary for proper adhesion of 
top coats. 
 
Surface finish damaged during installation shall be repaired to the satisfaction of 
Engineer.  Field painting shall be as specified in the Protective Coatings section. 
 
3-3.  INSTALLATION.  Equipment and materials furnished under this section 
shall be installed in proper operating condition in full conformity with the 
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drawings, specifications, engineering data, instructions, and recommendations of 
the equipment manufacturer, unless exceptions are noted by Engineer. 
 
The space beneath the baseplate shall be grouted as specified in the Grouting 
section. 
 
3-3.01.  Valves.  Valves shall be installed with their stems horizontal or vertical 
and above the valve body and with the applicable requirements of the valve 
sections. 
 
3-3.02.  Refrigerant Piping and Accessories.  The refrigerant piping shall be sized 
and arranged in accordance with the manufacturer's recommendations.  Pipe 
routing and isolation shall be selected to minimize vibration and transmission of 
sound to the conditioned space.  The refrigerant piping system shall be provided 
with the necessary traps and risers for uniform return of oil to the compressor.  
The suction gas line shall be sized to produce a minimum load gas velocity of 
1,000 feet per minute in vertical risers with upward gas flow and 500 feet per 
minute  in horizontal piping.  The full load pressure drop should not exceed 3 psi 
or 2°F change in saturated refrigerant temperature.  The maximum gas velocity 
shall not exceed 4,000 feet per minute.  The liquid lines shall be sized to limit the 
pressure loss to the equivalent of 2°F of temperature change and a maximum 
liquid line velocity of 360 feet per minute. A piping schematic indicating 
refrigerant piping sizes and corresponding velocities, accessories, accessory 
pressure losses, and piping pitch and direction shall be submitted in accordance 
with the Submittals section. 
 
3-3.03.  Condensing Units/Heat Pumps.   
 
The condensing units and heat pumps shall be installed in accordance with the 
manufacturer's installation instructions.  Each unit shall be leveled and installed 
to maintain the manufacturer's recommended clearances.  The units shall be 
firmly anchored where indicated on the Drawings. 
 
After the refrigerant system has been tested, the system shall be fully charged 
with refrigerant and compressor oil.  
 
The installation shall be checked by the manufacturer in accordance with the 
Installation Check paragraph. 
3-3.04.  Packaged Air Conditioning Units/Packaged Heat Pumps.  Not used. 
 
3-3.05.  Ductless Split Systems.   
Ductless split systems shall be installed in accordance with the manufacturer’s 
installation instructions.  Each unit shall be leveled and installed to maintain the 
recommended clearances. 
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3-4.  FIELD QUALITY CONTROL. 
 
3-4.01.  Installation Check.  An installation check by an authorized representative 
of the manufacturer is not required for equipment specified in this section 
 
3-4.02.  Startup and Testing.  After the equipment and systems have been 
installed, adjusted, and balanced, tests shall be conducted to demonstrate that 
each system is functioning as specified and to the satisfaction of Engineer.  Tests 
shall be as indicated in the Startup Requirements section. 
 
If inspection or tests indicate defects, the defective work or material shall be 
replaced, and inspection and tests repeated.  All repairs to piping shall be made 
with new materials.  Caulking of threaded joints or holes will not be acceptable 
 
3-4.03.  Operator Instruction and Training.  Not used 
 
3-5.  CLEANING.  At the completion of the testing, all equipment, pipes, 
ductwork, valves, and fittings shall be cleaned of grease, debris, metal cuttings, 
and sludge.  Any stoppage, discoloration, or other damage to parts of the 
building, its finish, or furnishings shall be repaired by Contractor at no additional 
cost to Owner. 
 
 

End of Section 
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Section 15990 
 

TESTING, ADJUSTING, AND BALANCING 
 
 
PART 1 - GENERAL 
 
1-1.  SCOPE.  This section covers the cleaning, testing, adjusting, and balancing 
of the air system(s) associated with the heating, ventilating, and air conditioning 
(HVAC). 
 
1-2.  GENERAL.  Equipment and systems shall be cleaned, tested, adjusted, and 
balanced in full conformity with the drawings, specifications, engineering data, 
instructions, and recommendations of the equipment manufacturer unless 
exceptions are noted by Engineer. 
 
1-2.01.  Coordination.  Contractor shall verify that all components and devices 
necessary for a properly functioning system have been provided.  Prior to 
cleaning, testing, adjusting, and balancing, Contractor shall verify that each 
system has been installed properly and is operating as specified.  Equipment 
bearings shall be lubricated in accordance with the manufacturer's 
recommendations. 
 
Air systems shall be complete and operating, with dampers, filters, ductwork, air 
outlet and inlet devices, duct mounted equipment, and control components. 
 
1-2.02.  Governing Standards.  Except as modified or supplemented herein, all 
work covered by this section shall be performed in accordance with all applicable 
municipal codes and ordinances, laws, and regulations.  In case of a conflict 
between this section and any state law or local ordinance, the latter shall govern. 
 
All work shall comply with the latest edition of AABC, NEBB, or SMACNA 
standard manuals for testing, adjusting, and balancing of air systems. 
 
1-3.  SUBMITTALS. 
 
1-3.01.  Drawings and Data.   Complete apparatus report sheets for all air 
systems shall be accurately and completely filled out in accordance with the 
Standard's manual.  The testing and balancing results shall be submitted on the 
TAB report forms of the applicable standard.  Copies of the final test readings 
and report sheets shall be submitted in accordance with the Submittals 
Procedures section.  A description of the standard procedures used during 
testing, adjusting, and balancing shall be included in the submittal.  The submittal 
shall include a reduced set of drawings, with the air outlet devices, air inlet 
devices, and equipment identified to correspond with the report sheets.  Test 
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dates shall be recorded on the individual TAB report forms indicating when the 
actual testing was performed. 
 
The apparatus report sheets shall include the following information: 
 

1.  Title Page: 
 a. Company name 
 b. Company address 
 c. Company telephone number 
 d. Project name 
 e. Project location 
 f. Project Engineer 
 g. Project Contractor 
 h. Project altitude 
 i. Date 
2.  Instrument List: 
 a. Instrument 
 b. Manufacturer 
 c. Model 
 d. Serial number 
 e. Range 
 f. Calibration date 
3.  Air Moving Equipment:  Not used. 
4.  Electric Motors: 
 a. Manufacturer 
 b. Motor type and frame 
 c. HP/BHP 
 d. Phase, voltage, amperage, nameplate, actual, no load. 
 e. RPM 
 f. Service factor 
 g. Starter size, rating, heater elements 
5.  V-Belt Drive:  Not used. 
6.  Return Air/Outside Air Data: Not used. 
7.  Coil Data:  Not used. 
8.  Duct Traverse:  Not used. 
9.  Outlet and Inlet Devices:  

a.  Air outlet and inlet device number 
 b. Room number/location 
 c. Air outlet and inlet device type 
 d. Air outlet and inlet device size 
 e. Area factor 
 f. Velocity, design, preliminary, and final 
 g. Air flow, design, preliminary, and final 
 h. Percent of design airflow 
10.  Sound Level Report:  Not used. 
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11.  Package Air Conditioning/Heat Pump Unit. Not used. 
12.  Air Terminal Unit Data:  Not used. 

13.  Electric Duct Heater: Not used. 
14.  Air Cooled Condenser/Heat Pump:   

a.  Unit number 
 b. Location 
 c. Manufacturer and model 
 d. Refrigerant type and capacity 
 e. Entering DB air temperature, design and actual 
 f. Leaving DB air temperature, design and actual 
 g. Number of compressors 
 h. Suction pressure and temperature 
 i. Condensing pressure and temperature 

15.  Chillers:  Not used. 
16.  Pump Data:  Not used. 

17.  Heat Exchanger:  Not used 
18.  Combustion Test: Not used 

    
 
1-4.  QUALITY ASSURANCE.  Contractor shall provide the services of a licensed 
independent contractor, certified by AABC, NEBB, or TABB and with proven 
experience on at least three similar projects, to perform operational testing, 
adjusting, and balancing of the air systems.  The work shall be performed in 
accordance with the latest edition of the procedural standards as published by 
the National Organization associated with the testing, adjusting, and balancing 
contractor. 
 
 
PART 2 - PRODUCTS 
 
2-1.  SERVICE CONDITIONS.  All equipment shall be adjusted or balanced to 
meet the specified conditions and to operate at the elevation indicated in the 
equipment sections. 
 
2-2.  CONSTRUCTION. 
 
2-2.01.  Painting.  Surface finish damaged during cleaning, testing, adjusting, and 
balancing of equipment shall be repaired to the satisfaction of Engineer.  Field 
painting shall be as specified in the Architectural Painting and Protective 
Coatings sections. 
 
 
PART 3 - EXECUTION 
 

1308



 15990 – Testing. Adjusting, and Balancing 

Kansas City WSD  Issued for Bid 

WW SCADA System Improvements Phase 2  December 2023 

Page 4 of 5 

3-1.  INSPECTION.  Before testing and balancing the air system, doors and 
windows surrounding the area served by the system shall be closed.  Fans shall 
be checked for correct rotation and rotative speed.  Dampers shall be open and 
access doors and panels shall be closed during the testing and balancing period. 
 
3-2.  STARTUP REQUIREMENTS.  System equipment shall be subject to 
preliminary field tests as indicated in Startup Requirements section. 
 
3-3.  FIELD PERFORMANCE TESTING.  Field performance tests shall be 
conducted for each system to demonstrate each is functioning as specified and 
to the satisfaction of Engineer.  All tests shall be conducted in a manner 
acceptable to Engineer and shall be repeated as many times as necessary to 
secure Engineer’s acceptance of each system.  If inspection or tests indicate 
defects, the defective item or material shall be replaced, and the inspection and 
tests shall be repeated.  All repairs to piping shall be made with new materials.  
Caulking of threaded joints or holes will not be acceptable. 
 
3-3.01.  Hydronic Piping.  Not used. 
 
3-3.02.  Refrigerant Piping.  The refrigerant piping system shall be tested in 
accordance with ANSI/ASME B31.5. 
 
After testing of the refrigerant piping system is completed, the system shall be 
charged with the proper refrigerant and placed in operation. 
 
The completed refrigerant system shall be guaranteed to be sufficiently free from 
leaks for 1 year from the date of acceptance.  The loss of refrigerant shall not 
exceed 5 percent over that period. 
 
3-4.  CLEANING.  At the completion of the testing, all parts of the installation 
shall be thoroughly cleaned.  All equipment, ductwork, pipes, valves, and fittings 
shall be cleaned of grease, debris, metal cuttings, and sludge.  Any stoppage, 
discoloration, or other damage to parts of the building, its finish, or furnishings 
shall be repaired by Contractor at no additional cost to Owner. 
 
3-4.01.  Chemical Pipe Cleaning.  Not used 
 
3-4.01.01.  Heating Water System.  Not used 
 
3-4.01.02.  Chilled and Condenser Water Systems.  Not used. 
 
3-5.  ADJUSTING & BALANCING The air system shall be adjusted and 
balanced. 
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All instrumentation shall be calibrated in accordance with the governing standard 
manual and shall be checked for accuracy before testing, adjusting, and 
balancing the systems.  The accuracy of the instrumentation shall be not less 
than specified by the testing, adjusting, and balancing standard manual or the 
instrument manufacturer. 
 
All data, including system deficiencies encountered and corrective measures 
taken, shall be recorded.  If a system cannot be adjusted to meet the design 
requirements, Contractor shall notify Engineer in writing as soon as practicable. 
 
Following final acceptance of the certified balancing reports, the testing and 
balancing contractor shall permanently mark the settings of all adjustment 
devices, including valves and dampers, and shall lock the memory stops. 
 
All ceiling tiles, belt guards, panels, and doors removed during testing, adjusting, 
and balancing shall be reinstalled. 
 
3-5.01.  Air Systems.  Air systems shall be adjusted to the design airflows 
indicated on the Drawings. Airflows shall be adjusted to maintain a net positive 
(supply airflow greater than exhaust airflow) or negative (exhaust airflow greater 
than supply airflow) pressure as indicated on the Drawings.  Dampers located 
behind air outlet and inlet devices shall be used to adjust the airflow only to the 
extent that the adjustments do not create objectionable air movement or noise.  
Fans shall not be adjusted above the maximum safe speed as determined by the 
fan manufacturer. 
 
Dampers with operators shall be checked for tight shutoff when in the closed 
position.  Shutoff dampers shall not be used for balancing.  
 

End of Section 
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Section 16050 
 

ELECTRICAL 
 
 
PART 1 - GENERAL 
 
1-1.  SCOPE.  This section covers the furnishing and installation of all equipment 
and materials needed for the electrical requirements of this Contract.  It also 
covers conduit, wiring, and terminations for electrical equipment installed under 
Electrical Equipment Installation section.  
 
This section covers the installation and interconnection of electrical equipment 
furnished under other sections, except electrical items designated to be installed 
under those sections. 
 
1-2.  GENERAL.  Electrical apparatus on all equipment shall be installed 
complete and placed in readiness for proper operation. 
 
Electrical materials furnished and installed under this section shall be fabricated, 
assembled, erected, and placed in proper operating condition in full conformity 
with the Drawings, Specifications, engineering data, instructions, and 
recommendations of the equipment manufacturer, unless exceptions are noted 
by Engineer.   
 
1-2.01.  General Equipment Stipulations.  The General Equipment Stipulations 
section shall apply to all equipment provided under this section.  If requirements 
in this section differ from those in the General Equipment Stipulations section, 
the requirements specified herein shall take precedence. 
 
1-2.02. Seismic Design Requirements. Seismic design requirements for products 
specified herein shall be as indicated in the Meteorological and Seismic Design 
Criteria section.  
 
1-2.03.  Coordination.  Electrical work shall conform to the construction schedule 
and the progress of other trades.   
 
1-2.04.  Anchor Bolts and Expansion Anchors.  All anchor bolts, nuts, washers, 
and expansion anchors shall comply with Anchorage in Concrete and Masonry 
section, except smaller than 3/4 inch will be permitted to match NEMA standard 
size bolt holes on motors and electrical equipment. 
 
1-2.05.  Drawings.  Supplementing this section, the Drawings indicate locations 
of equipment and enclosures and provide one-line and schematic diagrams 
regarding the connection and interaction with other equipment. 
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1-3.  CODES AND PERMITS.  All work shall be performed and materials shall be 
furnished in accordance with the NEC - National Electrical Code, the NESC - 
National Electrical Safety Code, and the following standards where applicable: 
 

AEIC The Association of Edison Illuminating Companies 

ANSI American National Standards Institute 

ASTM American Society for Testing and Materials 

AWG American Wire Gauge 

Fed Spec Federal Specification 

ICEA Insulated Cable Engineers Association 

IEEE Institute of Electrical and Electronics Engineers 

IESNA Illuminating Engineering Society of North America 

NEIS National Electrical Installation Standards 

NEMA National Electrical Manufacturers Association 

NFPA National Fire Protection Association 

UL Underwriters' Laboratories 
 
Equipment covered by this section shall be listed by UL. 
 
1-4. SEISMIC DESIGN REQUIREMENT. 
 
1-4.01. Seismic Design Requirements. Submit confirmation of compliance with 
the requirements of the Meteorological and Seismic Design Criteria section.  
 
1-5.  IDENTIFICATION. 
 
1-5.01.  Conduit.  Conduits in manholes, handholes, building entrance pull boxes, 
junction boxes, and equipment shall be provided with identification tags.  
Identification tags shall be 19 gage stainless steel, with 1/2 inch stamped letters 
and numbers as indicated on the Drawings.  Identification tags shall be attached 
to conduits with nylon tie wraps and shall be positioned to be readily visible. 
 
1-5.02.  Conductors.  All conductors in power, control, and instrumentation 
circuits shall be identified and color coded as described herein. 
 
1-5.02.01.  Conductor Identification Number.  Except for lighting and receptacle 
circuits, each individual conductor in power, control, and instrumentation circuits 
shall be provided with wire identification markers at the point of termination. 
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The wire markers shall be of the heat-shrinkable tube type, with custom typed 
identification numbers. 
 
The wire numbers shall be as indicated on the equipment manufacturer's 
drawings. 
 
The wire markers shall be positioned to be readily visible for inspection. 
 
1-5.02.02.  Conductor Color Coding.  Power conductors shall be color coded as 
indicated below.  For conductors 6 AWG and smaller, the color coding shall be 
the insulation finish color.  For sizes larger than 6 AWG, the color coding may be 
by marking tape.  The equipment grounding conductor shall be green or green 
with one or more yellow stripes if the conductor is insulated. 
 
The following color coding system shall be used: 
 
 120/240 V, single-phase — black, red, and white 

 120/208 V, three-phase — black, red, blue, and white  
 277/480 V, three-phase — brown, orange, yellow, and gray 

 
 
1-5.03.  Motor Starters. Not  used. 
 
1-5.04.  Control Stations. Not used. 
 
1-5.05.  Circuit Breakers. Circuit breakers shall be provided with nameplates 
identifying related equipment.  Nameplates shall be laminated black-over-white 
plastic, with 1/8 inch engraved letters, and shall be securely fastened to the 
circuit breakers. 
 
1-5.06.  Disconnect Switches. All switches shall have front cover-mounted 
permanent nameplates that include switch type, manufacturer's name and 
catalog number, and horsepower [kW] rating.  An additional nameplate, engraved 
or etched, laminated black-over-white plastic, with 1/8 inch letters, shall be 
provided to identify the associated equipment.  Both nameplates shall be 
securely fastened to the enclosure. 
 
1-5.07.  Arc Flash Hazard Labels.  Lighting panels, power panels, power centers, 
switchgear, switchboards, motor control centers, motor control line ups, transfer 
switches, industrial control panels, adjustable frequency drives, fused switches, 
meter socket enclosures, and other electrical equipment likely to be worked on 
energized shall be provided with permanent labels warning the risk of arc flash 
and shock hazard.  Labels shall be designed in accordance with ANSI Z535.4 
and shall include the following: 
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WARNING 
Arc Flash and Shock Hazard 

 
Appropriate personal protection equipment (PPE) required.  SEE NFPA 70E.  

Equipment must be accessed by qualified personnel only. 
Turn off all power sources prior to working on or inside equipment. 

 
Additional information shall be provided on the labels where specified in the Arc 
Flash Hazard Analysis section of this section. 
 
1-6.  SUBMITTALS.  Complete assembly, foundation, and installation drawings, 
together with complete engineering data covering the materials used, parts, 
devices, and accessories forming a part of the work performed by the Contractor, 
shall be submitted in accordance with the Submittal Procedures section.  The 
drawings and data shall include, but shall not be limited to, the following: 
 

Drawings and data. 
Operating manuals. 
Samples. 
Test reports 
Studies 

 
1-6.01.  Submittal Identification.  Information covering all materials and 
equipment shall be submitted for review in accordance with the Submittal 
Procedures section.  Each sheet of descriptive literature submitted shall be 
clearly marked to identify the material or equipment as follows: 
 

a. Lamp fixture descriptive sheets shall show the fixture schedule letter, 
number, or symbol for which the sheet applies. 

b. Equipment and materials descriptive literature and drawings shall 
show the specification paragraph for which the equipment applies. 

c. Sheets or drawings covering more than the item being considered 
shall have all inapplicable information crossed out. 

d. A suitable notation shall identify equipment and materials descriptive 
literature not readily cross-referenced with the Drawings or 
Specifications. 

e. Schematics and connection diagrams for all electrical equipment shall 
be submitted for review.  A manufacturer's standard connection 
diagram or schematic showing more than one scheme of connection 
will not be accepted, unless it is clearly marked to show the intended 
connections. 
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f.  Surge protective device submittals shall include drawings (including 
unit dimensions, weights, component and connection locations, 
mounting provisions, and wiring diagrams),  equipment manuals that 
detail the installation, operation and maintenance instructions for the 
specified unit(s), and  manufacturer’s descriptive bulletins and product 
sheets. 

Contractor shall submit the name and qualifications of the Engineering and 
Testing Services firm proposed to perform the protective device study and the 
on-site testing. 
 
Within 90 days after the Notice to Proceed, Contractor shall furnish a submittal 
for all types of cable and conduit to be provided.  The submittal shall include the 
cable manufacturer and type, and sufficient data to indicate that the cable and 
conduit meet the specified requirements. 
 
In addition to the complete specifications and descriptive literature, a sample of 
the largest size of each type of cable shall be submitted for review before 
installation.  Each sample shall include legible and complete surface printing of 
the cable identification. 
 
1-6.02. Seismic Design Requirements. Submitted confirmation of compliance 
with the requirements of the Meteorological and Seismic Design Criteria section.  
 
1-7.  PROTECTION AND STORAGE.  During construction, the insulation on all 
electrical equipment shall be protected against absorption of moisture, and 
metallic components shall be protected against corrosion by strip heaters, lamps, 
or other suitable means.  This protection shall be provided immediately upon 
receipt of the equipment and shall be maintained continuously. 
 
PART 2 - PRODUCTS 
 
2-1.  POWER SERVICE ENTRANCE.  Not used. 
 
2-2.  TELEPHONE SERVICE ENTRANCE.  Not used.  
 
2-3.  CABLE.  All cables of each type (such as lighting cable or 600 volt power 
cable) shall be from the same manufacturer. 
 
All types of cable shall conform to the Cable Data Figures at the end of this 
section and as described herein. 
 
2-3.01.  Lighting Cable.  Lighting cable (Figure 1-16050 THHN-THWN) shall be 
provided only in lighting and receptacle circuits operating at 277 volts or less.  
Lighting and receptacle circuits, 8 AWG or larger, shall be as specified for 600 
volt (Figure 2-16050 XHHW-2) power cable. 
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2-3.02.  600 Volt Power Cable.  Cable in power, control, indication, and alarm 
circuits operating at 600 volts or less, except where lighting, multiconductor 
control, and instrument cables are required, shall be 600 volt (Figure 2-16050 
XHHW-2) power cable. 
 
2-3.03.  Instrument Cable.  Cable for electronic circuits to instrumentation, 
metering, and other signaling and control equipment shall be two- or three-
conductor instrument cable twisted for magnetic noise rejection and protected 
from electrostatic noise by a total coverage shield.  Types of instrument cables 
shall be (Figure 4-16050 single pair). 
 
2.3.04.  Multiconductor Control Cable.  When indicated on the Drawings, cable in 
control, indication and alarm circuits shall be multiconductor. Cable shall be 
(Figure 7-16050 14 AWG THHN-THWN). 
 
2-3.05.  Medium Voltage Power Cable.  Not used.  
 
2-3.06.  Tray Cable.  Not used. 
 
2-3.07.  Metal Clad Lighting Cable.  Not used. 
 
2-4.  CONDUIT/RACEWAY.  Conduit and raceways shall be as described in the 
following paragraphs: 
 
2-4.01.  Rigid Steel Conduit.  Rigid steel conduit shall be heavy wall, hot-dip 
galvanized, shall conform to NEMA C80.1, and shall be manufactured in 
accordance with UL 6. 
 
2-4.02.  Intermediate Metal Conduit (IMC).  Not used. 
 
2-4.03.  Liquidtight Flexible Metal Conduit.  Not used. 
 
2-4.04.  Utility (PVC) Duct.  Not used. 
 
2-4.05.  Rigid Nonmetallic (PVC) Conduit.  PVC conduit shall be heavy wall, 
Schedule 40, UL labeled for aboveground and underground uses, and shall 
conform to NEMA TC-2 and UL 651. 
 
2-4.06.  PVC-Coated Rigid Steel Conduit.  The conduit shall be rigid steel.  
Before the PVC coating is applied, the hot-dip galvanized surfaces shall be 
coated with a primer to obtain a bond between the steel substrate and the 
coating.  The PVC coating shall be bonded to the primed outer surface of the 
conduit.  The bond on conduit and fittings shall be stronger than the tensile 
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strength of the PVC coating.  The thickness of the PVC coating shall be at least 
40 mils. 
 
A chemically cured two-part urethane coating, at a nominal 2 mil thickness, shall 
be applied to the interior of all conduit and fittings.  The coating shall be 
sufficiently flexible to permit field bending the conduit without cracking or flaking 
of the coating. 
 
Every female conduit opening shall have a PVC sleeve extending one conduit 
diameter or 2 inches, whichever is less, beyond the opening.  The inside 
diameter of the sleeve shall be the same as the outside diameter of the conduit 
before coating.  The wall thickness of the sleeve shall be at least 40 mils. 
 
All fittings, condulets, mounting hardware, and accessories shall be PVC-coated.  
All hollow conduit fittings shall be coated with the interior urethane coating 
described above.  The screw heads on condulets shall be encapsulated by the 
manufacturer with a corrosion-resistant material. 
 
PVC coated rigid steel conduit shall be manufactured by Perma-cote, Ocal, or 
Robroy. 
 
2-4.07.  Electrical Metallic Tubing (EMT).  EMT shall be hot-dip galvanized, shall 
conform to NEMA C80.3, and shall be manufactured in accordance with UL 797. 
EMT shall only be allowed at Rocky Branch and Fishing River Control Rooms. 
 
2-4.08.  Rigid Aluminum Conduit (RAC).  Not used. 
 
2-4.09.  Cable Tray.  Not used. 
 
 
2-5.  WIRING DEVICES, BOXES, AND FITTINGS.  Concealed conduit systems 
shall have flush-mounted switches and convenience outlets.  Exposed conduit 
systems shall have surface-mounted switches and convenience outlets. 
 
2-5.01.  Conduit Boxes and Fittings. 
 

a. Galvanized or cadmium plated, threaded, malleable iron boxes and 
fittings shall be manufactured by Crouse-Hinds, Appleton, or O 
Z Gedney.  In applications utilizing aluminum conduit systems, 
aluminum boxes and fittings manufactured by Crouse-Hinds, 
Appleton, or O Z Gedney shall be installed. 

b. Rigid PVC device boxes and fittings shall be manufactured by 
Carlon or Cantex. 
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c. Sheet steel device boxes shall be manufactured by Appleton, Raco, 
or Steel City. 

d.   PVC coated device boxes shall be manufactured by Calbond, Ocal, 
or Robroy Industries. 

e. Hub arrangements on threaded fittings shall be the most appropriate 
for the conduit arrangement to avoid unnecessary bends and 
fittings. 

 
2-5.02.  Device Plates. 
 

a. Device plates on flush mounted outlet boxes where weatherproof 
plates are not required shall be AISI Type 302 stainless steel, Eaton 
"93000 series", Hubbell "S series", or Leviton "840nn-40 series"; 
nylon or polycarbonate, Eaton "5000 series", Hubbell "Pn series", or 
Leviton "807nn-I series". 

b. Device plate mounting hardware shall be countersunk and finished 
to match the plate. 

c. Device plates for switches outdoors or indicated as weatherproof 
shall have provisions for padlocking switches "On" and "Off", and 
shall be Appleton "FSK-1VS", Crouse-Hinds "DS185" or O Z 
Gedney "FS-1-WSCA". 

d. Device plates for receptacles indicated as weatherproof shall be 
Appleton "FSK-WRD", Crouse-Hinds "WLRD1", or O Z Gedney 
"FS-1-WDCA. 

e. Flush-mounted, weatherproof plates shall be provided with adapter 
plates, Appleton "FSK-SBA" or Crouse-Hinds "FS031". 

f.   Device plates for ground fault interrupter receptacles indicated to be 
weatherproof shall be Appleton "FSK-WGFI", Eaton "S966", or O Z 
Gedney "FS-1-GFCA". 

g. Receptacle covers outdoors or otherwise indicated to be 
weatherproof while in-use shall be die cast aluminum and shall 
include a padlock eye.  Covers for standard convenience outlets 
shall be Hubbell “WP8M” or Thomas and Betts Red Dot “CKMUV”.  
Covers for ground fault interrupter receptacles shall be Hubbell 
“WP26M” or Thomas and Betts Red Dot “CKMUV”.  

h. Engraved device plates, where required, shall be manufactured by 
Leviton, or equal. 

i. Device plates on PVC conduit fittings shall be Carlon "E98 Series" 
or Cantex "513300 Series". 

 
2-5.03.  Wall Switches. 
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a. Switches on ac lighting panel load circuits through 277 volts shall be 

20 amperes, 120/277 volts, Eaton "AH1221V" through "AH1224V", 
Hubbell "HBL 1221I" through "HBL 1224I", or Leviton "1221-2I" 
through "1224-2I", unless noted otherwise.  

  

2-5.04.  Receptacles. 
 

a. Standard convenience outlets shall be duplex, three-wire, 
grounding, 20 amperes, 125 volts, Eaton "AH5362V", Hubbell 
"5362I" or Leviton "5362-I" for 120 volt circuits, and 250 volts, 
Eaton "AH5462CV", Hubbell "5462I" or Leviton "5462-I" for 
240 volt circuits. 

b. Ground fault circuit interrupter receptacles shall be duplex, 
20 amperes, 125 volts, Eaton "SGFH20", Hubbell "GFRST20I" or 
Leviton "G5362-I". 

c. Ground fault circuit interrupter receptacles in damp or wet 
locations shall be duplex, 20 amperes, 125 volts, Hubbell 
"GFWRST20I" or Leviton "G5362-WTI". 

 
2-5.05.  Special Outlets.  Not used.  
 
2-6.  JUNCTION BOXES, PULL BOXES, AND WIRING GUTTERS.  Indoor 
boxes (larger than switch, receptacle, or fixture type) and gutters shall be 
constructed of sheet steel, shall be galvanized after fabrication, and shall be 
rigidly supported by hot-dip galvanized hardware and framing materials, including 
nuts and bolts. 
 
Indoor boxes and gutters in corrosive areas indicated on the Drawings and 
outdoor boxes and gutters shall be NEMA Type 4X, ABS or stainless steel and 
shall be rigidly supported by PVC-coated or stainless steel framing materials.  
Mounting hardware, which includes nuts, bolts, and anchors, shall be stainless 
steel.  All damaged coatings shall be repaired according to the manufacturer's 
instructions. 
 
Bolt-on junction box covers 3 feet square or larger, or heavier than 25 lbs, shall 
have rigid handles.  Covers larger than 3 by 4 feet shall be split. 
 
Where indicated on the Drawings, junction and pull boxes with a removable side 
opposite the underground conduits shall be provided over building ends of 
underground conduit banks.  Boxes shall be sized in accordance with the 
National Electrical Code, including space for full size continuations of all 
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underground conduits not originally continued.  Conduit arrangement shall leave 
maximum space for future conduits. 
 
2-7.  LIGHTING FIXTURES.  Lighting fixtures shall be furnished as described in 
the fixture schedule and as indicated on the Drawings.  Lighting fixtures shall be 
furnished complete with lamps.  Pendant fixtures shall have swivel type box 
covers and threaded conduit pendants unless otherwise specified.  Lighting 
fixtures shall be provided with disconnects in accordance with NEC 
requirements. 
 
2-7.01.  Electronic Drivers.  Electronic drivers furnished with LED type lighting 
fixtures shall be certified as meeting requirements of ANSI C82.77 with a THD 
level of not more than 20 percent. 
 
2-8.  LIGHTING PANELS.  Not used. 
 
2-9.  POWER PANELS.  Not used 
 
2-10.  SURGE PROTECTIVE DEVICES.  Not used. 
 
2-11.  SEPARATELY ENCLOSED MOTOR STARTERS.  Not used. 
 
2-12.  SEPARATELY ENCLOSED MANUAL STARTERS.  Not used.  
 
2-13.  CONTROL STATIONS.  Not used.  
 
2-14.  SEPARATELY ENCLOSED CIRCUIT BREAKERS.  Not used.  
 
2-15.  DISCONNECT SWITCHES.  Unless otherwise specified, each disconnect 
switch shall be 3 pole, non-fusible, 600 volts, with a continuous current rating as 
indicated on the Drawings. 
 
Switches located indoors shall have NEMA type enclosure designations as 
required by the locations where they will be installed.  Switches located outdoors 
shall have NEMA Type 4X stainless steel enclosures.  Switches in chlorine 
rooms, or in other areas where contact with caustic substances may occur, shall 
have NEMA Type 4X stainless steel enclosures of molded reinforced polyester. 
 
Switches shall have high conductivity copper, visible blades; non-teasible, 
positive, quick-make, quick-break mechanisms; and switch assembly plus 
operating handle as an integral part of the enclosure base.  Each switch shall 
have a handle whose position is easily recognizable and which can be locked in 
the "Off" position with three padlocks.  The "On" and "Off" positions shall be 
clearly marked. 
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All switches shall be UL listed and horsepower [kilowatt] rated, and shall meet 
the latest edition of NEMA KS1.  Switches shall have defeatable door interlocks 
that prevent the door from being opened while the operating handle is in the "On" 
position. 
 
2-16.  LIGHTING AND AUXILIARY POWER TRANSFORMERS.  Not used. 
 
2-17.  POWER CENTERS.  Not used. 
 
2-18.  POWER FACTOR CORRECTION CAPACITORS.  Not used.   
 
2-19.  LIGHTING CONTACTORS.  Not used.  
 
2-20.  PHOTOELECTRIC CONTROLS. Not used. 
 
2-21.  RELAY ENCLOSURES.  Not used.  
 
2-22.  ALARM HORN AND BEACON.  Not used.  
 
2-23.  HEAT-TRACED PIPING.  Not used.  
 
2-24.  DOOR ENTRY SWITCHES. Not used.   
 
PART 3 - EXECUTION 
 
3-1.  INSTALLATION, TESTING, AND COMMISSIONING.  All material, 
equipment, and components specified herein shall be installed, tested, and 
commissioned for operation in compliance with NECA 1000 – NEIS Specification 
System.  Where required in NECA 1000, testing and commissioning procedures 
shall be followed prior to energizing equipment. 
 
3-2.  ARC FLASH HAZARD ANALYSIS.  [Not used.] 
3-3.  PROTECTIVE DEVICE STUDY.  Not used.  
3-4.  POWER AND SERVICE ENTRANCE INSTALLATION.  Not used. 
 
3-5.  TELECOMMUNICATIONS SERVICE ENTRANCE INSTALLATION.  Not 
used. 
 
3-6.  CABLE INSTALLATION. 
 
3-6.01.  General.  Except as otherwise specified or indicated on the Drawings, 
cable shall be installed according to the following procedures, taking care to 
protect the cable and to avoid kinking the conductors, cutting or puncturing the 
jacket, contamination by oil or grease, or any other damage.  Circuits to supply 
electric power and control to equipment and devices, communication and signal 
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circuits as indicated on the one-line diagrams shall be installed continuous and 
may not be spliced unless approved by the Engineer.   
 

a. Stranded conductor cable shall be terminated by lugs or pressure 
type connectors.  Wrapping stranded cables around screw type 
terminals is not acceptable. 

b. Stranded conductor cable shall be spliced by crimp type 
connectors.  Twist-on wire connectors may only be used for 
splicing solid cable and for terminations at lighting fixtures. 

c. Splices may be made only at readily accessible locations. 

d. Cable terminations and splices shall be made as recommended by 
the cable manufacturer for the particular cable and service 
conditions.   

e. Cable shall not be pulled tight against bushings nor pressed 
heavily against enclosures. 

f. Cable-pulling lubricant shall be compatible with all cable jackets; 
shall not contain wax, grease, or silicone; and shall be Polywater 
"Type J". 

g. Where necessary to prevent heavy loading on cable connections, 
in vertical risers, the cable shall be supported by Kellems, or 
equal, woven grips. 

h. Spare cable ends shall be taped, coiled, and identified. 

i. Cables shall not be bent to a radius less than the minimum 
recommended by the manufacturer.  For cables rated higher than 
600 volts, the minimum radius shall be 8 diameters for 
nonshielded cable and 12 diameters for shielded cable. 

j. All cables in one conduit, over 1 foot long, or with any bends, shall 
be pulled in or out simultaneously. 

k. Circuits to supply electric power and control to equipment and 
devices are indicated on the one-line diagrams.  Conductors in 
designated numbers and sizes shall be installed in conduit of 
designated size.  Circuits shall not be combined to reduce conduit 
requirements unless acceptable to Engineer. 

l. Instrument cable shields and drain wires shall be continuous over 
the entire length of the circuit and grounded at one end only.  In 
general, the field end of the shield shall be ungrounded.  At the 
ungrounded termination of the circuit, the shield and drain wire 
shall be insulated by taping to prevent grounding. 
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3-6.02.  Underground Cable Pulling Procedure.  Care shall be taken to prevent 
excessive physical stresses that would cause mechanical damage to cables 
during pulling. Before pulling cables into the underground duct system the 
Contractor shall submit a pulling procedure for all circuits. 
 
The procedure shall include the following information: 
 

a. Point of cable entrance into the duct system.   

b. Point of cable exit from the duct system.   

c. Type of cable grip to be used. 

d. Type of pulling device to be used.   

e. Method of continuously monitoring cable tension during pulling. 

f. Identification of manholes through which cable will be pulled or 
where splices will be made.   

g. Size and type of cable sheave assemblies to be used. 
 
3-6.03.  Medium-Voltage Cable Insulation Test.  Not used.  
 
3-7.  CONDUIT/RACEWAY INSTALLATION.  Contractor shall be responsible for 
routing all raceway.  This shall include all conduits indicated on the one-lines, 
riser diagrams, and home-runs shown on the plan Drawings.  Conduits shall be 
routed as defined in these Specifications.  Where conduit routing is shown on 
plans, it shall be considered a general guideline and shall be field verified to 
avoid interferences. 
 
Except as otherwise specified or indicated on the Drawings, conduit installation 
and identification shall be completed according to the following procedures. 
 
3-7.01.  Installation of Interior and Exposed Exterior Conduit.  This section covers 
the installation of conduit inside structures, above and below grade, and in 
exposed outdoor locations.  In general, conduit inside structures shall be 
concealed.  Large conduit and conduit stubs may be exposed unless otherwise 
specified or indicated on the Drawings.  No conduit shall be exposed in water 
chambers unless so indicated on the Drawings. 
 
Unless otherwise indicated on the Drawings, Contractor shall be responsible for 
routing the conduit to meet the following installation requirements: 
 

a. Conduit installed in all exposed indoor locations and in floor 
slabs, walls, and ceilings of hazardous (classified) locations, shall 
be rigid steel.  Exposed conduit shall be rigidly supported by hot-
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dip galvanized hardware and framing materials, including nuts 
and bolts. 

b. Conduit installed in floor slabs and walls in non-hazardous 
locations shall be rigid Schedule 40 PVC. 

c. Conduit installed in all exposed outdoor locations shall be 
PVC-coated rigid steel, rigidly supported by PVC-coated framing 
materials.  Mounting hardware, which includes nuts, bolts, and 
anchors, shall be stainless steel.  All damaged coatings shall be 
repaired according to the manufacturer's instructions. 

d. Final connections to dry type transformers, to motors without 
flexible cords, and to other equipment with rotating or moving 
parts shall be liquidtight flexible metal conduit with watertight 
connectors installed without sharp bends and in the minimum 
lengths required for the application, but not longer than 6 feet 
unless otherwise acceptable to Engineer.  

e. Terminations and connections of rigid steel and intermediate 
metal conduit shall be taper threaded.  Conduits shall be reamed 
free of burrs and shall be terminated with conduit bushings. 

f. Exposed conduit shall be installed either parallel or perpendicular 
to structural members and surfaces. 

g. Two or more conduits in the same general routing shall be 
parallel, with symmetrical bends. 

h. Conduits shall be at least 6 inches from high temperature piping, 
ducts, and flues. 

i. Rigid Schedule 40 PVC conduit shall have supports and 
provisions for expansion as required by NEC Article 352. 

j. Metallic conduit connections to sheet metal enclosures shall be 
securely fastened by locknuts inside and outside. 

k. Rigid Schedule 40 PVC conduit shall be secured to sheet metal 
device boxes using a male terminal adapter with a locknut inside 
or by using a box adapter inserted through the knockout and 
cemented into a coupling. 

l. Conduits in walls or slabs, which have reinforcement in both 
faces, shall be installed between the reinforcing steel.  In slabs 
with only a single layer of reinforcing steel, conduits shall be 
placed under the reinforcement.  Conduits larger than 1/3 of the 
slab thickness shall be concrete encased under the slab. 

m. Conduits that cross structural joints where structural movement is 
allowed shall be fitted with concretetight and watertight 
expansion/deflection couplings, suitable for use with metallic 
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conduits and rigid Schedule 40 PVC conduits.  The couplings 
shall be Appleton Type DF, Crouse-Hinds Type XD, or O-Z Type 
DX.  

n. Conduit shall be clear of structural openings and indicated future 
openings. 

o. Conduits through roofs or metal walls shall be flashed and sealed 
watertight. 

p. Conduit installed through any openings cut into non-fire rated 
concrete or masonry structure elements shall be neatly 
grouted.  Conduit penetrations of fire rated structure elements 
shall be sealed in a manner that maintains the fire rating. 

q. Conduits shall be capped during construction to prevent entrance 
of dirt, trash, and water. 

r. Exposed conduit stubs for future use shall be terminated with 
galvanized pipe caps. 

s. Concealed conduit for future use shall be terminated in 
equipment or fitted with couplings plugged flush with structural 
surfaces. 

t. Horizontal conduit shall be installed to allow at least 7 feet of 
headroom, except along structures, piping, and equipment or in 
other areas where headroom cannot be maintained. 

u. Conduit shall not be routed across the surface of a floor, roof, or 
walkway unless approved by Engineer. 

v. PVC-coated rigid steel conduit shall be threaded and installed as 
recommended by the conduit manufacturer's installation 
procedure using appropriate tools. 

w. All conduits that enter enclosures shall be terminated with 
acceptable fittings that will not affect the NEMA rating of the 
enclosure. 

x. Conduit which turns out of concrete slabs or walls, shall be 
connected to a 90 degree elbow of PVC-coated rigid steel 
conduit before it emerges.  Conduits shall have PVC-coated rigid 
steel coupling embedded a minimum of 3 inches when emerging 
from slabs or walls and the coupling shall extend 2 inches from 
the wall. 

 
3-7.02.  Underground Conduit Installation.  All excavation and concrete work 
shall conform to the respective sections of these Specifications.  Underground 
conduit shall conform to the following requirements: 
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a. Underground conduits indicated not to be concrete encased shall 
be rigid Schedule 40 PVC.  

b. Underground conduit bend radius shall be at least 2 feet at 
vertical risers and at least 3 feet elsewhere. 

c. Underground conduits shall have at least 2 feet of earth cover, 
except where indicated otherwise. 

d. Underground nonmetallic conduits, which turn out of concrete or 
earth in outdoor locations, shall be connected to 90 degree 
elbows of PVC-coated rigid steel conduit before they emerge. 

e. Conduits not encased in concrete and passing through walls, 
which have one side in contact with earth, shall be sealed 
watertight with special rubber-gasketed sleeve and joint 
assemblies or with sleeves and modular rubber sealing elements. 

f. Underground conduits shall be sloped to drain from buildings to 
manholes.   

g. Intercommunication and instrument cables shall be separated the 
maximum possible distance from all power wiring in pull-boxes, 
manholes, and handholes. 

 
3-7.03.  Sealing of Conduits.  After cable has been installed and connected, 
conduit ends shall be sealed by forcing nonhardening sealing compound into the 
conduits to a depth at least equal to the conduit diameter.  This method shall be 
used for sealing all conduits at handholes, manholes, and building entrance 
junction boxes, and for 1 inch and larger conduit connections to equipment. 
 
Conduits entering chlorine feed and storage rooms shall be sealed in a junction 
box or conduit body adjacent to the point of entrance. 
3-7.04.  Reuse of Existing Conduits.  Existing conduits may be reused subject to 
the concurrence of Engineer and compliance with the following requirements: 
 

a. A wire brush shall be pulled through the conduit to remove any 
loose debris. 

b. A mandrel shall be pulled through the conduit to remove sharp 
edges and burrs. 

 
3-7.05.  Cable Tray Installation.  Not Used.  
 
3-8.  WIRING DEVICES, BOXES, AND FITTINGS INSTALLATION.  Metallic and 
nonmetallic conduit boxes and fittings shall be installed in the following locations: 
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3-8.01.  Conduit Boxes and Fittings. 
 

a. Galvanized, threaded, malleable iron boxes and fittings shall be 
installed in concrete walls, ceilings, and floors; in the outdoor 
faces of masonry walls; and in all locations where weatherproof 
device covers are required.  These boxes and fittings shall also 
be installed in exposed rigid steel and intermediate metal conduit 
systems. 

b. Galvanized sheet steel boxes shall be installed in the indoor 
faces of masonry walls, in interior partition walls, and in joist 
supported ceilings. 

c. Rigid PVC device boxes shall be installed in exposed nonmetallic 
conduit systems. 

d. PVC coated boxes and fittings shall be installed in PVC coated 
conduit systems. 

 
3-8.02.  Device Plates.  Oversized plates shall be installed where standard-sized 
plates do not fully cover the wall opening. 
 
3-8.03.  Wall Switches. 
 

a. Wall switches shall be mounted 3'-6" above floor or grade, unless 
noted otherwise. 

b. After circuits are energized, all wall switches shall be tested for 
proper operation. 

 
3-8.04.  Receptacles. 
 

a. Convenience outlets shall be 18 inches above the floor unless 
otherwise required. 

b. Convenience outlets outdoors and in garages; in basements, 
shops, storerooms, and rooms where equipment may be hosed 
down; shall be 4 feet above floor or grade. 

c. After circuits are energized, each receptacle shall be tested for 
correct polarity and each GFCI receptacle shall be tested for 
proper operation. 

d. Conduit and wire for convenience outlet installation is not shown 
on the Drawings and shall be sized, furnished, and installed by 
Contractor.  Conductors shall be minimum 12 AWG and conduit 
shall be minimum 3/4 inch for convenience outlet installation. 
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3-8.05.  Special Outlets. 
 

a. Wall thermostats shall be 4'-6" above the floor unless otherwise 
required.  Thermostats on exterior walls shall be suitably 
insulated from wall temperature. 

b. Data outlets shall be 18 inches above the floor unless otherwise 
required.   

 
3-9.  EQUIPMENT INSTALLATION.  Except as otherwise specified or indicated 
on the Drawings, the following procedures shall be used in performing electrical 
work. 
 
3-9.01.  Setting of Equipment.  All equipment, boxes, and gutters shall be 
installed level and plumb.  Boxes, equipment enclosures, metal raceways, and 
similar items mounted on water- or earth-bearing walls shall be separated from 
the wall by at least 1/4 inch thick corrosion-resistant spacers.  Where boxes, 
enclosures, and raceways are installed at locations where walls are not suitable 
or available for mounting, concrete equipment pads, framing material, and 
associated hardware shall be provided. 
 
3-9.02.  Sealing of Equipment.  All outdoor substation, switchgear, motor control 
center, and similar equipment shall be permanently sealed at the base, and all 
openings into equipment shall be screened or sealed with concrete grout to keep 
out rodents and insects the size of wasps and mud daubers.  Small cracks and 
openings shall be sealed from inside with silicone sealant, Dow-Corning "795" or 
General Electric "SCS1200". 
 
3-10.  GROUNDING.   
 
3-10.01.  General.  The electrical system and equipment shall be grounded in 
compliance with the National Electrical Code and the following requirements: 
 

a. All ground conductors shall be at least 12 AWG soft drawn 
copper cable or base, bare or green-insulated in accordance with 
the National Electric Code.  

b. Ground cable splices and joints, ground rod connections, and 
equipment bonding connections shall meet the requirements of 
IEEE 837, and shall be exothermic weld connections or 
irreversible high-connections, Cadweld “Exothermic” or Burndy 
“Hyground”. Mechanical connectors will not be made with high-
compression two-hole lugs. 
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c. Ground cable through exterior building walls shall enter within 3 
feet below finished grade and shall be provided with a water stop. 
Unless otherwise indicated, installation of the water stop shall 
include filling the space between the strands with solder and 
soldering a 12-inch copper disc over the cable. 

d.  Ground cable near the base of a structure shall be installed in 
earth and as far from the structure as the excavation permits, but 
not closer than 24 inches. The tops of the ground rods and 
ground cable interconnecting ground rods shall be buried a 
minimum of 30 inches below grade, or below the frost line, 
whichever is deeper.  

e. All powered equipment, including lighting fixtures and 
receptacles, shall be grounded by a copper ground connector in 
addition to the conduit connection. 

f.  Ground connections to equipment and ground buses shall be 
made with copper for high conductivity copper alloy ground lugs 
or clamps. Connections to enclosures not provided with ground 
buses or ground terminals shall be made with irreversible high-
compression type lugs inserted under permanent assembly bolts 
or under new bolts drilled and inserted through enclosures, other 
than explosion proof enclosures, or by grounding locknuts or 
bushings. Ground cable connections to anchor bolts; against 
gaskets, paint, or varnish; or on bolts holding removable access 
covers will not be acceptable.  

g. The grounding system shall be bonded to the station piping by 
connecting to the first flange inside the building, on either a 
suction or discharge pipe, with a copper bar or strap. The flange 
shall be drilled and tapped to provide a bolted connection.  

h.  Ground conductors shall be routed as directly as possible, 
avoiding unnecessary bends. Ground conductor installations for 
equipment ground connections to the grounding system shall 
have turns with a minimum bend radii of 12 inches.  

 
 
3-10.02.  Grounding System Resistance.  The ground system resistance shall 
comply with National Electrical Code. The grounding system design depicted on 
the Contract Drawings is the minimum design required for each building or 
structure.  Each system shall comply with the maximum resistance of 5 ohms to 
ground.  Contractor shall confirm the system grounding resistance with the 
results of the testing specified herein.  Systems exceeding the maximum 
resistance specified shall be supplemented with additional grounding provisions 
and retested until the maximum specified resistance is achieved. 
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3-10.03.  Grounding System Testing.  The grounding system of each existing 
building or structure indicated below, shall be tested to determine the resistance 
to earth.  Testing shall be performed by an independent electrical or grounding 
system testing organization.  Testing shall be completed after not less than three 
full days without precipitation and without any other moistening or chemical 
treatment of the soil. 
 
3-10.03.01.  New Grounding Systems.  Not used. 
 
3.10.03.02.  Existing Grounding Systems.  Grounding systems of each existing 
building or structure indicated shall be tested for resistance to earth.   
 

Existing building(s) or 
structure(s) to be tested 

 
Where existing grounding systems can be isolated from the building power 
service or utility power service a three-point fall of potential test shall be 
completed as indicated above.  Where isolation of the building grounding system 
is not practical, a clamp-on resistance test will be an acceptable alternative.  
Clamp-on resistance testing shall be completed utilizing a ground resistance 
tester specifically designed for clamp on resistance testing, such as the AEMC 
"Model 3711".  Clamp-on resistance measurements shall be taken at the service 
side of the service entrance neutral, upstream of the neutral to ground bonding 
connection to ensure a single path between the grounding system and the utility 
reference. 
 
3.10.03.03.  Grounding System Test Report.  A report certified by the testing 
organization shall be prepared and submitted in accordance with the Submittal 
Procedures section.  The final report shall include complete testing results for 
each building or structure, graphical representation of the test point results for the 
three-point fall of potential method, and complete observations of all site weather 
conditions and other environmental conditions that may affect the test results.  
Final acceptance of the results reported shall be subject to the review and 
approval of Engineer. 
 
3-11.  LIGHTING FIXTURE INSTALLATION.  The Drawings indicate the general 
locations and arrangements of the lighting fixtures.  Fixtures in rows shall be 
aligned both vertically and horizontally unless otherwise specified.  Fixtures shall 
be clear of pipes, mechanical equipment, structural openings, indicated future 
equipment and structural openings, and other obstructions.   
 
Conduit and wire for lighting fixture installation is not shown on the Drawings and 
shall be sized, furnished and installed by Contractor.  Circuits to emergency 
lighting units, exit signs, and fixtures indicated to be night lights shall not be 
switched.  Circuits to lighting fixtures indicated to have emergency battery packs 
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shall include an additional un-switched hot conductor.  Conductors shall be 
minimum 12 AWG and conduit shall be minimum 3/4 inch for lighting fixture 
installation. 
 
3-12.  POWER FACTOR CORRECTION CAPACITOR INSTALLATION.  Not 
used. 
 
3-13.  HEAT-TRACED PIPING INSTALLATION.  Not used.   
3-14.  MODIFICATIONS TO EXISTING EQUIPMENT.  Modifications to existing 
equipment shall be completed as specified herein and indicated on the Drawings.  
All existing facilities shall be kept in service during construction.  Temporary 
power or relocation of existing power and control wiring, equipment, and devices 
shall be provided as required during construction.  Coordination and timing of 
outages shall be as specified in other sections of these Specifications.  Electrical 
power interruptions will only be allowed where agreed upon in advance with 
Owner, and scheduling at times of low demand may be required. 
 
3-14.01.  Demolition.  Unless otherwise specified or indicated on the Drawings, 
all cable and all exposed conduit for power and control signals of equipment 
indicated to be removed shall be demolished.  Conduit supports and electrical 
equipment mounting hardware shall be removed, and holes or damage 
remaining shall be grouted or sealed flush.  Conduit partially concealed shall be 
removed where exposed and plugged with expanding grout flush with the floor or 
wall.  Repairs shall be refinished to match the existing surrounding surfaces.  
Demolished equipment shall be discarded or salvaged as indicated on the 
Drawings and as specified in other sections of these Specifications. 
 
 

End of Section
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STANDARD SPECIFICATIONS 

 
REFERENCE: UL 83, ICEA S-95-658 (NEMA WC70). 
 
CONDUCTOR: Solid, uncoated copper.  Maximum operating temperature 90°C dry, 75°C wet. 
 
INSULATION: Polyvinyl chloride, UL 83, Type THHN and THWN, ICEA S-95-658. 
 
SHIELD:  None. 
 
JACKET:  Conductor:  Nylon, 4 mils (100 µm) minimum thickness, UL 83. 
 
FACTORY TESTS: Cable shall meet the requirements of UL 83 for Type THHN and THWN. 

 
 
 
 
 
 
 
 

Cable Details 

Size 
Number of 

Strands 
Conductor Insulation 

Thickness* 
Maximum Outside Diameter 

AWG or kcmil mm2  in. µm in. mm 

12 4.0 1 0.015 380 0.17 4.32 

10 6.0 1 0.020 510 0.20 5.08 

       

       

       

       

 
 
*The average thickness shall be not less than that indicated above.  The minimum thickness shall not be less than 
90 percent of the values indicated above.  
 
A durable marking shall be provided on the surface of the cable at intervals not exceeding 24 inches (600 mm).  Marking 
shall include manufacturer's name, THWN or THHN, conductor size, and 600 volt.  
 
 
 

 

 
600 Volt, Single Conductor Lighting Cable (600-1-PVC-THHN-THWN) 

 

 BLACK & VEATCH  Cable Data  Figure 1-16050 
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 STANDARD SPECIFICATIONS 

 
REFERENCE: ICEA S-95-658 (NEMA WC 70). 
 
CONDUCTOR: Concentric-lay, uncoated copper; strand Class B.  Wet/dry maximum operating temperature 90°C. 
 
INSULATION: Cross-linked thermosetting polyethylene, ICEA S-95-658, Paragraph 3.6. 
 
SHIELD:  None. 
 
JACKET:  None. 
 
FACTORY TESTS: Cable shall meet the requirements of ICEA S-95-658. 
 

 
Cable Details 

Size Number 
of Strands 

Conductor Insulation 
Thickness* 

Maximum Outside Diameter 

 
AWG or kcmil 

 
mm2 

  
   in.   

 
µm 

 
in.    

 
mm 

14 2.5 7 0.030 760 0.17 4.32 

12 4.0 7 0.030 760 0.19 4.83 

10 6.0 7 0.030 760 0.21 5.33 

8 10.0 7 0.045 1140 0.27 6.86 

6 16.0 7 0.045 1140 0.31 7.87 

4 25.0 7 0.045 1140 0.36 9.14 

2 35.0 7 0.045 1140 0.42 10.67 

1 40.0 19 0.055 1400 0.48 12.19 

1/0 50.0 19 0.055 1400 0.52 13.21 

2/0 70.0 19 0.055 1400 0.57 14.48 

4/0 95.0 19 0.055 1400 0.68 17.27 

250 120.0 37 0.065 1650 0.75 19.05 

350 185.0 37 0.065 1650 0.85 21.59 

500 300.0 37 0.065 1650 0.98 24.89 

750 400.0 61 0.080 2030 1.22 31.00 

1,000 500.0 61 0.080 2030 1.37 34.80 

 
*The average thickness shall be not less than that indicated above.  The minimum thickness shall 
be not less than 90 percent of the values indicated above.  
 
A durable marking shall be provided on the surface of the cable at intervals not exceeding 
24 inches (600 mm).  Marking shall include manufacturer's name, XLP, XHHW-2, conductor size, 
and voltage class.  
 

 
600 Volt, Single Conductor Lighting/Power Cable (600-1-XLP-NONE-XHHW-2) 

 

 BLACK & VEATCH  Cable Data  Figure 2-16050 
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STANDARD SPECIFICATIONS 

 
REFERENCE: UL 66, UL 1277. 
 
CONDUCTOR: 16 AWG (1.5 mm2), 7-strand, concentric-lay, uncoated copper.  Maximum operating temperature 90°C 

dry, 75°C wet. 
 
INSULATION: Polyvinyl chloride, not less than 15 mils (380 µm) average thickness; 13 mils (330 µm) minimum 

thickness, UL 66, Type TFN. 
 
LAY:  Twisted pair with 1-1/2 inch to 3 inch (38.10 mm - 63.5 mm) lay. 
 
SHIELD:  Cable assembly, combination aluminum-polyester tape and 7-strand, 20 AWG (0.5 mm2) minimum size, 

tinned copper drain wire, shield applied to achieve 100 percent cover over insulated conductors.  
 
JACKET:  Conductor:  Nylon, 4 mils (100 µm) minimum thickness, UL 66.   
 
  Cable assembly:  Black, flame-retardant polyvinyl chloride, UL 1277, applied over tape-wrapped cable 

core.  
 
CONDUCTOR  One conductor black, one conductor white. 
IDENTIFICATION: 
 
FACTORY TESTS: Insulated conductors shall meet the requirements of UL 66 for Type TFN.  Assembly jacket shall meet 

the requirements of UL 1277.  Cable shall meet the vertical-tray flame test requirements of UL 1277. 

Cable Details 

 Assembly Jacket 
Thickness* 

Maximum 
Outside Diameter 

 in. µm in. mm 

Single Pair 0.045 1140 0.34 8.64 

     

 

 

 

*The average thickness shall be not less than that indicated above.  The minimum thickness shall be not less than 
80 percent of the value indicated above.  
 
A durable marking shall be provided on the surface of the cable at intervals not exceeding 24 inches (600 mm).  Marking 
shall include manufacturer's name, Type TC, Type TFN, conductor size, single pair, and voltage class.  

600 Volt, Single Pair, Shielded Instrument Cable (600-SINGLE-PAIR-SH-INSTR) 

BLACK & VEATCH Cable Data Figure 4-16050 

 

1334



 

16050 – Electrical 

Kansas City WSD  Issued for Construction 

WW SCADA System Improvements Phase 2  December 2023 

Page 25 of 25 

 
 STANDARD  SPECIFICATIONS 

 
REFERENCE: UL 83, UL 1277, ICEA S-73-532, ICEA S-58-679. 
 
CONDUCTOR: 14 AWG (2.5 mm2), 7 or 19 strands, concentric-lay, uncoated copper.  Maximum operating temperature 

90°C dry, 75°C wet. 
 
INSULATION: Polyvinyl chloride, not less than 15 mils (380 µm) average thickness; 13 mils (330 µm) minimum 

thickness, UL 83, Type THHN and THWN. 
 
SHIELD:  None. 
 
JACKET:  Conductor:  Nylon, 4 mils (100 µm) minimum thickness, UL 83.   
 
  Cable assembly:  Black, flame-retardant polyvinyl chloride, UL 1277, applied over tape-wrapped cable 

core.  
 
CONDUCTOR  ICEA S-58-679, Method 1, Table 2 or ICEA S-58-679, Method 3, Table 2.  White 
IDENTIFICATION: or green conductors shall not be provided. 
 
FACTORY TESTS: Insulated conductors shall meet the requirements of UL 83 for Type THHN-THWN.  Assembly jacket shall 

meet the requirements of UL 1277.  Cable shall meet the flame test requirements of UL 1277 for Type TC 
power and control tray cable. 

Cable Details 

Number of 
Conductors 

Assembly Jacket 
Thickness* 

Maximum 
Outside Diameter 

 in. µm in. mm 

2 0.045 1140 0.38  9.65 

3 0.045 1140 0.39  9.91 

4 0.045  1140 0.44 11.18 

5 0.045  1140 0.46 11.68 

7 0.045  1140 0.49 12.45 

9 0.045  1140 0.61 15.49 

12 0.060  1520 0.66 16.76 

19 0.060  1520 0.77 19.56 

24 0.060  1520 0.93 23.62 

30 0.080 2030 0.98 24.89 

37 0.080 2030 1.05 26.67 

 

*The average thickness shall be not less than that indicated above.  The minimum thickness shall be not less than 
80 percent of the values indicated above.  
 
A durable marking shall be provided on the surface of the cable at intervals not exceeding 24 inches (600 mm).  Marking 
shall include manufacturer's name, Type TC, Type THWN or THHN, conductor size, number of conductors, and voltage 
class.  

600 Volt, Multiconductor 14 AWG (2.5 mm2) Control Cable (600-MULTI-THHN-THWN) 

BLACK & VEATCH  Cable Data  Figure 7-16050 
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Section 16100 
 

ELECTRICAL EQUIPMENT INSTALLATION 

 
PART 1 - GENERAL 
 
1-1.  SCOPE.  This section covers the installation of electrical equipment.  
 
1-2.  GENERAL.  Equipment specified to be installed under this section shall be 
erected, and placed in proper operating condition in full conformity with 
Drawings, Specifications, engineering data, instructions, and recommendations 
of the equipment manufacturer, unless exceptions are noted by Engineer.   
 
The electrical equipment identified as being provided by others will be furnished 
complete for installation by Contractor.  Technical specifications under which the 
equipment will be purchased are available. 
 
1-2.01.  Coordination.  When manufacturer's field services are provided by the 
equipment manufacturer, Contractor shall coordinate the services with the 
equipment manufacturer.  Contractor shall give Engineer written notice at least 
14 days prior to the need for manufacturer's field services furnished by others. 
 
Submittals for equipment furnished under the original procurement contract will 
be furnished to Contractor upon completion of review by Engineer.  Contractor 
shall review equipment submittals and coordinate with the requirements of the 
Work and the Contract Documents.  Contractor accepts sole responsibility for 
determining and verifying all quantities, dimensions, and field construction 
criteria. 
 
1-3.  DELIVERY, STORAGE, AND HANDLING. 
 
1-3.01.  Delivery.  When sills are required for electrical equipment, they shall be 
shipped ahead of the scheduled equipment delivery to permit installation before 
concrete is placed. 
 
1-3.02.  Storage.  Upon delivery, all equipment and materials shall immediately 
be stored and protected by Contractor in accordance with Product Storage and 
Handling Requirements section, and in accordance with manufacturer's written 
instructions, until installed in the Work.  Equipment shall be protected by 
Contractor against damage and exposure from the elements.  At no time shall 
the equipment be stored on earth or grass surfaces or come into contact with 
earth or grass.  Contractor shall keep the equipment clean and dry at all times.  
Openings shall be plugged or capped (or otherwise sealed by packaging) during 
temporary storage. 
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1-3.03.  Handling.  Electrical equipment shall be moved by lifting, jacking, or 
skidding on rollers as described in the manufacturer's instructions.  Special lifting 
harness or apparatus shall be used when required.  Lifting and jacking points 
shall be used when identified on the equipment.  Contractor shall have required 
unloading equipment on site to perform unloading work on the date of equipment 
delivery. 
 
PART 2 - PRODUCTS  
 
Not used. 
 
PART 3 - EXECUTION 
 
3-1.  INSTALLATION, TESTING, AND COMMISSIONING.  All installation work 
shall be in accordance with manufacturer's written instructions. 

 
All material, equipment, and components specified to be installed according to 
this section shall be installed, tested, and commissioned for operation in 
compliance with NECA 1000 – NEIS Specification System.  Where required in 
NECA 1000, testing and commissioning procedures shall be followed prior to 
energizing equipment. 
 
Electrical equipment cubicles and vertical sections shall be installed plumb and 
level.  Drawout equipment carriages, circuit breakers, and other removable 
components shall operate free and easy without binding or distortion.    
 
Unless otherwise indicated or specified, all indoor floor-mounted electrical 
equipment and control cabinets shall be installed on concrete equipment pads 
four inches in height.  
 
Indoor metalclad switchgear shall be bolted to steel floor channels which are 
installed level and flush with the top of the concrete floor or equipment pad. 
 
Outdoor metalclad switchgear and interrupter gear with integral floor channels or 
beams shall be secured to concrete pads with anchor bolts and clips. 
 
Motor control centers with integral floor sills shall be secured to concrete floors or 
equipment pads with anchor bolts. 
 
Adequate bracing shall be provided for seismic forces.  The bracing shall be 
designed to meet the requirements of the Meteorological and Seismic Design 
Criteria section. 
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3-1.01.  Cleaning.  All deposits of oil, grease, mud, dirt or debris shall be cleaned 
from the electrical equipment following installation and field wiring.  A detergent 
water based solution, or other liquid cleaners not harmful to material or 
equipment finishes, shall be used as recommended by the manufacturer.  
 
 

End of Section 
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5

ORDINANCE NO. 240312
Wastewater SCADA System Improvements Phase 2 Construction and Design Professional Services, 
Amendment No. 3

Authorizing a $10,270,001.72 construction contract with Mark One Electric Company, Inc., for the 
Wastewater SCADA System Improvements Phase 2 project; authorizing a maximum expenditure of 
$11,300,000.00; authorizing a $2,043,121.00 design professional services Amendment No. 3 to 
Contract No. 1443, for the Wastewater SCADA project with Black & Veatch Corporation, for a total 
contract amount of $6,731,108.00; authorizing an extension of the term of Contract No. 1443 for 
an additional 365 days for a total term of 3,823 days (approximately 10.47 years); and recognizing 
this ordinance as having an accelerated effective date. 

March 27, 2024

Transportation, Infrastructure & Operations 
Committee

KC Water
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Inter-Departmental Communication 
 
Date:  March 5, 2024 
 
To: Councilman Kevin O’Neill; Chair; Transportation. Infrastructure & Operations 
Committee 
 
From Jaime Guillen; Director; Civil Rights & Equal Opportunity Department 
 
Subject: CUP Summary #: 240312 
 
CONTRACTOR:     Mark One Electric Co., Inc.  
Address:             1414 Genessee St. 
                                  Kansas City, MO 64102 
Contract #                                    1712 / 81000819 – WasteWater SCADA  
     Improvements, Phase 2 
Contract Amount:   $10,270,001.72 
MBE Goal                                      15%     
WBE Goal:              14% 
Total MBE Achieved:   15% 
Total WBE Achieved:  14% 
 
 
MBE SUBCONTRACTORS:  
Name:              Whatever It Takes Electrical Contractors, LLC 
Address:             9709 E. 56th St. 
     Raytown, MO 64133 
Scope of Work:                             Install HDPE for Fiber Optic / Raceways 
Subcontract Amount:           $1,540,500.26 
Ownership:             Rolls, John 
Structure:                                 African-American Male  Code: 15  
 
WBE SUBCONTRACTORS:  
Name:              Hartline Construction, LLC 
Address:    751 E. 63rd St., Suite 107 

          Kansas City, MO 64110 
Scope of Work:                             Construction Management- SCADA Control  
     Rooms Renovations / Selective Interior  
     Demolition / Carpentry 
Subcontract Amount:           $195,130.03 
Ownership:             Hart, Jennifer 
Structure:                                 Caucasian Female   Code: 27 
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Page 2: 1712 / 81000818 – WasteWater SCADA Improvements – Phase 2 
 
 
WBE SUBCONTRACTORS:  
Name:              Electronic Technology, Inc. 
Address:    5700 Merriam Dr. 

          Merriam, KS 66203 
Scope of Work:                             Fiber Optic Splicing / Installation 
Subcontract Amount:           $1,242,670.20 
Ownership:             Reinoehl, Lisa 
Structure:                                 Caucasian Female   Code: 27 
 
 
Comments:  
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Inter-Departmental Communication 
 
Date:  March 5, 2024 
 
To: Councilman Kevin O’Neill; Chair; Transportation. Infrastructure & Operations 
Committee 
 
From Jaime Guillen; Director; Civil Rights & Equal Opportunity Department 
 
Subject: Revised CUP Summary for Amendment 3 #: 240312 
 
CONTRACTOR:     Black & Veatch  
Address:             8400 Ward Parkway 
                                  Kansas City, MO 64114 
Contract #                                    1443 / 81000819 – WasteWater SCADA  
     Improvements, Amendment 3 
Contract Amount:          $6,731,108.00 ($2,043,121.00 on Amendment 3) 
MBE Goal                                      14%     
WBE Goal:               8% 
Total MBE Achieved:   15% 
Total WBE Achieved:    8% 
 
 
MBE SUBCONTRACTORS:  
Name:              Custom Engineering, Inc. 
Address:             12760 E. US Highway 40 
     Independence, MO 64055 
Scope of Work:                             MEP Engineering 
Subcontract Percentage:          7% 
Ownership:             Davis, Joseph 
Structure:                                 African-American Male  Code: 15  
 
WBE SUBCONTRACTORS:  
Name:              Taliaferro & Browne, Inc. 
Address:    1020 E. 8th St. 

          Kansas City, MO 64106 
Scope of Work:                             Surveying 
Subcontract Percentage:           8% 
Ownership:             Andebrhan, Hagos 
Structure:                                 African-American Male  Code: 15 
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WBE SUBCONTRACTORS:  
Name:              Environmental Advisors & Engineers, Inc. 
Address:    19211 W. 64th Terrace 

          Shawnee, KS 66218 
Scope of Work:                             Site Assessments / Architectural Design 
Subcontract Percentage:           7% 
Ownership:             Biesma, Jill 
Structure:                                 Caucasian Female   Code: 27 
 
WBE SUBCONTRACTORS:  
Name:              TREKK Design Group, LLC 
Address:    1411 E. 104th St. 

          Kansas City, MO 64131 
Scope of Work:                             Site Inspections 
Subcontract Percentage:           1% 
Ownership:             Robinett, Kimberly 
Structure:                                 Caucasian Female   Code: 27 
 
 
Comments:  
 
Original Contract Amount:   $1,370,672.00 
Amendment 1:    $   999,189.00 
Amendment 2:    $2,318,126.00 
Current Contract Amount:   $4,687,987.00 
Proposed Amendment 3:   $2,043,121.00 
Proposed Contract Amount:  $6,731,108.00 
 
According to B2G, the prime contactor is currently achieving the following 
participation on the contract: 
 
Dollars paid to prime contractor by City to date: $3,086,862.51 
Dollars paid to MBEs by prime contractor to date: $650,341.12 for 21% MBE. 
Dollars paid to WBEs by prime contractor to date: $369,735.27 for 12% WBE. 
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File #: 240324 
 
 

ORDINANCE NO. 240324 

 

Sponsor:  Councilmember Melissa Robinson 

 

Amending Chapter 3 of the Code of Ordinances of the Kansas City, Missouri, Contracts and 

Leases, by repealing Section 3-31, Contract Award, and enacting in lieu thereof a new section of 

like number and subject matter. 

 

BE IT ORDAINED BY THE COUNCIL OF KANSAS CITY: 

  

Section 1. That Chapter 3, Code of Ordinances, entitled “Contracts and Leases,” relating 

to Contract Award, is hereby amended by repealing Section 3-31, and enacting in lieu thereof a 

new section of like number and subject matter, to read as follows: 

 

Sec. 3-31. Contract award. 

 

(a) General standard. Except as otherwise provided in this division 2, all contracts in 

which bids or proposals were required shall be awarded to the lowest and best bidder or best 

proposer as determined by the city in the city's sole discretion, after due opportunity for 

competition.  

 

(b) Design professional contracts. A qualification based selection shall be made based 

upon the statement of qualifications that was required to be submitted and any supplement 

thereto as requested by the city. The process for making the qualification based selection shall be 

determined by the estimated dollar value of the design professional contract as follows, provided 

however that the failure to utilize the applicable process shall not invalidate any public 

improvement procurement or any contract:  

 

(1) Contracts exceeding $600,000.00. The city shall convene an architect and 

engineering selection committee, which committee shall rank the firms from most 

to least qualified. The committee shall be comprised of at least one member 

designated by the city manager and two members designated by the director of the 

contracting department. The mayor may elect to be a member of the committee or 

may designate a council member to serve on the committee and if the mayor so 

elects, the director of the contracting department shall designate one less member 

to the committee.  

 

(2) Contracts less than $600,000.00. The director of the contracting department shall 

rank the firms from most to least qualified.  If the cost proposal from the highest 
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ranked firm is an amount that exceeds $700,000.00, the director shall not 

recommend award and the director shall convene an architect and engineering 

selection committee in accordance with Section 3-31(b)(1). 

 

The city shall thereafter negotiate a contract for the project with the firm selected as most 

qualified. If the city is unable to negotiate a satisfactory contract with the firm selected, 

negotiations with that firm shall be terminated. The city shall then undertake negotiations with 

another of the qualified firms selected. If there is no agreement with the second firm, 

negotiations with such firm shall be terminated. The city shall then undertake negotiations with 

the third qualified firm. If the city is unable to negotiate a contract with any of the selected firms, 

the city shall reevaluate the necessary architectural, engineering or land surveying services, 

including the scope and reasonable fee requirements, and again conduct a qualification based 

selection process. Notwithstanding the foregoing, nothing herein shall obligate the city to 

undertake any negotiations if the city shall have determined to terminate the solicitation for any 

or no reason.  

 

(c) Design-build contracts. Contracts shall be awarded as is appropriate to the manner in 

which the contract was solicited, as follows:  

 

(1) Best value. To the responsible design-build firm whose proposal is evaluated as 

providing the best value to the city based on any factors and method and formula 

included in the request for proposals. The city may elect to establish a fixed dollar 

budget for the project such that all proposers are operating under the same 

monetary limitations.  

 

(2) Qualification-based. A qualification based selection shall be made based upon the 

statement of qualifications that was required to be submitted. The process for 

making the qualification based selection shall be determined by the estimated 

dollar value of the design-build contract as follows, provided however that the 

failure to utilize the applicable process shall not invalidate any public 

improvement procurement or any contract:  

 

i. Contracts exceeding $6,000,000,00. The city shall convene an architect 

and engineering selection committee, which committee shall rank the 

design-builder from most to least qualified. The committee shall be 

comprised of one member designated by the city manager and four 

members designated by the director of the contracting department. The 

mayor may elect to be a member of the committee or may designate a 

council member to serve on the committee and if the mayor so elects, the 

director of the contracting department shall designate one less member to 

the committee.  

 

ii. Contracts $6,000,000.00 or less. The director of the contracting 

department shall rank the design-builder from most to least qualified. If 

the cost proposal from the highest ranked firm is an amount that exceeds 

$7,000,000.00, the director shall not recommend award and the director 
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shall convene an architect and engineering selection committee in 

accordance with Section 3-31(c)(2)(i).  The city shall thereafter negotiate a 

contract for the project with the firm selected as most qualified. If the city 

is unable to negotiate a satisfactory contract with the firm selected, 

negotiations with that firm shall be terminated. The city shall then 

undertake negotiations with another of the qualified firms selected. If there 

is no agreement with the second firm, negotiations with such firm shall be 

terminated. The city shall then undertake negotiations with the third 

qualified firm. If the city is unable to negotiate a contract with any of the 

selected firms, the city shall reevaluate the scope of the project and again 

conduct a qualification based selection process. Notwithstanding the 

foregoing, nothing herein shall obligate the city to undertake any 

negotiations if the city shall have determined to terminate the solicitation 

for any or no reason.  

 

(3) Two-phase. The design-builders shall be ranked from most to least qualified in 

such manner as provided in subsection (c)(2) and a value shall be assigned based 

upon the rankings. The city shall thereafter evaluate and score any proposal or bid 

required to be submitted and shall identify the best proposal or the lowest and best 

bid, as applicable. The city shall thereafter negotiate a contract for the project 

with the firm selected as having the best proposal or execute a contract for the 

project with the firm having the lowest and best bid. If the city is unable to 

negotiate a satisfactory contract or execute a contract, the city shall then proceed 

to the next best proposal or next lowest and best bid, and such process shall 

continue in similar fashion unless the city shall have determined to terminate the 

solicitation.  

 

..end 

______________________________________________________ 

 

Approved as to form: 

  

  

______________________________ 

James Brady 

Senior Associate City Attorney 
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City of Kansas City, Missouri 
Docket Memo 
Ordinance/Resolution #: 240324 
Submitted Department/Preparer: General Services 
Revised 11/01/23 
 

Docket memos are required on all ordinances initiated by a Department Director. 
More information can be found in Administrative Regulation (AR) 4-1.  
 

Executive Summary 
 
Amending Chapter 3 of the Code of Ordinances of the Kansas City, Missouri, Contracts and 
Leases, by repealing Section 3-31, Contract Award, and enacting in lieu thereof a new section of 
like number and subject matter. 
 
 

Discussion 
 
This ordinance revision changes the requirement for the Architect and Engineering 
Selection Committee award process for Design Professional Contracts and Design-
Build Contracts as follow: 
 
Design Professional contracts that are estimated to not exceed $600,000.00:   If the cost proposal 
from the highest ranked firm is an amount that exceeds $700,000.00, the director cannot 
recommend award and the director is required to convene an architect and engineering selection 
committee in accordance with Section 3-31(b)(1) to reevaluate and re-rank the proposals.  
Previously, the director was authorized to award contract when the highest rank proposal 
exceeded the $600,000.00 estimate.  
 
 
Design-Build contracts that are estimated to not exceed $6,000,000.00:  If the cost proposal from the 
highest ranked firm is an amount that exceeds $7,000,000.00, the director cannot recommend 
award and the director is required to convene an architect and engineering selection committee in 
accordance with Section 3-31(c)(2)(i) to reevaluate and re-rank the proposals.  Previously, the 
director was authorized to award contract when the highest rank proposal exceeded the 
$6,000,000.00 estimate.  
 
 
 

Fiscal Impact 
 

1. Is this legislation included in the adopted budget?  ☐ Yes  ☒ No 
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2. What is the funding source?  

N/a 
 

3. How does the legislation affect the current fiscal year?  
N/a 
 

4. Does the legislation have a fiscal impact in future fiscal years? Please notate the 
difference between one-time and recurring costs.  
N/a 
 

5. Does the legislation generate revenue, leverage outside funding, or deliver a 
return on investment?  
N/a 

 
Office of Management and Budget Review 
(OMB Staff will complete this section.) 
 

1. This legislation is supported by the general fund.  ☐ Yes  ☒ No 
 

2. This fund has a structural imbalance.  ☐ Yes  ☒ No 
 

3. Account string has been verified/confirmed. ☐ Yes  ☒ No 
 

 
Additional Discussion (if needed) 
There is no direct fiscal impact associated with this ordinance 
 

Citywide Business Plan (CWBP) Impact 
 

1. View the FY23 Citywide Business Plan 
 

2. Which CWBP goal is most impacted by this legislation?  
Finance and Governance (Press tab after selecting.) 
 

3. Which objectives are impacted by this legislation (select all that apply): 
 

☒ Ensure the resiliency of a responsive, representative, engaged, and 
transparent City government. 

☐ Engage in workforce planning including employee recruitment, 
development, retention, and engagement.  

☒ Foster a solutions-oriented, welcoming culture for employees and City 
Partners. 
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☐    
☐   
☐  

 

Prior Legislation 
 

(Ord. No. 130041, § 6, 3-21-13; Ord. No. 170963 , § 1, 4-19-18; Ord. No. 190622 , § 1, 8-1-19) 

 
 

Service Level Impacts 
 
Click or tap here to provide a description of how this ordinance will impact service 
levels. List any related key performance indicators and impact. 
 

Other Impacts 
 

1. What will be the potential health impacts to any affected groups?  
N/a 
 

2. How have those groups been engaged and involved in the development of 
this ordinance?  
N/a 
 

3. How does this legislation contribute to a sustainable Kansas City? 
N/a 
 

4. Does this legislation create or preserve new housing units? 
No (Press tab after selecting) 
 
 Click or tap here to enter text. 
 Click or tap here to enter text. 
 

 
 

5. Department staff certifies the submission of any application Affirmative Action 
Plans or Certificates of Compliance, Contractor Utilization Plans (CUPs), and 
Letters of Intent to Subcontract (LOIs) to CREO prior to, or simultaneously with, 
the legislation entry request in Legistar. 

 
No - CREO's review is not applicable (Press tab after selecting) 
Please provide reasoning why not: 

1352

https://library.municode.com/mo/kansas_city/ordinances/code_of_ordinances?nodeId=888580
https://library.municode.com/mo/kansas_city/ordinances/code_of_ordinances?nodeId=971915


Click or tap here to enter text. 
 

6. Does this legislation seek to approve a contract resulting from an Invitation for 
Bid?  
 
No(Press tab after selecting) 
  
 
 
 

7. Does this legislation seek to approve a contract resulting from a Request for 
Proposal/Qualification (RFP/Q)?  
No(Press tab after selecting) 
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Kansas City 
 

Legislation Text 
 

414 E. 12th Street 
Kansas City, MO 

64106 

 

Kansas City Page 1 of 1  

 

File #: 240279 
 
 

 

ORDINANCE NO. 240279 

 

 

Sponsor:  Director of General Services Department 

 

Authorizing the Director of General Services to execute a ten (10) year lease agreement with an 

option to renew for additional ten (10) years with Grayson Communities, LLC or an affiliated 

entity for the property located at 1534 Charlotte, Kansas City, MO 64108 to be used as a private 

parking lot supporting its adjacent development project located at 1531 Holmes Street. 

 

BE IT ORDAINED BY THE COUNCIL OF KANSAS CITY: 

 

Section 1. That the Director of General Services is authorized to execute ten (10) year 

lease agreement with an option to renew for additional ten (10) years with Grayson 

Communities, LLC or an affiliated entity for the property located at 1534 Charlotte, Kansas City, 

MO 64108 to be used as a private parking lot supporting its adjacent development project located 

at 1531 Holmes Street beginning October 1, 2024 and ending September 30, 2034.  A copy of 

the lease agreement is on file in the General Services Department. 

..end 

____________________________________________ 

 

Approved as to form: 

  

  

______________________________ 

Abigail Judah 

Assistant City Attorney 
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City of Kansas City, Missouri 
Docket Memo 
Ordinance/Resolution #: 240279 
Submitted Department/Preparer: General Services 
Revised 11/01/23 
 

Docket memos are required on all ordinances initiated by a Department Director. More 
information can be found in Administrative Regulation (AR) 4-1.  
 

Executive Summary 
 
General Services to execute a 10 year lease agreement on a parking lot located at 1534 
Charlotte  
 

Discussion 
 
10 year lease for private lot for Grayson Capital, to assist with their residential 
development project; ordinance 220964 
 

Fiscal Impact 
 

1. Is this legislation included in the adopted budget?  ☐ Yes  ☒ No 
 

2. What is the funding source?  
Genearl Fund 
1000-071600-457500 City Property and Acquisition 
 

3. How does the legislation affect the current fiscal year?  
Will not affect FY 24 
 

4. Does the legislation have a fiscal impact in future fiscal years? Please notate the 
difference between one-time and recurring costs.  
FY25 = $17,304.12,    
FY26 – FY35 = $266,978.16 
 

5. Does the legislation generate revenue, leverage outside funding, or deliver a 
return on investment?  
Generates revenue 

 
Office of Management and Budget Review 
(OMB Staff will complete this section.) 
 

1. This legislation is supported by the general fund.  ☒ Yes  ☐ No 
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2. This fund has a structural imbalance.  ☒ Yes  ☐ No 
 

3. Account string has been verified/confirmed. ☒ Yes  ☐ No 
 

 
Additional Discussion (if needed) 
This ordinance authorizes a 10 year lease agreement for a parking lot and generates 
revenue according to the terms of said agreement. 
 

Citywide Business Plan (CWBP) Impact 
 

1. View the FY23 Citywide Business Plan 
 

2. Which CWBP goal is most impacted by this legislation?  
Finance and Governance (Press tab after selecting.) 
 

3. Which objectives are impacted by this legislation (select all that apply): 
 

☒ Ensure the resiliency of a responsive, representative, engaged, and 
transparent City government. 

☐ Engage in workforce planning including employee recruitment, development, 
retention, and engagement.  

☐ Foster a solutions-oriented, welcoming culture for employees and City 
Partners. 

☐    
☐   
☐  

 
Prior Legislation 

 
220964 
 
 

Service Level Impacts 
 
Tenant will make improvements to City owned parking lot while providing necessary 
parking for new residents for their residential project  
 

Other Impacts 
 

1. What will be the potential health impacts to any affected groups?  
NA 
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2. How have those groups been engaged and involved in the development of this 
ordinance?  
NA 
 

3. How does this legislation contribute to a sustainable Kansas City? 
NA 
 

4. Does this legislation create or preserve new housing units? 
No (Press tab after selecting) 
 
 Click or tap here to enter text. 
 Click or tap here to enter text. 
 

 
 

5. Department staff certifies the submission of any application Affirmative Action 
Plans or Certificates of Compliance, Contractor Utilization Plans (CUPs), and 
Letters of Intent to Subcontract (LOIs) to CREO prior to, or simultaneously with, 
the legislation entry request in Legistar. 

 
Yes - I have submitted documents for CREO Review (Press tab after selecting) 
Please attach or copy and paste CREO's review. 
  
 

6. Does this legislation seek to approve a contract resulting from an Invitation for 
Bid?  
 
No(Press tab after selecting) 
  
Click or tap here to enter text. 
 

7. Does this legislation seek to approve a contract resulting from a Request for 
Proposal/Qualification (RFP/Q)?  
No(Press tab after selecting) 
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