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1.0 OVERVIEW 

The intent of these standards is to provide the Consultant, Integrator, and Contractor 
performing works for the City of Orillia within the Water and Wastewater System, a set of 
minimum standards to be met for delivery of these works.  Ultimately, the end user is 
responsible for delivery of a complete and functioning system as specified within the contract 
for a project. .  The standards are not intended to be a part of a technical submission for bids 
and contractor procurement.  The guidelines are to be incorporated into the specifications of 
the Consultant and it is the Consultant’s responsibility to review that they do not conflict 
with any of the other specifications included in a technical submission. 

1.1 APPROVALS 

All equipment and materials supplied for a given project must conform as a minimum to CSA 
and ESA requirements prior to arriving on site.  For a given project, more approvals may be 
required and should be noted in the contract documents.  If major equipment is added on 
site after the panel and/or equipment is installed, the panel and/or equipment are to be 
recertified as necessary. 

1.2 ALTERATIONS TO STANDARDS 

If a Consultant, for a given project, desires to deviate from these standards they must request 
permission to do so from the City in writing indicating the rationale for the deviation.  Until 
the City approves the deviation in writing, the Consultant is still bound to follow the standards 
contained within this document for successful delivery of the project. 

1.3 GLOSSARY 

ANSI – American National Standards Institute 
AWG – American Wire Gauge 
BOM – Bill of Material 
CSA – Canadian Standards Association 
CPU – Central Processing Unit 
ESA – Electrical Safety Authority 
FAT – Factory Acceptance Test 
HMI – Human Machine Interface 
LAN – Local Area Network 
MCC – Motor Control Centre 
NEMA – National Electrical Manufacturers Association 
NFPA – National Fire Protection Association 
NSF – National Sanitation Foundation 
OESC – Ontario Electrical Safety Code 
OIT – Operator Interface Terminal (also known as Operator Interface Display) 
OTDR – Optical Time Domain Reflectometer 
P&ID – Process and Instrumentation Diagram 
PAC – Process Automation Controller 
PCN – Process Control Narrative 
PLC – Programmable Logic Controller 
SCADA – Supervisory Control and Data Acquisition 
RPU – Remote Processing Unit 
SAT – Site Acceptance Test 
TIA/EIA – Telecommunications Industry Association 
TEW – Thermoplastics Equipment Wire 
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The City – The City of Orillia 
UPS – Uninterruptible Power Supply 
VLAN – Virtual Local Area LAN 
WAN – Wide Area Network 

1.4 DISTRIBUTED CONTROL PHILOSOPHY 

i. In general, the City’s philosophy on control is a decentralized approach. The 
City’s system consists of both large and small facilities. 

ii. At larger facilities, consisting of multiple process areas, control is to be distributed 
through multiple dedicated PLCs contained within their own PLC panels. 
Associated equipment and instrumentation is to be controlled and monitored by 
dedicated PLCs.  The exception to this is the Water Filtration Plant which consists 
of distributed I/O panels and a centralized redundant ControlLogix system.  This 
approach is to be maintained at the Water Filtration Plant and case by case 
considered if dedicated PLCs are to be installed for future process upgrades.   

iii. The distributed control approach provides a means for the process area to operate 
independent of other process areas should the City so choose to operate in this 
manner. The process control narrative (PCN) is to detail the various process 
interlocks required by the system. 

iv. Each distributed PLC will be connected on an Ethernet network (LAN).  Networks 
are to be designed following the information detailed in this document. 

v. Each distributed PLC will contain all the programming for the control of the 
equipment wired to it.  Programming is to adhere to the City’s programming 
standard. 

vi. Process information utilized for control between the process areas is to be 
transferred across the network in peer to peer communications. 

vii. For a small well site, typically only one (1) PLC is used for control of the equipment. 
Exceptions to this are when a vendor system is required for a specific process 
control requirement whereby additional vendor PLCs may be required.   

viii. Vendor supplied equipment with their own PLCs are permitted under certain 
circumstances.  It is the City’s preference to utilize the CompactLogix or 
ControlLogix series PLC and vendors are required to supply equipment as detailed 
within this document. If the vendor cannot meet these requirements, the City 
must be consulted for direction.  The vendor is permitted to following their own 
programming standards however PLC components shall adhere to the City’s 
standard. 

ix. PLC panels found indoors are typically to be located in electrical rooms with the 
Motor Control Centre (MCC) and other associated electrical equipment. 

x. Each distributed PLC within a facility or remotely shall be connected on the City’s 
Ethernet based SCADA network. 
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2.0 PLC PANELS 

The following sections detail the design standards for the supply, construction, installation, 
and overall delivery of a PLC panel for the City’s Water and Wastewater system.  

2.1 GENERAL 

i. All shop drawing submittals should be accompanied with a BOM by the 
Contractor. 

ii. Shop drawings should indicate the proposed wire colour and gauge to be used in 
the panel construction. For appropriate wire colours to be used in panels, refer 
to Section 2.4.1. 

iii. The Consultant is to develop the specifications and drawings using the latest 
components for the control system construction and installation that conform to 
the standards from the approved manufacturers. 

iv. The Consultant should consider when air conditioning may be required for control 
panels. Areas to consider include but are not limited to ambient air temperatures, 
heat generated within the enclosure, and maximum operating temperatures of 
the components to be utilized.  In some instances this could mean the use of self-
contained air conditioning units complete with thermostats for local control 
panels up to and including HVAC systems for electrical rooms.  This is to be 
considered on a case by case basis. 

2.2 INDOOR PANELS 

2.2.1 General 

i. Provide CSA approved NEMA 12 panels, if suitable for the location, to contain the 
PLC and associated components and instruments, as indicated within these 
standards.  

ii. The City prefers that panels are installed within electrical rooms.  Where this 
cannot be accommodated NEMA 4, and NEMA 4X enclosures up to and including 
fibreglass for highly corrosive areas shall be considered and determined by the 
Consultant. 

iii. Install an audible alarm horn, alarm light, and reset pushbutton on the panel 
exterior.  Requirements under each project to be verified with the City during 
the design phase. 

2.2.2 Finish 

i. Fabricate the panel of high grade cold rolled steel (a minimum of 14 gauge) and 
paint with ANSI 61 Light Grey baked enamel outside and inside (NEMA 12 and 
NEMA 4), except on stainless steel (NEMA 4X).  Sub-panels to be on 12-gauge steel 
finished with white baked-enamel.  

ii. Panel dimensions to be considered on a case by case basis. 

iii. Provide a print pocket. 
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iv. All screws, bolts, fasteners, hinges, door handles, etc. shall be corrosion resistant 
stainless steel. 

v. Seal all conduit entry points and openings through the use of gaskets and other 
means within the panel such that panels maintain their appropriate NEMA rating. 

vi. Provide 50mm stainless steel spacers between panel and wall. 

2.2.3 Doors 

i. Supply gasketed doors so as to maintain the NEMA rating with a continuous 
stainless-steel piano hinge with removable pin and a ground strap.   

ii. Brace front access door to ensure rigidity in the open position. 

iii. All wiring to instruments mounted on doors shall be wire tied into one bundle 
and shall cross from the cabinet to the door at a shallow angle using expandable 
sleeving. 

iv. Provide door with 3-point latches and lockable door handles complete with six (6) 
master keys that open all panels.  

v. All door-mounted equipment shall be designed for flush mounting and shall be 
properly sealed to retain the panel NEMA rating. Panels to be NEMA 12 for indoor 
use, or as per 2.2.1.ii. 

vi. For Control Panels with more than one door, the panel doors are to be 
independent of each other. It will not be required to open one door in order to 
open the other door.  

vii. Install door mounted equipment complete with lamacoid label.  See section 2.3.4 
for further details. 

viii. Install a door mounted lamacoid indicating the Station (location) and the PLC tag 
name. See section 2.3.4for further details. 

ix. When replacing an existing panel, provide all new components and displays to 
duplicate the components and displays available on the existing panel.  Do not 
reuse existing components. 

x. The mounting height of the Operator Interface Display (if applicable) is to be 1.52 
m (5 feet) from the floor surface to the bottom of the display. 

2.3 OUTDOOR PANELS 

2.3.1 General 

i. Provide CSA approved NEMA 4X CSA stainless steel panels, insulated, to separately 
house the electrical distribution equipment from the PLC, networking equipment 
and all associated components of the instrumentation.  Panels are to be installed 
in either a “side by side” or “back to back,” cabinet/compartment configuration 
following the criteria within these standards.  Typically this can be considered as 
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a panel within a panel type installation whereby the inner panels / components 
are NEMA 12 rated. 

ii. Install an audible alarm horn, alarm light, and reset pushbutton on the exterior 
of the interior panel door.  Requirements under each project to be verified with 
the City during the design phase. 

iii. Provide anti condensation heating at the bottom of the control panel for the 
outdoor control panel to avoid humidity condensation inside the panel. 

iv. Provide adequate heating for outdoor panels complete with thermostat control 
to maintain minimum operating temperatures with a safety margin of the 
components within.  Design for winter conditions that the City experiences. 

2.3.2 Finish 

i. Fabricate panel of high grade cold rolled 304 12-gauge stainless steel. Sub-panels 
to be on 12-gauge CRS finished with white baked-enamel. Panel minimum depth 
is 350 mm (12”) for both of the electrical cabinet/compartment and the 
instrumentation cabinet/ compartment. 

ii. Each cabinet/compartment shall have separate door handles so as to isolate each 
section. 

iii. Provide a print pocket. 

iv. All screws, bolts, fasteners, hinges, door handles, etc. shall be corrosion resistant 
stainless steel. 

v. Seal all conduit entry points and openings within the panel such that panels 
maintain their appropriate NEMA rating. 

vi. Provide 50 mm stainless steel spacers between panel and support structure. 

2.3.3 Doors 

i. Supply gasket doors so as to maintain the NEMA rating with a continuous 
stainless-steel piano hinge with removable pin and a ground strap.  Brace front 
access door to ensure rigidity in the open position. 

ii. All wiring to door mounted equipment shall be wire tied into one bundle and 
shall cross from the cabinet to the door at a shallow angle using expandable 
sleeving. 

iii. Provide doors with heavy duty latches with the capability for a 3/8” lock shackle 
and/or bar-lock type mechanism.  Door handles to be metallic. 

iv. Provide an internal door or panel with a minimum of 50 mm clearance to the 
external door, for installation of all door mounted equipment.  Clearance to be 
determined based upon the requirements of the equipment to be installed.   

v. All internal door mounted equipment shall be designed for flush mounting.   
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vi. Install door mounted equipment complete with lamacoid label.  See section 2.3.4 
for further details. 

vii. Install door mounted lamacoid indicating the Station (location) and the PLC tag 
name. See section 2.3.4 for further details. 

viii. Provide all new components and displays to duplicate the components and 
displays available on the instrumentation cabinet/compartment. 

ix. The mounting height of the Operator Interface Display (if applicable) is to be 1.52 
meters (5 feet) from the floor surface to the bottom of the display. 

2.3.4 Control Panel Labelling 

i. All control panels to be affixed with labeling compliant with CSA. 

ii. A label is to be affixed to the control panel door in an obvious location easily 
readable by personnel entering the control panel. The label is to include: 

a. Details on the Company who built the panel, serial number, power supply 
voltage and source location, interrupting current, and NEMA rating.  Identify, 
as required, if the panel is fed by UPS power and if multiple circuits feed the 
panel with an associated graphical warning symbol. 

b. Separate lamacoid is to be included to identify the control panel name. 

c. Other labels as required to identify panel mounted equipment. 

iii. Label is to not be hand written but made from a software package and printed 
on pre-fabricated warning labels as required.  Label is to be installed on panel 
securely as an adhesive sticker type label. 

iv. The label is to be located adjacent to the door handle. 

v. Provide lamacoid labels for major devices such as power supplies, PLCs, network 
equipment, receptacles, etc. as required. 

2.4 GENERAL REQUIREMENTS 

2.4.1 Wiring 

i. All control wiring to be stranded copper wire CSA approved and rated for 600 
VAC. 

ii. Control wiring to be segregated from power wiring.  

iii. Bundle wiring together with Velcro tie wraps. 

iv. Wiring to be labelled at both ends of the wire with shrink wrap type labelling. 
Hand written labels are not acceptable. 

v. Digital control wiring within control panels to be #16 AWG minimum. 

vi. Each digital input is to be protected by individual fusing. 
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vii. Each digital output is to be wired through interposing relays. 

viii. Analog control wiring to be twisted pair #18 AWG minimum complete with a 
shield and separate drain wire.  Drain wire to be grounded only at one end. 

ix. Isolated grounds to be provided for instrumentation grounding and equipment 
grounding. 

x. Wire colours to be as follows; 

a. AC control wiring – Red 

b. DC control wiring – Blue 

c. Power wiring line side – Black 

d. Power wiring neutral side – White 

e. Ground wire – Green 

f. Intrinsically Safe Circuits – Light Blue 

g. Foreign Source Interlock Circuits – Yellow 

xi. Teck cable is acceptable for field wire only.  It is not to be used for wiring within 
panels. 

2.4.2 Approved Panel Components 

i. The following table summarizes a listing of approved components within the 
control panels.  In general all components should be CSA approved or bear an 
equivalent acceptable marking for use within Ontario.  

Component Approved Manufacturer(s) Series/Model 
Panel Enclosure Hammond 

Ralston 
Hoffman 

Panel Enclosure 
Interior Light 

Hammond FLK LED series 

Door Contact Switch Omron Z-15GW2-B-7K 
Hammond FDS1 

Miniature Circuit ABB SU200M series 
Breakers Cutler Hammer 

Allen-Bradley 1489 series 
Fuse Holder  
(120 VAC) 

Weidmuller WMF 2.5 FU 100-250V SW 
(1162960000) 

Allen-Bradley 1492 Series equivalent to 
Weidmuller 

Phoenix Contact Equivalent to Weidmuller 
Fuse Holder 
(24 VDC) 

Weidmuller WMF 2.5 FU 10-36V SW 
(1162930000) 

Allen-Bradley 1492 Series equivalent to 
Weidmuller 
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Component Approved Manufacturer(s) Series/Model 
Phoenix Contact Equivalent to Weidmuller 

Feed-through 
Terminal Blocks 

Weidmuller WDU 4 
Black for 120 VAC power – live 
(1020110000) 
Grey for 120 VAC power – neutral 
(1020100000) 

Red for digital input feed-through 
(1020140000) 
Blue for analog input and output 
(1020180000) 
Red for 24 VDC power – positive 
(1020140000) 
Blue for 24 VDC power – negative 
(1020180000) 

Allen-Bradley 1492 Series equivalent to 
Weidmuller 

Phoenix Contact Equivalent to Weidmuller 
Ground Terminal 
Blocks 

Weidmuller WPE 4 
(1010100000) 

Allen-Bradley 1492 Series equivalent to 
Weidmuller 

Phoenix Contact Equivalent to Weidmuller 
Knife Disconnect 
Terminal Blocks 

Weidmuller WTR 4 
(7910180000) 

Allen-Bradley 1492 Series equivalent to 
Weidmuller 

Phoenix Contact Equivalent to Weidmuller 
Surge Protection Emerson SolaHD STFV Plus Series 

Phoenix Contact VALVETRAB MS (VAL-MS) series 
24 VDC Switched-
Mode Power Supply 

Phoenix Contact Quint 4 series 
Allen-Bradley Equivalent to Phoenix Contact 

24 VDC Diode Module Phoenix Contact Quint 4 Diode series 
Allen-Bradley Equivalent to Phoenix Contact 

Digital Output Relays 
(Terminal block style) 
and SPDT relays with a 
current rating < 5A 

Omron G2RV-SR series 
Phoenix Contact PLC-INTERFACE series.  Current 

suppressing feature required. 
Allen-Bradley 700-HL series.  Current suppressing 

feature required. 
SPDT relays with a 
current rating > 5 A 
and DPDT relays 

Omron G2R series 
Allen-Bradley 700-HK series 

Relays that require 
more than two poles 
(3PDT and more) 

Omron 
Allen Bradley 

Timer Relays Omron H3D series 
Allen-Bradley 700-FE series 
Phoenix Contact EDT series 

Intrinsically Safe 
Barriers 

Pepperl + Fuchs K-System series 
Phoenix Contact MACX series 

Signal 
Conditioners/Signal 
Repeaters 

Phoenix Contact MACX series 
Pepperl + Fuchs K-System series 
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Component Approved Manufacturer(s) Series/Model 
Receptacles Hubbell 

Leviton 
Ethernet Working 
Area Outlet 

Commscope 

Pilot Lights Omron M22N series 
Allen-Bradley 800F series, NEMA 4X with LED 

Selector Switches Omron A30N series 
Allen-Bradley 800H series, NEMA 4X 

Pushbuttons Omron A30N series 
Allen-Bradley 800H series, NEMA 4X 

Emergency Stop 
Switch 

Omron A22E series 
Allen-Bradley 800H series 

Uninterruptible Power 
Supply 

Eaton Powerware 9130 series 
Schneider Electric APC Back-UPS Pro series 
Phoenix Contact Quint UPS series 

Wiring Duct Panduit Panduct series 
Ground Bar Ilsco Copper 
Spare Fuse Container Weidmuller 7914760001 

2.4.3 Approved PLC Components 

i. The City standard is to only integrate Allen-Bradley CompactLogix and 
ControlLogix type PLCs into the network.  Flex I/O is acceptable to expand the 
existing system at the Water Filtration Plant. 

ii. In general the Water Filtration Plant utilizes ControlLogix hardware including 
redundancy.  Remote stations and the Wastewater Plant utilize CompactLogix 
hardware. 

iii. Consideration for other PLC / RPU manufacturers for specific reasons will only be 
granted by the City in exceptional circumstances and must be agreed to in writing 
at the beginning of a project.  

iv. The following table summarizes a listing of approved ControlLogix, 
CompactLogix, and Flex I/O components within the City. 

Table 1 - Approved CompactLogix Hardware 
Allen-Bradley Component Description 
1769-L33ER CompactLogix PLC1 

1769-PA2 Power Supply 
1769-AENTR Ethernet/IP Module 
1769-IQ16 24V Digital Input Module 
1769-IA16 120V Digital Input Module 
1769-OB16 24V Digital Output Module 
1769-OW16 120V Digital Output Module 
1769-IF4I Analog Input Module 
1769-OF4CI Analog Output Module 

1 Larger memory usage may be required.  As such larger processors can be used.   
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Table 2 - Approved ControlLogix Hardware 
Allen-Bradley Component Description 
1756-L822 ControlLogix PLC 
1756-PA72 Power Supply 
1756-EN2T Ethernet/IP Module 
1756-IB16 24V Digital Input Module 
1756-IA16 120V Digital Input Module 
1756-OB16I 24V Digital Output Module 
1756-OA16 120V Digital Output Module 
1756-IF8I Analog Input Module 
1756-OF8I Analog Output Module 

Table 3 - Approved Flex I/O Hardware 
Flex I/O Component Description 
1794-PS13 Power Supply 
1794-AENT Ethernet/IP Module 
1794-IB16 24V Digital Input Module 
1794-IB32 24V Digital Input Module 
1794-OB16 24V Digital Output Module 
1794-OW8 120V Digital Output Module 
1794-IE8 Analog Input Module 
1794-OF4I Analog Output Module 

3.0 OPERATOR INTERFACE COMPONENTS 

i. Local OITs to be provided as dictated by the requirements of the site.  Consultation 
with the City should be made to determine these requirements at the outset of 
the project and should take into consideration such items as the location, 
complexity, size, and functional requirements of the facility. 

ii. Provide and install all cabling (power and communication) mounting hardware, 
etc. to install the OIT on the panel door and to successfully operate and 
communicate with the PLC. 

iii. OITs are to come in colour screens, with as a minimum touch screen capability as 
the interface for the operators.  OITs to have ability to display and acknowledge 
alarm. 

iv. Graphics for process overview, control popups, analog popups, setpoint screens 
etc. to be developed based upon the P&IDs for the facility and to be representative 
and similar in look and feel to the existing HMI application normally developed 
by the City. 

v. Approved OITs for use within the City are the GE QuickPanel View series OITs.  The 
minimum size shall be a 15” screen for smaller facilities. Refer to item Error! 
Reference source not found. above in this section for sizing details.  QuickPanel+ 
is to be capable of using the historical collector and interfacing data collection 
with GE Proficy Historian.  QuickPanel view should also be specified for the 
maximum expandable memory for data logging capabilities. 

2 Larger memory usage may be required.  As such larger processors can be used.   
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4.0 STANDARD EQUIPMENT I/O 

The following section outlines the standard Inputs and Outputs for standard equipment used 
within the City’s Water and Wastewater systems.  

4.1 Digital Valve 

4.1.1 Inputs 
i. Remote Mode; 
ii. Opened Status; 
iii. Closed Status; and, 
iv. Fault. 

4.1.2 Outputs 
i. Open Command; and, 
ii. Close Command. 

4.2 Analog Valve Device 

4.2.1 Inputs 
i. Remote Mode; 
ii. Positional Feedback; and, 
iii. Fault. 

4.2.2 Outputs 
i. Position Setpoint 

4.3 Constant Speed Motor Device 

4.3.1 Inputs 
i. Remote Mode; 
ii. Running Status; 
iii. Fault; and, 
iv. Emergency Stop. 

4.3.2 Outputs 
i. Run Command 

4.4 Variable Speed Motor Device 

4.4.1 Inputs 
ii. Remote Mode; 
iii. Running Status; 
iv. Fault; 
v. Emergency Stop; and, 
vi. Speed Feedback 

4.4.2 Outputs 
i. Run Command 
ii. Speed Setpoint 
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4.5 Other Considerations 

i. The I/O identified for each type of device is considered the minimum. While the 
listing addresses a number of common devices within water and wastewater 
facilities other equipment may be required for a specific project.  The Consultant 
should consider other critical I/O for equipment when it is required as well as 
unique equipment. Examples include but are not limited to temperature / leak 
alarms for submersible pumps and high discharge pressure / low suction pressure 
for pump monitoring on critical assets. 

ii. Vendor supplied control systems may be required for specific process upgrades. 
Vendor systems are to be connected to the Ethernet based SCADA network for 
monitoring and control.  Critical process interlocks shall be hardwired between 
the vendor PLC and the plant PLC for control. 

iii. Instrumentation shall be capable of 4-20 mA signal outputs to the PLCs.  Where it 
is available the fault, loss of echo, or general alarm shall also be wired back to the 
PLCs for instrumentation. 

5.0 INSTRUMENTATION 

The following section details instrumentation equipment approved for use by the City within 
the Water and Wastewater System. 

Table 4 - Approved Instruments 
Instrument Approved Manufacturer(s) Series/Model 
Chlorine Analyzer Endress + Hauser Liquisys M CCM253 / 

Liquiline CM442 
Differential Pressure 
Transmitter 

Emerson Rosemount 3051S series 
Siemens Sitrans P series 

Dissolved Oxygen 
Analyzer 

YSI IQ Sensornet FDO series 
Hach 

Float Switch Flygt ENM-10 
Flow Switches Fluid Components 

International 
FLT93 series 

Gas Monitor Drager Polytron 7000 
Hydrostatic Level 
Probe 

Endress + Hauser Water Pilot c/w RIA display 

Level Switch Endress + Hauser Liquipoint FTW32 (Conductive) 
Magnetrol Echotel series (Ultrasonic – for 

non-conductive liquids) 
Limit Switch Omron Z, X, and D4 series 

Micro Switch OP and BZLN series 
Magnetic Flow 
Meters 

Krohne Optiflux and Waterflux series 
ABB WaterMaster and ProcessMaster 

series 
Siemens Sitrans F M Mag series 
Endress + Hauser Proline Promag W 300/500 series 

Mass Flow Meter Fluid Components 
International 

ST series 

Kurz Instruments 454FTB series 
Endress + Hauser Proline t-mass series 
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Instrument Approved Manufacturer(s) Series/Model 
Open Channel 
Flowmeters 

Siemens LUT400 series 

Orifice Plates Emerson Daniel 
pH Analyzer YSI IQ SensorNet SensoLyt 700 IQ 

Hach 
Pressure Switch Ashcroft B or GP series 

Winters 3WPS or 9WPS series 
Pressure Transmitter Emerson Rosemount 3051S or 2088 series 

Siemens Sitrans P series 
Endress + Hauser Cerabar M PMP51 

Radar Level 
Transmitter 

Krohne Optiwave series 
Siemens Sitrans LR series 
Vega VEGAPULS series 

Sludge Blanket 
Transmitter 

Cerlic CBX 
Markland Specialty 
Engineering 

Smoke Detector Kidde 
Temperature Switch Honeywell 
Temperature 
Transmitter 

Emerson Rosemount 3144P (for classified areas and 
process) 

ABB TTF300 (for classified areas and 
process) 

Greystone Energy Systems (for HVAC, non-classified areas 
only) 

Thermostat Honeywell 
Total Suspended 
Solids Analyzer 

YSI IQ SensorNet ViSolid (probe) 
Hach TSS sc series (probe) 
Cerlic CTX or ITX (probe or flow-

through) 
Markland Specialty 
Engineering 

(For flow-through) 

Turbidity Analyzer YSI IQ SensorNet VisoTurb  
HF Scientific MicroTOL 
Real Tech TURB1000 

Ultrasonic Level 
Transmitters 

Siemens LUT400 series (for single 
transducers) 
Multiranger 200 HMI (for two 
ultrasonic transducers only) 

5.1 Installation Requirements 

i. Instrumentation shall be installed 
manufacturer. 

to meet the performance criteria of the 

ii. Instrumentation shall be installed with a local lockable disconnect switch in close 
proximity to the instrument.  The disconnect switch shall be rated for NEMA 4 
minimum for process areas, NEMA 4X for outdoor areas, and NEMA 7/9 for explosive 
areas and NEMA 6/6P for areas which may experience temporary submergence. 

iii. All pressure transmitters in water applications to be complete with diaphragm seals 
as well as block and bleed valves for isolation.  For wastewater applications all 
pressure transmitters are to be installed on flanged process connections with 
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diaphragm seals or annular rings where installations permit this type of process 
connection. 

iv. Transmitters installed outdoors shall be installed within an outdoor rated enclosure 
complete with local heater with thermostat control.  Outdoor rated enclosure to 
include a viewing window such that process data can be viewed without the necessity 
to open the enclosure.    

v. All instrumentation as part of the installation is to be verified through a third party 
source. Examples include the following; 

a. Flow meters to be verified against a calibrated strap on flow meter. 

b. Level instruments to be verified against physical measurements. 

c. Analytical instruments to be verified against laboratory samples or where 
available hand / grab samples. 

d. Pressure instruments to be verified against a calibrated pressure transmitter / 
gauge. 

vi. Float switches within reservoirs and wet wells to be installed with stainless steel 
hardware. 

vii. Instrumentation in drinking water facilities that may contact the water are to be 
certified to ANSI / NSF 61 Drinking Water System Component Standards. The design 
consultant shall confirm that the City’s standard instruments meet these 
requirements on a project by project basis.   

viii. Instrumentation to be installed in classified areas as defined by NFPA 820 shall be 
suitable for installation within these areas bearing the appropriate ratings and 
markings. Wiring requirements including but not limited to the use of explosive 
fittings, EYS seals, and intrinsic barriers shall also be used for these areas. 

6.0 NETWORK STANDARDS 
The following section outlines the network component requirements for communication 
LANs and WANs within the City of Orillia.  The Consultant is to design the network showing 
all proposed cabling routing in new or existing conduit / duct bank as required as the project 
entails. Architecture drawings are to be included for projects requiring network additions or 
installations showing all PLCs, UPS units, OITs, computers, switches, routers, drives, power 
monitors, and other associated components installed on a network. 

6.1 General Requirements 

i. At the outset of a project the City is to be consulted for network requirements. 

ii. Remote sites are connected to main plants through a wireless radio network provided 
by Point-To-Point Systems.  The Consultant shall engage the provider for new facilities 
requiring a WAN link and identify network speeds required to meet the requirements 
of the project. 

iii. The standard network configuration in the City is to be an Ethernet based network 
consisting of CAT6 copper cabling and fibre optic cabling as required. 
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iv. For all workstations installed in the network, work area outlets are to be provided 
with CAT6 cabling terminating at the work area outlet from the network switch. 
Patch cables are to be used to link workstation to the network. 

v. All network cabling is to be routed in rigid conduit and grounded. 

vi. Network components defined as hubs are not to be used. As a minimum layer 2 
switches are to be installed. 

vii. All active network components to be supplied from UPS power. 

viii. All patch cords are to be pre-assembled and tested by the manufacturer. 

ix. Hardwired I/O between PLCs is to be minimized.  Information used for various process 
areas is to be setup such that it will be transferred across the network. 

x. All configuration files and passwords for networking equipment are to be provided 
to the City upon completion. 

6.2 Fibre Optic Cabling Requirements 

Multimode fibre optic cable is to be deployed in typical City installations. Where 
a project requires a long haul fibre optic cable, the Consultant is to notify the City of the 
requirement and recommend alternatives such as single mode if long distances are required. 
For typical installations the following requirements are to be met: 

i. 50/125 micron fibre optical cable core size/cladding. 

ii. Indoor/outdoor rated. 

iii. UV-resistant outer jacket. 

iv. Flame-retardant. 

v. Loose tube. 

vi. Plenum rated. 

vii. Fibre quantity as required based on application (6 or 12 strands).  50 micron 
multimode fibre is to be utilized for all installations.  If the fibre optic cabling the City 
typically deploys is not suitable for the expected implementation, the Consultant is to 
notify the City and recommend a substitution. 

viii. All indoor/outdoor fibre optic cabling installed outdoors in conduit to come complete      
with tracer wires for future locates. 

ix. Cable is to be labeled at both ends. 

6.2.1 FIBRE OPTIC PATCH CABLES 

i. Patch cables to be factory assembled. Cables to be tested and certified by the 
manufacturer. 
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ii. Cables to have connectors suitable for equipment. 

iii. Duplex cables are to be used – two (2) fibres, one (1) for transmit, one (1) for receive. 

iv. 50 micron multimode fibre is to be utilized for all installations.  If the fibre optic 
cabling the City typically deploys is not suitable for the expected implementation, the 
Consultant is to notify the City and recommend a substitution. 

v. 50/125 fibre optical cable core size/cladding is to be used. 

6.2.2 FIBRE OPTIC CONNECTORS 

i. All fibre optic connectors are to be LC connector style. 

ii. Use of epoxy and polished connectors is required. 

6.2.3 LONG HAUL FIBRE OPTIC INSTALLATIONS 

i. These requirements are installation specific and shall be completed as needed by 
design consultants. 

6.2.4 FIBRE OPTIC CABLE TERMINATIONS 

i. Wall mountable closet housings (fibre patch panels) suitable for terminating fibre 
cabling and maintaining minimum bending radius on fibre cabling are to be used for 
breakout of all fibre strands. 

ii. Fibre patch panels to be mounted inside PLC control panels as required.  For retrofit 
installations or installations with limited space within PLC panels, separate 
communication enclosures to be used. 

iii. Terminate all available fibre strands in housing including spares. 

iv. Provide all necessary covers and end caps on unused fibre runs and housing 
connections. 

v. All installations to be complete with a minimum of one (1) spare pair of fibre strands. 

6.3 NETWORK TESTING 

i. Additional network testing may be required beyond what is identified depending on 
the network installed.  The Consultant is to define further testing and documentation 
for any additional requirements that they deem necessary for Contractors to perform. 

ii. All network cabling, both fibre and copper from end to end is to be tested and verified 
prior to any network change over or startup. 

iii. Once all components are installed, network redundancy (if implemented) is to be 
tested. Each segment is to be tested by disconnecting the media from a network 
switch. The network is to be verified as remaining fully operational through the ring. 

iv. The network redundancy test form to include each test case performed with a brief 
description of each case.  The test form to indicate pass or fail.  A 100% pass is required 
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for all test cases.  If a test case does not pass, the installation or configuration is to be 
rectified and the tested repeated. 

v. The Contractor is required to submit a network test plan and the proposed test form 
for both fibre and copper links. 

vi. The Contractor is to submit the test results for all cabling for the network.  The cabling 
must receive a 100% pass for every link. 

vii. The City reserves the right to witness test 25% of all network cabling.  If any cabling 
fails, the City then reserves the right to witness test 100% of all network cabling. 

viii. All test results are to be printed directly by the equipment used for the test.  Hand 
written results will not be accepted.   

ix. Where specific testing is identified from a standard the latest version of the standard 
shall apply. 

6.3.1 CAT6 CABLING 

i. All CAT6 cabling shall meet the requirements of the TIA/EIA-568-C specification for 
Category 6 (CAT6), Unshielded Twisted Pair (UTP) cable.  All testing requirements to 
meet or exceed these specifications.  

ii. For outdoor installation use outdoor rated CAT6 cable.  Testing to be completed for 
every copper cabling run with the results documented.  Each run is to be checked for 
continuity, shorts, opens, polarity reversals, length, and the presence of AC voltage.   

iii. Testing to also include checks for Bi-directional Near End Cross Talk and Attenuation 
to Cross Talk Ratio. 

6.3.2 FIBRE OPTIC CABLING 

i. Testing shall consist of a bi-directional end to end OTDR trace performed per EIA/TIA 
455-61 and a bi-directional end to end power meter test performed per EIA/TIA 455-
53A. 

ii. The system loss measurements shall be provided at 850 and 1300 nanometers for 
multimode fibre. 

iii. Multimode Fibre Testing: Horizontal distribution multimode optical fibre attenuation 
shall be measured in one direction at both 850 nanometers (nm) and 1300 nm using 
an LED light source and power meter.  Test set-up and performance shall be conducted 
in accordance with ANSI/EIA/TIA-526-14 Standard, Method B.   

iv. Fibre optic connector insertion loss after installation/termination must be less than or 
equal to 0.3 dB. 

v. Fibre optic connector reflectance after installation/termination must be less than or 
equal to -20 dB. 
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xi. All Contractors must carry a competent network contractor for the installation.  The 
network contractor must be a Corning certified installer utilizing corning certified 
equipment / components or approved equivalent for fibre optic networks.  Upon 
completion the City is to receive a 25 year warranty certificate for the network cabling 
components. 

7.0 SUBMITTALS 

The following section details the standards to be followed for submittals unless otherwise 
identified as not required in the terms of reference.  The terms of reference are to be followed 
for all projects for any additional submissions that may be required for a specific project. 

7.1 DESIGN SUBMITTALS 

i. As part of all design projects the following submittals are required for by the 
Consultant at various levels of the design process as follows; 

a. Equipment lists to include all equipment and instrumentation with 
descriptions, names, and tag names. The list is to be kept up to date 
throughout the duration of the project.  

b. 30% Stage - I/O lists and P&IDs along with a high level process narrative, 
network drawing 

c. 60% Stage – I/O lists, P&IDs, detailed process control narrative, network 
drawing, control panel layout and sizing 

d. 90% / Tender Stage - I/O lists, P&IDs, detailed process control narrative, 
network drawing, control panel layout and sizing, loop drawings 

e. Starter circuits detailing all control modes, interlocks, and operation of each 
piece of equipment 

f. Network drawings including separate campus layout and architecture 
drawings. 

g. As built drawings from the contractor markups upon completion.  

7.2 CONTRACT SUBMITTALS 

i. As part of all contracts as a minimum the following submittals are required for by 
the Contractor for review and comment at various stages as defined by the 
contract as follows. The Consultant is to define in the specifications all 
requirements for all submittals required as applicable to a project. 

a. Control Panel shop drawings 

b. Instrumentation sheets 

c. Existing circuit modifications 

d. Software FAT forms and test plans 
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e. Software SAT forms and test plans 

f. Control Panel FAT forms and test plans 

g. I/O loop checks 

h. All control and network cabling to be used 

i. Network equipment, connection, and configuration details 

j. Network testing documentation and reports 

k. All software developed for the project in an editable format (including 3rd 

party vendor programs).  This is to not include any passwords or source 
protection. 

l. Redline drawings of the contract for the purposes of as built documentation 

m. AUTOCAD and PDF as built drawing files. 
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8.0 SYSTEM TESTING 
Available from the City are various documents and procedures for logging and recording 
software testing, both FAT and SAT.  These documents are to be included and incorporated 
into the contract documents.  Software testing is to be conducted for all software developed 
on City projects. 

8.1 CONTROL PANEL FAT 

i. All control panels are to receive a FAT at the place of manufacture. 

ii. The Contractor is to demonstrate all I/O points for the control panel from the PLC 
through to the field terminal blocks.  The I/O checks are to be completed with a 
laptop and the programming software for the demonstration. 

iii. The Contractor is to furnish all equipment including but not limited to temporary 
power, voltage testers, signal generators, laptops, software, and all checkout 
forms necessary for verifying the I/O points. 

iv. The panel is to be confirmed by the Consultant as meeting the requirements of 
the specifications and drawings for layout, components installed, and 
functionality. 

v. The panel cannot be shipped to site until all deficiencies have been rectified as 
identified during the panel FAT. 

8.2 SOFTWARE FAT 

i. For all system testing including all FATs the City of Orillia, the Consultant, the 
Integrator, and the contractor will be responsible for sign off for all test 
documentation. Software FATs to be conducted at the location of the System 
Integrator. 

ii. 4 weeks prior to the software FAT the narrative, I/O lists, FAT plan, and software 
are to be issued for review by the City and the Consultant. 

iii. Software FAT is to be completed in conjunction with the City, Consultant, and 
System Integrator.  The software FAT is to follow the forms in the City’s standard 
format and as developed by the System Integrator. 

iv. The software FAT general consists of checking all manual control and monitoring 
of every device from the PLC up to the HMI.  The OIT (if applicable for the project) 
is also to be included in the test. 

v. All automated sequences, interlocks, shutdowns, and alarms are also to be tested 
and verified. 

vi. The software FAT is to utilize the PLC hardware and OITs that are to be used for 
the project. The contractor should make this equipment available as necessary for 
testing purposes to the System Integrator. 

vii. In some instances, third party vendors may be supplying PLCs with their own 
systems.  These systems are to also receive a software FAT to be attended by the 
City and Consultant.  Depending on the interaction between the PLCs as 
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programmed by the System Integrator and the third party vendor, the System 
Integrator’s attendance may not be required.  The Consultant is to determine this 
in the development of the contract documents to indicate the attendance of the 
System Integrator at the software FAT for the third party vendor. 

viii. If the software FAT was not completed demonstrating the requirements of the 
control narrative, deficiencies will be noted and the software retested as required 
to confirm that all deficiencies have been addressed. 

ix. Following the software FAT, the narrative is to be updated with any agreed upon 
changes. Narrative to be marked as issued for SAT. 

8.3 SOFTWARE SAT 

i. For all system testing including all SATs the City of Orillia, the Consultant, the 
Integrator, and the contractor will be responsible for sign off for all test 
documentation.  Prior to the software SAT the narrative and I/O lists are to be 
issued for SAT. 

ii. The software SAT will duplicate the process of the FAT using live equipment in 
coordination with the City, Consultant, and Contractor. 

iii. The software SAT general consists of checking all manual control and monitoring 
of every device from the PLC up to the HMI.  The OIT (if applicable for the project) 
is also to be included in the test. 

iv. The software SAT is to follow the forms in the City’s standard format and as 
developed by the System Integrator. 

v. All automated sequences, interlocks, shutdowns, and alarms are also to be tested 
and verified. 

vi. Following the software SAT the narrative is to be updated with any agreed upon 
changes during testing.  Narrative to be marked as final. 

8.4 GENERAL SITE TESTING 

i. All on site testing for new installations is to include turning the PLC off during 
operation of the facility to simulate and test the operation of the station upon a 
PLC failure. Although this does not test the software, it demonstrates the 
operation of the facility under this scenario.  This must be coordinated with the 
City, Consultant, and Contractor to complete. 

ii. Power failure testing to confirm operation when power is lost to a facility both in 
scenarios with standby power and without standby power to confirm expected 
operation. 

iii. All hardwired interlocks and controls are to be tested and documented as 
functioning on site. They are to be witnessed by the Consultant. 

iv. Network testing is to be conducted as noted in the network standards. 
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