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Preface

The Engineering Consultant Guidelines communicate design preferences of the Inland
Empire Utilities Agency (IEUA) to its consulting engineers/designers to improve
consistency and efficiency to project deliveries.

The Engineering Consultant Guidelines are not inclusive of all requirements and are not
meant to relieve the consulting/design engineers from any of it responsibilities to
execute its work according to its Contract with IEUA. The Guidelines were developed
mostly in tabulated forms to improve their use and ease of future modifications. The
level of completeness and usefulness of these Guidelines will improve with their use and
updates.

The level of details included in the Guidelines was targeted to the 30-percent design
level. The tabulated format should be helpful to incorporate applicable requirements into
the Preliminary Design and or the Basis of Design documents of the project. The level
of details/requirements is not the same for different design disciplines. The Guidelines
have the following attributes:

1. The Guidelines were developed with emphasis on technical areas that are
common sources of inconsistencies during designs.

2. The extent of the Electrical and 1&C Guidelines is the highest, followed by
Mechanical/HVAC.

3. General Guidelines were developed for other disciplines such as Structural, Civil,
etc.

User of these Guidelines should direct their comments and questions to IEUA’s project
manager for the individual project. The Engineering Department will be the central point
of contact for any requested modification of the Guidelines. Consultants are encouraged
to provide formal recommended modifications to the Guidelines as applicable to IEUA’s
projects.
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Background and General

1.1 IEUA Introduction/Background

The Inland Empire Utilities Agency is a regional wastewater treatment and water agency
that provides sewage treatment, biosolids handling, and recycled water to the west end
of San Bernardino county. Its 242-square-mile service area includes the cities of
Upland, Montclair, Ontario, Fontana, Chino, Chino Hills; the Cucamonga Valley Water
District, which services the City of Rancho Cucamonga; and the unincorporated areas
of San Bernardino County, including the Chino Agricultural Preserve.

The IEUA, a special assessment district, is governed by a five-seat publicly elected
Board of Directors. Each director is assigned to one of the five divisions: Division 1 —
Upland/Montclair; Division 2 — Ontario/Agricultural Preserve; Division 3 — Chino/ Chino
Hills; Division 4 — Fontana; Division 5 — Rancho Cucamonga. The regional technical and
policy committees provide information on technical and policy issues and include
representatives from each of the contracting agencies.

IEUA owns and operates regional sewer pipelines and receives wastewater from the
cities of Upland, Montclair, Ontario, Fontana, Chino, Chino Hills, and Cucamonga
County Water District servicing the City of Rancho Cucamonga. Wastewater collected
within these service areas is treated at one of the four regional water recycling plants.
RP-1 and RP-4 serve the northern parts of the service area, while RP-5 and CCWRF
serve the southern parts. Both RP-4 and CCWRF are designed to be scalping plants for
RP-1 and RP-5, respectively.

The four RWRPs are interconnected in a regional network. IEUA staff routinely use the
bypass and diversion facilities, such as the San Bernardino Lift Station, the Montclair
Lift Station and Diversion Structure, and the Carbon Canyon bypass to optimize flow
and capacity utilization within the system. For instance, RP-5 can receive bypassed
flows from RP-1 (primary effluent) and CCWREF, in addition to receiving recycle flows
from RP-2, the solids handling facility, and the RP-2 lift station flows. In general, flows
are routed between RWRPs in order to optimize recycled water deliveries while
minimizing overall pumping and treatment cost.

IEUA also operates and manages the groundwater recharge in the Chino Basin. IEUA
has enhanced the capabilities of the Groundwater Recharge Program to help replenish
the area’s underground aquifers. These recharge sites enhance the reliability of the
local groundwater supply for a growing population. Located throughout IEUA’s service
area are 19 recharge sites designed to capture runoff from storms, imported water from
the State Water Project, and/or high quality recycled water from IEUA’s distribution
system.

Along with these facilities, IEUA maintains and operates a desalter facility in the City of
Chino (Chino | Desalter) on behalf of the Chino Basin Desalter Authority and a biosolids
composting facility in the City of Rancho Cucamonga (Inland Empire Composting
Facility) on behalf of the Inland Empire Regional Composting Authority. IEUA is also the
representative of the Metropolitan Water District of Southern California for the
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contracting agencies. Figure 1-1 shows IEUA service area and Figure 1-2 shows the
Water Resource map.
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Figure 1-1: Agency Service Area
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Each of the four regional reclamation facilities is interconnected through an intricate
network of diversion points within the member agency wastewater collection systems to
enable plant influent flows to be shifted between the facilities in order to efficiently treat
the wastewater and meet recycled water demands within the IEUA service area. A
schematic of this network is depicted in Figure 1-3.

In order to effectively deliver recycled water to users in the north, IEUA uses both the
San Bernardino Lift Station and the Montclair Lift Station to route additional wastewater
to RP-1 and RP-4 where the groundwater recharge basins are located. A diversion
structure located upstream of RP-1 allows IEUA to divert raw wastewater to RP-4 by
way of the San Bernardino Lift Station. The RP-4 Influent Diversion Structure offers
flexibility within the system to divert RP-4 influent flows downstream towards RP-1, thus
enabling IEUA to control the volume of influent flow to RP-4.

The Montclair Lift Station intercepts raw wastewater from the cities of Montclair, Upland,
and Chino and pumps them to RP-1 for treatment. A portion of the flows from Upland
and Montclair can also be diverted to CCWRF by way of the Montclair Diversion
Structure. Similar to RP-4, the CCWREF Influent Diversion Structure offers flexibility
within the system to divert CCWRF influent flows to RP-5, thus enabling IEUA to control
the influent flow to CCWRF. In addition, the Primary Effluent Diversion Structure at

RP- 1 offers IEUA flexibility to divert primary effluent from RP-1 to RP-5.
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Figure 1-3. Inland Empire Utilities Agency Wastewater System Schematic
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1.2.1 RP-1 Overview

Regional Water Recycling Plant No.1 (RP-1) is located in the city of Ontario and has
been in operation since 1948. The plant has undergone several expansions to increase
the design hydraulic domestic sewage (wastewater) treatment capacity to 44 million
gallons per day. The plant serves areas of Chino, Fontana, Montclair, Ontario, Rancho
Cucamonga, Upland, and solids removed from RP-4, located in Rancho Cucamonga.
RP-1 has the ability to bypass primary effluent flows to RP-5 to provide relief at RP-1
and/or to perform maintenance activities. Northern flows can also be diverted upstream
of RP-1. The daily average flow values reported at RP-1 have been fairly stable over the
last two year period, generally ranging between 25 and 30 mgd with an average of 28
mgd. The plant is broken into two separate treatment sections: liquids and solids.

The liquid treatment section consists of preliminary screening and grit removal, primary
clarification, secondary treatment by aeration basins and clarification, tertiary treatment
by filtration and disinfection, and dechlorination. Wastewater liquid is treated to
California Department of Public Health Title 22 Code of Regulations standards for
disinfected tertiary recycled water. The solids treatment section begins with thickening
the solids removed from the primary and secondary clarification processes. The
thickened solids are pumped to anaerobic digestion and then to the centrifuges for
dewatering. Wastewater solids are digested to a minimum Class B biosolids standard,
as defined by the United States Environmental Protection Agency Code of Federal
Regulations. After dewatering, the biosolids are hauled to the Inland Empire Regional
Composting Facility in the City of Rancho Cucamonga for further treatment to produce
Class A compost.

1.2.2 RP-2 Overview

Regional Water Recycling Plant No.2 (RP-2) is located in the city of Chino and has
been in operation since 1960. The plant operated both liquids and solids treatment
sections, until 2002, when RP-5 was constructed to handle the liquids treatment section
portion of RP-2. Solids are removed from CCWRF and RP-5 and treated at RP-2.

The solids treatment section begins with thickening the solids removed from the RP-5
and CCWRF primary and secondary clarification processes. The thickened solids are
pumped to anaerobic digestion and then to the belt presses for dewatering. Wastewater
solids are digested to a minimum Class B biosolids standard, as defined by the United
States Environmental Protection Agency Code of Federal Regulations. After
dewatering, the biosolids are hauled to the Inland Empire Regional Composting Facility
in the City of Rancho Cucamonga for further treatment to produce Class A compost.

The plant is within the flood zone upstream of the Prado Dam, on land leased from the
US Army Corps of Engineers; the lease will expire in 2035. The maximum operational
water level upstream of the dam is anticipated to be raised to increase the available
Orange County water storage. Therefore, the lease is not expected to be renewed upon
expiration. IEUA plans to relocate the solids treatment to the RP-5 Solids Handling
Facility, which is out of the flood zone.
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1.2.3 CCWRF Overview

Carbon Canyon Water Recycling Facility (CCWREF) is located in the City of Chino and
has been in operation since 1992. The design hydraulic domestic sewage (wastewater)
treatment capacity is 11.4 million gallons per day. The plant serves areas of Chino,
Chino Hills, Montclair and Upland.

The operational relationship between CCWRF and RP-5 in the south is similar to that
between RP-4 and RP-1 in the north, with CCWRF and RP-4 operating as scalping
plants for RP-5 and RP-1, respectively. As discussed previously, the Montclair Diversion
Structure upstream of CCWRF allows IEUA to bypasses a portion of the northern flows
south to CCWRF to provide relief capacity for the Montclair Lift Station and RP-1. The
CCWREF Influent Diversion Structure at CCWRF also allows flows influent to CCWREF to
be diverted south to RP-5, allowing IEUA to control the volume of influent flow to
CCWREF.

The daily average flow values reported at CCWRF have been fairly stable over the last
two year period, generally ranging between 6 and 8 mgd with an average of 7.2 mgd.
Routine bypasses from CCWRF to RP-5 were observed during this two year period,
averaging about 2.2 mgd. CCWREF consists only of a liquid treatment section.

The liquid treatment section consists of preliminary screening and grit removal, primary
clarification, secondary treatment by aeration basins and clarification, tertiary treatment
by filtration and disinfection, and dechlorination. Wastewater liquid is treated to
California Department of Public Health Title 22 Code of Regulations standards for
disinfected tertiary recycled water. The solids removed from CCWRF are pumped to
RP-2 for thickening, anaerobic digestion, and dewatering.

1.2.4 RP-4 Overview

Regional Water Recycling Plant No.4 (RP-4) is located in the City of Rancho
Cucamonga and has been in operation since 1997. The plant has undergone an
expansion to increase the design hydraulic domestic sewage (wastewater) treatment
capacity to 14 million gallons per day. The plant serves areas of Fontana, Rancho
Cucamonga, and San Bernardino County.

With the ability to divert northern flows to either RP-1 or RP-4, and to bypass influent
RP-4 flows to RP-1, IEUA is able to control the influent flow to RP-4. The daily average
influent flow values reported at RP-4 have been fairly stable over the last two year
period, generally ranging between 8 and 12 mgd with an annual average of 10.5 mgd.
Because RP-4 serves as a scalping plant for RP-1, routine flow diversions occurred
during the analysis period but are not depicted in the figure due to the fact that RP-4
influent flows are measured after flow diversion has taken place.

The liquid treatment section consists of preliminary screening and grit removal, primary
clarification, secondary treatment by aeration basins and clarification, tertiary treatment
by filtration and disinfection,. Wastewater liquid is treated to California Department of
Public Health Title 22 Code of Regulations standards for disinfected tertiary recycled
water. The solids removed from RP-4 are conveyed by gravity through the regional
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sewer system to the influent of RP-1 for thickening, anaerobic digestion, and
dewatering.

1.2.5 RP-5 Overview

Regional Water Recycling Plant No.5 (RP-5) is located in the city of Chino and has
been in operation since 2004. The design hydraulic domestic sewage (wastewater)
treatment capacity is 16.3 million gallons per day, which includes 1.3 million gallons per
day of solids processing returned from RP-2. The plant serves areas of Chino, Chino
Hills, and Ontario.

With bypassed and diverted flows ultimately reaching RP-5 from each of the upstream
facilities as well as from the RP-2 Lift Station to the south, RP-5 serves as the system
sink with no ability to divert or bypass flows elsewhere within the system. RP-5 receives
flows from its surrounding sewershed, as well as bypassed flows from CCWRF, RP-1,
and the RP-2 Lift Station. The RP-5 influent flows include raw wastewater contributions
from the surrounding sewershed as well as bypassed flows from CCWRF and RP-1, in
addition to RP-2 recycle and other flows from the RP-2 Lift Station. In general, RP-5
influent flows from all sources, as measured downstream of all diversions and
bypasses, ranged between 8 and 12 mgd, with an average influent flow of 10 mgd.

The liquid treatment section consists of preliminary screening and grit removal, primary
clarification, secondary treatment by aeration basins and clarification, tertiary treatment
by filtration and disinfection, and dechlorination. Wastewater liquid is treated to
California Department of Public Health Title 22 Code of Regulations standards for
disinfected tertiary recycled water. The solids removed from RP-5 are pumped to RP-2
for thickening, anaerobic digestion, and dewatering.
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4 Recycled Water and
- Groundwater

- Recharge System
Overview




1.4.1 Recycled Water System

Water recycling is a critical component of the water resources management strategy for
IEUA and the Chino Basin. The State of California has determined that the reuse of
highly treated recycled water is the only new major source of water available to meet
the Southern California’s growing water demand.

IEUA currently receives over 50 million gallons per day of wastewater from its regional
treatment plants. This water is treated to Title 22 regulations set forth by the California
Department of Health Services and distributed throughout the service area. IEUA
delivers recycled water for agriculture, municipal irrigation, industrial uses and for
groundwater replenishment.

Major benefits of the recycled water program include:

e New Water Supply — delivery of over 30,000 acre-feet per year (AFY) of this local
supply
e Enhances groundwater- improves the quality of the Chino Basin aquifer

e Drought proof supply- recycled water supply is not directly impacted by drought and
could help mitigate the impacts of regional or statewide water supply limitations

¢ Reduce dependence of imported water supplies- increases local water supply
reliability and decreases water imports from the Sacramento Bay Delta

1.4.2 Groundwater System Overview

The Ground Water Recharge (GWR) system is a critical element in replenishing
groundwater that has been pumped from various locations throughout the service area.
IEUA strives to maintain a sustainable supply of groundwater by operating the various
groundwater recharge basins throughout the service area.

The recycled water that is produced throughout IEUA is transported to available
recharge basins. In addition to recycled water, the basins collect storm water and local
run off. As water reaches the basins, it is allowed to percolate through the soil. The soil
percolation treats the recycled water providing a higher level of virus removal. The
percolated water is stored as groundwater for greater than six months prior to be
pumped out for treatment and human consumption.

1.4.3 Groundwater Facilities Overview
The Ground Water Recharge (GWR) system is comprised of twenty groundwater

recharge basins throughout the entire service area which vary in size. The recharge
basins are broken into three management zones which correlate to their respective
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location within the service area. Additionally, there are three basins which do not
contribute to the replenishment of the groundwater aquifer.

The immediate demand for recycled water belongs to the users of the service area.
Once the demand for recycled water has been met, the remainder of the produced
recycled water is transported to available GWR basins. IEUA continues to make
groundwater an important aspect in the ability to provide a more sustainable water
supply. The recharge volume, for fiscal year 14/15, amounted to 15,535 acre-feet of

water.
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1.5 Communications
- System Overview



1.5.1 Business Network

The Business Network (BIZ) is an Agency network that connects local area business
networks throughout IEUA together through the use of a wireless Wide Area Network
(WAN) and provides access to the internet. Communication within the network is
transmitted through cable media and wireless media. The wireless media
communication supports the BIZ and Process Automation & Control (PAC) systems.
BIZ provides the shared use of business-related resources, such as storage servers,
printers, email, and interpersonal communications. The BIZ is composed of servers
located at the Headquarters Buildings, RP-1, and RP-5. Network switches connect each
networked asset to the BIZ network. There are two sets of assets included in the BIZ:
productivity tools and fixed assets.

1.5.2 Process Automation & Control (PAC)

The Process Automation & Control System (PAC) is an Agency network that connects
local area process automation networks together through a wireless Wide Area Network
(WAN). The communications within the networks are transmitted through cable media
and wireless media. A series of microwave transmitting towers creates a loop of
wireless communication linking all the facilities. The primary communication towers are
located at RP-1, CCWRF, RP-4, RP-5, and the Northwest 6B Tower. Cucamonga
Valley Water District's AlImond Street Repeater provides communication and control of
the ground water recharge basins. The Groundwater Recharge (GWR) basins
communicate wirelessly to one of the primary hubs. Network switches connect PLCs,
operator work stations, and other network devices connected to the PAC network. An
operator is able to log on the PAC network to control and monitor a facility using the
Supervisory Control and Data Acquisition (SCADA) system or Distributed Control
System (DCS) system.

The SCADA systems are composed of Rockwell Automation software and Allen Bradley
PLCs. The DCS systems use the Foxboro DCS system from Invensys and a
combination of Invensys Control Processors and Allen Bradley PLCs. Field output data
is transmitted to either a PLC or a centralized control processor, and the SCADA/DCS
systems provide a single platform to monitor all the field data, make set point changes,
establish/monitor alarm conditions, and control equipment within an entire facility. Field
data is also transmitted to a historian, that is, a storage server, to allow trending or
analytical analysis in the future.

There are two sets of assets included in the PAC: productivity tools and other fixed
assets. Design engineers should obtain latest system configurations before
commencing their work.
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6 Guidelines
Development Process



The Guidelines development process was established from the onset to mostly
document current IEUA staff experience in the delivery of various projects and to reduce
inconsistencies among similar types of projects. The development process involved
significant interaction with IEUA staff through multiple workshops and one-on-one
meetings. All IEUA Departments were represented in the process including
Engineering, Operations, Maintenance, Technical Services, Construction Management,
Electrical, HVAC, and Process Automation & Control. Input was sought from all relevant
staff for the subject being developed.

The focus was on areas that represented the highest degree of design discrepancies or
construction change orders. As such, the extent of the Electrical and I&C Guidelines is
the highest, followed by Mechanical/HVAC.

The level of details included in the Guidelines was targeted to the 30-percent design
level. The tabulated format should be helpful to incorporate applicable requirements into
the Preliminary Design and or the Basis of Design documents of the project. The level
of details/requirements is not the same for different design disciplines.

The Guidelines are not meant to be complete nor comprehensive, rather, this was a
significant initial effort to start the process. The content and completeness of these
Guidelines will continue to progress with use and future modifications. A formal annual
review process was intended. The Engineering Department will be the central point of
contact for any requested modification of the Guidelines.
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FINAL

1.7 General/Miscellaneous

LAST UPDATED Mar 20, 2018

This document applies to

Scope General/Misc.
1 Project Primavera Version 7.0 unless
Schedule otherwise approved by the PM.
Construction Preliminary, 60, and 100 Minimum.
5 Cost Estimates  percent.
for IEUA
Reviews
Design Preliminary, 60, and 100 Minimum.
3 Submittals for percent.
IEUA Reviews
Consider all applicable See Section 7
permits. For onsite projects, for detalls.
typically only California
Environmental Quality Act
(CEQA),
4 Permits South Coast Air Quality
Management District
(SCAQMD), and/or National
Pollutant Discharge
Elimination System (NPDES)
permits may be required.
Review alignments for visible
utility conflicts, constructability,
. . and ease of operations and
25?\/;/5“’ maintenance of the facilities.
' Conduct geophysical
> Geophy5|_cal investigation to determine
Investigation,
and Potholing presence of subsurface_
features. Perform potholing to
determine depths of
subsurface features.
CSI Format, "Green Book"
6 Technical Standard Specifications for
Specifications Public Works Construction can
be referenced in lieu.
Consider all applicable Right-
; Right-of- of-Way/Easements

Way/Easements fequirements and limitations
and how they are
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FINAL

1.7 General/Miscellaneous

LAST UPDATED Mar 20, 2018

communicated with the

Contractor.
Create "Birth Certificate" for Latest Forms
Equipment gach new equipment to are available
8 "Birth include, size, capacity, year of  from _
" " construction, cost, tolerances,  Construction
Certificate o :
measured vibration, etc. Project
Manager.
Review project landscape
9 Landscape requirements with IEUA staff.
: Use electric units and propane. Electrical units
10 Forklifts are preferred.
Equments Use recycled water in lieu of
11 Needing .
potable water where possible.
Backwash

Evaluate spare parts

requirements for all critical
12 Spare Parts mechanical equipment being

designed and discuss with

IEUA O&M Staff.

Avoid and keep under

contractor to procure and

install.
Equipment Pre-  If equipment preselection is
13 purchasing/ beneficial to IEUA, assign
Preselection preselected equipment to

Contractor to procure in order
to maintain single point of
responsibility.

Provide for all equipment.

Equipment Use reinforced concrete.

14 Utility Pads Bollards are necessary to
protect utilities, where
applicable.

Equipment Sole Public Contract Code §
15 qulp 3400(b) allows sole sourcing

Sourcin
9 under four reasons:

GHD | IEUA Engineering Design Guidelines | Page 2



FINAL

1.7 General/Miscellaneous

LAST UPDATED Mar 20, 2018

(1) to conduct a field test or
experiment of the product,
(2) to match existing
products in use on the
particular public work,

(3) to obtain a product that is
only available from one
source, and

(4) to respond to an
emergency.

Before IEUA can resort to sole
sourcing for one of these
reasons, IEUA must determine
that one of the four reasons
listed above applies and the
determination must be
approved by IEUA
Management. Further, the
determination for sole sourcing
must be described in the
invitation for bids or request for
proposals.
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FINAL

1.7 General/Miscellaneous

LAST UPDATED Mar 20, 2018

IEUA is transitioning to an
Electronic Library enterprise
network that includes:

e Conversion of its treatment
facility Operations and
Maintenance (O&M)
Manuals to a standardized
electronic format and level

of content
e Establishment of
16 gg";ﬂé/ standardized formats and
UPCPs content for Standard

Operating Procedures
(SOPs) and Unit Process
Control Procedures
(UPCPs)
Examples of the standardized
format and level of content for
O&M Manuals, SOPs, and
UPCPs are included in the
General Attachments to these
Guidelines

Develop a technical
specification section to require
Contractor to furnish and
install all identification devices
as shown and specified in the

Identification Contract Documents. This

Devices would include a section for
"Smart Tags" and related tag
guidelines including but not
limited to Piping ID, Exit Signs,
Safety Signs, Right-to-know
labels and tags.

17
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2. Mechanical

2.1 Valves
2.1.1 General
2.1.2 Gate Valves
2.1.3 Check Valves
2.1.4 Butterfly Valves
2.1.5 Pressure Reducing/ Pressure Relief Valves
2.1.6 Diaphragm Valves
2.1.7 Air Release and Vacuum Valves
2.1.8 Air Valves Sizing
2.1.9 Plunger Valves
2.1.10 Sluice/Slide Gates
2.1.11 Miscellaneous Valves
2.1.12 Actuators
2.2 Valve and Pipe Schedule
2.3 Pumps
2.3.1 General
2.3.2 Horizontal Centrifugal Pumps
2.3.3 Submersible Pumps
2.3.4 Submersible Wastewater Pumps

2.3.5 Sludge Dewatering Pumps
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2.3.6 Positive Displacement Pumps
2.3.7 Progressive Cavity Pumps
2.3.8 Vertical Turbine Pumps

2.3.9 Centrifugal and Axial Pumps
2.3.10 End-Suction Pumps

2.4 Pumps Schedule

2.5 Chemical Storage & Feed Facilities
2.5.1 General
2.5.2 Chemical Metering Pumps

2.5.3 Chemical Storage Facilities
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FINAL

2.1.1 Valves, General

LAST UPDATED Mar 20, 2018

0

Scope

Valve
Location

Valve and
Gate
Automation

Valve
Maintenance

Actuator
Type

Actuator
Sizing

Surge
Control

Factory
Testing Data

This document applies to all valves.

Valves shall be accessible (i.e., not
buried), unless otherwise necessary and
noted. Valves shall be installed in
locations with enough room for
maintenance personnel to maintain
valves with the proper equipment.
Minimize locating valves with actuators in
classified areas, when possible.

Review Recycled Water
Guidance Drawings RW-5,
RW-6, and RW-7c.

Automation and
connection to SCADA is
preferred.

Apply automation on critical pipes and
channels to enhance equipment O&M.

Incorporate dismantling joints into design
layout to ease removal of valves.

Consider access hatches, rollup doors,
and lifting devices for large and critical
valves.

Incorporate pneumatic actuators for
proportional control (modulating) valves
and gates, unless otherwise noted or not
available.

Provide chain operator for
valves over 7-ft high.

Buried valves shall have extension stems
to grade with square nuts and cast iron
or steel pipe extensions. Stem supports
shall prevent shearing of the stem.
Oversize actuator to allow for
aging/corrosion/scaling/ clogging of
equipment.

Specify speed of opening and closing to
avoid significant increase in pressures.

Submit Factory Acceptance Test data
before shipment of the valve. The data
shall also include certification of quality
and test results for factory-applied
coatings.
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FINAL

2.1.1 Valves, General

LAST UPDATED Mar 20, 2018

Label all valves with manufacturer's
name and working pressure cast in
raised letters on valve body.

3 Labeling and :
Valve Tags A Type 316 SS tag that includes the

valve Reference Number shall be

mounted to the valve with Type 316 SS

attachments.

o Required for the exterior surfaces of
Painting and  ygjves.
fg :rtmlgrgal) Required for the wet interior surfaces of

ferrous valves 4-inches and larger.

i Epoxy coated and wrapped with RP-1 utility lines have
Painting and vethvl v b : led
Coating polyethylene encasement. recently been installed —

. buried equipment was
(Buried wrapped
Valves)

Ferrous interior surfaces: Epoxy. RP-1 utility lines have
recently been installed —
buried equipment was
wrapped

9
Ferrous exterior surfaces: Epoxy. RP-1 utility lines have

Painting and recently been installed —

ing buried equipment was
Coating wrapped
(Above-

d .

groun Non-ferrous surfaces: Coat machined,
Valves) .

polished, and non-ferrous surfaces

(including gears, bearing surfaces and

similar unpainted surfaces) with

corrosion prevention compound which

shall be maintained during storage and

until equipment begins operation.

Conduct on closed valves.

Test system at pressure equal to 1.25/

Pressure 1.5 of design pressure.
10 -Fr'(jtjlng’ Maximum system pressure test shall not
[

exceed valve manufacturer's maximum
pressure limit.
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FINAL

2.1.1 Valves, General

LAST UPDATED Mar 20, 2018

All bolts, nuts, studs and washers shall

Bolts, Nuts, be of Type 316 stainless steel.

Studs,
Washers,
Gaskets

11 Gaskets shall be full-face type. Gasket
material shall conform to manufacturer's

recommendations.

2.5-inch and smaller may be provided
with threaded or flanged end connections

3-inches and larger require flanged end

End connections

= Connections

Unless otherwise shown or otherwise
specified, all flanged valves shall have
ends conforming to AWWA C115, 125 Ib.
flange.

A single manufacturer shall be made Provide a list of local
Manufacturer responS|bIe for c_oo_rdlnatlon of design, installations.

testing, and furnishing each valve.
Where 2 or more valves of the same type
and size are required, the valves shall be
furnished by the same manufacturer.

13

Shall have a successful record of not
less than 5 years in the manufacture of
the valves indicated

Require manufacturer to provide
Certificate of Proper Installation.
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FINAL

2.1.2 Gate Valves

LAST UPDATED May 25, 2015

Scope This document applies to gate valves.

Types:
-Resilient-seated (conform to AWWA

C509).

-Metal-seated double disk

1 Type

Manufacturers: DeZurik.
-Or equal

3 Pressure Rated 200 PSI. Minimum.

2 Manufactures

Body:
-Cast iron.

-Ductile iron.
Trim: 316 SS

4 Materials

Type:
-Exposed: flanged ends conforming to
End ANS_I B16.1, Cla§s 125
5 Connections -Buried: mechanical joint ends
conforming to ANSI A21.11.
Bell and spigot end connections by IEUA
approval only.

6 Size Maximum 16”.
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FINAL

2.1.3 Check Valves

LAST UPDATED August 18, 2017/

This document applies to swing check,
0 Scope slanting disc, chemical check, and air
service check valves.

Type:

-Full opening passages.

-Flanged cover piece (for access to disc).
-Outside lever and spring.

-Air cushioned or hydraulic cushioned,
controlled closing.

) Size: 3-inches and larger.
1 Swing Check

Pressure: Rated 150 PSI working
pressure.

Manufacturers: APCO/DeZurik.
-Or equal

Body: Cast iron (ASTM A126).
Trim: 316 SS.

Type:

-55 degree seating angle.
-Guaranteed not to stick in closed
position.

-Flanged connections for Dashpot or
Hydraulic Snubber.

-Position indicator.

2 Slanting Disc  Pressure: Rated 250 PSI working
pressure.

Manufacturers: APCO/DeZurik.
-Or equal

Body: Cast iron (ASTM A126).

Trim: 316 SS.
Chemical Type:

3 (Type Check -Self-contained, straight-through design.
Valve) -Used for all liquid chemical feed
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FINAL

2.1.3 Check Valves

LAST UPDATED August 18, 2017

systems.

Material: Polyvinyl chloride (PVC), Type
1, Grade 1 (conforming to ASTM D1784).
Manufacturers:

Ryan Herco.

-GF Plastic Systems.

-Asahi/America.
-Or equal

Type:
-Double Door Check Valve.

-Lugged Style
-Operate without hammer or shock.

Air Service .
4 (Type Check -Spring loaded.
valve) -Normally closed.
Body: 316 Stainless Steel.
Manufacturers: APCO/DeZurik.
-Or equal
Trim: 316 SS.
End Flanged (conforming to ANSI/ASME
5 Connections B16.1), Class 125.
(all check
valve types)
Position
SIS (] Housing: 316 Stainless Steel.
check valve
5 types)
Manufacturers:
-Westlok Silver Bullet Model 316.
-Or equal.
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FINAL

2.1.4 Butterfly Valves
LAST UPDATED  August 18, 2017

This section applies to all types of
0 Scope butterfly valves, including lug style
(excluding triple-offset butterfly valves).

Material: Body; Cast Iron; Lug Type;

1 Materials Flanged End Connection,
Trim: 316 SS.
2 Size 4” Minimum.
3 'V'ax'”.‘“m Hss 16 feet per second.
Velocity
4 Manufacturers Manufacturers: DeZurik
5 Scope This section applies to double offset
butterfly valves
24" and above Double offset, AWWA
6 :
valves DeZurik
" Single offset, AWWA
7 24" and Below DeZurik
Body: Ductile Iron
: Trim: 316 SS
£ METEITELS Shaft Seal: Dry Shaft
Valve Seal: Peroxided Cured EPDM
9 Pressure Class 250 psi
Maximum Flow
= Velocity Ll
Nickel Aluminum Bronze
Alloy discs are not AIS
compliant.
Ductile iron ASTM A536 65-45-12, 316
Stainless Steel Recommend removing
“or Nickel Aluminum
11 Disc Bronze Alloy” from the
criteria
Double offset disc design for valves 24” Manufacturers only offer
and larger AWWA-certified double
offset butterfly valves for
Single offset disc design for valves sizes 24" and larger.

smaller than 24”
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FINAL

2.1.4 Butterfly Valves
LAST UPDATED August 18, 2017

Manufacturers offer
high-performance
double-offset butterfly
valves for sizes smaller
than 24”, however these
are not AWWA-certified.

Manufacturers offer
AWWA-certified single
offset butterfly valves for
sizes smaller than 24”

Prior to application of required coating

install stainless steel seat edge (where

applicable).

Mechanically secured to shaft with Type

304 stainless steel, straight through taper

pins and locking nuts.
Non-AWWA high
performance double-
offset butterfly valves

No travel stops for disc on interior of body standards (<24”) are
often manufactured with
travel stops on the
interior of the body.

Inside flow diameter (smallest flow area

not including any portions occupied by

seat):

Not less than 1 1/2 inches smaller than

nominal diameter.

Bubble tight with rated pressure applied

from either side of valve.

Bi-directional for control of flow from
either direction.

Standards for non-

AWWA high
performance double-
12 Rubber Seats No retainer boI_ts, clamps, or rings are offse,:[ butte_rfly valyes
allowed to retain the seats. (<24”) require retainers.

Generally, the Teflon
packing used in high

GHD | IEUA Engineering Design Guidelines | Page 8



2.1.4 Butterfly Valves

13

15

Disc Seating
Edge

Shaft
Seals

Coating

LAST UPDATED

Stainless steel, ASTM A240, Type 304 or
316

Seat shall completely cover and envelope

the entire leading edge of the disc.
Valves disc that do not completely cover
the disc edge or that have coated disc
edges are not acceptable.

Designed for use of standard split "V"
type packing.

Seals shall be self-adjusting and wear
compensating.

Valves with manually adjustable packing
glands are not accepted.

The epoxy shall be a minimum of 8-12
mils DFT

PPG Ameron Amerlock 2 or Amercoat
370.
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August 18, 2017

performance butterfly
valves is not negatively
affected by the use of
retainers

Recommend removing
“or alloy of nickel-
chromium (nichrome)”
from the criteria.

AWWA compliant valves
will generally use
316SS.

Manually adjustable
packing glands cost
more. However, in
general, valves that use
manually adjustable
packing glands are not
perceived negatively.
Recommend choosing 8
mils or 12 mils.

Epoxy is generally
applied in increments of
4 mils. Providing a range
between 8-12 mils will
likely result in 8 mils of
epoxy.

DeZurik generally uses
Tnemec Series 141.

Pratt and Mueller



FINAL

2.1.4 Butterfly Valves
LAST UPDATED  August 18, 2017

generally uses
Amerlock.

This requirement applies
to traveling nut operators
more than worm gears.

Sized for bi-directional flow and 450 ft-lb

16 Operators input torque to stops.

Required input torque with maximum

17 Input Torque hand wheel pull of: 150 ft. Ibs. for
operating nuts.
Totally enclosed, permanently lubricated
and sealed gear reducers.

Self-locking with open and close stops
provided to limit valve disc travel.

Specify either traveling
nut type operator or

Traveling nut type (ex. MDT Model) worm gear operator in
specifications. There is a
Worm Gear (Rotork or pre-approved cost implication in this
18 Gear Reducers gqual). preference -- worm gear
operators are more
expensive.

Buried service gears shall be minimally
90% grease packed with a generous
slathering of all interior surfaces.

Submit calculations for valve torque
requirements to Engineer as part of Shop
Drawing submittal package. Velocity for
dynamic torque must be 16 fps.
Compliant with AIS requirements (for
SRF AIS Funding) - Manufactured using

. Iron and Steel products produces in the
19 Compliance  ypjted States.

Compliant with AWWA C504.
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FINAL

2.1.5 Pressure Reducing/Pressure Relief Valves
LAST UPDATED May 5, 2015

This document applies to pressure

0 Scope reducing and pressure relief valves.
Single diaphragm globe or angle valve.
1 Type Hydraulically operated, adjustable, pilot
controlled.
Body Materials: Ductile Iron (ASTM A
2 Materials 536).
Trim: 316 SS.
3 Pressure Rated: 250 PSI.
4 Manufacturers Manufacturers: Cla-Val Company.
-Or equal
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FINAL

2.1.6 Diaphragm Valves

LAST UPDATED August 18, 2017

This document applies to diaphragm
valves.

Service Types:

0 Scope

-Chemical.

-Water.

-Sewage.

Materials: PVC; CPVC; PVDF; and
316SS where appropriate..
Materials:

3 Diaphragm -EPDM.

-TFE

Manufactures:

-ITT Grinnel.
-Asahi/America.

-Hayward

-RG Sloane

-Chemtrol

1 Service Types

2 Body

4 Manufacturers
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FINAL

2.1.7 Air Release and Vacuum Valves

LAST UPDATED August 17, 2017

This document applies to air release, air
and vacuum, and combination air valves.

Type: Float operated, compound lever.
Air Release Include isolation valve to allow removal

0 Scope

. Valve (ARV)  of valve without shutting down the
equipment.
Float has no direct contact with air and
_ water.
5 Cgcﬁﬂn Float is centered or peripheral guided for
ositive shutoff into seat.
Valves (AVV) P ,
Seat shall be fastened into the valve
cover.
Combination Type: Single-body construction designed
3 Air Valves to provide all functions within one
(CAV) housing.
Types:
Air Valve for -3-inches and smaller: AVV with
4 Vertical throttling device.
Turbine Pumps -4-inches and larger: Dual body CAV
mounted on top of surge check.
5 Pressure See Air Valve Sizing Table in 2.1.8
3 - Body: Cast iron (ASTM A 48, class 35B).
aterials
Trim: 316 SS.
7 Manufacturers Manufacturers :
-APCO/DeZurik.
-A.R.l. Flow Control Accessories.
-Or equal

-See Section 2.8.
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2.1.8 Air Valve Sizing

LAST UPDATED May 25, 2015

Air Valve Sizing

Valve | Pressure | Manufacturer and
Service (\\[0] (1S
Type Range Model

-APCO/DeZurlk Series

<150 PSI
-A.R.I. S-050.
-APCO/DeZurik Series
ARV > 150 PSI  200A.
-A.R.l. S-015.
-APCO/DeZurik Series
>500 PSI  206.
-A.R.l. S-016.
-APCO/DeZurik Series
<150 PSI  150.
-A.R.l. K-060.
Potable / -APCO/DeZurik Series
Reclaimed AVV > 150 PSI  150.
Water -A.R.I. K-060.
-APCO/DeZurik Series
> 500 PSI 150.
-A.R.I. K-064.
-APCO/DeZurik Series
<150 PSI 140C.
-A.R.1. D-040.
-APCO/DeZurik Series
CAV > 150 PSI  1700.
-A.R.l. D-060-C HF.
-APCO/DeZurik Series
> 500 PSI  1700.
-A.R.l. D-064-C HF.

-APCO/DeZurik Series
ARV <150 PSI  401.
Sewer / -A.R.l. S-050.
\.I/.\:Zifnvgtf ' -APCO/DeZurik Series
Plants AVV <150 PSI 401.
-A.R.1. K-020.
CAV <150 PSI -APCO/DeZurik ASU.
-A.R.l. D-023.
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2.1.9 Plunger Valves
LAST UPDATED May 25, 2015

Scope This document applies to plunger valves.
VAG-Armaturen.
Minimum 7 years of continuous product

1 Manufacturers history in the USA, 10 years total
experience, and 25 installations in US.

2 Perf Capable of throttling to 0.1 cfs flow

eriormance  control setpoint.
Max operating noise: 55 decibels at 150
_ feet away.

3 Noise L : .
Sound attenuation jacket is permitted to
limit noise.

4 Type Internal slider-crank mechanism.

5 Size 6”, Minimum.

5 Material Body: Ductile iron.

arernas Trim: 316 SS.
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2.1.10 Sluice/Slide Gates
LAST UPDATED May 25, 2015

This document applies to sluice or slide
gates.

Manufacturers:

0 Scope

-Rodney-Hunt.

-Waterman.
1 Manufacturers -Whipps.

-Golden Harvest.
- Fontaine-Aquanox

-Or approved equal.

Body: Stainless Steel, Type 316.
2 Materials Gate: Stainless Steel, Type 316.

Trim: 316 SS.
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2.1.11 Miscellaneous Valves
LAST UPDATED May 25, 2015

This document applies to ball valves;
solenoid valves; and pet cocks.

General: Line size ball valve and union
shall be installed upstream of each

Ball Valves solenoid valve, in-line flow switch, or other
in-line electrical device for isolation during
maintenance.

Materials: Body, ball, stem and connector -
Schedule 80 PVC.

Type:

Double block (or full block) designed to
prevent seal carrier blow-out.

Pressure:
-Rated to 150 PSI at 70°F.
PVC Ball -90° ON/OFF actuation.
Valves (Sizes Manufacturers:
1/2-inch to 4- -Hayward (Sizes 1/2-inch to 4-inches).
inches) -Spears.
-M&T Plastic Inc. (Sizes 1/2-inch to 6-
1 inches)
-The Harrington Corp. (Sizes 1/2-inch to 4-
inches).
-Ryan Herco Products Corp. (Sizes 1/2-
inch to 4-inches).
-or approved equal.
Type:
-For general water and air service.
-Top entry type.
-Screwed ends.
Bronze or SS -Full bore ports.
Ball VValves -Hand lever operators.
(Sizes 1/2-inch  Materials:
to 4-inches) -All-bronze or SS.
-Teflon seats.
Pressure: Minimum rating of 250 PSI for

Bronze or 1,000 PSI WOG (cold, non-
shock).

0 Scope
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2.1.11 Miscellaneous Valves
LAST UPDATED May 25, 2015

Manufacturers:

-Apollo Ball Valve Division.
-Or equal.
Type:

-Two-way, normally closed (i.e., closes
when de-energized).

-Packless construction.
-Threaded ends.
-Threaded conduit connection.

-Strainer to be installed upstream of each
Solenoid valve.
Valves Materials:

-Seat: Resilient Buna "N" and Teflon.

-Body: Forged brass or stainless steel body
and ball where appropriate

-Internal parts (in contact with fluid): Series
300 and 400 stainless steel.

Manufacturers: ASCO/DeZurik.
-Or equal

Provide lever or tee handle operator.
Pet Cocks (2.5- Materials: All brass (ASTM B 16).

3 inch and Manufacturers: Lunkenheimer Figure 478
smaller) or 479.
-Or equal
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2.1.12 Valve Actuators

LAST UPDATED May 25, 2015

This document applies to all valve
actuating equipment. This includes

¢ =EopE manual and automated electric and
pneumatic actuators.
Required for manual shut-off valves
1 Chain actuators mounted higher than 7-feet above
working level.
Sour G A Required for:
2 bur ear and Han -Gate valves 18-inches and larger.

wheel . : .
-Where chain actuator is required.

Automated Electric  Manufacturers: AUMA. Must meet area

€ Actuators -Or equal class_,lflcatlon
requirements.
4 Automated Manufacturers: Fisher.
Pneumatic Actuators -Or equal
Types:
-Worm gear drive and nut.
5 Manual Operator -Hand wheel or chain.
(exposed) Chain wheel, sprocket, and aluminum
chain required if mounted more than
7 feet above the operating floor.
Provide valve box, 2-inch square
operating nut, and position indicator.
Manual Operator i _ i
6 (buried valves) !Extensmn: reqwreq if top of valve nut
is greater than 12-inches below top of
valve box.
Material:
-Cast iron.
-Concrete.
-Or similar.
7 Valve Boxes (buried  Cover Size: allow operation of valve
valves) actuators.

Cover Marking:
-Potable Water: Water.
-Recycled Water: RW.
-Sanitary Sewer: Sewer.
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2.2 Pipe and Valve Schedule

LAST UPDATED

Pipe Material

Preferred
Type of
Valve

FINAL

May 25, 2015

Preferred
Manufacturers

Process (> 3") - ]

FORCEMAIN

INFLUENT /
EFFLUENT

FILTER INFLUENT

SECONDARY
EFFLUENT
TERTIARY
EFFLUENT

WASTE BACKWASH

OVERFLOW

FINAL EFFLUENT

RECYCLED WATER

AERATION BASIN
EFFLUENT

INTERMEDIATE
EFFLUENT

PRIMARY
EFFLUENT

SLUDGE / SCUM/
FROTH
CIRCULATED
SLUDGE

RAW SLUDGE
THICKENED
SLUDGE

MIXED LIQUOR

HDPE, Ductile Iron,
ANSI A21, 51
(AWWA C151)

AWWA C900

Steel, AWWA C200,
Welded.

Steel, AWWA C200,
Welded or Ductile
Iron, ANSI A21, 51
(AWWA C151).

Ductile Iron, ANSI
A21, 51 (AWWA
C151), Glass-lined or
Steel Sch. 40, ASTM
A120, Glass-lined.

GHD | IEUA Engineering Design Guidelines | Page 1

Plug

Plug (in vault),
Gates

Plug (in vault)
Plug (in vault)

Plug (in vault)

Plug (in vault)

Plug (in vault)
Gates
Plug (in vault)
Gates
Plug (in vault)
Gates
Plug (in vault)
Gates

Plug (in vault)

Plug
Plug

Plug
Plug

Plug

DeZurik

DeZurik, Clow
Waterman, Fontaine-Aguanox
DeZurik, Clow
DeZurik, Clow

DeZurik, Clow

DeZurik, Clow

DeZurik, Clow
Waterman, Fontaine-Aquanox
DeZurik, Clow
Waterman, Fontaine-Agquanox
DeZurik, Clow
Waterman, Fontaine-Agquanox
DeZurik, Clow
Waterman, Fontaine-Aquanox

DeZurik, Clow

DeZurik, Clow
DeZurik, Clow

DeZurik, Clow
DeZurik, Clow

DeZurik, Clow



FINAL

2.2 Pipe and Valve Schedule

LAST UPDATED May 25, 2015
Preferred
: : Preferred
Item Pipe Material Type of
Manufacturers
Valve

gﬁgél\:\/’\ll\lﬁr{ANT Plug DeZurik, Clow
THICKENER
PRESSURIZED Ductile Iron, ANSI Plug DeZurik, Clow
RECYCLE A21, 51 (AWWA
-SI-EIBCI\ITE'PAENRF C151), Glass-lined. Plug Sl ©low
g{JGPiSR-’rNE Al?T ANT Plug DeZurik, Clow

Ductile Iron, ANSI

A21, 51 (AWWA
CENTRATE C151), Glass-lined Plug DeZurik, Clow

or PVC, ASTM

D2241.

Ductile Iron, ANSI

A21, 51 (AWWA
DIGESTED SLUDGE C151), Glass-lined Plug DeZurik, Clow

or PVC, ASTM

D2241.

Ductile Iron, ANSI

A21, 51 (AWWA
SLUDGE FILTRATE  C151), Glass-lined Plug DeZurik, Clow

or PVC, ASTM

D2241.

Ductile Iron, ANSI
EMERIEIENEY [EASIN A21, 51 (AWWA Plug DeZurik, Clow
RETURN

C151).

Ductile Iron, ANSI
DRAIN A21, 51 (AWWA Plug DeZurik, Clow

C151).
STORM DRAIN RCP, AWWA C302. Plug DeZurik, Clow
STRUCTURE VCP, Perforated. Plug DeZurik, Clow
UNDERDRAIN

DeZurik, Clow

VCP, Extra Strength. '
SANITARY SEWER PVC or HDPE Plug
LSJLRD%CREUR??N VCP, Extra Strength.
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2.2 Pipe and Valve Schedule

LAST UPDATED May 25, 2015
Preferred
: : Preferred
Item Pipe Material Type of
Manufacturers
Valve
COLLECTOR
VCP, Extra Strength DeZurik, Clow
or Glass-Lined
PLANT INFLUENT Ductile Iron, ANSI Plug (in vault). :
A21, 51 (AWWA Waterman, Fontaine
C151).
Misc. Piping, all sizes
FUEL OIL RETURN Ball Watts, Apollo
FUEL OIL SUPPLY gﬁe'agﬁ;gﬂcﬁim Ball Watts, Apollo
LUBE OIL Welded. Ball Watts, Apollo
WASTE LUBE OIL Ball Watts, Apollo
Steel, ASTM A120,
Sch. 40, Black,
Welded. Ductile Iron,
ANSI A21, 51
HOT WATER (AWWA C151).
RETURN Ball Watts, Apollo
IEUA Preferences for
CPVC?
Steel, ASTM A120,
Sch. 40, Black,
Welded. Ductile Iron,
ANSI A21, 51
HOT WATER (AWWA C151). Watts, Apollo |
Ball Maximum temperature is 200
SLIPFLY degrees F
IEUA Preferences for 9
CPVC?
Stainless Steel
INSTRUMENT AIR 316SS, ASTM A312, Ball Swagelok

Sch. 80.
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2.2 Pipe and Valve Schedule
LAST UPDATED May 25, 2015

Preferred
Item Pipe Material Type of
Valve

Preferred
Manufacturers

DIGESTER GAS ST G e Butterfly,

(Low Pressure) 21658’ RS, Eccentric Plug DA
ch. 10.
Stainless Steel
VACUUM 316SS, ASTM A312, Ball Swagelok
Sch. 80.
Stainless Steel
PLANT AIR 316SS, ASTM A312, Ball Swagelok
Sch. 80
FIRE PROTECTION
SPRINKLER gt;]e' ;135;'\&"0@120’ By Code By Code
SYSTEM Y '
ENGINE COOLING Ductile Iron, ANSI
WATER RETURN A21, 51 (AWWA
C151).
Ductile Iron, ANSI
S P A21, 51 (AWWA Plug Dezurik, Clow
DISCHARGE
C151).
Steel, ASTM A120,
Sch. 40, Black,
Welded. Stainless N/A Caterpillar
ENGINE EXHAUST Steel 316SS, ASTM
A312, Sch. 40S.
Follow Caterpillar
recommendations.
Stainless Steel Butterfly,
k'S;A”.:r'IEO?\I 316SS, ASTM A312,  eccentric Dezurik, Fisher
Sch. 40S. butterfly
Steel, ASTM A106 or
QI FETROES AL, A53, Sch. 80, By code
GAS
Seamless, Black.
RAIN WATER Steel, ASTM A120,
LEADER Sch. 40, Black,
Welded.
DEFOAMING
CHEMICAL PVC, Sch. 80. Ball Asahi/America, Spears
SOLUTION
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2.2 Pipe and Valve Schedule

Pipe Material

LAST UPDATED
Preferred
Type of
Valve

FINAL

May 25, 2015

Preferred
Manufacturers

PLANT DRAIN

POTABLE WATER

LANDSCAPING
SPRINKLER
SYSTEM
DEMINERALIZED
WATER

PLANT OVERFLOW

RAW WATER

SANITARY DRAINS
AND VENTS

SAMPLE LINES (SEE
LIST AT RIGHT)

PVC, Sch. 80 or

Ductile Iron, ANSI

A21, 51 (AWWA
C151).
Distraction /
Transmission:

Plug

- PVC (AWWA

C900, CP

VvC

(ASTMF 441),

Sch. 80

- Ductile Iron,
ANSI A21, 51
(AWWA C151)

- Welded S

Plumbing:

teel

- Sch.80P

VC

PVC, Sch. 80 or
Copper, ASTM B8S,

Type K.

PVC, Sch. 80 or

FRP.

Ball

Steel, AWWA C200,

Welded or RCP,

AWWA C302.

Gates

Steel, AWWA C200,

Welded or
AWWA C302.

RCP,

Steel, ASTM A120,

Sch. 40, Black,

Welded or VCP,

Extra Strength.

Ductile Iron, ANSI

A21, 51 (AWWA

Ball

C151) or PVC,

Sch. 80.
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2.2 Pipe and Valve Schedule
LAST UPDATED May 25, 2015
Preferred

Preferred

Pipe Material Type of
P yp Manufacturers

Valve

Polypropylene, ASTM

CHEMICAL DRAIN 22146, Sch. 40, Heat

AND VENT Fused Joints or Ball Asahi/America, Spears
Tempered Class
Pipe.
FILTER SURFACE PVC, Sch. 80 or
WASH WATER FRP.
Copper, ASTM B8S,
Type K or Ductile
Iron, ANSI A21, 51
(AWWA C151);
Distraction /
Transmission:
- PVC (AWWA
UTILITY WATER C900, CPVC
(NON-POTABLE (ASTMF 441),
WATER) Sch. 80
- Ductile Iron,
ANSI A21, 51
(AWWA C151)
- Welded Steel
Plumbing:
- Sch. 80 PVC
Stainless Steel
FROTH SPRAY 316SS, ASTM A312,
Sch. 40S.
FOUL AIR FRP.
HYPOCHLORITE PVC, Sch. 80 cpvC. Ball Asahi/America, Spears
LIQUID ALUM Ball Asahi/America, Spears
POLYMER - Double contained in . _
ANIONIC buried and unburied Ball Asahi/America, Spears
cp:g.llil\gMNEICR i locations Ball Asahi/America, Spears
POLYMER -
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2.2 Pipe and Valve Schedule

LAST UPDATED May 25, 2015
Preferred
) ) Preferred
Item Pipe Material Type of
Manufacturers
Valve
NONIONIC
PVC, Sch. 80 or

OZONE Stainless Steel

316SS, ASTM A312,

Sch. 10S.

PVC, Sch. 80 or

Steel, ASTM A120,

Sch. 40, Black,

Welded.

Steel, ASTM A106 or

CAUSTIC SODA A53, Sch. 40, Ball Asahi/America, Spears
Seamless, Black

SULFUR DIOXIDE Steel, ASTM A106 or

SODIUM SILICATE

(GAS OR LIQUID A53, Sch. 80,
STATE) Seamless, Black.
PVDF ball or
Stainless Steel diaphragm
316SS if <10% valves, or TFE
SULFURIC ACID concentration, ASTM lined steel
A312, Sch. 40S. Pipe plugs for
joints to be welded. >10% acid
concentration.
LIME SLURRY Flexible Rubber

Hose.
Channel Control/lsolation

HEADWORKS N/A Sluice Fontaine, Hydrogate, Whipps
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2.3.1 Pumps, General

LAST UPDATED August 18. 2017

0

1

2

3

Scope

Configuration

General

Testing

This document provides guidelines for
general pump requirements, which shall be
applicable to pump installations.

The pumps and pumping appurtenances
shall be by a single manufacturer
responsible for furnishing and functional
operation of complete pump system.

No cavitation shall be allowed in pumps
operating within the stable operating range
for the specified operating conditions. For
the purposes of this provision, cavitation
shall be recognized and accepted as being
present in a pumping unit if cavitation noise
can be perceived either by the human ear
or by acoustic instruments or devices. The
presence or absence of cavitation noise
shall be verified by the AGENCY and/or its
consultant during both the factory/field
performance tests of the pumps and during
operation of the pumps up to the end of the
warranty period. To assist in revealing
potential cavitation during the factory/field
performance tests, in addition to all other
required tests, the Manufacturer shall force
the pumps to operate at the specified
minimum net positive suction head
available for each of the following
conditions: minimum flow rate, design flow
rate and head, and maximum flow rate.
Engineer to ensure pumps and motors are  Verity the testing range

tested at factory. Minimum of 7 certified falls within operational
sets of test data shall be submitted. performance range
Testing shall be in accordance with

Hydraulic Institute where applicable +- 10%
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2.3.1 Pumps, General

LAST UPDATED August 18. 2017

4 Design
Stuffing

5
Boxes
Flanges

6 (suction and
discharge)

7 Lubrication

Specify pump type and identify process.
Specify performance curve and pump data.
Specify electrical requirements and
controls.

Assemble drawings showing location and
process.

Specify pump drive and motor.

Shall require Contractor to produce bearing

calculations, indicate points on H/Q curves,
pump detailed description, installation
drawings.

Where indicated for the pump seal, they
shall be of the best quality, using the
Manufacturer's suggested materials best
suited for the specific application. For
drainage and liquids containing sediments,
the seals shall be fresh-water flushed,
using lantern rings.

Unless otherwise specified, the packing
material shall be interlaced Teflon braiding,
containing 50 percent ultrafine graphite
impregnation to satisfy the following: Shaft
speeds up to 2500 fpm or Temperatures
up to 500 degrees F.

Cast Iron (ANSI/ASME B16.1), Class 25,
125, 250, and 800. Or ANSI/ASME B16.5

Vertical pump shafts (clean water) -
Product water lubricated,;

Deep-well/dry barrels - Water or oll
lubricated bearings, seals, and enclosed
line shafts.

Vertical propeller, mixed-flow, and turbine
pumps or bowl sizes 10-inches and larger
(other than deep well pumps) - Stainless
steel tube attached to the column for
grease lubrication of the bottom bearing

GHD | IEUA Engineering Design Guidelines | Page 2
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*|EUA : Mechanical Seals

Yes — depends where
they are — how accessible
they are

If using mechanical seals,
use Couplers or Split Seal
if in a location that is
difficult to access.

On a smaller pump IEUA
would want packing
(following IEUA approval)

Access for repairs should
be facilitated for IEUA.
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2.3.1 Pumps, General

LAST UPDATED August 18. 2017
ltem | Parameter | Criteria_ | Notes

Vortex
Suppressors

Pump
Casing

Pump
Guards

Provide for vertical pumps with marginal
submergence.

In accordance with Hydraulic Institute
requirements

Ductile Iron, Austenitic (ASTM A 439).
Cast iron, Stainless steel or Bronze.
Stainless Steel, Type 416 or 316, SAE63
Bronze.

Hot-dipped galvanized (not buried or
submerged), stainless steel (buried or

submerged).

All rotating surfaces must be guarded Most guard requirements
are written around a point

Pump guards are to be provided by the of service -- pumps do not

manufacturer have a point of service
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2.3.2 Horizontal Centrifugal Pumps

LAST UPDATED May 25, 2015

0

Scope

Operation

Liquids

Materials

Drive
Manufacturers

This document applies to horizontal,
variable-speed, nonclor or nonclog mixed
flow centrifugal pumps.

1200* rpm, maximum, ventilated spaces. = *Maximum shaft speed
dependent on casing/
impeller diameter

Waste secondary sludge, up to 15,000

mg/l suspended sludge, 6.5-8.5 pH, 65-85

degrees F.

Unscreened municipal wastewater solids.

Unscreened industrial wastewater solids.

Casing - Cast iron.

Suction and discharge flanges - provide

by pressure class.

Volute lining - Fusion bonded epoxy.

Impeller - Silicon bronze.

Shaft - Stainless steel type 316.

Bearings - minimum 50,000 hours, grease
lubricated.

Horizontal inverter-duty.
See Pump Schedule.
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2.3.3 Submersible Sump Pumps

LAST UPDATED May 25, 2015

0
1

Scope

Operation

Liquids

Materials

Drive
Manufacturers

This document applies to submersible sump
pumps.

Intermittent and continuous, submerged.
Process water.

Surface runoff.

Washdown.

Shaft: Stainless steel, series 400.

Impeller: cast iron or SAE63 bronze.

Seal: mechanical, single or double, in an oil
reservoir.

Hardware: exposed shall be stainless steel 316.

Connection: flange or screw with neoprene
pressure hose.

Submersible electric.
See Pump Schedule.
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2.3.4 Submersible Wastewater Pumps

LAST UPDATED May 25, 2015

0

Scope

Operation

Liquids

Materials

Drive
Manufacturers

This document applies to submersible
wastewater pumps.

Constant speed, on/off cycling, submerged
partially submerged or dry condition up to 65'
depth.

Process drainage from cleaning and
maintenance activities, up to 15,000 mg/I
suspended sludge, 50-95 degrees F.

Unscreened wastewater solids, RAS, WAS.

Casing: Cast iron Class 30.

Pump lining - Fusion bonded epoxy.
Shaft: Stainless steel 329, 403, 416.
Impeller: Cast stainless steel.

Seal: tandem double mechanical, in an oil
reservoir.

Hardware: exposed shall be stainless steel 316.

Bearings: bronze.

Maximum efficiency, minimum, percent: 65.
Max motor: 5 hp, 460 v, 1750 rpm.

See Pump Schedule.
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2.3.5 Sludge Dewatering Piston Pumps

] LAST UPDATED | May 25, 2015
Notes

This document applies to dewatering sludge
piston pumps.
Continuous duty, reciprocating, dual piston,

Sludge cake, 20-30% solid concentrations.

Digested dewatered municipal wastewater
sludge.

Inorganic solids with moderate abrasive
characters.

Pistons: Steel or stainless steel face and core.

0 Scope

2 Liquids

Piston head: Buna-N (Nitrile) rubber bonded
to steel core.

Rods: High strength steel, hard chrome
plated; or chrome steel.

4 Drive TBA
5 Manufacturers See Pump Schedule.

3 Type
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2.3.6 Positive Displacement Rotary Lobe Pumps

LAST UPDATED May 25, 2015

This document applies to positive
displacement rotary lobe pumps.
1 Operation Polymer.

On concrete pad in weather exposed
location. Baseplate shall be galvanized.

Casing: Stainless steel, Type 316.
Shaft: Carbon steel.
Shaft Sleeve: Stainless steel, Type 316.

Pump: Minimum of two tri-lobe rotors driven
3 Materials through positive timing gears, bearing
assembly direct.

0 Scope

2 Mounting

Hardware: Stainless steel, Type 316.

Feed Pump: Inverter-duty, NEMA 4X control
panel with VFD, 480 Vac.

4 Manufacturers See Pump Schedule.
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2.3.7 Progressive Cavity Pumps

LAST UPDATED May 25, 2015

This document applies to progressive cavity

0 Scope pumps for sludge feed service.

Digested moderately abrasive sludge,

) organic solids and small inorganic particles,

1 Operation 6-9 pH, 60-105 degrees F.

RAS WAS.

Pump body: Cast iron.

Shaft: 416 chrome steel or AlSI 4120

chromium nitride coating.

Rotor and Stator: Two-stage convoluted

rotor, convoluted stator.

Hardware: Stainless steel, Type 316.

Rotor Drive Configuration:

. Gear joints: Alloy steel, grease lubricated

2 Materials

crowned, with ridge spline design.

Pivot joints: alloy steel, cartridge design
cross journal connected by connecting rod.
Pin joints: High temperature grease
lubricated, positively sealed and lubricated.

Shaft seals and bearings:
bearings shall be 100,000 hour minimum,
grease lubricated.

Closed coupled block: direct coupled motor
3 Drive and gear reducer or gear motor
Bearing assembly -V-belt: V-belt drive.

4 Manufacturers See Pump Schedule.
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2.3.8 Vertical Turbine Pumps

LAST UPDATED May 25, 2015

This document applies to vertical turbine

pumps.

1 Operation Recycled water, 6-8 pH, 50-75 degrees F.
Pump body: Epoxy-coated cast iron.
Shaft: 410, 416 or 316 stainless steel.
Hardware: Stainless steel, Type 316.
Rotor Drive Configuration:
Gear joints: Alloy steel, grease lubricated
crowned, with ridge spline design.

2 Materials Pivot joints: alloy steel, cartridge design
cross journal connected by connecting rod.

Pin joints: High temperature grease
lubricated, positively sealed and lubricated.

0 Scope

Shaft seals and bearings:
bearings shall be 100,000 hour minimum,
grease lubricated.

Vertical, solid shaft, high efficiency & thrust,
variable speed.

4 Manufacturers See Pump Schedule.

3 Drive
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2.3.9 Centrifugal & Axial Pumps

LAST UPDATED May 25, 2015

This document applies to centrifugal and
axial pumps.

Suction speed shall be calculated IAW
ANSO/HI 1.3.

Suction specific speed shall not exceed
12,500.

Waste secondary sludge, up to 15,000 mg/l
suspended sludge, 6.5-8.5 pH, 65-85
degrees F.

0 Scope

1 Operation

Unscreened municipal wastewater solids.
Unscreened industrial wastewater solids.
Rigid sphere, 3" min passing through the
pump from inlet to discharge.

4 Drive Electric motors only.

5 Manufacturers See Pump Schedule.

2 Liquids

3 Type
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2.3.10 End-Suction Centrifugal Pumps

LAST UPDATED May 25, 2015

This document applies to horizontal, end-
suction centrifugal pumps.

Utility water - potable, recycled.
Boiler, heat loops, brine solutions.
Casing - Cast iron.

Suction and discharge flanges - provide by
pressure class.

Volute lining - Fusion bonded epoxy.
2 Materials Impeller - Silicon bronze.

Shaft - Stainless steel type 416.

Seals - mechanical.

Bearings - minimum 50,000 hours, grease
lubricated.

3 Manufacturers See Pump Schedule.

0 Scope

1 Operation
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2.4 Pumps Schedule

LAST UPDATED May 25, 2015
Influent Pumping- Vertical, non-clog Flygt non-clog,
Dry Pit centrifugal. Vaughan
ETLETONS  supmerse.  FUt e

RP-1 Classifier.
Pista Grit, US-Filter, Preferred type.

Smith & Loveless Aerated grit chambers
are not recommended.

Vortex units followed
Grit Removal by grit cyclones and
screw Classifiers.

Recessed Impeller
centrifugal with air Same as RP-5, Vortex.
sparge.
Same at RP-5.
Grit Pump

Submersible sump.  ABS-Sultzer

UHMW replaceable
lining.
~ PRIl SO IEUA preference for
: conveyors.
Grit Conveyance screw conveyors or
cake pumps?

IEUA Preferred
Manufacturer
Preferred generally-6"

Progressive cavity. PG GEEERIEe .

Seepex, Moyno IEUA Preference —

Primary Sludge rotary lobe or
progressive cavity?
WEMCO Hidrostal
Centrifugal. non-clog impeller,
Vaughan

Centrifugal is
preferred.
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2.4 Pumps Schedule
LAST UPDATED May 25, 2015

ltem Pump Type SIS Notes
P Iyp Manufacturers

Plunger pump is labor
intensive from a
maintenance
perspective.
Diaphragm pumps are
not recommended for
this application due to
diaphragm ruptures.
High pressure piston
pumps are heavy
maintenance.

Rotary lobe pumps are
not good for primaries
with ineffective

screening.
Flygt non-clog,
. Vaughan
Scum Submersible . Recirculation, ABS-
chopper centrifugal. Sultzer
WEMCO Hidrostal.
. Flygt non-clog,
Secondary Scum ?t?c?mirrsclzbelﬁtrifu al Vaughan, ABS-
P 94l sSultzer
Mixed flow.
: Allis Chalmers,
Centrifugal. Vaughan
Return Activated Vertical Turbine. Fairbanks Morse
Sludge (RAS) Only to be used with
Low head propeller adequate fine
(axial flow) screening prior to
MBR.

RAS/WAS Sump Submersible sump.  ABS-Sultzer
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2.4 Pumps Schedule

LAST UPDATED

FINAL

May 25, 2015

ltem Pump Type SIS Notes
P Iyp Manufacturers

Centrifugal screw
pumps.

Waste Activated
Sludge (WAS)

Thickened Waste
Activated Sludge
(TWAS)

DAF Secondary
Thickener Subnatant

Digester Feed
Blended
Primary/TWAS

Digester Mixing

Digester Secondary
Heat Loop

Digester Sludge
Heating
Recirculation

Digested Sludge
Transfer

Dewatering Feed

Dewatered Sludge

Aeration Basin

Return Water

Primary Heat Loop

Utility Water

Centrifugal.

Progressive Cavity.

Horizontal,
Centrifugal, Non-
Clog.

Progressive Cavity.

Chopper centrifugal.
ANSI Horizontal end
suction.

Chopper centrifugal.

Progressive cavity.

Progressive cavity.
Rotary Lobe.

Dewater sludge
piston.

Submersible.

Submersible.

ANSI Horizontal end
suction.

ANSI Horizontal end

Worthington /
Fairbanks Morse.

Allweiler, Seepex,
Moyno.

Summit, Vaughan,
WEMCO.

WEMCO Hidrostal,
Vaughan.

Aurora.

WEMCO Hidrostal,
Vaughan.

Allweiler (NEMO,
Seepex are both
good alternatives),
Moyno.

Allweiler.
Vogelsang.

Schwing,
Putzmiester.

ABS-Sultzer

Flyght, Vaughan,
ABS-Sultzer
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2.4 Pumps Schedule

LAST UPDATED May 25, 2015

ltem Pump Type SIS Notes
P Iyp Manufacturers

suction.
) . . ANSI Horizontal end
Boiler Recirculation .
suction.
Recycled Water Vertical Turbine.
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2.5.1 Chemical Storage and Feed Facilities, General

LAST UPDATED May 25, 2015

This document applies to Chemical

0 Scope Storage and Feed Facilities.
Select proper material for chemical
. compatibility.
1 Design Approach , - :
Define specific safety requirements for
chemical handling.
> Access Identify all requirements for

maintenance and operations.
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2.5.2 Chemical Metering Pumps

LAST UPDATED May 25, 2015

This document applies to Chemical

g Siclefes Metering Pumps.
All pumps shall be contained to prevent Chemicals to be
chemical spills. located in the same
. tainment area
. Pump platforms shall be at least as high con
1 Containment ] shall not pose

- potential hazards.
Use reinforced concrete base or

applicable as provided by manufacturer.

Set tank height so metering pump
2 Suction suction line is full when only a few
inches of liquid remain in tank.

For 1 to 4 duty pumps per injection
point, include 1 standby pump.

Standby pump should utilize a common
discharge header.

Peristaltic Pump Types (Ferric Chloride,
Hypochlorite, Bisulfite, Peroxide,
Caustic, Polymer, Other Acids).

w

Duty / Standby

Equipped with compression rollers that
are retractable for tube loading. One
roller shall be fully engaged with the
tubing at all times to prevent backflow or
Type siphoning.
Use no check valves or diaphragms and
shall require no dynamic seals in
contact with the pumpage.

Dry self-priming, capable of being run
dry without damaging effects to pump or
tube, with a maximum suction lift of 15
feet wc.

Provide a tubing element with molded
fittings, which shall be self-locating
when fitted into the pump head.

Tubing Replaceable with no disassembly of the
pump head.

Select material and size for the
chemical being metered.
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2.5.2 Chemical Metering Pumps

LAST UPDATED May 25, 2015

Supply four tube elements of the
specified size per pump.
Watson Marlow.
5 Manufacturers Flex-Pro by Blue-White Ind.
Or equal.
Quick disconnect flush connection,
Pressure Relief Valve, Pressure

Indicator/Pressure Switch High,
6 Calibration Column, Leak Detection.

SCADA Guidelines (see Appendices),
Leak Detection.

Provide per OSHA requirements.

Accessories

SCADA
Indicators
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2.5.3 Chemical Storage Facilities

LAST UPDATED May 25, 2015

This document applies to Chemical
Storage Facilities.

7 days minimum. 15 days preferred.

0 Scope

Consider degradation characteristics

1 Days of Storage for chemicals such as Hypochlorite in
establishing solution strength and
storage requirements.

2 Accessories Ultrasonic level sensor.

3 SCADA Indicators SCADA Guidelines (see Appendices).
High Level--90 percent.

4 SCADA Alarms Low Level--15 percent.

Low-Low Level--10 percent.

Provide awning for chemical storage
and feed facilities.

5 Awning . : .
Consider future solar panels in awning
design.

6 Access Allow proper truck entry and exit.

7 Loading Area Utilize common loading facilities with

secondary containment.

Consider screening and shade to
8 Screening/Shade maintain chemical integrity. This is
significant for Hypochlorite solution.

Consider chemical compatibility with
specified coating and paint.

9 Coating/Painting Consider staining property of the
chemical when specifying coating and
paint
Tanks exceeding 10 feet in height
shall be provided with an exterior

_ ladder equipped with a safety cage

10 Ladder with Gage  meeting current OSHA requirements.
The ladder shall be Fabricated of
fiberglass reinforced plastic shapes.
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2.5.3 Chemical Storage Facilities

LAST UPDATED May 25, 2015

A clear width of at least 16 inches,
with rungs at least % inch diameter
and spaced not more than 12 inch
apart, and a clearance of at least 7
inches between the back of the ladder
and the tank wall.

Safety Handrails and Kickplates
meeting current OSHA requirements
shall be provided around the top of

_ each tank.
Safety Handrails )
11 and Kickplates The handrail shall be attached to the

ladder side rails, and anchored to the
tank head. A self-closing safety gate
shall be provided at the ladder access
opening.

Safety Shower/Eye Provide per OSHA requirements.

12 Wash

GHD | IEUA Engineering Design Guidelines | Page 5
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Conditioning (HVACQC)

3.1 General

3.2 Air Conditioning Units
3.3 Heat Pumps

3.4 Exhaust Fans

3.5 Ductwork

3.6 Ventilation Schedule

GHD | IEUA Engineering Design Guidelines |



P,

3.1 General



FINAL

3.1 HVAC General

LAST UPDATED Mar 20, 2018

This document applies to all heating,
0 Scope ventilation, and air conditioning
equipment and design.

-Unitary equipment
-Centralized heating and cooling
system
System -Composite (combined) system
1 Configuration AC systems shall be consolidated
Options where possible.

Redundancy is required in electrical
rooms, server rooms, control rooms,
and in other critical locations.

Use for small and remote buildings
or system that require stand-alone or
redundant cooling equipment.

Do not use where maintenance is
difficult or access is limited.

2 Unitary Equipment  oytdoor equipment, such as air-
Application cooled condenser coils, corrode
quickly if exposed to
vapor/condensate of a sewage
treatment process.
Not suitable for 100% outside air
systems.
Use for localized heating and cooling
5 Central System of groups of buildings.

Application Use hot water heating boilers and
steam boilers.

Use if a central system can handle a
group of buildings, but unitary
system(s) are needed for remote or
distant buildings.

Summer conditions: select 0.5%
design dry-bulb and coincident wet-
bulb temperatures.

Composite
4 System
Application

Weather

- Winter conditions: select 0.6%
Conditions

design temperatures.

Use latest ASHRAE climatic data for
the region.

6 Equipment Access Minimum 30-inches around all
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3.1 HVAC General

LAST UPDATED Mar 20, 2018

equipment.

When located on roof, proper
accessibility and maintenance
clearances are required. This
includes stairs/ladders, platform,
catwalk, handrails, etc.

Where possible, minimize long duct
runs.

Unless necessary, do not mount
equipment on roofs (adds expense
of access ladders/catwalks and
cranes are required to install/remove
equipment).

Locate intakes considering prevailing
wind direction and potential sources
of odorous, toxic, or corrosive gases,
and environmental conditions.

Equipment
Location

Intake/Exhaust
Locations Do not route exhausts where they
can feed air intakes.

Do not route exhausts toward the
entry points of confined spaces.

Ventilation is required for all
9 Ventilation buildings, equipment rooms,
galleries, and storage areas.

FRP fans, housings, and assemblies
are required in corrosive
environments (i.e., hydrogen

sulfide).
Minimize potential for fire and
explosion.
Maintain concentrations of
Odorous, hazardous gases to levels below
10  Hazardous, and  those considered dangerous to
Special
s personnel.
Environments Headworks:

-Run ventilation system
continuously.

-Exhaust air directly to odor control
facilities rather than recirculate.
-Maintain negative pressure.
-Provide alarms activated by gas
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3.1 HVAC General

LAST UPDATED Mar 20, 2018

detectors at all entrances.

Computer / Control Rooms: -Do not
use more than 10% outside air for
cooling.-Provide special equipment
with dehumidification capabilities
and three-stage air filtration system.-
Maintain positive pressure.

Locate exhaust points as close as
possible to potential sources of
odors or hazardous gases.

In chemical gas areas, locate supply
points near the ceiling and exhaust
points near the floor.

Provide dust removal systems for
areas that produce dust (e.g., air
filter, electrostatic precipitators).

Provide oxygen sensors where pure
oxygen is used for aeration.

Insulate ductwork for mechanically
cooled spaces to prevent
condensation.
Use piping and equipment insulation
where the following items are
11 Insulation needed:
-Heat loss/energy conservation.
-Personnel protection.
-Condensation control.
-Jacketed insulation on exterior
refrigerant lines.
Provide vibration control on all floor-
mounted or large ceiling-hung air
moving equipment.

Vibration / Noise

12 Control
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3.1 HVAC General

LAST UPDATED Mar 20, 2018

Incorporate seismic bracing and
restraints into large HVAC vibration
isolation equipment and all
suspended equipment.

Use duct silencers in conjunction
with exhaust fans at areas
containing equipment which
generates substantial noise.

Control noise to meet local codes
and regulations.

In administration areas, insulate the
interior of fans, air-handling units,
and critical ducts.

Use centrifugal, wall-mounted fans
to exhaust the air.

The unit housing and coils shall be
constructed on non-corrosive
materials.

Components:

-non-ferrous.

-bronze anodized aluminum.
-FRP.

-stainless steel.

-Galvanized steel (only in locations
not exposed to water, ground water,
or sewer gas).

Fans and Air

= Handling Units

14 Materials

FRP shall have aflame spread of <
25 and smoke propagation < 400.

Consider fire-resistant FFRP
ductwork in all hazardous and highly
corrosive areas.

Design on steady-state heat transfer
conditions with buildings and
processes us use 24 hours per day.

Do not count thermal storage in the
building mass to reduce the design
loads.

Base calculation on ASHRAE
Fundamentals.

16 Boilers Types: hot water heating and steam.

15 Energy Efficiency
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3.1 HVAC General

LAST UPDATED Mar 20, 2018

Fuels: natural gas, sludge digester
gas, or both.

Do not use electric heating cails,
unless at remote site without gas
supply or small heating demands.

Follow applicable codes and
SCAQMD regulations.

Include provisions for thermal
expansion.

Provide heat for these central
systems by natural gas fired high
efficiency low temperature hot water
boilers operating at over 90 percent
low heating value (LHV) fuel to hot
water efficiency.

Provide modulating control on 100
percent outside air systems.

Insulation:
-Double wall for outside.
-Single wall for inside.

Material:

-Typical: Galvanized steel.
-Buried: HDPE.

-Aeration areas: 316 SS.
-Foul air: FRP.

Shall not be on EPA Phase-out List
2 years after announcement.

Type: Copper Tubing with Aluminum
Fins.
) Coating: Use coated coil, unless

19 Coils otherwise noted.
Cleaning: Provide utility water tap
with quick disconnect and hose.

20 Manufacturers See Section 3.2 (AC Units)
Use dampers on every header.
Use motorized dampers for 1+1 unit

21 Dampers arrangement.
Use backdraft dampers if two units
are feeding into same line

17 Ductwork

18 Refrigerant
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3.1 HVAC General

LAST UPDATED Mar 20, 2018

Condensate Line  Copper.

ee Material
Provide SCADA alarms for critical
HVAC items. Provide room

23 AETME SRS temperature monitoring at SCADA
for critical areas.
Provide slope with drain capture.

24 Slope and Drain 1% slope with flow and 2 % slope
against flow.

o5 Floor Drain for Use Josam E2 Series or equal for

Equipment significant drain flows.

27 EMS Controls JCI, Carrier VU or Tridium.

28 Minimum SEER 2 more than California minimum.

29 Thermostat Debonair if available.

30 Access to AC Use hinged door rather than screws.

Control Panel

Critical HVAC systems (e.g., in
electrical rooms, SCADA rooms,
server rooms, etc.) require remote
monitoring and/or alarming

31 Controls
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3.2 Air Conditioning Units
Last Updated Mar 20, 2018

Criteria

This document applies to air
conditioning units.

All AC Units require 1-year
manufacturer's warranty.

0 Scope

1 Warranty

-Carrier.

Acceptable -Trane.

Manufacturers -Liebert.
-Mitsubishi (split systems)

Materials:
-Base frame: phosphatized, zinc
coated 18 gage steel.
-Doors and Access panels: 18 gage
steel.
-Cabinet Insulation: Fireproof
material or foil faced glass fiber.
-Exterior finish: Textured vinyl
enamel to match computer
Cabinet and equipment.
Frame -Roof mounted: 12 gage zinc
coated steel with weatherproof seal.
Thermally and acoustically line
cabinet interior equal to one inch
thick of 1.5 Ib./cf. density duct liner
material, meeting requirements of
NFPA 90A.
Panels shall be gasketed, with
quick release hinged with latches
and handles.
Provide an insulated condensate
pan under the evaporator coil.
Provide copper condensate drain
4 Condensate Pan pipe complete with union, trap and
open tee at discharge of trap,
connect drain to condensate sump
pump as specified hereinafter.
Type:
-Hermetic.

-Semi-hermetic.

5 Compressors -
P Provide crankcase heaters,

discharge muffler, and related
components for proper operation.
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3.2 Air Conditioning Units

Last Updated Mar 20, 2018

Use dual compressors for units Check availability.
larger than 5 tons.

Compressor shall be serviceable
without dismantling other
components.
Provide air cooled units with
matched air cooled condenser
consisting of corrosion resistant
cabinet, incorporating copper tube
aluminum fin condenser coils

6 Condensers arranged for minimum of two
circuits and multiple direct drive
condenser fans with inherently
protected motors. Operating
controls shall permit fan cycling for
head pressure control.
Provide removable, disposable
pleated cartridge type filters with
efficiency of 60 percent by NBS

7 Filters atmospheric dust spot method.
Mount filters in top of cabinet in a
track or holding device designed to
preclude air bypass.
Type: Horizontally split face coils.

8 Evaporator Coils Material: Seamless copper tubes
expanded into aluminum fins.

Fans shall be arranged to draw air
through the cooling coils.

Type: multi-blade up flow propeller.

Fans shall be provided with
vibration isolation from the unit
casing.

Each fan shall be independently
driven by heavy duty drip proof
permanently or grease lubricated
ball bearing motor with built-in
current and overload protection.
Motors shall be installed on an
adjustable base.

All temperature sensors shall be
10 Controls mounted within the unit in the return
air stream.

Evaporator Fans
and Motors
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3.2 Air Conditioning Units
Last Updated Mar 20, 2018

Criteria

Temperature control shall be set to
maintain 75 degrees F DB.

High pressure fan control or
economizer to be installed for low
ambient temperature conditions.

The control and readout panel shall
indicate the following: cooling
operating stages, loss of air flow,
dirty filters, high and low.

3/8 inch OD seamless copper tube
mechanically bonded to aluminum
fins.

Indoor: Continuous filament,
pleated, 2-inch thick, viscosine
coated removable media with filter
cell.

L Outside: Camfil Farr, with rainguard
12 Air Filters and PVC coated bird screen.

Flow rate: 200 cubic feet per minute
with less than 0.25 water column
drop.

Locate in dry areas.

AC Package unit pad mounted with
supply and return ductwork.

Condenser and

i Evaporator Coils

13 MCC Rooms

Ice Qube or Mclean stainless steel

14 Cabinet AC for outdoor use.
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3.3 Heat Pumps
LAST UPDATED Mar 20, 2018

This document applies to

2 =L E heat pump units.
Approved Carrier.
1 Manufacturers
. Capable of operating at
2 é?r?cli?[?(:ns rated capacities at 120
degrees F.
-Casing: 18 gage zinc
coated steel.
-Exterior surface:
phosphatized, painted with
. epoxy primer, and finished
€ MEUETENS with baked enamel.
-Motor / Fan mounts:
heavy zinc coating.
-Coil frame: Minimum 12
gage zone coated steel.
Type: axial flow propeller
4 Condenser fan.
Fan and Drive Material: Zinc plated or
aluminum.
. Type: hermetic
5 AeEliflgeEt reycl:oiprocating or scroll
Compressor
compressor.
. Seamless copper tubin
6 andensmg and heavy-duﬁ);) aIuminSm
Caill !
fins.
7 Application Office Space only.
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3.4 Exhaust Fans

LAST UPDATED Mar 20, 2018

This document applies to exhaust
fans.

-Fans: Fiberglass reinforced plastic,
fire retardant.

-Housing: Fiberglass reinforced vinyl-
ester.

-Metal components: coated with
corrosion proof UV inhibited gel.
-Fan shaft seal: Teflon seal between
shaft and housing.

-Hartzell Fan, Inc.

2 Manufacturers -Swarthout, Inc.

-Greenheck.

Extruded flanged mounted louver with
3 Type an integral draft damper.

0 Scope

1 Materials

Provide corrosion resistant solid
fiberglass reinforced plastic design
with construction classification
suitable for pressure range.
Heavy-duty, grease lubricated, sealed,
self-aligning, frictionless ball bearings,
L-10 minimum life ratings of 50,000
hours.

Hood and Bird FRP hood complete with guard
Screen securely anchored to hood inlets.

4 Housing

5 Shaft bearings
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3.5 Ductwork and Accessories

Item Parameter

0

Scope

Materials

Hanging
Ductwork

Sleeves

W eatherproof
Duct

Air Volume
Extractors

Splitter
Dampers

Volume
Dampers

LAST UPDATED Mar 20, 2018

Criteria

This document applies to HVAC
ductwork and accessories.

Select corrosive resistant material
compatible with environment.

Do not use straps for hanging
ductwork, instead use angled rods
constructed from the same material as
the duct.

Hanger rods:

Duct half perimeter up to 72 inch: 3/8
inch at 8 feet spacing.

Duct half perimeter greater than 72
inch: 1/2 inch at 6 feet spacing.

20 gage galvanized steel sleeve,
caulked airtight with fire resistant
sealant required when duct passes
through masonry wall, partitions, or
floors.

16 gage galvanized steel.

Manufacturers:
-Hart and Cooley.
-Titus.

Material: Aluminum.

Blades: Gang-operated curved
adjustable blades controlled through a
manual adjusting lever.

Manufacturers:
-Hart and Cooley.
-Titus.

Material: Aluminum.

Adjustment: Manual adjusting lever
with locking device.

Manufacturers:
-Honeywell.
-Arrow United Industries, Inc.

Material: Match Duct.

Blades: opposed blades, key operated
with vinyl edge seals.
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3.5 Ductwork and Accessories
LAST UPDATED Mar 20, 2018

Criteria Notes

Provide outside handle, quadrant,
approved position indicator, locking
device and linkage for manual
operation or motorized operation.

Performance:-Damper Leakage: Not
more than 16 cfm per square foot at 4-
inch W.G.-Certification: Manufacturer
shall provide certified test data.

Expanded hinged steel or hinged
sheet steel for weather protection
where required.

8 Belt Guards : i ,
Fabricate guards to receive 2-inch
larger pulleys without alteration to the
guard.

_ Material:
Flexible -3/16-inch thick, 6-inch wide fabric

9 Connections: reinforced neoprene.

(For air handling  -0.080 gauge, 3-inch wide aluminum
units) strip.

Same material as ducts. Vanes shall
be 2-inch blades for ducts up to 18

inches in either dimension and shall
be 4-1/2 inch blades for larger ducts.

10 Turning Vanes Vanes: Double thickness for supply

and exhaust/return ductwork. Finished
with an air dried phenolic corrosion
resistant coating prior to installation.

1/2 inch mesh, stainless steel metal

Lo Screens screen with stainless steel frame.
) Manufacturers:
Registers, -carnes
12 Grilles, and -Hart and Cooley
Diffusers _Titus
Type: Individually adjustable
13 Supply Frame and Blades: Aluminum in
Registers aluminum and galvanized steel ducts.
SSin SS or FRP ducts.
Smoke Comply with fire and mechanical
14
Dampers Codes.
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3.5 Ductwork and Accessories
LAST UPDATED Mar 20, 2018

Criteria Notes

Type: Square, step-down outlet with
round neck.

Frame and Core: Aluminum in
15 Supply Diffusers aluminum and galvanized steel ducts.

Provide combination volume control
and equalizing deflector construction
of same material as frame above.
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3.6 Ventilation Schedule

LAST UPDATED Mar 20, 2018

Room
Condition
Heat-Cool,
°F

Ventilation
Requirements

Duct Materials

Administration/ Operation Building

-Offices 15 to 20 cfm/person @) 70/78 Aluminum, G.S.
-Meeting & Conference Rooms 15 to 20 cfm/person *) 70/78 Aluminum, G.S.
-Toilet/Locker Rooms 100% exhaust 70/78 Aluminum
-Control/Computer Rooms 10% Outside air 7272 Aluminum, G.S.
-Stairwells (enclosed) 100% Outside air ®) 50/85 Aluminum, G.S.
-Laboratories 100% exhaust ©) 70/75 FRP/SS
Maintenance Building
-General 40/90 Aluminum, G.S.
-Shops and Offices 68/75 G.S.
Control Rooms/Centers
6 Air changes/hr. 68/75 Aluminum, G.S.
-Attended 10% Outside air.
-Unattended or combined-with MCC ioﬁ\/t (C:)TJ?Q%ZS;T 55/85 (max.) Aluminum, G.S.
6 Air changes/hr. 55/90 Aluminum, G.S.

Motor Control Center Rooms/ Buildings A .
10% Outside air.

HVAC Equipment Rooms
Storage Rooms

6 Air changes/hr.
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3.6 Ventilation Schedule

LAST UPDATED Mar 20, 2018

Room

Ventilation Condition .
Area . Duct Materials
Requirements Heat-Cool,

°F
Thickening Control Building 12 continuous air changes/ hour  55/85 FRP
100% outside air.

Digester Area

-Gas Compressor Room (explosive, toxic) 12 continuous air changes/ hour  55/85 Anodized Aluminum,
100% outside air, 30 Type 316 SS, or RFP
changes/hour intermittent )

Dewatering Building 12 continuous air changes/ hour  55/90 FRP
100% outside air

Dewatered Biosolids Storage Building 12 continuous air changes/ hour  No requirement Anodized Aluminum,
100% outside air Type 316 SS, or FRP

Chemical Areas

-Chlorine (toxic, corrosive) 10-20 air changes/hour 100% 60/90 FRP®)
outside air @) (1)

-Chemical Storage Rooms 10-20 air changes/hour 100% 60/90
outside air @)

Peroxide Storage & Handling Areas 10-20 air changes/hour 100% 60/90 FRP
outside air @)

Chemical Handling 6 air changes/ hour 100% 55/85 FRP
outside air @

Tunnels/Underground Gallery Table 8.3, see NAPA 820 No requirement G.S.
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3.6 Ventilation Schedule

LAST UPDATED Mar 20, 2018

Room

Ventilation Condition

: Duct Materials
Requirements Heat-Cool,

°F
-w/0 gas piping 6 air changes/ hour 100% Aluminum, G.S., FRP
outside air @

-w/gas piping (potentially explosive) 12 continuous air changes/ hour Aluminum, G.S., FRP
100% outside air
Stairwells to Tunnels or Basement/Underground Structures

Preliminary Treatment/ Headwork's Building  20-30 air changes/hour 100% 40-90 Aluminum, G.S., FRP
outside air. Chemical scrubber

-Wet wells (explosive, toxic, corrosive, high 30 continuous ventilation air No requirement Aluminum, G.S., FRP
humidity) changes/hour 100% outside air
-Screening (explosive, toxic, corrosive, high 20®)-30) continuous ventilation  50/90 Aluminum, G.S., FRP
humidity) air changes/hour 100% outside
air
-Grit removal (high humidity, corrosive) room 20©)-30() continuous ventilation ~ 50/90 Type 316 SS, or FRP
(above tank covers) air changes/hour 100% outside
air
Process Equipment Rooms 6121 Ventilation air 50/85 FRP
changes/hour 100% outside air
Cogeneration Building 12 continuous air changes/ hour  40/90 Aluminum, G.S.
100% outside air
-General (explosive) Ventilation air changes 100% 50/95 FRP for process
outside air areas
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3.6 Ventilation Schedule

Area

Ventilation
Requirements

FINAL

LAST UPDATED Mar 20, 2018

Room
Condition
Heat-Cool,
°F

Duct Materials

-Offices (physically separated)
Oxygen Plant

-General (explosive and flammable) (20-foot
minimum envelope around equipment)

Process Area Offices

Table Footnotes:
(@ Higher ventilation rate w hen people are present
(@ Review NFPA 820 for specific process.

15 to 20 cfm/person )
Contract operation

12 continuous air changes/ hour
100% outside air

15 to 20 cfm/person *)

)
() Special ventilation requirements for chemical spills (refer to applicable NFPA standards).
() Review Title 24 and ASHRAE Standard 62-1989 for requirements

(®

(™ More restrictive than WEF MOP No. 8, Table 7-6

)
)
)
(® Intermittent w hen people are not present

©) Follow Title 24, BOCA, ASHRAE, and local codes for requirements.
Refer to Title 24 for ventilation rate if refrigeration machines are housed indoors

70/78

N/A

70/78
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Physically separate
system from process
ducts

FRP for process
areas

Aluminum, G.S.
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4.1 Electrical and 1&C, General
LAST UPDATED Mar 27, 2019

This document provides guidelines
for general electrical requirements

0 Scope which shall be applicable to electrical
and instrumentation installations.

Field test results and field settings
shall be recorded and submitted to
the Owner for their records.

Configuration of
Field Equipment

Factory Testing (prior to shipping):

- Verify operation.

- Simulate inputs and outputs as
required.

- Required on Control Panels and
Equipment with motor controls.

- May be required on Generators and
other equipment.

- Where not specifically required
Contractor shall provide factory test
results, and advise with 5 days notice
of intent to carry out tests so that
IEUA can provide a representative to
witness if they desire.

Startup and Commissioning Plan: No
startup or cutover activities shall be
performed until the plan has been
successfully approved by the Owner
and Engineer in writing. The plan
shall be specific to the project.

2 Factory Testing

3 Installation and Retest: Engineer reserves the right to
Start-Up retest functions as needed to

demonstrate that system performs as
intended.
Final Acceptance: Engineer and
Owner’s decision shall be final
regarding completeness of testing
and final acceptance.
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4.1 Electrical and 1&C, General
LAST UPDATED Mar 27, 2019

Procedures, Forms, and Checkilists:
a. Conduct all testing in accordance
with, and documented on, Engineer
accepted procedures, forms, and
checklists.

b. Describe each test item to be
performed.

c. Have space after each test item
description for sign off by appropriate
party after satisfactory completion.
Insulation Test:a. Test Bolted
connections with low-resistance
ohmmeter.b. Measure insulation
resistance of each control circuit-to-
ground.c. Insulation resistance test at
1,000 VDC on control wiring. For
units with solid-state components,
follow manufacturer
recommendations. Minimum 2
Mohms test resistance.

4 Electrical Tests  pgjnt-to-point Test: each hardwired

point prior to calibration of devices.

Operational Test:

a. Operation of control interlocks,
indicating lights, relays, timers, push
buttons.

b. Thermal overload heater elements
installed in each motor starter and
properly sized.

c. Demonstrate function of each
system.

GHD | IEUA Engineering Design Guidelines | Page 2



FINAL

4.1 Electrical and 1&C, General
LAST UPDATED Mar 27, 2019

Performance Test:

a. Prerequisites: Plan submitted and
approved, other electrical tests
completed.

b. Verify sequence of operation.

c. Acceptance requires successful
functional performance test as
witnessed by Engineer and/or
Owner.

Four (4) hours of instruction for each
unique control panel, to be
conducted at project site with

Operators.
- Demonstrate control panel
Demonstration operation and system function.
5 L i :
and Training - ldentify control panel devices and

their function.

- ldentify special features and
interface points.

- Review standard maintenance
practices.

Report:

- ldentify where power is being
sourced and confirm available
capacity for the new system.

- Controller being used, controller
capacity, and how the project will
communicate with the IEUA
SCADA system.

- Scope of electrical work.-
Emergency backup power.

- Any local noise/air quality/other
regulations that may impact on
design of electrical equipment.

- Any outstanding items that need to
be addressed during detailed
design.

- Heat Mitigation requirements

Preliminary
Design
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4.1 Electrical and 1&C, General
LAST UPDATED Mar 27, 2019

Single Line Diagrams:

- Shall demonstrate general
capacity and sizing of incoming
lines (voltage and size —capacity
and rating).

- Show source of power.

- Show the number of circuits etc.

- Specific equipment ratings may
not be required however enough
detail needs to be provided to
generate an accurate picture of
the overall size and scope of the
project.

Electrical Layout:

- Lighting, Fire, Security,

Communications, Building Services

concept. Details of specific

equipment is not required at this
stage.

- Cable Routing (conduit, tray, ladder,

pull boxes, vaults, etc.) for main

cables only. Details of small above
ground cable routing for building
services equipment is not necessary
at this stage.

- Approximate Instrumentation and

Electrical Equipment locations.

- Present on a single layout.

P&IDs-General Process flow with

instruments identified.- For larger

projects it may be useful to develop
this further similar to the detail in

Final Design Drawings however this

should be determined based on the

particular project.
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4.1 Electrical and 1&C, General
LAST UPDATED Mar 27, 2019

Control / Network / SCADA Block
Diagram:

- Show details of the communications
interface with the plant or wide area
network.

P&IDs:

- Show instrument symbols based on
International Society of Automation
(ISA) Standard S5.1.

- Primary process flow shown left to
right.

- Primary process flow shown in
heavier line type than secondary and
utility lines.

- Include the following:

Instruments significant to the

process .
7 Final Design *Mechanical equipment, valves,
Drawings pumps, piping (sizes/materials),
fittings, reducers and increasers,
swages, etc.

*Direction of flow.

*Seismic category.

*Quality level.

Interconnection references.
*Annunciation inputs (across the top
of the page).

*Plant controller inputs (across the
top of the page).

*Vendor and contractor interfaces.
eldentification of components and
subsystems by others.

*Reference to a vendor drawing for
details not shown.

*Instrument, pipeline, tank, valve 1D
or tag designations and names.
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4.1 Electrical and 1&C, General
LAST UPDATED Mar 27, 2019

PLC IO Wiring Diagrams:- Showing
all analog loops and digital IO wiring.-
Show all 10O (even un-used) to be
wired to terminals.- Terminal strip to
allow inputs to be wetted from field or
panel (i.e. hot terminal or volt-free
terminal for each input).

Single Line Diagrams:

- Incoming lines (voltage and size —
capacity and rating).

- Incoming main fuses, potheads,
cut-outs, switches and main and tie
breakers.

- Power transformers (rating, winding
connection and grounding means).

- Feeder breakers and fused
switches .

- Relays (function, use and type).

- Current/potential transformers (size,
type and ratio).

- Control transformers.

- All main cable and wire runs with

7 Final Design their associated isolating switches
Drawings cont. and potheads (size and length of
run).

- All substations, including integral
relays and main panels and the exact
nature of the load in each feeder and
on each substation.

- Critical equipment voltage and size
(UPS, battery, generator, power
distribution, transfer switch, computer
room air conditioning).

Electrical Layout:

- Grounding & Bonding Connections.
- Lighting, Fire, Security,
Communications, Building Services.

- Cable Routing (conduit, tray, ladder,
pull boxes, vaults, etc.). Specify
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4.1 Electrical and 1&C, General
LAST UPDATED Mar 27, 2019

sizes and materials of all equipment.
Provide means for determining the
route taken by each cable.

- Instrumentation and Electrical
Equipment locations including ID or
tag numbers.

- Consider presenting each of these
as separate layouts for larger
projects.

Cable Schedule:- Cable Number, To,
From, Type, Size, Number of
Conductors, Length (leave blank for
contractor to complete), Notes,
Conduit Route.- Numbering shall be
as per IEUA requirements.

Motor Elementaries, ATS control
circuits, other control interfaces with
MCC/Switchboard:- Per control
requirements and typical.

Installation Details:
- For all details not communicated in

A PEEn other drawings.

Drawings cont.
- Final Design Electrical
Drawings should be
developed in AutoCAD
Electrical that shows cross
references for all components
within the drawings.
As-built drawings:
- All wiring diagrams, panel layouts
and design drawings shall be signed
by the manufacturer/installer/site
Closeout contractor to indicate the drawings
Submittals are as-built.
- Final set of wiring diagrams, panel
layouts and design drawings to be
submitted in AutoCAD 2018 and pdf
format.

GHD | IEUA Engineering Design Guidelines | Page 7



FINAL

4.1 Electrical and 1&C, General
LAST UPDATED Mar 27, 2019

Device Configuration:
- Include all device configuration in a
tabular Microsoft Excel spreadsheet,
including hardware ID, default device
settings and final device settings.
- An electronic copy shall be provided
for all SCADA or PLC programs
provided and closeout PLC Programs
shall be fully commented in their
native format.
O&M Manual:
- Manufacturer's installation,
lubrication, operation and
maintenance manuals.
- HMI screen printouts and
description of controls
- Instruction for adjustments,
calibration, troubleshooting and
preventative maintenance.
- Description of emergency power,
interlocks, fire, security systems on
larger sites.
- As-built and record drawings.
- Device Configuration.
- One hardcopy bound set to be
provided.
- One Compact disc with copies of
submitted documentation in Adobe
Acrobat PDF format.
System Warranty: Minimum one (1)
year beyond final acceptance on all
hardware components, including

9 Warranty parts and labor for any defects.

Third Party Warranties: Not
accepted.
Maintenance Power Fuses: Provide three (3) spare
Materials Per fuses for each size.

Panel or Control Fuses: Provide six (6) spare
Enclosure fuses for each size.

10
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4.1 Electrical and 1&C, General
LAST UPDATED Mar 27, 2019

Indicating Lamps: Provide two (2)
spare Cluster LED-type for each
color.

Keys: Provide three (3) spares for
each unique enclosure lock.

Evaluate if study is required by code.
Coordination and Coordination, Short Circuit, Arc

11 Arc Flash Study  Flash, and Harmonic Studies to be
performed using ETAP Software.
Label equipment based on IEUA
12 Tagging Tagging guidelines (see

Appendices).
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4.2 Low Voltage Wire and Cable

LAST UPDATED

FINAL

Mar 20, 2018

This document outlines the
requirements for all wire and cable
rated up to 600 volt.

All wire and cables shall be minimum
No. 12 AWG copper conductor unless
otherwise shown on drawings.

Scope

1 Minimum Size

5 Conductor
Material

3 Manufacturers
Power Cables -

4 Building Wire
and Cable
Power Cables -

5 Interior Dry
Location
Power Cables -

6 Exterior Wet

Location

Copper.

Domestic manufacturer regularly
engaged in the manufacture of
Building Wire and Cable products for
at least five (5) years as follows:

- American Wire and Cable.

- Cerro Wire and Cable Co.

- General Cable Corp.

- Okonite Co.

- Southwire.

- Belden,

- or equal.

THW (UL-83), THHN/THWN (UL-83),
or XHHW (UL-44), single conductor
copper, per ANSI/NFPA 70.

THHN/THWN (UL-83) or XHHW (UL-
44) insulation, in raceway.

XHHW (UL-44) insulation, in raceway.

GHD | IEUA Engineering Design Guidelines | Page 1

THW-2, THHN/THWN-
2 or XHHW-2 provide
90degC temperature
rating in wet
conditions and are
therefore also
acceptable.
THHN/THWN-2 and
XHHW-2 provide
90degC temperature
rating in wet
conditions and are
therefore also
acceptable.

XHHW-2 provides
90degC temperature
rating in wet condition
and is therefore also
acceptable.



4.2 Low Voltage Wire and Cable

10

11

12

13

14

Power Cables -
Underground
Dry or Wet
Location

Power Cables -
Service
Entrance Cables

Power Cables -
Between VFD
and Motor

Instrument
Cables - Field
Mounted
Equipment

Instrumentation
Cable - Field
RTDs

Control Cables -
Field Mounted
Equipment

Control Cables
(multi-conductor)
- Field Mounted
Equipment

|&C Cables -
Within Control
Panel

LAST UPDATED

XHHW (UL-44) insulation, in raceway.

U/G: Single conductor, copper,
stranded, 600 VAC, XHHW (UL-44)
insulation.

O/H: Single conductor, copper,
stranded, 600 VAC, SE (UL-854)
insulation.

XHHW or equivalent for cable runs
less than 50 ft

2 conductor, tin-coated copper,
stranded, shielded twisted pair,
600VAC, 16AWG minimum, 80 degC,
PVC insulation, foil shield, O/A HD
polyethylene jacketing.

Triad, tin-coated copper, stranded,
shielded, 600VAC, 16AWG minimum,
90 degC, PVC insulation, foil shield,
O/A HD polyethylene jacketing.

Single conductor, copper, solid or
stranded, 600VAC, 14 AWG
minimum. THHN/THWN (UL-83) or
XHHW (UL-44) insulation.

Copper, solid or stranded, 600 VAC,
14 AWG minimum, with an overall
protective PVC jacket. THHN/THWN
or XHHW insulation. Circuit
identification shall consist of Method 1
- color coding in accordance with
ICEA S-66-524, Appendix K Table K-
2.

Per equipment manufacturer,
minimum #16 AWG.
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Mar 20, 2018

XHHW-2 provides
90degC temperature
rating in wet condition
and is therefore also
acceptable.

XHHW-2 provides
90degC temperature
rating in wet condition
and is therefore
acceptable in lieu of
XHHW.

Cable shield to be
grounded at one end
only (panel end).
Shield shall not be
grounded in classified
area.

Run with
control/instrumentation
cables and not with
power cables.

THHN/THWN-2 and
XHHW-2 provide
90degC temperature
rating in wet
conditions and are
therefore also
acceptable.
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4.2 Low Voltage Wire and Cable
LAST UPDATED Mar 20, 2018

Product Spec: In accordance with
IEUA fiber optic cable specification.
Size: Minimum 24 core.
Terminations: Terminate all cores at

fiber optic breakout tray or patch
panel. Provide patch leads to switch.

15 Fiber Optic

Type: Cat6 Ethernet Cable. Rack-mounted
Shielded: Shielded Cat6 for all field switches: Provide a
cabling. Terminate with shielded patch panel. Control
connectors at receiving end (RTU, Panels w/ industrial
PLC, IS barrier, etc). Insulate shield  switches: Confirm

at the field end unless otherwise patch-panel/RJ-45
required. coupler requirements.

Terminations: Terminate all field

16 Ethernet Cable  cables at a patch panel or RJ45
coupler before continuing to
equipment connection with jumper. All
shielded Cat6 cabling shall be
terminated at a patch panel. Provide
CAT®6 patch panel in each RIO
cabinet so that field network cables
are terminated on patch panel, not
directly on switches.
- FCI Burndy Corp.

Wiring - Cooper Crouse Hinds.
17 Connectors - = OZ/Gedney Co.

Split Bolt - Thomas & Betts Co.

- 3-M Co.

Wiring - FCI Burndy Corp.

Connectors - - Ideal Industries Co.
e Solderless - Thomas & Betts Co.

Pressure - 3-M Co.

Wiring - Ideal Industries Co.
19 Connectors - - 3-M Co.

Spring Wire

Wiring - FCI Burndy Corp.
20 Connectors - - Thomas & Betts Co.

Compression - 3-M Co.
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4.2 Low Voltage Wire and Cable
LAST UPDATED Mar 20, 2018

Wire sizes < #6 AWG: Integral color- At all junction, splice,

coded insulation. pull or termination
Wire sizes > #4 AWG: Black points.

insulation & colored electrical tape

accepted.

Color Tape Application: Apply to at
Conductor Color east 3 inches of the conductor at
21 Code - General ~ €nds.
Splice Points: Conductor colors shall
not change color at splice points.

Neutral: Identify related circuit if two
or more neutrals in one conduit.

Ground > #6 AWG: Green tape at
both ends and all visible points.

120/240/208 V conductor:a. Phase A
- Black.b. Phase B - Red.c. Phase C -
Blue.c. Neutral - White.d. Ground -
Green.

Conductor Color
Code 277/480V conductor:
a. Phase A - Brown.
b. Phase B - Orange.
c. Phase C - Yellow.
d. Neutral - White or Natural Gray.
e. Ground - Green.

22

Specification shall include

requirements for proper installation

including:

- Ensuring conduits are free from
23 Specification particles of earth, sand and gravel.

- Ensuring cables are not damaged

during installation.

- Ensuring terminations are done

correctly.
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4.2 Low Voltage Wire and Cable
LAST UPDATED Mar 20, 2018

Product Description: Permanent, pre- Numbering scheme to
printed, waterproof labels, firmly be confirmed with
attached to the cable at each IEVUA.

termination or splice point.

Manufacturers (heat-shrink sleeve
Cable type): W.H. Brady Co.; Thomas &

Z Identification Betts Co.; 3M Co. or approved equal.

Manufacturers (self-adhesive vinyl
tapes): W.H. Brady Co.; Panduit
Corp. or approved equal. Only use
for diameters exceeding the capacity
of heat-shrink sleeve type.
Instrumentation & Control cable
splices: Not accepted.

25 Splicing Power cable splices: Not accepted on
new installations. Requires approval
by IEUA during design.
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4.3 Medium Voltage Underground Cable
LAST UPDATED Mar 20, 2018

This document outlines the
requirements for all underground
0 Scope cable rated above 600 volt.
Overhead cable is not covered in
this document.
1 Type MV-105.

BICC Cables, Okonite, Southwire,
Houston Wire & Cable, or equal.

Single Copper Conductor per
cable. Annealed uncoated soft
copper stranded concentric
compact round copper per ASTM
B-496 for sizes up to and including
1000 kcmil. Larger conductor sizes
shall be Class B compressed
concentric per ASTM B-8.
Aluminum conductors are not
allowed.

_ Ethylene-Propylene Rubber (EPR)
4 Insulation jacket and black Chlorosulfonated

Material Polyethylene (CPE)outer jacket.

2 Manufacturers

3 Conductors

105degrees C, 140°C emergency
Insulation rating, 250°C short circuit rating

5 Temperature and shall pass UL and IEEE 383
and 1202 (for 1/0 AWG and
larger).

6 Insulation Level 133%.

7 Shield Copper Tape.

8 Grounding Corrugated Drain Wire.

Conductors shall meet the
o] Losses electrical resistance requirements
of ICEA S-68-516, Section 2.5.

Underground: Install in triplex Refer Raceway and
configuration in conduit. Not direct Boxes and Electrical
buried. Equipment ID

10 Installation guidelines for details.
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4.3 Medium Voltage Underground Cable
LAST UPDATED Mar 20, 2018

Cable Pulling: Cable pulling
tensions and bending radii shall
not exceed those recommended
by the Cable manufacturer.
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4.4 Grounding and Bonding
LAST UPDATED Mar 20, 2018

This document outlines the

Scope requirements for grounding and
bonding.
MV: Step and Touch Potential
calculations.
1 Calculations LV: Calculations not required -

shall comply with NEC
requirements.
Conductor: Bare, soft drawn
, copper, Class AA stranding, ASTM
Service B 8.

2 Equipment Size (LV): NEC Table 250-66 for
Ground Electrode |5y voltage.

Size (MV): Based on calculations.

Conductor: Insulated, soft drawn
copper, Class B stranding or solid,

Electrical with green colored polyvinyl
3 Equipment chloride insulation.
Grounding Size (LV): NEC Article 250-122.

Size (MV): Based on calculations.

Silver plated, soft copper with
cross section not less than 1
square inch per 1,000 ampere
4 Bus and Bars rating, but in no case less than 1/4-

inch thick by 1-inch wide, ASTM B
187. Rating shall be per the NEC,
unless otherwise noted.
Manufacturer: Cadweld (Erico

Exothermic Weld Products) "Exolon" Low Emission

5 Connections (MO'dS and powder).
Manufacturer: Burndy Corp, Mechanical
Anderson, Thomas & Betts, 3-M connectors shall be
Co. permitted only when
6 Mechanical Type: Bolt-on bronze connectors, exothermic weld
Connectors suitable for grounding and bonding connections are not
applications in configurations suitable or
required for the particular recommended by the
installation. manufacturer.
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4.4 Grounding and Bonding

10

11

12

13

14

Flush Ground
Plates

Flexible Jumper
Strap

Bonding Plates,
Connections,
Terminals and
Clamps

UFER Ground

Rod Electrodes

Handholes

Instrument
Ground

Grounding Well
Components

LAST UPDATED Mar 20, 2018

Cadweld B-162 series, B-164
series, or acceptable equal.

Flexible flat conductor, 480 strands
of 30-gauge, bare copper wire; %a-
inch width, 9-1/2-inch-long; 48.25
kcMil, minimum. Protect braid with
copper bolt-hole ends with holes
sized for 3/8-inch diameter bolts.
Provide electrical bonding plates,
connectors, terminals and clamps,
and accessories as recommended
by the manufacturer for the
specific applications. Components
shall be high-strength, high-
conductivity copper alloy.

In accordance with the latest
edition of the National Electrical
Code.

Copper-clad steel, 3/4-inch
minimum diameter, 10 feet (3,000
mm) long, coupling type unless
otherwise noted.

Handholes shall provide access to
junction points and shall be
marked "Ground".

Instrumentation shall be grounded
on a separate instrument ground,
which shall be isolated from the
main equipment ground. The
instrument ground shall be
connected to the main equipment
ground with a single connection
only.

Well Pipe: 8 inches NPS by
maximum 12 inches long, precast
concrete or fiberglass pipe with
belled end.
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4.4 Grounding and Bonding
LAST UPDATED Mar 20, 2018

Well Cover: Cast iron, high impact
traffic rated cover with legend
"GROUND" embossed on outer
face.
Indoor Locations: Epoxy type
anchors and heavy-duty,

Anchors and galvanized steel screws and bolts.

Fasteners Outdoor Locations: Epoxy type or
Red Head anchor bolts and
stainless steel screws and bolts.

15
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4.5 Raceway and Boxes
LAST UPDATED Mar 20, 2018

This document outlines the
0 Scope requirements for raceway, boxes,
vaults, hand holes and manholes.

Underground more than 5 feet Any alternative
outside foundation wall: Schedule  conduits shall require
40 non-metallic conduit encased in approval from IEUA.

concrete.
Underground within 5 feet from All conduit types shall
foundation wall: Rigid steel be UL listed.

conduit, plastic coated. Provide
cast metal or nonmetallic boxes.
Under Slab or Below Grade:
Schedule 40 PVC conduit encased
in concrete. PVC Coated rigid steel
factory bends greater than 22.5
degrees and for stub-ups through
concrete slabs.
On Grade: Schedule 40 non-
metallic conduit encased in
concrete. PVC Coated rigid steel
1 Conduit factory bends greater than 22.5
degrees and for stub-ups through
concrete slabs.
Outdoor Locations, Above Grade:
PVC coated rigid steel conduit.
PVC coated cast metal outlet, pull,
and junction boxes.
In Slab above Grade: Rigid Steel
Conduit.
Exposed Dry Locations: PVC
coated Rigid Steel Conduit. PVC
coated cast boxes.
Concealed Dry Locations: Provide
galvanized rigid steel.

Locations subject to Corrosive
Atmosphere: PVC coated rigid
steel. Provide PVC coated cast or
sheet metal boxes.
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4.5 Raceway and Boxes
LAST UPDATED Mar 20, 2018

Commercial/Office Type
Installation: EMT and IMC conduit
is acceptable. This will not be
accepted in any other type of
installation.
Exposed Equipment Connection:
Liquid-Tight Flexible Metal
Conduit, plastic jacketed,
galvanized steel, Anaconda
"Sealtite" Type EF for general
service areas, Type HC for high
temperature when used under
raised floor or in air plenums.

Minimum Conduit 3/4 inch.

Size

Concrete: 3,000-psi concrete.

Pouring: Consolidation of
encasement concrete around duct
banks by hand pudding, (no
mechanical vibration).
Admixture: A workability admixture
CarEE shall be used, which s_hall I_Je a
3 s hydroxylated carboxylic acid type
in liquid form. Admixtures
containing calcium chloride shall
not be used.
Pigment: Concrete contains
integral red-oxide coloring pigment
in the proportion of 8 pounds per
cubic yard of concrete.
Couplings and Thread Protectors:
Threaded conduit shall have
coupling on one end and a thread
protector on the other to protect
the threads during normal handling
and storage.

4 Raceway Fittings
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4.5 Raceway and Boxes
LAST UPDATED Mar 20, 2018

Metal Conduit Fittings: Galvanized Metal conduits shall be

iron or galvanized steel with steel  joined by threaded

conduit. Minimum of five threads couplings only, with

for threaded conduit. the conduit ends
butted.

Liquid-Tight Flexible Conduit
Fittings: Galvanized steel, T&B
53XX series insulated throat
connector. Die-cast malleable
fittings are not acceptable.

PVC Coated Fittings: Fittings for
use with PVC coated RGS shall be
PVC coated and shall be products
of the same manufacturer as the
conduit.

Non-Metallic Conduit Fittings:
Material /strength characteristics to
match conduit. Solvent welded as
recommended by manufacturer.
Non-metallic female "terminal”
adapter for transition from non-
metallic to metallic.

Classified Areas / Environment:
Specify explosion proof, dust
proof, etc. to suit area
classification and environment.

Standard Bushings: Galvanized Provided for the

steel or malleable iron. termination of all
Grounding Type Bushings conduits not

(Conduit > 1"): Insulated bushings  terminated in hubs,
with insulated inserts in metal couplings or insulated
housings. throat connectors.
Locknuts:- One interior and one For all conduit
exterior. - Designed to securely terminations not

bond the conduit to the box when provided with threaded
tightened.- Will not be loosened by hubs and couplings.
vibration.

GHD | IEUA Engineering Design Guidelines | Page 3



FINAL

4.5 Raceway and Boxes
LAST UPDATED Mar 20, 2018

Watertight Conduit Unions:
Appleton or Crouse Hinds Type
UNF or UNY, or approved equal.

Rain tight Conduit: Meyer’s rigid
conduit hubs, or approved equal.

Requirement: Changes in direction
of conduits shall be made with
fittings or bends, meeting the
requirements of NEC & minimum
bend radius of the cable.

Approved factory fittings: bends
and offsets for non-metallic conduit
or plastic coated steel shall be
factory approved.

Maximum number of bends: No
more than the equivalent of three
90 degree bends between boxes
or outlets.

Sealant: Seal conduit entries with
approved mastic sealant, listed by
the manufacturer.

Requirement: Conduits entering
enclosures outdoors or in wet
areas shall enter through Meyer’s
hubs, or approved equal, or
threaded openings.

Raceway and Boxes: Grounded
and bonded in accordance with the
NEC.

7 Grounding Conduits and Raceways: Provide a
solid or stranded bare copper or
green insulated copper solid or
stranded ground wire.
Construction: Minimum 16 gauge Material to be
galvanized steel with stainless confirmed based on
steel hinged cover and neoprene location.
gasket.

Bends and
Offsets

6 Conduit Seal

8 Junction Box
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4.5 Raceway and Boxes
LAST UPDATED Mar 20, 2018

Door: Continuous, full length,
piano type hinge and stainless
steel pin on one side and captive
screw on the other. Door shall be
equipped with padlock hasp with
sealing hole provisions.

Ground Lug Kit: #10-32 tapped
hole provisions.

Finish: Wash and phosphate
undercoat with ANSI 61 gray
polyester power finish.

Trafficable Cover: Any pull-box or
manhole larger than 24 x 24 shall
have trafficable steel covers. Cast-
in frame, galvanized steel,
adjustable, high impact traffic
cover (H-20 load rated).
Non-trafficable Cover: Concrete.

Construction: Pre-cast concrete.

Pull Box, Vault, Label: Cover shall be engraved
9 Hand Hole, with the words: “POWER”,
Manhole “‘LIGHTING”, “CONTROLS”,

COMM/DATA”, “TELEPHONE” or
similar as applicable.

Location: All major changes in duct
bank direction, every 200 ft for
straight runs and at major
equipment locations.

Other: Consider sump, lifting lugs,
and conduit knock-outs.

Orientation: Generally parallel or
. perpendicular to roadways,
10 Installation of buildings etc.
SEHRELE Spacers: Place spacers in duct
bank minimum 10 feet apart.

Consider drainage of moisture
from conduits and pull-boxes.
Consider drainage arrangement for
pull box.

11 Drainage
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4.5 Raceway and Boxes
LAST UPDATED Mar 20, 2018

All steel conduit, exposed to
weather or in contact with earth,
shall be re-galvanized after
threading with "Galvanizing
Powder M-321" (American Solder
and Flux Company); "Zincilate
810" (Industrial Metal Protective,
Inc.); "Zinc Rich" coating (ZRC
Chemical Products Company); or
approved equal. The Contractor
shall supply this protective material
and shall apply it in the field.
Empty conduits shall have a
polypropylene pull line with a
minimum tensile strength of 200
13 Pull Wire Ibs., Jet Line, Cat. No. 232,
polyolefin, or approved equal. Pull
line shall be secures at both ends
to ensure future accessibility.
Transition: Galvanized Rigid Steel
Conduit shall be installed from
below grade to above grade.

12 Re-Galvanizing

Corrosion Protection: Steel conduit
in contact with earth shall be

14 gggg[ﬁ{ ound protected by "Scotchwrap™ 10 mil
Transition tape applied in double thickness

using 50 percent lap turns to 6
inches above grade and 6 inches
beyond transition.

Expansion joints: Shall be used
where required.

Supports: Do not use wire, ceiling

15 Conduit Supports support wires or perforated pipe
straps to support conduit.
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4.5 Raceway and Boxes
LAST UPDATED Mar 20, 2018

Spacing: Within one (1) foot of
junction boxes and fittings. Along
conduit runs as follows:

a. Conduit Size: ¥z inch through 1-
1/4 inch, Maximum Spacing: 5
feet.

b. Conduit Size: 1-1/2 inch and
larger 8 feet, Maximum Spacing: 8
feet.
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4.6 Electrical Equipment Identification
LAST UPDATED Mar 20, 2018

This document outlines all
requirements for labelling and
identification of electrical
equipment and cables.
1-inch high block letters cut in
stencil and applied with yellow
paint on a flat-black background.
Transformer Label to include:
Identification - Transformer number.
- Primary and secondary voltages.
- Rated KVA.
- Arc Flash protection label.
Engraved three layer laminated
plastic, white letters on black
background for normal power and
white letters on red background for
emergency power.
Communications and control
Switchgear / cabinets shall be labeled with
Switchboards / white letters on green background.
MCC / Panel / 1/2-inch letters for Equipment

0 Scope

2 Electrical Number, 1/4" letters for additional
Equipment details. Label to include:
Enclosure - Equipment number.
Identification - Voltage rating.

- Current rating.

- Number of phases.

- Connection type.

- Short circuit interrupting rating.
- Source of power supply.

- Arc Flash protection label.
Ys-inch high white characters on %2-
inch wide black stick on tape
placed on the wall directly above
the device if the device is wall
mounted. Place the tape on the
device enclosure if the device is
not wall mounted. Label shall
identify the circuit number from
which the receptacle or lighting

Receptacles,
Outlets, Lighting
Switch
Identification
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4.6 Electrical Equipment Identification
LAST UPDATED Mar 20, 2018

switch is fed.

Engraved, laminated plastic, not
less than 1/16-in thick by 3/4-in by
2-1/2-in with 3/16-inch high white
letters on a black background.
Label shall identify the device by
the name of the equipment it
serves.

Engraved, laminated plastic, not
less than 1/16-in thick by 3/4-in by
2-1/2-in with 3/16-inch high white
letters on a black background.
Label shall identify the name or
number of the junction or terminal
box.

Branch Circuits in Wrap-around labels (T&B, BRADY
outlet boxes or 3M) showing circuit number.

Complete 8 1/2-inch by 11-inch
Panelboard typewritten directory mounted in
Directories the inner door under a clear plastic
cover set in a metal frame.
Refer Raceway and Boxes design
guidelines.

Type: Manufacturer's standard
preprinted, flexible or semi-rigid,
permanent, plastic-sheet conduit
markers, minimum of 3 mils thick
and 1-1/2-inch wide extending 360
degrees around conduits;
designed for self-adhesive

9 Conduit Markers  attachment to conduit.
Label: Indicate voltage of
conductor(s).
Warning Labels: In addition to
standard label, identify conduits
containing conductors above 600-
volts with "DANGER - HIGH
VOLTAGE".

Disconnect
Switches, Motor
Starters, Control
Stations, etc.

Junction or
Terminal Box

8 Raceway
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4.6 Electrical Equipment Identification
LAST UPDATED Mar 20, 2018

Location: Furnish markers for each
conduit longer than 10 feet. Space
20 feet on center.

Color: Unless otherwise indicated
or required by governing
regulation, provide orange markers
with black letters.

- Fire Alarm System: Red w/black
letters.

- Telephone System: Green
w/yellow letters.

- Data/Communication. System:
White w/black letters.

- Emergency System: Orange
w/black letters.

Legend:- 15-kV System: Nominal
14.4-kV, 13.8-kV, 13.2-kV, 12.5-
kV- 480 Volt System: Normal
480/277-volts.- 208 Volt System:
Normal 208/120-volts.- Fire Alarm
System: Fire alarm.- Telephone
System: Telephone.-
Data/Communication System:
Data/communications.

Tag: 19 gauge brass round tags Confirm conduit
with conduit number pressure numbering scheme
stamped onto the tag and 1-1/2 with IEUA.

inch predrilled mounting hole.

Letter Size: Minimum height %-

inches.

Installation: Attach with 316

stainless steel clamps at each end

and at least once in every 50 feet

near the midpoint of exposed

conduit in ceiling spaces, surface

mounted, and inside manholes and

hand holes.

Conduit

10 Identification
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4.6 Electrical Equipment Identification
LAST UPDATED Mar 20, 2018

Above Grade Higher than 15 feet:
Provide large white plastic ID
nameplate with minimum 1/2"
black engraved lettering.
Approved products: Seton
Identification Products, National
Band and Tag Company, Emedco.

Warning Tape: Buried conduit

marked with buried warning tape

along its entire length.

Manufacturers:

- Brady.

- Thomas & Betts.

- 3 M Co.

- Or equal

Description: Cloth, tape, split

sleeve, or tubing type wire

markers, self-adhesive.

Locations: Each conductor at

panelboard gutters, pull boxes,

outlet and junction boxes, control

panels, motor controllers and

starters, and each load connection.
11 Wire Markers Legend:

- Power and Lighting Circuits:

Branch circuit or feeder number

indicated on contract drawings.

- Control Circuits: Control wire

number indicated on shop

drawings.

- Neutral Conductors: Clearly

indicate the branch circuit or

feeder number the neutral serves.

In multi-wire circuits where the

neutral is shared, mark the neutral

with the circuit number of the “A”

phase.

GHD | IEUA Engineering Design Guidelines | Page 4



FINAL

4.6 Electrical Equipment Identification
LAST UPDATED Mar 20, 2018

Secure all labels and nameplates
with self-tapping stainless steel
screws.
Use contact type permanent
adhesive where screws cannot or
should not penetrate the substrate.
Manufacturer's standard
"DANGER" signs: 20 gauge steel;
red, black and white graphics; 14-
inch by 10-inch size preferred;
recognized standard explanation
wording (e.g. HIGH VOLTAGE,
KEEP AWAY, BURIED CABLE).
High Voltage Metal-Clad
Switchgear Enclosure Doors:
‘DANGER HIGH VOLTAGE -
KEEP OUT, AUTHORIZED
Baked Ename| PERSONNEL ONLY”
Danger Signs Electrical Room Entry Doors:
‘DANGER HIGH VOLTAGE -
KEEP OUT, AUTHORIZED
PERSONNEL ONLY”.
Engine-Generator Unit enclosures:
“CAUTION — USE HEARING
PROTECTION".

Electrical equipment with multiple
sources of power: "WARNING -
THIS EQUIPMENT IS SUPPLIED
BY MORE THAN ONE POWER
SOURCE". Then list the sources.
Width: Minimum 3-inch.
Thickness: Minimum 5 mm.

Underground Type: Foil bonded polyethylene

Warning Tape tape, detectable type, with suitable
continuous warning legend
describing buried electrical lines.

12 Fasteners

13

14

GHD | IEUA Engineering Design Guidelines | Page 5



FINAL

4.6 Electrical Equipment Identification
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Color: Conform to APWA uniform
color code using ANSI Z535.1
safety colors. Text shall be black,
2-inch minimum letters.
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4.7 Dry-Type Transformer

LAST UPDATED Mar 20, 2018

Item | _Parameter | Criteria_______ | Notes

This document outlines all
requirements for single-phase and
three-phase general purpose,
individually mounted, dry-type
0 Scope transformers of the two-winding
type, self-cooled, with primary
voltage between 480 V and 35-kV,
secondary voltages 600-volts and
less.
- Cooper Transformer.
- Cutler Hammer / Eaton Corp.
- General Electric Company.
1 Manufacturers - Siemens.
- Square D Company / Schneider
Electric.
- Approved equal.
Transformers shall be designed for
continuous operation at rated kVA,
for 24 hours a day, 365 days a

2 Operation . ‘ :
year operation, with normal life
expectancy as defined in ANSI
C57.96.
Energy efficient type, meeting the
3 Efficiency requirements of NEMA TP 1. High

grade laminations required.

NEMA ST-20 Class AA dry-type.
Standard Dry- All three-phase transformers shall
4 Type have three-winding primaries and
Transformers three-winding secondary.
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4.7 Dry-Type Transformer

LAST UPDATED Mar 20, 2018

Item | _Parameter | Criteria_______ | Notes

Insulation as follows:a. 2-kVA and
below - 150°C insulation system.b.
3 through 30 kVA - 180°C
insulation system.c. 45-kVA and
above - 220°C insulation
system.Required performance
shall be obtained without
exceeding the insulation indicated
temperature rise in a 40°C
maximum ambient, with a 30°C
average over 24 hours.

Flame-retardant: Insulation
material shall be flame-retardant
and shall not support combustion
as defined in ASTM Standard Test
5 Insulation System Method D635.
Temperature Rise (30 kVA to 225
kVA): 115°C temperature rise
above 40°C ambient. 115°C rise
transformers shall be capable of
carrying a 15 percent continuous
overload without exceeding 150°C
rise in a 40°C ambient.
Temperature Rise (300 kVA to 500
kVA): 80°C temperature rise above
40°C ambient. 80°C rise
transformers shall be capable of
carrying a 30 percent continuous
overload without exceeding a
150°C rise in a 40°C ambient.
Surface Temperature Rise: Limit
surface temperature rise to
maximum of 50°C.
Designer shall specify latest
industry standard construction for
dry type transformer.

Core and Coil
Assemblies
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4.7 Dry-Type Transformer

LAST UPDATED Mar 20, 2018

Item | _Parameter | Criteria | Notes

25 kVA and larger: Primary
windings with 6 taps; two 2.5 %
increments above full-rated voltage
and four 2.5 % increments below

7 Taps full-rated voltage.
< 25 kVA: Primary windings with
two taps at 5 percent below full
rated voltage.
< 1 kVA: No taps are required.

Basic Impulse Designer shall specify required
Level BIL.

Ground core and coil assembly to
9 Grounding enclosure by means of a visible
flexible copper-grounding strap.

Material and Finish: The enclosure
shall be made of heavy gauge
steel and shall be degreased,
cleaned, primed, and finished with
ANSI 61 color weather-resistant
enamel.

Wiring Enclosure: Suitable for
conduit entry and large enough for
convenient wiring.

Temperature: The maximum
temperature of the enclosure shall
not exceed 90°C.

On units rated below 3 kVA,
encapsulated, the enclosure
construction shall be totally
enclosed, non-ventilated, NEMA
3R, with lifting eyes as required.
On units rated 3 kVA and above,
the enclosure construction shall be
ventilated NEMA 1 suitable for
indoor use, with lifting lugs as
required. All ventilation openings
shall be protected against falling
dirt and water.

10 Enclosure
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4.7 Dry-Type Transformer
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Item | _Parameter | Criteria | Notes

On outdoor units, the enclosure
shall be ventilated, NEMA 3R
suitable for outdoor use, with
weather shields over ventilation
openings.
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4.8 Liquid-Filled Transformer
LAST UPDATED Mar 27, 2019

This document covers liquid-filled,
pad mounted distribution
transformers with primary voltage
between 2-kV and 35-kV,
secondary voltages 600-volts and
less, and capacity ratings between
50-kVA and 2,500-kVA.

0 Scope

- Cooper Transformer.

- Cutler Hammer / Eaton Corp.

- General Electric Company.
1 Manufacturers - Siemens.
- Square D Company / Schneider
Electric.
- Approved equal.
1. Class OA 65° C, self-cooled
(OA) for transformers rated less
than 1,500-kVA.
2. Class OA/FA, 55° / 65° rise, self-
cooled (OA) and equipped with
thermostats, and control system for
future forced air (FFA) cooling
(provisions to add fans for FA
rating) for transformers rated
1,500-kVA and above.
Oil conforming to IEEE C57.106. Or FR3 or similar non-

3 Insulating Liquid flammable, bio-
degradable liquid.

2 Cooling Class

Designer shall specify latest

4 Construction industry standard construction.

T +/- 2.5%, +/- 5 %, -7.5 % and -10 No load externally
> aps % standard primary taps (6 taps).  operated
6 Basic Impulse Designer shall specify required BIL.

Level

Ground core and coil assembly to
7 Grounding enclosure by means of a visible
flexible copper-grounding strap.

Door: Three point latching door for

8 Construction .
security.
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4.8 Liquid-Filled Transformer
LAST UPDATED Mar 27, 2019

Tank Cover (45 to 1,000-kVA):
Bolted cover for tank access.

Tank Cover (1,500-kVA to 2,500-
kVA): Welded cover with hand
hole.

Drain Valve: One-inch drain valve
with sampling device in low-voltage
compartment.

Fill Plug: One-inch upper fill plug.

Cabinet (45 kVA to 1000 kVA):
Minimum 20-inch deep cabinet.

Cabinet (1,001-kVA to 1,500-kVA):
Minimum 24-inch deep cabinet.

Cabinet (1,501 kVA to 2,500 kVA):
Minimum 30-inch deep cabinet.

Divider: Steel divider between high-
voltage and low-voltage
compartments.

Lifting lugs: Quantity (4) to suit
weight and size of transformer.
Ground Pads: Stainless steel
ground pads (45-kVA to 500-kVA),
Stainless steel NEMA 2-hole
ground pads (750-kVA to 2,500-
kVA).

Cabinet Hinges and Mounting
Studs: Stainless steel.

Bolts: Penta-head captive bolt.

Insulation: Insulating Blankets for
secondary terminations shall be
ASTM D1048 Type I, Class 1.
Insulating Blankets shall be
Salisbury Salcor blend of prime
EPDM that is highly flexible, corona
resistant polymer with anti-aging
and weathering qualities, or equal.

GHD | IEUA Engineering Design Guidelines | Page 2



FINAL

4.8 Liquid-Filled Transformer
LAST UPDATED Mar 27, 2019

Standard Accessories: IEEE
C57.12.00 and ANSI C57.12.55.

Pressure Relief Device: Automatic.
Liquid level gauge: Required.
Pressure vacuum gauge: Required.
Thermometer: Dial Type.

9 Accessories Fuses: Bay-O-Net fuses in series
with ELSP patrtial range current
limiting fuses (Bay-O-Net and
current limiting type fuses sized for
the transformer).

Spares: Three (3) spare fuse links
for each transformer.

Signs: High voltage warning signs.
Bushing Wells: RTE (15-kV, 200-

amp type HTN) bushing wells
conforming to IEEE 386.

Low voltage Bushings (through 500
10 Bushings kVA): 4-, 6-, or 8- hole spade.

Low voltage Bushings (750-kVA to
2,500-kVA): 6-, 8-, or 10-hole
spade'. 10-hole equipped with
supports).
Insulated connectors (load-break
type elbow connectors with test
point). Include:

Primary - Bushings.

Terminations - Cable shield adaptor.
- Insulated parking stand bushings.
- Insulated protective cap for each
insulated parking stand bushing.
Wash Treatment: Phosphate wash

12 Finish pretreatment to assure coating

adhesion and inhibit corrosion.

11
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4.8 Liquid-Filled Transformer
LAST UPDATED Mar 27, 2019

Primer: Three (3) step
electrodeposited and oven-
hardened epoxy primer (E-coat) to
protect against moisture, salt, and
other corrosives.

Finish: Polyester powder coat finish
- 4 mils thick to provide resistance
to abrasion and impact.

UV Protection: Urethane top coat.

Finish Color: Manufacturer's
standard dark gray finish (ANSI
61).
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4.9 600-Volt Variable Frequency Drives
LAST UPDATED June 24, 2020

This document covers Variable
Frequency, Variable Voltage
Drives for speed control of motors
up to 600 VAC.
Preferred:
- Allen Bradley / Rockwell
Automation
1 Manufacturers The following may also be
considered:
- Square D Co. / Schneider Electric
- Cutler-Hammer/ Eaton
VFDs rated less than 50 HP: 6-
. pulse units.
2 Rating VFDs rated 50 HP and larger: 18-
pulse units.

VFD shall be designed to operate
from a three phase, 60 Hertz (+/- 2

3 Power Supply Hz) power supply and control
motors with voltage rating as
indicated on drawings.
Displacement Power Factor of 95
% or higher throughout the entire

4 Power Factor operating speed range, measured
at VFD input Terminals.

0 Scope

5 Service Factor 1.0.

VFD shall be capable of operation
in an ambient environment of +10
to +40 degC, 0 to 95% non-
condensing humidity.

6 Environment
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4.9 600-Volt Variable Frequency Drives
LAST UPDATED June 24, 2020

- Circuit Breaker Per UL 489 with
minimum symmetrical interrupting
capacity to match source
switchboard and door interlocked
external operator; or

- Input line high-speed, current
limiting fuses rated 200 kA
interrupting current specifically
designed for solid state
applications in conjunction with a
solid state instantaneous
overcurrent trip unit set at 180
percent of motor full load current
rating.

Rectifier: Full wave bridge rectifier.
Silicon Controlled Rectifiers (SCR)
are not acceptable.

7 Input Protection

Power factor and Phase Rotation:
8 Rectifier Insensitive to three phase rotation
of the ac line and shall not cause
displacement power factor of less
than .95 lagging under any speed
and load condition.
Variable Voltage, Variable
Frequency, Pulse Width Modulated
(PWM). Other types of inverters
9 Inverter such as current source inverter
(CSlI), voltage source inverter
(VSI), and flux vector drive (FVD)
units are not acceptable.
120 percent of rated full load
Overload current for one minute at maximum
10 Capacity ambient temperature (150 percent
for constant torque VFD).

Acceleration /deceleration time:
11 Settings Independently adjustable from one
second to 60 seconds.
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4.9 600-Volt Variable Frequency Drives
LAST UPDATED June 24, 2020

Full-time current limiting:
Adjustable to limit the current to a
preset value which shall not
exceed 120 percent of the
controller rated current, whilst
maintaining V/Hz ratio constant.
Short time starting override: Shall
allow starting current to reach 175
percent of controller rated current
to maximum starting torque.

Minimum and maximum output
frequency: Adjustable over the
following ranges:

a. Minimum frequency 6 Hz to 50
percent of maximum selected
frequency.

b. Maximum frequency 40 Hz to 60
Hz.

The controller efficiency shall not
be less than 95 percent at 100
percent speed, and not less than
85 percent at 60 percent speed.

12 Efficiency

The controllers shall be capable of
being restarted into a motor
coasting in the forward direction
without tripping. The controllers
shall be capable of flux braking at
13 Braking/ Coasting start, to stop a motor coasting in
the reverse direction before
starting speed ramp-up.
Coast, controlled ramp, or dc
injection selectable modes of
stopping.
VFED shall include external fault
reset capability. All the necessary
logic to accept an external fault
reset contact shall be included.

14 Fault Reset
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4.9 600-Volt Variable Frequency Drives
LAST UPDATED June 24, 2020

- Instantaneous over-current.

- DC bus over-voltage.- Static
overspeed (over-frequency)
protection.

15 - De-saturation circuit (drive

Internal

Protection . . \
inverter section transistor base

current to zero during a fault).
- DC bus discharge circuit
with indicator.
- Over-voltage.
) - Over-frequency.
16 Output Protection  _ gtatic Over-speed.

- Stall.

All VFDs must have primary All'l/O needs to be
control signals hardwired to 1/0 of  wetted from the VFD
the controller.

Additional status and diagnostics
data will be transmitted over

Primary Control S

17 Signals

Primary Control Signals:

- Hand Status

- Auto Status

- Run Command

- Run Feedback

- Speed Command

- Speed Feedback

- Ethernet IP card.

- Keypad with integral display for
controlling the VFD, manual
speed adjustment, resetting
faults, and setting drive
parameters. Keypad can be
remote mounted. Parameters
can be stored in non-volatile
memory on the keypad.

- "Hand-off-auto-bypass" switch.

- Bypass "stop-start" push
buttons.

18 Controls

GHD | IEUA Engineering Design Guidelines | Page 4



4.9 600-Volt Variable Frequency Drives

19

Hardwired Shut-
Downs

LAST UPDATED

“

- Control circuits <= 120 volts and

supplied by internal control
power transformers. Control
power transformers shall have
additional capacity as required
by external devices indicated on
the drawings. Control power
transformers shall be equipped
with fuses in each primary and
secondary phase leg and one
secondary lead grounded.

- Analog 4-20mA speed input and

output for remote speed
indication and speed control

- Internal PID controller

- Contacts for 'run status', ‘auto-
selected' and 'fault'

- Drivers shall communicate
Ethernet CIP without use of
third party communication

Hardwired shutdowns may vary

depending on application.

Not every item below will apply
and there may be additional items
not listed.

Below are some examples of
signals which will terminate at the
local VFD/overload and read over
ethernet. These signals are
hardwired to shut down the
pump/motor:

1) Motor Over Temperature Alarm
2) VFD or Motor Failure

3) Motor Overload

4) E-stop

5) High Discharge Pressure

6) Low Suction Pressure

FINAL

June 24, 2020

Hardwired Shut-
Downs with Status to
SCADA over Ethernet

Note that all motor
protection alarms and
emergency stops will
be hardwired to shut
down the motor, which
will continue to protect
the motor in the event
of a loss of ethernet
connection or failure of
the controller.

These alarms,
hardwired to shut
down the motor, are
not capable of being
bypassed from
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4.9 600-Volt Variable Frequency Drives
LAST UPDATED June 24, 2020

7) Backflow SCADA.

Ethernet for all VFDs should be
routed and designed in a way to
minimize single points of failure.

For equipment that has
redundancy, e.g. multiple influent
pumps, there should be at least 2
RedBoxes to minimize the

20 Ethernet possibility of all influent pumps
Requirements failing at once.
This same concept should be
applied when designing the 1/0
layout for all pumps/motors. The
contractor needs to be able to
present/demonstrate to IEUA how
they minimized single points of
failure in the design.
Remote 1) Remote Reset
21 Commands from
SCADA over
Ethernet

1) Communication alarm for any
loss of communication with any
device

2) Power failure alarm for loss of
any power supply to a Stratix
ethernet switch.

22 SCADA Alarms

1) Individual Alarms Monitoring signals
a) Seal Leak Failure may vary depending
Monitoring 2) Power Monitoring on applicatiop. Not
23 Signals over a) kw every item will apply
Ethernet b) kWh and there may be
c) Volts additional items not
d) Amps listed

e) Volt-amp reactive

GHD | IEUA Engineering Design Guidelines | Page 6



FINAL

4.9 600-Volt Variable Frequency Drives
LAST UPDATED June 24, 2020

Designer shall provide

specifications to ensure a neat
24 Wiring wiring installation with top/bottom
entry specified and details similar
to control panel design guideline.
Enclosure: The complete drive
package, including input line
reactors, fuses, circuit breakers,
isolation transformer (where
required), filters (where required),
shall be installed in a dead-front
enclosure. Enclosure shall conform
to NEMA 250, NEMA ICS 6 and
NEMA ICS 7 requirements.
Mounting & Lifting: Suitable
mounting and lifting facilities shall
be provided.
Identification: Relays terminals and
special devices inside the
enclosure shall have permanent
markings to match the
identification on the manufacturer's
wiring diagrams.
The control panel shall provide
diagnostics for the type of fault,
warning, etc. The drive shall be
capable of storing 10 events with a
time and date stamp for each
event.

25 Enclosure

26 Diagnostics
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4.9 600-Volt Variable Frequency Drives
LAST UPDATED June 24, 2020

- Run command and a speed

command from the master

controller.

- When VFD selector switch is in

"Hand" position the load runs and

speed is controlled from the VFD

control panel

- When the selector switch is in the

"Off" position, the load does not

run

- When the selector switch is in the

“‘Remote” position, the load shall

be turned on and off by the master

controller and the speed shall be

controlled by the master controller.

The VFD shall generate a discrete

output signal for transmission to

the master controller when the

VED selector switch is in the

“‘Remote” position. This output

signal shall be suppressed if

remote control selector switch is

not in “Remote” position.

- In specific applications (if

required), when the VFD selector

switch is in the “Bypass” position,

the load shall be turned on and off

by the bypass “Start-Stop” push

buttons using the bypass

contactor. The VFD shall not be

used to control the load when the

selector switch is in the “Bypass”

position.

Pilot Light: Bypass will have pilot Designer to confirm
light to indicate whether operating  with IEUA whether
28 Bypass in bypass or normal, if required. bypass is required.
For example where
there is a standby

Sequence of

21 Operation

Manual Control: Full manual
control when bypassed, if required.
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4.9 600-Volt Variable Frequency Drives
LAST UPDATED June 24, 2020

Motor overload protection: Still pump, confirm whether
required to operate in Bypass individual VFD bypass
mode, if required. contactors are
Transition: Transition to manual necessary.

bypass only when VFD at zero
speed, if required.

Point of Common Coupling:
Horizontal bus of switchboard
supplying power to VFD.
Limits: IEEE 519.

Harmonic Worst case operating conditions:
Distortion 10 percent total harmonic voltage
distortion and commutation
notches up to 36,500 volt-
microseconds.
Harmonic filters: as required.

29
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4.10 Lighting

2

Scope

Luminaire
Manufacturers

[llumination

LAST UPDATED

This document outlines the
requirements for lighting and
lighting controls.

Halophane, Lithonia, or others as
approved by IEUA.

Local codes: Where minimum

requirements in the local codes are

more stringent than the guideline
requirements the more stringent
requirements shall take
precedence.

Plant road lighting: 0.5 fc

General Plant Areas (not task
lighting): 15 fc

Working areas, visual tasks
performed occasionally: 30 fc, 0.6
avg/min.

Work Station/Task lighting: 50 fc

Plant Road lighting: 0.5 fc

Process/Mechanical Room: 30 fc

Truck Loading Area: 30 fc

Electrical Room: 35 fc

Control Room: 50 fc

Restroom: 10 fc

GHD | IEUA Engineering Design Guidelines | Page 1
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Measured at the
surface to be
illuminated.
Measured at the
surface to be
illuminated.
Measured at the
surface to be
illuminated.
Measured at the
surface to be
illuminated.
Measured at the
surface to be
illuminated.
Measured at the
surface to be
illuminated.
Measured at the
surface to be
illuminated.
Measured at the
surface to be
illuminated.
Measured at the
surface to be
illuminated.
Measured at the




FINAL

4.10 Lighting
LAST UPDATED Mar 27, 2019

surface to be
illuminated.
Storage Room: 10 fc Measured at the
surface to be
illuminated.
Stairs: 5 fc Measured at the
surface to be
illuminated.

Outdoor: Dark Sky Compliant LED
lighting shall be used.

3 Luminaire Type  Indoor: LED lighting shall be
preferred, fluorescent lighting
accepted.

- High Efficiency.
; - High Power Factor.

4 Ballast / Driver - Rapid Start.

- Low Harmonic.

Requirement: All lighting shall be
accessible for maintenance.

Outdoor lighting poles: Shall be
hinged poles, where feasible, to
allow luminaire to be lowered for
access.
Wall Mounting: Consider mounting
luminaires on side wall instead of
ceiling where high ceilings or
equipment under the luminaire
may make the fixture difficult to
access.
Lowering Mechanism: Consider
lowering mechanisms for ceiling-
mounted fixtures where ceiling is
higher than 8-1/2 ft.
Battery-backed emergency lighting
6 Emergency and exit signs: Shall be installed to
enable safe exit from any area.

5 Accessibility
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4.10 Lighting
LAST UPDATED Mar 27, 2019

Egress Path: Include lighting of
stairways and ladders required to
exit an area and lighting of any
paths which may have limited
access or obstacles.
Security lighting shall be provided  Designer shall confirm
) with time clock control and passive whether lighting is
7 Security infra-red motion detector control.  required for security
purposes.

All outdoor lighting is to have
8 Photocells photocell control with motion

sensor control.

All indoor lighting to have

9 Occupancy occupancy lighting control to turn
Control off the light when no one is
present.
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4.11 Two-Way Radio
LAST UPDATED Feb 13, 2019

This document outlines all Two way data
requirements for a two-way radio Communications
system for high speed wireless bridge will consist of a
data transmission from point to point system utilizing
point within the SCADA system, licensed radio

0 Scope consisting of wireless frequencies in the 18
communication links, antenna GHz and 23 GHz
systems, uninterruptable power bands.

supplies, communication link surge

protection and power line surge

protection.

- - Cambium Networks (4.9 GHz). Licensed only, unless
- Cambium Networks (18 GHz approved.
point-to-point licensed) -

- Radio :
1 Manufacturer / preferred. Each new radio must
- PTP 800 series, 18 and 23 include a license for
Model :
GHz management in
- Cambium Networks PTP-820, Cambium Networks
licensed frequency radios Wireless Manager
2 - Antenna - Commscope/Andrews
Manufacturer - Radiowaves
The system shall be compatible
3 Compatibility with the existing two-way radio
equipment.
Electrical P_ower supply to the radio shall be
4 : via a battery backed source or
Requirements
UPS.
Communication In accordance with NFPA 780.
5 Link Surge
Protection
Radio equipment connected to AC
circuits: Shall be protected from
power line surges.
6 Power Line Standards: Shall meet the

Surge Protection requirements of IEEE C62.41.1
and IEEE C62.41.2.

Fuses: Shall not be used for surge
protection.
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4.11 Two-Way Radio
LAST UPDATED Feb 13, 2019

Designer shall allow for a radio
path study to be performed to
confirm site specific
communication requirements,
determine system deficiencies and
determine antenna mounting
heights, unless otherwise provided
by the Agency.
Mount using manufacturer
Antenna provided heavy QUty listed mast
8 Mounting bracket. No chain type mounting
hardware. Only solid, bolt on
mounts to be used.
Other than the antenna and
cabling, install radio system
components within an enclosure
on a back panel.
Omni Directional Antenna: Use
only where shown.

System Gain: Cabling shall be
installed to provide adequate
system gain.

Environmental Design Conditions:
201.2 km/hour 125 mph wind and
13 mm 1/2-inch radial ice.

7 Radio Path Study

Radio System
9 Component
Mounting

Antenna
10 :
Requirements

Material: Fiberglass.
Lightning protection: NFPA 780.

Grounding conductors: minimum
32-strand, No. 10AWG copper.

Transmission cable: low loss
Times Microwave type LMR-400
with N type connectors and
strapped at twenty four inch
Antenna Cable intervals using stainless steel
Requirements straps.
Continuity: Cable shall be one
continuous section without splices
or connectors other than at the
ends.

11
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4.11 Two-Way Radio
LAST UPDATED Feb 13, 2019

Ground and bond all system
components in accordance with
IEEE Standard 142.

Tubular radiator elements:
Plugged to prevent wind vibration
fatigue.

Vertical tubular elements: Drain
Antenna holes near the bottom.

Installation Exterior connections: Snug, filled
with silicone grease, and properly
sealed with heat-shrink wrap
suitable for installation in specified
ambient conditions.
Standards: Radio and antenna
structure design and installation to
Antenna conform with current revision of
Structures ANSI/TIA/EIA 222.
(Towers and Acceptable manufactures:
Monopoles) - Valmont
- Sabre Industries
- Or equal
All radio links will be supplied with Standalone security
256 bit encryption. panels for each
building. The general
contractor will provide
15 Security conduit for the security
panels. IEUA will
contract separately for
the security system
from Southwest.

Grounding &
Bonding

13

14

16 Warranty Require two year extended

warranty.

Provide one business network port Potentially combine
in each electrical room or control Remote 1/0 with
room for VOIP phones. Provide remote terminal

17 Network Ports SCADA control cabinet — thin client
is referred where feasible. Rear
access is preferred where
practical.
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4.11 Two-Way Radio
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Fire Alarm Fire alarm for all new buildings
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4.12 Motors

0

Scope

Manufacturers

Winding
Temperature
Protection

Bearing
Temperature
Protection

Torque
Protection

Bearings

Vibration
Monitoring

Anticondensation

Heaters

FINAL

LAST UPDATED Mar 20, 2018

““

This document covers motor
design requirements. This does
not include actuator motors.

- WEG.

- US Motors / NIDEC.
- BALDOR.

- SIEMENS.

- GE.

- Or similar approved.

PT100 RTDs: Motors > 500 hp. RTDs may be required
Two per phase, separately brought on smaller motors

out. depending on the
Motor temperature switch (bi- application.

metallic) for all motors 30 HP and

larger and all VFD-driven motors

Terminal Box: All temperature
monitoring to be wired to separate
terminal box.

PT100 Bearing RTDs shall be
fitted for the motor if:

- The driven machine (e.g. pump)
is fitted with bearing protection; or
- The motor is a medium voltage
motor.

For motors driving loads prone to
jamming provide electronic shear
pin protection.

Ball or roller type (other than bore
hole motors) lubricated with
extreme pressure grease.

Required on air blower motors or
motors larger than 500 HP.

Smaller motors may
require vibration
monitoring. TBD on a
case-by-case basis.

Provide anti-condensation heaters
on all indoor motors 100HP and
larger and all outdoor motors 50HP
and larger. Indoor high humidity
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4.12 Motors
LAST UPDATED Mar 20, 2018

areas should be considered on
case by case basis (Example: RDT
& Dewatering)

Low voltage motors shall be NEMA

8 Efficiency Premium Efficiency Motors.
Motors = 500 hp: 4160 V, 3 phase, Variations to these
where possible. guidelines may be
7.5 hp < Motors < 500 hp: 480 v/, 3 réquired depending on
9 Voltage phase, where possible. availability of voltages.

Motors < 7.5 hp: 480 V, 208 V, 120
V, single phase or three phase as
necessary.

10 Service Factor 1.15.

Class F insulation on a Class B
temperature rise.

Speed Range: Operate within the
speed range required without over-
heating.

Windings: Inverter-rated insulation
for all VFD driven motors.

Bearings: All VFD driven motors 2
Variable 25hp shall be equipped with shaft
12 Frequency Drive grounding rings and insulated
outboard bearing.
Package Bid: For large medium
voltage drives and motors the
specification shall be for a package
including both the drive and motor
and shall including works testing of
the package (string testing).
Locked rotor kKVA per horsepower
13 Locked Rotor shall not exceed Code Letter G
Current (5.6 to 6.29 kVA/hp) for all motors.

Designer shall ensure motor
specification covers all torque
requirements suitable for driving
the specified load.

11 Insulation

14 Torque
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4.13 Low-Voltage Switchboard and MCCs
LAST UPDATED June 24, 2020

This document covers Low-
Voltage Main and Distribution
0 Scope Switchboards and Motor Control
Centers (MCCs) design
requirements.
Consider the following: Standard AOI library
Switchgear: Rockwell Automation  with intelligent MCCs
Allen Bradley, Cutler-Hammer,
1 Manufacturers SquareD
MCCs: Rockwell Automation Allen-
Bradley (preferred), may also
consider Eaton, SquareD
Wastewater Pumping, Treatment  Applies for ground and
2 Bus -Material Plants: Tin plated copper bus bars. neutral bus as well.

Other: copper.
Extend the full length of the

3 Bus - Ground

switchboard.
4 Bus - Insulation Fully insulated bus bars.
: All devices shall be individually
5 Segregation mounted and compartmented.
Bolted connections accessible Rear access is
from the front for maintenance. generally not required
. or provided. Back-to-
6 Connections back switchboards
shall only be provided
with approval.
- All new MCCs and critical large
loads shall have power
metering including KW, KWH,
7 Utility Metering volts, amps, and var.

- Power metering shall use SEL
or AB PM 5000.

- All Breaker and Switchgears
shall use SEL protective relays.
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4.13 Low-Voltage Switchboard and MCCs
LAST UPDATED June 24, 2020

8

Switchboard shall generally be

arranged such that the incoming

section is on the left and loads are

on the right. Incoming section

should not be on the right unless

approved.

Fully equip spaces for future

devices with bussing and bus

9 Future connections, insulated and braced
for short circuit currents. Furnish
continuous current rating.

10 Spare Space 20% spare space shall be allowed.

All feeder protection and motor
starters shall utilize circuit breakers

Arrangement

11 Circuit Protection as the disconnect means. Circuits
shall not be solely protected by
fuses.
Circuit breaker protection Provide meter at each
coordination: Coordinate upstream Power Center main
protection and downstream breaker and MCC
protection and loads. Designer main breaker and
shall provide evidence of time- connect to plant-wide
current protection grading. SCADA. Obtain power

data from large
individual motors
directly from VFDs.
Motor protection circuit breakers:
Circuit Breaker Magnetic only is acceptable, with
12 Overcurrent the motor overload protection and
Protection contactor providing the long-time
overcurrent protection.
Circuit breakers with frame sizes =
250 A: Shall have adjustable trip
units.
Circuit breakers with frame sizes 2
800 A: Shall be provided with
electronic trip units, with adjustable
long time, short time and
continuous current pickup and
adjustable time delays.
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4.13 Low-Voltage Switchboard and MCCs
LAST UPDATED June 24, 2020

Circuit breakers with frame sizes
greater than or equal to 1200 A
shall include at minimum energy-
reducing maintenance switch with
local status indicator.

Ethernet communication: Use
E300 OL modules with power
monitoring capabilities.

. Ground fault protection shall be
13 Circuit Breaker — rqvided on main circuit breakers =
Ground Fault 800 A or where appropriate.

Power monitoring: Shall be

provided on all incoming sections

for switchboards >100 A. Allen

Bradley power monitor 1426-M8-E

5000 series with Ethernet and

optional Local IOT display #1426-

DM when used for monitoring

“Main Incoming Sections.”

Measured Variables: Per-phase

kW, KVA, kVAr, Amperes and

Power Factor. Power monitor shall

also provide total harmonic

distortion.

Harmonics: For switchboards with

large variable speed drive loads

the power monitor shall provide

individual harmonics up to the 50th

harmonic.

Communications: Power monitor

connected to SCADA system via

Ethernet.

Eliminate separate analog meters  If power information is

and obtain data from power data available in SCADA

from VFD. E300 w/ VIC on small (from VFD or smart

non VFD motors > 5HP. Power overload), analog volt

Monitor on whole MCC. and amp meters are
not required

Monitoring - Main

s Incoming Section

Monitoring &
15 Protection -
Motor Starters

GHD | IEUA Engineering Design Guidelines | Page 3



FINAL

4.13 Low-Voltage Switchboard and MCCs
LAST UPDATED June 24, 2020

Power monitoring: For motors =
150 hp with Ethernet .

Harmonics: For variable speed
drive motors power monitor shall
include harmonic distortion
metering. This may be provided on
the drive itself.

Intelligent motor starters: This
functionality should be investigated
on larger (treatment plant)
projects.

Overload Relays: Consider the
use of E300 Overload Module (or
equivalent) provided with power
monitoring capabilities and
Ethernet communications.
Protection Features: Overload,
phase loss, ground fault,
current/voltage imbalance, jam,
over/undervoltage, over/under
power.

Diagnostic Features: %FL Amps,
%Thermal capacity utilization,
Voltage, Power, Energy.
Requirement: Networked Starters  Confirm requirement

are preferred to be hard-wired during design.

G Networked starters in most applications.

Starters Communications: Ethernet IP

networked monitoring and control;
Voltage/current/power monitoring
Hand/Off/Auto: On the MCC. In No remote stop/start
'Hand' the drive is controlled by station in the field
start/stop pushbuttons on the adjacent to the pumps.
MCC. Start/Stop push buttons Designer to advise

17 Motor Controls shall also be provided for IEUA if they wish to
Local/Hand operation. In Auto the  pursue this option in a
drive is controlled via SCADA. particular situation that
Both Hand and Auto signals may warrant it. Local

should be provided as inputs to the disconnect switch not
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PLC. required. Local E-stop
Mounted on MCC Bucket: pushbutton shall be

1. HAND-OFF-REMOTE switch, lockable.

label black

2. START pushbutton, button-
black, label black

3. STOP pushbutton, button- red,
label red

4. RUNNING light, red, label black
5. FAILED/ FAULTS light, amber,
label black

6. RESET pushbutton, button-
black, label black VFDs: add the
following items.

1. VFD FAIL light, amber, label
black

2. VFD RUNNING light, light red,
label black Local at Equipment:
1. E-STOP only, lockable
Twist-to-release, lockable,
emergency stop pushbutton:
Located in the field at the actual
driven load. This will open circuit
the drive no matter whether the
load is in Local or Auto.

Control circuit voltage: 120 VAC.
Variable speed drive speed

reference: Controlled at the drive
when in local mode.

All MCCs must have primary Please note that all /O
control signals hardwired to I/O of  needs to be wetted
the controller. from the MCC.

Additional status and diagnostic
data will be transmitted over
ethernet.

Primary Control

T Signals

Motor Primary Control Signals
a) Hand Status
b) Auto Status
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19

20

21

22

Hardwired Shut-
Downs

Remote
Commands from
SCADA over
Ethernet

Monitoring
Signals over
Ethernet

Requirement for
Ethernet for
MCCs

LAST UPDATED

“

¢) Run Command
d) Run Feedback

Hardwired shutdowns may vary
depending on application.

Not every item below will apply
and there may be additional items
not listed.

Below are some examples of
signals which will terminate at the
local overload and read over
ethernet. These signals are
hardwired to shut down the
pump/motor:

1) Motor Over Temperature Alarm
Motor Failure

2) Motor Overload

3) E-stop

4) High Discharge Pressure

5) Low Suction Pressure

6) Backflow

1) Remote Reset

1) Power Monitoring
a) kW
b) kWh
c) Volts
d) Amps
e) Volt-amp reactive

2) MCC Ethernet Switch Power
Supply Failure

1) There must be at least 2 Stratix
Ethernet switches within an
MCC, with the ability to receive

power from two power supplies.

2) There must be at least 2 power

FINAL

June 24, 2020

Hardwired Shut-
Downs with Status to
SCADA over Ethernet

Note that all motor
protection alarms and
emergency stops will
be hardwired to shut
down the motor, which
will continue to protect
the motor in the event
of a loss of ethernet
connection or failure of
the controller.

These alarms,
hardwired to shut
down the motor, are
not capable of being
bypassed from
SCADA.

Monitoring signals
may vary depending
on application.

Not every item listed
will apply and there
may be additional
items not listed.
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4.13 Low-Voltage Switchboard and MCCs
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supplies in each MCC, with

both power supplies feeding

both Stratix Ethernet switches.

3) The Ethernet switches at the
MCCs must be part of a DLR
network.

4) Ethernet for all MCCs should
be routed and designed in a
way to minimize single points of
failure. For equipment that has
redundancy,

a) e.g. multiple influent pumps,
there should be at least 2
RedBoxes to minimize the
possibility of all influent
pumps failing at once

b) Another example is that if
we had 4 fine screens in an
MCC that has 2 ethernet
switches, they should be
arranged such that 2 fine
screens are connected to
each ethernet switch.

c) This same concept should
be applied when designing
the I/O layout for all
pumps/motors.

The contractor needs to be able to
present/demonstrate to IEUA how
they minimized single points of
failure in the design.
1) Communication alarm for any
loss of communication with any
Additional device
SCADA Alarms 2) Power failure alarm for loss of any
power supply to a Stratix ethernet
switch.

23
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4.14 Generators
LAST UPDATED Mar 20, 2018

0
1

This document covers Generator
Set design requirements.

Cummins, Caterpillar, MTU,
Kohler.

Engine shutdown on high water
temperature, low oil pressure,

Scope

Manufacturers

2 Protection overspeed, and engine overcrank.
Limits as selected by
manufacturer.

Local control panel with MANUAL-

3 Controls OFF-REMOTE selector switch on

engine-generator control panel.

Fuel pressure gage, water
temperature gage, lube oil
pressure gage on
engine/generator control panel.
5 Enclosure NEMA MG1, Open, Drip Proof.
Mount on skid base with integral May require additional

6 Fuel Storage fuel storage for 8 hours full load time depending on
operation. application.

Line to Neutral Voltage THD: <=5
% .

Line to Neutral Individual Harmonic
7 Alternator THVD: <= 3%.

4 Accessories

3rd Harmonics: practically zero.
Subtransient Reactance: <=12%.

Volts /Hertz exciter-regulator: To
match engine and generator
characteristics.

Voltage regulation: plus or minus 1
percent from no load to full load.

Manual controls: Ability to adjust
voltage droop, voltage level (plus
or minus 5 percent) and voltage
gain via control panel.

Voltage
Regulator
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4.14 Generators
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Electronic governor to maintain
engine speed within 0.5 percent,
steady state, and 5 percent, no
load to full load, with recovery to

E CIOVEMIT; steady state within 2 seconds
following sudden load changes.
Equip governor with means for
manual operation and adjustment.
Required for standby generator If load banks are to be
sets where the full load is not hired for testing
available for regular maintenance  instead of permanently
10 Load Bank testing or start-up services. installed, design shall

include suitable facility
for connecting
temporary load bank.

Communications:
Ethernet.Acceptable protocols:
Industrial IP, Modbus TCP

Communications

& Signals Hard-wired signals (form c, dry
contacts): Fault, Running,
Available (Remote & not faulted),
Battery Low.

11
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4.14 Generators
LAST UPDATED Mar 20, 2018

m “

- low oil pressure (alarm & Local alarms and all
shutdown). available information

- oil pressure sender failure over ethernet
(alarm). interface.

- low coolant temperature (alarm).

- high coolant temperature (alarm
& shutdown).

- engine temperature sender
failure (alarm).

- low coolant level (alarm or
shutdown selectable).

- fail to crank (shutdown).

- fail to start/overcrank
(shutdown).

- overspeed (shutdown).

- low/high DC voltage (alarms).

- weak battery (alarm).

- low fuel daytank (alarm).
12 L@@z i el | low/high AC voltage

Status Monitoring (shutdowns)

- under frequency (shutdown).

- over current (alarm & shutdown).

- short circuit (shutdown).

- ground fault (alarm).

- over load (alarm).

- emergency stop (shutdown).

- engine oil pressure (psi or KPA)

- engine coolant temperature
(degrees F or C)

- engine oil temperature (degrees
ForC)

- engine speed (rpm)

- number of hours of operation
(hours)

- number of start attempts

- battery voltage (DC volts)
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4.15 Medium-Voltage Switchgear and Circuit Breakers
LAST UPDATED June 24, 2020

This document covers Medium-
Voltage Switchgear, MCCs and
circuit breaker design
requirements.
- ABB.
- SIEMENS.
- Square D Company / Schneider
Electric.
- Eaton / Cutler Hammer.
- Or equal
Main Incoming Power supply: Fused switch units
Circuit breaker with overcurrent may be used instead
and ground fault relay. SEL-751 or of power circuit
similar. breakers for feeders
Main distribution feeders: circuit where space or other
breakers with overcurrent and project constraints
ground fault relay. SEL-751 or make this a more
similar. suitable solution.
Motor Starters: Fused contactor
with multifunction solid state
protective relay such as Multiline
Model 469+ or equal. Protection
function shall include the following
ANSI function as a minimum:
51LR, 49, 46, 50GS and 27.
Metering shall include amps, volts,
KVA, KWH, power factor % and a
communication port.
- Power metering shall be
provided for all medium voltage
switchgears.
- Power metering shall include
KW, KWH, volts, amps, and
var.
- Power metering shall use SEL
or AB PM 5000.
- All Breaker and Switchgears
shall use SEL protective relays.
NEMA Class: E2.

Type: Draw out type.

0 Scope

1 Manufacturers

2 Protection

3 Utility Metering

4 Motor Starter
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4.15 Medium-Voltage Switchgear and Circuit Breakers
LAST UPDATED June 24, 2020

Fuses: Current-limiting, anti-single
phase trip bar bolted power fuses.

Contactors: Magnetic air or
vacuum-break mechanically-
latched contactors.
To permit the checking of
controller control circuit and pilot
circuits with the high voltage
deenergized and isolated. Locate
in low voltage compartment.
Local/Off/Auto: On the MCC. In No remote stop/start
Local the drive is controlled by station in the field
start/stop pushbuttons on the adjacent to the pumps.
MCC. In Auto the drive is Designer to advise
controlled via SCADA. IEUA if they wish to
A twist-to-release, lockable, pursue this option in a
emergency stop pushbutton: particular situation that
6 Motor Controls Located in the field at the actual may warrant it.

driven load. This will open circuit

the drive no matter whether the

load is in Local or Auto.

Control circuit voltage: 120 VAC.

Variable speed drive speed
reference: Controlled a the drive
when in local mode.
Circuit breaker 125 VDC or 120/240VAC on
control voltage smaller systems.

Provide Ethernet CIP
communications for circuit breaker
8 Communications  status, power monitoring and
motor controls, status and
diagnostics.
Control Power Transformer (CPT):
Low Voltage 120/240 V secondary. Primary
Transformers and secondary current limiting
fuses.

Motor Starter
Test Circuit
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4.15 Medium-Voltage Switchgear and Circuit Breakers
LAST UPDATED June 24, 2020

Potential Current Transformer
(PT): 120 V secondary for
monitoring voltage/power at relays.
Primary and Secondary current
limiting fuses.

Current Transformers: 5 Amp
secondary. Accuracies shall be in
accordance with ANSI standards
for the metering and relay
applications indicated. Provide with
shorting blocks for secondary.
Fusing: The primary and the
secondary of the control power
transformer shall be protected by
current limiting fuses.

Installation: Separate
compartment. Separate CT, PT,
CPT shall be installed for each
controller or feeder protection
relay.

10 Cable Entry Bottom. where possible
11 Space Heaters 120VAC space heaters required.

Phase: Insulated bus bars.

12 Bus
Ground: Run the entire length.
: Alternate arrangement
Prefer controls and relays in upper ;
e may be considered
compartments and Circuit o
13 Layout where space is limited

Breakers in lower compartments

or available only at a
only.

high cost.
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4.16 Panelboard
LAST UPDATED Mar 20, 2018

This document outlines the
requirements for panelboards
installed standalone or internal to
MCCs or Switchboards.
Bryant, Cutler-Hammer, General
1 Manufacturers Electric, Gould I-T-E, Square D,
Westinghouse.
Fully rated short circuit current
Short Circuit equipment rating. Series
Rating connected equipment ratings are
not acceptable.
Panelboards and circuit breakers
Temperature suitable for use with 75 degC wire
Rating at full NEC 75 degC ampacity.

120/240 VAC split phase is not

4 Voltage preferred for power distribution
panel.
Type: Thermal magnetic, moulded,
bolt-on, quick-make, quick-break.

Multi-pole: Required for multi-
phase applications.
Standards: NEMA AB 1.

Handle Padlocking: Designer to
confirm where handle padlocking
provisions are required.

0 Scope

GFI circuit breakers: Include
conventional thermal magnetic trip
and ground fault sensor, rated to
trip the circuit breaker in
approximately 0.025 second for a
5 mA ground fault (UL Class A
sensitivity).

Ground fault sensor rating: To
match circuit breaker rating.

Ground fault sensor: Push-to-test
button.
Outdoor: NEMA 4X. Confirm any additional

Indoor Wet or Corrosive Area: project-specific

5 Circuit Breakers

6 Enclosure Rating
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4.16 Panelboard
LAST UPDATED Mar 20, 2018

NEMA 4X requirements.

Indoor Dry Process or Switch room
Area: NEMA 12.

NEMA 12: Steel, Polyester Powder Designer shall
Coat, Grey RAL 7035. consider project-
NEMA 4X: 14 gauge 316 Stainless SPecific additional

Material & Finish Reaui ¢ F fsh q where SS 316 is not
equirement: Free of sharp edges, 50 riate (e.g. areas

metal continuously welded and with chlorine mist)
T SO, consider FRP.

Space: Provide 20% spare space
with pole fillers installed on inner
door.

8 Spare Circuit Breakers: Provide three
spare 20 Amp single phase circuit
breakers for 120/208 VAC panel
boards.

Plating: Tin.
Size: Full sized throughout length
of the panel.

Neutral: Insulated bus rated for
9 Bus Bars phase current. 1 terminal screw /

circuit.

Ground: Copper bus on panel

board frame and bonded to the

box. 1 terminal screw per circuit.
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4.17 Control Panel & Devices
LAST UPDATED June 22, 2020

This document applies to all
control panel hardware, excluding
instrumentation, radio equipment,
programmable logic controllers

0 Scope and 1/0 equipment,
communication equipment and
human-machine-interface panels,
details of which are provided in
separate guidelines.

Control Panel Manufacturer: Hoffman,
1 Approved Hammond or B-Line.
Manufacturers
Outdoor: NEMA 4X . Confirm any additional
Indoor Wet or Corrosive Area: propct-spe(:lflc
NEMA 4X. requirements.
2 Enclosure Rating

Indoor Dry Process or Switchroom
Area: NEMA 12.

Indoor: NEMA 4 if AC is required.

NEMA 12: Steel, Polyester Designer shall consider
Powder Coat, Grey RAL 7035. project-specific
NEMA 4X: 14 gauge 316 additional
Enclosure Stainless Steel, Brushed Finish. ~ 'équirements. For
3 example areas where

Material & Finish  General: Free of sharp edges,
metal shall be continuously
welded and ground smooth.

Stainless Steel is not
appropriate (e.g. areas
with chlorine mist)
consider FRP.

Heavy duty removable lifting
4 Enclosure Lifting  angles and/or lugs for panel

weight > 150 Ibs.

UL 508A, UL 698A in hazardous
5 Listing environments or where IS barriers

are required.

General: Channel or raised
equipment pad if floor mounted.

6 Mounting Vibration: Do not mount on
equipment skid/pad that is subject
to vibration.
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4.17 Control Panel & Devices
LAST UPDATED June 22, 2020

Heat loading report with Designer shall consider
requirement for 20% buffer to air conditioning instead
allow for future expansion. of fan-forced ventilation
in areas with dust or
All outdoor control panels with corrosive elements in
PLCs must include air the air.
conditioning.
Control Panel AC shall be Incorporate air flow
designed for a max internal considerations within
temperature of 85 degrees the panel (re: fans on
Fahrenheit the doors).

Fan-forced ventilation is not
acceptable.

Fans: Fans shall be on the side of
panels, not on the front.

Louvers: Rated to match NEMA
rating and cabinet material.

Shade:

- Sunshield heat sink assembly
or approved shade structure for
cabinets in direct sunlight.

- Operator Interface on outdoor
panels must be protected from
sunlight.

- Sun shades provided to off-set
air conditioning must provide
80% coverage from direct
sunlight throughout the day

Insulation:

- Outdoor control panels shall
include insulation with a
minimum rating of R2.

- Thermal blanket wraps for
control panels are not
permitted

Heating and
Cooling
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4.17 Control Panel & Devices
LAST UPDATED June 22, 2020

Panel-Mount A/C:
Hoffman/Pentair or ICE Qube c/w
Ethernet comms and
environmental protective coating
on coils.

- Internal panel lighting shall use
LED technology and motion
sensing for control

Switching: Door operated switch.

Line and Load circuits AC or DC

Power: Black.

AC Control circuits: Red.
DC Control circuits: Blue.
Interlock Ctrl Circuits on the Panel
Energized from Ext. Source:

9 Wiring Colors Yellow.
DC Signal Grounding: Green /
White Stripe.
Equipment Grounding: Green.
Current Carrying Grounded
Conductor (Neutral): White.

Intrinsically Safe: Blue.

Communications circuits: 1”. Applies to terminal

<50V line to ground: 1” (discrete  blocks, circuit breakers

/0, analog, digital, etc.). and other equipment

Minimum . — where conductors are
10 Physical 50 V to 120 V line to ground: 3 terminated.

(discrete /0O, power distribution,
etc.).

Greater than 120 V line to ground:
6” (power distribution, etc.).

Manufacturer: Panduit.
Location: Interior dry locations.

. Installation: Screwed to back
11 Plastic Raceway panel.
Raceway Fill: Fill ratio not to
exceed 40% of interior cross
section.

8 Panel Lighting

Separation
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4.17 Control Panel & Devices
LAST UPDATED June 22, 2020

Secure/Support: Using nylon tie Include general
wraps / supports attached with requirements for a neat
epoxy based adhesive. and tidy wiring

installation, including
ease of access to
equipment, layout
requirements, duct fill,
removal of excess wire,
smooth bends and
abrasion protection etc.

Hinged wiring loop: Use for
transitions from fixed face to
hinged component. Secure at
each end. Protect bend with
sleeve using nylon sock material.
2 Comductor e Wires metaled n a
Installation .
compression screw and clamp,
max of one for field wires entering
enclosure, otherwise maximum of
two.
Splicing / tapping: To be at device
terminals or terminal blocks.
Field Wiring: Terminate all field
wiring on terminals or circuit
breaker.
Manufacturer: Allen Bradley or
Square D.
Type: Mushroom, push to
operate, maintained and twist
release type.
Guard: Round aluminum operator
guard installed for critical process
control equipment or areas likely
to incur incidental contact.

13 Emergency Stop

Label: Circular, white letters, red
background, indicates

"Emergency Stop".
Manufacturer: Allen Bradley, Analog instruments
Phoenix Contact. located in different
14 Analog Signal control panels shall not
Isolators be wired in series.
Analog signal isolators
shall be used.
15 Status and Alarm  Manufacturer: Allen Bradley or

Indicating Lights  Square D.
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4.17 Control Panel & Devices
LAST UPDATED June 22, 2020

Type: Push-to-test, panel-
powered, cluster type Light
Emitting Diode (LED).

LED Color:

1. Red: Energized - e.g. Motor
Running, Valve Open, CB Closed,
O/L Relay Energized.

2. Green: De-Energized - e.g.
Motor Stopped, Valve Closed, CB
Open.

3. Amber: Control in "Auto" Mode.
4. Blue: Control in "Remote”
Mode.

5. White: Power On.

Door Latch: Control Panel Doors
must be able to open to 180
degrees. Provide mechanism to
maintain door open at 90 degrees
and 180 degrees.

Outdoor/Wet Areas: Provide inner
dead front door panel. Door
mounted devices to be on inner
door. Inner door hinged with
knurled finger operable captive
screws.

Document Pouch: Metal
protective pouch to hold wiring
diagrams and process
information.

Door gasket: Attach with oil
resistant adhesive.

Handle: Quarter turn 3 point
single handle with lock hasp.

Equipment Mounting Panel:
Mount equipment on interior metal
panel, finished with white enamel.

16 Enclosure Doors

Intrusion Detection: Switches Not required for RIO
wired to Programmable panels. Separate
Automation Controller. security provided for
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4.17 Control Panel & Devices
LAST UPDATED June 22, 2020

buildings.

Grounding stud: Provide on door
and body.

Manufacturer: Allen Bradley or
Square D.

Type: listed as heavy-duty and oll

Selector tight by manufacturer.

17 SUIENEE Ee Contacts: Minimum (1) NO and

Push Button (1) NC contact for each.

Switches
Label: Black letters on white
background. Indicate control
mode or function.
Manufacturer: Phoenix Contact,
Allen Bradley.

Label: Group label describing
each terminal block group.

Fused and Non-Fused Modular
Terminal Blocks:
- Screw type modular connector
assemblies.
- No exposed conductive

18  Terminal Blocks  terminals.
- DIN rail mounting secured to
enclosure back panel.
Terminal Ground Bus:
- Ground bus terminal blocks, with
each connector bonded to
enclosure through terminal strip
din rail, for control power
grounding.
- Minimum 25 % spare terminal
blocks.
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4.17 Control Panel & Devices
LAST UPDATED June 22, 2020

Fused Type Terminal Blocks:
- Minimum 15-Amp rated.

- Feed through type with side
terminating terminals.

- Latch in open position.

- Externally accessible testing
terminals.

Non-Fused Type Terminal Blocks:
- Minimum 10-Amp rated.

- Feed through type with side
terminating terminals.

- Externally accessible testing

terminals.

Provide a UPS and a non-UPS
19 Receptacles receptacle in each panel. Leviton

or similar.

Manufacturer: Allen Bradley,
Square D, IDEC, RJ Blade Series.

Product Description: DIN ralil

General Purpose mount, sealed relay with base and
20 : tai d LED indicat
Plug-in Relay retainer an indicator.

Surge Suppression: Diode.
Contact Ratings: Minimum 10
amperes continuous.
Manufacturer: Warrick, Series 27.
Product Description: Panel

mounted, sealed optically isolated
Intrinsically Safe relay for use in class | and class Il

Control Relay listed areas.
Contact Ratings: Minimum 8
amperes continuous.

Listing: UL 913.

Manufacturer: IDEC, RSSAN
22 Solid State Relay Series, Phoenix Contact or
approved equal.

21
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4.17 Control Panel & Devices
LAST UPDATED June 22, 2020

Product Description: Panel Mount,
Solid-state electronic relay with
optically isolated output (Non-
Intrinsically Safe Control Relay).

Contact Ratings: 10 through 90
amperes continuous, as required.

Enclosure: Hermetically sealed,
suitable for Class 1, Division 1 & 2
installations.

Manufacturer: IDEC, GT5 Series
or approved equal.

Product Description: Din rail

mount solid-state with base and
retainer.

Surge Suppression: Diode.
Contact Ratings: Minimum 10
amperes continuous.

Socket: To match relay and meet

conditions of installation.

Manufacturer: Allen Bradley or

Square D.

Product Description: Heavy-duty,
24 Limit Switch lever-operated limit switch.

Contact Ratings: Minimum 10
amperes continuous.
Enclosure: NEMA 6P.

Manufacturer: Square D, XW
Series, Phoenix Contact.

23 Time Delay Relay

Electrical Product Description: Panel mount
Transient Transient Voltage Surge
25 Protection - Suppressor.

Control Panel 2 Listing: UL 1449.
100 Amp service |ndication: LED status indicator.

Surge Capacity: 100,000 amps
per phase.
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4.17 Control Panel & Devices
LAST UPDATED June 22, 2020

Orientation shall be North unless
26 Panel Orientation otherwise approved.

Manufacturer: Square D, Multi 9
SPD Series, Phoenix Contact.

Electrical Product Description: DIN rail
Transient mount Transient Voltage Surge
27 Protection - Suppressor.

Control Panel < Listing: UL 1449.
100 Amp service  |ndication: LED status indicator.
Surge Capacity: 45,000 amps per

phase.
Manufacturer: Allen Bradley, Fuses shall not be used
Square D Or equal. for control panel AC

28 Circuit Breakers  ryyq. panel mount UL489, bolt-  power distribution.

on thermal mag circuit breakers.
Manufacturer: Allen Bradley,
Square D Or equal.

. Material: High impact
Incoming Power d P

e & Distr. Blocks EZ?&?%ZS;_IC with tin plated
Cover: Manufacturer listed finger
safe cover.
Manufacturer: GE, TGK24CP, or  Designer shall ensure
approved equal. specification includes
30 Incoming Power requirements for
Ground Bus bonding and grounding
equipment and
enclosure.

Manufacturer: Allen Bradley 1606.
Voltage:

a. Primary: 120-Vac, 60-Hz.

b. Secondary: 24-Vdc.

31 DC Power Supply
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4.17 Control Panel & Devices
LAST UPDATED June 22, 2020

Fusing: Integral fusing with
manufacturer listed finger safe
covers/terminals. Primary and
secondary fusing and
disconnecting means for each
connected control power
distribution leg.

Separation: Min 2 inch from
adjacent devices.

Redundancy:
- Provide Redundant Power
Supply
Required for critical control panels
as designated by IEUA in
coordination with the consultant.

Manufacturer: APC

Model Numbers: Manufacturer testing is
1.5 kVA: required for units larger
3.0 kVA: than 3kVA

8.0 KVA:

16 kVA:

Maintenance Bypass Switch:
1.5 kVA: APC SBP1500RM
Control Power 30 kVA: Eaton BPEO1IMBB1A

32 Uninterruptable  8.16 kvA: APC SBP16KP
Power Supply -
(UPS) Voltage: 120-Vac, 60-Hz Input, +/-

10 percent of rated input voltage.

Operating Temperature Range:
0°C to 50°C.

Protection: Data line protection.

Relays: Form C dry contact relay
for low battery and alarm
indication.

Communications: Network
Interface card, model #AP-9631
for non-air conditioned and model
#AP-9630 for air conditioned
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4.17 Control Panel & Devices
LAST UPDATED June 22, 2020

locations.

Starting: Cold start capability.
Terminals: Finger safe screw
terminals.

Listing: UL 1778 recognized

Rating: Run time of fifteen (15)
minutes with all devices active. A
rating of 4 hours should be
provided for critical equipment
where no on-site backup
generator is available.

Protection: circuit breaker for each
control power distribution leg.
Wiring Diagrams: Refer
attachment xx
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4.18 Control System Hardware & Software
LAST UPDATED

FINAL

July 8, 2020

Device Programming/ Config/
Integration: Connected
Components Workbench.

Existing Sites: Confirm whether
legacy software licenses need to be
updated.

Plant/Process Control: Allen
Bradley Stratix Ethernet Switches
shall be used for network based
Ethernet communications. Hubs
shall not be accepted. At a
minimum, each control panel using

5 Ethernet Switch

GHD | IEUA Engineering Design Guidelines | Page 2

- 4 licenses for each
new remote
workstation

1 Factory Talk
AssetCentre license
for each new PLC,
OIT, or VFD smart
motor starters (e.g.
E300) added to the
system. Provide a
minimum 10 count
asset license.

Licenses for the
following may also be
needed, depending on
the project:

FT Historian, HMI
server display license,
FT View Studio, Logix
programming license,
Radio Management,
Thin Manager,
VantagePoint, OSlsoft
Tag, interface and
client licenses.,
Win911, RACO,
Operating system
licenses, TS Cal
licenses for terminal
servers, VMWare,
VEEAM.

See OIT PLC table at
the end of Section
4.18 for plant
switches.
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4.18 Control System Hardware & Software
LAST UPDATED July 8, 2020

the Ethernet protocol shall be
provided with a switch and ports
equal to the devices connected.
IT Systems: Cisco Switches.

- Rockewell Automation See table at end of
PanelView Plus 7 Performance this section for
Version specific OIT size.

- All panel mounted OITs in
outdoor environments must be
equipped with the following:
o Sun Shade or cover that
completely protects the
display from direct sunlight
throughout the day
Operator Interface o A cover or shield that
Terminal (OIT) protects the display from UV
rays
o Outdoor environment rated
high bright display capable of
viewing in daylight.
o Shield or device to prevent
rainwater from entering the
back of the display if the door
must be opened in the rain or
if water has accumulated
along the door gasket.
For field HMI clients, use thin client Requirements to be
with industrial monitor and re-visited annually
keyboard: (model number
- HP T370 Thin Client. updated)
- Hope Industrial Systems
HIS-ML19.5-SGAA 19.5"
NEMA 4X Panel Mount
HD1080P Industrial Monitor.
- Hope Industrial KB-R3-
WMT-SS4-4X-USB Stainless
Steel, Full-Travel Wall Mount
Keyboard with Touchpad.
For applications needing a fully Requirements to be
functioning PC (this case is rare), re-visited annual

Panel Mount
7 Industrial
Workstation
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4.18 Control System Hardware & Software
LAST UPDATED July 8, 2020

use panel mount PC: (model number
- 17.3"NEMA 4X 1080p High  updated)

Definition Panel PC
Model #VTPC173PS-JB

Processor: i7-3610QE

RAM: 16GB

Hard Drive: 256 GB Solid State

Operating System: Windows 10

Allen Bradley Logix series of See table at end of
PAC /PLC

8 controllers. this section for details.
System

Controller: Refer to OIT/PLC Table Note 120 VAC I/O

preferred.
Ethernet Redundancy Module:

1756-RM2 (Enhanced). See OIT/PLC Table at
Discrete Input Module: 1756-1A161  end of Section 4.18.
Isolated 120 VAC 16 Channel
Discrete Output Module (Isolated):
1756-0OA161 120 VAC 16 Channel
(1 Amp max)
Discrete Output Module (non-
isolated): 1756-OA16 120 VAC 16
Channel (0.5 Amp max). Only used
in conjunction with 1492-XIM20120-
16R Relay Termination Module
Discrete Output Module (relay):
1756 — OW16I Isolated AC/DC 16
Channel Relay.
i. 1A@5...30vDC

i. 05A @ 48V DC

ii.  0.22A @ 125V DC

iv. 1.5A @ 120V AC 50/60 Hz

v. 0.75A @ 240V AC 50/60 Hz
Analog Input Module: 1756-1F8IH
Isolated 8 Channel, HART Enabled.
Analog Output Module: 1756-OF8
Non-Isolated 8 Channel

Preferred
9 ControlLogix
Modules
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FINAL

July 8, 2020

10

11

12

13

14

Preferred
CompactLogix
Modules

Proprietary 10
Interface Module
for Control &
CompactLogix

Conductor
Installation -
Programmable
Automation
Controllers

Communication
Network

Protocol
Converter

1769L24ER- QB1B — Up to 4
expansion modules
1769L30ER- up to 8 expansion
modules. Allen-Bradley 5069
series.

Allen Bradley Micrologix 1100
Series Controller for very small
stand-alone applications.
Analog IFM - 1492-AIFM8F-3.

Digital IFM - 1492-IFM40DS120A-
4.

IFM Modules: Use proprietary
Allen Bradley IFM modules for PLC
0.

Analog: Positive terminal of analog
(4-20 mA) signal cable to be
terminated on disconnect terminals.
Loop Power: Terminal strip for PLC
digital IO to allow inputs to be
wetted from field or panel (i.e. hot
terminal or volt-free terminal for
each input).

General: Ethernet (IEEE 802.3)
unless otherwise specified to suit
legacy equipment or specific
equipment which does not support
Ethernet.

Aeration Basins: Foundation
Fieldbus for air control valves.
Foundation Fieldbus: Provide
1788-EN2FFR Linking Device and
1788-FBJB6 Junction Box for
Foundation Fieldbus.

Remote 10: Allen Bradley DLR over
Ethernet with Parallel Redundancy.
Utilize communication protocol
conversion devices where required
to transform and transmit device
level communication protocols to a

GHD | IEUA Engineering Design Guidelines | Page 5

Note 120 VAC 1/O
preferred.

Inputs wetted from the
field wherever
possible.

Provide a SCADA
workstation cabinet in
each electrical room
(roughly 2'x2’ with
front and rear access).
The cabinet shall
house a thin client
workstation.
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4.18 Control System Hardware & Software
LAST UPDATED July 8, 2020

common system level protocol.
Each native device /O bit shall be
accessible over the network using
this common system protocol.

a. Media converters shall be
manufacturer listed for use in
industrial environments.

b. Media converters shall be din rail
mounted within a listed and suitable
enclosure.

c. 24 VDC power supply.
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OIT /| ETHERNET SWITCH / PLC/PAC SOLUTIONS

Redundant Redundant

Operator Interface Redundant 1/0 Power 1/0
Type of Site Ethernet Switch PLC / PAC Solution Terminal OIT Processors supplies Architecture Plant PAx

Small Package equipment such as 2711P series PanelView Plus 7, 7"

grinders and Surge Tanks RA Stratix 2000 (unmanaged) Micrologix 1100 to 10" Standard No No N/A No
2711P series PanelView Plus 7, 7"

Remote Monitoring Sites RA Stratix 5700 CompactLogix 5370 to 10" Standard No No DLR No

RA Stratix 5800 (redundant if 2711P series PanelView Plus 7, Redundant depending

Recycle Water Pump Stations processor is redundant) ControlLogix L83 or larger 15" Performance on application No DLR Yes
2711P series PanelView Plus 7,

Sewer and NRW Lift Stations RA Stratix 5800 (redundant) ControlLogix L83 or larger 15" Performance Yes Yes DLR Yes
2711P series PanelView Plus 7,

Ground Water Recharge Basin RA Stratix 5700 CompactLogix 5370 9" Performance No No DLR Yes

Recycle Water Turnout RA Stratix 5700 CompactLogix 5370 2711P series PanelView Plus 7, 9" | No No DLR No

RA Stratix 5800 2711P series PanelView Plus 7,

De-Chlorination Station (Redundant) ControlLogix L83 or larger 15" Performance Yes Yes DLR Yes

Reservoir RA Stratix 5700 CompactLogix 5370 2711P series PanelView Plus 7, 9" | No No DLR No

Distributed Control Processor (DCP) | RA Stratix 5800 (redundant) ControlLogix L85 N/A Yes Yes PRP Yes

Remote 1/O (from DCP) RA Stratix 5800 (Redundant) 1756 ControllLogix I/O N/A N/A Yes PRP N/A

Membrane Bio-Reactor (MBR) RA Stratix 5800 (redundant) ControlLogix L85 N/A Yes Yes PRP Yes
2711P series PanelView Plus 7,

Pump Station RA Stratix 5800 (redundant) ControlLogix L83 or larger 15" Performance Yes Yes DLR Yes
2711P series PanelView Plus 7, 9"

Chemical Feed RA Stratix 5700 CompactLogix 5380 or larger Performance No No DLR Yes
2711P series PanelView Plus 7, 9"

Blowers RA Stratix 5700 CompactLogix 5380 or larger Performance No No DLR Yes
2711P series PanelView Plus 7, 9"

Master Control Panels (blowers) RA Stratix 5800 ControlLogix L83 or larger or larger Performance No No DLR Yes
2711P series PanelView Plus 7,

Centrifuges RA Stratix 5800 ControlLogix L83 or larger 15" Performance No No DLR Yes
2711P series PanelView Plus 7,

Storage Silo RA Stratix 5800 ControlLogix L83 or larger 15" Performance No No DLR Yes
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4.19 Instrumentation

LAST UPDATED

FINAL

Mar 20, 2018

Scope

Control System
Integrator

Communications

Housing

Display

Level - Radar

Level -
Ultrasonic

Level - Pressure

This document outlines the
requirements for all instrumentation.

Designer shall confirm system
integrator requirements for each
project.

All instruments to be HART
compliant except air control valves
on aeration basins.

All process instruments in wet areas
shall be in housed in IP68, NEMA 4
enclosures.

For instrumentation exposed to sun,
provide a sun shade, heat insulation
or shield to protect equipment.
Transmitters shall have a display
and, where adjustable, control
functionality shall be provided locally
for adjustment of signal range and
process range, unless local display
is unavailable.

Manufacturer: Siemens LR250 with
fully encapsulated lens, Rosemount
Or equal.

Manufacturer: Siemens, Rosemount,
Or equal.

Manufacturers: Rosemount.
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Ethernet networked
instruments may be
considered for suitable
projects.

Application: Sludge
blanket indicators on
clarifiers. Consider
where foaming may be
an issue.

Application: Non-
contact level
monitoring.
Application: Where
non-contact level
monitoring is not
required and ease of
access to the
transmitter is desired
(e.g. water tanks).
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4.19 Instrumentation
LAST UPDATED Mar 20, 2018

Level - Manufacturers: PMC, Rosemount Application: Covered
Submersible Ceramic Or equal basins.
Hydrostatic
Level - Manufacturers: Warrick.
9 Conductivity
Probe
Manufacturers: Magnetrol, Kari, Application:
Flygt Or equal. Level alarm detection.
10 Level - Float Not used for primary
Switch process control
applications.
Manufacturers: Rosemount, ABB, Or Application:
equal. Pipe pressure, pump
Chemical Installation: Isolation discharge/suction,
11 Pressure - Diaphragm Seal. general process
gue Wastewater: Annular Seal. pressure.
Calibration/Testing: 3-way valve
manifold for calibration/testing.
Manufacturers: ABB, Rosemount, Or  Application: Pressure
equal. drop across filters, etc.
Chemical Installation: Isolation
12 Pressure - Diaphragm Seal.
Differential
Wastewater: Annular Seal.
3-way valve manifold for
calibration/testing.
Pressure - Manufacturers: Ashcroft.
13 .
Switch
Flow - Manufacturers: Endress Hauser, Application: Primary
14 Electromagnetic ~Rosemount, ABB, Or equal. process liquid flow
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4.19 Instrumentation
LAST UPDATED Mar 20, 2018

(Full pipe) - Any flow tube installed in a measurement.
submerged condition or an area that
could be submerged shall be IP68
rated with a potted head on the flow
tube. Any flow tube installed in a
vault shall a remote mounted
transmitter located above grade. The
cable from the flow tube to the
transmitter shall be continuous with
no splices.

Maintenance: Consider DP
Flowmeter (Low Loss Venturi) as an
alternative (where pressure, space,
turndown and accuracy are
acceptable) or provide maintenance
bypass for critical applications where
a bypass or standby does not exist.

15 Flow - DP (Full Manufacturers: Rosemount, ABB, Or
Pipe) equal.

16 Flow - Open Manufacturers: Siemens,
Channel Rosemount, Or equal.

Manufacturers: McCrometer,

17 Flow — Prop Sparling Or equal.

Flow - Thermal Manufacturers: FCI. Application: Digesters.
= mass flowmeter
19 Flow - Air Manufacturers: FCI Insertion. Application: Aeration.
. Manufacturers (thermal flow switch):  Application: Pump no
20 Flow - Liquid Dwyer, IFM, Or equal. flow, sample line no
Switch flow, etc.
Manufacturers: FCI. Application:
21 Flow - Air Switch Ventilation/Extraction

fan no flow, etc.

o . Manufacturer: Square D, Class

Temperature - Manufacturer: Rosemount. Application: Process

e Transmitter temperature.
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4.19 Instrumentation

LAST UPDATED Mar 20, 2018

25

26

27

28

29

30

31

32

Temperature -
Switch

Vibration -
Transmitter

Grounding and
Bonding

Process -
Chlorine
Analyzers

Process - PH
Probes

Process -
Conductivity
Probes

Process -
Turbidity Meter

Process -

Dissolve Oxygen

Probes

Process - ORP

Manufacturer: Ashcroft, Allen
Bradley, Or equal.

Manufacturer (preferred and
approved):

Allen Bradley Dynamic 1444 series.

Application:

Vibration monitoring for
pump, motor, blower,
etc.

Provide grounding and bonding of

instrumentation in accordance with

manufacturer’s requirements and as

specified elsewhere.

Manufacturer: ECD, Severn Trent,
Or equal

Manufacturer: Hach Differential pH
with SC200 controller

Manufacturer: Hach Contactless,
with SC200 controller

Manufacturer: Hach 1720E with
SC200 controller

Manufacturer: Hach LDO2 with
SC200 controller

Manufacturer: Hach with SC200
controller
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4.19 Instrumentation
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Manufacturer: MSA Ultimax

Gas Detection -

£ Oxygen

Manufacturer: MSA Ultimax
34 (jg; Detection -

Manufacturer: MSA Ultimax x IR
35 Gas Detection -

LEL
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PROCESS CONTROL NARRATIVES STRUCTURE AND CONTENT

The Process Control Narratives detailed in this document describe the control strategies that will
be executed by the Supervisory Control and Data Acquisition (SCADA) Enterprise System at the
Carbon Canyon Water Recycle Facility (CCWRF).

The following is a description of the format being used to develop these process control
narratives:

Qverview — Provides a brief description of the process to be monitored and/or controlled by the
SCADA System.

Field/L ocal Control — Describes local control of the major process equipment at the piece of
equipment in the field, vendor panel, or the local control panel in a building.

Operator Mode Control — Details manual remote control of the major process equipment that
can be performed by the OPERATOR at the HMI screen. Equipment operating under Operator
Mode control are affected by process interlocks.

Program Mode Control — Details automatic remote control and monitoring of the major
process equipment to be performed by the PAC with set points adjusted at the HMI screen,
including any SCADA generated permissives and interlocks used in Program Mode operation.

Normal Operation — Describes the typical modes of operation for the unit process and
associated equipment.

Failure Reponses — Details how the system will response to a process or equipment failure.

Operator Adjustable Set Points — Describes the set points which the Operators, Supervisors
and/or Programmers can adjust through an HMI screen. The System Integrator shall document
all final analog set points.

Permissives — Describes the sequencing that must be performed before a major piece of process
equipment is started or stopped by the PAC. For example, grit valves must be in the full open
position before a grit pump is allowed to start.

Interlocks — Defines hardwired and software interlocks that exist and software interlocks that
are added as part of this process control narrative.

e Software interlocks, PAC Communications interlocks and hardwired interlocks are
sometimes active on some equipment, through the PAC. These interlocks can affect
Operator and Program modes. These PAC interlocks are typically not in effect when
controlling the equipment locally, although there are some cases where hardwired
interlocks are in effect in all modes.

e A hardwired interlock may disable a specific piece of equipment from running through
electrical control wiring (for example, a limit switch may trip a running pump or prevent
starting a pump). Hardwired interlocks can affect both LOCAL and REMOTE modes of
control.



e A software interlock may disable a specific piece of equipment from running throughthe
PAC (an example of this would be if a wet well was not considered in service, a pump
could be inhibited from operating until the wet well is filled again and returned to
service), and is normally only in effect if the device is under REMOTE control
(AUTOMATIC or MANUAL Mode).

e A PAC communicated interlock is an interlock where the source is found in one (1) PAC
and transferred across the network to a second PAC where the device exists. The
interlock is still performed by the software but spread across multiple PACs. This
interlock is normally only in effect when the device is under REMOTE control.

Monitoring and Control Signals — Defines physical 1/0 for the subject equipment. The state
provided for discrete inputs and outputs reflects when the contacts are closed. The range or setting
for the instrument should be listed here, if applicable.

Calculated Variables — Defines values that are derived through a calculation or elapsed run
time. The System Integrator shall validate all calculated variables.

Alarms — Defines software alarms generated based on analog input values and discrete
inputs changing state or failing to change state upon demand. The System Integrator shall
document all alarms.



Influent Pump Station (IPS)

1.1b1 Overview

The Influent Pump Station (IPS) has dual wet-wells, and each wet-well is equipped with
its own pump station. Influent Pump Station No.1 (IPS1) is equipped with five constant
speed dry mount pumps located in the southern wet-well. Influent Pump Station No.2
(IPS2) is equipped with three submersible pumps located in the northern wet-well. Two
of the pumps have variable speed drives, and one pump is a constant speed unit. Both
influent pump stations share the north concrete wall of IPS1. The raw sewage pumps
lift the influent sewage from the raw sewage pump station wet-well up to the Headworks
Flow Splitter and from this splitter to the two grit removal units. This is a vertical lift of
approximately 40 feet total dynamic head (TDH).

The two IPS2 wet-well levels are monitored by ultrasonic level instruments located in
the North Wet Well. The wet-well level is controlled within a defined operating range by
operating pumps at higher speeds or starting multiple pumps.

IPS2 electrical isolators, variable speed drives and switch gear are located inside the
influent pump station Motor Control Center No.3 (MCC3). IPS1 electrical isolators and
switch gear are located in Motor Control Center No.1 (MCC1).

Table 1.1b.1 — Equipment list

Equipment Field Tag Smart Tag

IPS2 Wet Well Level 2A LIT-1101 04-LIT-0201BA

IPS2 Wet Well Level 2B LIT-1102 04-LIT-0202BB

'S”J\'/ﬁgﬂtdf;i\’i\éﬁ Well Level LSLL-1101 04-LSLL-0201BB
'S”J\'/:igﬂtl_'svle_c\fxt Well Level LSLL-1101 04-LSLL-0201BB
Plant Influent Flow FIT-1101 04-FIT-0201BA

IPS1 Pump 1 P-1110 04-PMP-0210BA
IPS1 Pump 2 P-1120 04-PMP-0220BA
IPS Pump 3 P-1130 04-PMP-0230BA
IPS1 Pump 4 P-1140 04-PMP-0240BA
IPS1 Pump 5 P-1150 04-PMP-0250BA
IPS2 Pump 6 P-1160 04-PMP-0260BB
IPS2 Pump 6 VFD VFD-1160 04-VFD-0260BB
IPS2 Pump 7 P-1170 04-PMP-0270BB
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Equipment Field Tag Smart Tag

IPS2 Pump 7 VFD VFD-1170 04-VFD-0270BB
IPS2 Pump 8 P-1180 04-PMP-0280BB
IPS2 Pump 8 RVSS RVSS-1180 04-RVSS-0280BB

1.1b2 Field/Local Control

Local Manual control of the influent pumps is provided through the LOCAL-OFF-
REMOTE (L-O-R) selector switch and speed controller on the VFD for the variable
speed pumps. The fixed speed pumps are controlled through the L-O-R selector switch
and will run if in Local — On.

1.1b3 Operator Mode Control

Remote manual control is provided through RTU-1: when REMOTE is selected at the
VFD LOCAL--REMOTE (L- R) switch for (P-6 & P-7), and REMOTE selected at the
RVSS control panel (P-8), and the H-O-A switches at the local panel for existing IPS
pumps placed in AUTO (P-1 through P-5).

The Operator selects OPERATOR control mode on the HMI and can Start/Stop pumps
through pushbuttons on the HMI and adjust speed of the variable speed pumps from the
HMI.

1.1b4  Program Mode Control

Remote automatic control is provided through the RTU. The operator selects
PROGRAM control mode at the HMI and all variable speed pumps in REMOTE and
constant speed pumps in REMOTE or AUTO will be controlled by the auto sequencing
function.

Lead-Lag sequence selection.

e The Operator assigns the LEAD designation to the VFD pumps P-6 or P-7 of
their choice from the HMI

e The VFD pump NOT selected as LEAD will be configured as the STANDBY1
pump.

e The constant speed 100 HP pump P-8 is permanently assigned as STANDBY?2
and will be called to run if both Pumps P-6 and P-7 are not available.

e The Operator assigns LAG1, LAG2, LAG3, LAG4, and LAGS5 to the remaining 50
HP constant speed pumps (P-1 through P-5) from the HMI

The controlling pump station wet-well level signal is selectable between IPS2A or
IPS2B.
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There are two (2) aspects in pump control while in PROGRAM Mode. Specifically,
cascade closed loop operation or single closed loop operation (If the pump discharge
flow meter (FIT-1101) fails, SCADA will automatically switch from cascade closed loop
operation to single closed loop operatoin). Each of these aspects are described below.

Cascade Closed Loop Operation: The influent pumps are operated based
on a cascade loop PID, whereby a Primary Level Control PID and Secondary
Flow Control PID are utilized.

The Primary Level Control PID has a “Wet Well Operating Level” setpoint
in feet and modulates the output using the operator selected influent level
transmitter (IPS2A or IPS2B) as its process variable. The control variable
output of the Primary Level Control PID is scaled to 0 to the Max Plant Flow
Set Point (in MGD) and is used as the setpoint for the Secondary Flow
Control PID.

The Secondary Flow Control PID uses the flowmeter FIT-1101 as its
process variable which is also scaled 0 to 47.52 MGD. When the water level
reaches the LEAD pump start level set point, the pump cycle will begin. The
LEAD pump shall start at its minimum speed and the VFD shall vary the
pump speed. Based on the output from the Primary Level Control PID, the
Secondary Flow Control PID modulates the pump speed based on the
influent flowmeter transmitter FIT-1101. The output of the Secondary PID is
0 to 100% and controls the speed of the VFD pump.

Single Closed Loop Operation: A failure of the influent flowmeter
transmitter or an operator selection sends a priority one alarm (No Cascade
Loop available) and the influent pump station cascade loop PID reverts
automatically to a single closed loop PID operation (Primary Level Control
PID only) whereby it utilizes the “Wet Well Operating Level” setpoint,
modulates the output based on the influent wetwell level, and the output from
the Primary Level Control PID is 0 — 100 % and will control the speed of the
influent pumps.

Under the single loop/Primary Level PID mode, the Primary Level PID will
use the same wetwell level setpoint in feet and modulates the output using
the same, operator selected, influent level transmitter as its process variable.
When the water level reaches the LEAD pump start level set point the pump
cycle will begin. The LEAD pump shall start at its minimum speed and the
VFD shall vary the pump speed.

The system operates on a LEAD-LAG1-LAG2-LAG3-LAG4-LAG5 (remaining VFD is
STANDBY1 and RVSS is STANDBY?2) sequence. The pump speed and number of
pumps in operation are normally controlled by either a Cascaded Closed Loop or Single
Closed Loop Operation, as decribed above, to maintain the wet-well operating level set-
point. The pump station wet-well level control system stages the pumps to control the
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level in the wet-well as follows:

A. The LEAD (operator selectable between P-6 or P-7) large (100 hp) variable
speed pump starts as the level in the wet-well rises to the “Wet Well Level Start
Setpoint”, which is operator adjustable on the HMI. The LEAD variable speed
pump shall adjust its speed to maintain the “Wet Well Operating Level Setpoint”.

B. The STANDBY1 (the opposite of the LEAD selectable P-6 or P-7) large (100 hp)
variable speed pump serves as a backup during this period. If the selected
LEAD pump fails, the STANDBY1 VFD pump will take its place in the sequence
as the LEAD pump.

C. The next available LAG pump(s) shall start, if the level continues to increase
while the LEAD VFD pump speed is greater than the “Pump Sequence VFD
Maximum Speed Setpoint” for the “Pump Start Delay” time period. Once the
LAG pump starts, the speed of the LEAD VFD pump shall decrease to maintain
the “Wet Well Operating Level” setpoint.

If the wet-well level drops below the wet-well level set-point, the variable speed pump
will operate at the minimum speed set-point. If a LAG pump is running, and the variable
speed pump speed is less than the “Pump Sequence VFD Minimum Speed Setpoint “
for the “Pump Stop Delay” time period, the first LAG pump that was called will be
stopped. The LEAD variable speed pump shall adjust its speed to maintain the “Wet
Well Operating Level” setpoint.

If the wet-well level drops below the minimum set-point the LEAD pump continues to run
at its “Pump Sequence VFD Minimum Speed Setpoint” and this condition is alarmed at
the operator workstation.

If the level in the wet-well continues to decrease the LEAD variable speed pump is
stopped when the level is below the “Wet Well Level Pump Stop” setpoint, which is
operator adjustable on the HMI.

If any constant speed pump (P-1 thru P-5 or P-8) fails to start, the next available
constant speed pump will start after the “Pump Start Delay” time period has expired.

Pumps P-6 and P-7 shall rotate automatically in a First-In-First-Out (FIFO) configuration
or at an operator adjustable VFD Pump Runtime Interval. Pumps P-1 through P-5 shall

rotate automatically in a First-In-First-Out (FIFO) configuration. In addition, the operator
can manually initiate a rotation of any of the pumps.

1.1b5 Normal Operation

The normal operation of the influent pumping stations is to have all pumps in
REMOTE/PROGRAM mode with the VFD pumps operating based upon the output
command of a Proportional Integral (PI) Controller. Constant speed pumps will start
and stop in response to changing demands based upon the operation of the VFD
pumps and the rising and falling wet well level.
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1.1b6

Failure Responses

Table 1.b.6 - Influent — Pump Station Failures

Failures Response

Influent VFD
Pump Failure

Alarm generated. The pump will no longer be requested to run
by the PAC until the alarm is cleared. The Operator may start
another pump or if operating in Automatic Mode the Standby
Pump will start. The remaining Influent Pump System equipment
will continue to run in automatic.

Influent Pump

Alarm generated. The pump will no longer be requested to run

Failure by the PAC until the alarm is cleared. The Operator may start
another pump or if operating in Automatic Mode a Lag or Standby
Pump will start. The remaining Influent Pump System equipment
will continue to run in automatic.

IPS2A Wet Well Alarm generated. Switch operation to IPS2B Wet Well Level

Level Transmitter
Failure

transmitter.

IPS2B Wet Well
Level Transmitter
Failure

Alarm generated. Switch operation to IPS2A Wet Well Level
transmitter.

Both Wet Well
Level Transmitter
Failure

Alarm generated. The pumps will no longer be requested to run
by the PAC until the alarm is cleared. The Operator will need to
run the pump station in Local/Field mode or in Operator Control
Mode from SCADA until the level transmitters are
repaired/replaced.

RP-4 Plant Alarm generated. Switch VFD speed control from Cascaded

Influent Flow Closed Loop Operation to Single Closed Loop Operation (level

Failure control only).

PAC Failure Alarm generated. The Operator will have to start and stop the
IPS pump in local manual. Refer to Section 6.3.b PAC System
Failure for additional information.

1.1b7  Operator Adjustable Set Points

Table 1.1b.7 — Influent — Pump Station Set Points

HM| Initial
Parameter Display Set Security Level
Point
Wet Well Level
Pump Start XXX FT 0.0-20.0 11.0 2
Setpoint
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HMI Initial .

Parameter Display Range Set Security Level
WetWwell Level |y pr 0.0-20.0 10.0 2
Operating Setpoint
Wet Well Level
Pump Stop Setpoint XXX FT 0.0-20.0 6.0 2
Maximum Flow XX. XX
Limit Setpoint MGD 0.00 -47.52 15.00 2
Pump Sequence
VFD Minimum XXX% 0-100 6 2
Speed Setpoint
Pump Sequence
VFD Maximum XXX% 0-100 92 2
Speed Setpoint
Pump Stop Delay i
Setpoint * XXX SEC 0-300 60 2
g“mp.Stf” Delay | yxx seC 0-300 120 2

etpoint
VFD Pump Runtime XXX
Interval (to Rotate) DAYS 0-60 30 2
Notes:

1. Feet refers to the fluid depth in the wet well above the floor just below the pump intake

2. See Table Error! Reference source not found. below for alarm details.

3. Security Level — 1 = Engineer/Programmer, 2 = Supervisor, 3 = Operator

4. * These setpints will be applied to timers specific for each LAG pump

1.1b8 Permissives
Permissives associated with the system are the following:

Table 1.1b.8 — Influent Pump Station Permissives

OK
State

Pump HOA in Auto 1 Y

Description

Bypassable

1.1b9 Interlocks
The System Integrator shall validate all software interlocks.

The interlocks associated with the system are the following:

Software Interlocks:
Table 1.1b.9a — Influent Pump Station Software Interlocks

OK
State

Description

Bypassable
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Wet Well Level Switch Low-Low Y
Pump Motor Temperature High (Pumps 1-5) Y
Pump Fail (Pumps 6-8) Y

Hardware Interlocks:

Table 1.1b.9b — Influent Pump Station Hardware Interlocks

Description

State

In all control modes, all pumps have a hardwired interlock to

stop when level in the wet-well decreases and reaches the Low

Level Cutoff switch trips at 3.5 feet.

OIS Bypassable

1.1b10 Monitoring and Control Signals
The System Integrator shall provide I/O tags per the IEUA High-Performance HMI and

PAC Standards.

Table 1.1b.10 - Influent - Pump Station 1/0

I/0 Tag

Type

Description

Range

SCADA Function

Monitor H-irstf:r?z/e Total | Alarm

‘ Influent Pump Station
PO4_LIT_0201BA_S Al IPS2 Wet Well Level 2A 0.0-20.0 ft v T/H 4
P0O4_LIT_0202BB_S Al IPS2 Wet Well Level 2B 0.0-20.0 ft 4 T/H v
PO4_LSHH_0201BB_J DI | IPS2 Wet Well Level Switch High-High v v
P04 _LSLL_0201BB_J DI IPS2 Wet Well Level Switch Low-Low v H v
PO4_FIT 0201BA C Al g?:;?ﬂfg%i% (existing tag: 0'%‘(‘37552 v T/H v

‘ Influent Pumps
P04_PMP_0210BA_AUTO DI IPS1 Pump 1 HOA in Auto N/A v 4
P04_PMP_0210BA_HAND DI IPS1 Pump 1 HOA in Hand N/A v
P04_PMP_0210BA_ON DI IPS1 Pump 1 Run Status N/A v T/H v
P0O4_PMP_0210BA_J02 DI IPS1 Pump 1 Motor High Temperature N/A v v
P04 _PMP_0210BA_STRT DO IPS1 Pump 1 Start/Stop Command N/A v
P04_PMP_0220BA_AUTO DI | IPS1 Pump 2 HOA in Auto N/A v v
P04_PMP_0220BA_HAND DI IPS1 Pump 2 HOA in Hand N/A v
P04_PMP_0220BA_ON DI IPS1 Pump 2 Run Status N/A v T/H v
P0O4_PMP_0220BA_J02 DI IPS1 Pump 2 Motor High Temperature N/A v v
P04_PMP_0220BA_STRT DO IPS1 Pump 2 Start/Stop Command N/A v
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SCADA Function

I/O Tag Type | Description Range . Trend/

Monitor Historize Total | Alarm
P04 _PMP_0230BA_AUTO DI | IPS1 Pump 3 HOA in Auto N/A v v
P04 _PMP_0230BA_HAND DI | IPS1 Pump 3 HOA in Hand N/A v
P04_PMP_0230BA_ON DI IPS1 Pump 3 Run Status N/A v T/H v
P04_PMP_0230BA_J02 DI IPS1 Pump 3 Motor High Temperature N/A v v
P04_PMP_0230BA_STRT DO IPS1 Pump 3 Start/Stop Command N/A v
P04 _PMP_0240BA_AUTO DI | IPS1 Pump 4 HOA in Auto N/A v v
P04 _PMP_0240BA_HAND DI | IPS1 Pump 4 HOA in Hand N/A v
P04_PMP_0240BA_ON DI IPS1 Pump 4 Run Status N/A v T/H v
P04_PMP_0240BA_J02 DI IPS1 Pump 4 Motor High Temperature N/A v v
P04 _PMP_0240BA_STRT DO | IPS1 Pump 4 Start/Stop Command N/A v
P04_PMP_0250BA_AUTO DI IPS1 Pump 5 HOA in Auto N/A v 4
P04_PMP_0250BA_HAND DI IPS1 Pump 5 HOA in Hand N/A v
P04 _PMP_0250BA_ON DI | IPS1 Pump 5 Run Status N/A v TH v
P0O4_PMP_0250BA_J02 DI IPS1 Pump 5 Motor High Temperature N/A v v
P04_PMP_0250BA_STRT DO IPS1 Pump 5 Start/Stop Command N/A v
P0O4_VFD_0260BA_AUTO DI IPS2 Pump 6 VFD HOA in Auto N/A v 4
P04 VFD_0260BA_ON DI | IPS2 Pump 6 Run Status N/A v TIH v
P04_VFD_0260BA_FAIL DI IPS2 Pump 6 Drive Fault N/A v v
“URD 0260BA AR PV Al | IPS2 Pump 6 Speed Feedback 0-100% v TH
P04_VFD_0260BA_STRT DO IPS2 Pump 6 Start Command N/A v
P04_VFD_0260BA_STOP DO IPS2 Pump 6 Stop Command N/A v
P04_VFD_0260BA_RES DO IPS2 Pump 6 Reset N/A v
f\?lib_OZGOBA_AR_CV AO | IPS2 Pump 6 Speed Reference 0-100% 4
P04_VFD_0270BA_AUTO DI IPS2 Pump 7 VFD HOA in Auto N/A v 4
P04_VFD_0270BA_ON DI IPS2 Pump 7 Run Status N/A v T/H v
P04_VFD_0270BA_FAIL DI IPS2 Pump 7 Drive Fault N/A v v
VD 0270BA AR PV Al | IPS2 Pump 7 Speed Feedback 0-100% v TH
P04_VFD_0270BA_STRT DO IPS2 Pump 7 Start Command N/A v
P04_VFD_0270BA_STOP DO IPS2 Pump 7 Stop Command N/A v
P04_VFD_0270BA_RES DO IPS2 Pump 7 Reset N/A v
TSéb_OZ?OBA_AR_CV AO | IPS2 Pump 7 Speed Reference 0-100% 4
flgtSS_OZSOBA_AUTO DI | IPS2 Pump 8 HOA in Auto N/A 4 v
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SCADA Function

I/0 Tag Type | Description Range Trend/
Monitor ; ; Total | Alarm
Historize

P04_RVSS_0280BA_ON DI IPS2 Pump 8 Run Status N/A TH v
P04_RVSS_0280BA_FAIL DI IPS2 Pump 8 RVSS Fault N/A v
P0O4- N/A

v
_RVSS_0280BA_STRT DO IPS2 Pump 8 Start Command
P0O4- N/A

v
_RVSS_0280BA_STOP DO IPS2 Pump 8 Stop Command
Po4- DO | IPS2 Pump 8 Enable N/A v

_RVSS_0280BA_ENBL

1.1b11 Calculated Variables
The System Integrator to validate all calculated variables.

Provide the following SCADA generated variables for the system:

e Starts/Runtimes

¢ Influent Flow Totals
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1.1b12 Alarms
The System Integrator shall provide Alarm tags per the IEUA High-Performance HMI and PAC Standards.

The System Integrator shall document alarm default values, alarm severity set points and security level.
Provide the following SCADA generated alarms for the system:
Table 1.1b.12 — Influent - Pump Station Alarms

o 7 <2

m > @) g

ALARM TAG NAME ALARM DESCRIPTION ; 8 AL % m

c 2% %2

— % <

P04 _LSHH_0201BB_J_AOI.Alm_TgtDisagree IPS Wet Well Level Switch High-High N/A N/A 1s v 1
P0O4_LSLL_0201BB_J_AOIl.Alm_TgtDisagree IPS Wet Well Level Switch Low-Low N/A N/A 1s v 1
P04 _LIT_0201BA_S_AOI.AIm_HiHi IPS2A Wet Well Level High-High N/A 5% 55 v 1
PO4_LIT_0201BA_S_AOl.AIm_Hi IPS2A Wet Well Level High 16.5 5% 15s v 1
P04 _LIT_0201BA_S_AOI.Alm_Lo IPS2A Wet Well Level Low 4.0 5% 15s v 2
PO4_LIT 0201BA_S_AOI.AIm_LoLo IPS2A Wet Well Level Low-Low 35 5% 5s v 1
PO4_LIT_0201BA_S_AOIL.Alm_Fail IPS2A Wet Well Level Transmitter Failure N/A N/A 1s v 1
PO4_LIT 0202BB_S_AOI.Alm_HiHi IPS2B Wet Well Level High-High 17.0 5% 5s v 1
P04 _LIT_0202BB_S_AOI.Alm_Hi IPS2B Wet Well Level High 16.5 5% 15s v 1
PO4_LIT_0202BB_S_AOI.Alm_Lo IPS2B Wet Well Level Low 4.0 5% 15s v 2
PO4_LIT 0202BB_S_AOI.AIm_LoLo IPS2B Wet Well Level Low-Low 35 5% 5s v 1
P0O4_LIT_0202BB_S_AOI.Alm_Fail IPS2B Wet Well Level Transmitter Failure N/A N/A 1s v 1
P08 LIT_0201BA_0202BB_S_AOIl.Alm_Diff IPS Wet Well Level Dual Hi Input Difference N/A N/A 5s 4 1
P0O8_LIT_0201BA_0202BB_S_AOI.AlIm_NoneGood IPS Wet Well Level Dual Neither Input Good N/A N/A 5s 4 1
P08 LIT_0201BA_0202BB_S_AOIl.Alm_OneGood IPS Wet Well Level Dual Only 1 Good Input N/A N/A 5s 4 1
P08_LIT_0201BA_0202BB_S_AOI.Alm_HiHi IPS Wet Well Level Dual High-High 17.0 FT 5% 5s v 1
PO8_LIT_0201BA_0202BB_S_AOI.Alm_Hi IPS Wet Well Level Dual High 165 FT 5% 5s v 2
P08_LIT_0201BA_0202BB_S_AOl.Alm_Lo IPS Wet Well Level Dual Low 40FT 5% 55 v 2
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O 7 o
m > @) g
ALARM TAG NAME ALARM DESCRIPTION § 8 AL % m
c 2% %2
— % <
P08_LIT_0201BA_0202BB_S_AOI.Alm_LoLo IPS Wet Well Level Dual Low-Low 35FT 5% 5s v 1
P08 _LIT_0201BA_0202BB_S_AOIl.Alm_Fall IPS Wet Well Level Dual Transmitter Fail N/A N/A 1s 4
P04 _FIT_0201BA_C_AOLAIm_HiHi Plant Influent Flow High-High 15.0 5% 5s v 1
PO4_FIT_0201BA _C_AOI.AIm_Hi Plant Influent Flow High 14.5 5% 5s v 1
P04 _FIT_0201BA_C_AOL.Alm_Fail Plant Influent Flow Transmitter Failure N/A N/A 1s v 2
P0O4_PMP_0201BA_J02_AOI.Alm_TgtDisagree IPS1 Pump 1 Motor Temperature High N/A N/A 5s 4 1
P04_PMP_0210BA_AUTO_AOI.Alm_TgtDisagree IPS1 Pump 1 HOA Not in Auto N/A N/A 5s 4 3
P04_PMP_0210BA_AOI.Alm_FailToStart IPS1 Pump 1 Fail to Start N/A N/A 10s v 1
P04_PMP_0210BA_AOI.Alm_FailToStop IPS1 Pump 1 Fail to Stop N/A N/A 10s v 1
P04_PMP_0202BA_J02_AOI.Alm_TgtDisagree IPS1 Pump 2 Motor Temperature High N/A N/A 5s 4 1
P04_PMP_0220BA_AUTO_AOI.Alm_TgtDisagree IPS1 Pump 2 HOA Not in Auto N/A N/A 5s 4 3
P04 _PMP_0220BA_AOI.Alm_FailToStart IPS1 Pump 2 Fail to Start N/A N/A 10s 4 1
P04 _PMP_0220BA_AOI.AIm_FailToStop IPS1 Pump 2 Fail to Stop N/A N/A 10s v 1
R N I
P04_PMP_0230BA_AUTO_AOI.Alm_TgtDisagree IPS1 Pump 3 HOA Not in Auto N/A N/A 5s 4 3
P04 _PMP_0230BA_AOI.Alm_FailToStart IPS1 Pump 3 Fail to Start N/A N/A 10s v 1
P04_PMP_0230BA_AOI.Alm_FailToStop IPS1 Pump 3 Fail to Stop N/A N/A 10s v 1
N N I
P04_PMP_0240BA_AUTO_AOI.AlIm_TgtDisagree IPS1 Pump 4 HOA Not in Auto N/A N/A 5s 4 3
P04 _PMP_0240BA_AOl.AIm_FailToStart IPS1 Pump 4 Fail to Start N/A N/A 10s v 1
P04_PMP_0240BA_AOI.Alm_FailToStop IPS1 Pump 4 Fail to Stop N/A N/A 10s v 1
P04_PMP_0205BA_J02_AOI.Alm_TgtDisagree IPS1 Pump 5 Motor Temperature High N/A N/A 5s 4 1
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P04_PMP_0250BA_AUTO_AOI.Alm_TgtDisagree IPS1 Pump 5 HOA Not in Auto N/A N/A 5s 4 3

P04_PMP_0250BA_AOI.Alm_FailToStart IPS1 Pump 5 Fail to Start N/A N/A 10s v
P04_PMP_0250BA_AOI.Alm_FailToStop IPS1 Pump 5 Fail to Stop N/A N/A 10s v 1
P0O4_VFD_0260BA_FAIL_AOI. Aim_TgtDisagree IPS2 Pump 6 Drive Fault N/A N/A 5s 4 1
P04_VFD_0260BA_AUTO_AOI.Alm_TgtDisagree IPS2 Pump 6 HOA Not in Auto N/A N/A 5s 4 3
P04_VFD_0260BA_AOIl.Alm_FailToStart IPS2 Pump 6 Fail to Start N/A N/A 10s v 1
P04_VFD_0260BA_AOI.Alm_FailToStop IPS2 Pump 6 Fail to Stop N/A N/A 10s v 1
PO4_VFD_0270BA_FAIL_AOI. Aim_TgtDisagree IPS2 Pump 7 Drive Fault N/A N/A 5s 4 1
P04_VFD_0270BA_AUTO_AOI.Alm_TgtDisagree IPS2 Pump 7 HOA Not in Auto N/A N/A 5s 4 3
P04_VFD_0270BA_AOIl.Alm_FailToStart IPS2 Pump 7 Fail to Start N/A N/A 10s v 1
P04_VFD_0270BA_AOI.AIm_FailToStop IPS2 Pump 7 Fail to Stop N/A N/A 10s v 1
P04 _RVSS_0280BA_FAIL_AOI. Aim_TgtDisagree IPS2 Pump 8 RVSS Fault N/A N/A 5s v 1
P04 RVSS_0280BA_AUTO_AOIAIm_TgtDisagree IPS2 Pump 8 HOA Not in Auto N/A N/A 5s v 3
P04_RVSS_0280BA_AOI.AIm_FailToStart IPS2 Pump 8 Fail to Start N/A N/A 10s v 1
P04 _RVSS_0280BA_AOI.Alm_FailToStop IPS2 Pump 8 Fail to Stop N/A N/A 10's v 1

Note: HMI = HMI Graphic
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Table 1.1b.12b — Alarm Severity Legend
PlantPAx Severity

PCN Severity

PlantPAx Severity

Name Level
1 Urgent 751-1000
2 High 501-750
3 Medium 251-500
4 Low 1-250
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Revision 0.6
IEUA Equipment Taq Guidelines

Part 1 Part 2 Part 3
1 2 1 2 3 4 5 1 2 3 4 5 6 7
Tag Number Format: | yw | 5 [ -- PImMIP -0 2]4]l0[|1]A
\ / Subgro i -
Facility Equipment/Instrument Process/System U(ng)Up Signal Sué) Zle1r_ngent
(See Table 1) (See Table 2) (See Table 3) o st PLC
Element N Pien :I)
Vi
Series Number of 0-2)
Equipment Group Sub-element
Boxes marked in blue are used as needed (1-2) as needed
0 is reserved (AZ)

Instructions:

Equipment Tags

> Part 1: Facility
>> consists of 2 characters, indicating the Facility where the equipment/instrument resides (see Table 1)

> Part 2: Equipment/Instrument
>> consists of anywhere from 2-5 characters (see Table 2).

>> Part 3: Process/System, Series, Element
>> 1st & 2nd Digit = Process/System Designation. Refer to the Table 3 that corresponds to the process
group of the facility selected from Table 1.

>> 3rd Digit = Series Number (Equipment Group) (1-Z).

"0" is reserved for items that apply to the entire process/system, e.g. SCADA panel
>> 4th Digit = Sub-group (If equipment group is small and no sub-group applies, use 0)
>> 5th Digit = Element within the Equipment Group / sub-group

>> 6th & 7th Digit = These digits are used as needed to further identify and distinguish various signals
of the equipment. Only applies to equipment that has multiple signals of the same

type.

The different parts of the tag will be separated either by a hyphen "-" or an underscore " " depending on the

Examples within Factility RP5:

SmartTag Equipment Process/System Group Subgroup Element




Table 1: IEUA Facility Designation

Revision 0.6

Every line item should be a separate location (physical address), with the exception of Recycled Water Pump
Stations, which are individually listed in this table regardless of physical location.

Facility Description

Process Group

Facility Designation

RP-1 Wastewater W1
RP-2 Wastewater W2
CCWRF Wastewater W3
RP-4 Wastewater W4
RP-5 Wastewater W5
RP-5S (Solids Handling Facility) Food Waste Handling F1
San Bernardino Lift Station Collections Process/System C1
Montclair Diversion Structure Collections Process/System C2
Montclair Lift Station Collections Process/System C3
Philadelphia Lift Station Collections Process/System C4
RP-2 Lift Station Collections Process/System C5
CIW Lift Station Collections Process/System C6
IEBL Dump Station Collections Process/System C7
Chino Preserve Lift Station Collections Process/System C8
Mountain Lift Station (future) Collections Process/System C9
Prado Golf Course Lift Station (future) |Collections Process/System CA
HQ A Facility HA
HQ B Facility HB
HQ Lab Facility HL
6B Tower Facility H6
Chino Creek Park Facility HP
IERCF Compost/Biosolids 11

CDA Potable Water PA
Well 1 Potable Water P1
Well 2 Potable Water P2
Well 3 Potable Water P3
Well 4 Potable Water P4
Well 5 Potable Water P5
Well 6 Potable Water P6
Well 7 Potable Water P7
Well 8 Potable Water P8
Well 9 Potable Water P9
Well 10 Potable Water PA
Well 11 Potable Water PB
Well 12 Potable Water PC
Well 14 Potable Water PD
Well 15 Potable Water PE
Well 16 Potable Water PF
Well 17 Potable Water PG
Well 18 Potable Water PH
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Table 1: IEUA Facility Designation

Every line item should be a separate location (physical address), with the exception of Recycled Water Pump

Stations, which are individually listed in this table regardless of physical location.

Facility Description Process Group Facility Designation
Well 20 Potable Water Pl
Well 21 Potable Water PJ
ZONE 800 Distribution System Recycled Water R1
ZONE 930 Distribution System Recycled Water R2
ZONE 1050 Distribution System Recycled Water R3
ZONE 1158 Distribution System Recycled Water R4
ZONE 1299 Distribution System Recycled Water R5
ZONE 1630 Distribution System Recycled Water R6
RP-5 800 Pump Station Recycled Water R7
CCWRF 930 Pump Station Recycled Water R8
RP-1 930 Pump Station Recycled Water R9
RP-1 1050 Pump Station Recycled Water RA
RP-1 1158 Pump Station Recycled Water RB
RP-4 1158 Pump Station Recycled Water RC
RP-4 1299 Pump Station Recycled Water RD
1630 East Pump Station Recycled Water RE
1630 West Pump Station Recycled Water RF
930 Reservoir Recycled Water RG
1158 Reservoir Recycled Water RH
1299 Reservoir Recycled Water RI
1630 West Reservoir Recycled Water RJ
RP3 Groundwater G1
CB-11 Groundwater G2
CB-13 Groundwater G3
CB-14 Groundwater G4
CB-15 Groundwater G5
CB-18 Groundwater G6
CB-20 Groundwater G7
0C-59 Groundwater G8
College Height Groundwater G9
Upland Groundwater GA
Montclair Groundwater GB
Brooks Groundwater GC
7th & 8th Street Groundwater GD
Ely Groundwater GE
Turner 1 &2 Groundwater GF
Turner 3 & 4 Groundwater GG
Lower Day Groundwater GH
Etiwanda Debris Groundwater Gl
Victoria Groundwater GJ
San Sevaine Groundwater GK
Banana Groundwater GL




Table 1: IEUA Facility Designation

Revision 0.6

Every line item should be a separate location (physical address), with the exception of Recycled Water Pump
Stations, which are individually listed in this table regardless of physical location.

Facility Description

Process Group

Facility Designation

Hickory Groundwater GM
Declez Groundwater GN
Grove Groundwater GO
Jurupa Groundwater GP
Etiwanda Conservation Groundwater GQ
Orchard Groundwater GR
Wineville Groundwater GS

NX
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Table 2 - Equipment Technical Descriptor

Description of Technical Object

Technical Descriptor

Actuator

ACT

Air Conditioner AC
Air Release Valve ARV
Air Release/Vacuum Relief Valve AVRV
Air Separator ASPR
Automatic Transfer Switch ATS
Backflow Preventer BFP

Basin (Emergency Storage, Overflow, Equalization §BSN
Battery BAT
Blender BLDR
Blow Off BO
Blower BLWR
Boiler BLR
Branch Circuit Controller BCC
Building BLDG
Burner BNR
Bus Duct BD
Cannon CANN
Carbon Adsorption Unit CAU
Cathodic Protection Station CPS
Centrifuge CNFG
Channel CHNL
Check Valve CvLv
Chiller CHLR
Chlorine Contact Basin CCB
Chute CHUT
Clarifier CLF
CoGen COGN
Compressor COMP
Condenser COND
Conveyor CVR
Crane CRAN
Dam DAM
Damper DMP

Disconnect Switch

DS
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Table 2 - Equipment Technical Descriptor

Description of Technical Object

Technical Descriptor

Distribution Panelboard DP
Drive DRV
Dryer DRYR
Engine ENG
Evaporative Cooling Unit ECU
Eye Wash EYEW
Fan FAN
Fan Coil Unit FCU
Feeder FDR
Filter FLTR
Flare FLAR
Fuel Cell FLCL
Gate GATE
Generator GEN
Grinder GNDR
Harmonic Filter HFLT
Heat Exchanger HXGR
Heat Recovery Silencer HRS
Instantaneous Water Heater IWS
Leveler LVL
Lighting Panel LP
Local Control Station LCS
Louver LVR
Lube Oil System LUBS
Manhole MH
Manual Transfer Switch MTS
Membrane Cassette CASS
Mixer MXR
Motor MTR
Motor Control Center MCC
Motor Control Panel MCP
Pipe PIPE
Pressure Regulating (Safety, Relief) Valve PRV
Pressure Vacuum Relief Valve PVRV
Pump PMP
Pump (Air) APMP
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Table 2 - Equipment Technical Descriptor

Description of Technical Object

Technical Descriptor

Sampler SMP
Screen SCRN
Selective Catalytic Reducer SCR
Shower SHWR
Silencer SLCR
Silo SILO
Solar SOLR
Solenoid Valve SV
Strainer STNR
Switchboard SWBD
Switchgear SWGR
Tank TNK
Tipping Trough TTR
Tower TWR
Transformer TX
Uninterruptible Power Supply UPS
Vacuum Ejector VEJ
Vacuum Relief Valve VRV
Valve - actuated VLV
Valve - manual MVLV
Variable Frequency Drive VFD
Variable Refrigerant Flow VRF
Washer WSH
Water Filter WFLT
Water Heater WH
Wetwell WW
Wind Turbine WND
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Table 2 - Instrument Technical Descriptor

Description of Technical Object

Technical Descriptor

Analytical Alarm High-high / High / Low / Low-low AAHH/H/L/LL
Analytical Control AIC
Analytical Element AE

Analytical Indicating Transmitter AIT
Analytical Indicator Al

Analytical Switch High-High / High /Low / Low-low ASHH/H/L/LL
Analytical Transmitter AT

Analytical Transmitter Failure AAT

Burner Element BE

Current - Overcurrent Alarm high-high / high IAHH/H
Current - Undercurrent Alarm low / low-low IAL/LL
Current Indication |

Differential Pressure Alarm High-high / High / Low / Low-l{|PDAHH/H/L/LL
Differential Pressure Indicate Control PDIC
Differential Pressure Indicating Transmitter PDIT
Differential Pressure Indication PDI
Differential Pressure Transmitter PDT
Differential Pressure Transmitter Failure PDAT
Equipment Status Indication YSI

Fail Indication (For motors and VFDs, Part 3 digit 6: A-VFD fail,

B-Motor fail, C-Overload, D-Backflow alarm) YA

Fail Counter YQA

Fire Alarm BA

Flow Alarm High-high / High / Low / Low-low FAHH/H/L/LL
Flow Element FE

Flow indicating control FIC

Flow Indicating Transmitter FIT

Flow Indication FI

Flow Switch FS

Flow Switch High-high / High / Low / Low-low FSHH/H/L/LL
Flow Totalizer Indication FQl

Flow Totalizer Transmitter FQT

Flow Transmitter FT

Flow Transmitter Failure FAT

Hand Control (Part 3 digit 6: A-start/open, B-stop/close, C-Reset)

HC

Hand Switch (Part 3 digit 6: A-start/open, B-stop/close, C-
local/remote, D-auto, E-emergency stop, F-forward/reverse, G-reset,
H-hand)

HS
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Table 2 - Instrument Technical Descriptor

Description of Technical Object

Technical Descriptor

Hand Switch Status Indication (Part 3 digit 6: A-start/open, B-
stop/close, C-remote, D-auto, E-emergency stop, F-forward/reverse,

G-reset, H-hand/local) HSI
Heartbeat Signal KP

Level Alarm High-High / High / Low / Low-Low LAHH/H/L/LL
Level Differential Alarm High-high / High / Low / Low-low |LDAHH/H/L/LL
Level Differential Indication LDI

Level Element LE

Level Indicating Control LIC

Level Indicating Transmitter LIT

Level Sight Glass LG

Level Switch LS

Level Switch High-high / High / Low / Low-low LSHH/H/L/LL
Level Switch Interposing Relay LY

Level Transmitter LT

Level Transmitter Failure LAT

Light - Indication Light YL

Moisture Switch High-high / High / Low-low / Low MSHH/H/L/LL
Moisture Alarm High-high / High / Low-low / Low MAHH/H/L/LL
Number of Starts YQI

Position Alarm High-high / High / Low / Low-low ZAHH/H/L/LL
Position Switch Alarm (Part 3 digit 6: A-fail to open, B-fail

to close) ZSA

Position Command Y

Position Feedback (analog) ZT

Position Switch ZS

Position Switch/Status Close (includes breaker closed) [ZSC

Position Switch/Status Open (includes breaker open) ZS0O

Position Switch/Status Counter (includes breaker status dZQ
Power Alarm JA
Power Indication (Part 3 digit 6: A-real (kW), B-reactive

(VAR), C-apparent(VA)) JI
Power Status Indication (e.g. Power Available) JSI
Power totalization (e.g. KWH) JQ
Pressure Alarm High-high / High / Low / Low-low PAHH/H/L/LL
Pressure Element PE
Pressure Indicating Control PIC
Pressure Indicating Transmitter PIT
Pressure Indication Pl
Pressure Rapid Rise/Fall Alarm PKAH/L
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Table 2 - Instrument Technical Descriptor

Description of Technical Object

Technical Descriptor

Pressure Switch

PS

Pressure Switch High-high / High / Low / Low-low PSHH/H/L/LL
Pressure Transmitter PT

Pressure Transmitter Failure PAT

Pump Monitor Relay YY

Run Status Yi

Run Status Alarm (Part 3 digit 6: A-fail to start, B-fail to

stop) YIA

Run Time KQl

Speed/Frequency Alarm High-high / High / Low / Low-low

SAHH/H/L/LL

Speed/Frequency Command SC
Speed/Frequency Element SE
Speed/Frequency Indication Sl
Speed/Frequency Switch Low SSL
Temeprature Alarm High-high / High / Low / Low-low TAHH/H/L/LL
Temperature element TE
Temperature Indicating Transmitter TIT
Temperature Indicator TI
Temperature Switch High-high / High / Low / Low-low TSHH/H/L/LL
Temperature Transmitter TT
Temperature Transmitter Failure TAT

Timer KY

Torque Alarm High-high / High / Low-low / Low NAHH/H/L/LL
Torque Indicating Transmitter NIT

Torque Indication NI

Torque Switch High-high / High / Low-low / Low NSHH/H/L/LL
Torque Transmitter NT

Torque Transmitter Failure NAT
Vibration Alarm High-high / High / Low / Low-low VAHH/H/L/LL
Vibration Element VE

Vibration Indicating Transmitter VIT

Vibration Indication Vi

Vibration Switch High-high / High / Low / Low-low VSHH/H/L/LL
Vibration Transmitter VT

Vibration Transmitter Failure VAT

Voltage - Overvoltage Alarm high-high / high EAHH/H
Voltage - Undervoltage Alarm low / low-low EALL/L
Voltage Indication El

Weight Element WE
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Table 2 - Instrument Technical Descriptor

Description of Technical Object

Technical Descriptor

Weight Indicating Transmitter WIT
Weight Indication WI
Weight Recorder WR
Weight Transmitter WT
Weight Transmitter Failure WAT
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Table 2 - Control Equipment

Description of Technical Object

Technical Descriptor

Antenna

IANT

Application Server (FT Directory, WW GR, VantagePoint, ...) IAPP
Broadband Hardware IBB
Communication Heartbeat Alarm IHBA
Control Processor (centralized control over multiple processes) |[ICP
Data Server IDAS

Distributed Control Panel (centralized control over multiple proce

IDCP

Engineering Workstation IEWS
Fiber Optic Panel IFOP
Historian Server IHIS
HMI Server IHMI
Infrastructure Server (Terminal Server, Domain Server, File

Server, Backup Server) IINF
Local Control Panel (includes PLC and PLC IO panels that are

not distributed control or master control) ILCP
Local I/0O Panel (remote 10 enclosure for local PLC) ILIO
Master Control Panel (controls multiple local control PLCs) IMCP
Media Converter IMED
Microwave Hardware IWAV
Network Interface Panel INIP
Network Router IRTR
Network Security Hardware ISEC
Network Switch ISWT
Operator Interface terminal 10IT
Operator Workstation IOWS
PLC (local control PLC and racks) IPLC
Power Supply IPS
Printer IPRT
RACO Alarm Hardware IRAC
Remote I/O Panel (remote 10 enclosure from CP) IRIO
Remote I/O Rack (includes RIO for PLC or CP) IRIR
Remote Terminal Unit Panel IRTU
Scanner ISCN
Thin Client ITC
WIFI Hardware IWFI
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Table 3: Wastewater Treatment - Process/System

Designation
Process Description Pr.oces:fs
Designation
Preliminary - Overall System 00
Preliminary - Metering 01
Preliminary - Influent Pumping 02
Preliminary - Screening, Coarse 03
Preliminary - Grit Removal 04
Preliminary - Chemical Addition 06
Preliminary - Screening, Fine 07
Preliminary - Septage Receiving 08
Preliminary - Equalization/Overflow 09
Preliminary - Auxiliary 0X
Primary - Overall System 10
Primary - Metering 11
Primary - Clarifier 12
Primary - Sludge 13
Primary - Scum 14
Primary - Equalization/Overflow (Primary Effluent Overflow, Equalization,
Emergency Storage and etc.) 15
16
Primary - Auxiliary 1X
Secondary - Overall System 20
Secondary - Metering 21
Secondary - Primary Effluent Pumping 22
Secondary - Aeration Basin 23
Secondary - AB Blower and Air 24
Secondary - Clarifier 25
Secondary - Scum 26
Secondary - RAS 27
Secondary - WAS 28
Secondary - MLR 29
Secondary - Screening, Fine 2A
Secondary - Chemicals 2B
Secondary - MBR (Membranes, Filtrate, Backpulse, CIP) 2C
Secondary - MBR (Air Scour Blowers) 2D
Secondary - MBR (Chemicals) 2E
Secondary - Auxiliary 2X
Tertiary - Overall System 30
Tertiary - Coagulation/Flocculation 31
Tertiary - Filtration 32
Tertiary - Metering 33
Tertiary - Chlorination 34
Tertiary - Utility Water Pump Station 35
Tertiary - Flow Diversion 36
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Table 3: Wastewater Treatment - Process/System

Designation
Process Description Pr.oces:fs
Designation
Tertiary - De-Chlorination 37
Tertiary - Effluent Metering 38
Tertiary - Ultra Violet Disinfection 39
Tertiary - Wetwell 3A
Tertiary - Chemicals 3B
Tertiary - Reverse Osmosis 3C
Tertiary - Advanced Oxidation Processes 3D
Tertiary - Recycled Water Reservoir/Tank 3E
Tertiary - Off-Spec & Overflow 3F
Tertiary - Auxiliary 3X
Solid Handling - Overall System 40
Solid Handling - Gravity Thickener 41
Solid Handling - Dissolved Air Flotation Thickener 42
Solid Handling - Rotary Drum Thickener 43
Solid Handling - Sludge Transfer 44
Solid Handling - Polymer Injection 45
Solid Handling - Filtrate, Sludge Thickening 46
Solid Handling - Digestion Acid Phase 47
Solid Handling - Digestion Acid Phase Heating 48
Solid Handling - Digestion Gas Phase 49
Solid Handling - Digestion Gas Phase Heating 4A
Solid Handling - Digester Gas ( Storage, Treatment, & Flares) 4B
Solid Handling - Boilers 4C
Solid Handling - Dewatering 4D
Solid Handling - Filtrate, Dewatering 4E
Solid Handling - Centrate, Dewatering 4F
Solid Handling - Cake, Dewatering 4G
Solid Handling - Food Waste 4M
Solid Handling - Auxiliary 4X
Odor Control - Overall System 50
Odor Control - Preliminary 51
Odor Control - Primary 52
Odor Control - Secondary 53
Odor Control - Tertiary 54
Odor Control - Solids Handling 55
Power and Control - Overall System 60
Power and Control - Utility Power 61
Power and Control - Engine Generator 62
Power and Control - Wind Turbine 63
Power and Control - Solar 64
Power and Control - Battery 65
Power and Control - COGEN/REEP 66
Power and Control - Fuel Cell 67
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Table 3: Wastewater Treatment - Process/System

Designation
Process Description Pr.oces:fs
Designation
Support Facilities - Plant Wide 70
Support Facilities - Operations 71
Support Facilities - Maintenance 72
Support Facilities - Warehouse 73
Support Facilities - Guard Shack / Trailers 74
Support Facilities - Pilot testing 75
Utilities - Natural Gas 80
Utilities - Potable Water 81
Utilities - Fire Water 82
Utilities - Utility Water 83
Utilities - Telecommunications 84
Utilities - Storm Water 85
Utilities - Compressed Air System 86

Utilities - Other

8Z
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Smart Tag for SCADA Panel Instructions / Examples

Smart Tag for SCADA Panels shall follow the Smart Tag Guideline.
In addition, some specific instruction is given here in this document for how to apply "Part 3" of the Smart Tag

Part 1 Part 2 Part 3
1 2 1 2 3 4 5 2 3 4 5 [ T
Tag Number Format: |y [ 5 | —— Pplmle 2 4lol1]A
\ / oy lhg| =TT} l .
Facility Equipment/Instrument Process/sysiem 0-2) ”:E"zl":'gem
(See Table 1) (See Table 2) (See Table 3) a3 nesded 1-
Element (onky used at PLC
(0-Z) 1o level)
Series Number of
Equipment Group Sub-element
Boxes marked in blue are used as needed (1-Z) as needed
(A-Z)

Part 3: Process/System, Series, Element
Digits 1-2: Process/System - use table 3 and select the related process/system
Digit 3: Series Number should be 0
(indicates item applies to the entire process/system and
not tied to a specific group or subset within the process/system)
Digit 4: Subroup should be associated power center number.
(power centers will be considered main hubs. If a panel is not in a power center,
consider the closest power center that is related, e.g. network connections)
Digit 5: Element number - Panel number within the subgroup (Power Center).

Examples:
1 Remote 10 Panel for Prelim/Primary in RP-5 Power Center 9

Familiar Name: RIO-9-1

Smart Tag: W5-IRIO0-10091
W5 = Facility RP-5
IRIO = Remote |0 Panel
10 = Primary (although applies to Prelim & Pri, Primary was chosen, since PLC name is PRI)
0 = Series number indicating applicable to the overall system
9 = Power center number
1 = 1st SCADA panel in power center 9

2 Control Panel housing redundant PLCs for solids section in RP-5 Power Center 7
Familiar Name: DCP-7-1
Smart Tag: W5-IDCP-40071
W5 = Facility RP-5
IDCP = Distributed Control Panel (centraoliaced control over multiple processes)
40 = Solid Handling
0 = Series number indicating applicable to the overall system
7 = Power center number
1 = 1st SCADA panel in Power Center 7
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SECTION 1
INTRODUCTION

1.1 PURPOSE

The Inland Empire Utilities Agency has developed standard programming methods for use with
the Agency’s water, wastewater, and industrial facilities. The standards are to be used by IEUA
staff, consultants, and programmers working within the Agency so as to maintain a consistent
approach to programming and a single standardized approach to Supervisory Control and Data
Acquisition (SCADA) system implementation.

In order to ensure consistency between the Programmable Automation Controller (PAC) and
Human Machine Interface (HMI) development, which may from time to time be completed by
different consultants for a given project or as components of different projects, it is imperative that
the standards be followed.

This approach will make the following possible:

Maintain consistent PAC project structure
Provide for modular program structure
Provide for reusable instructions and routines
Uniform handling of alarms

Facilitate ease of trouble-shooting

Minimize personnel training

1.2 SCOPE

This PAC Standard applies to all projects incorporating process control in the water, wastewater,
and industrial SCADA systems. This includes any project incorporating a Programmable
Automation Controller (PAC) regardless of whether the controller is installed as a stand-alone unit
or connected to the wider SCADA network. This standard shall be used as guidance for new or
retrofit facility designs conducted by or for IEUA.

IEUA — PAC Programming Standards
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SECTION 2

DEFINITIONS

21 DEFINITIONS

The following defintions and abbreviations have been provided here for the reader’s convenience.

IEUA
Agency
Contractor

AOI
JSR

PAC
PlantPAXx

SCADA

ubDT

Inland Empire Utilities Agency.
Refers to IEUA or their assigned representative of IEUA.

The prime contractor that is directly contracted with IEUA for the delivery of
the SCADA system and software.

Add On Instruction. A standard block of logic code within the PAC.

Jump To Subroutine. An instruction within the PAC to change between
program routines.

Programmable Automation Controller.

A Rockwell Automation environment that offers process and batch control
users a new library of reusable control objects with tools to simplify its
deployment

Supervisory Control And Data Acquisition. A system which monitors and
controls process systems from a remote location and collects historical data on
those field processes.

User Defined Data Type. This is a tag structure in the PAC used to group tags
together.

IEUA — PAC Programming Standards
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SECTION 3

GENERAL REQUIREMENTS
3.1 REFERENCE DOCUMENTATION

The following documents shall be used as reference material within this standard.

“PlantPAx
Automation System”’

Process

“PlantPAx Library of Process
Objects™

“Logix5000 Controllers
General instructions
Reference Manual™

“Loqgix5000 Controllers
Advanced Process Control
and Drives Instructions”

“Rockwell  Knowledgebhase
Article 62682”
“Rockwell Automation

Library of Process Objects:
Logic Instructions™

“Rockwell Automation
Library of Process Obijects:
Display Elements”

IEUA High Performance
HMI Programming Standards

IEUA Alarm Management
Standards

IEUA Tagging Standard

IEUA Historian
Configuration Guideline

Tag

Document referencing the architecture and configuration of the
PlantPAx system

Rockwell Automation Publication PROCES-RMO001H-EN-P

Document referencing the library and program configuration
requirements and the specific library objects included within the
PlantPAx library

Rockwell Automation Publication PROCES-RMO002B-EN-P
Document detailing the instruction base
within the Logix5000 PAC’s

Rockwell Automation Publication 1756-RMO0030-EN-P

Document detailing the advanced process control instruction
base within Logix5000 PACs

Rockwell Automation Publication 1756-RM006G-EN-P
PlantPAx Process Library Template

Reference manual for PlantPAx Add-On Instructions that
comprise the Rockwell Automation Library of Process Objects.

Reference manual for visualization files, display elements,
global objects and HMI Information.

Document standardizing the HMI architecture, configuration,
and programming.

Document  standardizing the alarm and

requirements within the IEUA system.

monitoring

Document providing the standard notations for all tagging
within the IEUA system.

Document providing the type of points that are expected to be
historized as well as the configuration parameters of each type

IEUA — PAC Programming Standards
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https://literature.rockwellautomation.com/idc/groups/literature/documents/rm/proces-rm013_-en-p.pdf
https://literature.rockwellautomation.com/idc/groups/literature/documents/rm/proces-rm013_-en-p.pdf
https://literature.rockwellautomation.com/idc/groups/literature/documents/rm/proces-rm014_-en-p.pdf
https://literature.rockwellautomation.com/idc/groups/literature/documents/rm/proces-rm014_-en-p.pdf
https://literature.rockwellautomation.com/idc/groups/literature/documents/rm/proces-rm014_-en-p.pdf

©lInland Empire Utilities Agency
SCADA Upgrades Project PAC Programming Standards

of point.
IEUA Master 1/O List??

IEUA Control Panel Power Sample Drawing of Control Panel Power Distribution
Distribution Example?

IEUA Control Schematic Sample control schematic drawings for VFDs and E300s along
Example? with document detailing general guidelines for hardwired vs
ethernet signals for MCCs and VFDs.

IEUA Control Panel 1/0 Sample drawing format for Control Panel I/0 Wiring...?
Wiring Diagram Sample?

3.2 PROGRAMMING ENVIRONMENT

IEUA utilizes the Rockwell Automation’s PlantPAx software suite. This suite consists of using
specific PAC programming structure and AOI’s as well as corresponding HMI system architecture
and object libraries.

All PAC programming shall be updated using the current IEUA PlantPAx Library level and the
compatible version of Studio 5000 that supports redundancy. The integrator shall confirm the
specific versions from IEUA prior to starting work.

3.3 HARDWARE FIRMWARE

The firmware release for each project will be defined by IEUA at the beginning of the project. The
integrator is responsible for flashing the hardware to the required firmware release.

3.4 VERSION COMPATIBILITY CHECK

The integrator shall verify that all the different features and capabilities between different series
of products and associated firmware versions are compatible. It is the responsibility of the
integrator to notify IEUA of any compatibility issues in a timely manner.

3.5 OWNERSHIP

All PAC programming/code becomes the property of the Inland Empire Utilities Agency at the
point of  successful commissioning of the work. The programmer/system
integrator/contractor/consultant is to turn over all PAC programs/codes to IEUA with no
copyrights, restrictions, or limitations and must not be locked down in anyway such as by password
and all program comments must remain present.

All AOI’s used or created within the IEUA system shall become property of IEUA and shall be
turned over in the original source code form without any copyrights, restrictions, or limitations
and must not be locked down in anyway such as by password.

IEUA — PAC Programming Standards
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SECTION 4

PROCESS CONTROL OVERVIEW
41 CONTROL MODES

The following table defines the control modes employed by IEUA to operate their facilities:

e HOA (HAND-OFF-AUTO): The HOA is a field mounted selector switch that enables the
Operator to select the equipment control mode. “HAND” is translated to “LOCAL” and
“AUTO” is translated to “REMOTE”.

e AM (AUTO-MANUAL): The AM is a virtual selection buttons incorporated into
equipment control pop-ups on the HMI. Rockwell PlantPAx uses the modes OPERATOR
for Manual and PROGRAM for Automatic.

Table 1 Control Modes
Field HMI Selection C,\‘jlggg' DESCRIPTION
Out of Service | Equipment is not available to the SCADA or the
HOA = OFF N/A (005) Operator for control of the process.
In HAND MODE the device is controlled by the
Operator through field-mounted pushbuttons and
_ selector switches, which are electrically hardwired to the
HOA=HAND N/A HAND controlled equipment. The equipment continues to be
monitored by SCADA but is not available to be
controlled by SCADA.
OPERATOR In OPERATOR MODE the device will be controlled by
HOA = AUTO (AM = OPERATOR | the Operator through virtual pushbuttons provided by
MODE | the HML.
MANUAL)
In PROGRAM MODE the device will be controlled by
HOA = AUTO PROGRAM | PROGRAM | automatic logic executed by a PAC processor. The
- (AM = AUTO) MODE Operator may modify control variables and set points
through the HMI to adjust the control of the process.

4.2

BUMPLESS TRANSFER

A bumpless transfer means that if that specific device was running when the mode of operation
was changed then the device will continue to run without requiring a re-start.

To avoid sudden and unexpected changes in state, when switching from HAND to REMOTE the
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equipment will default to PROGRAM MODE.

To avoid sudden and unexpected changes in state, when switching from PROGRAM MODE to
OPERATOR MODE the equipment will remain in its current operational state.

Switching from OPERATOR MODE to PROGRAM MODE may cause the equipment to change
state since the equipment is now under the automatic control of the PAC program.

43 ALARMS

Alarms handling is defined in the Agency’s “Alarm Management Standard”.

44 DUTY SEQUENCE

In specific process areas, multiple pumps and devices may exist providing additional capacity and
redundancy in their control. In such instances, a duty sequence shall be established for these
devices to provide a sequence for starting and stopping, a means to provide even runtime on
equipment, and also a response to failure of this equipment. Various sections of the narrative go
into the details and specifics as to how the equipment will operate within the duty sequence. The
typical sequences experienced are Duty & Standby or Lead & Lag. An example of Duty & Standby
would be sump pumps. An example of Lead & Lag would be the tertiary chemical feed pumps.

Duty Rotation

Under normal operating conditions, a set of buttons will be manually adjusted by the operator to
set the duty of a designated device. Automatic duty rotation is also available for some process
equipment. Typically, for automatic rotation to occur, operators must have enabled the feature to
rotate the sequence automatically. Automatic duty rotation shall be provided with manual override.
Various sections of the narrative provide the details as to how the specific duty sequences are to
rotate. (using PlantPAx P_LLS AOI block)

Device is Not Available

Depending on the process, if a device in a duty sequence is not available for automatic control then
it will be taken out of the duty sequence or passed over in favor of the next duty device. When the
device becomes available for automatic control it will return to duty as the lowest priority duty
device.

4.5 HMI GRAPHIC SCREENS

Refer to the latest version of IEUA High Performance HMI Standard.

46 SECURITY

Security is defined in the Agency’s ““High Performance HMI Standard™.

IEUA — PAC Programming Standards
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SECTION 5

GENERAL CONFIGURATION

5.1 GENERAL REQUIREMENTS

The following general requirements shall be made within the PAC program development:

¢ Indirect addressing of variables are not to be used, unless specifically required to simplify
logic and must be approved by IEUA.

e Coils(OTL/OTU/OTE) must not be called more than once within the entire program,
unless approved by IEUA.The use of latching coils (OTL/OTU) should be avoided and
only used where necessary.

e All tagging within the PAC shall utilize the IEUA tagging standard. Integrator shall verify
tagging standards are up to date.

e All tags and tag descriptions must be submitted to IEUA prior to the scheduling of the
FAT for review and approval.

e All module notations shall be submitted to IEUA for review and approval prior to
scheduling the FAT.

e All logics and tags shall be fully documented for reference and troubleshooting.

e All programming is to follow Rockwell best practices, unless otherwise specified below.

5.2 PACTO PAC COMMUNICATIONS REQUIREMENTS
Produced and consumed messaging is the preferred communication method between more than
two PACs and shall be limited and configured to the following requirements:

e Requires ControlLogix or CompactLogix controllers

e Limited to 500 bytes over the backplane and 480 bytes over a network

e Shall be used when multiple consumers require the same data from a single source

e Produced and consumed tags shall be grouped into user-defined structure to reduce the
number of connections to the controller

e PAC to PAC communications are to be monitored and communication alarming installed
should the PACs fail to communicate.

Direct messaging is the preferred communication method between single controllers and shall be
limited and configured to the following requirements:

e Shall be initiated within a dedicated periodic task

e Programmatically initiated

IEUA — PAC Programming Standards
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e Use DINT’s when possible

e Unless when using messaging for setpoints, always use message reads, not message
writes.

e Multiple messages shall be executed sequentially and under a single routine for each
communication port.

e Time-to-live (TTL) timer will determine when a message instruction fails and shall
advance to the next message instruction.

All PAC to PAC and messaging communications shall be monitored and alarming installed for
communications failure. All PAC to PAC and messaging communications alarms shall be
annunciated to the HMI.

o Messaging communications shall be monitored from a “heartbeat” from each
controller. Each “heartbeat” signal is a counter that increases by one unit
each second. When the communication with a PLC is lost, the PLC that is
monitoring the “heartbeat” counter detects that the value of the counter has
not changed for a pre-set time, for example after 5 seconds, and alarms.
When the counter reaches 10,000 it restarts counting from zero.

If communications fails for critical interlocks or controls signals, the device shall be placed into a
safe state; typically off for a motor, closed for a valve, etc. Unless specifically stated in PCN to
disregard or modify.

5.3 INPUT AND OUTPUT REQUIREMENTS

The following requirements shall be made in regards to the input and output cards and signals
within the PAC program development:

e All input and output signals shall be buffered into REAL arrays (for analog signals) or
DINT arrays (for digital signals).

o Digital signals can be moved into the array, using “masked move” (MVM), for
ease of startup.

0 The local 1/0O tag is not to be used within the program, other than moving it into
the buffer array.

o0 Naming of I/0 modules in the I/O configuration tree of the controller organizer
should follow general naming convention of 1/0 Type_Location_Rack_Slot, e.g.
e.g. “DI_HW_R1 S1”

o0 Naming of buffer arrays should follow general naming convention of 1/0
Type_Location_Rack_Slot Data, e.g. “DI_HW_R1_S1 Data”

e All input and output signal conditioning and alarming shall be done at the program level
within the AOI. All analog scaling at the card shall be 0.00-20.00 EU.
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e All input and output cards shall be monitored using PlantPAx monitoring blocks. This
will notify SCADA when there is any problem with an 1/0 module or channel.

54 PROGRAM STRUCTURE

The integrator shall use the PlantPAx base library of the version defined at the beginning of the
project. The integrator shall only include the PlantPAx objects that will be used in the project. The
integrator shall request the current IEUA AOI library at the beginning of the project.

The following requirements shall be followed within the PAC program structure:
e All tasks shall be of periodic type, no continuous tasks are to be used within the program
e All tasks shall be labeled with the periodic scan rate
o For Example:
= 500 ms scan rate shall be “Task_C_500ms”
= 750 ms scan rate shall be “Task_D_750ms”

e A dedicated task shall be created to monitor the controller and all the other tasks within
the PAC

e In general, there should be a program for each equipment, labeled by the
equipment/instrument tag number. Routine labels within this program shall begin with the
equipment tag number appended by routine type.

e All PID Loops shall be placed into a periodic task with a scan time no greater than 50% of
the PID scan time.

e Explicit Messaging shall be placed into separate, dedicated periodic tasks

o All Explicit Messages for a specific port shall trigger and execute sequentially per IEUA
standard explicit messaging (sample messaging routine will be provided by IEUA)..

e All unused tasks and tags within the program shall be deleted

e Reference the Sample IEUA program file for an example of how to configure the
Controller Organizer and the Logical Organizer and follow the general format structure
from the sample program.

5.5 USER DEFINED DATA TYPES

The User Defined data type (UDT) is a custom data type created by the user and approved by
IEUA. The UDT can be thought of as a container or collection of data types referred to as
members. Every member of a UDT is itself another data type, Predefined, String, or another
UDT. The entire collection is then identified as a single data type. When a controller scoped tag
is created by the user, the user must give the new tag a data type. When a tag is created and
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assigned a UDT as its type, memory is allocated for the base tag, and all of its corresponding

members. Every member of a tag’s UDT structure is accessed using the dot “.” character.
All UDTs shall be approved by IEUA prior to implementation.

All tags within UDTs shall be grouped by same datatype; i.e. BOOL with BOOL, DINT with
DINT, REAL with REAL, etc.

All tags within each UDT shall have a specific description describing the function of the tag.
5.6 DEVELOPED ADD ON INSTRUCTIONS

The user developed Add On Instructions (AOI) are custom logic blocks created by the user. An
AOQOI can be thought of as a container or collection of logic that can be reused under a single unique
tag and data type. Every member of an AOI is itself another data type, Predefined, String, or
another UDT/AOI. The entire collection is then identified as a single unique data type. When a
controller scoped tag is created by the user, the user must give the new tag a data type. When the
AOIl is created the assigned tag is the Add On data type, memory is allocated for the base tag, and
all of its corresponding members. Every member of a tag’s structure is accessed using the dot “.”
character.

All AOIs shall be submitted to and approved by IEUA prior to implementation.
All AOIs shall be fully documented.
All developed and approved AOIs must have a “U_...” prefix in their name.

The following process shall be followed when creating a specific AOI block:

1. The integrator must create a narrative describing the AOI blocks purpose and function and
facilitate one preliminary workshop with IEUA to discuss the AOI block

2. The integrator must program the AOI block and test the AOI block in a controlled, non-
live environment and document the testing

3. The integrator shall document the AOI block following the documentation found in the
Add-On Instruction Documentation section.

4. The integrator is responsible for facilitating one following workshop with IEUA to
reviewing the final documentation and AOI function.

Within each custom AOI, the following prefix format shall be followed for the tag names:

e Input data elements (Inp_) are typically used to connect field inputs from 1/0 modules
or signals from other objects.

e Output data elements (Out ) are typically used to connect field outputs from 1/O
IEUA — PAC Programming Standards
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modules or signals from other objects.

e Input/Output data elements (10_) are typically used to connect combined field input
and output signals from 1/0O modules or signals from other objects.

e Configuration data elements (Cfg_) are used to set configurable capabilities and
features of the instruction.

e Commands (PCmd_, OCmd_, MCmd ) are issued by program logic, operators, and
maintenance personnel to request instruction actions.

e Settings (PSet_, OSet_, MSet ) are used by program logic, operator, and maintenance
personnel to establish runtime setpoints, thresholds, and so forth. A Setting (Set_
without a leading P, O, or M) establishes runtime settings regardless of the role or
mode.

e Value data elements (Val_) are numeric outputs of the instruction for use by the HMI.
Values also can be used by other application logic or software packages.

e Status data elements (Sts_) are bit outputs of the instruction for use by the HMI. Status
bits also can be used by other application logic.

e Ready data elements (Rdy ) are bit outputs of the instruction used by the HMI to
enable or disable Command buttons and Setting entry fields.

All tags within each AOI shall have a specific description describing the function of the tag in
relation to the Add On Instruction.

5.7 INTEGRATED ARCHITECTURE BUILDER (IAB)

IEUA utilizes Integrated Architecture Builder for the organization and structure of the system level
visualization and configuration of the Logix components. As modifications, additions, and/or
removals are made to any of the configurations of the PAC hardware or associated configuration
software, the corresponding 1AB changes shall be made in direct context.

The PlantPAx System Estimator tool (PSE) in the IAB software must be utilized for proper
PlantPAx sizing. If IEUA has a base 1AB file for the existing facility, the systems integrator will
build off of that file and submit the IAB/PSE to Rockwell commercial engineering and IEUA for
review and approval prior to FAT. A final as-built copy of the IAB/PSE is to be submitted at project
completion. If a base 1AB file does not exist, then the systems integrator is to build the IAB,
including the PSE and submit the file to Rockwell commercial engineering and IEUA for review
and approval prior to FAT. A final as-built copy of the IAB/PSE is to be submitted at project
completion.

IEUA — PAC Programming Standards

Page 13



©lInland Empire Utilities Agency
SCADA Upgrades Project PAC Programming Standards

5.8 FACTORYTALK ASSETCENTRE

IEUA utilizes FactoryTalk AssetCentre as a tool for centralized management for securing,
managing, versioning, tracing, and reporting automation related asset information throughout the
enterprise. As related to the PAC architecture, all PAC programs and files shall be checked in and
checked out using the source control feature requirements set forth within FactoryTalk
AssetCentre.

The following procedure shall be followed for each PAC program:

1. At the beginning of the contract, the consultant shall request sample PlantPAx PAC
program file or the existing PAC program file as applicable to be used from IEUA.

2. After the program has been implemented (downloaded and affecting the process), the
controller security will be enabled and the program will be checked in to AssetCentre.

3. If IEUA makes any modification to a provided program that the integrator is using for
development, IEUA will document the changes made and present them to the integrator
along with the updated program file. The integrator will be responsible for making the
changes within the program.

During onsite commissioning, the integrator shall check out the program from AssetCentre as
needed, and check in the program to AssetCentre at the end of each working shift of each day.

Note: Each project needs to consider how many additional assets will be added and purchase
additional asset licenses for FactoryTalk AssetCentre. Assets include all PLCs, VFDs, Motor
Electronic Overload Relays, and Operator Interface Terminals (OIT) (PanelView).
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SECTION 6

6.1

DOCUMENTATION REQUIREMENTS

GENERAL

Proper program documentation for the developed software project is required. A program that has
not been properly documented shall be considered incomplete. Programs shall be deemed well-
documented only if these project documentation guidelines are implemented:

6.2

All supplied documentation shall be grammatically correct and in the English language.

All routines shall be assigned a written description statement detailing the purpose of the
routine.

All function block routine sheets require a detailed descriptor header associated with the
PAC logic contained within the sheet

Detailed rung and logic comments must be provided to allow for the SCADA group to
adequately troubleshoot PAC logic. Comments should not be general and should document
the entire rung’s logic.

All tags shall be correctly assigned using the IEUA tagging standard. Each tag, including
tags residing within AOI or UDT’s shall be documented with an appropriate, concise
description using consistent terminology. Acronyms and abbreviations shall be avoided in
the description. This will not apply to tags used in generic logic for simple logic functions
such as OSRs that do not interface with any other logic functions or displays.

The PAC Controller name shall be approved by IEUA.
All unused code and tags shall be removed from the final program.

SUBMITTALS

The following submittals shall be made to IEUA by the application developer:

Two soft copies of all developed software and documentation shall be submitted at the
end of each SCADA design stage (25%, 50%, 75%, final as-built version).

o IEUA Standard Master 1/O List

0 PLC programming files (ACD file) and documentation, including the PlantPAx
Online configuration tool spreadsheet and AOI documentation.
Custom configuration of any modules, e.g. (prosoft modules etc...)
Documentation of data mapping (spreadsheets)
VED configuration files and documentation

o Ethernet Switch configuration files and documentation
FAT, loop checks, and SAT forms

O OO
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0 Submitted prior to FAT/SAT/loop check
o Signed documentation submitted after testing is complete
e |AB/PSE
o approved by Rockwell commercial engineering before programming work
0 as-built file at the end of the project.
e Training Documents for Operations, Maintenance, and SCADA staff.
e As-built PCNs and drawings (CAD files and PDFs)

6.3 PROGRAM FILE NAMING CONVENTION

The naming of PAC program files shall be the same as the name of the controller. In general, the
name of the controller and program file shall be <Facility> <Process Area> < Numerical
Identifier>. For example, the controller name for RP5 primary treatment would be “RP5PRI1”
and the file name would be “RP5PRI1.acd”. Since the controllers are a redundant set, the hardware
naming would be RP5PRILA and RP5PRI1B.

The IEUA Facility Designations are detailed in Table 2 — IEUA Facility Designation below:
Table 1 — IEUA Facility Designation

Facility Name Description
Regional Plant #1 RP1
Regional Plant #2 RP2
Carbon Canyon Wastewater Reclamation Facility CCw
Regional Plant #4 RP4
Regional Plant #5 RP5
Regional Compost Authority, Inland Empire Regional Compost Facility RC1
Ground Water Recharge GWR
Recycle Water System RWS
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The IEUA Process Designations are detailed in Table 4 — IEUA Control System Equipment or
Area below:

Table 2 — IEUA Control System Equipment or Area

Control System Equipment Description
TER Main PAC Controller Tertiary Area
PRI Main PAC Controller Primary Area
SEC Main PAC Controller Secondary Area
PDC Main PAC Controller Data Concentrator
SCL Scale
GWI Gateway Interface
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SECTION 7
PROCESS LIBRARY

7.1 PLANTPAX USAGE AND EXCEPTIONS

All programming within the PAC environment shall utilize the pre-defined PlantPAx standard AOI
blocks and the IEUA Custom Add On Instruction Library implemented in Function Block
Diagram. It is the integrators responsibility to select the appropriate AOI block from the PlantPAx
library and implement within the process logic.

If the integrator determines the PlantPAXx library does not contain a block for a particular process
or logic function required, the integrator shall create a specific AOI block for this purpose
following the documentation format found in section 5.6 Developed Add On Instructions.

All process logic and AOI blocks shall be combined into a single Add-On Instruction to suit the
requirement of the function prior to being implemented within the function block sheet.
Functionality for equipment and process function shall be provided in single Add-On Instruction
form.

If the Add-On Instruction does not exist, the integrator shall at this point provide a name and
description of the Add-On Instruction block that they will be creating through the process defined
in section 5.6 Developed Add On Instructions.

If the function required only exists once in the IEUA system and will not be used again throughout
the system, the integrator can program the logic required for the process in ladder diagram in an
individual routine outside of creating a specific AOI block. The creation of specific AOI blocks
outside of the PlantPAx library and the usage of ladder diagram for logic outside of the PlantPAXx
library by the integrator shall be approved by IEUA prior to its usage.

7.2 SYSTEM CONFIGURATION TOOLS

The PlantPAx configuration tools allow for simple, repeatable configurations by multiple
developers across many applications. The use of these tools is required to meet the IEUA
standards.

7.2.1 PlantPAx Online Configuration Tool

The PlantPAx Online Configuration Tool is a Microsoft Excel spreadsheet that provides a
quick and easy way to configure all AOI parameters for a given PAC program.

The Integrator shall utilize this tool to configure and document the AOI parameters. The
final configuration shall be delivered as part of the application documentation and will
assist is graphics workshops and development activities.
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7.3 PROCESS LIBRARY USAGE

PlantPAx Process Object Library shall be used. It is the responsibility of the integrator to validate
and confirm that the AOI block will correctly facilitate the equipment and/or process function as
specified within the contract. All deviations from using the AOI blocks associated with the
equipment and functions below shall be submitted to IEUA for prior approval.

Please reference the applicable Rockwell documentation, “Rockwell Automation Library of
Process Objects: Logic Instructions.”

The table below has a list of IEUA custom AOls.
Table 3 — IEUA AOI Process Library

AOI Library Equipment/
Object Function

IEUA Custom Add-On Instruction Blocks

Description

U ALT Alternator Logic AIternator Loglc_— (Standard AOI - Complete) Logic to
toggle a single bit between two states.
U_BIT_CNTR | Bit Counter Returns a DINT value of the number of true bits. Up to 10
Backwash Staging — (Standard Routine or AOI) Placing
. Filters in a Backwash queue in the order specified by a
Filter Backwash o . . .
U _BWSTAGE Staging Control specific control variable. Typically, level is used as the
ging determining control variable to select the next filter in the
queue to select the dirtiest filter to backwash.
U_COS Change Of State | COS Alarm control w/inhibit (Standard AOI)
: Variable volume CT and DT Control — (Standard AOl)
Variable volume : .
To allow variable volume CT and DT calculations in the
U CTDT CTand DT : .
- Calc event that at basin level changes or basins are taken off
' line.
U _DOSE Dose Calculator Determines Dose in GPH
- w/PI1D
Flow Control Loop — (Standard AOI) To control flow
Flow Control w/ | with Pressure Sustaining and Pressure Reducing options
U _FCNTL . . :
- Pressure Sustain | to not allow under pressurization on the upstream side
and over pressurization on the downstream side.
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AOI Library
Object

Table 3 — IEUA AOI Process Library

Equipment/
Function

Description

Filter Loading, GPM/sg. ft. Control and Monitoring —
U_FLOAD Filter Loading (Standard Routine) To control and monitor the flow
through a filter to meet compliance.
Analoa Limit Compares two analog values to determine if they are
U LIM_TEST test g within a deadband of each other. Adjustable time delays.
Typically used for valve position alarming.
U NOTIEY Alarm Includes the primary notification pager test (Win-911)
- Notification and backup notification (RACO) management.
Pressure Control Loop — (Standard AOI) To control
Pressure Control . L .
U PCNTL o pressure with a total flow limiter option to not allow
w/ Flow Limiter i -
damaging flow velocities.
Analog Ramps an analog to a determined point with adjustable
U _RAMP . .
- Ramping time and rate.
U RAVE Running Running Average — (Standard AOI - Complete)
- Average Adjustable sample count and rate.
Scale with Scale with Parameters for Ladder Logic — (Standard AOI
U_sCL Parameters for - Complete) Equivalent to SCP in Logix 500
Ladder Logic P a g '
U SLOPE Analog Slope Determines if an analog value is increasing or decreasing.
- Direction Adjustable Sample Qty, Span, Time and Deadband.
Device Staging — (Standard AOI - Complete) To control
U_STAGE Device Staging the START a}nd STOPPIN_G of dewce_s to not a}llow more
than one device from starting or stopping at a time to
minimize process disruption (surge and hammering).
Time of Day Setpoint Control — (Standard AOI) Time of
Time of Day day setpoint control to allow 24 different setpoints for a
U_TDSP . . . -
- Setpoint Control | single control loop that change each minute in a linear
manner.
STANDARD | Level Control Level Control Loop - (Staqdard Routine - Complete_) To
ROUTINE Loo control level on a 24 hour time of day variable setpoint
P with a GWR shutdown option.
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Table 3 — IEUA AOI Process Library

AOI Library Equipment/

Object Function Description

Source Inhibit Source Inhibit Control for Level Control — (Standard
STANDARD Control for Routine - Complete) To “Gracefully” limit level control
ROUTINE based on the source water level to not allow draining of a

Level Control :
source and running the pumps dry.

Source Inhibit Source Inhibit Control for Pressure Control — (Standard
STANDARD Control for Routine - Complete) To “Gracefully” limit pressure
ROUTINE control based on the source water level to not allow

Pressure Control draining of a source and running the pumps dry.

7.4 ADD-ON INSTRUCTION DOCUMENTATION

The following is an example Add-On Instruction (U_FIFO) document. Every AOI developed shall
have this level of detail or greater. Any new AQIs should be submitted to the Agency using the
following format and should include the relevant code and/or graphics.

Note: U_FIFO is no longer used (P_LLS is used instead). This is provided only as an example of
the level of documentation required.

U_FIFO
FIRST-IN-FIRST-OUT PUMP CONTROL

AOIl TECHNICAL MEMO
INSTRUCTION: U_FIFO
DESCRIPTION: First-In-First-Out (FIFO) Pump Control.

e Overview:
o This will control the AUTO Call bit of each pump based on the number of pumps
required (PUMPS_REQ input) and each pump’s LEAD/LAG level
(PUMP_x_LL_LVL).
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o

This will cycle up to ten pump’s LEAD/LAG Level (PUMP_x_LL_LVL) in a
FIFO sequence. 1 = LEAD and 2 thru 10 = LAG1 thru LAG9, 0 = Out of Auto
Operation.

The FIFO sequence will be triggered when a pump drops out for any reason. A
pump will drop out if the number of pumps required (PUMPS_REQ) decreases
or if a pump is no longer available for AUTO operation (the pump ready bit is
zero). The pump ready bit (PUMP_x_READY ) issetto 1 if the pumpisin AUTO
at the HMI, in REMOTE in the field and has NOT FAILED. If a pump’s ready
bit (PUMP_x_READY ) is set to 0 the FIFO trigger will only impact pumps at a
higher LEAD/LAG Level and move the remaining pumps up to fill the gap left
by the pump that is no longer available.

If the maximum number of pumps (MAX_Number_of Pumps_SP input) is less
than the total number of pumps, STANDBY pumps are created that will still
rotate in the FIFO sequence. This is used where total pump flow capacity
exceeds the system capacity or where power shedding is needed to limit the
potential power used at any one time. The maximum number of pumps allowed
to operate in AUTO at any one time is set by the MAX_Number_of Pumps_SP
input.

Disabling the block (DISABLE_FIFO = ONE) will allow manual manipulation
of each pump’s LEAD/LAG level (PUMP_x_LL_LVL).

Functional Description:

(0]
o
(0]

No alarming is controlled through this block.

Provides Automatic pump rotation to help equalize pump runtimes.

Provides the means to create dynamic Standby Pumps assignments that rotate
through all pumps thereby allowing operation of all available pumps to help
equalize pump runtimes.

Provides the ability to Manually set the pumps LEAD/LAG assignment if
desired.

Continually monitors each pump’s operational status to determine where each
pump should reside to facilitate a true FIFO pump assignment.

Required Files:
U_FIFO.L5X

Optional Files:

PMP_CNTRL_NON_VFD.L5X
PMP_CNTRL_VFD.L5X.

Note: All AOI files must be imported into the controller project to be able to be used
in the controller configuration. These files are stored in ieuapac file storage.
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e Controller Code:

This block is typically used when multiple pumps of similar capacity and similar
control are configured for LEAD, LAG1, LAG2 ect.. operation. A DINT value of the
number of pumps required (PUMPS_REQ) comes from the systems logic external of

this AOLI.

e Tag Structure:

TAG NAME

DATA

Read or

TYPE

Read/Write

DESCRIPTION

U_FIFO

U_FIFO

RW

Control Tag

DISABLE_FIFO

BOOL

RW

Disable FIFO, Set to 1 to manually
manipulate each pump’s LEAD/LAG
level

PUMPS_REQ

DINT

The Number of Pumps required by the
system. This is the number of pumps
requested to run by the system.

MAX_Number_of P
umps_SP

DINT

RW

Maximum Number of pumps that are
allowed to run in AUTO

PUMP_1_READY

BOOL

Pump 1 Ready. In AUTO, In REMOTE,
No Failures

PUMP_2 READY

BOOL

Pump 2 Ready. In AUTO, In REMOTE,
No Failures

PUMP_3_READY

BOOL

Pump 3 Ready. In AUTO, In REMOTE,
No Failures. A BOOL tag set to zero
must be used in place of the Ready, as a
place holder, if there is no Pump 3

PUMP_4 READY

BOOL

Pump 4 Ready. In AUTO, In REMOTE,
No Failures. A BOOL tag set to zero
must be used in place of the Ready, as a
place holder, if there is no Pump 4

PUMP_5 READY

BOOL

Pump 5 Ready. In AUTO, In REMOTE,
No Failures. A BOOL tag set to zero
must be used in place of the Ready, as a
place holder, if there is no Pump 5

PUMP_6_READY

BOOL

Pump 6 Ready. In AUTO, In REMOTE,
No Failures. A BOOL tag set to zero
must be used in place of the Ready, as a
place holder, if there is no Pump 6

PUMP_7 READY

BOOL

Pump 7 Ready. In AUTO, In REMOTE,
No Failures. A BOOL tag set to zero
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must be used in place of the Ready, as a
place holder, if there is no Pump 7

PUMP_8_READY BOOL

Pump 8 Ready. In AUTO, In REMOTE,
No Failures. A BOOL tag set to zero
must be used in place of the Ready, as a
place holder, if there is no Pump 8

PUMP_9_READY BOOL

Pump 9 Ready. In AUTO, In REMOTE,
No Failures. A BOOL tag set to zero
must be used in place of the Ready, as a
place holder, if there is no Pump 9

PUMP_10 READY |BOOL

Pump 10 Ready. In AUTO, In REMOTE,
No Failures. A BOOL tag set to zero
must be used in place of the Ready, as a
place holder, if there is no Pump 10

TOT_AVAIL_PMPS | DINT

Total Number of Pumps Available for
AUTO Operation

PUMP_1 LL_LVL |DINT

RW

Pump 1 Lead/Lag Level

PUMP_2 LL_LVL |DINT

RW

Pump 2 Lead/Lag Level

PUMP 3 LL_LVL |DINT

RW

Pump 3 Lead/Lag Level. A DINT tag
must be used in place of the LL_LVL, as
a place holder, if there is no Pump 3

PUMP 4 LL_LVL |DINT

RW

Pump 4 Lead/Lag Level. A DINT tag
must be used in place of the LL_LVL, as
a place holder, if there is no Pump 4

PUMP 5 LL_LVL | DINT

RW

Pump 5 Lead/Lag Level. A DINT tag
must be used in place of the LL_LVL, as
a place holder, if there is no Pump 5

PUMP_ 6 LL_LVL | DINT

RW

Pump 6 Lead/Lag Level. A DINT tag
must be used in place of the LL_LVL, as
a place holder, if there is no Pump 6

PUMP 7 LL_LVL |DINT

RW

Pump 7 Lead/Lag Level. A DINT tag
must be used in place of the LL_LVL, as
a place holder, if there is no Pump 7

PUMP 8 LL_LVL | DINT

RW

Pump 8 Lead/Lag Level. A DINT tag
must be used in place of the LL_LVL, as
a place holder, if there is no Pump 8

PUMP 9 LL_LVL |DINT

RW

Pump 9 Lead/Lag Level. A DINT tag
must be used in place of the LL_LVL, as
a place holder, if there is no Pump 9

PUMP_10 LL_LVL |DINT

RW

Pump 10 Lead/Lag Level. A DINT tag
must be used in place of the LL_LVL, as
a place holder, if there is no Pump 10

PUMP_1_Auto_Call | BOOL

Pump 1 Auto Call Output
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PUMP_2 Auto Call |BOOL |R Pump 2 Auto Call Output
PUMP_3 Auto Call |BOOL |R Pump 3 Auto Call Output
PUMP_4 Auto Call |BOOL |R Pump 4 Auto Call Output
PUMP_5 Auto Call |BOOL |R Pump 5 Auto Call Output
PUMP_6_Auto Call |BOOL |R Pump 6 Auto Call Output
PUMP_7 Auto Call | BOOL R Pump 1 Auto Call Output
PUMP_8 Auto Call |BOOL |R Pump 8 Auto Call Output
PUMP_9 Auto Call |BOOL |R Pump 9 Auto Call Output
PUMP_10 Auto_Call | BOOL |R Pump 10 Auto Call Output

e Operations:

0 Modes of Operation:
= Manual Operation is enabled when the DISABLE_FIFO input bit is set

to ONE, allowing each pump’s LEAD/LAG level to be set manually.
= Auto Operation is enabled when the DISABLE_FIFO input bit is set to

ZERO.

o Alarms — There are no alarms associated with this control block.
o0 Execution is of this block is continuous per program scan.

e Programming Example: Ladder, with 5 Pumps
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FIRST-IN-FIRST-OUT
PUMP CONTROL

U_FIFO
FIRSTIN-FIRST-OUT PUMP CONTROL

U_FIFO

DISABLE_FIFO Disable_FIFO
LEAD_LAG_LVL

MAX_Mumber_of Pumps_SP  Max_Pumps_SP B PUMP_3_Auto_Call ==

PUMP_1_READY
PUMP_2_ READY
PUMP_3_READY
PUMP_4_READY
PUMP_5_READY
PUMP_6_READY
PUMP_7_READY
PUMP_8_READY
PUMP_9_READY
PUMP_10_READY

TOT_AVAIL_PMPS

PUMP_1_LL_LVL
PUMP_2_LL_LVL
PUMP_3_LL_LVL
PUMP_4_LL_LVL
PUMP_5_LL_LVL
PUMP_6_LL_LVL
PUMP_7_LL_LVL
PUMP_8_LL_LVL
PUMP_9_LL_LVL
PUMP_10_LL_LVL

Tot_Avail_Pumps H_PUMP_9_Auto_Call —

FIFO_CNTRL () [=CPUMP_1_Auto_Call D=

Lead_Lag_LVL ECPUMP_2_Auto_Call ==
fe

e

P1_Ready B PUMP_4_Auto_Call e==
P2_Ready
P3_Ready B PUMP_5_Auto_Call e==
P4_Ready
P5_Ready HPUMP_E_Auto_Call 37—
Unused_BOOL
Unused_BOOL HPUMP_7_Auto_Call —
Unused_BOOL
Unused_BOOL H_PUMP_8_Auto_Call —
Unused_BOOL

e
P1_LDLVL_Stat HCPUMP_10_Auto_Call >—
P2_LDLVL_Stat
P3_LDLVL_Stat
P4_LDLVL_Stat
P5_LDLVL_Stat

Unused_DINT
Unused_DINT
Unused_DINT
Unused_DINT
Unused_DINT

e Programming Example: Function Block, with 5 Pumps
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FIRST-R-FIRST-OUT

PUMP CONTROL
FIFD _CHTRL_FB
1_FAFO [
[ Lead Lag LVL D 5 FIRST-N-FIRST-OUT FLMP CCNTROL
DISAELE_FFO Cizabl_FIFO
. LEAD L& LWL
& X _Mumber_of _Pumps_SP
PUMP_1 _READY P1_Ready
PUMP_2_READY P2_Ready
PUMP_3_REA DY P3_Ready
PUMP_4_READY P4_Ready
PUMP_S_REA DY PS_Ready
PUMP_E_REA DY Lnuzed_BOOL
PUMP_7_REALDY Lhuzed_BOOL
PUMP_8_REA DY Lnuzed_BOOL
PUMP_8_READY Lhuzed_BOOL
PUMP_10_READY Lnused_BOOL| _
TOT_AwalL_PMPS
PLMP A _LL LWL P1_LDUVL Stat
PLMP_2_LL LWL P2_LDLVL_Stat
PLMP_3_LL_ LWL P3_LOLVL Stat
PLMP_4_LL_ LWL P4_LDLVL_Stat
PLMP_S_LL LWL Ps_LDLVWL Stat
PLMP E_LL LWL Unused_DNT
PLMP_7_LL_ LWL Unused_DNT
PLMP_&_LL_ LWL Unused_DNT
PLMP_9_LL_ LWL Unused_DNT
PLMP_10_LL_LWL Unused_DNT
PLMP_1_tuto_Cal [ — e P1_Auto_cal |
PUMP_2_futo_Cal 31— ————— <. P2_Auo_cal |
PLMP_3_#uto_Cal [r-— — o P3_Aute Call |
PUMP_4_#uto_Calfr— — — — — — <1, P4_Auo_cal |
PUMP_S_fito_Cal fo— — & P5_Auto_Call
PLUMP__dutn_Cal {5
PUMP_7_&ito_Cal 33
PLMF_8_uto_Calfa
PUMP_3_4uto_Cal @
PUMP_10_Suto_Cd 1

e Optional Pump Control Blocks
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FUKP CONTROL. FOR
NON-VFD APPLICATIONS

PMP_CHTRL_NON_VFO————

PUMP CONTROL. FOR NON-VFD APPLICATIONS —
PMP_CNTRL_MNON_WFD  PMP_CNTL_NVFD [
HML_AUTO P1_HMLAUTO

1&
HML_MANUAL P1_HMI_Manual

e
HML_MAN_START_CMD P1_HMI_Man_Start

&
HMIL_MAN_STOP_CMD  P1_HMI_Man_Stop

&
REMOTE_IN P1_Remote

1€
FAIL_IN P1_Fail

0e
AUTO_CALL_IN P1_Auto_Call

1&
READY_OUT P1_Ready

1€
CALL_OUT P1_cCall

1€
START_OUT P1_Start

1€

FD PUMP CONTROL.
INCLUDES RAMPING

PMP_CNTRL_VFD——————
WFD PUMP CONTROL. INCLUDES RAMPING

PMP_CNTRL_VFD PMP_CNTL_VFD [) HRAMP_UPI—
HMLAUTO P2_HMILAUTO

1€  |RAMP_DOWNI—
HMLMANUAL PZ_HMI_Manual

D& [ENOT_RAMPING ==
HML_MAN_START_CMD P2_HMI_Man_Start
0
HMLMAN_STOP_CMD  P2_HMI_Man_Stop
0
MANUAL_SPEED_SP  P2_Man_Spesd_SP
AUTO_SPEED_CMD_IN  Auto_Speed_CMD

850+

REMOTE_IN P2_Remote
1¢

FAIL_IN PZ_Fail
e

AUTO_CALL_IN F2_Auto_Call
1

MIN_SPEED_SP P2_Min_Speed
450+

RAMP_PERCENT_SP P2_Ramp_Pcnt

R&MP_RATE_SP P2_Ramp_Rate
14

READY_OQUT P2_Ready
14

CALL_oOUT FZ_Call
1¢

START_OUT P2_Start
1¢

SPEED_CMD_OUT P2_Speed CMD
850+
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SECTION 8
SCADA SOFTWARE DEVELOPMENT AND TESTING

8.1 OVERVIEW

This section describes the minimum requirements for software functional definition, testing,
deployment, and commissioning of all HMI and PAC software for the Agency’s SCADA
Enterprise system. The following is an overview of the SCADA software development
methodology to be followed by the Contractor:

I.  Functional Definition: Update of the Process Control Narratives (PCN) and
preparation of software test plan and forms. IAB/PSE developed and approved by
Rockwell commercial engineering and IEUA.

ii.  Development: Development of HMI and PAC code in compliance with the Agency’s
High Performance HMI and PAC standards to meet the functional requirements
defined in the PCN. This includes development of Master I/O List, Historian Tag
Configurations, and Reports.

iii.  Contractor Bench Test (CBT): Bench test HMI and PAC code in compliance with
the accepted test plan and completion of the test forms.

iv.  Factory Acceptance Test (FAT): Perform a FAT that is witnessed by the Agency
and/or their representative using the accepted test plan and forms.

v.  Training and Transition Plan: Provide training to Operations and SCADA staff on
the successfully FAT tested SCADA software. Prepare a Transition Plan to cut-over
from the old system to the new system.

vi.  Site Acceptance Test (SAT): Perform a SAT that is witnessed by the Agency and/or
their representative using the accepted test plan and forms.

vii.  Operations Performance Test (OPT): Perform a twenty (21) day operations
performance test to identify software issues that could only be identified under
operating conditions.

viii.  As-Built Documentation: Update the Process Control Narrative (and other
documentation) to accurately reflect the as-built condition for incorporation in the
O&M manual. Update the IAB/PSE to reflect as-built conditions. Update all wiring
diagrams to reflect as-built conditions.

ix.  As-Built Programming: Documented electronic copies of all implemented
programming.

X.  Warranty: The Software Warranty Period will enable the Agency to call upon the
Contractor to resolve software deficiencies identified after substantial completion.
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8.2 FUNCTIONAL DEFINITION

The Contractor shall submit the following documents for review and acceptance by the Agency
prior to developing the associated HMI and PAC code. The Agency will require ten (10) business
days to review the submittal. The Contractor will proceed at their own risk if they start HMI and
PAC coding prior to Agency acceptance of the submittal.

The Contractor is encouraged to coordinate a workshop with Agency staff to review the documents
prior to their submittal. The Agency will make SCADA, Operations, and Engineering staff
available during the workshop to answer the Contractor’s questions or clarify statements in the
existing PCN.

Process Control Narrative (PCN): The Contractor will review and then update/revise the Process
Control Narrative supplied with the Request for Bid (RFB) to provide the level of detail necessary
for the PCN to be translated to HMI and PAC code. Additional detail provided by the Contractor
may include:

e Analog Input attributes including: engineering units, zero, span, and alarm limits
(LoLo, Lo, Hi, HiHi)

e Device failure response.

e Process failure response.

e Default process setpoints and tuning parameters.
e Process operating constraints

e Alarm suppression

The Contractor may be required to access any or all of the following resources to collate the
necessary information including: the PCN included in the RFB, P&ID drawing (if available),
Request for Information (RFI) submitted to the Agency (Operations, SCADA, or Engineering),
existing DCS/PLC/PAC code, existing HMI screen captures. If the Contractor has demonstrated
that the necessary information cannot be secured through these sources then the Contractor shall
annotate the PCN to identify that additional information is required. The Contractor shall proceed
as directed by the Agency.

Test Plan_ and Forms: The Contractor shall create and submit a test plan, and supporting test
forms, which will demonstrate that code meets the functional requirements documented in the PCN
and that the code is compliant with Agency standards. The same Test Forms shall be used for the
CBT, FAT, and SAT. The test plan shall be a comprehensive plan that tests all aspects of the HMI
and PAC code including, but not limited to:

e Analog and digital loops from the PAC termination to the HMI and Historian including
all associated attributes and alarms.

e Device logic normal operation, failure responses and alarms.
e Process logic normal operation, failure responses, alarms, interlocks and permissives.

e HMI screen design, equipment pop-ups, alarm annunciation, dynamic objects, navigation,
etc.
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e Historical archiving, trending, and calculations.
e Network communications normal operation, failover, recovery, and statistics.

e The operation of auxiliary systems such as auto-dialers and integration with other
applications.

The test plan shall describe how the code will be exercised offline to emulate, as close as possible,
the real-world.

Test forms shall include an initials box for the Contractor and Agency (or representative) and a
comment field.

The Agency will provide the Contractor with sample test forms created in Excel. The Contractor
may use their own test forms if reviewed and accepted by the Agency as meeting the testing
requirements

Custom Add-On Instructions (AOI): The Contractor is required to use the Agency’s existing
approved Add-on Instructions to the greatest extent possible. If the PCN includes functionality that
cannot be met The Contractor shall supply documentation for new Rockwell or custom AOls
recommended by the Contractor to meet the requirements of the Process Control Narrative.
Recommended AQIs are to be documented using the AOI documentation template described in
this standard and submitted to the Agency for review and acceptance.

8.3 CONTRACTOR BENCH TEST (CBT)

The purpose of the CBT is for the Contractor to prove the effectiveness of the test plan and verify
that the HMI and PAC code are ready to be FAT tested for the Agency.

The Contractor shall:

e Perform a full system CBT employing the Agency reviewed and accepted test plan and
forms.

e Submit the completed CBT documentation to demonstrate that the software is ready for a
factory acceptance test.

e Revise, if necessary, the test plan and forms, PCN, and AOI documentation for the FAT.
Prior to revising documentation previously reviewed and accepted by the Agency, the
Contractor will schedule a meeting to present and review the required changes.

e Submit the CBT HMI screen captures, HMI and PAC code.
e Check the HMI and PAC code into the Agency’s revision control system.

8.4 SOFTWARE FACTORY ACCEPTANCE TEST (FAT, WITNESSED)

The purpose of the FAT is for the Contractor to demonstrate to the Agency that HMI and PAC code
meet the functional requirements of the PCN and that the software is compliant with Agency
standards.

The Contractor shall:
e Submit FAT documentation (PCN, Test Plan and Forms) and request to schedule the FAT.

HMI PROGRAMMING STANDARDS 31 EMA, INC.



Perform a full system FAT employing the Agency reviewed and accepted test plan and
forms.

Initial each test as it is completed.

Log FAT deficiencies and test results. If allowed by the Agency, correct minor
deficiencies as they’re discovered and re-test.

Correct all outstanding issues and if required by the Agency reschedule the FAT.

Revise, if necessary, the test plan and forms, PCN, and AOI documentation for the SAT.
Prior to revising documentation previously reviewed and accepted by the Agency, the
Contractor will schedule a meeting to present and review the required changes.

Submit completed FAT documentation (PCN, Test Plan and Forms) to demonstrate that
the software is ready for the SAT.

Submit the FAT HMI screen captures, HMI and PAC code.
Check the HMI and PAC code into the Agency’s revision control system.

The Agency shall:

8.5

Review the submitted Test Plan and Forms to ensure they will fulfill the purpose of
the FAT.

Review the submitted FAT code for compliance with Agency standards.

Witness the FAT and initial all tests as their completed to indicate that the test was
witnessed by the Agency. Add one of the following comments as required: Accepted
or Not Accepted.

TRAINING AND TRANSITION PLAN

The purpose of providing Operator and SCADA training at this point in the software
implementation is to prepare Agency staff to support the transition from the old system to the new
system. The requirements for Training and Transition Plan are detailed in the Specification
Division xx, Section xx.

The Contractor shall:

Prepare a training outline for Operator and SCADA training and submit to the Agency
for review.

Prepare and deliver Operator and SCADA training. The Specification will define the
number of training sessions the Contractor will deliver to ensure that all shifts are
covered.

Develop and submit a Transition Plan that describes the cut-over from the old system
to the new system. The Transition Plan should be as efficient as possible while
mitigating the impact on Operations. The Transition Plan will consider transition
failures and methods of recovery or returning to the old system.

The Agency shall:
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e Review the training outline.
e Coordinate the training sessions to ensure all shifts receive adequate training.

e Review the Transition Plan and provide input from Operations with respect to strategies
for maintaining operational continuity.

8.6 SOFTWARE SITE ACCEPTANCE TEST (SAT)

The purpose of the SAT is for the Contractor to demonstrate to the Agency that HMI and PAC code
meet the functional requirements of the PCN in-situ and to tune control parameters as necessary
to address the actual performance of process equipment in the field.

The Software SAT requires that all affected field devices be operational in order to provide
validation of the 1/O points and control strategies. Simulation or ‘jumpering’ of points is not
permitted. Hardware installation and field wiring are expected to be complete and pre-tested (pre-
validated) prior to scheduling of the Software SAT. The Contractor must demonstrate that all
related field wiring and the control panel installation is complete and fully tested including: 1/0
loop verification (from PLC to the field), hardwired interlocks, local control of equipment, remote
start/stop of equipment, network communications, instrument configuration and calibration. The
detailed requirements for hardware testing and commissioning are detailed in the Specification
Division xx, Section xx.

The Contractor shall:

e |f the HMI and PAC configuration and code has been modified post FAT then check the
revised HMI and PAC code into the Agency'’s revision control system.

e Submit SAT documentation (PCN, Test Plan and Forms) and request to schedule the SAT.

e Perform a full system SAT employing the Agency reviewed and accepted test plan and
forms.

e Initial each test as it is completed.

e Log SAT deficiencies and test results using the test forms. If allowed by the Agency,
correct minor deficiencies as they’re discovered and re-test. It is expected that the
control parameters will be tuned during the SAT based on the field performance of
equipment.

e Correct all outstanding issues and if required by the Agency reschedule the SAT.

e Submit completed SAT documentation (PCN, Test Plan and Forms) to demonstrate that
the software is ready for the OPT.

e Submit the SAT HMI screen captures, HMI and PAC code.
e Check the HMI and PAC code into the Agency’s revision control system.
The Agency shall:

e Review the submitted Transition Plan,Test Plan and Forms to ensure they will fulfill
the purpose of the SAT.

e Provide the necessary Operations and Maintenance staff to support the SAT.
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e Witness the SAT and initial all tests as their completed to indicate that the test was
witnessed by the Agency. Add one of the following comments as required: Accepted
or Not Accepted.

8.7 OPERATIONAL PERFORMANCE TEST (OPT)

The purpose of the Operations Performance Test (OPT) is to test the impact of Operator interaction
with the new system and discover software issues that could not be reasonably foreseen or tested
during the acceptance testing process.

The OPT will run for thirty (30) contiguous days during which the Operators will log any identified
system issues or concerns to a hard-covered notebook supplied by the Contractor. On or shortly
after the tenth (10™) day of the OPT the Agency and Contractor will meet to review the issues
logged by the Operator. Each issue will be evaluated to determine, if:

e Itis in-scope or out-of-scope. Software issues that are in-scope will be added to the
Software Issues Log by the Agency for tracking purposes.

e The issue is minor and therefore can be revised, deployed, and demonstrated without
acceptance testing.

e The issue is a major and therefore needs to undergo a witnessed acceptance test prior to
deployment.

The above process will be repeated after the completion twenty first (21%%) day.

8.8 AS-BUILT DOCUMENTATION

Following the completion of Operations Performance Test, the Contractor will update the Process
Control Narrative to accurately reflect the as-built condition of the software. The as-built PCN will
be incorporated into the Operations and Maintenance (O&M) manual submitted by the Contractor.

The contractor will update the IAB/PSE to reflect the as-built condition of the system and submit
to the Agency.

The contractor will update all drawings to reflect the as-built system and submit to the Agency.

The Contractor will submit final versions of the HMI and PAC code to the Agency and will check
the HMI and PAC code into the Agency’s revision control system.

Refer to Control Specification Division xx, Section xx for additional O&M manual requirements.

8.9 WARRANTY PERIOD

The Warranty Period for the project is determined from the contract documents. The Warranty
Period for each control panel will begin when the work associated with that control panel is deemed
substantially complete by the Agency. Substantial Completion is defined when the following
milestones have been achieved:

e The Contractor has successfully completed the OPT and issues identified during the OPT
have been resolved to the Agency’s satisfaction.

e The Contractor has updated all As-Built documentation. The As-built documentation has
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been submitted to the Agency and accepted by the Agency.

During the Warranty Period the Contractor will be contacted by the Agency to resolve any issues
that are deemed by the Agency to be the result of deficient software. The Agency will assign a
severity level based on the operational impact of the issue. The severity level will determine the
required Issue Response Time and the Issue Recovery Time for the Contractor.

o Severity Level 1: Issues that have an immediate impact on regulatory compliance or
operational continuity will have an Issue Response Time of four (1) hr and an Issue
Recovery Time of twenty (24) hrs.

o Severity Level 2: Issues that place regulatory compliance or operational continuity at
risk will have an Issue Response Time of twenty four (24) hrs and an Issue Recovery
Time of three (2) business days.

e Severity Level 3: Issues that do not impact regulatory compliance or operational
continuity will have an Issue Response Time of 48 hrs and an Issue Recovery Time of ten
(10) business days.

To facilitate the Contractor’s response, the Agency will provide the Contractor with secure remote
access to the system. Remote access to IEUA’s SCADA system will be governed by IEUA’s
Remote Access Policy statement.

The Contractor will be required to provide the Agency with a means of contacting Contractor
within one (1) hour of the issue being identified. The means of contact may be the Contractor’s
central dispatch or a contact list for on-call staff.

The Agency will maintain a Warranty Claim Database to track all warranty requests, Contractor
response, and track the completion status of the warranty work. If it is determined by the Agency
and the Contractor that the warranty request was not covered by the warranty then the Contractor
will be reimbursed for their time and expenses (maximum allowable mark-up of 10%) at their
previously contracted rates.
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SECTION 1
INTRODUCTION

1.1 PURPOSE

The Inland Empire Utilities Agency (IEUA) has developed high performance Human-Machine
Interface (HMI) programming standards for use with the Agency’s water, wastewater and
industrial facilities. The standards are to be used by IEUA staff, consultants, and programmers
working within the Agency to maintain a consistent approach to programming and implementing
Supervisory Control and Data Acquisition (SCADA) systems.

In order to ensure consistency between the Programmable Automation Controller (PAC) and
Human Machine Interface (HMI) development, it is imperative that the standards be followed.

This approach will make the following possible:

e Seamless integration of new projects

e Compatible software for all IEUA projects

e Easy modification and maintenance of the HMI systems
e Security throughout the SCADA network

e Uniform handling of alarms

e Reduction of training period for IEUA staff
1.2 SCOPE

These HMI Standards apply to all projects incorporating process control in IEUA’s SCADA
systems. These standards shall be used as guidance for new, or retrofit, facility designs conducted
by, or for, IEUA.

IEUA has standardized the base software components required to ensure a consistent approach is
taken throughout IEUA facilities. The general components are documented in the following
sections. If there are any changes that require a deviation from this standard, the IEUA Integrated
System Services (ISS), Operations, and Engineering Departments must be consulted to ensure
consistency throughout the system.

1.3 GLOSSARY

Table 2: Glossary Definitions

Term Description
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Display

Graphical representation of processes, trends, control functions and other
graphic images using static and dynamic symbols and text.

HMI

Human Machine Interface. A term used to describe the human interface
component of a computer control system. The common usage of this term
refers to the graphical representations of screens that are displayed to the
user.

Program

A mode of operation set at the HMI, which places a device under the control
of the computer system. The equipment must be in remote mode to be placed
in Program Mode.

Operator

A mode of operation set at the HMI which places a device under the control
of the operator. The equipment must be in remote mode to be placed in
Operator Mode.

Targets

A dynamic symbol on the graphic display that is selectable with the pointing
device and provides navigation to other displays or software control
functions.

Group

Two or more devices which function together as a system, or sub-system.

PlantPAXx

It is a Rockwell automation environment that offers process and batch
control users a new library of reusable control objects with tools to simplify
its deployment

IEUA Library

It is the library of instructions, graphics, and faceplates for numerous
devices and logic functions.
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SECTION 2
REFERENCE DOCUMENTS

Refer to the following documents for additional information:

e IEUA Programmable Automation Controller Programming Standards

IEUA Alarm Management Guidelines

e IEUA Process Control Narratives

e PlantPAx Process Automation System Reference Manual

e PlantPAXx Library Release - Current Version Used by IEUA (Verify with Agency)
e PlantPAx Library - Current Version Used by IEUA (Verify with Agency)

e PlantPAx Library Alarm Configuration - Current Version Used by IEUA (Verify with
Agency)

e PlantPAx HMI Security Configuration

e ASM Consortium Guidelines, Effective Console Operator HMI Design, Current
Version Used by IEUA (Verify with Agency)

e The High-Performance HMI Handbook
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SECTION 3
GENERAL CONFIGURATION

3.1 HMI PROGRAMMING ENVIRONMENT

IEUA is using Rockwell Automation’s FactoryTalk software components for the HMI
development. This consists of using the FactoryTalk suite of software for HMI development in
combination with the PlantPAx add-on instructions (AOIs), global objects, templates, faceplates,
and design utilities. The PlantPAx HMI library shall be used in coordination with the PlantPAx
AOIs and IEUA PAC Programming Standards to ensure consistency and ease of use within the
HMI.

3.1.1 Software Versions and Upgrades

It is the responsibility of the Integrator/Contractor to request from IEUA the recommended
software version to perform the programming and integration work. IEUA will decide on
the version based on input from the Integrator, the latest version of Studio 5000 and
FactoryTalk software, and the overall compatibility with the PlantPAx system.

As part of the version request, IEUA will provide the Integrator with Agency specific
libraries of faceplates and global objects. These Agency specific components provide
additional functionality not included in the PlantPAx objects.

The Integrator shall be responsible for one (1) version upgrade associated with the
PlantPAx system and all related systems during the course of the project (if released by
Rockwell Automation during the course of the project). This includes all FactoryTalk
software. IEUA shall be responsible for directing the Integrator when to perform the
upgrade.

3.1.2 Software Patches

IEUA will provide the Integrator with the exact list of patches, or patch roll-ups, at the time
of the project implementation to be installed. All firmware and patches shall be installed
during the course of the project when approved by IEUA. The same patch revision should
be installed on all computers with FactoryTalk software installed at the time of the software
setup.

3.1.3 Version Compatibility
The Integrator shall verify that all the different features and capabilities between different

series of products and associated firmware versions are compatible. It is the responsibility
of the Integrator to notify IEUA of any compatibility issues in a timely manner prior to
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installation onsite. Rockwell Automation provides specific firmware bundles for each
revision and compatibility information is available from the Rockwell Automation website.

3.2 DEVELOPMENT WORKSHOPS

The standards included herein are intended to provide an overall guideline for application
development to maintain consistent look, feel, and functionality. The Integrator shall hold
workshops to define the specific content and functions required to deliver an operating HMI
application that meets all of the Agency’s requirements for a specific site and application. The
following sections describe typical Integrator workshops.

3.2.1 Graphics

In the graphics development workshop, the Integrator will work with IEUA ISS,
Operations, Maintenance and Engineering Departments to develop a thorough
understanding of the process and the necessary operator actions required to control the
process during various scenarios. This is typically broken into several detailed workshops
depending on the size and intricacy of each project. Screenshots of HMI displays should
be submitted prior to the graphics development workshop.

3.2.2 Alarming

The Integrator will lead a workshop with appropriate stakeholders to document and
rationalize the alarms for each piece of equipment. All points defined in the Process Control
Narratives will be documented and developed using the Agency’s Alarm Management
Standards in Appendix B. In addition, the workshop will address any additional alarms or
analog values that the backup alarm notification (RACO) will transmit.

3.2.3 VantagePoint and OSISoft PI

The Integrator will lead a workshop with ISS staff and Operations to review the
VanatagePoint and Pl Asset Framework model. The VantagePoint model shall be
developed using Pl Asset Framework.

3.2.4 Database and Reporting

IEUA uses FactoryTalk VantagePoint and OSISof PI Datalink for all KPIs and reporting.
The Integrator will lead a workshop with appropriate stakeholders to determine the
following:

e Required KPIs and reports
e KPI display and analysis components

e Report design and layout
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e KPI and reporting data integration methods
In general, the various types of reports are described below:

e Rockwell’s SSRS Alarm and Event Reports
o0 This is applicable if the project included a new HMI/A&E Server
0 IEUA utilizes Rockwell’s SSRS solution for Alarm and Events Reports.
If the project includes a new FT Alarm and Events Server, this A&E
SSRS reports solution needs to be set up. See Rockwell’s
knowledgebase 68296.
e Event Log Reports
0 SSRS Report for Event Logs that queries the A&E Diagnostics SQL
Database for all user actions (change of set points, login/logout, etc.)
o Diagnostics should be setup on all HMI clients.
e Dark Time Reports
o0 This is applicable if the project included a new HMI/A&E Server
o Dark Time Reports must be created in SSRS and included within the
VantagePoint Portal.
e Process Reports for Operations
0 Process reports, including KPI reports
o Workshop for finalizing reports. Report design narrative needs to be
submitted for approval.
e Energy Reports
0 Workshop for finalizing reports. Report design narrative needsto be
submitted for approval.

3.2.5 Archival and Retrieval of Information

The Integrator will ensure that all data from each FactoryTalk Live Data provider will be
sent to the FactoryTalk Historian. Please reference the “FT Historian Tag Settings
Standard” document for a general guideline on which PLC tags are to be historized, which
additional tags need to be created within the historian, and the configuration settings for
each type of tag. The Integrator will hold a workshop with Agency personnel to determine
specific data that will be sent to the FactoryTalk Historian.

3.3 FACTORYTALKVIEW SE

FactoryTalk View SE shall be configured with redundant HMI/A&E servers and redundant data
servers. The master IAB/PSE needs to be updated and submitted for review and approval by
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Rockwell and IEUA. The PSE shall verify that the servers are not overloaded.

FactoryTalk Diagnostics shall be set up on all HMI clients and logged to the A&E SQL Diagnostics
Database.

3.4 FACTORYTALKVIEW ALARM AND EVENTS

FactoryTalk Alarm and Events is utilized for alarm monitoring. All alarms must be configured in
A&E using the PlantPAx Alarm Builder Tool. For every PlantPAx object, all available alarms
within the object, whether used or not, shall be configured within A&E. For example, if only a
High alarm is specified in the PCN, all P_AlIn alarms should still be configured within A&E
(including HH, H, L, LL, input fail, etc.). This allows the operator in the future to enable one of
those alarms from the faceplate and have annunciation within A&E.

3.5 WIN-911 ALARM NOTIFICATION

IEUA utilizes Win-911 for alarm notification. The latest version must be installed and configured
with redundancy. Details of Win-911 alarm notification configuration can be addressed in the
workshop for Alarming.

3.6 RACO BACKUP ALARM NOTIFICATION

IEUA utilizes RACO for backup alarm notification. A RACO unit is required for every location.
The RACO will notify operations staff of any unacknowledged priority 1 alarm (with time delay)
and will notify 1SS staff of any system alarm. RACO alarms are to be determined in the workshop
for Alarming.

3.7 THINMANAGER

IEUA utilizes ThinManager for managing terminal server HMI deployment to all thin clients.
ThinManager is also used to make all PanelView displays available to thin clients using a VNC
connection. All PanelViews should be set up with VNC connection enabled.

Note: Each project needs to consider how many additional thin clients (operator workstations) are
needed and purchase additional ThinManager client licenses as needed. Each project also needs
to consider if any additional terminal servers and purchase any applicable licenses.

3.8 FACTORYTALK HISTORIAN

IEUA utilizes FactoryTalk Historian Collectives for historizing data points. Please reference the
“FT Historian Tag Settings Standard” document for which PLC tags are to be historized, which
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additional tags need to be created within the historian, and the configuration settings for each type
of tag.

An excel workbook of all the tags to be added, with separate sheets for each tag type and in Pl
Builder format with all tag attributes exposed, is to be submitted to IEUA for review prior to
implementation.

FactoryTalk Historian interfaces shall be configured to be redundant, each residing on its
corresponding FactoryTalk data server. Each interface shall be configured for “disconnected at
startup”, which allows the interfaces to begin data collection even if disconnected from
FactoryTalk Historian data archive.

Note: Each project needs to consider the number of tags that need to be added and purchase
additional FactoryTalk Historian tag licenses as needed. If the project requires additional data
servers, then redundant FactoryTalk interfaces also need to be installed and configured, with FTLD
Interface Disconnected Startup enabled (Rockwell KB 59932 and 66883).

3.9 FACTORYTALK VANTAGEPOINT

IEUA utilizes FactoryTalk VantagePoint within the ICS network for visualization of historical data.
Each project is responsible for adding all new FactoryTalk Historian tags to the VantagePoint
model. The VantagePoint model should use Pl AssetFramework for building the model. The
VantagePoint model must be approved prior to implementation.

3.10 OSISOFT ENTERPRISE Pl SYSTEM

IEUA utilizes OSISoft’s enterprise Pl System on the business network for visualization of
historical data at the business level. PI Auto Point Sync (in the DMZ) automatically replicates and
synchronizes tag configurations from FT Historian to the PI system. Pi-to-PI interfaces in the
DMZ pass the data collected by FT Historian to the enterprise PI historian

The Integrator is responsible for ensuring that the tags from FT Historian are replicated in the
enterprise Pl system and that data collection is working properly. The Integrator is also responsible
for completing the Asset Framework model in the enterprise Pl historian.

Note: Each project needs to consider the number of tags that need to be added and purchase
additional Pl tag licenses as needed. Please keep in mind that, unlike FT Historian, OSISoft counts
every tag regardless if it is from a device or if it is internally calculated (e.g. min, max, average).
Also, each project is responsible for adding to the Pl Asset Framework model.

3.11 SERVER REQUIREMENTS
Virtual hosts need to be reviewed and checked for adequate resources to support the project. If

resources are insufficient, project needs to include specifications for additional host servers to
accommodate the number of virtual machine (VMs) needed.
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Each new virtual server and machine will require Microsoft server OS licensing based on the
number of cores installed in the VM host. Each new terminal server needs to provide a minimum
of 20 client access licenses (CAL).

3.12 OPERATOR WORKSTATION REQUIREMENTS

Any new operator client workstation needs to have SCADA client licensing, Thin Manager client
licensing.
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SECTION 4
HMI DESIGN PHILOSOPHY

This standard presents the Agency-wide, graphic display requirements for the Control System. The
standards presented herein are intended to set a framework for application development that
supports proactive operator situational awareness and efficient and effective interaction with the
HMI. This philosophy follows the general principles of the High-Performance HMI Handbook,
adapted for the specific needs of the Agency. As such, the development cycle is more rigorously
focused on the operational context and the need to support the operator’s mental model of the
process.

41 PRINCIPLES AND ATTRIBUTES

The HMI is an operational tool that enables proactive monitoring and identification of problems
within the utility’s systems. As an operational tool, the HMI must be designed and implemented
in such a way as to support the following IEUA operational philosophies:

e Continually meet or exceed compliance requirements.

e Optimize the operations of utility systems to reduce operating and maintenance costs.

e Minimize the occurrence and quickly identify abnormal situations that could lead to
safety or quality issues.

To support those operational goals, the operator must be provided with information in a clear and
intuitive format that minimizes the possibility of mistakes. The following three primary principles
should be followed when creating HMI applications and displays:

e Clarity
o0 Operator graphics should be intuitive and easy to understand
o Graphics should clearly show process state and conditions

o0 Graphic elements used to control the process are clearly distinguishable and
consistently implemented

Graphics do not contain unnecessary detail or clutter
Graphics convey relevant information to operators

Process information has prominence based upon relative importance

O O o O

Alarms and indications of abnormal situations are clear, prominent, and
consistently distinguishable

e Consistency
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o Graphic functions are standardized, intuitive, straightforward, and involve
minimal keystrokes or pointer manipulations

o Graphic display navigation is logical, hierarchical, and performance-oriented
e Feedback

o Graphics elements and control objects must behave and function consistently on
all graphics in all situations

o Important operator actions with significant consequences will have confirmation
mechanisms to avoid inadvertent activation

0 Operator graphics will be designed to minimize user fatigue for operations staff
that constantly use these displays

Designing the HMI around these standard principles will deliver graphics applications that have
the following attributes:

e The operator’s attention is drawn to the most critical information, such as:
o Urgent and high priority alarms
o Impending compliance violations
0 Health and safety issues
0 Sub-optimal operating conditions that increase operating costs

e The HMI is designed to eliminate confusion and mistakes by providing consistent, easy
to read, intuitive information with the proper feedback

e Operator reaction time is optimized by providing needed information in a simple,
logically progressive, performance-oriented display structure

42 HIERARCHY

Operator graphics are designed in a hierarchy for progressive disclosure of process detail to handle
specific tasks. The purpose of hierarchical displays is two-fold:

e Provide different amounts of operating detail to aid the operator in performing different
tasks

e Allow for easier navigation

The hierarchy for process graphic displays is dependent on operator location and responsibility.
These levels of display represent increasing levels of complexity and detail to the operator. The
disclosure of complexity and detail is meant to represent the operator’s mental model of the
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process. The hierarchy operates like a tree structure, where lower-level displays are associated
with higher-level displays. The following display levels, or types, will be used:

Level O displays provide the operator with IEUA applications wide information.

Level 1 displays contain facility system overviews. This would represent the operator’s
total scope of control.

Level 2 displays contain process unit information and controls. These are the primary
monitoring and control displays.

Level 3 displays contain process unit details. These include more detailed controls for
the process unit which may not be used on a day-to-day basis.

Level 4 displays contain process support information and controls. These are typical
for diagnostic screens, set points, interlock lists, startup procedures, or groups of
controllers.

Figure 1 shows a sample hierarchy.

HMI PROGRAMMING STANDARDS 49 EMA, INC.



Level O
application
Oervissw
Level 1
Flant
Ouervisw
Leveal 2 Leval 2 Leve| 2 Lave| 2
Process Unit Process Unit Process Unit Process Unit
Control Control Control Control
(Headwaorks) [Primary) [secondary) [Tertiary)
Level 3 Level 3
Process Linit Process Unit
Detail Detail
(Primary #1) {Primary #2)

Level 4 Level 4 Level 4 Level 4
Process Unit Process Unit Process Linit Process Linit
Support Support Support Support
[=kirn Timers) [Interlocks) [Totalizers) (st Points)

Figure 1: Example Display Hierarchy

Prior to beginning development, the application developer shall hold workshops with IEUA staff
to determine a detailed display list, set performance goals for the process displays, and perform
task analysis to determine the required control manipulations.

4.2.1 Level 0 Display

The Level 0 display is an Application-wide screen that shows all the controllable plants,
sites, or areas within the given application. The Level 0 display is typically the first display
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shown when the HMI application opens. From this screen, the operator will navigate to the
plant, site, or area that the operator is responsible for (typically a Level 1 display).

Level O displays will also clearly depict Agency wide KPIs as defined by IEUA. The
definition of elements for this display shall be covered in the graphics development
workshops.

4.2.2 Level 1 Displays

The Level 1 overview display will show the broadest view of the operator’s scope of
control. This is a big-picture view that clearly identifies performance of the process using
Key Performance Indicators. This display typically resides on a large console display, but
should be capable of being displayed on other displays as necessary.

The Level 1 overview displays generally have the following elements:

e High level KPIs such as safety, environmental, and efficiency
e Values, trends, and deviations of KPIs

e Alarms of the top two highest priorities

e Important calculated parameters and conditions

e Advanced control mechanisms performance and status

e Major equipment status

e Appropriate trends of important process parameters if required

e Abnormal situations, denoting severity
The overview graphic does not represent a process pictorial or P&ID style display. The
overview display should make use of embedded trends and moving analog indicators. An

example Level 1 overview display is shown in Figure 2. See Appendix C for a larger
example.
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Figure 2: Sample Level 1 Display

4.2.3 Level 2 Displays

The Level 2 graphic display should contain all the information and controls required to
perform the majority of the controls tasks for a specific process unit. The Level 2 process
displays are key in developing an application that resembles the operator’s mental model
of the process.

These displays are used for routine tasks such as manipulating controllers, operating
pumps, starting blowers, and opening valves. This should be accomplished by using an
effective layout with efficient grouping of objects and controls that allow access to control
manipulations using faceplates.
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An example Level 2 display is shown in Figure 3.
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Figure 3: Sample Level 2 Display

4.2.4 Level 3 Displays

The Level 3 graphic display provides a display of the process unit details. This includes
all required control loops functions including controllers, indicators, alarms, and status

switches defined by the Process Control Narrative. These screens are typically used for
detailed investigations and for non-time critical control manipulations.

The displays typically contain:

Detailed sub-units, individual pieces of equipment, components and any
associated instruments and controls

Pre-built trends for diagnostic context

Interlock diagnostics and interlock linking, as required by the Process Control
Narrative

These displays are normally intended for troubleshooting or for controlling items that are
not accessible on the Level 2 display. There may be several Level 3 displays for each

Level 2 display.
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An example Level 3 display is shown in Figure 4.
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Figure 4: Sample Level 3 Display

4.2.5 Level 4 Displays
The Level 4 displays provide the most detailed information about a subsystem, instrument,
or equipment component.
These displays are typically used for:
e Setpoints
e Equipment or instrument information displays
e Grouped controllers for ease of access to common setpoints
e System diagnostics
e Help displays
e Operations manuals

e Alarm and abnormal situation response guidance

These displays vary depending on the needs of the process unit and the complexity of
control. See Figure 5 below for an example.
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SBS Tank Setpoints
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Tank 1 Switchower Lewel 15 FT

Tank 2 Switchower Lewel 15 FT

Figure 5: Sample Level 4 Display

4.2.6 Control Faceplates

Control faceplates are used to perform the operator control, adjust tuning, modify
configurations, or troubleshoot failures of a single object or piece of equipment. The
majority of control faceplates should be directly used from the PlantPAx library. In most
cases, these faceplates are already linked and embedded with the PlantPAx process object
used to depict the equipment on the process display (e.g. the P_Motor pump symbol links
to the P_Motor faceplates provided with the PlantPAx templates).

Faceplates not available from the PlantPAx library shall be designed to function similar to
the PlantPAXx faceplates and shall be approved by IEUA before development or use. Non-
PlantPAx faceplates and supporting global objects must be developed in coordination with
AOIs and programming modules developed using the IEUA PAC Programming Standards.
The use of common naming conventions, attribute definitions, and logic structures in both
the PAC and HMI will ensure a common look, feel, and functionality.

Analog value modifications should use an additional input pop-up that requires positive
acknowledgement of input value change. This limits incorrect values from being entered.
This is a standard PlantPAx function and should be included on any custom faceplates with
analog inputs.
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4.3 NAVIGATION

The navigation structure is one of the most important parts of making the HMI application easy to
use and intuitive to move between display levels to locate information and control the process. The
navigation structure shall be simple and flat, allowing for movement between any two screens in
three or fewer clicks.

The navigation structure utilized will be based on the PlantPAx HMI framework. The application
will use an application header and a horizontal navigation bar with two levels of navigation
buttons. A cutout view of the header and navigation bar is depicted in Figure 6. A full-size
depiction is included in Appendix C.
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Figure 6: Header and Navigation Bar

The top row of buttons and text represents the application header. The application header contains
the following:

e Level 0 system wide display button
e Level 1 plant, site, or area overview display button

e Alarm summary display button and alarm indicator (Grayed out and inhibited at Level
0)

e SCADA system status button and indicator

e FactoryTalk quick navigation buttons (forward, back, and history)
e Display map button

e Administration button

e Screen refresh

e Login buttons and information

e Current display name

e Date and time

The application header is a standard component of the IEUA library of global objects. The
Integrator must use the IEUA application header.

The middle row contains a horizontal bar of navigation links to:

o All Level 2 displays for the plant, site, or area
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e Any plant wide, or preconfigured trends, required for direct access by IEUA

e Other critical system displays identified during the graphics workshop

The bottom row will present a horizontal bar of navigation links to the associated Level 3 displays.
For instance, when the Level 2 display for Chemicals is selected, the bottom layer navigation bar
will show all Level 3 display links for the Chemicals process unit (i.e. Chlorine, Bisulfite, Alum,
and Polymer).

Both the top and bottom navigation bars shall identify the currently selected display to give the
operator immediate indication of where the operator is in the overall hierarchy. The navigation
buttons for the current display will be highlighted in gray, as well as, the higher levels associated
with that display. For instance, if the Chlorine Level 3 display is selected, the Level 3 navigation
button for Chlorine and the Level 2 navigation button for Chemicals will be highlighted. See Figure
7.

Headworks Primary Bioreactors Secondary Tertiary Sludge @’Chemicals Effluent

/A Chlorine Bisulfite Alum Polymer

Figure 7: Navigation Bar

Each Level 2 and Level 3 navigation link shall identify the highest alarm severity contained in that
process unit, or sub-unit, using the alarm indication symbols shown in Table 4.

In addition to the navigation bar, the built-in FactoryTalk View forward, back, and history buttons
shall be used to enable quick navigation between recently viewed displays. This is contained on
the application header. The navigation history shall be configured to hold ten (10) previous
screens.

4.3.1 Navigation Targets

Navigation targets are used to identify objects, symbols, and process line arrows that, when
clicked, will link to another display or bring up a faceplate for control. Navigation targets
should indicate the presence of a link when the mouse is hovered over the object. On
process objects that link to faceplates, the navigation target should highlight the object with
a gray outline.

Process lines that use arrows to link to other Level 2 or Level 3 displays should be shown
differently than process lines that do not link to other displays. Process arrows should use
the appropriate symbol for linked, or unlinked, process lines from the IEUA HMI library.
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4.4

LAYOUT

The layout of the console and process displays is another important part of the overall High
Performance HMI approach. Layout methods must be strictly enforced to ensure the consistent
look and feel of all applications throughout the Agency’s sites. During the graphics workshops,
the Integrator shall verify the console and process display layout methods with IEUA prior to
development.

4.4.1 Control Room Console Layout

The control room console consists of large wall displays and smaller operator screens. The
console creates the integrated control room environment that provides the operator with a
holistic view of the process, as well as the detailed view of specific process units for
monitoring, control, and troubleshooting.

The large screen wall displays are typically sized from 42 to 60 inches in size with a 16:9
aspect ratio supporting full 1920 by 1080 high-definition graphics. In most cases, the
control room will have four or more large displays to support the following types of
displays:

e Plant and/or Enterprise Overview

e Alarm Summary

e Plant KPIs

e Plant Trends

e Security, weather, or other general purpose data

e Any Level 2 or Level 3 display for monitoring

The smaller screen displays are typically 24 inches in size with a 16:9 aspect ratio
supporting full 1920 by 1080 high-definition graphics. There are typically two to four small
screen displays supporting operating displays for FactoryTalk View and for access to IEUA
business network computers and resources. The smaller screen operating displays are
generally used for:

e Level 1, 2, and 3 operating displays
e Alarm summary and history

e Ad hoc trending

It is important that the application be designed to support this type of screen arrangement.
In general, the FactoryTalk View application should be sized to operate as a single 1920
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by 1080 display using multiple client sessions to fill each separate display with the content
required for large or small displays. This provides the simplest application maintenance
and development approach while allowing for flexibility in the arrangement of displays.
The Integrator shall confirm the specific layout of the control room environment and
application development method with IEUA prior to development.

4.4.2 Process Display Layout

The process display layout defines the overall screen size and arrangement for a consistent
look, feel, and functionality. The process display layout is applicable to all Level 1, 2, and
3 graphics.

The Integrator should request the IEUA display framework prior to development. This
framework includes global objects and template displays for use by the Integrator in
developing the application. Any modifications to the IEUA framework must be approved
by IEUA.

The display layout, or framework, consists of an application header, navigation bar, and
process graphic area. Figure 8 shows the general arrangement. The overall display size is
1920 by 1080, in pixels.

|
|

|

[

|

|
141
4d

Figure 8: Process Display Layout

Table 3 lists the general size assigned for the display components. The Integrator should
use the IEUA framework template for correct placement and sizing of the header and
navigation global objects.
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Table 3: Process Display Layout Sizing

1 Application Header 1920 45
2 Single Navigation Bar (Level 1) 1920* 45
Dual Navigation Bar (Level 2 & 3) 1920* 90
3 Process Display Area (Level 1) 1920 990
Process Display Area (Level 2 & 3) 1920 945

* Maximum width, may be smaller based on number of displays

4.5

DISPLAY CHARACTERISTICS

Graphic displays will have a consistent look and feel. In order to maximize the use of built-in
capabilities and maintain a common look and feel, the PlantPAx HMI library of global objects and
faceplates will be used in coordination with the IEUA symbol library as the basis of development.

4.5.1 Use of Color

Color usage is restricted, achieving display consistency and drawing attention to important
situations. Color choices and their use in graphics are applied consistently throughout the
display hierarchy. Color should never be the sole differentiator of important information.
Color differences will be combined with shapes or text to convey the equipment state or
condition.

Background Color:

A muted background color has been shown to effectively address problems of glare,
contrast, color interference, and fatigue on the eye. The same background color will be
used for all graphic displays.

Foreground Colors:

A minimum number of foreground colors will be used for graphic displays. Foreground
color is used to draw an operator’s attention to an abnormal situation or alarm. Bright,
intense, saturated colors are used to quickly draw the operator’s attention to abnormal
conditions or alarms.

If the process is running correctly, the process graphic will display little color.
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All use of color is standardized and should be rigorously followed. Each color will be used
to indicate only specific conditions. For example, if red is used for an alarm color, it will
not be used for any process graphic objects, text, or elements. Specific hue and saturation
is defined in the Style Guide found in Appendix C.

Process lines and outlines of vessels and equipment will be dark gray. Process line
emphasis will be provided by using varying line thickness with primary process flows using
the heaviest lines.

Color will not be used to indicate the type of material (i.e. RAS, natural gas, potable water).
It is difficult to apply consistently on all displays and provides a distraction to the operator.
Material type will be identified with static text.

Color Blindness:

Colorblindness is a common phenomenon. The most problematic color pairs are red-green,
green-yellow, and white-cyan. Therefore, foreground colors used to indicate abnormal
conditions will be used in conjunction with text, shape, and filled or unfilled status.

4.5.2 Lines, Vessels, and Static Equipment

Process Lines:

e Process lines should be dark gray.

e Thickness should be used to differentiate between major and minor lines.
0 Main process lines should be 3 pixels in width
0 Secondary process lines should be 1 pixel in width

e Use arrows sparingly to indicate flow direction.

e Use static text to identify material when needed.

e There will be two different line types, solid (process flows and equipment) and
dashed (used for grouping or separating objects on the graphic display).

Process Vessels:

e Vessels should be depicted as two dimensional symbols.

e The interior of the vessel should be uniformly shaded without gradients and be
the same color as the background color.

e The vessel should be outlined in a dark gray line 1 pixel in width.

e The vessel’s shape should be shown, but without much detail.
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e The size of the vessel should be relative to the process importance of the vessel
and, when practical, related to the physical size.

Process Flow:

e Process flows should be depicted consistently.
e Process flows should be from left to right.
e Recycle flows may be depicted logically right to left.

e Vapors generally flow up and liquids flow down unless directly associated with
a pump or compressor.

Process lines should enter and leave the screen in consistent ways and should be neatly
arranged to allow for easy recognition. Entry and exit points used as navigation targets
should be presented and differentiated from non-navigation points.

4.5.3 Text
The display of static text on process graphics and other displays will follow the following
principals:

e The amount of text should be minimized but not eliminated. Text will be used
to identify items when their placement or shape does not make their identity
obvious.

e Text on process graphics will be dark gray.
e Text on alarm or event displays will be the color associated with the priority.
e All display lettering use non-serif fonts (Arial).

e For isolated words, titles, short labels, and equipment designations, use all
uppercase. For all other instances, use mixed case lettering to improve legibility.

e Text size will be standardized for operator console displays.

e Ensure consistency with abbreviations. A glossary of abbreviations is included
in Appendix B.

4.5.4 Values

The display of live values should be shown differently than static text. The following rules
will be followed.
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e PlantPAx graphic will be used for live values, containing description, value and
units of measure.

e Black text on white background for values that can be adjusted by the operator.
e Leading zeros will not be displayed except for fractional values.

e In tables, numbers will be aligned by decimal points. Extensive use of tables is
discouraged.

e When a value has the focus of the pointing device, the status should be indicated
by a gray rectangle surrounding the value.

e The number of decimal places to be displayed shall be defined in the PCN’s.
4.5.5 Analog Indicators

Moving analog indicators provide users with a means of quickly ascertaining if a process
variable is in a normal operating range, approaching an alarm state, or in an alarm
condition. Figure 9 shows two examples of a vertical analog indicator at two operating
conditions. The indicator on the left shows the process variable is within the normal
operating range. The indicator on the right shows the process variable in a priority two high
alarm condition.

>

b" W
-
8.82 6.48
MGD pH

RP-5 Flow Influent
pH

Figure 9: Typical Analog Indicator

In the example, 8.82 is a normal flow rate and 6.48 is a low pH condition. The gray shaded
areas indicate the High and Low alarm range. The darker gray shaded areas indicate the
High-High and Low-Low alarm range.
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4.5.6 Objects and Symbols

Standard shapes and sizes for vessels, pumps, heaters, blowers, etc. will be provided in the
PlantPAx HMI library and the IEUA HMI library. The PlantPAx objects and symbols will
be used to the greatest extent possible.

All objects and symbols will be consistent so they can be recognized without the use of
labels. If labeling is required, text will be low contrast.

Vessel Levels:

Vessel levels will be shown with a level indicator shown inside the vessel. The overall
height of the level will correspond to the range of the instrument installed on the vessel.
The current stored volume of the tank shall also be shown in the vessel.

MaQCl TANK 1
O7-TMK-1007 14,
b b
&Stnpped
M
Bleach Tank 1 %y
o497 6.50
=al = FT =
Daily Usage:
-1095 Gal.

Figure 10: Typical Vessel

In the example shown in Figure 10, the vessel level (6.5 FT) is shown. This could also be
feet or gallons. The darker gray lines marks in the middle of the indicator represent level
alarm points. If the vessel level goes into alarm condition an alarm indication will appear
on the graphic. This is typical for tanks, wet wells, and sumps as well.

Control Valves:

Motor operated valves will be shown using a white fill for opened, dark gray fill for closed,
and gray for mid position as shown in Figure 11. Valve alarms will be identified by
standard alarm indication methods found in Section 3.6.2.
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Sludge Vahve 4 Sludge Walve 5
Figure 11: Motor Operated Valve Symbols

Modulating valves will be shown dark gray filled when closed. When the valve is open, it
will be shown as the example in Figure 12. The valve will be shown with a white fill and
the percent open indication.

L —ik

Control WValve 3A Splitter Box Gate
0.00 % Open [ 6.00 % Open

Figure 12: Modulating Valve Symbol
Pumps:

Pump status will be shown using a white fill when running and dark gray fill when stopped,
as shown in Figure 13. Variable speed pumps will be shown similar with the percent speed
shown below the pump. Different types of pumps will be identified by their equipment
label. Pump alarms will be identified by standard alarm indication methods found in
Section 3.6.2.
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Scum Pump 4 Scum Pump 3 o
Figure 13: Pump Symbols
4.5.7 Controllers

Three general types of process controller objects (i.e. PID controllers) are available for
graphic displays from the PlantPAx library, however the agency uses:

e Asimplified controller object which will display the controller process variable
(PV), setpoint (SP), output (CV), and controller mode (Auto, Manual, or
Cascade).

See Figure 14 for examples.
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4.6

All of the controller objects will use consistent colors and text for the process values,
controller outputs, and setpoints. See the HMI Style Guide in Appendix C.

IPS PIDE LewvelFlow

PV 0.0 Ft.
P 10.0Ft )
cv  8.9MGD

Figure 14: Typical Analog Controllers

ALARMS

The purpose of the alarm system is to direct the operator’s attention to the facility conditions
requiring timely assessment or action. Each alarm should alert, inform, and guide the operator,
have a defined response, and allow the operator adequate time to carry out the response.

Alarms should be prioritized based on severity of consequence considering safety, environmental,
economic factors, and the time available to take corrective action.

Four priorities, or severities, will be utilized. Two severities will be used for operator alarms and
two severities for diagnostic information. The priorities and their general definitions are as follows:

Urgent: Immediate operator action required (e.g., process shutdown, severe equipment
damage, health, safety, or environmental violation imminent, or costly economic
impact).

High: Rapid operator action required (e.g., process shutdown possible, off-spec process
condition, emergency level alarm or violation imminent).

Medium: Operator action is required, but the process is still in steady state operation.

Low: Diagnostic alarms requiring maintenance action, or operator action to generate a
work order.

The following sections will discuss the philosophy of how alarms are presented to operators.

4.6.1 Alarm Behaviors and Indications

Any system value in alarm should be shown clearly and consistently. The methods used to
for this standard are defined in the following sections.

e Color is related to alarm priority. Every alarm will have a unique color that will
not be used for any other purpose on any graphic display.
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e Unacknowledged alarms will be distinguished from acknowledged alarms.
Unacknowledged alarms will blink.

e If more than one alarm is in effect on a value, only the highest priority alarm
should be indicated.

A combination of visual indications shall be used to distinguish the following required
alarm states:

e Alarm inhibit
e Return to normal
e Unacknowledged alarm

e Acknowledged alarm

Alarm Inhibit

An inhibited alarm is an alarm that has been suppressed by the PAC program, disabled by
maintenance, or shelved by the operator. An inhibited alarm will not change the border or
label color, but will display the inhibit symbol, shown in Table 3.6-1, to notify an operator
that one or more alarms will not be displayed or annunciated.

Return to Normal State Indication:

The return to normal state visual indication will use a white border and label background
with a white alarm bell symbol, shown in Table 3.6-1.

Unacknowledged Alarm State Indication:

The unacknowledged alarm state visual indication will use the alarm symbol and border
and label color of the highest active alarm severity. The alarm border and label will blink
to draw operator attention.

Acknowledged Alarm State Indication:

The acknowledged alarm state visual indication will use the alarm symbol and border and
label color of the highest active alarm severity. The alarm border and label will not blink.

4.6.2 Graphic Display Indication Methods
On process graphic displays, alarms will be indicated by unique colors, text, and shapes.

For the alarms priorities and alarm states in use, the following indication methods (Table
4) will be used:
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Table 4: Alarm Indicators

No change in color Alarm inhibited

White Return to normal (no alarm), but a previous alarm
has not been acknowledged.

Blue Low severity
Yellow Medium severity
Red High severity
Magenta Urgent severity

@elm > -

The symbol images for alarm inhibit and return to normal are part of the PlantPAXx library
of images. The four alarm symbols representing urgent, high, medium, and low are IEUA
specific symbols that must be updated from the IEUA library of images.

4.6.3 Alarm Summary Display

The alarm summary display provides a list of active alarms and alarms that have returned
to normal without being acknowledged. The display should be developed from the
PlantPAx alarm summary display template. The display shall be configured to provide the
following information (Table 6) for each alarm:

HMI PROGRAMMING STANDARDS 68 EMA, INC.



Table 6: Alarm Summary Details

Priority Priority 90 Left Icon + Text
Alarm State Alarm State 150 Left Icon + Text

In Alarm Time In Alarm Time 165 Left Time + Short Date
Acknowledge Time | Acknowledge Time 165 Left Time + Short Date
Out of Alarm Time | Out of Alarm Time 165 Left Time + Short Date
Message Message 430 Left Text

Group Group 250 Left Text

Alarm Name Alarm Name 430 Left Text

The alarm summary display will provide the following functions:

e sorting of alarms by chronological order (reverse chronological order by

default)

e sorting of alarms by priority

e individual acknowledgment of each alarm

e drop-down menus configured to allow filtering alarms by process area

e navigation from the alarm to the associated faceplate

The default sort order for the alarm summary shall be:

1) In Alarm Time, descending

2) Acknowledge Time

The default filter should be configured to show all urgent, high, and medium priority
alarms. Low priority, diagnostic alarms, will be normally filtered, but can be displayed by
viewing all alarms, or by using a low alarm priority filter.

Refer to Appendix C for color assignments and font styles.
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4.6.4

Alarm History Display

The alarm history display provides a list of all alarms and alarm state transitions that have
been logged to the historical database. The display should be developed from the PlantPAx
alarm history display template. The display shall be configured to provide the following
information (Table 7) for each alarm:

Table 7: Alarm History Details

Priority Priority 90 Left Icon + Text
Alarm State State 150 Left Icon + Text

Event Time Event Time 165 Left Time + Short Date
Message Message 450 Left Text

Group Group 240 Left Text

Event Source Alarm Name 350 Left Text

User Name User Name 100 Left Text

User Comment User Comment 260 Left Text

Tag 1 Value Tag 1 Value 110 Left Number

The default sort order for the alarm history shall be by event time in descending order. The

default filter should be configured to show all events.

4.6.5 Alarm Management Functions

The alarm management functions will utilize the integrated features of the PlantPAx AOIs
with the standard FactoryTalk Alarms and Events features to provide the following alarm
management functions:

Suppression by design
Maintenance disable
Shelving with un-shelf timer

Acknowledge single alarm
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e Acknowledge current page of alarms (one page at a time)
e Acknowledge with comments
e Viewing of alarm details

e Running of alarm commands to open associated Level 2 or Level 3 displays

The alarm explorer display will be used to allow the operator easily filter and interact with
alarms. The alarm explorer will be used to simplify the process of enabling/disabling,
shelving/un-shelving, and viewing alarm comments within the HMI.

The alarm system will also include a display of all shelved alarms with filtering capabilities
to enable immediate access to the list of shelved or suppressed alarms.

All management functions and displays should be configured from PlantPAx display
templates utilizing colors and fonts from the Style Guide found in Appendix C. The alarm
management displays and functions should maintain a consistent look and feel with all
other displays.

4.7 TRENDING

All trending displays should utilize the TrendPro or TrendX tool as determined in the graphics
workshop. The trend object displays real-time data and data from FactoryTalk Historian Site
Edition (or FactoryTalk View Site Edition data logs where FactoryTalk Historian is not available).
The trend object should be configured to provide extensive, flexible run-time control including:
adding pens, toggling between isolated and non-isolated graphing, specifying unique line settings,
and printing chart data.

On trends requiring a legend, the legend shall be provided with the following information as a
minimum:

e Pen tag descriptions and colors
e Pen units

e Pen maximum and minimum values

Faceplate trends from the PlantPAx graphic faceplates will use the default configurations from the
library. All other trends shall be configured as described in this section and in the following sub-
sections.

Trending requirements will be determined during the graphics develop workshops. In general, the
appropriate use of trends is recommended to enhance the operator’s awareness of the process and
provide the context often missing from most displays. In addition, the Integrator may need to
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configure datalog files or Historian references to retrieve sufficient data for trending based on the
requirements of the workshops.

4.7.1 Historical Embedded Trends

Historical embedded trends with live update shall be pre-configured with a trend title, time
scale, value scale, current values, and configured for continuous scrolling with a default
time span of 24 hours or as determined in the graphics workshop. These trends will use
TrendPro or TrendX to be decided in the graphics workshop. The time span shall be
adjustable, as needed. Other configuration options must be specifically approved by IEUA.

4.7.2 VantagePoint Embedded Trend

A VantagePoint Embedded Trend shall be configured as a Level 1 Display that allow the
operator to add any point in the system to the trend for troubleshooting or monitoring.
There should be one VantagePoint Embedded Trend for each application.

4.7.3 Real-time Embedded Trends

Real-time trends are typically only used on local OIT (PanelView) displays where access
to the FT Historian is not available. Real-time trends shall be configured with a trend title,
legend, time scale, value scale, and configured for continuous scrolling with a default time
span of one (1) hours. The time span shall be adjustable and include mechanisms to allow
for panning, zooming, and scrolling. Other configuration options must be specifically
approved by IEUA.

48 SECURITY

The SCADA system will use the integrated security system provided by the FactoryTalk Directory,
FactoryTalk View Studio, and the Windows Active Directory Domain Services. The SCADA
system will have multiple security levels to allow users different monitoring and control access.
FactoryTalk View SE shall be directly linked to Windows-based user accounts with a group
assigned with the FactoryTalk View SE application for users to be added for specific access rights.
The PlantPAXx objects and faceplates have security built into them based on FactoryTalk View SE
security codes.

The SCADA security system shall be configured to provide the following minimum options:
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e Continuously display current user logged on to the system on the HMI header
e Log all security events (user log-on and user log-off) to a database

e Assign all events in the events database to logged on user(s)

e Each user should have a separate login

e Automatic log-off by inactivity timeout or by date/time

e Allow a preset number of log-on attempts before sending a notification for an invalid
log-on attempt

The use of groups and associated security codes is defined in Appendix D.

49 SYSTEM CONFIGURATION TOOLS

The FactoryTalk View and PlantPAx configuration tools allow for simple, repeatable HMI
configurations by multiple developers across many applications. The use of these tools is required
to meet the IEUA standards.

4.9.1 PlantPAx Online Configuration Tool

The PlantPAx Online Configuration Tool is a Microsoft Excel spreadsheet that provides a
quick and easy way to configure all AOI parameters for a given PAC program.

The Integrator shall utilize this tool to configure and document the AOI parameters. The
final configuration shall be delivered as part of the application documentation and will
assist is graphics workshops and development activities.

4.9.2 PlantPAx Alarms Builder

The PlantPAx Alarms Builder and Tag Data Edit Tool is used to link the PAC AOI
configurations to the FactoryTalk Alarms and Events configuration.

The Integrator shall use this tool to develop an alarm import file for the FactoryTalk Alarm
and Events Server. The import file requirements for each application will be developed
during the Alarming workshop. The final Alarm Builder spreadsheet shall be delivered as
part of the application documentation.
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4.9.3 PlantPAx Color Change Utility

The PlantPAx Color Change Utility shall not be used to modify the default color palette.
PlantPAx standard color palette shall be used.
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SECTION 5 DELIVERABLE

5.1 SUBMITTALS

The following submittals shall be made to IEUA by the application developer:

e Two soft copies of all developed software and documentation shall be submitted at the
end of each SCADA design stage (25%, 50%, 75%, final as-built version).

o
(0}

(0}
o

o
(0}
o

Copies of all displays provided in PDF

Backup of all HMI server applications using Distributed Application Manager
backups.

Historian Tag Configuration spreadsheets

Report design narratives and report files (Excel, RDL files, stored procedures
etc...)

VantagePoint/Asset Framework model design documents and files

PlantPAx Alarms Builder Tool spreadsheets

Training Documents for Operations, Maintenance, and SCADA staff.

e Licenses

(0}
o

O O0OO0o

All Operating System Licenses
Rockwell Licenses
= FactoryTalk View Licenses
= FactoryTalk HMI server licenses
= FactoryTalk Historian licenses, interface licenses
= VantagePoint client licenses
= AssetCentre licenses
OSISOft PI Licenses
Thin Manager licenses
VMware licenses
VEEAM licenses for backup

HMI PROGRAMMING STANDARDS 75 EMA, INC.



J

ﬂ\
. APPENDIX B

ALARM MANAGEMENT STANDARD

HEn
(\ Inland Empire Utilities Agency weStln anm

Passion for Improving Performance
A MUNICIPAL WATER DISTRICT




REVISION | DATE DESCRIPTION OF REVISIONS REVISED BY
8-21-2016 Revised based on the comments and lesson | Kevin Wang
learned from CCWRF
-- 11-23-2016 Revised based on the comments and lesson | Kevin Wang
learned from CCWRF
10/10/2019 ISS Updates ISS

77




SECTION 1

1.1

1.2

1.3

1.4

INTRODUCTION

PURPOSE

The purpose of the Alarming and Events Standard is to establish a uniform approach to
alarm and event management in the SCADA system and to ensure that IEUA (Agency)
staff can respond appropriately when abnormal situations occur at their water facilities.

SCOPE

This Standard covers the general methodology for alarm and event management, provides
an overview of the various alarm and event types, and describes how alarms and events are
monitored and displayed from SCADA. The specific alarms and events required for a
facility are not covered in this document and are to be defined during the preliminary and
detailed design phases in consultation with the Agency and captured in the Process Control
Narrative (PCN).

PAC AND HMI PROGRAMMING ENVIRONMENT

IEUA utilizes the Rockwell Automation’s PlantPAx software suite. This suite consists of
using specific PAC programming structure and AOI’s as well as corresponding HMI system
architecture and object libraries.

All alarming shall utilize the current PlantPAx pre-defined alarm functions and
requirements within each of the specific PlantPAx objects. The integrator shall confirm the
specific library version from IEUA prior to starting work.

ALARM & EVENT DEFINITIONS
1.4.1 Alarm Definition

An alarm is the visual and/or audio annunciation that a piece of equipment is in
malfunction, process malfunction or in an abnormal condition. Alarms require an operator
response that is governed by alarm prioritization. Alarms are prioritized based on the
consequential impact of the malfunction or abnormal condition to regulatory compliance,
health and safety, and process criticality. The Agency Water Supply Division’s standard
approach to alarm priority is discussed in section 1.5.3 Alarm Prioritization.

1.4.2 Event Definition

Events are all signals that are not classified as alarms and do not require attention from
Operations and Maintenance staff. Events pertain to status information
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A signal can only be classified exclusively as either an alarm or an event, not both. An
event represents a change of state (process, equipment, or system). The following are
examples of events: I/O point change of state; changes to control setpoints, duty selection,
reset, etc.; enabling/disabling of alarms; equipment Out of Service; FT user logging in/out;
pump start/stop; valve open/close, etc.

1.4.3 Alarm Reset Definition

All alarms are latched within the PAC logic. An alarm latch is retained until reset by the
Operator from an HMI. Depending on the alarm, a device that is returned to a safe or
normal condition in the field may not automatically unlatch the alarm. This ensures the
Operator is aware of the failure.

PLC PLC alarm tag activated HMI Operalor notified of the
& passed o HMI alam alarm and addresses
Lat the prablem
FLC ALARM 24 - ALARM
-
TAG TAG
A __ OPERATOR
HMI ALARM -

HII alarm reset tag RESET TAG Operalor resals the

senl to PLC for reselling alarm using the resel

the PLE alarm lag. pushbutton from HMI

1.4.4 Alarm Acknowledge Definition

Alarms are displayed as text on the HMI Alarm Summary screen. Some HMI objects have
animation associated with them and indicate that an alarm is present. When an alarm
occurs, the alarm indication animation begins to flash. The alarm indication will continue
to flash as long as the alarm goes unacknowledged (even if the alarm condition clears).
Alarm Acknowledgement stops the alarm animation from flashing and holds the animation
in a solid steady state. All alarms require operator interaction (usually an HMI reset) to
Clear.

Depending on the Priority of the alarm, Alarm Acknowledgement is also used to control
the clearing of Local Alarm/General Alarm Panel lights and horns. PA annunciations are
also silenced via the Alarm Acknowledgement. See section 1.5. ALARM AND EVENT
METHODOLOGY for further details.

1.4.5 Alarm Shelving Definition
Despite best efforts, events (e.g. instrument out of calibration or in maintenance) will still

occur that will trigger nuisance alarms. Operation staff members are usually aware of the
source and reason for the nuisance alarms. In this circumstance, operators with the
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1.5

appropriate privileges must have the ability to temporarily disable (shelve) nuisance
alarms.

1.4.6 Alarm/Event Area Definition

Each alarm or event tag is assigned alarm areas. These areas are used to filter alarms.
Alarm groups are created to follow the Process Control Narrative structure. For example,
Primary treatment is a major group for Carbon Canyon and has sub-groups for Primary
Clarifiers and RAS/WAS.

1.4.7 Alarm Filter Definition

Alarm filtering is provided for all alarms where needed. Alarms can be filtered by process
area or site, priority and device. Filtering is based on the defined alarm/event areas and
displays the current alarms for the filtered selection. Refer to the HMI Standard for
additional information on alarm summaries and filtering selections.

ALARM AND EVENT METHODOLOGY
1.5.1 General

The SCADA system has four (4) levels of alarm priorities: Priority 1, 2, 3, and 4.
Dependant on the priority of the alarm, there will be a visual and/or audible presentation
for each alarm.

The visible representation is as follows:
e on each HMI screen where the associated device is located, including the
associated navigation buttons.
on each device popup display.
on the applicable Alarm Summary Screen.
in the alarm/event log file.
in the Historian (Alarm and Event Database).
on the interface panel of the physical device (if applicable).
on the Local and/or General Alarm Panel (if applicable).

The priority for each alarm shall be documented in the PCN, and configured in the FT
system and the PAC logic utilizing the PlantPAx standard library. The FT, PAC logic, and
field devices work in conjunction to create the visual and audible cues for each alarm.
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Alarms can be acknowledged individually, by alarm page or all. See HMI standard for
alarm acknowledgment information.

Some alarms can be disabled via the HMI on an individual basis using device popups. See
HMI Standard for alarm enable/disable specifics.

All alarm threshold comparisons and status flags shall reside in the PAC and are passed to
the HMI.

1.5.2 PCN Documentation

Each alarm shall be defined and documented with the applicable PCN. Each alarm shall be
documented in the PCN appendix as an individual row.

1.5.3 Alarm Prioritization

1.5.3.1 Priority 1

A Priority 1 (P1) alarm is the highest priority alarm in the SCADA system and is
defined as any alarm that poses an immediate threat to human life and safety or
poses an immediate risk to reliable process control or property. When a P1 alarm
is triggered, personnel are required to respond immediately and take reasonable
actions in order to protect public health and safety and to prevent or minimize
personal injury or damage. This may involve prompt evacuation of the affected
area and deployment of trained personnel to correct the situation.

All priority 1 alarms require HMI presentation and email notification at all times to
both on shift and off shift pagers/cell phones.

Priority 1 alarms consist of PlantPAx alarm severities of 751 through 1000. The
PlantPAx alarm severity of 777 is reserved for Priority 1 system alarms.

1.5.3.2 Priority 2

Priority 2 (P2) alarms are defined as process-related alarms, which represent an
impending impact to service levels or cost. When a P2 alarm is triggered, trained
personnel are able to respond with less urgency.

All priority 2 alarms require HMI presentation.

Priority 2 alarms consist of PlantPAx alarm severities of 501 through 750. The
PlantPAx alarm severity of 555 is reserved for Priority 2 system alarms.
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1.5.3.3 Priority 3
Priority 3 (P3) alarms are configured, but not used.

Priority 3 alarms consist of PlantPAx alarm severities of 251 through 500.

1.5.34 Priority 4

Priority 4 (P4) alarms are defined as maintenance alarms. P4 alarm definition is
configured, but not used.

Priority 4 alarms consist of PlantPAx alarm severities of 1 through 250.

1.5.4 Alarm Annunciation

The annunciation for alarms is determined by the priority. The Agency utilizes HMI on
screen alarm presentation and email notification for alarm presentation and annunciation.
The specific annunciation requirements for each alarm are defined in the PCN(s). Specific
requirements for HMI presentation can be found in the HMI standard.

The following table presents the minimum requirements for alarm annunciation and
presentation:

HMI EMAIL ON EMAIL OFF
PRIORITY PRESENTATION | SHIFT SHIFT
1 X X X
2 X - -
3 X - -
4 X - -

All alarms are represented on the HMI to draw attention to the problem.

1.5.5 Alarm/Event Color Schemes

The alarm and event color schemes used for all alarm and event summaries screens

are provided in the High Performance HMI Standards.
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1.5.6 Nuisance Alarm Suppression
1.5.6.1 Low Pass Filter

High-frequency fluctuations can be introduced into an analog input signal from
either process noise or EMI noise. If these fluctuations occur close to an alarm trip
point, they can cause repeated alarms as the signal bounces into and out of alarm.

It is necessary in many situations to introduce a low-pass filter to dampen the input
signal and smooth out the response. Input filtering is programmed into the PAC
software for the specific input.

1.5.6.2 Analog Alarm Hysteresis

Introducing hysteresis with the use of a deadband is an effective method for
reducing repeating alarms due to process fluctuation or signal noise. With a
programmed deadband on increasing process variables, such as for HI and HIHI
alarms, the “ON” alarm trip point is higher than the “OFF” alarm trip point. With
a programmed deadband on decreasing process variables, such as for LO and
LOLO alarms, the “ON” alarm trip point is lower than the “OFF” alarm trip point.
The deadband value should be selected to be greater than the typical signal
fluctuation due to noise. The value of the deadband shall be operator-configurable
from the HMI, with proper security clearance. A default deadband setting for each
analog alarm is defined in the PCN.

1.5.6.3 Transient Suppression

Transients are introduced that can trigger false alarms when a process undergoes a
step change event, for example, when the process is initiated, the setpoint is
changed, or the state of a control device is changed (ON to OFF or OFF to ON).
Depending on the process dampening, a transient may be a temporary overshoot of
an expected result or it may be a delay in achieving the expected result. For
example, a pump is turned on and it takes a few seconds to achieve the minimum
flow and pressure.

To suppress transient-related alarms a time delay, during which associated alarms
are not calculated, is shall be incorporated into many processes and device alarms
to provide time for the process variable to stabilize as defined within the PCN.
Transients shall not be configurable from the HMI.

1.5.6.4 Analog Debounce Timer

Signals that bounce as a result of a sudden change in a control variable (e.g., when
a pump turns on or a valve opens) can cause repeating alarms as the signal
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“bounces” around the Alarm ON and OFF trip points. Debounce timers exist within
the PAC logic that requires the alarm to be OFF for a contiguous preset time before
the alarm can be tripped ON. In many circumstances an alarm deadband eliminates
the need for a debounce timer.

1.5.6.5 Digital Debounce Timer

Relays and limit switches are mechanical devices that will often bounce ON and
OFF when they undergo a change of state. Creating a digital debounce timer within
the PAC logic will ensure that the device must be stabilized ON or OFF for a
contiguous present time before the state is determined.

1.5.6.6 Alarm Suppression

Alarms may be suppressed if certain conditions must be true for an alarm to be
active. Eg. low flow alarm only if pump is running. Alarms suppression shall be
programmed to prevent nuisance alarms when all conditions for an alarm are not
met.

1.5.6.7 Alarms created during routine Maintenance

During maintenance of an analog device, erroneous alarms are commonly
generated. To allow for the maintenance to proceed without the generation of
alarms and upset to the process, the Operator must set appropriate flags. Alarms
can be Enabled/Disabled via the PlantPAx faceplates.

1.5.6.8 Alarm Shelving

Alarm Shelving lets operators decide whether or not to put an alarm ‘on the shelf'
for a defined period of time or a certain occurrence. This temporarily removes it
from the main alarm list to a special list, but the alarm itself is not affected. It will
later require attention from the operator. In the meantime, the operator can
concentrate on tasks judged to require their immediate focus. Simple navigation
makes alarm shelving a valuable and much-appreciated tool that helps operators
work with maximum efficiency. The default shelve time for all alarms should be
set to 840 minutes.
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Bar Screen Differential Level

e Q|3
NES

Minimum time Alarm output stays on
(seconds)
Auto unshelve after shelved this long
(minutes)

840

1.5.6.9 Instrument Failure Enable/Disable

The Instrument Failure Enable/Disable function disables visual and/or audio
annunciation of threshold alarms (HI/HIHI/LO/LOLO) but retains the instrument
ORL/ORH/OCT alarms. If a redundant device is available, the process will use the
redundant device. If not, and the process is being controlled in AUTO, the process
will continue to use the value from the instrument. A flag is set and historized for
reporting when the Enable function is active.

1.5.6.10 Disabling Alarms

Incorporating many of the smart alarming strategies described above will minimize
nuisance alarms. Despite best efforts, events still occur that trigger nuisance
alarms. Operators are usually aware of the source and reason for these nuisance
alarms. In this circumstance Operators have the ability to disable individual
threshold (HIHI/HI/LO/LOLO) nuisance alarms. The field values continue to be
used for process.
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1.6

ALARM & EVENT TYPES
1.6.1 General

Alarms and events are determined during the development of PCNs. The type of alarm, the
alarm priority, and alarm properties are defined and documented in consultation with the
Agency. All events are recorded by the FT client and collected by the FT A&E database.
During the configuration of the HMI database and screens as well as the development of
the PAC program, all alarms and events shall be configured according to the PCN utilizing
the PlantPAx base template process library.

For every PlantPAx object, all alarming capabilities shall be configured within A&E. For
example, if only a High is specified in the PCN, all P_AlIn alarms should still be configured
within A&E (including HH, H, L, LL). This allow the operator in the future to add one of
those alarms from the faceplate and have annunciation within A&E.

1.6.2 Signal Error Alarms
1.62.1 Input Failure alarm

Input failure alarm is generated when the process variable (PV) quality is bad, or
when the PV is outside the configured limits (out of range high or out of range low),
or when the range configuration is invalid..

1.6.3 Rate of Change Alarms

Rate of change alarms are generated when the analog signals rate of change is
above the configurable rate of change setpoint.

1.6.3.1 Rate of Change High Alarm (RCH):

Set when the analog signal rate of change is above configurable allowed setpoint
plus a deadband. The alarm is automatically reset in the PAC program when the
analog signal is below the setpoint less the deadband.

1.6.3.2 Rate of Change Low Alarm (RCL):
Set when the analog signal rate of change is below the configurable allowed

setpoint less a deadband. The alarm is automatically reset in the PAC program when
the analog signal is above the setpoint less the deadband.
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1.6.4 Threshold Alarms

1.6.5

There are four (4) standard Alarm Thresholds: HIHI, HI, LO, LOLO. Each
threshold exceedance is determined within the PAC Analog Input Block.

Whether each of these 4 alarms is used at the HMI, or further employed in other
calculated alarms, is a function of the process.

To reduce nuisance alarms, in many cases only a HIHI and/or LOLO alarm is used
at the HMI. There is, for example, no need for a LO or LOLO alarm to be generated
at the HMI for filter effluent turbidity, as low turbidity is the desired process
condition. Whether or not each threshold is used, is defined in the PCN.

The following is a summary of the threshold alarms:

1.6.4.1 HIHI Alarm

Set when the analog value is above an HMI adjustable HIHI threshold (setpoint).
The alarm is automatically reset in the PAC program when the analog signal is
below the setpoint less the deadband.

1.6.4.2 HI Alarm

Set when the analog value is above an HMI adjustable HI threshold (setpoint) and
below the HIHI threshold (If enabled). The alarm is automatically reset when the
analog signal is below the setpoint less the deadband.

1.6.4.3 LO Alarm

Set when the analog value is below an HMI adjustable LO threshold (setpoint) and
above the LOLO threshold (If enabled). The alarm is automatically reset when the
analog signal is above setpoint plus the deadband.

1.6.4.4 LOLO Alarm
Set when the analog signal is below an HMI adjustable LOLO threshold (setpoint).

The alarm is automatically reset when the analog signal is above the setpoint plus
the deadband.

Discrete Alarms

Discrete alarms for devices are based directly on separate digital inputs from the
device. Typically these alarms are dependent on the specific make/model of the

87



1.6.6

device. During the development of the PCN, and in consultation with the Agency,
the standard approach may be modified and documented in the P&ID and the PCN.
Typical discrete alarms would be General Alarm (GA) and Advisory Alarm (AA).

Virtual Alarms

Virtual alarms are alarms based off specific device conditions and are programmed
into the PAC device blocks. They are considered virtual because they are generated
by the PAC and not directly linked to an input. Listed below are standard virtual
alarms available to certain devices.

1.6.6.1 Failed to Start Alarm

The PAC initiates a START command and the RUNNING status is not present
following an elapse of a settable time delay. The alarm is latched in the PAC
program until RESET from the device pop-up on the HMI.

1.6.6.2 Falled to Stop Alarm

The PAC initiates a STOP command and the RUNNING status is still present
following an elapse of a settable time delay. The alarm is latched in the PAC
program until RESET from the device pop-up on the HMI.

1.6.6.3 Valve Full Stall Alarm

A Valve full stall alarm is generated if the valve feedback indicates it did not move
off the original position within a configured amount of time when commanded to
the other position.

1.6.6.4 Vvalve Transit Stall Alarm

A Valve transit stall alarm is generated if the valve feedback indicates that the valve
moved from the original position but did not reach the target position within a
configured amount of time.

1.6.6.5 Valve Fault Alarm for Control Valves

A valve actuator fault alarm is generated when the difference between the requested
position and the position feedback from the device is greater the configured
deviation limit for an elapsed time delay. This alarm is self resetting when the
difference between setpoint and feedback fall back under the deviation limit.
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1.6.7

1.6.8

Smart Device - Alarms

Smart field equipment is capable of providing monitoring information through a
communications network (e.g., Ethernet). Refer to the Instrumentation Standard
2.3 for details regarding the standard approach to the transmission of this
information. During the development of the PCN, the Consultant shall determine,
in consultation with the Agency, any information transfer required for integration
into the HMI application for alarm conditions.

For each identified alarm condition, the HMI application is configured to directly
read the memory map residing in the smart field equipment.

If required for use by a PAC, alarm conditions from the smart field equipment must
be hardwired to a PAC 1/O card or approved device.

Device Events

Alarms are captured in the A&E database. Factory Talk View SE HMI changes
are recorded in the A&E SQL diagnostics database. Historical data is captured in
the historical database (FT Historian SE). Listed below are events explicitly
captured for devices used in process control.

1.6.8.1 Maintenance Mode and Operator Mode

Any change of state to maintenance mode or operator mode will be recorded in the
A&E SQL diagnostics database. Additionally any Enable/Disable from the
equipment faceplate will also be recorded in the A&E SQL diagnostics database.

1.6.8.2 Out of Service

Equipment service availability is monitored and recorded on change of state. Out
of service is typically provided by a Lock-Out Stop button located in the field.

1.6.8.3 Hand/Auto or Local/Remote

Equipment mode switch position is monitored and recorded on change of state.
Hand/Auto or Local/Remote is typically provided by a selector switch located at
the field device. This is recorded as an alarm for when the equipment is not in
auto or not in remote. This is captured in the A&E database.
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1.6.9

1.6.8.4 Device Run

Equipment run status is monitored and recorded on change of state. Run status is
typically provided by a digital contact from the field device. This is captured in
FT Historian.

1.6.8.5 Open/Close

Equipment position status is monitored and recorded on change of state.
Opened/Closed status is typically provided by limit switches in the field, but may
be calculated in the PAC if no field switches exist. This is captured in FT
Historian.

1.6.8.6 Speed/Position Status

Equipment speed/position feedback status is monitored and recorded on change of
value. Speed/Position feedback is typically provided by a 4-20mA signal from
the field device. This is captured in FT Historian.

1.6.8.7 Speed/Position Setpoint

Equipment speed/position setpoint status is monitored and recorded on change of
value. Speed/Position setpoints are typically entered by the operator or are
calculated by the PAC program. This is captured in FT Historian

PAC and Remote Racks

There are PAC and remote rack diagnostic screens available on the HMI for each
treatment facility and for the remote stations. These screens show pictorially the
active PAC alarms currently active.

1.6.9.1 PAC Run Status

An alarm is generated if the PAC is not in a running mode. A Controller checklist
report display should be included in the HMI to monitor CPU usage and health of
the PAC.

1.6.9.2 PAC Program Watchdog Fault

If the watchdog timer for a program exceeds the configured time setpoint, an alarm
shall be generated.
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1.6.9.3 PAC Fault

The major/minor fault status will be used to generate an alarm. Example: Battery
failure, temperature, etc.

1.6.9.4 Communications Card Fault
If a communications card fault is active an alarm is generated.
1.6.9.5 /O Communications Fault

If a failure occurs on the 1/0 network from PAC to the 1/0 racks (including DLR
and PRP), an alarm shall be generated. In addition, DLR/PRP Diagnostic
Faceplates shall be provided.

1.6.9.6 General I/O Fault

If an I/O card or 1/O point is in a fault state an alarm is generated.

1.6.9.7 Redundancy Failover Fault

If the PAC fails over to the secondary processor, an alarm shall be generated.
1.6.9.8 Redundancy Available Status

If the secondary fail over processor is not available, an alarm shall be generated.
1.6.9.9 Power Supply Alarm

If the power supply for a PLC or 1/0 Rack fails, an alarm shall be generated.

1.6.10 Communication Alarms/Events
1.6.10.1 HM/I Server to PAC Communication Alarm
All communication links between the PAC and HMI Servers are monitored in the
HMI. The Server to PAC communications is monitored every few seconds, and an

alarm is generated when the server does not receive a response from the PAC. The
alarm remains active until communications recovers.
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1.6.10.2 PAC-to-PAC Communication Alarm

These communication links are monitored in cases where data is exchanged
between two PACs. If data is not received after a set time, a PAC-to-PAC
communication alarm is generated and remains until communication is restored.

1.6.10.3 Ethernet/TCP Alarm

Ethernet communications is monitored by a centrally located network management
application (Microsoft Operations Manager and CAT Tools). The network
management application monitors and logs the communication status of network
paths.

1.6.10.4 PAC to HMI Server Communication Fault

The communication link between each PAC and FT Server is monitored in the
PAC. The Server to PAC communication is monitored once a minute, and an event
is generated in the PAC after 5 failed communication attempts.

1.6.10.5 Non-Ethernet Communications

SCADA communication that is not on the SCADA Ethernet backbone will be
monitored at the point of consolidation (typically a PAC as a Front-End Controller).
Communication status (ACTIVE or FAILED) will be determined by the number of
contiguous failed communication attempts (retries). For example, it may be
decided that three (3) consecutive failed attempts to communicate will set the
network path to FAILED. The criticality of the network node will determine if the
communication failure is annunciated as an alarm or an event.

1.6.11 Server Alarms

The health of the SCADA Servers is monitored by the SCADA software. The SCADA
software generates alarms as configured.

1.6.11.1 Primary Server Not Active Alarm

Every SCADA server is configured as a pair and work in a “Hot-Standby”
configuration. Each pair of servers has a server that is assigned to be the Primary
server and the other the Secondary server. It is desired to have the Primary server
as the active server during normal operation. Upon the Secondary server becoming
active an alarm is generated indicating the Primary server is no longer active.
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1.7

1.6.11.2 Historian Collector Failed Alarm

Every SCADA server has historian collectors installed to collect realtime data.
Upon failure of any of these collectors and alarm is generated at the HMI.

1.6.11.3 Remote Notification Software

Upon failure of the remote notification dial out system (Win911), an alarm shall be
presented to the HMI and recorded in the A&E database.

EQUIPMENT ALARM HANDLING
1.7.1 Modes of Control

Refer to the Control and Monitoring Philosophy Standard 1.2 for a complete description
of control modes. All standard controlled equipment such as pumps, blowers, etc. have
three (3) possible modes of control as described below:

. Hand: The field-mounted, Local-Remote selector switch is set to LOCAL or H-
O-Ais in Hand. In this state, the associated equipment is controlled manually
from the Local Control Panel only. Control from SCADA is not available.

. Operator Mode: The field-mounted, Local-Remote selector switch is set to
REMOTE (or the H-O-A selector switch is in Auto) and the virtual HMI,
OPERATOR mode is selected. In this state, the associated equipment is
controlled manually from the HMI.

. Program Mode: The field-mounted, Local-Remote selector switch is set to
REMOTE (or the H-O-A selector switch is in Auto) and the virtual HMI,
PROGRAM mode is selected. In this state, the associated equipment is
controlled automatically from the PAC.

In all of the above control modes, the SCADA system continually monitors and
annunciates the alarm status of the associated equipment.

1.7.2 Health and Safety and Equipment Protection Alarms

Hardwired alarms related to health and safety or equipment protection are regardless of
modes of control. In addition to the hard-wired control logic provided with these alarms,
design must also incorporate a contact that shall be hardwired to the PAC and passed to the
HMI for notification. The hardwired alarms will be tracked in the PAC to be annunciated
at the HMI.
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1.7.3 Device Interlock Alarms

Device Interlock Alarms are conditions which are not related to health and safety or
equipment protection but are used for automated process control. An example of a device
interlock could be a high- or low-level alarm from a level instrument.

Device interlocks are generated in software logic and are active in both PROGRAM Mmde
and OPERATOR mode. In specific cases, the operator has the ability to bypass device
(process) interlocks by operating equipment in OPERATOR mode.

1.7.4 Redundant Instruments and Alarming
Redundant instruments shall alarm when a high differential (greater than 5% of range)

exists between two redundant instruments. PAC code selects the appropriate instrument
for process control and is documented in the PCN.

94



APPENDIX C
HMI STYLE GUIDE
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The style guide describes all aspects of display design. This guide is specific to the Rockwell
Automation FactoryTalk View SE software. This guide includes text descriptions and
documentation for all display objects.

Standardized display elements are created with the specific functionality described in this style
guide. Management of change practices will be utilized to ensure these elements and associated
documentation are updated as elements are modified or new versions developed.

Changes and additions to this style guide must be approved by the IEUA SCADA Manager prior
to being incorporated into this standard.

A.1 COLOR USAGE

All Color usage should match PlantPAx standards. Color usage and application for foreground and
background colors are defined for process graphics, alarm displays, and trends (Table 1).

Table 1: Process Graphic Colors

Object/Element Color Name Animation
Display Background and Navigation Light Gray
Buttons
Static Text Dark Gray
Display Title

Selected Navigation Buttons

Static Text Gray
General Text
Process Material

Static Text PlantPAx graphic standard
Equipment Title colors
Engineering Units Black (PlantPAx graphic
standard color)
Dynamic Text Black (PlantPAx graphic
Analog Values standard color)

Discrete States

Setpoint Text Black
Setpoint Values

Process Flow Lines Black
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Object/Element

Process Equipment (Outline)
Vessels
Tanks
Heat exchangers
Pump
Valve

Color Name

Black

Animation

Active/Energized State (Fill)
Valve Opened
Pump Running
Motor On

White (standard PlantPAx
graphic color)

Inactive/De-energized State (Fill)
Valve Closed
Pump Stopped
Motor Off

Dark Gray (standard
PlantPAx graphic color)

Transition State (Fill)
Valve Mid Travel

Blue (standard PlantPAx
graphic color)

Pump Starting/Stopping
Equipment Fault State (Label/Border) Based on Alarm Priority Based on
Valve Fail (standard PlantPAXx graphic) | Ack/Unack
Motor Fail
Alarm Priority 1 — Urgent (Unack) Magenta Blink Medium
Alarm Priority 1 — Urgent (Ack) Magenta
Alarm Priority 2 — High (Unack) Red Blink Medium
Alarm Priority 2 — High (Ack) Red
Alarm Priority 3 — Medium (Unack) Yellow Blink Medium
Alarm Priority 3 — Medium (Ack) Yellow
Alarm Priority 4 — Low (Unack) Blue Blink Medium
Alarm Priority 4 — Low (Ack) Blue
Alarm — All Priorities (Return) White
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Additional colors may be used based on the PlantPAx color palette assignments and IEUA
specific updates.
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Table 2: Alarm Window Colors

Object/Element Color Name Animation
Background Light Gray
Column Headings
Row Selection
Details Pane
Toolbar
Text Dark Gray
Column Headings
Row Selection
Details Pane
Toolbar
Grid Line None
Grid Background White
Alarm Priority 1 — Urgent (Unack) Magenta Text Blink Medium
White Background
Alarm Priority 1 — Urgent (Ack) Magenta Text
White Background
Alarm Priority 1 — Urgent (Return) Green Text
White Background
Alarm Priority 2 — High (Unack) Red Text Blink Medium
White Background
Alarm Priority 2 — High (Ack) Red Text
White Background
Alarm Priority 2 — High (Return) Green Text
White Background
Alarm Priority 3 — Medium (Unack) Black Text Blink Medium

White Background

Alarm Priority 3 — Medium (Ack)

Black Text
White Background

Alarm Priority 3 — Medium (Return)

Green Text
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Object/Element Color Name Animation

White Background

Alarm Priority 4 — Low (Unack) Black Text Blink Medium
White Background

Alarm Priority 4 — Low (Ack) Black Text
White Background

Alarm Priority 4 — Low (Return) Green Text
White Background

Table 3: Trend Window Colors

Object/Element Color Name

Trend Background Light Gray
Grid Lines Gray
Text Black
Pens
Pen 1 Dark Gray
All other Pens Any basic color not used for alarms

Table 4: Color Name Definition

Color Name Color Definition

Red Green Blue
Blue 0 167 247
Dark Blue 0 0 255
Dark Gray 63 63 63
Dark Green 0 140 0
Gray 128 128 128
Light Gray 224 224 224
Magenta 255 0 255
Red 255 0 0
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Color Name Color Definition

Red Green Blue
White 255 255 255
Yellow 255 255 0
Black 0 0 0
Beige 212 208 200
A.2 TEXT

Text will be standardized for operator console use, or a typical viewing distance of 24 inches, from
the screen. ANSI recommends text heights of a minimum 2.8mm, nominal of 3.5mm, maximum
of 4.1mm. This roughly corresponds to TrueType point sizes of 8pt, 10pt, and 12pt respectively.

Table 5 includes a list of TrueType font and size for process graphic, alarm, and trend displays.
Table 5: Text Font and Size
Object/Element Font Size

Process Graphics

Display Title Arial, Bold 14
Equipment Titles Arial 12
Instrumentation, Control Device Titles, Process Material Arial 12
Off Page Connectors Arial 12
Analog and Discrete values (PlantPAx object) Arial 10
Engineering units (PlantPAx object) Arial 10

Faceplates (PlantPAx Default)

Title Arial 10
Instrumentation and Control Device Titles Arial 10
Analog and Discrete values Arial 10
Engineering units Arial 10

Alarm Displays

Column Headings, Details, Toolbar, Status Bar Arial, Bold 12

Alarm Text Arial, Bold 12
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APPENDIX D
SAMPLE DISPLAYS
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'/i\‘ Chlorine Bisulfite Alum Polymer
G.5 ALARM SUMMARY

Ol 8IE < > v i

Alarm Summary

T ‘Wednesday. October 2. 2113
| Eneon ke S | B Gomientar || Gan Braanr S2m CowR O s S A ﬂi
| Clsed of Opwead £256 MW

4 InAlarm, Acked  5:20:58 PM S11/2019 1292 PM 81172018
Y inAlarm, Acked  5:20:55 PM OM1/2018 1242 PM 2112019

Oder 18 i
Grit Pump 1 Low Suction Pressure
Screenings Conveyor Fall

Alarm T g Name

POTPHL_0302HA_ADID_Alm_TgtDisagres
POTPSL_D201EA_ADIN_Alm_TgtDisagree
POTCVR_0201DA_ACHZ_Alm_TgtDisagree

Asiren St
Evant Timo.

In Alnem Time:
Dut ot Alaem Time:
Condiion Nama:

wy_ Erscrate NLarm.
Gl COW Priman\SCW_04aB1

Acked Currant
24543 PM INE201S
110511 AM 182019
Acknowhedge Time: 2456 PM31E2019 T

Fillae, Hot Filaeed  Sorted by, In Alaern
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APPENDIX E
HMI GROUPS AND SECURITY CODES
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FTView A_P Security Code Configuration

Manual Device Operation

(non-coordinated)

Disable Alarms

Command Equipment in Operator Mode

Enter Setpoints, Control Variables

Reset Latched Interlocks, Restart Equipment

Add Batch to Batch List, Run Batches

Hold, Restart Batches, clear failures, bind, bind ack

X X > > |Normal Operation of Devices

w

o |Equipment Maintenance

o |Configuration & Tuning Maintenance

m|Engineering Configuration

1 |Acknowledge and Shelve Alarms

® |Supervisory Operations

x Bypass Permissives and Interlocks

— |spare

< [Normal Production (Batches & Lots)

X |Setpoint and Parameter Override

— |Override/Force Sequences

< |Process Exception Handling, Advanced

= |Navigate Across Units/Applications

O |Shutdown Application, Operating Systen|

v |Admin: Security, Users, Passwords

Acquire/Lock and Release Equipment Operator Mode

Change Loop Mode (Manual, Auto, Cascade)

Acquire/Release Equipment Maintenance Mode

Reset Run Time Accumulators

Ovwerride Inputs

Bypass Feedback

Enable/Disable Device

X X X X X

Configuration (Limits, Constants, Timers)

Modify Alarm Delay Times

Tuning

Change Machine Configuration

Setup Configuration (Advanced)

Alarm Configuration (Ack Required, Reset Required)

Put Device in Simulation

Edit HMI Application

x

X X X X X

Acknowledge Alarms

Reset Alarms

Shelve Alarms

Disable Alarms

Modify Alarm Limits and Deadbands

Bypass Permissives and Interlocks

X X X

X X X

Respond to Prompt (level 1)

Respond to Prompt (level2)

Exception Processing (Resume, Manual, Auto, Semi-Auto,

Pause, Disconnect, Rel )

Exception Processing (Step Change, Parameter Change,
Step, Acquire, Reorder, Reactivate Step)

Override Downloaded Setpoints

Override Downloaded Phase Parameters

Manual Batch Processing (Stop, Abort, Reset Phases)

Manual Supenisory EP/EM Control

Force Steps/States

Change Inflights and Preacts

Force Queue Indexing

Navigate to Other Units

Shutdown HMI Application

Access Windows Start Menu, Windows Apps

Change Accounts/Passwords

Change Security Settings

Process

HMI Operators

HMI Operating Supenvisor
HMI Maintenance

HMI Maintenance Supervisor
HMI Manager

HMI Engineering

HMI Admin

X X X X X X

X X X X X

X X X X X

X X X

X X X X X X

X X X X X

X X X X X

X X X X X X

X X X X X

X X X X X

X X X X X X

X X X X X X X

X X X X X
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APPENDIX F
IO LOOP TEST FORM
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; ) General
Project Name: Contractor:
Project Number: Electrical ,

Contractor:
/0O Check Date: Panel Name:

Attendees Print Name Signature
(Sub) Contractor:

IEUA Representative:

IEUA Representative:

Consultant
Representative:

Integrator/Programmer:

Other:

Test Preparation

Requirements prior to proceeding with the I/O Check:

Q

Contractor has completed 90%-+ of all I/O wiring to the PAC for the initial 1/0
Check. Contractor to clearly identify the scope of the uncompleted 1/0 so IEUA
and the integrator can evaluate if the test should proceed.

Contractor MUST have completed his own validation of the I/O to be tested prior
to the 1/0 Check date.

Contractor must have necessary tools on hand to complete voltage and current
validations and materials available on site to complete wiring corrections.
Contractor to have scheduled staff (or subcontractor installing work) to be
dedicated to the task of carrying out the 1/0O Check Test (do not combine the I/O
Check Test with other works, training, or other testing).

For devices located in confined spaces the Contractor is to have required
confined space training, entry and fall arrest equipment, and forms on hand to
perform the 1/0O checks for devices/equipment located within the confined space.
Neither IEUA Staff nor the integrator will provide confined space materials,
rescue team, or enter the confined space.

Field side control wire tagging is completed for attached 1/0 and conforms to
SCADA Standards (Tagging and Coding).

Required notice (minimum 1 week) of test must be provided to integrator and
IEUA.
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Contractor Integrator
Initials Initials

Iltem Test Preparation Documents

1 As-Constructed Panel Drawings for Mark-ups
2 Contractor’s Internal I/O Test Document Sheets
3 Copy of Reviewed Shop Drawings (with Consultant

Contractor has confined space equipment/plan for
triggering devices located in confined spaces.

Test Program installed — PAC configured (auto logic
disabled)

Instrumentation Calibration Sheets available

Area is safe to conduct tests
Other:

0N O
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ON-Site Panel Inspection Check List

Enclosure

Enclosure manufacturer matches shop submission

Panel free from defects (scratches/dents/holes)

No blanked holes (indication of error in cutting)

No unnecessary holes present

Panel is free from metal shavings and debris (cleaned)

Wiring & Power Supplies

Internal Panel wiring is #16AWG, 16 strand

DC control wiring is dark blue, #16AWG, 16 strand

AC control wiring is red, #16AWG, 16 strand

Interlock wiring is yellow, #16AWG, 16 strand

Analog wiring is shield twisted pair, #18AWG

120VAC (power) wiring is black, #14 AWG

120VAC (neutral) wiring is white, #14 AWG

Grounding wire is green, #14 AWG

DC Ground wiring is green with yellow stripe, #14 AWG

Tug test on 10% of wires — confirm secure to Terminals

Wires neatly organized in raceway (Panduit) — no more
than 50% filled, raceways white in colour

Wire tagging conforms to SCADA standards (Style &
Font)

Wire tags are visible without manipulation of wire

All wires are labelled — (Check of text in following
section)

Wires are bundled with Velcro style wraps not ty-wraps

Wires to panel door bundled in spiral wrap not ty-wraps

No splices or marrettes are utilized

No wiring passes over top TBs or under DIN rail
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|/O Check

Verify the following components conform to the specified function and match

reviewed shop drawings.

The columns in the following checklist table are defined briefly below.

Field Wire Tag:

Wire Tag OK:

Wire Colour OK:

I/0 Point Jumpered Only:

Field side wire tag — must conform to Tagging
and Coding SCADA Standards. This is the wire
tag at the field side of the terminal blocks within
the control panel.

Check this box if field side wire tag confirms to
Tagging and Coding SCADA Standards.

Check this box if field side wire colour
conforms to SCADA Drawing Standard
Standards.

Check this box if I/0O point was jumpered at an
MCC or terminal block — usually checked off if
field device is not present or cannot be
powered. These points need to be checked
again once field conditions are revised to
allow checking at end device.

I/0 Point Confirmed at Field Device:Check this box if I/O point was tested by

actual operation of the end device.
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Areas to be prepared prior to test.

SAMPLE ONLY — MODIFY FOR SPECIFIC

SITE/PANEL

ERINELQ]
pieid 1e
pawuiuod
ulod o/l

AlUuo
Jadwng
wuiod o/l

0 IN0j0D
S

MO
Bel alipn

ulod O/l

be |
allM plald
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Instrumentation Calibration Sheets

Contractor is to have completed instrumentation calibrations and have calibration
sheets on hand for the I/O Check-Out. Summarize the calibrations below:

Instrument Name Instrument Type Make/Model
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POST-Test Review

Discussion of Deficiencies and concerns (if necessary).

Schedule date to complete I/O Checks for any missing or deficient 1/0O points.
Review proposed SAT date(s).

New Business.

O

Q
a
Q

Item Deficiency Description Initials Initials

© 00 N |0 01 [ W N (P

[EEN
o

[EEY
[EEY

[EEN
N

[EEN
w

[EEY
N

[EEN
ol

[EEN
»

[EEN
\l

[EEN
oo

[EEN
O

N
o

N
[y

N
N
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23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Signatures:

Contractor (Date) Consultant/Integrator (Date)

Notes:
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APPENDIX G
DEVICE TEST FORM
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Project Name:

Panel
Manufacturer:

Project Number:

Panel Job No:

Panel FAT Date:

Panel Tagname:

Attendees

Panel Manufacturer Rep/
Tester:

Print Name

Signature

IEUA Representative:

Consultant
Representative:

Integrator/Programmer:

Other:

Other:

1.0 Test Preparation

Iltem Test Preparation Documents

Manufacturer Consultant

1 As-Constructed Panel Drawings for Mark-ups

Initials Initials

Manufacturer’s Internal Test Document Sheets

O&M Materials on hand — Panel Components

Stamp)

Copy of Reviewed Shop Drawings (with Consultant

Test Program installed — PAC configured

Area is safe to conduct tests

Njojoal A TWIN

Other:
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Enclosure

2.0 Panel Inspection Check List

Enclosure manufacturer matches shop submission

Panel free from defects (scratches/dents/holes)

No blanked/unnecessary holes (error in cutting)

CATG6A Ethernet patch cables installed

No sharp edges that could cut or shag

Panel colour conforms to Spec

Enclosure NEMA Rating matches shop drawings

Door Closure Matches Shops (3-point vs. clasps)

3-point handle is lockable, keys present

Door Hinge is piano style

Door able to close correctly with expected effort

Door swing proper direction (where orientation matters)

Fans and Vents installed if specified

Outdoor Panel has inner door for controls

Padlock Hasp present

Laptop tray installed as per shop drawings

Print Pocket installed

Panel Labelling Conforms to SCADA Standards and has
an ID tag (site code + panel number)

Panel is free from metal shavings and debris (cleaned)

PAC

PAC Processor (CPU) match shop drawings

Rack Layout matches shop drawings

Digital Input (DI) Cards match shop drawings

Digital Output (DO) Cards match shop drawings

Analog Input (Al) Cards match shop drawings

Analog Output (AO) Cards match shop drawings

Slot fillers present where required

Communication Cards installed as per design/shops

Rack to Rack Communication/crossover Cable(s) installed
(CATS6)
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Mfr. Consultant

Test/Inspection Parameter . - Comment
Initials Initials

CPU shows no faults

I/O Card safety doors can be closed

I/O Cards labelled with slot assignment (on card door)

Pilot lights are Push-to-Test, LED, & are functional

ntr

Co

Pilot lights are 800T style unless otherwise specified
Pilot Light lens colours matches SCADA standards &
drawings

Lights are properly labelled with lamacoids as per shops,
check spelling

Hand switches conform to Standards and shops

Hand switches labelled with lamacoid, check spelling

Motor Control — L/R switches are Make-Before-Break

Security Key switch is present (if specified)

Alarm Horn installed (if specified)

Controls Layout matches shop drawings

Push buttons are 800T style

Push button colour conform to SCADA Standards

OIT make and model match shop submission

OIT operational, screen lit and display text in English

Panel Meters match make and model of shop submission

Confirm OIT and Panel Meter installation plumb and
square. OIT centre to be mounted 5.5’ from base of panel

OIT is loaded with program (where required)

Internal Panel wiring is #16AWG, 16 strand
DC control wiring is dark blue, #16AWG, 16 strand
AC control wiring is red, #16AWG, 16 strand

Interlock wiring is yellow, #16AWG, 16 strand

Analog wiring is shield twisted pair, #18AWG
120VAC (power) wiring is black, #14 AWG
120VAC (neutral) wiring is white, #14 AWG

Grounding wire is green, #14 AWG

DC Ground wiring is green with yellow stripe, #14 AWG

Grounding bar is copper and panel grounds secured to
grounding bar

Wiring & Power Supplies
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Mfr. Consultant

Test/Inspection Parameter . - Comment
Initials Initials

Grounding bar connections not overburdened

Panel doors grounded by grounding wire or strap

Grounding lugs are secure — solid connection at crimps

Tug test on 10% of wires — confirm secure to Terminals

Jumper bars — confirm secure to all terminals

Wires neatly organized in raceway (Panduit) — no more
than 50% filled, raceways white in colour

Circuit breakers used to power 1/0O Cards

Fused Terminal Blocks (with LED indication) used for
120VAC instrumentation power supply unless using CBs

Circuit breakers used for 24VDC devices

Knife disconnect terminal blocks used for analog
connections

Electrical grounding terminal blocks are Green/Yellow, non-
fused

Instrument grounding terminal blocks (for analog wire
shield termination) are grounded to the isolated ground bar,
and not the electrical ground or the panel.

All /O available at I/O cards are terminated on terminal
blocks (ensures spares are prewired to terminal blocks)

Wire tagging conforms to SCADA standards (Style & Font)

Wire tags are visible without manipulation of wire

All wires are labelled — (Check of text in following section)

Terminal blocks are labelled on both sides and match shop
drawing designations

Wires are bundled with Velcro style wraps not ty-wraps

Wires to panel door bundled in spiral wrap not ty-wraps

No splices or marrettes are utilized in the panel

No wiring passes over top of TBs or under DIN rail

5cm of space exists at any wire connection point and duct

All Fuses and CBs are labelled and shown on drawings

All power supplies, power filters, surge TVSS labelled

All control relays and panel devices are labelled

UPS Feed receptacle is simplex and brown in colour
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Mfr. Consultant

Test/Inspection Parameter . - Comment
Initials Initials

Utility receptacle is duplex and white or ivory in colour, and
labelled ‘UTILITY — 5A MAX’

UPS make and model matches shop drawings — contains
Ethernet module

UPS bypass make and model matches shop drawings

Power Filter make and model matches shop drawings

Combination 120VAC/RJ45 receptacle matches shops

24VDC power supply matches shop drawings/Standards
Voltage at main CB is 115-120VAC
Voltage after Power filter/TVSS is 115-120VAC

Voltage at receptacles is 115-120VAC — trip breaker &
check for no voltage

10% Misc check at voltages on 120V supply

Check 24VDC output from 24VDC power supplies

10% Misc check at voltages on 24VDC supply circuits

Voltage between neutral and ground — should be 0 VAC

Open main breaker — confirm UPS maintains loads &
annunciates power fail beep + shows ‘on battery’ 15 min

Test UPS maintenance bypass — confirm power remains to

panel
8 Test CRUPS relay bypass — confirm power remains to
o | panel
e
e De-energize one of the two redundant 24VDC power
> supplies —confirm 24VDC remains. Repeat on other unit
0 d
LLl
I
|_
O
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3.0 Loop and Tag Check

Verify the following components conform to the specified function and match
reviewed shop drawings.

The columns in the following checklist table are defined briefly below.

Wire Tag: Wire tag matches reviewed shop drawing submittals and conforms to
SCADA standards.

PAC LED: The correct PAC LED is lit when input/output point is tripped.

4-20mA: Analog input/output signals generated by PAC and/or 4-20mA
generator match expected values.

Drawing: I/0O Points and panel layout match provided As-Built Drawings.
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SAMPLE ONLY — MODIFY FOR SPECIFIC PANEL

PAC 4-20

Address Tag |LED |mA

Full Slot Wire

Tag
Name

c
o
P
=%
=
[S]
0
o)
@)

PAC TYPE
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4.0 POST-Test Review

Discussion of Deficiencies and concerns (if necessary).
Review proposed panel installation date(s).

Review proposed Field I/O Check date(s).

New Business.

000D

Item Deficiency Description Initials | Initials

10

11

12

13

14

15

16

17

18

19

125




20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Signatures:

Panel Manufacturer (Date) Consultant/Integrator (Date)

Notes:
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APPENDIX H
LOGIC TEST FORM
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Project Name: Isn)gtgerr:tor:

Project Number: :\rll(g(:egrator Project
FAT Date: PAC(s) Name:
Attendees Print Name Signature
Integrator/Programmer:

Integrator/Programmer:

IEUA Representative:
IEUA Representative:

IEUA Representative:

Consultant
Representative:
Consultant
Representative:

Other:
Other:

1.0 FAT Test Preparation

Integrator | Rep
Initials Initials

ltem Test Preparation

1 As-Constructed Panel Drawings (11x17) — Copies for
Latest Process Control Narrative — Copies for all
Latest P&ID Drawings (11x17) — Copies for all

Contract Document Set for reference (1 copy)
Diagram/Schematic of Test Apparatus — Copies for all

Test apparatus operating without error(s)
Test Program installed — PAC configured, no CPU

Display monitor/screen adequate to demonstrate

OINOO OB~ W|N
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2.0 Test Methodology

The procedures contained in this section are the recommended test procedures to
ensure a comprehensive validation of the PAC logic, in conjunction with the HMI and/or
OIT, can be achieved.

2.1 Constant Speed Pump/Motor Test Procedure

The following outlines the general test procedure to test a discrete motor/device
such as a constant speed pump. Record results in the Constant Speed
Pump/Motor summary table.

o Local/Remote Selection (Simulation Enabled)
o Toggle/force Control Mode field input (Control Mode Status).
o Confirm that pump goes from LOCAL to SCADA-MANUAL/SCADA-
AUTO mode within the PAC logic.
o Confirm that HMI graphic changes to match field input at the following
locations:
a Pump Pop-Up
o Process Screen (Text Below Pump/Motor)
a Event Page
o OIT(if applicable)
o SCADA-MANUAL/SCADA-AUTO selection (Simulation Enabled)
o Toggle SCADA-MANUAL/SCADA-AUTO selection through HMI.
o Confirm that pump goes from SCADA-MANUAL to SCADA-AUTO
mode within the PAC logic.
o Confirm that the HMI graphic changes to match field input at the
following locations:
a Pump Pop-Up
o Process Screen (Text Below Pump/Motor)
a Event Page
o OIT(if applicable)
o Field Point — Running Status (Simulation Enabled)
o Toggle/force Running Status field input ON.
o Confirm that the HMI graphic changes to match running condition at
the following locations:
a Pump Pop-Up
o Process Screen (Text Below Pump & Pump Symbol)
a Event Page
o OIT(if applicable)
o Toggle/force Running Status field input OFF.
o Field Point — Hardwired Alarms (Simulation Enabled)
o Toggle/force hardwired alarm field input.
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a

Confirm that the HMI graphic changes to match hardwired alarm
condition at the following locations:

a Pump Pop-Up

o Process Screen (Pump Symbol)

o Alarm Page

o Alarm Banner

o OIT(if applicable)

o SCADA-MANUAL Operation (Simulation Enabled)

a

a

Start pump from HMI Pump Pop-Up.

o Confirm Start Pump DO point turns ON at the PAC card.

o Confirm that start request timer is timing in the PAC logic.
o Confirm pump symbol changes colour to Red (Running).
Stop pump from HMI Pump Pop-Up.

o Confirm Stop DO point turns ON at the PAC card.

o Confirm that stop request timer is timing in the PAC logic.
o Confirm pump symbol changes colour to Green (Stopped).

o Virtual Alarms (Simulation Disabled)

a

Q

Issue a start command from HMI Pump Pop-Up.

o Confirm that ‘Fail to Start’ alarm is received at HMI and OIT (if
applicable).

ACK alarm — confirm that alarm resets.

Toggle/force Running Status field input ON.

o Confirm that ‘Uncommanded Start’ alarm is received at HMI and
OIT (if applicable).

ACK alarm — confirm that alarm resets.

Issue a stop command from HMI Pump Pop-Up.

o Confirm that ‘Fail to Stop’ alarm is received at HMI and OIT (if
applicable).

ACK alarm — confirm that alarm resets.

Toggle/force Running Status field input OFF.

o Confirm that ‘Uncommanded Stop’ alarm is received at HMI and
OIT (if applicable).

ACK alarm — confirm that alarm resets.

o Runtimes (Simulation Enabled)

a

a

Confirm that PAC contains Runtime value shown in HMI Control Pop-
up.

Reset Runtime at Control Pop-up (sets runtime to zero).

o Confirm that PAC contains a Runtime value of zero.

2.2 VFD Pumps Test Procedure
o Local/Remote Selection (Simulation Enabled)

a

Toggle/force Control Mode field input (Control Mode Status).
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o Confirm that pump goes from LOCAL to SCADA-MANUAL/SCADA-
AUTO mode within the PAC logic.

o Confirm that HMI graphic changes to match field input at the following
locations:

a

a
a
a

Pump Pop-Up

Process Screen (Text Below Pump)
Event Page

OIT (if applicable)

o SCADA-MANUAL/SCADA-AUTO selection (Simulation Enabled)
o Toggle SCADA-MANUAL/SCADA-AUTO selection through HMI.
o Confirm that pump goes from SCADA-MANUAL to SCADA-AUTO
mode within the PAC logic.
o Confirm that the HMI graphic changes to match field input at the
following locations:

Q

Q
a
Q

Pump Pop-Up

Process Screen (Text Below Pump)
Event Page

OIT (if applicable)

o Field Point — Running Status (Simulation Enabled)
o Toggle/force Running Status field input ON.
o Confirm that the HMI graphic changes to match running condition at
the following locations:

a
a
a
a

Pump Pop-Up

Process Screen (Text Below Pump & Pump Symbol)
Event Page

OIT (if applicable).

o Toggle/force Running Status field input OFF.

o Field Point — Hardwired Alarms (Simulation Enabled)
o Toggle/force hardwired alarm field input.
o Confirm that the HMI graphic changes to match the Hardwired Alarm
condition at the following locations:

a

000D

Pump Pop-Up

Process Screen (Pump Symbol)
Alarm Page

Alarm Banner

OIT (if applicable)

o SCADA-MANUAL Operation (Simulation Enabled)
o Start pump from HMI Pump Pop-Up & Set Speed Setpoint to 65%.
o Confirm Start Pump DO point turns ON at the PAC card.
o Confirm that Start Request Timer is timing in the PAC logic.
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o Confirm pump symbol changes colour to Red (Running).
o Enter 50% speed into VFD Speed Feedback block within PAC logic.
o Confirm speed indication at HMI process screen and pump pop-up.
o Confirm VFD Speed Deviation Alarm appears when VFD Speed
Setpoint and VFD Speed Feedback difference exceeds Deviation
Alarm % Setpoint (Default 5%).
o Stop pump from HMI Pump Pop-Up.
o Confirm Stop DO point turns ON at the PAC card.
o Confirm that stop request timer is timing in the PAC logic.
o Confirm pump symbol changes colour to Green (Stopped).
o Set VFD Speed Setpoint to match VFD Speed Feedback.
o Confirm Speed Deviation Alarm disappears.

o Virtual Alarms (Simulation Disabled)
o Issue a start command from HMI Pump Pop-Up.
o Confirm that ‘Fail to Start’ alarm is received at HMI and OIT (if
applicable).
o ACK alarm — confirm that alarm resets.
o Toggle/force Running Status field input ON.
o Confirm that ‘Uncommanded Start’ alarm is received at HMI and
OIT (if applicable).
o ACK alarm — confirm that alarm resets.
o Issue a stop command from HMI Pump Pop-Up.
o Confirm that ‘Fail to Stop’ alarm is received at HMI and OIT (if
applicable).
o ACK alarm — confirm that alarm resets.
o Force Running Status field input OFF.
o Confirm that ‘Uncommanded Stop’ alarm is received at HMI and
OIT (if applicable).
o ACK alarm — confirm that alarm resets.

o Runtimes (Simulation Enabled)
o Confirm that PAC contains Runtime value shown in HMI Control Pop-
up.
o Reset Runtime at Control Pop-up (sets runtime to zero).
o Confirm that PAC contains a Runtime value of zero.

2.3 Discrete Valve Test Procedure
o Local/Remote Selection (Simulation Enabled)
o Toggle/force Control Mode field input (Control Mode Status).

o Confirm that valve goes from LOCAL to SCADA-MANUAL/SCADA-
AUTO mode within the PAC logic.
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o Confirm that HMI graphic changes to match field input at the following

locations:
a Pump Pop-Up
o Process Screen (Text Below Valve)
a Event Page
o OIT (if applicable)

o SCADA-MANUAL/SCADA-AUTO Selection (Simulation Enabled)

a
a

Q

Toggle SCADA-MANUAL/SCADA-AUTO selection through HMI.
Confirm that valve goes from SCADA-MANUAL to SCADA-AUTO
mode within the PAC logic.
Confirm that the HMI graphic changes to match field input at the
following locations:

o Valve Pop-Up

o Process Screen (Text Below Valve)

a Event Page

o OIT (if applicable)

o Field Point — Status (Simulation Enabled)

Q

Q
a
Q

00000

Toggle/Force Fully Open field input to ON.
Toggle/Force Fully Closed field input to OFF.
Verify valve transition and indicates valve OPEN condition.
Confirm that the HMI graphic changes to match open condition at the
following locations:
o Valve Pop-Up
o Process Screen (Text Below Valve & Valve Symbol)
a Event Page
o OIT (if applicable)
Toggle/Force Fully Open field input to OFF.
Toggle/Force Fully Closed field input to ON.
Verify valve transition and indicates CLOSED condition.
Confirm that the HMI graphic changes to match closed condition at the
following locations:
o Valve Pop-Up
o Process Screen (Text Below Valve & Valve Symbol)
a Event Page
o OIT (if applicable)

o SCADA-MANUAL Operation (Simulation Enabled)

Q

Q

Open valve from HMI Valve Pop-Up.

o Confirm Open Valve DO point comes ON and Close Valve DO
point is OFF at the PAC card.

o Confirm that Open Request Timer is timing in the PAC logic.

Toggle/force Valve Open field input to ON.
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Toggle/force Valve Closed field input to OFF.

o Confirm Valve symbol changes colour to Red (Fully Open).

Close valve from HMI Valve Pop-Up.

o Confirm Open Valve DO point is OFF and Close Valve DO point
turns ON at the PAC card.

o Confirm that Close Request Timer is timing in the PAC logic.

Toggle/force Fully Open field input to OFF.

Toggle/force Fully Closed field input to ON.

o Confirm valve symbol changes colour to Green (Fully Closed).

o Virtual Alarms (Simulation Disabled)

Q

a

Issue an open command from HMI Valve Pop-Up.

o Confirm that ‘Fail to Open’ alarm is received at HMI and OIT (if
applicable).

ACK alarm — confirm that alarm resets.

Toggle/force Valve Open field input to ON.

Toggle/force Valve Closed field input to OFF.

o Confirm that ‘Uncommanded Open’ alarm is received at HMI and
OIT (if applicable).

ACK alarm — confirm that alarm resets.

Issue a close command from HMI Valve Pop-Up.

o Confirm that ‘Fail to Close’ alarm is received at HMI and OIT (if
applicable).

ACK alarm — confirm that alarm resets.

Toggle/force Valve Open field input to OFF.

Toggle/force Valve Closed field input to ON.

o Confirm that ‘Uncommanded Close’ alarm is received at HMI and
OIT (if applicable).

ACK alarm — confirm that alarm resets.

2.4 Modulating Valve Test Procedure
o Local/Remote Selection (Simulation Enabled)

Q

a

Toggle/force Control Mode field input (Control Mode Status).
o Confirm that valve goes from LOCAL to SCADA-MANUAL/SCADA-
AUTO mode within the PAC logic.
Confirm that HMI graphic changes to match field input at the following
locations:
o Valve Pop-Up
o Process Screen (Text Below Valve)
a Event Page
o OIT (if applicable)

o SCADA-MANUAL/SCADA-AUTO Selection (Simulation Enabled)

a

Toggle SCADA-MANUAL/SCADA-AUTO selection through HMI.
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Confirm that valve goes from SCADA-MANUAL to SCADA-AUTO
mode within the PAC logic.
Confirm that the HMI graphic changes to match field input at the
following locations:

o Valve Pop-Up

o Process Screen (Text Below Valve)

a Event Page

o OIT (if applicable)

o Field Point — Running Status (Simulation Enabled)

a
a

Q

Set Valve Position Feedback to above 5%.
Confirm that the HMI graphic changes to match running condition at
the following locations:
a Pump Pop-Up
o Process Screen (Text Below Valve & Valve Symbol)
a Event Page
o OIT (if applicable).
Set Valve Position Feedback to below 5%.

o SCADA-MANUAL Operation (Simulation Enabled)

Q
a
Q

Place Valve into SCADA-MANUAL Mode from HMI Valve Pop-up.

Set Valve Position Feedback to 0%.

Open Valve from HMI Valve Pop-Up by setting the Position Setpoint to

above 5%.

o Confirm Open Valve AO point reflects setpoint in the PAC card.

o Confirm that Position Request Timer is timing in the PAC logic.

o Confirm Valve Position Deviation (Response Failure) Alarm
appears when Valve Position Setpoint and Valve Position Valve
Feedback difference exceeds Deviation Alarm % Setpoint (Default
5%).

Set Valve Position Feedback to match the manual setpoint.

o Confirm Speed Deviation Alarm disappears.

o Confirm Valve Position indication at HMI process screen and valve
pop-up.

o Confirm pump symbol changes colour to Red (Open).

Close Valve from HMI Valve Pop-Up by setting the Position Setpoint to

below 5%.

o Confirm Open Valve AO point reflects setpoint in the PAC card.

o Confirm that Position Request Timer is timing in the PAC logic.

Set Valve Position Feedback to match the manual setpoint.

o Confirm Valve symbol changes colour to Green (Closed).

o Confirm Setpoint Deviation Alarm disappears.

o Virtual Alarms (Simulation Disabled)
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Set Valve Position Feedback to 0%.

Open Valve from HMI Valve Pop-Up by setting the Position Setpoint to
above 5%.

Wait 30 seconds.

Confirm Valve Position Deviation (Response Failure) Alarm appears
when Valve Position Setpoint and Valve Position Valve Feedback
difference exceeds Deviation Alarm % Setpoint (Default 5%).

2.5 Miscellaneous /0O

This section corresponds to the testing and validation of miscellaneous devices which
are not part of a major piece of equipment or MCC/Control panel.

a

a

a

Toggle/force field input.

o Confirm that Event/Alarm is received at HMI and OIT (if applicable).
ACK alarm at Alarm Summary screen or Analog Pop-up — confirm that
alarm acknowledged but does not reset.

Toggle/force field input.

o Confirm that Event/Alarm clears at HMI and OIT (if applicable).

2.6 Analog Alarms

This section corresponds to the testing and validation of analog devices such as
transmitters and analyzers providing a 4-20mA feedback signal to the PAC.

2.6.1 Analog Level Alarming

Set Level to a point between the LO and HI setpoints found in the
analog pop-up and acknowledge any alarms.
o Confirm that analog pop-up shows no alarms.

Set Level to a point just below LO setpoint found in the Analog pop-up.

o Confirm that Analog Pop-up shows a LO Level alarm.

Acknowledge the alarm.

o Confirm that LO Alarm is acknowledged and remains on the pop-
up, alarm banners, and alarm summary window.

Set Level to a point just below LOLO setpoint found in the Analog pop-

up.

o Confirm that the Analog pop-up shows a LOLO Level alarm.

Acknowledge the alarm.

o Confirm that LOLO Alarm is acknowledged and remains on the
pop-up, alarm banners, and alarm summary window.
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Set Level to a point just above HI setpoint found in the Analog pop-up.

o Confirm that the Analog pop-up shows a HI Level alarm.

Acknowledge the alarm.

o Confirm that HI Alarm is acknowledged and remains on the pop-up,
alarm banners, and alarm summary window. Confirm the LO and
LOLO alarms are no longer present.

Set Level to a point just above HIHI setpoint found in the Analog pop-

up.

o Confirm that the Analog pop-up shows a HIHI Level alarm.

Acknowledge the alarm.

o Confirm that HIHI Alarm is acknowledged and remains on the pop-
up, alarm banners, and alarm summary window.

Set Level to a point between the LO and HI setpoints found in the
Analog pop-up and acknowledge any alarms.
o Confirm that the Analog pop-up shows no alarms.

2.6.2 Analog Alarm Enable/Disables

Q
a
Q

a

O

Open Level analog pop-up.

Click on the Advanced Button on the Analog Pop-up.
Disable the Level Analog ‘Alarms’.

o Confirm Bit address changes to match.
Enable the Level Analog ‘Alarms’.

Disable the Level Analog HIHI Alarm.

o Confirm Bit address changes to match.
Enable the Level Analog HIHI Alarm.
Disable the Level Analog HI Alarm.

o Confirm Bit address changes to match.
Enable the Level Analog HI Alarm.

Disable the Level Analog LO Alarm.

o Confirm Bit address changes to match.
Enable the Level Analog LO Alarm.

Disable the Level Analog LOLO Alarm.

o Confirm Bit address changes to match.
Enable the Level Analog LOLO Alarm.
Disable the Level Analog Signal Error Alarm.
o Confirm Bit address changes to match.
Enable the Level Analog Signal Error Alarm.
Disable the Level Analog Scan.

o Confirm Bit address changes to match.
Enable the Level Analog Scan.

Alter Level Engineering Units scaling.
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o Confirm Level Engineering Units have changed in PAC to Match
and verify Engineering Units.
o Return Level Engineering Units to normal span.
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3.0 Device Test Summary Tables

3.1

Constant Speed Pump/Motor Test Summary Table

Test Parameter

Tagname Correct on HMI & OIT

o
(=]
(=]
o
—
o
—
]
—
%

n

WWO01SLP20000

n

WWO01SLP30000

n

WWO01SLP40000

n

WWO02SLP10000

n

WWO02SLP20000

n

WWO02SLP30000

n

WWO02SLP40000

Comments

Control Mode Status

Running Status

Emergency Stop Alarm

General Alarm (Overload)

Leak/Temperature (MiniCAS) Alarm

Softstarter Fault Alarm

Start Float/Backup Status

Stop Float/Backup Status

N\
SCADA-Manual Request (Security O
Applied) ]
Start Command (Security Applied) \\)

Fail to Start Alarm

Ao Ta

Uncommanded Start Alarm

X

LA

Stop Command (Security Applied)

Fail to Stop Alarm

= 7
\/\7 LN

Uncommanded Stop Alarm

(I

Runtime Value

Runtime Reset (Security Applied)

CONSTANT SPEED (DISCRETE) MOTOR/DEVICE

Number of Starts Today Counter

No. of Starts Today Reset (Security
Applied)

Number of Faults Counter

No. of Faults Reset (Security Applied)
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3.2

Variable Speed Pump/Motor Test Summary Table

Test Parameter

Tagname Correct on HMI & OIT

HDOO2HLPO1VFD

n1

HDO02HLPO2VFD

n1

HDO02HLPO3VFD

n1

HDOO02HLPO4VFD

n1

HDOO02HLPO5VFD

n1

HDOO2HLPO6VFD

n1

HDOO2HLPO7VFD

Comments

Control Mode Status

VFD Bypass Mode Status

Running Status

Emergency Stop Alarm

General Alarm (Overload- Bypass)

Leak/Temperature (MiniCAS) Alarm

VFD Fault Alarm

Start Float/Backup Status

Stop Float/Backup Status

SCADA-Manual Request (Security
Applied)

Start Command (Security Applied)

Fail to Start Alarm P (\ N \\ )\/
Uncommanded Start Alarm o \\\\\\ N
Stop Command (Security Applied) I~ A\ \ \>\
Fail to Stop Alarm ( C//-\ \\> »\X\y/
Uncommanded Stop Alarm \7\, \\)

N/

VFD Speed Feedback

VFD Speed Setpoint (Accepted)

VFD Speed Deviation Alarm

Runtime Value

Runtime Reset (Security Applied)

VARIABLE FREQUENCY SPEED (ANALOG) MOTOR/DEVICE

Number of Starts Today Counter

No. of Starts Today Reset (Security
Applied)

Number of Faults Counter

No. of Faults Reset (Security Applied)
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3.3  Discrete (Open/Close) Valve/Device Test Summary Table

Test Parameter Comments

WWO02SLP1DGV
WWO02SLP2DGV
WWO02SLP2DGV

WWO02SLP1DGV
no?

WWO01SLP2DGV
n1

n2

> >
O] O]
a | a
— N
o o
- -
O | 0
- -
o o
=. 2
=g =

>
O]
[a)
I
o
—
0
<
s
2 g

-
c

Tagname Correct on HMI & OIT

Control Mode Status

Opened Status

Closed Status

N
General Alarm (Overload) r\ >

. %
SCADA-Manual Request (Security >

Applied) <\

2
Pz

A
"

Open Command (Security Applied)

<4

\X\) 7

Fail to Open Alarm

Uncommanded Open Alarm

(EJ /<//\
=
N

Close Command (Security Applied)

Fail to Close Alarm

Uncommanded Close Alarm

MOTORIZED VALVE/DEVICE (DISCRETE)

Number of Faults Counter

No. of Faults Reset (Security Applied)
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3.4  Modulating (Analog) Valve/Device Test Summary Table
[a] [a)] [a)] [a)] [a)] [a] [a]
L LL LL LL LL L L
> > > > = >
Sl e|8|s|8 & 8
8 Test Parameter i‘ 4|22 |F F 3F Comments
e g18/2|8|8 g8 &
— A O0.O0-.0.0.0 a
< LL‘ ITc Ic Ic Ig Ic I T
Z <
< E Tagname Correct on HMI & OIT
N
(29 g Control Mode Status N \/ |
< L N\
|<TZ 2 General Alarm . /(\\)\ \V,\ &
= < Position Feedback /\X\ )\V)
8 Position Setpoint (Accepted) AN \\\\\)
= | Setpoint Deviation Alarm N \ \ )
v W%
Number of Faults Counter \kf\ \ (\>
No. of Faults Reset (Security Applied) <\‘ )\)
3.5 Miscellaneous I/O Test Summary Table
Test Parameter = Comments
2
O
<
|_
O | Smoke/Heat Alarm A \</>
= | Flood Alarm /\ \ \\/>
90]
) V'V
O | Door Status /\(\\\) )\ >
= i N
= | Key Switch Status AN\ S
< Temperature Alarm N \\/
- \ N
W | Power Failure Alarm KQ}-\\ /\S>
O
A | High Level Float Alarm \Q\ >
= Et N/
C...




3.6 Analog Alarms

ANALOG ALARMS

e B8 B B B B
- — [a [a [a [a
— — — AN ™ <
S 28 &8 &8 &
Test Parameter [~ e N e R e Comments

< <« = < < <
S 818 8|8 8
[a) [a)] [a)] [a)] [a)] [a)
I T T T T I

HiHi Alarm

High Alarm

Low Alarm

LoLo Alarm

Signal Error Alarm

Alarms Enable/Disable

HiHi Alarm Enable/Disable

High Alarms Enable/Disable

v

Low Alarms Enable/Disable

LoLo Alarms Enable/Disable

A

AP

Signal Error Alarm Enable/Disable

\

Scan Enable/Disable

?jy/ N

%\ <7 />

Feedback Displayed

Engineering Units (modifiable)

Tagname Correct
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4.0 AUTOMATIC SETPOINTS Test Summary Table

Test Parameter DEFAULT Comments

AUTOMATIC

Duty 1 Start Setpoint Level O— m

Duty 1 Stop Setpoint Level O— m

Level Transmitter Duty (LITO1/LIT02) LITO1 /LITQ/2<:
RV

Duty Rotation (Enable/Disable) Enab}&@i‘s\\% n

Duty Alternation Duration W\i\%\ X 2V days

PROGRAM

Duty Alternation on Time "‘%ﬁ'@@&w\/ Enabled

Max Starts/Hour (Enable/Disable) ?@éa Enabled

_En<pl
Etc... o)
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5.0 AUTOMATIC PROGRAM FUNCTION TEST SUMMARY TABLE

Test Parameter*

CONFIRMED (v)

Comments

AUTOMATIC PROGRAM FUNCTION

When level is below all pump stop setpoints, all pumps should
be stopped.

When wet well level is above a start setpoint for pump, confirm
that the pump is asked to start and run at 0% operational speed
(where applicable.

If wet well level is greater than the start setpoint but lower than
the maximum speed setpoint, ensure that the pump is being
asked to run at a speed between 0 and 100 percent operational
speed based proportionally on the wet well level.

Confirm that in VFD bypass mode deviation alarms will be
ignored. N

VVERIEICATION

Confirm auto shutdown of pump (only when 1 pump is runni
to allow for duty alternation and subsequent re-start of pu '

required).

Confirm duty alternation can only occur when only one or no Q)/
pumps are running.

W

Confirm duty alternation occurs when maximum number of
starts per hour (moving window) is greater than operator entered
setpoint.

Etc...

* Test parameters are to be extracted from the approved Process Control Narrative.
Break down narrative into functional control points to be individually tested. Samples
included in the table are for demonstration purposes only.
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{ ™ Inland Empire Utilities Agency

A MUNICIPAL WATER DISTRICT

T
a)
w
=
o
L
pd
@]
@)

Booster Pump shuts down on LoLo Chlorine Alarm

Booster Pump shuts down on HiHi Chlorine Alarm

Booster Pump shuts down on HiHi Pressure Alarm \\ (9
CNNL

Booster Pump shuts down on Low Flow Alarm \\)2

Booster Pump shuts down on HiHi Turbidity Alarm )

Standby Booster Pump cannot be started when statio
running on generator power.

Pump cannot be started until UV System Ready sta

SOFTWARE INTERLOCKS

Etc.

* Test parameters are to be extracted from the approved Process Control Narrative.
Break down narrative into functional control points to be individually tested. Samples
included in the table are for demonstration purposes only.
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(

N\

"™ Inland Empire Utilities Agency

A MUNICIPAL WATER DISTRICT

Pump reverts to float control on LIT failure.

Pump shuts down on loss of communications with
elevated tank level.

Pump reverts to pressure control on loss of
communications.

Pump stops when E-Stop pressed and cannot be
started when E-stop is depressed.

Pump shuts down on Pressure Transmitter.

Pump continues running until pump discharge valve
fully closed.

N

Duty rotates on lead pump failure.

)

Etc.

* Test parameters are to be extracted from the approved Process Control Narrative.
Break down narrative into functional control points to be individually tested. Samples
included in the table are for demonstration purposes only.
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6.0 POST-Test Review
o Discussion of Deficiencies and concerns (if necessary).
o Review proposed re-FAT, installation, SAT date(s).
o New Business.

Iltem Deficiency Description Initials Initials

10

Signatures:

IEUA Representative  (Date) Programmer/Integrator (Date)

Consultant (Date) Programmer/Integrator (Date)

Notes:
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Fiber Optic Fieldd
Cabling, Termination,,
and Installation




UTILITIES AGENCY

{\ Inland Empire

SUMMARY OF SPECIFICATIONS
FIBER OPTIC FIELD CABLING, TERMINATION AND INSTALLATION
PROCESS AUTOMATION AND CONTROL
REV 8.3 — 8/8/17

IEUA reserves the right to update this specification without prior notification

1)

2)

3)

4)

FIBER OPTIC CABLE:
a. CORNING®INDOOR NON-PROCESS AREA DISTRIBUTION APPLICATIONS — SECTION A

b. CORNING® INDOOR PROCESS AREA AND OUTDOOR DISTRIBUTION APPLICATIONS -
SECTION B

FIBER CONNECTORS:
a. CORNING®FIBER (MULTIMODE) NO-EPOXY, NO-POLISH CONNECTORS — SECTION C
b. CORNING®FIBER (SINGLE-MODE) NO-EPOXY, NO-POLISH CONNECTORS — SECTION D
FIBER TERMINATION HOUSINGS:

a. CORNING® FIBER NON-PROCESS AREA RACK-MOUNT CONNECTOR HOUSINGS -
SECTION E

b. CORNING® FIBER PROCESS AREA INDUSTRIAL INTERCONNECTION HARDWARE AND
HOUSING — SECTION F

INSTALLATION AND TESTING:

All fiber cable installation must be performed in compliance with the manufacturer’s specification and published
procedures.

All fibers within a cable must be terminated and tested. Each fiber must be tested using ODTR method. Each

fiber must perform to manufacturer’s specifications. If any fiber fails to perform to manufacturers specifications,
the cable must be replaced. OTDR test results will be submitted to the IEUA for approval.
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1.0

CHAPTER 1 - FIBER OPTIC CABLE
SECTION A

OPTICAL FIBER CABLES FOR INDOOR NON-PROCESS APPLICATIONS
TIGHT BUFFERED

General Considerations

The cable shall meet the requirements of the National Electrical Code® (NEC)® Section 770.

2.0

3.0

1.1 Non-Plenum Applications - Applicable Flame Tests: ANSI/UL 1666. Cables shall be listed
OFNR.

1.2 Finished cables shall be tested to the applicable performance requirements of the Insulated
Cable Engineers Association, Inc. (ICEA) Standard for Fiber Optic Premises Distribution Cable (ICEA S-
83-596).

Fiber Specifications

2.1 Detailed information on the cabled performance of the fiber types available for this cable design
can be found in the following Corning® document:

Dispersion Un-shifted Single-mode Fiber: Generic Specification F3,
“Generic Specification for Single-mode Optical Fiber in Tight Buffer Cables.”

Cable Construction

3.1 All fibers, except white, shall be colored with ultraviolet (UV) curable inks. Fibers occupying the
white position shall be left uncolored.

3.2 All fibers shall be coated with a low friction slip layer.
3.3 Coated fibers shall be buffered with a thermoplastic compound to a diameter of 900 £+ 50 pm.

3.4 The fiber coating and buffer shall be removable with commercially available stripping tools in a
single pass for connectorization or splicing.

3.5 Cable Core Construction:
3.5.1 Non-unitized Cables, 2 to 24 Fibers:

The fiber shall be stranded around a dielectric strength element and surrounded by layered
strength yarns. The strength element shall be overcoated with a thermoplastic, when required,
to achieve dimensional sizing to accommodate and support the 900 um buffered fibers. Cables
having 12 to 24 fibers shall be dual layered. The strength yarns shall serve as the tensile
strength members of the cable. A ripcord may be applied between the strength yarns and the
outer jacket to facilitate jacket removal. The outer jacket shall be extruded over the strength
yarns for physical and environmental protection.

3.5.2 Unitized Cables, 24 to 72 Fibers:

The buffered fibers shall be grouped in six fiber subunits. In each subunit, the individual fibers
shall be stranded around a dielectric strength element and surrounded by layered strength yarns.
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4.0

3.6

3.7

3.8

A ripcord shall be incorporated in the subunit design to facilitate access to the individual fibers.
The subunit jacket shall be extruded over the strength yarns for additional physical and
environmental protection. The subunits shall be stranded around a dielectric central member. A
ripcord shall be inserted beneath the outer jacket to facilitate jacket removal. The outer jacket
shall be extruded around the subunits.

3.5.3 Unitized Cables, 72 to 144 Fibers:

The buffered fibers shall be grouped in twelve fiber subunits. In each subunit, the individual fibers
shall be stranded around a dielectric strength element and surrounded by layered strength yarns.
A ripcord shall be incorporated in the subunit design to facilitate access to the individual fibers.
The subunit jacket shall be extruded over the strength yarns for additional physical and
environmental protection. The subunits may be stranded around a dielectric central member.
Cables may contain filler subunits to provide symmetry to the cable design. A ripcord shall be
inserted beneath the outer jacket to facilitate jacket removal. The outer jacket shall be extruded
around the subunits.

The strength members shall consist of high modulus strength yarns. The strength yarns shall be
helically stranded around the buffered fibers. Non-toxic, non-irritant talc shall be applied to the
yarns to allow them to be easily separated from the fibers and the jacket.

Cable Jacket:

3.7.1 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 is 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.

3.7.2 The nominal thickness of the cable outer jacket shall be sufficient to provide adequate
cable protection while meeting the mechanical, flammability, and environmental test
requirements of this document over the life of the cable.

3.7.3 The cable jacket and subunit jacket color shall be orange for cables/subunits containing
multimode fiber except for cables/subunits containing 50/125 uym Laser Optimized
Fiber, which shall have an aqua colored jacket. The cable/subunit jacket color shall be
yellow for cables containing single-mode fiber.

The cable shall be all-dielectric.

Identification

4.1

4.2

4.3

Individual fiber's 900 um buffer coating shall be color coded for identification. The color coding
shall be in accordance with EIA/TIA-598, "Optical Fiber Cable Color Coding." The coloring
material shall not be susceptible to migration and shall not affect the transmission characteristics
of the optical fibers. Color-coded buffered fibers shall not adhere to one another. Buffered
mechanical fibers in filler subunits, where used, shall be white (natural).

When buffered fibers are grouped into individual subunits, each subunit jacket shall be
numbered for identification, with the exception of filler subunits where used. The number shall
be repeated at regular intervals.

Jacket Printing:
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5.0

The outer cable jacket shall be marked with the manufacturer's name or ETL file number, date
of manufacture, fiber count, fiber type, flame rating, listing symbol, and sequential length
markings every two feet (e.g., “CORNING

OPTICAL CABLE — MM/YY - 12 SME - EOS - OFNR FT4 c(ETL)us 00001 FEET”). The
marking shall be in contrasting color to the cable jacket.

Cable Specifications

5.1

5.2

5.3

5.4

5.5

5.6

Temperature Range.

5.1.1 The storage temperature range for the cable on the original shipping reel shall be 40 °C to
+70 °C. The installation temperature range for riser cables shall be -10 °C to +60 °C. The
operational temperature range for riser cables shall be -20 °C to +70 °C. Testing shall be
in accordance with FOTP-3.

Crush Resistance

When tested in accordance with FOTP-41, “Compressive Loading Resistance of Fiber Optic
Cables,” the cable shall withstand a minimum compressive load of 100 N/cm (57 Ibf/in) applied
uniformly over the length of the compression plate. While under compressive load, the fiber
shall not experience an attenuation change greater than 0.40 dB at 1550 nm (single-mode) or
greater than 0.60 dB at 1300 nm (multimode).

Cyclic Flexing

When tested in accordance with FOTP-104, "Fiber Optic Cable Cyclic Flexing

Test," the cable shall withstand 25 mechanical flexing cycles at a rate of 30 £ 1 cycles per
minute. The fiber shall not experience an attenuation change greater than 0.40 dB at 1550 nm
(single-mode) or greater than 0.60 dB at 1300 nm (multimode). The jacket shall not crack, split,
or tear.

High and Low Temperature Bend

When tested in accordance with FOTP-37, "Fiber Optic Cable Bend Test, Low and High
Temperature," the cable shall withstand four full turns around a mandrel at the installation
temperatures of -10 °C and +60 °C. The mandrel diameter shall be the greater of 20 times the
cable OD or 150 mm. The fibers shall not experience an attenuation change greater than 0.40
dB at 1550 nm (single-mode) or greater than 0.60 dB at 1300 nm (multimode).

Impact Resistance

When tested in accordance with FOTP-25, "Repeated Impact Testing of Fiber Optic Cables and
Cable Assemblies," the cable shall withstand a minimum of 2 impact cycles at 3 locations
spaced a minimum distance of 150 mm. The impact energy shall be 2.94 Nem. The fibers shall
not experience an attenuation change greater than 0.40 dB at 1550 nm (single-mode) or
greater than 0.60 dB at 1300 nm (multimode). The jacket shall not crack, split or tear.

Temperature Cycling

When tested in accordance with FOTP-3, "Procedure to Measure Temperature

Cycling Effects on Optical Fiber, Optical Cable, and Other Passive Fiber Optic

Components," the change in attenuation after the second cycle at the extreme operational
temperatures shall not exceed 0.40 dB/km at 1550 nm (single-mode) or 0.60 dB/km at 1300 nm
(multimode). The change in attenuation is measured with respect to the baseline values
measured at room temperature before temperature cycling.
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5.7

Twist-Bend

When tested in accordance with FOTP-85, "Fiber Optic Cable Twist Test," a length of cable no
greater than 2 meters shall withstand 10 cycles of mechanical twisting and bending. The fibers
shall not experience an attenuation change greater than 0.40 dB at 1550 nm (single-mode) or
0.60 dB at 1300 nm (multimode).

5.8 Tensile and Fiber Strain

When tested in accordance with FOTP-33, "Fiber Optic Cable Tensile Loading and Bending
Test," and FOTP-38, “Measurement of Fiber Strain in Cables Under Tensile Load,” a length of
cable shall be tested to the rated tensile load. For cables < 12f the rated tensile load is 660 N
(148 Ibf) and for cables > 12f the rated tensile load is 1320 N (297 Ibf). While under the rated
tensile load, the fiber shall not experience a measured fiber strain greater than 60% of the fiber
proof test level. After being held at the residual load (30% of the rated tensile load), the fiber shall
not experience a measured fiber strain greater than 20% of the fiber proof test level nor an
attenuation change greater than 0.40 dB at 1550 nm (single-mode) or greater than 0.60 dB at
1300 nm (multimode). After the tensile load is removed, the fibers shall not experience an
attenuation change greater than 0.40 dB at 1550 nm (single-mode) or greater than 0.60 dB at
1300 nm (multimode).

6.0 Packing and Shipping

6.1

6.2

6.3

6.4

The cable shall be packaged in cartons and/or wound on spools. Each package shall contain
only one continuous length of cable. The packaging shall be constructed so as to prevent
damage to the cable during shipping and handling.

When the length of an order requires a wooden reel the cable shall be covered with a three-
layer laminated protective material. The outer end of the cable shall be securely fastened to the
reel head so as to prevent the cable from becoming loose in transit. The inner end of the cable
shall project into a slot in the side of the reel or into a housing on the inner slot of the drum, in
such a manner and with sufficient length to make it available for testing.

Test tails shall be at least two meters long. The inner end shall be fastened so as to prevent the
cable from becoming loose during shipping and installation.

Reel Marking and Labeling. Every cable shall come with the following information:
6.4.1 Reel Label:

Part number

Reel number

Length (ft/m)

Marking (ft/m) top and bottom
Date of manufacture

Listing information

6.4.2 Bar Code Label:

Package ID
Reel number
Quantity
Customer ID
Package count
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Factory order number
Release part number
Length (ft)

“Ship to:” address
“Attention to:”

6.4.3 Stenciling:
Manufacturer’'s name and address
Direction of rotation
Reel size
“DO NOT LAY REEL ON SIDE”

7.0 Quality Assurance Provisions

71 All optical fibers in cables lengths of 300 m or greater shall be 100 % attenuation tested. The
attenuation shall be measured at 1310 nm and 1550 nm. The manufacturer shall store these
values for a minimum of 5 years. These values shall be available upon request.

7.2 The cable manufacturer shall be ISO 9001 registered.

8.0 Miscellaneous

8.1 At the request of the customer, the cable manufacturer shall provide installation procedures and
technical support concerning the items contained in this specification.

9.0 Part Numbers

9.1 012K81-33130-24 12FIBER 62.5u Corning Tight-Buffered, Riser
012E81-33131-24 12FIBER SM  Corning Tight-Buffered, Riser

024K81-33130-24 24FIBER 62.5u Corning Tight-Buffered, Riser
024E81-33131-24 24FIBER SM  Corning Tight-Buffered, Riser
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1.0

2.0

3.0

SECTION B

OPTICAL FIBER CABLES FOR INDOOR PROCESS AND OUTDOOR APPLICATIONS GEL-FREE LOOSE

TUBE WITH EMBEDDED SHEATHTEAR FEATURES

General Considerations

1.1 The cable shall meet all requirements stated in this specification. The cable shall meet the
requirements of ANSI/ICEA Standard for Fiber Optic Outside Plant Communications Cable, ANSI/ICEA S-
87-640-2006, GR-20-CORE Issue 3, and the United States Department of Agriculture Rural Utilities Service
(RUS) 7 CFR 1755.900 (PE-90).

Fiber Characteristics

2.1 Detailed information on the fiber types available for this cable design can be found in the following
Corning® documents:

Dispersion Un-shifted and Non-zero Dispersion Shifted Single-mode Fiber: Generic Specification F1,
“Generic Specification for Single-mode Optical Fiber in Loose Tube and Ribbon Cables.”

50/125 ym and 62.5/125 ym Multimode Fiber: Generic Specification F2, “Generic Specification for
Multimode Optical Fiber in Loose Tube and Ribbon Cables.”

Specifications for Outdoor Cable Construction

3.1 Optical fibers shall be placed inside a loose buffer tube. The nominal outer diameter of the buffer
tube shall be 2.5 mm. The buffer tube shall be polypropylene.

3.2 Each buffer tube shall contain up to 12 fibers.
3.3 The fibers shall not adhere to the inside of the buffer tube.

3.4 Each fiber shall be distinguishable by means of color coding in accordance with TIA/EIA-598-B,
"Optical Fiber Cable Color Coding."

3.5 The fibers shall be colored with ultraviolet (UV) curable inks.

3.6 Buffer tubes containing fibers shall be color coded with distinct and recognizable colors in
accordance with TIA/EIA-598-B, "Optical Fiber Cable Color Coding."

3.6.1 Buffer tube colored stripes shall be inlaid in the tube by means of co-extrusion when required.
The nominal stripe width shall be 1 mm.

3.7 For cables containing more than 12 buffer tubes, standard colors are used for tubes 1 through 12
and stripes are used to denote tubes 13 through 24. The color sequence applies to tubes containing
fibers only, and shall begin with the first tube. If fillers are required, they shall be placed in the inner layer
of the cable. The tube color sequence shall start from the inside layer and progress outward.

3.8 In buffer tubes containing multiple fibers, the colors shall be stable across the specified storage
and operating temperature range and shall not be subject to fading or smearing onto each other. Colors
shall not cause fibers to stick together.

3.9 The buffer tubes shall be resistant to external forces and shall meet the buffer tube cold bend and
shrinkback requirements of 7 CFR 1755.900.
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3.10  Fillers may be included in the cable core to lend symmetry to the cable cross-section where needed.
Fillers shall be placed so that they do not interrupt the consecutive positioning of the buffer tubes. In dual
layer cables, any fillers shall be placed in the inner layer. Fillers shall be nominally 2.5 mm in outer diameter.

3.11  The central member shall consist of a dielectric, glass reinforced plastic (GRP) rod (optional steel
central member). The purpose of the central member is to provide tensile strength and prevent buckling.
The central member shall be overcoated with a thermoplastic when required to achieve dimensional sizing
to accommodate buffer tubes/fillers.

3.12  Each buffer tube shall contain water blocking material embedded in the inside wall of the buffer
tube for water-blocking protection. The water blocking material shall be non-nutritive to fungus, electrically
non-conductive, and homogeneous. It shall also be free from dirt or foreign matter. This material will
preclude the need for other water-blocking materials such as gels, yarns, foams, or tapes; the buffer-tube
shall be gel-free.

3.13  The optical fibers shall not require cleaning before placement into a splice tray or fan-out kit.

3.14 Buffer tubes shall be stranded around the dielectric central member using the reverse oscillation,
or "S-Z", stranding process.

3.156  Water swellable yarn(s) shall be applied longitudinally along the central member during stranding.
Water blocking elements shall be applied uniformly throughout the buffer tube.

3.16  Two polyester yarn binders shall be applied contrahelically with sufficient tension to secure each
buffer tube layer to the dielectric central member without crushing the buffer tubes. The binders shall be
non-hygroscopic, nhon-wicking, and dielectric with low shrinkage.

3.17  For single layer cables, a water swellable tape shall be applied longitudinally around the outside of
the stranded tubes/fillers. The water swellable tape shall be non-nutritive to fungus, electrically non-
conductive, and homogenous. It shall also be free from dirt and foreign matter.

3.18  For dual layer cables, a second (outer) layer of buffer tubes shall be stranded over the original core
to form a two layer core. A water swellable tape shall be applied longitudinally over both the inner and
outer layer. The water swellable tape shall be non-nutritive to fungus, electrically non-conductive, and
homogenous. It shall also be free from dirt and foreign matter.

3.19  Cables shall contain tear features 180° apart for easy sheath removal without the need for ripcords.
The tear feature shall open only when the sheath halves are pulled apart at end of the sheath or a mid-
span ring-cut opening. The tear feature shall not open during handling, installation, or operation.

3.20  The tear feature shall be indicated by lobes in the outer sheath, as seen in Figure 1.
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3.21  All tensile strength shall be provided by the central member.

3.22  Cables shall be sheathed with medium density polyethylene (MDPE). The minimum nominal
jacket thickness shall be 1.3 mm. Jacketing material shall be applied directly over cable core and water
swellable tape. The polyethylene shall contain carbon black to provide ultraviolet light protection and
shall not promote the growth of fungus. See Figure 1.

3.23  The MDPE jacket material shall be as defined by ASTM D1248, Type Il, Class C, Category 4 and
Grades J4, E7 and ES8.

3.24  The jacket or sheath shall be free of holes, splits, and blisters.
3.25 The cable jacket shall contain no metal elements and shall be of a consistent thickness.

3.26 Cable jackets shall be marked with the manufacturer’'s name, month and year of manufacture,
sequential meter or foot markings, a telecommunication handset symbol as required by Section 350G of
the National Electrical Safety Code™ (NESCP), fiber count, and fiber type. The actual length of the cable
shall be within -0/+1% of the length markings. The print color shall be white, with the exception that cable
jackets containing one or more coextruded white stripes, which shall be printed in light blue. The height of
the marking shall be approximately 2.5 mm.

3.27  If the initial marking fails to meet the specified requirements (i.e., improper text statement, color,
legibility, or print interval), the cable may be remarked using a contrasting alternate color. The numbering
sequence will differ from the previous numbering sequence, and a tag will be attached to both the outside
end of the cable and to the reel to indicate the sequence of remarking. The preferred remarking color will
be yellow, with the secondary choice being blue.

3.28  The maximum pulling tension shall be 2700 N (600 Ibf) during installation (short term) and 890 N
(200 Ibf) long term installed.

3.29 The minimum bend radius shall be 15 times the cable outside diameter while under tension and
10 times the cable outside diameter installed.
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4.0

3.30

The shipping, storage, and operating temperature range of the cable shall be -40°C to +70°C.

The installation temperature range of the cable shall be —30°C to +70°C.

General Cable Performance Specifications

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

When tested in accordance with FOTP-3, "Procedure to Measure Temperature Cycling Effects on
Optical Fibers, Optical Cable, and Other Passive Fiber Optic Components," the change in
attenuation at extreme operational temperatures (-40°C and +70°C) shall not exceed 0.15 dB/km
at 1550 nm for single-mode fiber and 0.3 dB/km at 1300 nm for multimode fiber.

When tested in accordance with FOTP-82, "Fluid Penetration Test for Fluid-Blocked Fiber Optic
Cable," a one meter length of unaged cable shall withstand a one meter static head or equivalent
continuous pressure of water for one hour without leakage through the open cable end.

When tested in accordance with FOTP-81, "Compound Flow (Drip) Test for Filled Fiber Optic
Cable," the cable shall exhibit no flow (drip or leak) of filling and/or flooding material at 70°C.

When tested in accordance with FOTP-41, "Compressive Loading Resistance of Fiber Optic
Cables," the cable shall withstand a minimum compressive load of 220 N/cm (125 Ibf/in) applied
uniformly over the length of the sample. The 220 N/cm (125 Ibf/in) load shall be applied at a rate
of 2.5 mm (0.1 in) per minute. The load shall be maintained for a period of 1 minute. The load
shall then be decreased to 110 N/cm (63 Ibf/in). Alternatively, it is acceptable to remove the 220
N/cm (125 Ibf/in) load entirely and apply the 110 N/cm (63 Ibf/in) load within five minutes at a rate
of 2.5 mm (0.1 in) per minute. The 110 N/cm (63 Ibf/in) load shall be maintained for a period of 10
minutes. Attenuation measurements shall be performed before release of the 110 N/cm (63 1bf/in)
load. The change in attenuation shall not exceed 0.15 dB at 1550 nm for singlemode fibers and
0.30 dB at 1300 nm for multimode fiber.

When tested in accordance with FOTP-104, "Fiber Optic Cable Cyclic Flexing Test," the cable shall
withstand 25 mechanical flexing cycles around a sheave diameter not greater than 20 times the
cable diameter. The change in attenuation shall not exceed 0.15 dB at 1550 nm for single-mode
fiber and 0.30 dB at 1300 nm for multimode fiber.

When tested in accordance with FOTP-25, "Repeated Impact Testing of Fiber Optic Cables and
Cable Assemblies," except that the number of cycles shall be two at three locations along a one
meter cable length and the impact energy shall be atleast 4.4 Nm (in accordance with ICEA S-87-
640)”, the change in attenuation shall not exceed 0.15 dB at 1550 nm for single-mode fiber and
0.30 dB at 1300 nm for multimode fiber.

When tested in accordance with FOTP-33, "Fiber Optic Cable Tensile Loading and Bending Test,"
using a maximum mandrel and sheave diameter of 560 mm, the cable shall withstand a rated
tensile load of 2670N (601 Ibf) and residual load of 30% of the rated installation load. The axial
fiber strain shall be < 60% of the fiber proof level after completion of 60 minute conditioning and
while the cable is under the rated installation load. The axial fiber strain shall be < 20% of the fiber
proof level after completion of 10 minute conditioning and while the cable is under the residual load.
The change in attenuation at residual load and after load removal shall not exceed 0.15 dB at 1550
nm for single mode fiber and 0.30 dB at 1300 nm for multimode fiber.

When tested in accordance with FOTP-85, "Fiber Optic Cable Twist Test," a length of cable no
greater than 2 meters shall withstand 10 cycles of mechanical twisting. The change in attenuation
shall not exceed 0.15 dB at 1550 nm for single-mode fiber and 0.30 dB at 1300 nm for multimode
fiber.
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5.0

6.0

4.9

4.10

When tested in accordance with FOTP-181, "Lightning Damage Susceptibility Test for Optic Cables
with Metallic Components," the cable shall withstand a simulated lightning strike with a peak value
of the current pulse equal to 55 kA without loss of fiber continuity. A damped oscillatory test current
shall be used with a maximum time-to-peak value of 15 us (which corresponds to a minimum
frequency of 16.7 kHz) and a maximum frequency of 30 kHz. The time to halfvalue of the waveform
envelope shall be from 40 to 70 ps.

When tested in accordance with FOTP-37, "Low or High Temperature Bend Test for Fiber Optic
Cable," the cable shall withstand four full turns around a mandrel of < 20 times the cable diameter
after conditioning for four hours at test temperatures of -30°C and +60°C. Neither the inner or outer
surfaces of the jacket shall exhibit visible cracks, splits, tears, or other openings. The change in

attenuation shall not exceed 0.30 dB at 1550 nm for single mode fiber and 0.50 dB at 1300 nm for
multimode fiber.

Quality Assurance Provision

51 All cabled optical fibers > 1000 meters in length shall be 100% attenuation tested. The attenuation
of each fiber shall be provided with each cable reel.

5.2 The cable manufacturer shall be TL 9000 registered.

Packaging

6.1 The completed cable shall be packaged for shipment on non-returnable wooden reels. Required
cable lengths shall be stated in the purchase order.

6.2 Top and bottom ends of the cable shall be available for testing.

6.3 Both ends of the cable shall be sealed to prevent the ingress of moisture.

6.4 Each reel shall have a weather resistant reel tag attached identifying the reel and cable.

The reel tag shall include the following information:

Cable Number

Gross Weight

Shipped Cable Length in Meters
Job Order Number

Corning Product Number
Customer Order Number

Date Cable was tested

Corning Order Number

Cable Length Markings

Item Number
a: Top (inside end of cable)

b: Bottom (outside end of cable)
The reel (one flange) marking shall include:
"Corning Cable Systems"

Country of origin (e.g., USA)
An arrow indicating proper direction of roll when handling
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Fork lift-handling illustration
"DO NOT SHIP REEL ON SIDE" or
“DO NOT LAY REEL ON ITS SIDE”

6.5 Each cable shall be accompanied by a cable data sheet.
The cable data sheet shall include the following information:

Corning Cable Number
Corning Product Number
Corning Factory Order Number
Customer Name
Alternate Customer
Customer Cable Number
Customer Purchase Order Number
Alternate Code
Mark for Information
Ordered Length
Maximum Billable Length
Actual Shipped Length
. Measured Attenuation of Each Fiber
Bandwidth Specification (for lengths > 1000 m) (where applicable)

S3TATTSQ@Te 0T

7.0 Miscellaneous

7.1 At the request of the customer, the cable manufacturer shall provide installation procedures and
technical support concerning the items contained in this specification.

8.0 Part Numbers

8.1 012KU4-T4730D20 12FIBER 62.5u Corning ALTOS Loose Tube, Gel-free
012ESF-T4101D20 12FIBER SM  Corning ALTOS Loose Tube, Gel-free

024KU4-T4730D20 24FIBER 62.5u Corning ALTOS Loose Tube, Gel-free
024EU4-T4701D20 24FIBER SM  Corning ALTOS Loose Tube, Gel-free
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CHAPTER 2 — FIBER CONNECTORS
SECTION C
SIMPLEX OPTICAL FIBER (MULTIMODE) NO-EPOXY, NO-POLISH CONNECTORS

1.0 General Considerations.

This document covers the specifications and performance for field-installable multimode (62.5 um and 50
um) ST® compatible, SC, and LC connectors.

2.0 References.
21 The following documents may be used as references.
EIA/TIA-455-A Standard Test Procedures for Optical Fibers, Cables, Transducers,
Sensors, Connecting and Terminating
Devices, and Other Fiber Optic Components (FOTPs)
TIA/EIA-604-2 Fiber Optic Connector Intermateability Standard, FOCIS-2 (ST
Compatible)
TIA/EIA-604-3A Fiber Optic Connector Intermateability Standard, FOCIS-3 (Type SC)
TIA/EIA-604-10A Fiber Optic Connector Intermateability Standard, FOCIS-10 (Type LC)
3.0 Connector Characteristics.
3.1 Design Features.

3.1.1 Strain relief: For ST compatible, LC and SC connector types, the connector shall provide a
strain relief mechanism for installation on a single fiber cable that contains strength
elements. The fiber within the body of the connector shall be isolated mechanically from
cable tension, bending and twisting.

3.1.2 Intermateability: The connector shall be designed to comply with the appropriate TIA/EIA
FOCIS document.

3.1.3 Mating Style: The ST compatible, SC and LC connectors shall secure to the field fiber via a
rotating cam which shall be situated on the connector body and the camming action shall
be performed with the use of a connector terminating tool designed for that purpose.
Upon rotation of the cam, the connector shall then be permanently secured to the fiber by
the crimping of the connector lead in tube via the connector terminating tool.

3.1.4 Ferrule Type: The connector ferrule shall be made from a homogenous polymer or ceramic
material.

3.2 Installation Type.
3.2.1 Installation rate: The ST compatible and SC connectors shall be installable upon 900 ym

buffered fiber in one minute or less and upon 1.6, 2.0, 2.6, or 3 mm jacketed cable, if
applicable, in three minutes or less total time.
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3.2.2 Installation rate: The LC connector shall be installable upon 900 um buffered fiber in one
minute or less

3.2.3 The connector installation tool kit will contain an integrated continuity test systems (CTS),
which will give immediate Go/No-Go feedback of successful connectivity.

3.2.4 The cleaver and connector installation tool shall not require a fiber handler

3.2.5 Installation on field fiber: The connector shall contain a mechanical splice and require one
tool kit to assemble all four connector types.

3.2.3 Installation polishing: The connector shall not require polishing of the endface in the field.
Connectors shall have a factory-polished fiber stub in the connector ferrule.

3.2.4 Installation type: The connector installation shall not require the use of epoxies.

3.2.5 Fiber protection: The connector crimp-on mechanism shall protect the bare fiber from the
ingress of air or waterborne contaminants and shall secure the fiber in the ferrule micro-

hole.
4.0 Packaging Requirements.
4.1 The connector shall be packaged individually or in an organizer pack to adequately protect the
connector.
4.2 Each connector shall be equipped with a protective dust cap that does not contaminate the
connector endface.
4.3 The packaging shall indicate the supplier part number, connector type, and date of manufacture.
5.0 Performance Requirements.

Corning Cable Systems Generic Specification for Simplex Optical Fiber (Multimode) NoEpoxy, No-Polish

Connectors
5.1

52

Insertion Loss.
When tested in accordance with FOTP-171, connectors shall be consistently capable of insertion
losses < 0.1 dB (average) and < 0.5 dB (maximum) when installed in accordance with the
manufacturer’'s recommended procedure.

Performance Testing Values.

The connector shall comply with the values presented in Table 1.

Test Test Method| Test Conditions Requirement*
(FOTP #)

Insertion Loss 171 concatenation method Average: 0.1 dB Max
(IL) IL: 0.5dB
Return Loss 107 coupler with power Minimum RL: £-20 dB

(RL) source and meter Minimum RL: £-26 dB
LOMMF
Low Temp 188 4 days @ 0°C Max IL: 0.75dB
Soak Min RL: 20 dB
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Temperature 4 4 days @ 60°C Max IL: 0.75dB
Life Min RL: 20 dB
Humidity 5 4 days @ 40°C RH Max IL: 0.75dB
90-95% Min RL: 20 dB
Impact 2 8 impacts from Max IL: 0.75dB
1.8 meters (height) Min RL: 20 dB
Strength of 185 33 Nat0°forb Max IL: 0.75dB
Coupling seconds Min RL: 20 dB
Mechanism
Durability 21 500 rematings, clean Max IL: 0.75dB
every 25 Min RL: 20 dB
Cable 6 0.5 1b. on 900 ym Delta IL: 0.5 dB
Retention 0° buffered fiber for Max IL: 0.75 dB
5 seconds Min RL: 20 dB
Cable 6 0.5 1b. on 900 ym Delta IL: 0.5 dB
Retention 90° buffered fiber for Max IL: 0.75 dB
5 seconds Min RL: 20 dB
Flex 1 190° for 100 cycles Max IL: 0.75dB
@ 0.5 Ib. load on Min RL: 20 dB
900 um buffered fiber
Twist 36 10 cycles 5 turns, Max IL: 0.75dB
0.5 Ib. load on 900 pym Min RL: 20 dB
buffered fiber

Table 1. Connector Performance

* These requirements are attainable when the connector is installed by strictly following the
manufacturer’s recommended installation procedures.

6.0 Part Numbers
6.1 No Epoxy Connectors

#95-000-51 STMM 62.5u UNICAM CONNECTOR
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SECTION D
SIMPLEX OPTICAL FIBER (SINGLE-MODE) NO-EPOXY, NO-POLISH CONNECTORS

1.0 General Considerations.

This document covers the specifications and performance for field-installable single-mode ST®
compatible, SC and LC connectors.

2.0 References.
2.1 The following documents may be used as references.
TIA/EIA-455-A Standard Test Procedures for Optical Fibers, Cables, Transducers,
Sensors, Connecting and Terminating
Devices, and Other Fiber Optic Components (FOTPs)
TIA/EIA-604-2 Fiber Optic Connector Intermateability Standard, FOCIS-2 (ST
Compatible)
TIA/EIA-604-3A Fiber Optic Connector Intermateability Standard, FOCIS-3 (Type SC)
TIA/EIA-604-10A Fiber Optic Connector Intermateability Standard, FOCIS-10 (Type LC)
3.0 Connector Characteristics.
3.1 Design Features.

3.1.1 Strain relief: For ST compatible, SC and LC connectors, the connector will provide a strain
relief mechanism for installation onto a single fiber cable that contains strength elements.
The fiber within the body of the connector will be isolated mechanically from cable
tension, bending and twisting.

3.1.2 Intermateability: The connector will be designed in compliance with the appropriate TIA/EIA
FOCIS document.

3.1.3 Mating Style: The ST compatible, SC, and LC connectors shall secure to the field fiber via a
rotating cam which shall be situated on the connector body and the camming action shall
be performed with the use of a connector terminating tool designed for that purpose.
Upon rotation of the cam, the connector shall then be permanently secured to the fiber by
the crimping of the connector lead in tube via the connector terminating tool.

3.1.4 Ferrule Type: The connector ferrule shall be made from a homogenous polymer or ceramic
material.
3.2 Installation.

3.2.1 Installation on field fiber: The connector will contain a mechanical splice and require one
handheld tool kit to assemble all three connector types.

3.2.2 The connector installation tool kit will contain an integrated continuity test systems (CTS),
which will give immediate Go/No-Go feedback of successful connectivity.

3.2.3 The cleaver and connector installation tool shall not require a fiber handler
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4.0

5.0

3.2.4 Installation rate: The ST compatible and SC connectors shall be installable upon 900 um
buffered fiber in one minute or less and upon 1.6, 2.0, 2.6, or 3 mm jacketed cable, if
applicable, in three minutes or less total time.

3.2.5 Installation rate: The LC connector shall be installable upon 900 um buffered fiber in one
minute or less.

3.2.6 Installation polishing: The connector will not require polishing of the endface in the field.
Connectors will have a factory-polished fiber stub in the connector ferrule.

3.2.7 Installation type: The connector installation will not require the use of epoxies.
3.2.8 Fiber protection: The connector’s factory stub fiber will be secured with epoxy to protect the

bare fiber from the ingress of air or waterborne contaminants and will secure the fiber in
the ferrule micro-hole.

Packaging Requirements.

4.1

4.2

4.3

The connector will be packaged individually or in an organizer pack to adequately protect the
connector.

Each connector will be equipped with a protective dust cap that does not contaminate the
connector endface.

The packaging will indicate the supplier part number, connector type, and date code.

Performance Requirements.

5.1

5.2

5.3

Insertion Loss: When tested in accordance with FOTP-171, connectors will be consistently
capable of insertion losses < 0.2 dB (average) and < 0.5 dB (maximum) when installed in
accordance with the manufacturer's recommended procedure.

Reflectance: When tested in accordance with FOTP-107, connectors will be consistently capable
of reflectance values of < -40 dB for SPC polished connectors and < -50 dB for UPC polished
connectors when installed in accordance with the manufacturer’s recommended procedure.

Performance Testing Values: The SC, LC, and ST compatible connector will comply with the
values presented in Table 2.

Test Test Method| Test Conditions Requirement*
(FOTP #)
Insertion Loss 171 concatenation method Average: 0.2 dB Max
(IL) IL: 0.5dB
Return Loss 107 coupler with power | Minimum RL: <-40 dB SPC -
(RL) source and meter 55 dB UPC
Low Temp 188 4 days @ 0°C Max IL: 0.75dB
Soak Min RL: 26 dB
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Temperature 4 4 days @ 60°C Max IL: 0.75dB
Life Min RL: 26 dB
Humidity 5 4 days @ 40°C RH Max IL: 0.75dB
90-95% Min RL: 20 dB
Impact 2 8 impacts from Max IL: 0.75dB
1.8 meters (height) Min RL: 26 dB
Strength of 185 33 N at 0° for 5 Max IL: 0.75dB
Coupling seconds Min RL: 26 dB
Mechanism
Durability 21 500 rematings, clean Max IL: 0.75dB
every 25 Min RL: 26 dB
Cable 6 0.5 Ib. on 900 pm Delta IL: < 0.5 dB
Retention 0° buffered fiber for Max IL: 0.75 dB
5 seconds Min RL: 26 dB
Cable 6 0.5 Ib. on 900 pm Delta IL: < 0.5 dB
Retention 90° buffered fiber for Max IL: 0.75 dB
5 seconds Min RL: 26 dB
Flex 1 +90° for 100 cycles Max IL: 0.75dB
@ 0.5 Ib. load on Min RL: 26 dB
900 um buffered fiber
Twist 36 10 cycles 5 turns, Max IL: 0.75dB
0.5 Ib. load on 900 pm Min RL: 26 dB
buffered fiber

Table 2. Connector Performance

* These requirements are attainable when the connector is installed by strictly following the
manufacturer’s recommended installation procedures.

6.0 Part Numbers

6.1 No-Epoxy Connectors SM
#95-200-51 ST SM UNICAM CONNECTOR
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CHAPTER 3 — FIBER TERMINATION HOUSINGS
SECTION E

OPTICAL FIBER PREMISES RACK-MOUNTABLE CONNECTOR HOUSINGS

0.0 Rack-mountable Housings: General Information

0.1 Scope: This generic specification stipulates the requirements for fiber optic hardware whose
purpose is to house, protect and allow administration of fiber optic components in telecommunications
local area networks (LANs), data centers, storage area networks (SANs) and other related enterprise
network applications. The environment for this hardware is typically an indoor environmentally controlled
building, commercial facility or computer room.

0.2 General Requirements: The fiber optic housings specified in this document are designed for rack-
mounted or frame-mounted applications that support conventional cross-connection and interconnection
schemes as well as through-splicing applications. Fiber optic housings listed in this document shall meet
the design requirements of ANSI/TIA-568-C.3, and shall be RoHS compliant . Housings shall also be
U.L. 1863 listed ("Communication-Circuit Accessories"), and all plastic structural components shall be UL
94 V.0 rated. Fiber optic housings specified in this document include one through four unit-height
housings ("1U", "2U, "3U" and "4U"), whereby one industry standard (EIA compliant) rack unit is defined
as 44.45 mm in height in compliance with EIA-310-D ("Cabinets, Racks, Panels, and Associated
Equipment"). The generic requirements for 1U-4U housings are specified in Sections 1.0 through 4.0 of
this document. The various capacities of the housings specified in this document are listed below in
Table 3.

Unit Size Panel* . . . .
Capacity Fiber Optic Housing Port Capacity:
*Includes panels, 12F / 16F / 24F |
modules &/or cassettes. | gr / panel | 8F / Panel| Panel Panel Panel | 72F / Panel
Adapter Type ST/SC/LC| ST/SC/LC| ST/SC/LC oanI:y LC only MTP only
1U 2 12 16 24 32 48 144
2U 4 24 32 48 64 96 288
3uU 6 36 48 72 96 144 432
4U 12 72 96 144 192 288 864

1.0

Table 3: Rack-mountable Connector Housing Capacities

1U Rack-Mountable Housing ("Patch Panel™)

A 1U rack-mountable housing (also known as a patch panel) is defined as 1.75 inches (44.45 mm) in

height, whereby one EIA rack space or panel height (denoted as 1U) is defined as being 44.45 mm.
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1U Function & Capacity

1.1 The 1U housing shall provide a base enclosure with removable top covers, front and rear doors, and a slide-
out drawer or tray.

1.1.1 The housing shall provide necessary protection from incidental contact, dust and debris that
commonly occurs in a premise or enterprise communications network environment or data center.

1.1.2 The housing shall be fully accessible from the top, rear and front sides.

1.1.3 The housing shall provide all necessary provisions for proper management and administration of
optical fiber, fiber optic connectors, splices, cable-subunits, transition kits and other related components.

1.2 The 1U rack-mountable connector housing shall support cross-connection, interconnection and/or splicing
applications and routing schemes in the same housing.

1.2.1 The housing shall accommodate direct connectorization via connector panels (as specified in
Section 7.0) or in conjunction with slack storage cassettes (as specified in Section 6.0) that hold the
connector panels.

1.2.1.a Connector panels and modules shall be held in place via interchangeable panel retention clips
that snap into position independent of one another onto panel clip retention blocks or components
that attach to a slide-out tray or into the tray itself.

1.2.1.b The housing shall be capable of holding up to two (2) connector panels, modules or cassettes in
a horizontal orientation on a slide-out tray.

1.2.2 The housing shall accommodate pigtail splicing via interchangeable splice cassettes (as specified
in Section 5.0) with pigtailed connector panels, while maintaining the capability to accommodate pigtailed
connector modules (as specified in Section 8.0) and/or pigtailed connector panels outside of the splice
cassettes.

1.2.2.a The splice cassettes shall load into the housing between stackable rails that retain the cassette

on both sides of the cassette; the center stackable rail shall interface and engage behind the center
panel clip retention block 1.2.1.a and directly onto the slide-out tray or another center stackable rail.

1.2.2.b The housing shall be capable of holding up to two (2) splice or slack storage cassettes in a
horizontal orientation on a slide-out tray.

1U Jumper Management

1.3 The housing's slide-out tray shall provide jumper routing guides in the front to protect and manage jumpers
and/or patch-cords that exit and enter through the sides of the front of the housing.

1.3.1 The slide-out tray shall incorporate and allow interchangeable attachment of three (3) jumper
routing guides.

1.3.2 The front jumper routing guides shall attach to stackable panel clip retention components as
specified in Section 1.2 of this document by sliding down and locking into place upon a retention tab via
the routing guide's integral retention slot, thereby making the routing guides connected to the sliding tray.

1.3.3 The routing guides shall not interfere with access to adapters from above or below the sliding shelf.

1.3.4 The routing guide shall incorporate a tab on the front surface and an indentation (or finger slot) on
the top surface (for use when the housing's top cover is removed) for grasping to manually assist with
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pulling out the sliding tray; the finger slot shall also be capable of holding connector ferrule protective
caps.

1.3.5 The routing guides shall provide pass-through for a bundle of jumpers that comprises a cross-
sectional area up to at least one square inch (725 mm?2).

1.3.6 The routing guides shall incorporate a flexible flapper that allows loading and removal of jumpers
from the routing guide while still providing retention capabilities of the jumpers.

1.3.7 The routing guides' top and bottom interior surfaces shall be curved or rounded to conform to the
bend radii of fiber optic jumper or patch-cords that pass through the guides.

1.3.8 The center routing guide shall be labeled with the letters "A" and "B" for specifying and
differentiating panel positions within the housing.

1.3.9 The routing guides shall be constructed from injection-molded plastic and be a color that matches
the housing and slide-out tray.

1.4 The housing shall be capable of supporting connections to 48 fiber optic jumpers or patchcords with an
outside diameter ranging from 1.6 mm to 3.0 mm.

1U Front Access
1.5. The front of the housing and interior slide-out tray shall be accessible via a tinted translucent door.

1.5.1 The door shall be removable from metal hinges by removing a single screw on each side of the
door.

1.5.2 The door shall contain two slam latches (located on the left and right side of the door) that can
individually be de-latched with single-hand operation.

1.5.3 The door shall contain provisions for installation of a keyed lock assembly.
1.5.4 The door shall allow customization of the applique through in-mold labeling.

1.5.5 The door shall contain an area on its inside surface that is hidden from view by the door's applique
and is capable of holding adhesive-backed label strips.

1.5.6 The door shall contain a crop mark in the upper left portion on the front surface for placement of an
adhesive-backed label or label strip.

1.6 The front of the housing shall contain jumper egress openings on both sides that are aligned with the jumper
routing guides specified in Section 1.3 of this document, and will provide access for optical fiber jumpers and
patch-cords as they enter or exit the front sides of the housing.

1U Rear Access

1.7 The rear of the housing and interior slide-out tray shall be accessible via a metal door.

Page 21 of 41



1.7.1 The rear door shall be removable from metal hinges by removing a single screw on each side of
the door.

1.7.2 The rear door shall contain a turn-latch in the center of the door for opening and closing the door.

1.7.3 The rear door shall allow installation of a keyed latch assembly in the center, which can also serve
as the primary means for opening and closing the door.

1.7.4 The rear door shall incorporate pairs of lances that run the length of the door providing a means to
strain-relieve incoming fiber optic cables to the inside surface of the door.

1.7.5 The rear door shall incorporate pre-stamped punch-out openings that will allow fiber optic cable to
enter the housing perpendicular to the rear of the housing.

1.8 The rear of the housing shall contain openings on both sides of it that allow fiber optic cables and/or cable
sub-units to enter the housing.

1U Top Access

1.9 The top of the housing shall be accessible via two sliding top covers that converge and interface in the center
of the housing via two alternating support tabs.

1.9.1 The top covers shall be made from tinted translucent injection-molded plastic.
1.9.2 The top covers shall incorporate pockets or slots for containing two label cards (4 in. by 4 in.).
1.9.3 The top covers shall contain raised detents that interface with rails on the housing.

1.9.4 The top covers shall be able to be locked-down or fixed in place through installation of screws on
the side of the housing.

1U Cable Strain-relief

1.10 The housing shall provide means for strain-relieving fiber optic cables both interior to and exterior to the rear
of the housing.

1.10.1 External strain-relief shall be achieved through attachment of an external strainrelief bracket that
attaches onto either side of the housing via two fasteners.

1.10.1.a The external strain-relief bracket shall be of a two-piece design that allows disassembly and
reassembly such that it can be used in a universal fashion on either side of the housing and with
either top or bottom cable entry into the housing.

1.10.1.b The external strain-relief bracket shall provide slots or holes for securing cables with cable ties
("ty-wraps") and/or hook-and-loop type straps.

1.10.1.c The external strain-relief bracket shall provide threaded holes for attaching up to two cable
clamps, as specified in Section 9.0, and accommodate a range of cable sizes.

1.10.2 Internal strain-relief shall be achieved through one of three means: 1) attachment of a removable
and interchangeable internal strain-relief bracket that mounts on the floor of the rear assembly housing
via retention studs and a springloaded plunger, 2) strain-relieving directly to the inside surface of the door
per Section 1.7.4, or 3) strain-relieving via means specified in Section 1.13 for when cable(s) enter
directly through and perpendicular to the rear door.

1.10.2.a The internal strain-relief bracket shall strain-relieve a single cable up to
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34.0 mm or multiple cables of a comparable bundle diameter.

1.10.2.b The internal strain-relief bracket shall incorporate pairs of lances for cableties, straps or hook-
and-loop type tape.

1.10.2.c The internal strain-relief bracket shall contain threaded holes for installation of central member
and cable strength yarn strain-relief hardware.

1.10.2.d The internal strain-relief bracket shall be installable on either side of the rear of the housing and
of a singular design for either side.

1.10.2.e The internal strain-relief bracket shall be removable and its support plate shall not interfere with
removal or sliding action of the interior tray.

1U Interior Management

1.11 The 1U housing's interior tray shall contain provisions for routing and maintaining fiber optic cable
components, including cable sub-units and buffer tubes, 900 um optical fiber, and buffer tube transition kits.

1.11.1 The sliding tray of the housing shall provide holes or slots for the installation (and removal) of fiber
retention or slack management clips.

1.11.1.a The fiber retention clip shall be made from flexible, durable injectionmolded plastic.

1.11.1.b The fiber retention clip shall incorporate flexible fingers on the top that allow the quick removal
and installation of optical fiber and cable sub-units.

1.11.1.c The fiber retention clip shall be of a segmented design with a divider that separates the clips into two
sections for greater organized fiber storage capacity.

1.11.1.d The fiber retention clip shall be installable and configurable such that they form two groups
(either complete or incomplete) in a circular pattern for customized routing of optic fiber.

1.11.2 The sliding tray of the housing shall provide holes or slots for the installation (and removal) of one
transitional strain-relief clip.

1.11.2.a The transitional strain-relief clip shall be made from flexible durable injection-molded plastic.

1.11.2.b The transitional strain-relief clip shall be capable of holding six (6) buffer tube transition or
furcation kits that can each manage a single twelve-fiber buffer tube.; the clip shall hold the kits via
direct insertion into the clip or additionally through securing with cable ties. Note: Fiber fan-out
devices are used to build 250
pm fiber in buffer tubes out to 900 um for fiber protection and to allow connectorization.

1.11.2.c The transitional strain-relief clip shall be stackable utilizing only the integral retention features to
affix the clips to one another.

1.11.2.d The transitional strain-relief clip shall allow individual access in both removal and installation of
individual furcation kits independent of adjacent furcation kits that may or may not already be installed
in the clip.

1.11.3 The sliding tray shall contain an embossed pattern that conveys the recommended routing path

that optical fiber and cable sub-units follow in routing from cable entry to the adapter panels contained
within the housing.
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1.14  The 1U housing's interior tray shall incorporate holes or slots for installation of a center rail that enables
installation of two splice cassettes per Section 1.2.2.

1.14.1 The 1U housing's interior tray shall contain strain-relief slots on both sides of the rear corners of
the tray for securing cables via cable-ties or hook-and-loop type straps that enter directly through the rear
door of the housing via pass-through ports specified in Section 1.7.5.

1.14.2 The 1U housing's interior tray shall be removable from either the front or rear of the housing.

1.14.3 The tray shall contain detents allowing the tray to lock into multiple positions as it slides out of the
housing.

1.14.4 The housing shall contain windows on both sides to allow access to release tabs that enable
complete removal of the tray from the rear of the housing.

1.14.5 The tray shall be able to be locked-down or fixed such that it can no longer slide through
installation of screws into both the left and right side of the housing.

1U Mounting Provisions
1.15 The housing shall be mountable in an EIA-310 compatible 465 or 592 mm rack.

1.15.1 The housing shall be able to be mounted with both a standard 5-in. (13 cm) frontal projection, and
a 3-in. (8 cm) partial-flush projection with the included mounting brackets.

1.15.1.a The mounting brackets shall incorporate open slots that allow preinstallation of the mounting
screws prior to attachment of the mounting brackets to the rack or frame.

1.15.1.b The mounting brackets shall attach to the side of the housing via screws or fasteners, and the
sides of the housing shall include threaded mounting holes for both the standard 5-in. (13 cm) frontal
projection and the 3-in. (8 cm) partial-flush projection.

1.15.1.c The mounting brackets shall be symmetric and of the same design for either side of the
housing.

1.15.2 The housing shall be able to be mounted with a flush-mount projection through both of the
following options:

1.15.2.a Through removal of the front door and front jumper routing guides and shifting of the sliding tray
forward to a flush-mount position with the bracket installed in the 3-in. (8 cm) partial-flush position.

1.15.2.b Through availability of accessory flush-mounting brackets that achieve a recessed mounting
with the door of the housing flush with the front plane of the rack or frame while providing holes for
jumper egress through the side of the housing.
1U Dimensions

1.16 The housing shall not exceed a depth requirement of 16.5 inches (42.0 cm), excluding door latches and
locks.

1.17 The housing shall not exceed a width requirement of 17.2 inches (43.5 cm), excluding mounting brackets,
fasteners or entry grommets.
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1U Materials and Compliance

1.18 The unit shall meet the design requirements of ANSI/TIA/EIA-568 and the plastics flammability
requirements of UL 94 V-0.

1.19 The connector housings shall have a labeling scheme that complies with ANSI/TIA/EIA-606.

1.20 The housing shall contain the following labels that shall be affixed to the base of the front compartment of the
housing.

1.20.1 A laser radiation warning label that contains the word "DANGER" in a highlighted color or colored
background (preferably red).

1.20.2 A UL listing label that lists the product as a communication circuit accessory (listing 41S4 or
equivalent).

1.20.3 A product information label that contains the manufacturer's name, product part number,
manufacturing location, date of manufacture, as well as other pertinent information for manufacturing
traceability.

1.21 The housing and/or packaging shall include a hardware accessory kit that includes the following
components: 1) installation instructions, 2) fiber optics documentation & administration label, 3) 8" cable ties, 4)
4" cable ties, 5)#12-24 mounting screws.

1.22 The he Housings shall be manufactured using materials and colors per Table 4 for structural integrity and
shall be finished with a wrinkled black powder coat for durability on exterior metal. Installation fasteners shall be
included and shall be black in color.

Top Cover Front Rear Door Base Sliding Related
Attribute Door Housing Tray Brackets

Material: | Plastic (1) | Plastic (1) | Metal (2) Metal (2) | Plastic (3) Metal (4)

Color: Clear Black Black Black
Clear, Tinted Tinted Corvel Corvel Black, Corvel
Finish: L L _—
Flat/ Flat/ Midnight Midnight Flat/ Midnight
Smooth Smooth Wrinkle Wrinkle Smooth Wrinkle

Material Notes:

(1) Plastic: Flame retardant, UV-stabilized polycarbonate (medium-viscosity)

(2) Metal: Cold Rolled Steel, 18 Gauge

(3) Plastic: Polyphenylene ether (PPE) resin - Polystyrene blend, mineral-fille 1

(4) Metal: Cold Rolled Steel, 11 Gauge

Table 4: 1U Housing Materials
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2U Rack-Mountable Housing ("Patch Panel")
2.0 A 2U rack-mountable housing (also known as a patch panel) is defined as 3.50 inches (88.90 mm) in
height per EIA, whereby one EIA rack space or panel height (denoted as 1U) is defined as being 44.45 mm. The
2U housing shall meet all of the requirements of the 1U housing with the following exceptions and/or additional
requirements:
2U Function & Capacity

2.21.b The housing shall be capable of holding up to four (4) connector panels and/or modules in a horizontal
orientation on a slide-out tray.

2.2.2.b The housing shall be capable of holding up to four (4) splice or slack storage cassettes in a horizontal
orientation on a slide-out tray.

2U Jumper Management
2.3.1 The slide-out tray shall incorporate and allow interchangeable attachment of six (6) jumper routing guides.

2.3.8 The center routing guide shall be labeled with the letters "A" and "B" for specifying and differentiating panel
positions within the housing.

2.3.9 The center routing guide shall be labeled with the letters "C" and "D" for specifying and differentiating panel
positions within the housing for the second layer of panels and/or cassettes.

2.4 The housing shall be capable of supporting connections to 96 fiber optic jumpers or patchcords with an
outside diameter ranging from 1.6 mm to 3.0 mm.

2U Interior Management

2.11.2 The sliding tray of the housing shall provide holes or slots for the installation (and removal) of two (2)
transitional strain-relief clips.

2.12 The 2U housing's interior tray shall incorporate holes or slots for installation of two stackable center rails that
enable installation of four (4) splice or slack storage cassettes.

3U Rack-Mountable Housing ("Patch Panel")
3.0 A 3U rack-mountable housing (also known as a patch panel) is defined as 5.25 inches (133.35 mm) in
height per EIA, whereby one EIA rack space or panel height (denoted as 1U) is defined as being 44.45 mm. The
3U housing shall meet all of the requirements of the 1U housing with the following exceptions and/or additional
requirements:

3U Function & Capacity

3.2 The 3U rack-mountable connector housing shall support cross-connection, interconnection and/or splicing
applications and routing schemes in the same housing.

3.2.1.b The housing shall be capable of holding up to six (6) connector panels and/or modules in a
horizontal orientation on a slide-out tray.

3.2.2.b The housing shall be capable of holding up to six (6) splice or slack storage cassettes in a
horizontal orientation on a slide-out tray.
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3U Jumper Management
3.3.1 The slide-out tray shall incorporate and allow interchangeable attachment of nine (9) jumper routing guides.

3.3.8 The center routing guide shall be labeled with the letters "A" and "B" for specifying and differentiating panel
positions within the housing.

3.3.9 The center routing guide shall be labeled with the letters "C" and "D" for specifying and differentiating panel
positions within the housing for the second layer of panels and/or cassettes.

3.3.10 The center routing guide shall be labeled with the letters "E" and "F" for specifying and differentiating
panel positions within the housing for the third layer of panels and/or cassettes.

3.4 The housing shall be capable of supporting connections to 144 fiber optic jumpers or patch-cords with an
outside diameter ranging from 1.6 mm to 3.0 mm.

3U Interior Management

3.11.2 The sliding tray of the housing shall provide holes or slots for the installation (and removal) of three (3)
transitional strain-relief clips.

3.12 The 3U housing's interior tray shall incorporate holes or slots for installation of two stackable center rails that
enable installation of six (6) splice or slack storage cassettes.

4U Rack-Mountable Housing ("Patch Panel")

4.0 A 4U rack-mountable housing (also known as a patch panel) is defined as seven inches (178 mm) in
height per EIA, whereby one EIA rack space or panel height (denoted as 1U) is defined as being 44.45 mm.

4U Function & Capacity

4.1 The 4U rack-mountable connector housing shall support cross-connection, interconnection and/or splicing
applications and routing schemes in the same housing.

4.1.1 The housing shall accommodate direct connectorization via connector panels (as specified in
Section 7.0) or in conjunction with slack storage cassettes (as specified in Section 6.0) that hold the
connector panels.

4.1.1.a Connector panels and modules shall be held in place via interchangeable panel retention clips
that snap into position independent of one another on both the top and bottom of the housing.

4.1.1.b The housing shall be capable of holding up to twelve (12) connector panels and/or modules.
4.1.2 The housing shall accommodate pigtail splicing via interchangeable splice cassettes (as specified
in Section 5.0) with pigtailed connector panels, while maintaining the capability to accommodate

connector-pigtail modules (as specified in Section 8.0) and pigtailed connector panels outside of the
splice cassettes.

4.1.2.a The splice cassettes shall load into the housing on interchangeable and/or permanent
independent tracks, rails or guides that retain the cassette on both the top and bottom surfaces of the
housing.

4.1.2.b The housing shall be capable of holding up to twelve (12) splice or slack storage cassettes.
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4U Jumper Management and Front Access

4.2 The main housing shall contain a front jumper assembly compartment whose function is to protect and
manage jumpers and/or patch-cords that interface with the main housing behind it.

4.2.1 The front jumper assembly compartment shall be removable and attached via mounting screws and
support tabs.

4.2.2 The front jumper assembly compartment shall be accessible via a tinted translucent door.

4.2.2.a The door shall be removable from hinge pins by deflecting a plastic stoptab that can be flexed,
permitting the door to slide laterally off of the hinge pins.

4.2.2.b The door shall contain two slam latches (located on the left and right side of the door) that can
individually be de-latched with single hand operation.

4.2.2.c The door shall contain provisions for installation of a keyed lock assembly.
4.2.2.d The door shall contain provisions for holding two label cards (approximately 8" by 4").
4.2.2.e The door shall allow customization of the applique though in-mold labeling.

4.2.3 The front jumper assembly shall contain jumper egress openings on both sides that are edged with
rubber pass-through grommets that provide bend radius support for optical fiber jumpers and patch-cords.

4.2.4 The front jumper assembly shall contain four (4) jumper management routing clips on both the floor
and ceiling of the compartment.

4.2.4.a The clips shall be spaced equidistant relative to one another.

4.2.4.b The clips shall have flexible fingers permitting the installation and removal of jumpers and/or
patch-cords from the front of the clips.

4.2.4.c The clips shall each be capable of holding at least 144 (2.0 mm) jumpers or patch-cords.

4.2.5 The front jumper assembly shall contain two pass-through grommets on the top for jumper egress
to other housings or equipment racks.

4U Rear Access
4.3 The rear assembly housing shall be accessible via a metal door

4.3.1 The door shall contain a routing and cable sub-unit slack storage bracket for interior management
of cable sub-units and buffer tubes; the plate shall provide various lances for cable tie and/or hook-and-
loop type strap installation to that end.

4.3.2 The door shall contain two slam latches (located on the left and right side of the door) that can
individually be de-latched with single hand operation.

4.3.3 The door shall contain provisions for installation of a keyed lock assembly.

4.3.4 The door shall be removable from hinge pins by deflecting a metal stop-tab on the housing that can
be flexed, permitting the door to slide laterally off of the hinge pins.

4.4 The housing shall contain a brushed entry on both sides of the rear of the housing that converges with the
rear door and covers the full height of the housing.
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4.4.1 The brushed entries shall be removable by sliding directly out from the housing after deflecting
plastic retention tabs on the housing.

4.4.2 The brushed entries shall each be of a singular one-piece design that incorporates bristles that are
two inches (50 mm) in length and are retained by a metal spine.

4.4.3 The bristles of the brushed entries shall be capable of preventing dust from accumulating on the
interior of the housing.

4U Top Access
4.5 The housing shall contain a removable top cover that slides on and off the rear assembly housing

4.5.1 The top cover shall contain relief holes on its left and right sides that will allow it to be held in place
by flexible retention tabs on the left and right sides of the housing.

4.5.2 The top cover shall contain two pass-through grommets on its rear edge.
4U Cable Strain-relief

4.6 The housing shall provide means for strain-relieving fiber optic cables both interior and exterior to the rear of
the housing.

4.6.1 External strain-relief shall be achieved through attachment of an external strainrelief bracket that

slides onto either side of the housing and attaches in a tool-less "snapon" manner via flexible retention
tabs or buttons.

4.6.1.a The external strain-relief bracket shall provide slots or holes for securing cables with cable ties
("ty-wraps") and/or hook-and-loop type straps.

4.6.1.b The external strain-relief bracket shall provide threaded holes for attaching up to two cable
clamps, as specified in Section 9.0, and accommodate a range of cable sizes.

4.6.2 Internal strain-relief shall be achieved through attachment of an internal strainrelief bracket that

mounts on the floor of the rear assembly housing via retention tabs, feet or hooks and spring-loaded
plunger.

4.6.2.a The internal strain-relief bracket shall strain-relieve a single cable up to 34.0 mm or multiple
cables of a comparable bundle diameter.

4.6.2.b The internal strain-relief bracket shall incorporate slots for fast and unencumbered installation of
cable-ties, rubber straps or hook-and-loop type straps and tape.

4.6.2.c The internal strain-relief bracket shall contain a threaded hole for installation of central member
and cable strength yarn strain-relief hardware.

4U Interior Management

4.7 The rear housing assembly shall contain provisions for routing and maintaining fiber optic cable
components, including cable sub-units and buffer tuber, 900 um optical fiber, and buffer tube transition kits.

4.7.1 The floor/base of the rear assembly housing shall provide holes or slots for the installation (and
removal) of fiber retention or slack management clips.

4.7.1.a The fiber retention clip shall be made from flexible, durable injectionmolded plastic.
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4.7.1.b The fiber retention clip shall incorporate flexible fingers on the top that allow the quick removal
and installation of optical fiber and cable sub-units.

4.7.1.c The fiber retention clip shall be of a segmented design with a divider that separates the clip into
two sections for greater organized fiber storage capacity.

4.7.2 The floor/base of the rear assembly housing shall provide holes or slots for the installation (and
removal) of transitional strain-relief clips.

4.7.2.a The transitional strain-relief clip shall be made from flexible durable injection-molded plastic.

4.7.2.b The transitional strain-relief clip shall be capable of holding six (6) buffer tube transition kits that
can each manage a single twelve-fiber buffer tube. Fiber fan-out devices are used to build 250 pm
fiber in buffer tubes out to 900 um for fiber protection and to allow connectorization.

4.7.2.c The transitional strain-relief clip shall be stackable utilizing only the integral retention features to
affix the clips to one another.

4U Mounting Provisions

4.8 The housing shall be mountable in an EIA-310 compatible 465 or 592 mm rack.

4.9 The
locks.

4.8.1 The housing shall be mounted with a 5-inch (13 cm) frontal projection with the option to flush mount
through removal of the front jumper assembly.

4.8.2 The mounting brackets shall incorporate slots that allow pre-installation of the mounting screws
prior to attachment of the mounting brackets to the rack or frame.

4.8.3 The mounting brackets shall slide into the side of the housing and attach in a tool-less "snap-on"
manner via flexible retention tabs or buttons.

4.8.4 The rear housing assembly shall be removable from the mounting brackets through depressing
internal buttons on both sides of the housing and sliding the housing off of the mounting brackets.

4.8.5 For full-flush mounting and partial flush-mounting (3-inch/8 cm) the housing shall be available with

optional accessory brackets that include openings that preserve jumper egress on both sides of the
housing.

4U Dimensions

housing shall not exceed a depth requirement of 16.5 inches (42.0 cm), excluding door latches and

4.10 The housing shall not exceed a width requirement of 17.5 inches (44.5 cm), excluding mounting brackets,
fasteners or entry grommets.

4U Materials and Compliance

4.11 The unit shall meet the design requirements of ANSI/TIA/EIA-568 and the plastics flammability requirements
of UL 94 V-0.

4.12 The connector housings shall have a labeling scheme that complies with ANSI/TIA/EIA-606.

4.13 The housing shall contain the following labels that shall be affixed to the base of the front compartment of the

housing:
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4.13.1 Alaser radiation warning label that contains the word "DANGER" in a highlighted color or colored
background (preferably red).

4.13.2 A UL listing label that lists the product as a communication circuit accessory (listing 41S4 or
equivalent).

4.13.3 A product information label that contains the manufacturer's name, product part number,
manufacturing location, date of manufacturer, as well as other pertinent information for manufacturing
traceability.

4.14  The housing and/or packaging shall include a hardware accessory kit that includes the following
components: 1) installation instructions, 2) fiber optics label, 3) 8" cable ties, 4) 4" cable ties, 5) #12-24 mounting
screws.

4.15  Housings shall be manufactured using materials and colors per Table 5 for structural integrity and shall
be finished with a wrinkled black powder coat for durability on exterior metal. Installation fasteners shall be
included and shall be black in color.

Top Cover Front Rear Door Base Jumper Related
Attribute Door Housing Housing Brackets

Material: | Metal (2) Plastic (1) | Metal (2) Metal (2) Metal (3) Metal (4)

Color, Black, Clear, Black, Black, Black, Black. Corvel
Exterior: Corvel Tinted Corvel Corvel Corvel ’
Finish: . - . . _—
Midnight Flat/ Midnight Midnight Midnight Midnight
Wrinkle Smooth Wrinkle Wrinkle Wrinkle Wrinkle
color, | b tinum N/A Black, | piatinum | Platinum N/A
Interior: Corvel

Material Notes:

(1) Plastic: Flame retardant, UV-stabilized polycarbonate (medium-viscosity)

(2) Metal: Cold Rolled Steel, 18 Gauge

(3) Metal: Aluminum, 16 Gauge

(4) Metal: Cold Rolled Steel, 16 Gauge

Table 5: 4U Housing Materials
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Splice Cassettes
5.0 Rack mountable housings shall accept an interchangeable splice cassette. A splice cassette is defined
as a removable module that is capable of holding a connector panel and splice organizer for pigtail and through
splicing applications. The splice cassette shall have the following characteristics:

5.1 The splice cassette shall consist of a base constructed from injection-molded black plastic and a removable
hinged lid or cover constructed from injection-molded tinted translucent plastic.

5.2 The splice cassette shall allow one connector panel (as described in Section 7.0) to be installed into the base.

5.3 The splice cassette shall be able to hold and contain at least one meter of pigtail fiber slack on the interior
floor of the base.

5.4 The splice cassette shall be available with pre-installed connector pigtails and panels.

5.5 The splice cassette shall be able to hold and contain up to one meter of 2.0-3.0 mm buffer tube slack or
jacketed pigtail slack (up to 24 fiber) on the exterior bottom of the base.

5.6 The splice cassette shall contain a pivoting (and removable) splice tray above the base in a horizontal
position that rotates up into a vertical position at least 90 degrees relative to the base allowing access to the
base.

5.6.1 The splice tray shall contain one interchangeable splice organizer capable of holding either up to
(24) splice heat-shrinks or up to (6) ribbon fiber heat-shrinks.

5.6.2 The splice tray shall contain routing tabs and provisions for holding a total of two meters of 250 or
900 pm fiber slack, or 12-fiber ribbon slack (includes both incoming and outgoing fiber slack).

5.6.3 The splice tray shall contain slots and provisions for installing cable ties for securing incoming and
outgoing buffer tubes and/or jacketed optical fibers.

5.7 The splice cassette shall contain relief slots for holding up to two ribbon or buffer tube transition ("fan-
out") kits on either side of the base.

5.8 The splice cassette shall contain two fiber retention tabs behind the connector panel location to maintain
fiber below the connections and adapters in an installed connector panel.

59 The splice cassette shall contain two flexible curved tabs for grasping the cassette during installation and
removal from the main connector housings.

5.10 The splice cassette shall contain integral slots on both sides of the cassette to hold and guide the
cassette along tracks in the main connector housings.

5.11 The splice cassette lid/cover shall contain two retention tabs that snap onto the base and also provide
slots for securing in a closed position with cable ties.

512  The splice cassette shall ship with a quick-start installation and routing label affixed to the lid/cover that is
easily removable and leaves no residue or marking on the lid / cover.

5.13  The splice cassette shall have a permanent U.L. label affixed that contains the following information:
a) U.L. Listing number 41s4 (Communication Circuit Accessory)

b) Country of Origin (for assembly)
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C) Date and Lot number for manufacturing traceability

5.14 The splice cassette shall have a permanent Part Number label affixed that contains the following
information:

a) Product part number (manufacturer's catalog number)

b) Product serial number

C) Country of manufacturer

Slack Storage Cassettes
6.0 Rack mountable housings shall accept an interchangeable slack storage cassette. A slack storage
cassette is defined as a removable module that is capable of holding a connector panel and cable sub-unit and/or
fiber slack. The slack storage cassette shall have the following characteristics:

6.1 The slack storage cassette shall consist of a base constructed from injection-molded plastic and a removable
hinged lid or cover constructed from injection-molded plastic.

6.2 The slack storage cassette shall allow one connector panel (as described in Section 7.0) to be installed into
the base.

6.3 The slack storage cassette shall be able to hold and contain at least one meter of pigtail fiber slack on the
interior floor of the base.

6.5 The slack storage cassette shall be able to hold and contain up to one meter of 2.0-3.0 mm buffer tube slack
or jacketed pigtail slack (up to 24 fiber) on the exterior bottom of the base.

6.6 The slack storage cassette shall contain relief slots for holding up to two ribbon or buffer tube transition ("fan-
out") kits on either side of the base.

6.8 The slack storage cassette shall contain two fiber retention tabs behind the connector panel location to
maintain fiber below the connections and adapters in an installed connector panel.

6.9 The slack storage cassette shall contain two flexible curved tabs for grasping the cassette during installation
and removal from the main connector housings.

6.10 The slack storage cassette shall contain integral slots on both sides of the cassette to hold and guide the
cassette along tracks or rails in the main connector housing.

6.11 The slack storage cassette lid/cover shall contain two retention tabs that snap onto the base and also
provide slots for securing in a closed position with cable ties.

6.12 The slack storage cassette shall ship with a quick-start installation and routing label affixed to the lid/cover
that is easily removable and leaves no residue or marking on the lid / cover.

6.13 The slack storage cassette shall have a permanent U.L. label affixed that contains the following information:
a) U.L. Listing number 41s4 (Communication Circuit Accessory)
b) Country of Origin (for assembly)

c) Date and Lot number for manufacturing traceability
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6.14 The slack storage cassette shall have a permanent Part Number label affixed that contains the following
information:

a) Product part number (manufacturer's catalog number)
b) Product serial number
c) Country of manufacturer
Connector Panels
7.0 Rack and wall mountable connector housings shall accept an interchangeable connector panel. A
connector panel is defined as a modular removable plate containing optical fiber connector adapters. The

connector panel shall have the following characteristics:

7.1 The connector panel shall utilize a single mounting footprint and shall be available with various connector
adapters and different adapter counts in each panel.

7.2 The connector panel shall be interchangeable between the rack and wall-mountable hardware being
proposed.

7.3 The panel shall be attached to the housing or splice or slack storage cassette with two push-pull latches to
allow quick installation and removal.

7.4 The connector panel shall be available with industry standard single fiber and small form factor multi-fiber
adapters.

7.5 lcons: For those panels that allow them, icons must be removable.

7.5.1 To identify the circuits, icons shall be available with the following symbols: blank, telephone,
computer, and CATV.

7.5.2  The icons shall also be available in the following colors: yellow, red, green, blue, and white.

7.6 Panels shall be manufactured from injection molded plastic or from metal for structural integrity.
7.7 Panels shall be finished with a wrinkled black texture to match other hardware.
7.8 Blank connector panels shall be available to fill unused space within the housings.

7.8.1 The blank connector panel shall be attached with at least two spring clips to allow quick installation
and removal.

7.8.2 Housings shall be supplied with blank connector panels for all available positions unless the
housing is ordered with optical fiber adapters.

7.8.3 The blank panels shall be manufactured from injection molded polycarbonate and shall be finished
with a wrinkled black texture to match the housing.

7.9 Connector panel adapter fiber positions shall be numbered per the natural numbers starting with the number

one and proceeding up to the maximum fiber capacity for the panel.
7.10  All connector panels shall ship with dust caps or covers installed in the fiber optic adapters or ports.
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Connector Modules
8.0 Rack mountable connector housings shall accept an interchangeable connector module. A connector
module is defined as a modular removable case containing optical fiber connector adapters and provisions for
strain-relief, slack storage, and the furcation of fiber optic cables. The connector module shall have the following
characteristics:

8.1 The connector module shall consist of a panel built into a protective case with a removable cover for access
to the interior connectors and fibers.

8.2 The connector module shall utilize a single mounting footprint and shall be available with various connector
adapters and different adapter counts in each module.

8.3 The module shall be attached with two push-pull latches to allow quick installation and removal.

8.4 The connector module shall be available with industry standard single fiber and small form factor multi-fiber
adapters.

8.5 The connector module shall include removable icons that identify the circuits.

8.5.1 As a minimum, these icons shall be available with the following symbols: blank, telephone,
computer, or CATV.

8.5.2 The icons shall also be available in the following colors: yellow, red, green, blue, and white.

8.6 Modules shall be manufactured from 16 gauge cold rolled steel or injection molded plastic for structural
integrity.

8.7 Modules shall be finished with a wrinkled black texture to match other hardware.

8.8 Modules shall be available in the following configurations: adapter modules, pigtailed modules, and pre-
terminated system modules.

8.9 Connector module adapter fiber positions shall be numbered per the natural numbers starting with the
number one and proceeding up to the maximum fiber capacity for the panel.

8.10  All connector modules shall ship with dust caps or covers installed in the fiber optic adapters or ports.
Cable Clamping Mechanism

9.0 The housing shall include the capability to install a clamshell-type cable clamping mechanism to provide
cable strain relief.

9.1 The cable clamp shall accept one cable from 9.5 to 28.6 mm in diameter.

9.2 The cable clamp mechanism shall also handle multiple smaller fiber count cables when used with the multiple
cable insert, or through the application of friction tape to individual cables so as to form a single bundle that can
be contained by the clamp.

9.3 The total cable capacity per clamp shall be five cables (whose individual diameter is up to 10.0 mm) when
used with the multiple-cable insert.

9.4 Housing cable clamp capacity shall be at least two clamps per external strain-relief bracket for the housings;
cable clamps shall be available as an accessory Kkit.

10.0 Part Numbers
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10.1 Rack Mount Enclosures
#CCH-01U RACK MOUNT ENCLOSURE 1RU

#CCH-02U RACK MOUNT ENCLOSURE 2RU
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CHAPTER 4 — INSTALLATION AND TESTING

SECTION F

CORNING CABLE SYSTEMS GENERIC SPECIFICATION FOR INDUSTRIAL INTERCONNECTION AND

HOUSING HARDWARE

1.0 General Considerations

1.1

This document covers the specifications and performance requirements for industrial
interconnection hardware as defined by ANSI/TIA/EIA-568 and ANSI/TIA/EIA-569. This
document details the requirements for nonmetallic and metallic industrial interconnection
hardware. This document is divided into two parts: 1) non-metallic hardware and, 2) metallic
hardware.

2.0 References

21

The following documents may be used as references.

ANSI/TIA/EIA-568 Commercial Building Telecommunications Cabling
Standard
ANSI/TIA/EIA-569 Commercial Building Standard for

Telecommunications Pathways and Spaces

ANSI/TIA/EIA-606 Administration Standard for the
Telecommunications Infrastructure of Commercial Buildings

ANSI/TIA/EIA-607 Commercial Building Grounding and Bonding
Requirements for Telecommunications
3.0 Non-Metallic Hardware Characteristics
3.1 General Description: The non-metallic industrial interconnection hardware shall be constructed of

3.2

one unit. The non-metallic product shall be utilized in an indoor or outdoor environment. It shall
be capable of terminating and protecting inside and outside plant cables. It shall be available in
the following configurations:

3.1.1  Interconnection housing for holding two modular connector panels with splice tray holder
for holding one or two splice trays

3.1.2 Interconnection housing for holding six modular connector panels with splice tray holder
for holding three to six splice trays

3.1.3 Interconnection housing for holding twelve modular connector panels with splice tray
holder for holding six to twelve splice trays

Capacity: The non-metallic industrial interconnection hardware shall contain the adapters or the
splice trays used to interconnect between a distribution cable and one to six drop cables. The
non-metallic industrial interconnection hardware shall be capable of terminating from 12 to 288
fibers. The fibers shall be terminated using connector panels or splice trays. The same
manufacturer shall produce all of the connector panels and splice trays.
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3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

Connector Panels: A variety of connector panel adapter configurations shall be available that
accepts industry standard optical connectors, singly or in multiples, depending on the connector
form factor. The connector panels shall be designed to allow specific labeling and connector
identification. Table 6 displays the optical connector panel and fiber termination options available
for the non-metallic industrial interconnection hardware.

Number of Connector Number of Fibers per Total Fiber Capacity
Panels Connector Panel
2 6 12
2 8 16
2 12 24
2 24 48
6 6 36
6 8 48
6 12 72
6 24 144
12 6 72
12 8 96
12 12 144
12 24 288

Table 6: Non-metallic hardware optical connector panel and fiber termination options

Splice Trays: The non-metallic industrial interconnection hardware shall accept splice trays that
accommodate a variety of splicing techniques including fusion and mechanical splices.

Mounting: The non-metallic industrial interconnect hardware shall contain the equipment
required for wall or standard utility pole mounting. Optional bracketry shall be available for
universal rack mounting (19-in or 23-in equipment racks).

Material: The non-metallic industrial interconnect hardware shall be constructed from
compression-molded fiberglass and meet LSZH (Low Smoke Zero Halogen) requirements. The
material shall allow punching, drilling, filing, or sawing for the field-installation of cable entry
holes. The material shall be light-gray in color.

Cable Strain Relief: A cable strain-relief kit shall be available for attaching cables to the interior
surface of the industrial interconnect hardware. The kit shall contain a bracket that provides a
means for attaching cable ties. The kit shall also contain a bracket to strain relief the cable central
member, if required.

Cable Termination: The non-metallic industrial interconnect hardware shall be capable of
terminating field cables with the following methods: NEMA 4 rated conduit fittings for 2-inch
conduit, standard (non-rated) conduit fittings for 2-inch conduit, and watertight cord compression
fittings.

Cable Slack Storage: The non-metallic industrial interconnect hardware shall contain radius
guides to direct slack cable and to prevent violation of the cable’s minimum bend radius.

Cable Grounding: A cable grounding kit shall be available for grounding armored cables.
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4.0

5.0

3.1 Weather Protection: The non-metallic industrial interconnect hardware shall exhibit chemical and
temperature resistance and demonstrate weatherability sufficient for outdoor deployment in all
climates. The nonmetallic industrial interconnect hardware shall be constructed of an
UVstabilized material.

3.12  Security: The cover shall be capable of being secured with two captive Type 316 stainless steel
screws or quick-release latches with corrosionresistant polyester. Padlock provisions shall be
included with each latch. The hinged cover shall attach to the housing with a Type 316 stainless
steel hinge pin.

Non-metallic Industrial Interconnect Hardware Performance Specifications

4.1 General: The non-metallic hardware shall meet the requirements of ANSI/TIA/EIA-568 and
ANSI/TIA/EIA-569.

4.2 The non-metallic hardware shall have the following ratings and/or listings:

* UL 508A Listed; Type 4, 4X, 12, 13 (File No. E61997)

* cUL Listed per CSA C22.2 No 94; Type 4, 4X, 12, 13 (File No. E61997)
*  NEMA/EEMAC Type 4, 4X, 12, 13

* CSAFile No. 42186: Type 4, 4X, 12, 13

* |EC 60529, IP66

Metallic Industrial Interconnect Hardware Characteristics

51 General Description: The metallic industrial interconnect hardware shall be constructed of one
welded unit. It shall be designed for industrial applications and be capable of indoor or outdoor use. It
shall be capable of terminating and protecting inside and outside plant cables. It shall be available in the
following configurations:

1) Interconnection housing for holding two modular connector panels with optional splice
tray holder kit for holding two to four splice trays.

2) Interconnection housing for holding six modular connector panels with optional splice tray
holder kit for holding three to six splice trays.

3) Interconnection housing for holding twelve modular connector panels with optional splice
tray holder kit for holding six to twelve splice trays. 4) Splice-only housing for holding up to
twelve splice trays.

5.2 Capacity: The metallic industrial interconnection housing shall be capable of terminating from 12
to 288 fibers. The fibers shall be terminated using connector panels or optional splice trays. The
connector panels, splice trays, and metallic hardware shall be produced by the same
manufacturer.

5.2.1 Connector Panels: A variety of connector panel adapter configurations shall be
available that accepts industry standard optical connectors, singly or in multiples,
depending on the connector form factor. The connector panels shall be designed to allow
specific labeling and connector identification. Table 7 displays the optical connector panel
and fiber termination options available for the metallic industrial interconnection
hardware.
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Number of Connector Number of Fibers per Total Fiber Capacity
Panels Connector Panel
2 6 12
2 8 16
2 12 24
2 24 48
6 6 36
6 8 48
6 12 72
6 24 144
12 6 72
12 8 96
12 12 144
12 24 288

Table 7: Metallic hardware optical connector panel and fiber termination options

5.2.2 Splice Trays: The metallic industrial interconnection hardware shall accept splice
trays that accommodate a variety of splicing techniques including fusion and mechanical
splices.

5.3 Mounting: The metallic industrial interconnection hardware shall be capable of surface
(wall) or rack mounting.

5.4 Material: The metallic industrial interconnection hardware shall be constructed from
aluminum sheet metal (0.063 in. thick).

55 Finish: The metallic unit shall have a baked-on powder coat finish that is either black or
silver-gray in color.

5.6 Cable Strain Relief: A cable strain relief kit shall be available for attaching cables to the
interior surface of the industrial interconnect hardware via a concentric clamshell-type universal
cable clamp. The kit shall also contain a bracket that provides a means for attaching cable ties.
The kit shall also provision for a bracket to strain relief the cable central member, if required.

5.7 Cable Termination: The housings shall be designed to accept cables either via cord
connectors or conduit fittings. The housing shall accomodate conduit fittings either with
concentric knockouts or rubber grommets.

5.8 Cable Slack Storage: The metallic industrial interconnect hardware shall contain radius
guides to direct slack cable and to prevent violation of the cable’s minimum bend radius.

5.9 Cable Grounding: A cable grounding kit (with #6 AWG wire) shall be available for
grounding armored cables. The housing shall include a copper grounding bus at the base of the
terminal with two internal grounding studs and one exterior grounding stud.

5.10 Weather Protection: The metallic unit shall be equipped with a gasketed hinged outer
door that shall provide outstanding temperature resistance and demonstrate excellent
weatherability. The metallic industrial interconnect hardware shall be constructed of a UV-
stabilized material.
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5.11  Security: The outer door shall be capable of being secured with a padlock. The inner
door shall be capable of being secured with a keylock, provided with an optional kit that will
provide access protection for the provider side of the unit.

6.0 Metallic Industrial Interconnect Hardware Performance Specifications

6.1 General: The metallic hardware shall meet the requirements of ANSI/TIA/EIA-568 and
ANSI/TIA/EIA-569.

6.2 The metallic hardware shall have either of the following ratings « NEMA 250-1997 1, 2,
3S, 5 and 12K (IEC-60529 1P64) rating
+ [IEC-60529 IP66, IP67, and IP69K (tested).

6.3