Section 32 - Electrical and Instrumentation

A. Introduction — The HRSD Operations Department has an Electrical and Instrumentation Division that
provides electrical and instrumentation support for all of HRSD. The Engineering Department is
responsible for coordinating the electrical review of plans and specifications and coordinating with the
Operations Department on design and start-up issues. Based upon HRSD’s history with various
products and manufacturers, we have developed requirements and needs for certain specific products.
Manufacturers of equipment and products are listed in the tables that follow.

B. General — Unless otherwise agreed upon, the FIRM shall design facilities and specify equipment
around the names listed in this Section. In all cases NEMA is preferred over IEC rated components.
IEC and NEMAVJIEC components are not acceptable. Place all electric/electronic equipment indoors
whenever possible. The following sections provide independent tables of productsand
manufacturers for pump stations, interceptor system controls and treatment plants in order to
accommaodate the different requirements of the various operating departments within HRSD.

» All equipment that is not NEMA rated must be approved by Engineer or Owner.

C. Pump Station and Interceptor Systems — Refer to following Table “Pump Station.”

D. Treatment Plant — Refer to following Table “Treatment Plant.” Equipment Numbering
Sequences shall be in accordance with the Treatment Plant Section of this document.
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PUMP STATION
Electrical and Instrumentation Requirements

Item No. 1

A. Switchgear and MCCs

1. Manufacturers

a.
b.

C.

Eaton
Square D
Allen Bradley

2. Specific Criteria

a.

e o o

Design to meet arc flash standard; Reduce incident energy to 12 Cal/Cm2 or lower
(MCC and VFD’s incident energy should be designed to meet 1.2 Cal/Cm2 if
attainable);Reference HRSD Arc Flash Mitigation Document Dated July 9-10,
2013 and additional Power Study Specifications example by SKM Power Systems
Analysis, Inc. (refer to Exhibit A)

MCCs must be placed indoors in NEMA 12 enclosures (gasketed).
Switchgear must be placed indoors in NEMA 1A enclosure (gasketed).
MCC'’s providing rear access is not acceptable.

All horizontal / vertical bus must be accessible.

Everything to be face-mounted, motor controls in the MCC are to be marked, lead,
1% lag, 2" lag selectable, (any combination) with automatic failover (This may be
part of the bubbler panel).

Bottom entry versus Top entry routing must be evaluated for application.
Provide with tin-plated copper bus.

Provide feeder breakers with digital trip units.

Provide extra fasteners for door cover.

Provide phenolic labels with black backgrounds and white lettering.

Provide spare terminals for intermediate terminal blocks for controls. Provide feeder
breakers with digital trip units.

. Provide grounding for Switchgear (Ball type)

The size of the electrical gear is based on the ampacity of the bus within. Typically,
electrical rooms are designed to accommodate equipment layout without future
considerations for growth, therefore electrical buildings should be sized adequately to
accommodate where wall space is needed for future equipment.
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0. Electrical rooms should be conditioned to increase the life of sensitive electrical and

electronic equipment. Thermostat should be set up to 80 F to control
condensation/moisture. Also include a hydrogen sulfide (H2S) removal system if
needed.

B. Breakers/ Solid State Breakers

1. Manufacturers

a. Eaton

b. Square D

2. Specific Criteria

a. Provide 20 amp minimum

b. Provide remote open/close operator to protect personnel from Arc Flash Incident;

d.

operator should be outside of arc flash boundary where possible. (refer to Exhibit
M)

Provide ARMS “Arc Reduction Maintenance Switch” or equal, when activating
downstream breakers incident energy levels will be reduced. Also, add separate pi- lot
light to indicate when maintenance mode is enabled or disabled.

Provide LSIG digital trip unit if =/> 1000 amps and LSI if < 1000 amps

C. Provide trip units with fault indication to determine status (i.e., overloads or fault conditions)
Metering Package.

1. Manufacturers

a.
b.

C.

d.

e.

Schweitzer Engineering Laboratories (SEL)
Eaton

Schneider Electric (Square D)

GE

Basler

2. Specific Criteria

a
b.

C.

d.

Volt Meter 3 phase & off
Ammeter 3 phase & off
kW

Provide 3 phase undervoltage & overcurrent protection

D. CT Cabinet

1. Manufacturers

a.Provided by Utility
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2. Specific Criteria
a.Locate meter base and CT cabinet on outside of pumping station
E. Selector Switches, Push Buttons, Lighted Push Buttons (NEMA 30mm)

1. Manufacturers

a. Square D

b. Eaton

c. Allen Bradley
2. Specific Criteria

a. Expandable contact blocks on operator IEC and NEMAV/IEC rated switches are not
acceptable.

F. Contactors
1. Manufacturers
a. Eaton
b. Square D (Contactor must be able to reclose after short power blips)
c. Allen Bradley
2. Specific Criteria
a. Provide with expandable auxiliary contacts for 120-volt control circuits
b. IEC and NEMAVJIEC rated contractors are not acceptable.
G. Fuses & Fuse Holders
1. Manufacturers
a. Bussmann
b. Shawmut
2. Specific Criteria
a. Shall be locally available
H. Transformers
1. Manufacturers
a. Square D
b. Eaton
c. ACME
2. Specific Criteria

a. Copper coils
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b. Aluminum coils are unacceptable

Terminal Strips

1. Manufacturers

a.

Phoenix Contact

b. Square D

c. Weidmuller
d. Panduit Panduct DIN Rail Wiring Duct

2. Specific Criteria

a.

b.

C.

DIN Rail mount if possible

Industrial rated

Provide compression type screws terminals on jumpers

Combination Starters (buckets)

1. Manufacturers

a.

Square D

b. Eaton

c. Allen Bradley

2. Specific Criteria

a.

e o o

—h

s o«

Provide standalone combination starters in the proper enclosures (see junction/pull
boxes and miscellaneous enclosures).

120-volt control voltage

Run light — red

Stop light — green

Fault light — Amber

Power available light — white
Provide push to test indicator lights

Elapsed time meters (Crompton, ENB)—pump motors graduated in 1/10 hours, non-
resettable

Externally mounted resets, operational from the front
Provide with adjustable thermo-magnetic breakers
Fused control transformer

MCC mounted lighting panels shall be provided with 25% spare breakers
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m. Provide spare buckets (minimum 2)

n. Provide connections for motor leads directly from the motors to the starters. Do not use
intermediate terminal blocks.

0. No IEC or NEMAV/IEC rating (NEMA only).
. Panel Meters
1. Analog
a. Manufacturers
1) GE/Yokogawa
2) Simpson
2. Digital
a. Manufacturers
1) Yokogawa
2) Red Lion
3) Simpson
3. Elapsed Time
a. Manufacturers
1) Crompton
2) ENB
3) Yokogawa
b. Specific Criteria
1) Non resettable / resettable (plant site specific)
4. Pulse Counters
a. Manufacturers
1) Acromag
2) Omron
5. Isolators
a. Manufacturers
1) Acromag
2) AGMPhoenix
b. Specific Criteria

1) Isolate 4-20 MA and 1-5 volt signals
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2) Powered 4-20 MA isolator splitter
3) Terminal relay
4) Compact panel temp sensor 4-20 MA
6. Signal Converters
a. Manufacturers
1) AGM
2) RIS
3) Acromag
b. Specific Criteria
1) Isolate 4-20 MA and digital
7. Surge Protectors
a. Manufacturers
1) Phoenix
2) MTL-Crouse Hinds
b. Specific Criteria
1) Provide 120v AC power supply surge protectors
L. Rubber Mats (in front of gear)
1. Manufacturers
a. Grainger
b. Chesapeake Bay Rubber
2. Specific Criteria

a. Contractor will provide and install at substantial completion (OSHA approved electric
safety rubber matting: Type Il ASTM D178)

M. Pilot Lights
1. Manufacturers
a. Square D
b. Eaton
2. Specific Criteria
a. Provide LED type pilot lights
b. Provide push to test lamp

c. LED color and light cover color will be specified by HRSD
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d. No IEC or NEMAV/IEC Rating (NEMA Only)
N. Voltage Test Points
1. Manufacturer
a. Safeside- Grace Engineered Products (Load side of Main Breaker)
b. Panduit VeriSafe
Il.  Item No. 2

A. Emergency Generators
1. Manufacturers
a. Caterpillar
b. Cummins Onan
c. Kohler

2. Specific Criteria

a. Diesel generators
b. Propane or natural gas-powered engine generators are site specific
c. Engines to be of domestic manufacture whenever possible
d. Standby rated
4-stroke
f. Parts must be available in 48 hours or less

Must meet current U.S. EPA and Virginia DEQ air standards

s o«

Low emission units

48 hours of runtime/Fuel at full load

J.  Remote Emergency stop pushbuttons at doorways (Pilla Model GS120 w/clear, hinged
plastic cover)

B. Generator

1. Manufacturers

a. Stamford Newage

b. Caterpillar

c. KATO

d. LIMA
Marathon

f. Cummins
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2. Specific Criteria

2 o T o

—h

5 o«

u.

Provide permanent magnet exciters

The rectifier shall be a brushless, full-wave bridge

All stator winding leads are to be brought out to the terminal box

Neutrals shall be sized to full rating

Temperature rise shall not exceed Class B rating with 105[111C ambient rise
Alternator shall have a space heater that switches off when running

Provide for 2/3 winding pitch; 5/6 pitch is not acceptable

Minimum Class H insulation (epoxy) with tropicalization (anti-fungus) temperature
requirements as specified by NEMA

Provide voltage regulation less than +/- 1%
Provide 150% minimum overspeed capability
Provide amortisseur winding

Provide less than 5% THD (Total Harmonic Distortion)

. Provide less than 50 TIF (Telephone influence factor)

Provide Square D/Eaton main breaker of domestic manufacture

Provide elapsed time meter graduated in 1/10 hours (analog or digital), non-resettable
Voltage regulators shall be 3-phase.

Provide 12 leads to switch voltages

Provide flap at the end of exhaust to keep rain, birds, etc. out.

The type of bird screen is site specific.

Sound attenuation is site specific

Provide separate room for indoor generator to reduce heat and noise.

C. Diesel Engine

1. Manufacturers

a.

Caterpillar

b. Cummins

C.

John Deere

2. Specific Criteria

a.

Heavy-duty, direct-injected, 4-stroke diesel engine.

b. Provide electronically controlled engines with an electronic control system to meet
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current EPA emissions regulations

o

State the control system

o

Provide isochronous frequency regulation (no load to full load)
Provide +/- .25% steady state frequency regulation (minimum)

f. Size air, fuel, and oil filters to provide a minimum of 250 hours of operation before
servicing

g. Engine manufacturers shall provide fuel separators
The heavy-duty air filter is to be a dry type with a restriction indicator
I. Provide a Racor heavy duty crankcase vapor coalescer

J. Provide a battery charging alternator 12V/65 amp, 24v/35amp minimum — negative
ground)

k. Skid-mounted radiator sized to prevent overheating in the most severe conditions
(122°F ambient)

I.  Exhaust system and muffler shall be residential grade muffler (lowest DB reductions
available). All insulation must be blanket type (non-asbestos), removable for servicing
of exhaust system

m. Provide 12/24-volt DC starting system

n. Provide all diagnostic equipment for complete trouble shooting and training;
operational training must be included (software/technical manuals/hardware etc.)

0. Provide speed sensing to protect against accidental starter engagement into a moving
flywheel. (Battery charging alternator voltage output will not be accepted for this
purpose)

p. Provide an adjustable (0-15 minutes) cool down time
g. Provide a large red emergency stop push button
r.  Generator Alarms and shutdowns
i.  Low oil pressure

ii.  Notinauto

iii.  High coolant temperature

iv.  Overspeed

v.  Low fuel (Pre shutdown)

vi.  Generator running and over-crank shall shut down the engine and provide
indicator lights.

vii.  All generator alarms/shutdowns provide indicator lights
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W.

viii.  Separate alarms and shutdowns based on HRSD recommendation and not tie

X.

everything to common alarm

Provide analog or digital displays for coolant temperature, oil pressure, service hours,
engine RPM, system DC volts and system diagnostic code

Provide Kim Hot-Start engine block heater (thermostatically controlled); isolation
valves must be included.

Provide vibration isolators between generator set base and floor
Provide lifting eyes bolt
Provide break mean effective pressure (BMEP) calculations

Provide SCADA interface/data monitoring for HRSD generators

D. Battery Chargers

1. Manufacturers

a. LaMarche

b. Cummins

c. SENS

2. Specific Criteria

a. 12/24-volt chargers or equal
b.

C.

d.
E. Starting Batteries

Automatic, solid state, provide continuous taper charging

UL listed, provide with under/over voltage, current failure, and loss of power
acknowledgment

Evaluate full float charge versus trickle charge

1. Manufacturers

a. Exide

2. Specific Criteria

I

o

o

f.

g

Use 8D series lead acid batteries (4D is not acceptable)

Provide 2 minimum

Each battery shall provide 1200 CCA each

Provide with insulated battery rack

Provide with 2-year full replacement guarantee

Provide as a minimum 2 cranking cycles at a minimum of 30 seconds each

Consult engine manufacturer for sizing
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F. Day Tanks

1. Manufacturers

a.

b.

Pryco

Tramont

2. Specific Criteria

a.
b.

o o

—h

h.

UL Listed — double wall

Provide with Oberndorfer bronze gear type pump. All pumps must be mounted on Day
Tank.

Pumps with rubber or nitrile impellers will not be accepted
Provide with a low-level alarm and light

Size for 2-hour minimum running time

Provide a fuel level indicator on the day tank

Provide a 2-pump system. Each pump shall be capable of pumping 100% fuel oil
throughout the entire system.

Provide “Not in Auto” lamp or other warning device

Use momentary switch for tank fill/test

G. Transfer Switches

1. Manufacturers

a.

b.

Eaton
ASCO

2. Specific Criteria

e o T p

> @

j.

Provide with a metering package

Provide with an exercise cycle of 4 hours, field adjustable from 10 minutes to 4 hours
Provide with a utility power available light normal/emergency, phase indicator lights
Zenith transfer switches are not acceptable.

VFD compatible

Time delay normal to emergency

Time delay engine start

Time delay emergency to normal

Time delay engine cool down

Three phase over voltage (Source 1 & 2)
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k. Phase reversal (normal)
I.  Three phase under frequency (Source 2)
m. 4 NO / NC form C contacts for (Source 1 & 2)

n. Manual Push to test button which automatically returns to utility & adjustable run timer
(0- 600 minutes) (Note: This is not an exercise function)

0. Time delay neutral position

Three phase UV protection (Source 1 & 2)

L2 ©

Normal position light
r.  Emergency position light
s. Normal source available light
t. Emergency source available light
H. Underground Storage Tanks (UST) Leak Detection
1. Manufacturers
a. Veeder Root TLS450 PLUS
b. Xerxes
2. Specific Criteria

Provide with leak detection system

T

Provide in accordance with EPA and all applicable state and local standards

o

Provide tank monitoring system

o

Provide a graduated stick for level measuring
Provide for refueling and stick access
f.  Provide with electronic tank level indicating system
g. Provide with 48-hour fuel tank capacity
h. Provide AMI Model 8CH-DAC 8 channel digital/analog converter (4-20ma)
I.  Louvers and Dampers
1. Manufacturers
a. Greenheck
b. Ruskin
2. Specific Criteria
a. Provide gravity damper

b. Provide anodized aluminum louvers and dampers with nylon bushings or ball bearings
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o o

g.

Provide with bird screens readily removable without removing louvers or dampers

Designed to limit rainwater in the building

All hardware & components must be the same material and non-corrosive.

Where louvers and dampers are required provide (inside) recessed damper and
(outside)

flange mounted louvers

J. Meter or monitoring package

1. Specific Criteria

a
b.
C.
d.

e.

Provide standard metering package

Frequency

Provide a voltage adjust rheostat

Provide 3 phase undervoltage and over-current protection

Provide automatic and manual start and stop

K. Start Up and Testing - Diesel Generator Tests

1. Specific Criteria

a. Provide factory test data

b. Contractors shall verify and provide fuel prior to start up and testing

C.

e.
f.

Section 32

Simulate and test all safety equipment. Using a reactive load bank > 500kW or a
resistive load bank <500kW (0.8pF) run the generator:

I.

ii.
iii.
Iv.
V.
Vi.
Vil.
viil.

d.

15 minutes at idle speed
30 minutes at 25% load
30 minutes at 50% load
60 minutes at 75% load
120 minutes at 100% load
15 minutes at 25% load
15 minutes at 0% load

off-Record stator, bearing, oil, ambient, and water temperatures every 15 minutes

Provide load bank receptacle boxes (site specific — Refer to Exhibit B)

Design in such that the station load is not included during load bank test.

Take power factor (pF) into consideration for resistive load bank test to ensure
generator is not overloaded.
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g. Demonstrate all warnings and shutdown alarms (simulation with laptop).

Record speed, voltage and amperage at 15-minute intervals as well as just prior to and
after the load change

i. Hook up the generator and cycle through the light loading cycles as well as heavy
loading cycles (3 each). Record same parameters every 15 minutes and before and after
changing load. Tests to be witnessed by HRSD Automotive Superintendent and HRSD
Electrical Engineer/Superintendent or designee

J. Create and attach to the switchgear detailed instructions. The instructions shall be
laminated. The instructions shall be simple enough for anyone to pick them up and
operate the diesel generator set.

k. Group A, B, and C phase cable together to cancel out EMF (Electromagnetic Field)
L. Load Bank Test Box (in Exhibit B “Leviton”)
1. Fabricated Load Bank Test Box
2. Alternative Load Bank Test Box
3. Manufacturers
a. ESL Power Systems

1. Item No. 3
A. Energy Efficient Motors

1. Specific Criteria

a. HRSD Electric Motor Specifications in Exhibit E “HRSD Electric Motor
Specifications”.

b. Emergency stop pushbuttons
IV. Item No. 4
A. Sump Pumps

1. Manufacturers
a. Zoeller Co.

2. Specific Criteria
a. 120-volt
b. Plug into receptacle
c. Float controlled

V. Item No. 5 - Level Sensing Systems
A. Bubbler Type, Ultrasonic (Rosemount), and Submersible

1. Specific Criteria
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a. Complete purged air bubbler system for sensing wetwell liquid level which generates
and transmits level signals to a separate PLC which controls pump operations

b. Provide UPS for power failure
c. Power light — white

d. Provide with low pressure switch with normally closed dry contacts downstream of the
regulator

e. Provide externally mounted duplex air compressors mounted on 30-gallon horizontal
receiving tank (Model 3HBB-10-M300 AX) with lead/lag rotation control

f. Provide oil-less compressors with 120-volt 60 cycle, single phase motors with integral
thermal overload protection

g. Provide manual purging of bubbler piping
Provide manual alternation of air compressors
i. Mount air compressors outside of the panel whenever possible

J.  Provide high level alarm in wetwells. Provide with micro (non-mercury) switch backup
(float ball)

k. Provide high wet well light and pressure switch
I.  Provide overflow light and pressure switch
m. Provide high wet well and overflow push to test lights
n. All alarm contacts are closed in a normal operating state (Closed loop system)
0. Provide high level Floatball for alarms
B. Ultrasonic (site specific)
1. Manufacturers
a. Siemens
2. Specific Criteria
a. Microprocessor
b. FM approved (frequency modulation)
C. Level Transducer (site specific)
1. Refer to Exhibit F - Stilling Well Detail
2. Manufacturers
a. Waterpilot FMX-21 (refer to Exhibit Q)
D. Pressure Sensing Systems
1. Manufacturers
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a. Foxboro
b. Rosemont
c. Siemens

2. Specific Criteria
a. Provide either an Ashcroft or Red Valve (series 40) brand pressure seal with Viton boot
b. Provide 0-100psi gauge (Ashcroft)
c. Provide a Foxboro IDPT 10 absolute pressure electronic transmitter
d. See Standard Detail “Pressure Reducing Station Pressure Sensor Detail”

e. Suction and discharge transmitters to be mounted in dry well area
E. Float Balls

1. Manufacturers
a. Flygt
b. Opti Float (Intrinsically Safe — Fiber Optic)
c. CSI Controls

2. Specific Criteria
a. Locate near sump pump in dry well and wet well
b. Alarm on high level
c. Support float ball cable to bottom of well; must be rigid and removable from top

VI. Item No. 6 — Variable Frequency Drives (VFDs)
A. Variable Frequency Drives (VFDs)

1. Manufacturers
a. YASKAWA
b. Allen Bradley
2. Specific Criteria
a. Provide thermal/mag breakers for the drive input power
b. Install equipment with the idea of keeping it clean and the temperature regulated

c. Provide thumbscrews for removable/washable filters or thumb screws replaced by snap
in grills that are removable from the front of the cabinet (reusable)

d. Provide a programmable ramp time
e. Provide input reactors (MTE Corp) or TCI
f. Pulse Width Modulated (PWM)
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IGBTs

h. Automatic restart on power disruption

V.

Tune out a minimum of 3 frequencies
Hand/Off/Automatic (HOA) selector switch
Manual speed pot door mounted (in addition to keypad control)

Mount the resets and appropriate indicator lighting on the front of the drive or outside
of the box to prevent employees from opening the panel

Tune drive to motor with a harmonics meter
Provide an input circuit breaker for short circuit protection (Fuses are not acceptable)
The controller electronics shall contain indicators of the following conditions:
1) Undervoltage
2) Overvoltage
3) Over temperature
4) Memory failure
5) Emergency Stop
6) Ground fault
7) Instantaneous overcurrent
Provide auxiliary run contacts wired to run command for ventilation fan
Provide a NEMA 12 flanged disconnect free standing enclosure

Mount the resets and the appropriate indicator lighting on the front of the drive or the
outside of the box

Provide four contact outputs for run status, power failure, VFD failure, not in auto
status

The following are site specific options:

VFED must be able to be isolated and bypassed (auto/manual operation) allowing the
motor to operate across the line at full load speed and current

Provide manual isolation and bypass capability

w. Provide three contactors for bypass operation

X.

Y.

6 Pulse Drive

Bypass contactors are site specific; consult with Interceptor Systems & Electrical Shop

3. Additional Design Considerations

a.

All electrical components must be NEMA only. IEC or NEMS/IEC is not acceptable.
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b. Filters to HVAC units must be maintained and free from dust during construction
phase.

c. VFD parameters must be included on as built prints (i.e., momentary power loss ride
thru, energy savings, and fault reset)

d. Specify coil locks (Power Quality Solutions) on control relays for power dip ride thru
capabilities.

e. Provide Bypass mode for critical VFD’s. Soft start or across the line depending on
application.

f. Specify main circuit breaker cable operators for breaker operation instead of standard
door operating mechanisms.

g. Provide One reset button to reset VFD and control circuit faults.
Provide finger safe barriers for main sideline breaker lugs.

i. Provide enough fans to replace each fan within a VFD (spare parts) where several
VFD’s of the same size and model are specified.

J. Provide paper copies of VFD manuals.

k. To support large and heavy VFD’s 60 HP and above, provide a pedestal with a flat
plate mounted inside the enclosure for VFD to rest for easy removal. Also provide a lift
table to remove VFD.

I.  Provide external air filter for easy access on cabinets.

m. Contractor to perform static tuning for optimal performance during startup. Contractor
to supply panel shop with motor data sheets including the number of poles per motor.
Also, include number of motor poles on motor nameplate.

n. Provide extended warranty by VFD manufacturer where replacement cost is justified.
0. Need all switches to indicate when not in auto

Need indication when control power is loss in addition to VFD fault.

L ©

Evaluate best routing method for bottom versus top entry of wire.

-

VFD shall be sized to provide current necessary for motor to produce continuous rated
horsepower and service factor horsepower at highest carrier frequency.

s. Provide VFD Cable with copper shielding, XLPE insulation manufacture by Belden or
equal.

1) Consider these factors when designing motor HP, motor voltage and motor full load
current, ambient temperature, VFD cable and connector ratings, and number of
cables in raceway.

t. A Harmonic Study Analysis should be performed for all VFD applications by using
IEE 519 guidelines. The design engineer should evaluate the best solution to reduce
Section 32 32-20 January 2023



Harmonic Distortion (ie. passive and active filters or active front end included as part
of the VFD).

1) Refer to Exhibit C “Variable Frequency Drive” Specs

u. Provide auxiliary (AUX) to remove run command of VFD before opening contact. Refer
to Disconnect — Aux Contact

B. Eddy Current Brake Systems/DC Drives - UNACCEPTABLE

VII.  Item No. 7
A. Watt Hour Meter (for MCCs or individual motors) — Meter base and meter

1. Specific Criteria
a. Provided by utility. Locate outside of pump station.

VIII. Item No. 8
A. PLC/RTU

1. Manufacturers
a. Emerson/ Control Wave /OCC100
b. Allen Bradley

2. Specific Criteria

a. Provide functional descriptions, the application program, the job-specific program data
and a copy of the as-built software documentation

b. Include control & alarms

c. Controls accommodate automatic purge and latch output to current state during bubbler
purge

d. Program must be provided using Function Block Programming

e. Control Wave Micro

f. PLC’s and RTU’s shall be equipped with isolation relays for all digital inputs.
Example: (Idec 5-blade — 24 VVDC coils- with a form C configuration contactor) relays
mounted on DIN rail for the purpose isolating relay inputs. Whether a junction box is
used or control panel a 24 VDC power supply with sufficient capacity to energize all of
the 24 VDC relay coils simultaneously when necessary for all PLC or RTU inputs.

IX. Item No. 9
A. Exhaust Fans

1. Manufacturers
a. ILG
b. Dayton
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c. Greenheck
d. Airovent
e. MK Plastics
2. Specific Criteria
a. Corrosion resistant including hardware
b. Must be explosion proof in wet wells and metering vaults
c. Directdrive

d. Belt drive not acceptable unless approved by Owner (Air detection is required if

approved).
X. Item No. 10
A. Lighting

1. Manufacturers
a. Holophane
b. Hubbell
c. Thomas
d. Crouse Hinds

2. Specific Criteria

a. Provide proper levels of lighting over major equipment including switchgear,
generators, pump motors, and controls. Lighting levels should conform to the IES
lighting handbook as a minimum.

b. Provide exterior lighting at doorways and yard lighting required by building con-
figuration.

c. Consider operation by photo electric cell.
d. Replace all light fixtures with LEDs if non-LED style fixture cannot be repaired.
1) Refer to Exhibit D - Lighting Policy
2) HPS, LPS, and Mercury Vapor — NOT ACCEPTABLE FOR ANY APPLICATION
B. Emergency Lighting
1. Specific Criteria
a. Dual Lite GMM-EL-W?2 in admin areas
b. Emerg Lite PRO-2 in corrosive areas
c. Wall-paks are provided by HRSD

Note: Install dual input inverters if applicable
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C. Exit Lighting
1. Specific Criteria
a. Highly visible 24 hours/day for life of material
D. LED
1. Specific Criteria
2. To reduce maintenance
3. Perform payback analysis

XIl.  Item No. 11
A. Concrete Housekeeping Pads

1. Specific Criteria

a. Provide a minimum of 4-inch thickness under MCCs, generators, transformers, and
other general electrical equipment and around conduits at floor penetration.

b. Chamfer all edges

XIl.  Item No. 12
A. Conduit and Conduit Systems

1. Specific Criteria
a. Ream and chamfer all edges
b. EMT or IMC are not allowed
c. All flexible conduits shall be metallic liquidtite or equal.
d. Flexible conduit must not be installed to complete one small run between RGS.

e. Provide % inch minimum size. (Where specifically approved or when the
instrumentation restricts this size, ¥ inch can be used)

f. Do not use plastic anchors.

Seal conduits with a silicone product as necessary

s o«

See Miscellaneous section of these standards for markings and coatings.

Seal conduits with OZ Gedney conduit and cable seals or with silicone where seals are
not available.

J. Cable trays are not acceptable unless approved by Owner.
k. Label all conduits inside of building (Engineer must provide conduit schedule)
I.  Circuit # must be brought back to the panel/breaker.

m. Paint RGS conduits red if requested by owner.
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. Spare Conduit Feeder
1. Specific Criteria
a. Provide with service entrance.
b. Add appropriate spares with pull wire.
. PVC Coated Rigid Steel (inside and out)
1. Manufacturers
a. Robroy
b. OCAL
c. Perma-Cote
d. Gafco Industries
e. Plastibond
f. KorKap
2. Specific Criteria

a. Provide in wet wells, underground (not encased), chemical areas, outside, and damp
areas. Provide with PVC coated fittings, boxes and touch-up material.

b. Provide 8” of PVC coated conduit were stubbed up through concrete (washdown areas)
. Galvanized Rigid Steel
1. Specific Criteria
a. Provide with applications other than PVC coated above.
. PVC
1. Specific Criteria

a. Underground/encased reinforced concrete, Schedule 40 can be substituted for
galvanized conduit in duct banks where EMI is not a threat.

. Tools Used
1. Specific Criteria
a. Use suitable tools with conduit.
. Patching/Repair
1. Specific Criteria
a. Use appropriate material to patch and repair.
. Flex — Liquidtite & Fittings
1. Manufacturers
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a. Crouse Hinds
2. Specific Criteria
a. Use fittings to suit installed conduit.
b. Shall be metallic stainless steel, aluminum or equal.
I. Fixtures & Fittings (pull boxes)
1. Specific Criteria
a. Use appropriate fittings and materials.
J. Struts and Straps
1. Specific Criteria
a. To suit conduit materials
b. Use matching fasteners.
c. Inoutside, wet or damp areas use stainless steel fasteners.
d. PVC coated channel or unistrut are not acceptable.
K. Pull Boxes (wire pulled through) and Junction Boxes (wires terminated inside)
1. Specific Criteria
a. Inoutside, wet or damp areas, use stainless steel fasteners.
b. Over 6-inch x 6 inch are to be hinged
c. Gasketed
d. Use stainless steel or aluminum in outside or damp areas.
L. Red Dye (Duct bank)
1. Specific Criteria
a. Provide red dye in concrete duct banks.
1) See typical duct bank details in Exhibit J

XI1I. Item No. 13
A. Wire

1. Specific Criteria
a. Provide copper stranded wire only.
b. Provide separation of power, signal and telephone services
c. Use compression type lugs only.
d. Do not splice wire — Splicing not allowed unless approved by Owner/Engineer

e. Telephone
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1) Provide conduit and wiring for telephone.
f.  Welding cable (DLO) — Design based on intermittent duty vs. continuous duty.
g. THHN, THWN, XHHW (for duct banks)
1) Follow NEC color coding.
2) All wire shall be stranded wire, rated for 600 volts.
3) #12 minimum wire size for typical applications
h. Instrumentation
1) All wire (MTW) or signal wire shall be rated at 600 volts.
2) DC wire shall be color-coded blue #16 AWG minimum.
3) AC wire shall be color-coded red #16 AWG minimum.
4) Analog signals shall be #18-2 with a shield (minimum), tinned.
5) f. Provide Ethernet cable/CAT 6 for communications to equipment.
Note: Cabinets with multiple sources must be clearly marked as such

XIV. Item No. 14 - Relays
A. Industrial

1. Manufacturers
a. Allen Bradley
b. Eaton

2. Specific Criteria
a. Fixed base

B. Electronic

1. Manufacturers
a. IDEC
b. Potter-Brumfield
c. Agastat

2. Specific Criteria
a. Plug in ice cube type with pilot lights.

XV. Item No. 15 - Lockout / Tagout (Safety) Refer to Section 22 — HRSD Safety Program in this
manual for specifics.

XVI.  Item No. 16
A. Switches / Receptacles / Plugs
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1. Manufacturers
a. Pass & Seymour
b. Hubbell
c. Crouse Hinds
2. Specific Criteria

a. Provide compression type screw terminals on receptacles. Wire binding receptacles or
switches are not acceptable.

b. Provide for dedicated circuits for sump pumps.

c. Provide one weatherproof (WP)/watertight receptacle with lockable cover on exterior
wall of the pump station on a separate circuit; separately switches and should not be hot
at all times.

d. Provide a receptacle on each wall of the PS, upper & lower levels.
e. Lower levels shall be mounted at 48 inches above finished floor -Provide one

f. weatherproof/watertight receptacle on exterior walls on a single circuit, separately
switched (Should be “hot” all the time)

g. Provide ground fault receptacles and breakers where required.
Provide power receptacles in control cabinets.

i. Provide “in use” covers for indoor sump applications.

XVII.  Item No. 17 — Electric Unit Heaters
A. Not used, do not supply unless a condition requires it.
XVIII.  ltem No. 18

A. Electrical Drawings
1. Specific Criteria

a. Process and Instrumentation Diagrams (P&IDs) are to conform to ISA modified
standards (Consulting engineer to provide.

=

Provide functional descriptions with the P&IDs (Consulting engineer to provide)

134

Provide Point-to-Point connection drawings. Contractor shall develop.

o

Review and approval by the engineer shall be prior to installation.
Label all conduits inside building.

f. Place metal tags on cables in manholes.

g. Provide final conduit & cable schedule on disk (AutoCAD, PDF or VISIO)
XIX.  Item No. 19
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A. Safety Switches (fused or unfused)

1. Manufacturers

a. Square D
b. Eaton

c. Allen Bradley

2. Specific Criteria

a.
b.

Light duty safety switches are unacceptable.

Must be pad lockable.

XX.  Item No. 20
A. Transformers (Dry)

1. Manufacturers

a.
b.

C.

Square D
Eaton
GE

2. Specific Criteria

a
b.
C.
d.

No aluminum wires.
Provide 220° C insulation system for 15 kVA and larger.
Provide 180° C insulation system for transformers less than 15 kVA.

Transformers shall handle a 15% overload without exceeding the insulation rating.

XXI.  Item No. 21 — Metering Vaults / Pits
A. Dehumidifiers

1. Specific Criteria

a.

Provide receptacle and location for HRSD installation.

B. Power Requirements

1. Specific Requirements

a. Provide two receptacles with weatherproof covers.

C. Exhaust Fans

1. See Exhaust Fans (item#9)

D. Sump Pumps

1. Provide “in use” receptacle with a remote GFCI breaker located in station power panel.

2. Provide explosion proof sump pump in Class 1 division 1 areas.
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E. Lighting
Item No. 22
A. Pressure Sustaining/Regulating Valves

1. Manufacturers
a. KT™M
b. Foxboro
c. Clow

2. Specific Criteria
a. No butterfly valves or pinch valves with controls
b. Provide 4-20 mA operated valves. Do not use pulsed control valves.
c. Automatic Controls of Virginia or Valve Automation for actuator applications

B. Valve Actuators

1. Manufacturers
a. EIM/Bettis
b. Limitorque (refer to Exhibit P)

2. Specific Criteria
a. Auma and Rototorque are not acceptable.

Item No. 23
Manufacturer
1. Pure Air or approved equal Alarm Systems
3. Specific Criteria

a. HRSD will provide and install the alarm system. Contractor shall provide sensors and
wiring to a junction box and terminate on a terminal strip adjacent to the alarm panel
location

b. HRSD will provide alarm points.
C. Station Bypass Alarm Systems (Refer to Exhibit G)
1. Specific Criteria

a. A minimum of two (2) weeks’ notice is required to set up temporary alarms for a
scheduled station bypass operation.

b. HRSD will provide and install the temporary alarm system. Contractor shall provide
sensors and wiring to a junction box and terminate on a terminal strip adjacent to the
alarm panel location.
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c. HRSD will provide alarm points.
d. Contractors to provide contact names and numbers for alarming purposes.

XXIV.  Item No. 24 — Flow Meters (Size for average flows)
A. Magnetic

1. Manufacturers
a. Rosemount
b. Foxboro
2. Specific Criteria
a. Use for control or billing applications.
b. Ensure vendor is clear on application.
c. Provide with remote head, display and keyboard.
B. Ultrasonics (strap on)
1. Manufacturers
a. FUJI
b. Flexim (refer to Exhibit O)
c. Pulsar
2. Specific Criteria
a. Do not use for control.
b. Locate inside station.
C. Venturi
1. Specific Criteria
a. Generally, not used in most applications.

XXV. Item No. 25 — Antenna
A. Mobil Mark

B. Shark Fin Type
C. Omni Directional

XXVI.  Item No. 26
A. Louvers/Dampers

1. Specific Criteria
a. See Emergency Diesel Generator Louvers and Dampers (Item #2)

XXVIIL.  Item No. 27
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A. Cathodic Protection (Test Stations)
1. Specific Criteria
a. Use Flush Fink Test Stations

XXVIIIL.  Item No. 28
A. Junction Boxes and Misc. Enclosures

1. Manufacturers
a. Hoffman
b. Saginaw
c. Hammond

2. Specific Criteria

a. Provide PVC coated boxes and/or fittings when using with PVC coated conduit. Use
“like” materials.

3. Inside
a. Specific Criteria
1) Stainless steel, fiberglass reinforced plastic (FRP), NEMA 4x
4. Outside
a. Specific Criteria
1) Stainless steel, NEMA 4x with Myers hubs
5. Wet
a. Use with PVC coated conduit and PVVC coated hubs.

1) Stainless steel, fiberglass reinforced plastic, NEMA 4x with watertight fittings
(Myers)

XXIX.  Item No. 29
A. Panel Boards/Control Panels

1. Manufacturers
a. Eaton
b. Square D
c. GE

2. Specific Criteria
a. Provide with tin-plated copper bus.

b. Provide 25% spares (minimum)
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c. Provide bolt-in breakers.

d. Do not provide cans with pre-stamped knockouts.
Provide with hinged panel cover with a latching door.

f. Provide heavy duty industrial grade panel boards.

g. Breaker operator should be outside of panel.

h. Breaker should be located inside of panel.

HOA switches should be on the outside of panel.
j. Dead front Hinge panel cover if available.
k. Provide LED work light, if warranted

I.  Provide phenolic labels with black backgrounds and white lettering.

XXX. Item No. 30 — Miscellaneous Electrical

A

Electrical Equipment Testing
1. Specific Criteria

a. Provide testing in off-peak hours or switch off an equivalent amount of load prior to
testing.

One Line Diagram
1. Specific Criteria

a. Provide an update to the one-line diagram with significant changes in the electrical
system.

Thermographic Inspection
1. Specific Criteria
a. Provide a thermographic inspection of the new systems upon completion.
Short Circuit / Coordination Study / Arc Flash
1. Specific Criteria

a. Provide a coordination study short circuit, coordination, and arc flash analysis for new
systems or systems with significant changes.

b. The short-circuit calculations and the corresponding incident energy calculations for
multiple system scenarios must be compared and the greatest incident energy must be
uniquely reported for each equipment location. Calculations must be performed to
represent the maximum and minimum contributions of fault current magnitude for all
normal and emergency operating conditions. The minimum calculation will assume that
the utility contribution is at a minimum and will assume a minimum motor contribution
(all motors off). Conversely, the maximum calculation will assume a maximum
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XXXI.

XXXII.

XXXIIL.
XXXIV.

XXXV.

contribution from the utility and will assume the maximum number of motors to be
operating. Calculations shall take into consideration the parallel operation of
synchronous generators with the electric utility, where applicable. Include Arc flash
analysis results for generator protective device.

c. Contractor must adhere to NFPA 70E Electrical Safety requirements when working on
electrical equipment in HRSD facilities.

d. Engineer must design electrical systems in accordance with NFPA 70E.
Refer to Exhibit A

Item No. 31- Lightning Protection Refer to NFPA 820 and NFPA 780. - Lightning Protection
applications will be site specific (Discuss with HRSD Electrical Staff).

Item No 32 - SCADA Site Drawing (Refer to Exhibit H)
A. For sites without generators should provide battery charger and batteries to maintain reliability.

Item No 33 — SCADA Flowchart (refer to Exhibit L)
Item No 34 — Dominion Energy Coordination (refer to Exhibit K)
A. Easements

1. Itis imperative that the design engineer contacts the utility company (i.e., Dominion
Energy, Rappahannock Power, Prince George Electric Cooperative, etc.) to determine the
responsible territory.

2. Design Engineer and HRSD should inquire with the utility company if single phase or 3-
phase power is available at the proposed site.

3. Design Engineer should incorporate right-of-way (ROW), multi-use utility easements,
identify property owners, and VDOT requirements as part of the preliminary engineering
report (PER) to prevent delays and cost increase during the construction phase of the
project. The items listed above should be explored in advance especially in rural
communities where 3-phase electrical service is not available.

a. See Exhibit K for Dominion Project Workflow Brochure “HRSD Interface on New
Projects with Dominion Energy Virginia (DEV)”

Item No. 35
A. Analyzers/Monitors: Process

1. pH
2. Manufacturers
a. Foxboro

b. E&H Memosens CPS16D pH probe (Incinerator scrubber water process) (Site
Specific/Specific applications)

c. M4 Knick (Site Specific/Specific applications)
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B. Conductivity
1. Manufacturers
a. Hach

XXXVI.  Item No. 36
A. Grounding

“50.53 Grounding Electrode System Installation.

(A) Rod, Pipe, and Plate Electrodes. Rod, pipe, and plate electrodes shall meet the
requirements of 250.53(A)(1) through (A)(3).

(1) Below Permanent Moisture Level. If practicable, rod, pipe, and plate electrodes shall be
embedded below permanent moisture level. Rod, pipe, and plate electrodes shall be free
from nonconductive coatings such as paint or enamel.

(2) Supplemental Electrode Required. A single rod, pipe, or plate electrode shall be
supplemented by an additional electrode of a type specified in 250.52(A)(2) through (A)(8).
The supplemental electrode shall be permitted to be bonded to one of the following:

(1) Rod, pipe, or plate electrode

(2) Grounding electrode conductor

(3) Grounded service-entrance conductor
(4) Nonflexible grounded service raceway
(5) Any grounded service enclosure

Exception: If a single rod, pipe, or plate grounding electrode has a resistance to earth of 25
ohms or less, the supplemental electrode shall not be required.

(3) Supplemental Electrode. If multiple rod, pipe, or plate electrodes are installed to meet
the requirements of this section, they shall not be less than 1.8 m (6 ft) apart.”

XXXVIL.  Item No. 37
A. NFPA 820 Building Classification —

“1. Purpose to provide explosion and fire protection for life property, and operations.
2. Reduce or mitigate the effects of fire or explosion

3. Consult with AHJ (Authority Having Jurisdiction) to ensure that the NFPA 820 standard
will be enforced.

NFPA 70 — Article 500
Class I: Flammable Gases/Vapors
Class Il: Combustible Dust
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Class I11: Ignitable Fibers

Wastewater/Treatment/Collections Systems
Class I, Div 1 or 2, Group D (Methane)
Class I, Div 1 or 2, Group G (Sludge)

Wet Well Pump Station
Less than 12 air changes — Division 1

Greater than 12 air changes — Division 2

Typical classified areas: Barscreen, Headworks or Preliminary Treatment Facility, Grit
Removal, Odor Control, Sludge Handling and Thickening, etc.

Evaluate equipment type (i.e., explosion proof, conduit seals, etc.)

NFPA 820 4.2.2 — Collections Systems — See Exhibit Y

NFPA 820 5.2.2 — Liquid Streaming — See Exhibit Z

Consideration requirements: exhaust fans, continuous ventilation, alarming, air flow and
monitoring.”

XXXVIII. Item No. 38 — Standard Details

A. PLC Control Wave — Temp Pump Enclosure Detail and Pump Run Status PS Schematic— See
Exhibit S

Antenna Installation Detail - See Exhibit T
Wet Well Installation Detail — See Exhibit U
Intrinsic Safety Panel Wiring Diagram — See Exhibit V

m o o W

Power Wiring Junction Box Detail- See Exhibit W
F. Vault Plans — See Exhibit X

XXXIX.  Item No. 39 — Air Purification — Hydrogen Sulfide (H2S) Mitigation for Electrical Room — See
Exhibit AA

A. Manufacturer
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1. Pure Aire or approved equal.
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TREATMENT PLANT
Electrical and Instrumentation Requirements

Item No. 1

A. Switchgear
1. Manufacturers

a.

b.

Eaton

Square D

2. Specific Criteria

Section 32

a.

o o

> @

Design to meet arc flash standard; Reduce hazard category rating to
2 or lower (MCC and VVFD’s should be designed to meet incident
energy of 1.2 Cal/Cm2 or below if attainable); Reference HRSD
Arc Flash Mitigation Document Dated July 9-10, 2013.

Provide two 48 VDC control voltage. 48 VDC redundant battery
systems for control voltage per incoming primary voltage source.
Use 1 Best Battery Selector to switch between each set of batteries
(per primary source side) for control voltage.

Stored charge breaker systems are unacceptable.

Sealed Lead acid (VRLA)

NiCAD are not acceptable unless approved by Owner.

Provide tin-plated copper bus.

Provide switchgear indoors in a NEMA 1A (gasketed) enclosure.
Switchgear to be located indoors.

Provide with push to test lights.

Bottom entry versus top entry must be evaluated for application.
Provide in a room strictly for switchgear.

Install 3- or 4-inch windows on switchgear for IR testing
for new installations (consult with Electrical Manager)

Equipment should be designed to be double end fed with tie breakers.
Rack out breakers must be racked in and out remotely without opening doors.

Provide remote open/close operator to protect personnel from Arc Flash
Incident; operator should be outside of arc flash boundary where possible.
(refer to Exhibit N)

32-37 January 2023




p. Provide ARMS “Arc Reduction Maintenance Switch” or equal, when
activating downstream breakers incident energy levels will be reduced. Also,
add separate pilot light to indicate when maintenance mode is enabled or
disabled.

g. Provide hinged doors if available.
r. Design electrical gear/equipment to achieve an arc flash rating of Cat 2 or less.

s. Provide trip units with fault indication to determine status (i.e., overloads or
fault conditions)

t. Provide LSIG digital trip unit if =/> 1000 amps and LSI if < 1000 amps
u. Provide extra fasteners for door cover.
v. Provide phenolic labels with black backgrounds and white lettering.

w. The size of the electrical gear is based on the ampacity of the bus within.
Typically, electrical rooms are designed to accommodate equipment layout
without future considerations for growth, therefore electrical buildings should
be sized adequately to accommodate where wall space is needed for future
equipment.

X. Electrical rooms should be conditioned to increase the life of sensitive
electrical and electronic equipment. Thermostat should be set up to 80 F to
control condensation/moisture. Also include a hydrogen sulfide (H2S) removal
system if needed.

Note: 1. For reliability and the ability to safely troubleshoot and perform
maintenance on switchgear and MCC’s, the main switchgear should be
double ended with a Bus tie. (The main gear shall provide each piece of
major electrical equipment with an A and B feeder from each end.) Each
MCC shall have a double ended configuration with Bus ties and Kirk Key
interlocks to allow isolation of ¥ the electrical gear at the MCC level.

2. When this is not possible, alternatives shall be investigated for
critical electrical equipment for critical processes. (Return to MCCs)

Reference HRSD Arc Flash Mitigation Document Dated July 9-10, 2013, and additional Power
Study Specifications example by SKM Power Systems Analysis, Inc.

Refer to Exhibit A

B. Breakers/Solid State Breakers
1. Manufacturers

a. Eaton
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b.

Square D

2. Specific Criteria

a.

Provide appropriate spares and spaces.

C. Metering or Monitoring Package (Utility Grade Metering)

1. Manufacturers

a.
b.

C.

d.

€.

Schweitzer Engineering Laboratories (SEL)
Eaton

Schneider Electric (Square D)

GE

Basler

2. Specific Criteria

e o T p

> @

Provide utility grade metering.
Volt Meter 3 phase & off
Ammeter 3 phase & off

kW

PF

kKVA

kKVAR

Utility grade CTs & PTs

Metering packages (See Item No. 8)

Provide 3 phase undervoltage & overcurrent protection (open Delta PTs are

unacceptable)

Provide testing that trips the main with a loss of any of the three legs.

Generator must be designed to be manually initiated to return to utility.

D. Selector Switches, Push Buttons, Lighted Push Buttons

1. Manufacturers

a.

b.

C.

Section 32

Square D
Eaton

Allen Bradley

32-39

January 2023



2. Specific Criteria
a. Expandable contact blocks on operators
b. NEMAV/IEC rated switches are not acceptable.
E. Contactors
1. Manufacturers
a. Eaton
b. Square D
c. Allen Bradley
2. Specific Criteria
a. Provide with expandable auxiliary contacts for 120-volt control circuits.
b. NEMAV/IEC rated contactors are not acceptable.
F. Fuses & Fuse Holders
1. Specific Criteria
a. Must be locally available.
G. Switchgear Control Transformers
1. Specific Criteria
a. Provide copper coils.
b. Aluminum coils are unacceptable.
H. Terminal Strips / DIN Rail (Space Saver)
1. Manufacturers
a. Phoenix
b. Contact
c. ILSCO
d. Square D
e. Weidmuller
f. Panduit Panduct
2. Specific Criteria
a. Rail mount if possible
b. Industrial rated
c. Finger safe

d. Provide compression type screws terminals on jumpers.
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I.  Rubber Mats
1. Specific Criteria

a. Contractor will provide and install at substantial completion (OSHA Approved:
Type I 1 ASTM D178)

b. Add matting in front of gear.
J. Pilot Lighting
1. Specific Criteria
a. Provide LED type pilot lights.
K. Protective Relays
1. Manufacturers
a. Schweitzer Engineering Laboratories
b. GE
c. Basler
2. Specific Criteria
a. Provide 10-year warranty.
b. Solid State

c. Provide integral remote racking system of breakers from control room via HMI to
ensure the safety of employees by removing the breaker on and off bus safely and
out of the Arc Flash boundary.

L. MCCs

1. Manufacturers
a. Eaton
b. Square D
c. Allen Bradley

2. Specific Criteria
a. Provide with tin-plated copper bus.
b. MCCs to be placed indoors in a NEMA 12 (gasketed) enclosure.

c. Provide redundant feeders to either end of the MCCs with a bus tie in the
middle whenever possible.

d. Provide with Kirk key interlocks door (mounted)
e. Do not provide in the same room with chemical tanks or pumps.

f. Provide with “push to test” lights.
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Bottom entry vs. top entry must be evaluated based on application.
Provide with face mounted operators and resets.

Design to meet arc flash standard.

Provide extra fasteners for door cover.

Provide phenolic labels with black backgrounds and white lettering.

Provide spare terminals for intermediate terminal blocks for controls.

. The size of the electrical gear is based on the ampacity of the bus within.

Typically, electrical rooms are designed to accommodate equipment layout
without future considerations for growth, therefore electrical buildings should
be sized adequately to accommodate where wall space is needed for future
equipment.

Electrical rooms should be conditioned to increase the life of sensitive
electrical and electronic equipment. Thermostat should be set up to 80 F to
control condensation/moisture. Also include a hydrogen sulfide (H2S)
removal system if needed.

Notes: See General Notes, Item 1 — Switchgear

M. Breakers/Solid State Breakers

1. Manufacturers

a.

b.

Eaton

Square D

N. Metering/Monitoring Package (For applications other than utility grade metering)

1. Manufacturers

a.
b.
C.
d.

Eaton 1Q SEL
Square D
Power Logic

Schweitzer Engineering Laboratories (SEL)

2. Specific Criteria

Section 32

Volt Meter 3 phase & off
Ammeter 3 phase & off
kw

PF
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f.

g.
h.

kVA

kVAR

CTs & PTs

Metering packages (See Item No. 8)

O. Selector Switches, Push Buttons, Lighted Push Buttons

1. Manufacturers

a.
b.

Square D

Eaton

c. Allen Bradley

2. Specific Criteria

a.

Expandable contact blocks on operators

P. Contactors

1. Manufacturers

a.

Eaton

b. Square D (Contactor must be able to reclose after short power blips)

c. Allen Bradley

2. Specific Criteria

a. Provide with expandable auxiliary contacts for 120-volt control circuits.
Q. Fuses & Fuse Holders

1. Manufacturers

a.

b.

Bussmann

Shawmut

2. Specific Criteria

a.

Must be locally available.

R. MCC CTs and PTs

1. Manufacturers

a.
b.

Square D

Eaton

c. Allen Bradley

2. Specific Criteria

a.

Section 32
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b.

C.

Provide copper coils.

Aluminum coils are unacceptable.

S. Terminal Strips

1. Manufacturers

a.
b.

d.

e.

Pheonix
Contract
ILSCO
Square D

Weidmuller

2. Specific Criteria

a.
b.

Rail mount instrumentation if possible

Industrial rated

T. Combination Starters (Buckets)

1. Manufacturers

a.
b.

C.

Square D
Eaton
Allen Bradley

2. Specific Criteria

Section 32

a.
b.

c
d.

@

120-volt control voltage

Run light — red.

Stop light — green.

Fault light — amber

Power available light — white
Provide push to test indicator lights.

Elapsed time meters—graduated in 1/10 hours Resettable or Non-resettable
(plant/site specific; incorporate time meters on DCS if available)

Provide overload resets operational from the front (external)

Provide with adjustable thermo-mag breakers.

Fused control transformer.

25% spares and/or spaces for all sizes of buckets or expandable option

MCC mounted lighting panels shall be provided with 25% spare breakers.
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m. Provide connections for motor leads directly from the motors to the starter. Do
not use intermediate terminal blocks (50 HP and smaller)

n. Provide standalone combination starters in the proper enclosures (See
Junction/Pull Boxes and Miscellaneous Enclosures)

U. Rubber Mats (to be placed in front of gear)
1. Manufacturers
a. Grainger
b. Chesapeake Bay Rubber
2. Specific Criteria

a. Contractor will provide and install at substantial completion (OSHA approved:
Type Il ASTM D178)

V. Voltage Test Points
1. Manufacturer
a. Safeside-Grace Engineered Products (Load side of Main Breaker)
b. Panduit VeriSafe

1. Item No. 2
A. MCCs

1. Manufacturers
a. Eaton
b. Square D
c. Allen Bradley
2. Specific Criteria
a. Provide with tin-plated copper bus.
b. MCCs to be placed indoors in a NEMA 12 (gasketed) enclosure.

c. Provide redundant feeders to either end of the MCCs with a bus tie in the
middle whenever possible.

d. Provide with Kirk key interlocks door (mounted)

e. Do not provide in the same room with chemical tanks or pumps.

f. Provide with “push to test” lights.
g. Bottom entry vs. top entry must be evaluated based on application.
h. Provide with face mounted operators and resets.

i. Design to meet arc flash standard.
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Provide extra fasteners for door cover.
Provide phenolic labels with black backgrounds and white lettering.
Provide spare terminals for intermediate terminal blocks for controls.

The size of the electrical gear is based on the ampacity of the bus within.
Typically, electrical rooms are designed to accommodate equipment layout
without future considerations for growth, therefore electrical buildings should
be sized adequately to accommodate where wall space is needed for future
equipment.

Electrical rooms should be conditioned to increase the life of sensitive
electrical and electronic equipment. Thermostat should be set up to 80 F to
control condensation/moisture. Also include a hydrogen sulfide (H2S)
removal system if needed.

Notes: See General Notes, Item 1 — Switchgear

B. Breakers/Solid State Breakers

1. Manufacturers

a.
b.

Eaton

Square D

C. Metering/Monitoring Package (For applications other than utility grade metering)

1. Manufacturers

a.
b.
C.
d.

Eaton 1Q SEL
Square D
Power Logic

Schweitzer Engineering Laboratories (SEL)

2. Specific Criteria

Section 32

a.
b.

c
d.

@

Volt Meter 3 phase & off
Ammeter 3 phase & off
kW

PF

kVA

kVAR

CTs & PTs
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h. Metering packages (See Item No. 8)
D. Selector Switches, Push Buttons, Lighted Push Buttons
1. Manufacturers
a. Square D
b. Eaton
c. Allen Bradley
2. Specific Criteria
a. Expandable contact blocks on operators
E. Contactors
1. Manufacturers

a. Eaton

b. Square D (Contactor must be able to reclose after short power blips)

c. Allen Bradley
2. Specific Criteria

a. Provide with expandable auxiliary contacts for 120-volt control circuits.

F. Fuses & Fuse Holders
1. Manufacturers
a. Bussmann
b. Shawmut
2. Specific Criteria
a. Must be locally available.
G. MCC CTsand PTs
1. Manufacturers
a. Square D
b. Eaton
c. Allen Bradley
2. Specific Criteria
a. Metering
b. Provide copper coils.
c. Aluminum coils are unacceptable.

H. Terminal Strips
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1. Manufacturers

a.
b.
C.
d.

e.

Pheonix
Contract
ILSCO
Square D

Weidmuller

2. Specific Criteria

a.
b.

Rail mount instrumentation if possible

Industrial rated

I.  Combination Starters (Buckets)

1. Manufacturers

a.
b.

C.

Square D
Eaton

Allen Bradley

2. Specific Criteria

a.
b.

c
d.

@

Section 32

120-volt control voltage

Run light — red.

Stop light — green.

Fault light — amber

Power available light — white
Provide push to test indicator lights.

Elapsed time meters—graduated in 1/10 hours Resettable or Non-resettable
(plant/site specific; incorporate time meters on DCS if available)

Provide overload resets operational from the front (external)

Provide with adjustable thermo-mag breakers.

Fused control transformer.

25% spares and/or spaces for all sizes of buckets or expandable option
MCC mounted lighting panels shall be provided with 25% spare breakers.

Provide connections for motor leads directly from the motors to the starter. Do
not use intermediate terminal blocks (50 HP and smaller)

Provide standalone combination starters in the proper enclosures (See
Junction/Pull Boxes and Miscellaneous Enclosures)
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J.  Rubber Mats (to be placed in front of gear)
1. Manufacturers
a. Grainger
b. Chesapeake Bay Rubber
2. Specific Criteria

a. Contractor will provide and install at substantial completion (OSHA approved:
Type Il ASTM D178)

K. Voltage Test Points
1. Manufacturer
a. Safeside-Grace Engineered Products (Load side of Main Breaker)
b. Panduit VeriSafe

Item No. 3
A. Emergency Generators

1. Manufacturers
a. Caterpillar
b. Cummins
2. Specific Criteria
a. Diesel generators
b. Turbine generators are not acceptable unless approved by Owner.
c. Engines to be of domestic manufacture whenever possible.
d. 4-stroke diesels ONLY

Parts must be available in 48 hours or less.

—h @

Must meet current U.S. EPA and Virginia DEQ air standards.
Low emission units

All units shall be Standby Rated

= @

i. Remote Emergency stop pushbuttons at doorways (Pilla Model
GS120 wi/clear, hinged, plastic cover)

j.  Provide separate room for indoor generator to reduce heat and noise.
B. Generator
1. Manufacturers
a. Stamford

b. Newage
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g.

Caterpillar
KATO
LIMA
Marathon

Cummins

2. Specific Criteria

a.

n.

0.

Generators 1 MWatt and larger require a two-bearing generator unless the
manufacturer has engineered the engine main bearing to reliably withstand the
dynamic rotor loads and weights

The rectifier shall be a brushless, full-wave bridge.
<400 kW and below at 480 volts bring all leads out to the terminal box.

400 kW and above — bring out 3 leads and a neutral (minimum) to the
terminal box.

Neutrals shall be sized to full rating (brought out to the terminal box)

Temperature rise on generator voltages 4160 & higher shall not exceed Class
B rating with 80° C ambient rise. All others shall not exceed 105° C rating.

Alternator shall have a space heater that switches off when running.
Provide for 2/3 winding pitch.

Minimum Class H insulation (operating temperature class 180° C) with
topicalization (anti-fungus)

Provide voltage regulation less than +/- 1%
Provide 150% minimum overspeed capability.

Provide amortisseur winding.

. Provide less than 5% THD (Total Harmonic Distortion)

Provide less than 50 TIF (Telephone influence factor)

Voltage regulator shall be 3-phase.

C. Diesel Engine

1. Manufacturers

a. Caterpillar

b. Cummins

2. Specific Criteria

a. Heavy-duty, direct-injected, 4-stroke diesel engine.

Section 32
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Provide electronically controlled engines.

c. Provide electronically controlled engines with an electronic control system.

d. Require vendor to identify the control system to be provided.

e. Provide system software and training to fully troubleshoot and operate the engine
f. Provide isochronous frequency regulation (no load to full load)

g. Provide +/- 0.25% steady state frequency regulation (minimum)

h. Air, fuel and oil filters shall be sized to provide a minimum of 250 hours

of operation before servicing
i. Engine manufacturers shall provide fuel water separators.
J. The air filter is to be a dry type with a restriction indicator.
k. Provide RTD’s for monitoring bearing and winding temperatures.
I.  Add vibration monitoring if > 1000 KW.
m. Provide a Racor heavy duty crankcase vapor coalesce.
n. All radiators and supporting appurtenances are to be galvanized steel.

0. The radiator core shall have solder coated fins to prevent corrosion by hydrogen
sulfide gas.

p. Size radiator to prevent overheating in the most severe conditions (122°F ambient)

g. Exhaust system and muffler shall be residential grade muffler (lowest DB
reduction available). All insulation must be blanket type (non-asbestos),
removable for servicing of exhaust system.

r.  The starting system shall be 24-volt DC.

s. Provide all diagnostic equipment for complete trouble shooting
(software/technical manuals/hardware etc.)

t. Speed sensing shall be provided to protect against accidental starter engagement
into a moving flywheel.

u. Battery charging alternation output voltage will not be acceptable for this purpose.
v. Provide an adjustable (0-15 minutes) cool down time.
w. Provide a large red emergency stop push button.

X. Low oil pressure, high coolant temperature, overspeed, and over-crank shall
shut down the engine and provide indicator lights

y. Analog or digital displays shall be provided for coolant temperature, oil pressure,
ser- vice hours, engine RPM, system DC volts and system diagnostic code

z. Provide Kim Hot-Start engine block heater (thermostatically controlled) set in

accordance with manufacturer’s recommendation (120°F — 140°F)
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aa. Provide vibration isolators between generator set base and floor
bb. bb. Provide lifting eyes.

cc. Provide brake mean effective pressure (BMEP) calculations.

dd. Provide means of quantifying flows from the day tank to the diesel and from the

diesel back to the main tank.

D. Battery Chargers

1. Manufacturers

a.
b.

C.

LaMarche
Cummins

SENS

2. Specific Criteria

a.
b.

C.

24-volt chargers or LaMarche equal
Automatic, solid state, provide continuous taper charging.

UL listed, provide with under/over voltage, current failure and loss of power
acknowledgment.

Full Float Charge versus trickle charge must be evaluated for application.

E. Starting Batteries

1. Manufacturers

a.

b.

Delco -DEKA

Exide Switch locations

2. Specific Criteria

a
b.
C.
d.

e.

Use 8D lead-acid batteries (4D is not acceptable)

Provide a minimum of 2. The batteries shall provide 1200 CCA each.
Provide with insulated battery rack.

Provide a 2-year full replacement guarantee.

Provide as a minimum 2 cranking cycles at a minimum of 30 seconds each.

F. Air Starter

1. Manufacturers

a.

Ingersoll Rand

2. Specific Criteria

a.

Section 32

Site Specific
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G. Day Tanks

1. Manufacturers

a.
b.

C.

Pryco
Simplex

Tramont

2. Specific Criteria

a.
b.

g.
h.

UL Listed — double wall.

Provide with Oberndorfer bronze gear type pump. Pumps with rubber
or nitrile impellers will not be accepted

Provide with a low-level alarm. Size for 2-hour minimum running time
Provide a fuel level indicator on the day tank.

Provide a two-pump system. Each pump shall be capable of pumping 100% of
the fuel oil for all generators.

Fuel shall be returned to the day tank.
Provide Not in Auto lamp or other warning device.

Meet all VDEQ requirements.

H. Underground Storage Tanks (UST)

1. Manufacturers

a.

b.

Veeder Root TLS450 PLUS

Xerxes

2. Specific Criteria

T @

-~ ©®© o o

g.

Provide in accordance with EPA and all applicable state and local standards.
Provide with leak detection system.

Provide a graduated stick for level measuring.

Provide for stick access and refueling.

Provide with 7 days of fuel tank capacity.

Provide an electronic tank level indicating system with a 4-20 mA
output calibrated to the tank or Ethernet connection (TCP/IP)

Provide AMI Model 8CH-DAC 8 channel digital/analog converter (4-20ma)

I.  Sub-base Fuel Tanks

1.Provided by Generator Manufacturer.

2. Must meet all UL-142 requirements for double-walled fuel tanks (Site Specific).

Section 32
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3. Must provide generator 48 hours of runtime at 100% load.
4. Must include high level, low level, and leak detection alarms.
J. Enclosure
1. Sound level is site specific. Must not exceed 75dBA @ 23 ft.
2. Must have full access to engine, generator, and controls.
3. Must be able to operate at 100% load in all weather conditions.
K. Louvers and Dampers
1. Manufacturers
a. Greenheck
b. Ruskin
2. Specific Criteria
a. Aluminum or PVC with hardware

b. Provide for gravity dampers on emergency generator systems (For motor
operated applications, must fail to open position if power loss)

Provide anodized aluminum dampers with nylon bushings or ball bearings.

o o

Steel and/or steel shafts are not acceptable.

@

Provide with bird screens readily removable without removing louvers or dampers.
f. Designed to limit rainwater in building.

g. Where louvers and dampers are required, provide recessed dampers (inside)
and flange mounted louvers (outside)

h. Manufacturer shall set and balance the system.
L. Metering/Monitoring Package
1. Specific Criteria
Volt meter 3 phase & off

T @

Ammeter 3 phase & off
Frequency

kW

PF

kVA

g. KVAR

h. kWh

I. Utility grade CTs & PTs
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J. Metering packages (See Item No. 8)

k. Provide 3 phase undervoltage & overcurrent protection.
I. Synchroscope

m.Sync lights

n. Supply a TCP/IP modbus link with an HRSD supplied IP address, subnet mask,
and gateway to allow the Emerson DCS (or other monitoring system) to read all
data registers from the generators and the associated MCC hardware. This
includes run statuses, breaker statuses, voltage, current, diesel generator engine
data, etc.

M. System Operation
1. Specific Criteria

a. Provide protection such that the two sources (utility & emergency generator) can
never be closed out of phase

b.Provide approvals by Dominion Virginia Power on the paralleling protection
scheme

c. Provide a selector switch to allow the operator to choose “curtailment” or “loss of
power” (typically set to “loss of power”).

d.In the loss of power setting, the system shall have automatic and manual
operation. The manual operation would be provided in the event the automatic
functions failed.

e. If the operator switches to curtailment:

f. Depressing a single push button in the automatic mode will start the engine,
parallel with the utility, ramp the plant load onto the generator and open the utility
breaker.

g.Depressing a second push button will ramp the load back to the utility and shut
down the generators.

h.Provide a detailed sequence of operation for generator and switchgear operation.
i. Monitor temporary generator master control panel connect to DCS for monitoring.
N. Start Up and Testing
1. Specific Criteria
a. Provide factory test data.

b.Simulate and test all safety equipment. Using a reactive load bank (0.8PF) run the
generator:

1) 15 minutes at idle speed

2) 30 minutes at 25% load
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3) 30 minutes at 50% load
4) 60 minutes at 75% load
5) 120 minutes at 100% load
6) 15 minutes at 25% load

7) 15 minutes at 0% load (cool down) off record stator, bearing, oil, ambient, and
water temperatures every 15 minutes.

c.Record speed, voltage and amperage at 15-minute intervals as well as just prior to
and after a load change.

d. Demonstrate all warnings and shutdowns with laptop.

e.Hook up the generator to the main switchgear. Perform all automatic and manual
functions a minimum of three times each. The plant will load the generators as
much as possible. Particular attention should be observed to the larger starting
loads. Record same parameters every 15 minutes and before and after changing
load. Tests to be witnessed by HRSD Automotive Superintendent and HRSD
Electrical Engineer or designee.

f. Create and attach to the switchgear detailed instructions. The instructions shall be
laminated. The instructions shall be simple enough for anybody to pick them up
and operate the diesel generator set.

g.Group A, B, and C phase cable together to cancel out EMF (Electromagnetic
Field)

I. Enerqy Efficient Motors

1. Specific Criteria

a. See HRSD Electric Motor Specifications in Exhibit E “HRSD Electric
Motor Specifications™.

b. Provide ammeters on motors 50 HP & larger.
c. Local stop pushbuttons for VFDs, Use HOA for constant speed applications.
d. Add momentary push button at Motor.
J. Sump Pumps
1. Specific Criteria

a. Provide with 120-volt plug and receptacle. Refer to Treatment
Plant/Miscellaneous Items.

K. Level Sensing Systems

1. Specific Criteria
a. Provide 4-20 mA signal.
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1) See Treatment Plant No. 24

2) See Chemical Systems Plants

L. Bubbler Type — Level Sensing Systems

1. Specific Criteria

a.

Complete purged air bubbler system with time delay for sensing wet well
liquid level which generates and transmits level signals to control pump
operations.

Provide UPS backup for controls.
Provide power light — white.
Provide a pressure sensing device (Foxboro or equal)

Provide externally mounted duplex air compressors mounted on 30-gallon
horizontal receiving tank

Provide push button for manual purging of bubbler piping.
Provide manual alternation of air compressors.

Provide lead/lag switch — on off.

Provide panel mounted 4 % inch 0 level gauge/Analog gauge.
Mount air compressors outside of panel whenever possible

Provide pressure activated switches for point applications (Barksdale)

M. Ultrasonic — Level Sensing Systems

1. Manufacturers

a.

b.

Rosemont

Siemens

2. Specific Criteria

a.
b.

Microprocessor

FM approved (frequency modulation)

N. Capacitance — Level Sensing Systems (Not Acceptable)

1. Manufacturers

a. Warrick

b.

Drexelbrook

2. Specific Criteria

a.

Section 32

Provide with point applications only.
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b. Not for 4-20 ma applications

O. Pressure Transmitters — Level Sensing Systems
1. Manufacturers
a. Foxboro
b. Rosemount
c. Air Monitor — Incinerator draft
d. Siemens
2. Specific Criteria
a. All other locations
P. FloatBalls
1. Manufacturers
a. Flygt
b. Optifloat
2. Specific Criteria
a. Non mercury
b. Fiber Optic
Q. Pressure Sensing System — Level Sensing Systems
1. Specific Criteria

a. Provide either an Ashcroft or Red Valve (series 40) brand pressure seal with
Viton boot.

b. Provide Ashcroft Gauges 100 psi.
c. Provide Foxboro IDPT 10 absolute pressure electronic transmitter.
d. See Standard Detail “Pressure Reducing Station Pressure Sensor Detail”
R. Diaphragm — Level Sensing Systems
1. Manufacturers
a. Foxboro
b. Rosemont
2. Specific Criteria
a. Pressure Transmitter (Diaphragm Type)

S. Radar - Level Sensing Systems
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1. Manufacturers

a.

Rosemont

2. Specific Criteria

a.

Non-Contacting and Guided Wave types will be application dependent.

T. Variable Frequency Drives (VEDSs)

1. Manufacturers

a.

Yaskawa

b. Allen Bradley

2. Specific Criteria

Section 32

a.

o o

> @

Install the equipment with the idea of keeping it clean and temperature
regulated.

Provide thumbscrews for removable/washable filters or thumb screws
replaced by snap in grills that are removable from the front of the cabinet
(reusable)

Provide a programmable ramp time.

Provide input reactors (MTE Corp) or TCI
Pulse Width Modulated (PWM)

Use IGBTs

Automatic restart on power disruption
Tune out a minimum of 3 frequencies.
Hand/Off/Automatic (HOA) selector switch

Manual speed control by potentiometer (door mounted) in addition to keypad
control.

Tune drive to motor with a harmonics meter

Provide an input circuit breaker for short circuit protection (Fuses are not
acceptable)

. The controller electronics shall contain indicators of the following conditions:

1) Undervoltage
2) Overvoltage
3) Over temperature
4) Memory failure

5) Emergency Stop
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t.

u.

V.

6) Ground fault

7) Instantaneous overcurrent

Provide a NEMA 12 flanged disconnect free standing enclosure.

Provide auxiliary run contactor wired to run command for ventilation fan.

Mount the resets & appropriate indicator lighting on the front of the drive or
the outside of the box to prevent employees from opening the panel.

Provide four contact outputs for run status, power failure, VFD failure, not in
auto status.

The following are site specific options:

1) VFD must be able to be isolated and bypassed (auto/manual operation)
allowing the motor to operate across the line at full-load speed and current.
Site specific

2) Provide manual isolation and bypass capability.

3) Provide three contactors for bypass operation.

VFD “T” leads in free air shall be run in RGS or PVC coated RGS.
“T leads can be run in PVC if in a duct bank.

Do not run “T” leads in conduit with any other conductors.

“T” leads shall be run in a separate conduit per each drive.

w. 6 pulse drive or Matrix drive or AB 755T

3. Additional Design Considerations

Section 32

a.

All electrical components must be NEMA only. IEC or NEMS/IEC is not
acceptable.

Filters to HVAC units must be maintained and free from dust during
construction phase.

VFD parameters must be included on as built prints (i.e., momentary power
loss ride thru, energy savings, and fault reset)

Specify coil locks (Power Quality Solutions) on control relays for power dip
ride thru capabilities.

Specify Baker SKF EP 1000 Dynamic motor link on all motor/VFD system
100HP and above or designated as critical equipment.

Provide Bypass mode for critical VFD’s. Soft start or across the line depending
on application.

Specify main circuit breaker cable operators for breaker operation instead of
standard door operating mechanisms.
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h. Provide One reset button to reset VFD and control circuit faults.
I.  Provide finger safe barriers for main sideline breaker lugs.

J.  Provide enough fans to replace each fan within a VFD (spare parts) where
several VFD’s of the same size and model are specified.

k. Provide paper copies of VFD manuals.

I. To support large and heavy VFD’s 60 HP and above, provide a pedestal with a
flat plate mounted inside the enclosure for VFD to rest for easy removal. Also
provide a lift table to remove VFD.

m. Provide external air filter for easy access on cabinets.

n. VFD shall be sized to provide current necessary for motor to produce
continuous rated horsepower and service factor horsepower at highest carrier
frequency.

0. Contractor to perform static tuning for optimal performance during startup.
Contractor to supply panel shop with motor data sheets including the number
of poles per motor. Also, include number of motor poles on motor nameplate.

p. Provide extended warranty by VFD manufacturer where replacement cost is
justified.

g. Need all switches to indicate when not in auto.

r.  Need indication when control power is loss in addition to VFD fault.

s. Evaluate best routing method for bottom versus top entry of wire.

t. Provide VFD Cable with copper shielding, XLPE insulation manufacture by
Belden or equal.

1) Consider these factors when designing motor HP, motor voltage and motor
full load current, ambient temperature, VFD cable and connector ratings,
and number of cables in raceway.

u. A Harmonic Study Analysis should be performed for all VFD applications by
using IEE 519 guidelines. The design engineer should evaluate the best
solution to reduce Harmonic Distortion (ie. passive and active filters or active
front end included as part of the VFD) (refer to Exhibit C)

Provide auxiliary (AUX) to remove run command of VFD before opening
contact.

Refer to Disconnect — Aux Contact

V. Item No. 4
A. Enerqy Efficient Motors
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VI.

1. Specific Criteria

a. See HRSD Electric Motor Specifications in Exhibit E “HRSD Electric
Motor Specifications™.

b. Provide ammeters on motors 50 HP & larger.
c. Local stop pushbuttons for VFDs, Use HOA for constant speed applications.
d. Add momentary push button at Motor.

Item No. 5
A. Sump Pumps
1. Specific Criteria

a. Provide with 120-volt plug and receptacle. Refer to Treatment
Plant/Miscellaneous Items.

Item No. 6
A. Level Sensing Systems

1. Specific Criteria
a. Provide 4-20 mA signal.
1) See Treatment Plant No. 24

2) See Chemical Systems Plants

B. Bubbler Type — Level Sensing Systems
1. Specific Criteria

a. Complete purged air bubbler system with time delay for sensing wet well
liquid level which generates and transmits level signals to control pump
operations.

b. Provide UPS backup for controls.
c. Provide power light — white.
d. Provide a pressure sensing device (Foxboro or equal)

e. Provide externally mounted duplex air compressors mounted on 30-gallon
horizontal receiving tank

f. Provide push button for manual purging of bubbler piping.
g. Provide manual alternation of air compressors.

h. Provide lead/lag switch — on off.
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i. Provide panel mounted 4 % inch 0 level gauge/Analog gauge.
J. Mount air compressors outside of panel whenever possible
k. Provide pressure activated switches for point applications (Barksdale)
C. Ultrasonic — Level Sensing Systems
1. Manufacturers
a. Rosemont
b. Siemens
2. Specific Criteria
a. Microprocessor
b. FM approved (frequency modulation)
D. Capacitance — Level Sensing Systems (Not Acceptable)
1. Manufacturers
a. Warrick
b. Drexelbrook
2. Specific Criteria
a. Provide with point applications only.

b. Not for 4-20 ma applications

E. Pressure Transmitters — Level Sensing Systems
1. Manufacturers
a. Foxboro
b. Rosemount
c. Air Monitor — Incinerator draft
d. Siemens
2. Specific Criteria
a. All other locations
F. FloatBalls
1. Manufacturers
a. Flygt
b. Optifloat
2. Specific Criteria
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a.
b.

Non mercury

Fiber Optic

G. Pressure Sensing System — Level Sensing Systems

1. Specific Criteria

a.

b.
C.
d.

Provide either an Ashcroft or Red Valve (series 40) brand pressure seal with
Viton boot.

Provide Ashcroft Gauges 100 psi.
Provide Foxboro IDPT 10 absolute pressure electronic transmitter.

See Standard Detail “Pressure Reducing Station Pressure Sensor Detail”

H. Diaphragm — Level Sensing Systems

1. Manufacturers

a.

b.

Foxboro

Rosemont

2. Specific Criteria

a.

Pressure Transmitter (Diaphragm Type)

I. Radar — Level Sensing Systems

1. Manufacturers

a.

Rosemont

2. Specific Criteria

a.

VII. Item No. 7

Non-Contacting and Guided Wave types will be application dependent.

A. Variable Frequency Drives (VEDs)

1. Manufacturers

a.
b.

Yaskawa
Allen Bradley

2. Specific Criteria

Section 32

a.

Install the equipment with the idea of keeping it clean and temperature
regulated.

Provide thumbscrews for removable/washable filters or thumb screws
replaced by snap in grills that are removable from the front of the cabinet
(reusable)

Provide a programmable ramp time.
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d. Provide input reactors (MTE Corp) or TCI
e. Pulse Width Modulated (PWM)

f. Use IGBTs
g. Automatic restart on power disruption
h. Tune out a minimum of 3 frequencies.

i. Hand/Off/Automatic (HOA) selector switch

J. Manual speed control by potentiometer (door mounted) in addition to keypad
control.

k. Tune drive to motor with a harmonics meter

I.  Provide an input circuit breaker for short circuit protection (Fuses are not
acceptable)

m. The controller electronics shall contain indicators of the following conditions:
1) Undervoltage
2) Overvoltage
3) Over temperature
4) Memory failure
5) Emergency Stop
6) Ground fault
7) Instantaneous overcurrent
n. Provide a NEMA 12 flanged disconnect free standing enclosure.
0. Provide auxiliary run contactor wired to run command for ventilation fan.

p. Mount the resets & appropriate indicator lighting on the front of the drive or
the outside of the box to prevent employees from opening the panel.

g. Provide four contact outputs for run status, power failure, VFD failure, not in
auto status.

r. The following are site specific options:

1) VFD must be able to be isolated and bypassed (auto/manual operation)
allowing the motor to operate across the line at full-load speed and current.
Site specific

2) Provide manual isolation and bypass capability.
3) Provide three contactors for bypass operation.
s. VFD “T” leads in free air shall be run in RGS or PVC coated RGS.

t. “T” leads can be run in PVC if in a duct bank.
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u.

V.

Do not run “T” leads in conduit with any other conductors.

“T” leads shall be run in a separate conduit per each drive.

w. 6 pulse drive or Matrix drive or AB 755T

3. Additional Design Considerations

Section 32

a.

All electrical components must be NEMA only. IEC or NEMS/IEC is not
acceptable.

Filters to HVAC units must be maintained and free from dust during
construction phase.

VFD parameters must be included on as built prints (i.e., momentary power
loss ride thru, energy savings, and fault reset)

Specify coil locks (Power Quality Solutions) on control relays for power dip
ride thru capabilities.

Specify Baker SKF EP 1000 Dynamic motor link on all motor/VFD system
100HP and above or designated as critical equipment.

Provide Bypass mode for critical VFD’s. Soft start or across the line depending
on application.

Specify main circuit breaker cable operators for breaker operation instead of
standard door operating mechanisms.

Provide One reset button to reset VFD and control circuit faults.
Provide finger safe barriers for main sideline breaker lugs.

Provide enough fans to replace each fan within a VFD (spare parts) where
several VFD’s of the same size and model are specified.

Provide paper copies of VFD manuals.

To support large and heavy VFD’s 60 HP and above, provide a pedestal with a
flat plate mounted inside the enclosure for VFD to rest for easy removal. Also
provide a lift table to remove VFD.

. Provide external air filter for easy access on cabinets.

VFD shall be sized to provide current necessary for motor to produce
continuous rated horsepower and service factor horsepower at highest carrier
frequency.

Contractor to perform static tuning for optimal performance during startup.
Contractor to supply panel shop with motor data sheets including the number
of poles per motor. Also, include number of motor poles on motor nameplate.

Provide extended warranty by VFD manufacturer where replacement cost is
justified.
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VIII.

g. Need all switches to indicate when not in auto.
r. Need indication when control power is loss in addition to VFD fault.
s. Evaluate best routing method for bottom versus top entry of wire.

t. Provide VFD Cable with copper shielding, XLPE insulation manufacture by
Belden or equal.

1) Consider these factors when designing motor HP, motor voltage and motor
full load current, ambient temperature, VFD cable and connector ratings,
and number of cables in raceway.

u. A Harmonic Study Analysis should be performed for all VFD applications by
using IEE 519 guidelines. The design engineer should evaluate the best
solution to reduce Harmonic Distortion (ie. passive and active filters or active
front end included as part of the VFD) (refer to Exhibit C)

Provide auxiliary (AUX) to remove run command of VFD before opening
contact.

Refer to Disconnect — Aux Contact

B. DC Drives
1. Specific Criteria
a. Unacceptable
C. Eddy Current Brake Systems
1. Specific Criteria
a. Unacceptable
D. DC Drives
1. Specific Criteria
a. Unacceptable
E. Eddy Current Brake Systems
1. Specific Criteria
a. Unacceptable

Item No. 8
A. Metering Packages for Switchgear

1. Manufacturers
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Schweitzer Engineering Lab (SEL)
Xpert (Eaton)

Power Logic (Square D)

Multilin (GE)

2. Specific Criteria

a.
b.

C.

Item No. 9
A. PLCs

Provide cumulative watt-hour meters on each MCC, or specific motor

Provide a meter on each MCC to indicate 3 phase parameters on the MCC,
i.e., volts, amps, kW, PF, kVA, kWh, etc.

Provide with motors 200 HP and above.

1. Manufacturers

a.

Allen Bradley (i.e. —=SLC 500, Compact Logix 5000, Micro Logix 5000)

2. Specific Criteria

a.

Item No. 10

Provide functional descriptions, the application program, the job- specific
program data, and a copy of the as-built software documentation

Include PLC fail indicator.
Provide license, software, programmed files with labels (as Built)

PLC’s and RTU’s shall be equipped with isolation relays for all digital inputs.
Ex- ample: (Idec 5-blade — 24 VDC coils- with a form C configuration
contactor) relays mounted on DIN rail for the purpose isolating relay inputs.
Whether a junction box is used or control panel a 24 VDC power supply with
sufficient capacity to energize all the 24 VDC relay coils simultaneously when
necessary for all PLC or RTU inputs.

A. Exhaust Fans

1. Manufacturers

a
b.
C.
d.

e.

ILG
Dayton
Greenheck
Airovent

Mk Plastics

2. Specific Criteria

Section 32
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a. Corrosion resistant including hardware.

b.

C.

XI. Item No. 11

B. Lighting

Must be explosion proof in hazardous areas.

Direct Drive

1) Belt drive not acceptable unless approved by Owner (Air detection is

required if approved).

1. Manufacturers

a.
b.
C.
d.

Holophane
Hubbell
Thomas

Crouse-Hinds

2. Specific Criteria

a.

Replace all light fixtures with LEDs if Non-LED style fixture cannot be
repaired.

Provide proper levels of lighting over major equipment including switchgear,
generators, pump motors, and controls. Minimum lighting levels should
conform to the IES lighting handbook.

Exterior lights shall be placed on a single photocell (within reason)

Refer to Exhibit D - Lighting Policy

3. Other
a. HPS

Section 32

1) Specific Criteria

i. Not acceptable for any application
LPS
1) Specific Criteria

i. Not acceptable for any application
Mercury Vapor
1) Specific Criteria

i.  Not acceptable for any application

Emergency Lighting
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1) Manufacturers
i.  Dual Lite
ii. Emergency Lite
Note: Install dual input inverters if applicable
2) Specific Criteria
i.  Dual Lite GMM-EL-W?2 in admin areas
ii.  Emerg Lite PRO-2 in corrosive areas
e. Exit Lighting
1) Manufacturers
i.  Dual Lite
ii.  Lithonia
2) Specific Criteria
i.  Highly visible 24 hours/day for life (self-illuminating)
ii.  Provide lighted only if required.
f. High-Mast Lighting
1) Manufacturers
i.  Holophane
2) Specific Criteria
i.  Site specific
g. LED
1) Specific Criteria
i.  To reduce maintenance
ii.  Perform payback analysis.
XIl.  Item No. 12
A. Concrete Housekeeping Pads
1. Specific Criteria

a. Provide a minimum of 4-inch thickness under Switchgear, MCCs,
transformers, general electrical equipment, and around conduits at floor
penetrations.

b. Chamfer all edges.

XIII.  Item No. 13
A. Conduit and Conduit Systems
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1. Specific Criteria

a.

=

a2 o

@

Provide three separate conduit systems. One for power circuits >600
volts, one for power circuits less than 600 volts, and one for
communication circuits

Instrumentation (<25v) can be placed in the communication duct bank.
Use compression type lugs only.

Ream and chamfer all edges.

EMT or IMC are not acceptable unless approved by Owner.

All flexible conduits shall be heavy duty metallic liquidtite or equal.

Provide % inch minimum size (when specifically approved or when
instrumentation restricts this size, %2 inch can be used)

Do not use plastic anchors.

Seal conduits with a silicone product as necessary (in the manholes to the
buildings)

Administrative areas (plenum) can use EMT down to % inch (lighting
only)

Label all conduits inside of building (Engineer must provide conduit
schedule)

Circuit # must be brought back to the panel/breaker.

. Place metal tags on cables in manholes

See the Miscellaneous section of these standards for markings and
coatings.

Provide Oz Gedney conduit and cable seals or silicone where seals are
not available.

Cable trays are not acceptable unless approved by Owner.

Evaluate cost of stainless steel or aluminum conduit vs. PVC coated rigid
steel conduit (where applicable)

B. Spare Conduits

1. Specific Criteria

a.

b.

Provide with service entrance.

Add appropriate spares with pull wires.

C. Future Conduits

1. Specific Criteria

a.
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Some future conduits may become trip hazards, they must be cut flush
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and grouted at the finish floor in some cases.

D. PVC Coated Rigid Steel (inside and out)

1. Manufacturers

a
b.

Robroy
Plasti-Bond
Perma-cote
Korkap
Ocal

Gafco Industries

2. Specific Criteria

a.

E. PVC

Provide in corrosive areas, underground (not encased), chemical areas,

chemical containment areas, outside and damp areas.

Provide with PVC coated fittings, boxes and touch-up material.

Provide 8” of PVC coated conduit were stubbed up through concrete

(wash-down areas)

1. Specific Criteria

a.

b. Can replace RGS in duct banks where EMI is not a threat.

Underground/encased reinforced concrete.

F. Rigid Galvanized Steel

1. Specific Criteria

a. Provide in all other areas not covered by PVC and PVC coated.

G. Tools Used

1. Specific Criteria

a.

Use suitable tools with conduit.

H. Patching/Repair

1. Specific Criteria

a.

Use appropriate material to patch and repair.

I. Flex — Liquidtite & Fittings

1. Specific Criteria

a.

b.

Section 32

Use Myers hubs where suitable.

Use coated fittings where appropriate.
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c. Heavy duty metallic fittings require.
d. Shall be metallic stainless steel, aluminum or equal.
J.  Explosion Proof Fittings
1. Manufacturers
a. Crouse Hinds
b. Appleton
2. Specific Criteria
a. Use fittings to match installed conduit.
K. Fixtures & Fittings
1. Specific Criteria
a. Use appropriate fittings and materials.
L. Struts and Straps
1. Specific Criteria
a. To suit conduit materials
b. Use matching fasteners.
c. Inoutside, wet or damp areas use stainless steel fasteners.
M. Pull Boxes (wire pulled through) and Junction Boxes (wires terminated inside)
1. Specific Criteria
a. Over 6-inch x 6 inch are to be hinged
b. Gasketed
c. Use stainless steel/aluminum in outside/wet areas.
d. Use PVC coated reinforced fiberglass in hazardous and chemical areas.
N. Wire Hangers
1. Specific Criteria
a. Appropriately locate above dropped ceilings.
O. Red Dye
1. Specific Criteria
a. Provide red dye in concrete duct bank.
b. 4000 psi
c. See typical duct bank details in Exhibit J
XIV. Item No. 14
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A. Wire
1. Specific Criteria
a. Provide copper stranded wire only.
b. Provide for separation of power, signal and telephone services.

c. Do not splice wire - Splicing not allowed unless approved by
Owner/Engineer

d. Use compression type lugs only.
e. Place metal tags on cables in manholes

f. Welding cable (DLO) — Design based on intermittent duty vs. continuous
duty.

g. Provide Ethernet cable/CAT 6 for communications to equipment.
B. Telephone — Wire
1. Specific Criteria
a. Minimum wire gauge #22-24 AWG
b. Provide plenum rated cable in return air plenums.
C. THHN, THWN, XHHW - Wire
1. Specific Criteria
a. Follow NEC color coding.
b. All shall be stranded wire, rated for 600-volt.
c. #12 minimum wire size for typical applications
D. Instrumentation — Wire
1. Specific Criteria
a. All wire MTW or signal wire shall be rated at 600-volt.

b. Do not combine analog circuits (twisted shielded pair-TSP) with other
circuits in the same conduit.

c. Instrumentation control wires should be sized accordingly (#16 stranded
wire recommended)

d. DC wire shall be color-coded blue #16 AWG minimum.
e. AC wire shall be color-coded red #16 AWG minimum.

f.  Unless otherwise specified by the manufacturer, provide analog signals
with #18-2 AWG with a shield, tinned

Note: Cabinets with multiple sources must be clearly marked as such
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XV.

XVI.

E. High Voltage Cable — Wire

1. Specific Criteria

a.

Follow appropriate code.

F. Heat Tracing — Wire

1. Manufacturers

a.

b.

Letco-Dual Controls

Chromalox

2. Specific Criteria

a.
b.

c
d.
e.

f.
g.
h

Provide terminations above the insulation.

Provide thermostatically controlled constant watt tracing.

Provide with insulation.

Provide with protective outer coating.

Provide a metal strip on PVC pipe to distribute heat.
Provide with indicator light.

Provide with stainless steel leads in corrosive areas.

Provide coating for chemically corrosive areas.

Item No. 15 - Relays
A. Industrial

1. Manufacturers

a. Allen Bradley

b. Eaton
2. Specific Criteria
a. Fixed base
B. Electronic

1. Manufacturers

a.
b.

C.

IDEC
Potter-Brumfield
Agastat

2. Specific Criteria

a. Plug-in/ice cube type with pilot lights
Item No. 16
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A. Lockout / Tagout = Safety

1. Specific Criteria

a. Provided for in Section 22 — HRSD Safety Program in this manual.
Provide local lockout devices for all equipment.

XVII. Item No. 17
A. Switches / Receptacles / Plugs

1. Manufacturers
a. Pass & Seymour
b. Hubbell
c. Crouse Hinds
2. Specific Criteria

a. Provide compression type screw terminals on receptacles. Wire binding
receptacles or switches are not acceptable.

b. Provide for dedicated circuits for sump pumps.
c. Provide power receptacle in control cabinets.

d. Provide a neutral for each circuit, multi wire circuits are not allowed
without special approval and then with a two-pole breaker.

e. Provide “in use” covers for indoor sump area applications.

XVIII. Item No. 18 — Unit Heaters
A. Unit Heaters - Electric

1. Manufacturers
a. QMark
b. Dayton
2. Unit Heaters — Gas
a. Space Ray
b. Dayton

XIX. Item No. 19
A. Electrical Drawings

1. Specific Criteria

a. Process and Instrumentation Diagrams (P&IDs) are to conform to ISA
modified standards (Consulting engineer to provide)

b. Provide functional descriptions with the P&IDs (Consulting engineer to
provide)
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Provide Point-to-Point connection drawings. Contractor shall develop.

o o

Review and approval by the engineer shall be prior to installation.

e. Label all conduits inside building.

f. Place metal tags on cables in manholes

g. Provide final conduit & cable schedule on disk (AutoCAD, PDF & VISIO)

XX. Item No. 20
A. Safety Switches (fused or unfused)

1. Manufacturers
a. Square D
b. Eaton
c. Westinghouse
d. Allen Bradley
2. Specific Criteria
a. Light duty safety switches are unacceptable.
b. Must be pad lockable.

XXI. Item No. 21 - Transformers
A. Dry Transformers

1. Manufacturers
a. Square D
b. Eaton
c. GE
d. ACME
2. Specific Criteria
a. No Aluminum Wire
b. Provide 220° C insulation system for 15kVVA and larger.
c. Provide 180° C insulation system for transformers less than 15kVA.

d. Transformers shall handle a 15% overload without exceeding the insulation
rating.

e. Place on 4” housekeeping pads
B. Oil Filled Transformers

1. Manufacturers
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a. Square D
b. Eaton
c. GE
2. Specific Criteria
a. No PCBs allowed.
b. Provide with FR3 oil.
Provide housekeeping pad — elevate pad in places prone for flooding.

d. Require external sample ports.

XXII. Item No. 22
A. Metering Vaults/Pits

1. Specific Criteria
a. Provide receptacle and receptacle location per HRSD direction.
b. Provide sump pumps as needed with remote GFCI circuit breaker protection.

c. Provide explosion proof sump pump in Class 1 division 1 areas.

B. Other Metering Vaults/Pits
1. Power Requirements
a. Specific Criteria

I.  Provide two receptacles with weatherproof covers with remote GFCI
circuit breaker protection

2. Exhaust Fans
a. See Exhaust Fans
b. Size for 12 air changes per hour (minimum)
c. Bring exhaust duct to within 6 inches above finished floor.
3. Lighting
a. Provide incandescent lighting with a vapor tight glove and guard.
b. Provide light switch at access.

XXIII. Item No. 23
A. Pressure Sustaining/Requlating Valves

1. Manufacturers

a. KTM
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b.

C.

Foxboro

Clow

2. Specific Criteria

a.
b.

B. Other

Provide 4-20 mA operated valves. Do not use pulsed control valves.

Automatic Controls of Virginia or Valve Automation for actuator
applications

Use EIM /Bettis actuators.
Limitorque (refer to Exhibit P)

1. Butterfly Valves
2. 'V Notch Plug Valves
3. V Notch Ball Valves

XXIV. Item No. 24
A. Flow Meters — Size for average flows

1. Parshall flume

a. Specific Criteria

i.  Use ultrasonic level indicator (Siemens)

2. Magnetic

a. Manufacturers

i. Rosemont

Foxboro

b. Specific Criteria

I.  Use for control or billing applications.
Ensure vendor is clear on application.

Provide with remote head, display and keyboard.

3. Ultrasonics (strap on)

a. Manufacturers

i, Fuji

ii.  Flexim (refer to Exhibit O)

iii.  Pulsar

b. Specific Criteria

Section 32
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4. Ultrasonics level
a. Manufacturers
i.  Siemens
ii.  Rosemount
5. Insertion (mass flow)
a. Manufacturers
I.  Magnetrol
ii.  Sierra
ii.  Kurz
b. Specific Criteria
i. AIr
6. Venturi

a. Specific Criteria

i.  Generally, not used in most applications.

ii. Do not use for control.

XXV. Item No. 25

A. RTUs (Remote Terminal Unit)

1. Manufacturers

a.Allen Bradley

b.Emerson-Control Wave

c. Emerson-OCC100
2. Specific Criteria
a. HRSD shall provide.

b.Physical size 24”x24”x8” in a NEMA 4x enclosure
c.Physical size 12”x12”x8” in a NEMA 4x enclosure

XXVI. Item No. 26
A. Louvers/Dampers

1. Manufacturers
a. Greenheck
b.Ruskin

2. Specific Criteria
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a.Provide gravity dampers for all applications.

b.See Emergency Generators

XXVII. Item No. 27
A. Transfer Switches

1. Manufacturers

a.

Eaton

b. Square D
c. ASCO

2. Specific Criteria

a.
b.
C.
d.

Nema 12 Enclosure unless required otherwise.
IQ Plus Monitoring Device
Provide BUS status (A or B) to the DCS

Zenith transfer switches are not acceptable.

XXVIII. Item No. 28
A. On-Line Vibration Monitors

1. Manufacturers

a.

Bentley-Nevada

2. Specific Criteria

a.

Application specific

XXIX. Item No. 29
A. Panel Meters

1. Analog

a. Manufacturers

i. GE/Yokogawa

ii.  Simpson

2. Digital

a. Manufacturers

i. Yokogawa
ii. Red Lion

iii.  Simpson

3. Elapsed Time

Section 32
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a. Manufacturers
i.  Crompton
ii. ENB
iii.  Yokogawa

b. Specific Criteria

i.  Non resettable / resettable (plant site specific)

4. Pulse Counters
a. Manufacturers
i.  Acromag
ii.  Omron
5. Isolators
a. Manufacturers
i.  Acromag
ii.  AGMPhoenix
b. Specific Criteria

i. Isolate 4-20 MA and 1-5-volt signals
ii.  Powered 4-20 MA isolator splitter.

iii.  Terminal relay

iv.  Compact panel temp sensor 4-20 MA

6. Signal Converters
a. Manufacturers
i. AGM
ii. RIS
iii.  Acromag
b. Specific Criteria
i. Isolate 4-20 MA and digital.
7. Surge Protectors
a. Manufacturers
I.  Phoenix
ii.  MTL-Crouse Hinds
b. Specific Criteria
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i.  Provide 120v AC power supply surge protectors.
XXX. Item No. 30
A. Analyzers/Monitors: Safety / Gas

1. Combustible LEL
a. Manufacturers
i.  Detronics
ii. MSA
2. 02
a. Manufacturers
i.  Detronics
ii. MSA
3. SO2
a. Manufacturers
i.  Detronics
ii.  Bisulfite
4. H2S
a. Manufacturers
i.  Detronics
b. Specific Criteria
I. ATl is not used for Safety.
B. Analyzers/Monitors: Process
1. pH
a. Manufacturers
i.  Foxboro

ii. E&H Memosens CPS16D pH probe (Incinerator scrubber water process)
(Site Specific/Specific applications)

iii. M4 Knick (Site Specific/Specific applications)
2. ORP
a. Manufacturers
I.  Foxboro

b. Specific Criteria
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I.  Provide only.
ii.  Stanco not acceptable
3. 02 (Incinerator)
a. Manufacturers
i. COSA
b. Specific Criteria

I.  Provide only.

ii.  Operating temperature >1500°F

4. DO
a. Manufacturers
I.  Hach
ii. Insite
b. Specific Criteria
i. Optica
5 CL2
a. Manufacturers
I.  Rosemount
ii.  Prominent
iii.  Chemtrac
6. H2S
a. Manufacturers
i. ATI
7. Conductivity
a. Manufacturers
I.  Hach

XXXI. Item No. 31
A. Miscellaneous Instrumentation

1. PID Controllers

a. Manufacturers
i. Emerson Ovation

2. Electric Actuators
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3.

4.

5.

XXXII.

a. Manufacturers
i.  EIM/Bettis
ii.  Limitorque (refer to Exhibit P)
Note: Verify hazardous classification for small 120V actuators.
b. Specific Criteria
i. 120 volts and 480 volts AC
Burner Actuators
a. Manufacturers
I.  Honeywell
ii.  Barber Coleman
Alarm Panel
a. Manufacturers
i.  Ronan
Temperature Controllers
a. Manufacturers

I.  Yokogawa

Item No. 32

A. Miscellaneous Electrical

1.

Electrical Equipment Testing
a. Specific Criteria

I.  Provide testing in off-peak hours or switch off an equivalent amount of
load prior to testing.

One Line Diagram
a. Specific Criteria

i.  Provide an update to the one-line diagram with significant changes in the
electrical system.

Thermographic Inspection
a. Specific Criteria
I.  Provide a thermographic inspection of the new systems upon completion.
Coordination Study/Short Circuit/Arc Flash
a. Specific Criteria

i.  Provide a coordination study short circuit, coordination, and arc flash
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analysis for new systems or systems with significant changes.

ii.  The short-circuit calculations and the corresponding incident energy
calculations for multiple system scenarios must be compared and the
greatest incident energy must be uniquely reported for each equipment
location. Calculations must be performed to represent the maximum and
minimum contributions of fault current magnitude for all normal and
emergency operating conditions. The minimum calculation will assume
that the utility contribution is at a minimum and will assume a minimum
motor contribution (all motors off). Conversely, the maximum calculation
will assume a maximum contribution from the utility and will assume the
maximum number of motors to be operating. Calculations shall take into
consideration the parallel operation of synchronous generators with the
electric utility, where applicable. Include Arc flash analysis results for
generator protective device.

iii.  Contractor must adhere to NFPA 70E Electrical Safety requirements when
working on electrical equipment in HRSD facilities.

iv.  Engineer must design electrical systems in accordance with NFPA 70E.

Refer to Exhibit A

XXXIIL. Item No. 33
A. Heating and Cooling

1. Manufacturers
a. Honeywell
b. Barber Coleman
2. Specific Criteria
a. Louver actuators to be used with building heating/ventilation systems.

XXXIV. Item No. 34
A. Junction/Pull Boxes and Miscellaneous Enclosures

1. Manufacturers
a. Hoffman
b. Saginaw
c. Hammond
2. Specific Criteria
a. Provide PVC coated boxes and/or fittings when using with PVVC coated conduit.
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B. Administrative Areas
1. Manufacturers
a. Hoffman
b. Saginaw
c. Hammond
2. Specific Criteria
a. NEMA4
C. Inside
1. Specific Criteria
a. Stainless steel, fiberglass reinforced plastic (FRP), steel, NEMA 4
D. Outside
1. Specific Criteria
a. Stainless steel, NEMA 4x with Myers hubs
E. Wet
1. Specific Criteria
a. Use with PVC coated conduit and PVVC coated hubs.

b. Stainless steel, fiberglass reinforced plastic, NEMA 4x with watertight fittings
(Myers).

XXXV. Item No. 35
A. Panel Boards/Control Panels

1. Manufacturers
a. Eaton
b. Square D
c. Siemens
d. GE
2. Specific Criteria
a. Provide PVC coated boxes and/or fittings when using with PVVC coated conduit.
b. Provide with tin-plated copper bus.
Provide 25% spares minimum.
d. Provide bolt in breakers.

e. Do not provide cans with pre-stamped knockouts.
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f. Provide with hinged panel cover with a latching door.
g. Provide heavy duty, industrial grade panel boards.

h. Breaker operator should be outside of panel.

i. Breaker should be located inside of panel.

j.  HOA switches should be on the outside of panel.

k. Provide dead front hinged panel.

I.  Provide LED work light, if warranted

XXXVI. Item No. 36
A. Distributed Control System (DCS)

1. Manufacturers
a. Emerson
2. Specific Criteria

a. Provide fail safe condition within the DCS located in the marshalling cabinet
terminal strips.

b. Contact in the field must be wired to a normally closed contact in the energized
position. When fault occurs, the contact will open and be displayed as a system
failure. This prevents contacts which do not close properly to indicate a fault to
the system. A digital status that equals 1 (one) indicates a closed contact and a 0
(zero) indicates an open contact. An open contact occurs when a fault occurs
(fail open).

c. DCS DCU’s and RIO’s shall be equipped with isolation relay junction box(s)
(interposing relays) adjacent to all the DCU’s and RIO’s. The junction box shall
contain ample room to house relays; Example: (Idec 5-blade — 24 VVDC coils-
with a form C configuration contactor) relays mounted on DIN rail for the
purpose isolating relay junction box. This junction shall be equipped with a 24
VDC power supply with sufficient capacity to energize all the 24 VDC relay
coils simultaneously when necessary for all DCS inputs.

Note: The following HRSD design standards shall be adhered to colors for
graphical screens, graphics design, and control functionality. The current
HRSD DCS standards are maintained by Industrial Automation within the E&I
division. These standards are available upon request.

XXXVIL. Item No. 37 - Lightning Protection Refer to NFPA 820 and NFPA 780. -
Lightning Protection applications will be site specific (Discuss with HRSD Electrical
Staff).

XXXVIII. Item No. 38 - SWIET (Refer to Exhibit I)
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XXXIX. Item No. 39 - Dominion Energy Coordination (refer to Exhibit K)
A. Easements

1.

It is imperative that the design engineer contacts the utility company (i.e.,
Dominion Energy, Rappahannock Power, Prince George Electric Cooperative,
etc.) to determine the responsible territory.

Design Engineer and HRSD should inquire with the utility company if single
phase or 3-phase power is available at the proposed site.

Design Engineer should incorporate right-of-way (ROW), multi-use utility
easements, identify property owners, and VDOT requirements as part of the
preliminary engineering report (PER) to prevent delays and cost increase during
the construction phase of the project. The items listed above should be
explored in advance especially in rural communities where 3-phase electrical
service is not available.

See Exhibit K for Dominion Project Workflow Brochure “HRSD Interface on
New Projects with Dominion Energy Virginia (DEV)

XL. Item No. 40

A. Grounding
“50.53 Grounding Electrode System Installation.

(A) Rod, Pipe, and Plate Electrodes. Rod, pipe, and plate

electrodes shall meet the requirements of 250.53(A)(1)
through (A)(3).

(1) Below Permanent Moisture Level. If practicable, rod, pipe, and plate electrodes

shall be embedded below permanent moisture level. Rod, pipe, and plate
electrodes shall be free from nonconductive coatings such as paint or enamel.

(2) Supplemental Electrode Required. A single rod, pipe, or plate electrode shall be

Section 32

supplemented by an additional electrode of a type specified in 250.52(A)(2)
through (A)(8). The supplemental electrode shall be permitted to be bonded to one
of the following:

(1) Rod, pipe, or plate electrode

(2) Grounding electrode conductor

(3) Grounded service-entrance conductor

(4) Nonflexible grounded service raceway

(5) Any grounded service enclosure

Exception: If a single rod, pipe, or plate grounding electrode has a

resistance to earth of 25 ohms or less, the supplemental electrode shall
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not be required.

(3) Supplemental Electrode. If multiple rod, pipe, or plate electrodes are installed to
meet the requirements of this section, they shall not be less than 1.8 m (6 ft)
apart.”

XLI. Item No. 41 - Building Classification

“1. Purpose to provide explosion and fire protection for life property, and operations.
2. Reduce or mitigate the effects of fire or explosion

3. Consult with AHJ (Authority Having Jurisdiction) to ensure that the NFPA 820
standard will be enforced.

NFPA 70 — Article 500

Class I: Flammable Gases/Vapors
Class 11: Combustible Dust

Class II: Ignitable Fibers

Wastewater/Treatment/Collections Systems
Class I, Div 1 or 2, Group D (Methane)
Class I, Div 1 or 2, Group G (Sludge)

Wet Well Pump Station

Less than 12 air changes — Division 1

Greater than 12 air changes — Division 2

Typical classified areas: Barscreen, Headworks or Preliminary Treatment Facility,
Grit Removal, Odor Control, Sludge Handling and Thickening, etc.

Evaluate equipment type (i.e., explosion proof, conduit seals, etc.)

NFPA 820 4.2.2 — Collections Systems — See Exhibit Y

NFPA 820 5.2.2 — Liquid Streaming — See Exhibit Z
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Consideration requirements: exhaust fans, continuous ventilation, alarming, air flow
and monitoring.”

XLII. Item No. 42 — Standard Details

A. PLC Control Wave — Temp Pump Enclosure Detail and Pump Run Status PS
Schematic— See Exhibit S

Antenna Installation Detail - See Exhibit T
Wet Well Installation Detail — See Exhibit U
Intrinsic Safety Panel Wiring Diagram — See Exhibit V

m o O W

Power Wiring Junction Box Detail- See Exhibit W
F. Vault Plans — See Exhibit X

XLIII. Item No. 42 - Air Purification — Hydrogen Sulfide (H2S) Mitigation for Electrical
Room - See Exhibit AA

A. Manufacturer

1. Pure Air or approved equal.
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DISTRIBUTED CONTROL SYSTEM (DCYS)
Electrical and Instrumentation

Reqt lirements

Strategic Automation Configuration
A. Refer to Exhibit R

Section 32
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Click here to return to Switchgear and MCCs (PSs)

Click here to return to Misc. Electrical (PSs)
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8.

9.

Conducted re-training for all qualified electrical personnel on NFPA 70E.
Installed permanent remote operating panel for opening/closing existing 2SB1 main circuit breakers at

VIP.

Retrofitted circuit breakers with AC-PRO with QUICK-TRIP trip units to provide adjustable long time, short

time, and instantaneous settings (LSI) at VIP.

Installing Arc Reduction Maintenance Switch (ARMS) and maintenance bypass transfer switches at Army

Base Treatment Plant (ABTP).

VIP NRI design will include separate enclosures for the Main Switchgear main circuit breakers at VIP
10. Compiled spreadsheet of electrical equipment with respective arc flash hazard/risk categories.

Potential Arc Flash Mitigation Alternatives for Medium Voltage Switchgear:

New

Retrofit Existing

Bus differential relays installed in switchgear
*  Approximately $5k
« There is a concern with nuisance tripping

Bus differential relays installed in switchgear
e Approximately $5k
» There is a concern with nuisance tripping

Maintenance bypass switch on main and feeder
circuit breakers

Maintenance bypass switch on main and feeder
circuit breakers

Separate main circuit breaker
s Partitions in switchgear
* Separate rooms
s Separate space in rocom

Clean airffiltration/climate control (applies to all
equipment)

Permanent remote operator

Permanent remote operator

Arc flash sensing relay

Arc flash sensing relay

Main-tie-tie-main configuration (doubled ended
switchgear)

Upgrade induction disc relays to microprocessor
relays

5-cycle breakers

Potential Arc Flash Mitigation Alternatives for Medium Voltage MCC:

New

Retrofit Existing

Remove HOA from MCC

Remove HOA from MCC

Bus differential installed in switchgear
= Approximately $5k
» There is a concern with nuisance tripping

Bus differential installed in switchgear
= Approximately $5k
» There is a concern with nuisance tripping

Maintenance bypass switch

Maintenance bypass switch

Separate main circuit breaker
e Partitions in switchgear
e Separate rooms
¢ Separate space in room

Clean airffiltration/climate control (applies to all
equipment)

Permanent remote operator

Permanent remote operator

Arc flash sensing relay

Arc flash sensing relay

Main-tie-tie-main configuration (double ended
switchgear)

Upgrade induction disc relays to microprocessor
relays

5-cycle breakers

HRSD Arc Flash Mitigation Workshop
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Potential Arc Flash Mitigation Alternatives for Low Voltage Switchgear:

New Retrofit Existing
Maintenance bypass at upstream medium voltage Retrofit unit substations (3.F. in Attachment A)
feeder and/or at main circuit breaker

Remote open/close and remote racking Remote open/close and remote racking

Separate main circuit breaker from switchgear Remove main circuit breaker and install in
separate location (if pessible)

Arc flash sensing relay Arc flash sensing relay

Arc Vault Arc Vault

Zone selective interlocking (Z8I) 78I

Potential Arc Flash Mitigation Alternatives for Low Voltage Switchboards:

New Retrofit Existing

Not preferred for new equipment Replace with switchgear

Separate main circuit breaker from switchbeard Remove main circuit breaker and install in
separate location

Arc Vault Arc vault

Maintenance bypass switch at upstream feeder Maintenance bypass switch at upstream feeder

circuit breaker and/or at main circuit breaker circuit breaker and/or at main circuit breaker
Remote open/close of insulated case circuit
breakers

Potential Arc Flash Mitigation Alternatives for Low Voltage MCC:

New Retrofit Existing
Separate main circuit breaker from MCC Remove main circuit breaker and install in
separate location (if possible)
Solid state trip unit on upstream feeder circuit Solid state trip unit on upstream feeder circuit
breaker and/or main circuit breaker breaker and/or main circuit breaker
Remote racking Remote switch operator (RSO)
Arc Vault Arc Vault

Potential Arc Flash Mitigation Alternatives for Low Voltage VFD and Control Panels:

New Retrofit Existing
Remote mount HOAs (Category 1 ar higher) Remote mount HOAs (Category 1 or higher)
Solid state trip unit (LSI) on upstream feeder circuit
breakers to VFDs and main circuit breakers

Potential Arc Flash Mitigation Alternatives for Low Voltage Power Panels and Transfer Switches:

New | Retrofit Existing
Addressed by upstream protective device
Address construction guality in Standards & Preferences

Alternatives to be Evaluated for Lowering Arc Flash Hazard Cateqory in Pump Stations:

New Retrofit Existing
Main circuit breaker mounted outside Main circuit breaker mounted outside
Install upstream separately-mounted circuit breaker | Install upstream separately-mounted circuit
breaker
Smart MCC with networking Remote switching
HRED Arc Flash Mitigation Workshop Page 3
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Alternatives to be Evaluated to Address Pump Station Eguipment Lock Qut/Tag Out:

New

Retrofit Existing

Local disconnect with remote start/stop

Local disconnect with remote start/stop

Remote switching

Remote switching

Perscnal protective equipment (PPE)

PPE

Achieve Category 0 at pump station

Achieve Category 0 at pump station

Alternatives to be Evaluated to Address Plant HOAs:

New

Retrofit Existing

HOA located at process equipment without VFED

Achieve Category 0 at MCC/VED panel

HOA on VFD with DCS shutdown

Relocate HOA to motor/eguipment

Local disconnect at all equipment with DCS
shutdown

Connect to DCS

HOA located at HYAC equipment

Alternatives to be Evaluated to Address Plant Equipment Lock out/Tag out:

New and Retrofit

Retrofit Existing

Local disconnect switch at all equipment with DCS
shutdown

RSO devices (all categories)

Design for Category 0 at applicable panels (MCCs,
VFED panels, control panels, etc.)

PPE (Category 2 or lower)

Modify circuit breakers

Change protective schemes

Criteria that will be used to evaluate alternatives:
+ |nitial cost

Safety — achieve low arc flash hazard/risk

Risk — loss of operation

Ease of operation

Reliability — of implemented equipment

Annual cost
Feasibility/Maintaining operation

Preliminary Decisions:

Versatility - addresses lock out/tag out and electrical work

1. Existing pump stations and new pump stations (< 400A service):
a. Use portable remote switching operator (RSO) devices.

b. Relocate HOAs off of MCC.

c. For new pump stations, separately-mount main circuit breaker inside the pump station.

2. New pump stations (= 400A service):

a. Install main circuit breaker with adjustable LS| trip unit and remote switching.
b. Separately-mount main circuit breaker inside the pump station.
c. For Greater Than Category 4 areas, workers need to have utility shut down power at their end to work

on main circuit breaker.
d  HOAs mounted off of MCC.

e Consider using SCADA to shutdown equipment and install local disconnect switches.

Miscellaneous Notes:

Who tracks/maintains software?
Testing should include circuit breaker trip time.

O wN -

S year audit - does it require upgrade to current code?
Arc flash labels - equipment based or task based?

personnel requires equipment to be de-energized prior to work.

HRSD Arc Flash Mitigation Workshop
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Action Items:

1. HDR to draft Standard & Preferences language for new pump station electrical service cenfiguration

2 HRS8D to procure RSO devices for existing pump stations.

3. HRSD to contract relocation of HOAs in existing pump stations.

4. HDR to evaluate actions to achieve Category 0 at MCCs, VFD panels, and other applicable panrels
requiring lock outftag out at VIP, one larger pump station, and one smaller pump station. Also, evaluate
relocation of HOAs to moters at VIP. Consider risk reduction (Category 2 or lower) for electrical work at
distribution equipment.

5. HRSD complete pilot testing of RSO devices and PPE at VIP.

6. HDR draft Standard & Preferences language for MCCs, VFD panels, and other applicable panels in new
plant designs to address lock outftag out (goal to achieve Category 0l, with adding local disconnects as
alternative). Alse, installing motorized circuit breakers that feed large VFD panels).

7. HRSD to develop cost for installation of local disconnect switches at two pump stations.

8 HDR draft Standard & Preferences language to address HOAs on new plant designs.

9. HDR draft Standard & Preferences language on managing construction process relative to arc flash

(equipment shop drawings, etc.).
10. HRSD and HDR will schedule a follow-up one-day weorkshop upon completion of the evaluations listed in
Actions Items 4 and 7.

HRSD Arc Flash Mitigation Workshop Page 5

Section 32 32-97 January 2023



Attachment A
Typical Approaches to Limiting Arc Flash Exposure

Limiting Arc Exposure
1. Avoiding arc flash accidents
2. Reducing the level of arc energy released
3. Proper use of personal protective equipment (PPE)
Avoiding Arc Flash Accidents
1. Preventive maintenance
a. Keep equipment clean.
b. Keep rodents and birds out of equipment.
c. Control and repair corrosion of enclosure and electric components
d. Check for loose connections.
e. Testinsulation integrity.
f.  Testand repair relays/rip units and breakers.
g. Testand repair moving parts (breaker racking, switch operation, etc.)
2. Working on Live Equipment
a. |If possible, always work on de-energized equipment,
b. Use insulated tools.
c. When excessive force is needed (loosening bolts), it is not uncommon to lose control.
d. Do not use paint, cleaning chemicals, spray lubrication, etc. on live parts.
Reducing Incident Energy on Worker
1. Reduce the level of Fault
a. Usesmaller KVA transformers.
b. Double ended switchgear:
i. Keeptie breaker open in Main-Tie-Main configurations.
ii. Use only one source of a Main-Main configuration.
ii. Ulilize two line-ups in a Main-Tie-Tie-Main configuration instead of one line-up in a
Main-Tie-Main.
c. Current limiting fuses or breakers.
d. Current limiting reactors.
2. Reduce arcing time
a. Reduce breaker response time safety margin.
i. Replace electro-mechanical relays with microprocessor relays allows time margin
between relays to be reduced from 0.4 second to 0.2 — 0.25 seconds.
ii. Utilized 5 cycle breakers rather than 8 cycle breakers.
b. Bus differential protection.
Zone selective interlocking (ZSI).
Temporary instantaneous settings:
i. Arc maintenance settings on trip units.
ii. Maintenance group setting on microprocessor relays.
ii. Add instantaneous trip devices to breakers with no instantaneous that can be turned
on and off.
Arc flash sensing relays via fiber optical cable.
Adjust fuse size and speed.
General Electric Arc Vault.
h. High/Low resistance grounding.
3. Equipment features
a. Remote breaker operation (open/close).
b. Remote breaker racking.
c. Arc flash resistant MCC and switchgear. (not effective with doors open)
d. MCC that can rack bucket out with door closed.
e
f.

oo

@™o

Locate main breaker section remote (separate room) from distribution section.
Retrofit unit substations (primary fuse switch with secondary feeder breakers) with secondary
CT and relay and primary switch over breaker with trip unit to provide both primary and
secondary protection.

g. Remote switching operator (RSQ) device.

HRSD Arc Flash Mitigation Workshop Page 6
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SKM SYSTEMS ANALYSIS, INC

SHORT-CIRCUIT/COORDINATION STUDY/ARC FLASH RISK ASSESSMENT

PART 1 GENERAL

11

1.2

1.3

SCOPE

A. The contractor shall furnish short-circuit and protective device coordination
studies as prepared by the electrical equipment manufacturer or an approved
engineering firm.

B. The contractor shall furnish an Arc Flash Risk Assessment Study per the
requirements set forth in NFPA 70E - Standard for Electrical Safety in the
Workplace. The arc flash risk assessment shall be performed according to the
IEEE 1584 equations that are presented in NFPA70E, Annex D.

C. The scope of the studies shall include all new distribution equipment supplied
by the equipment Manufacturer under this contract. - OR - The scope of the
studies shall include all new distribution equipment supplied by the equipment
Manufacturer under this contract as well as all directly affected existing
distribution equipment at the customer facility. - OR - The scope of the
studies shall include all new distribution equipment supplied by the equipment
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RELATED SECTIONS

REFERENCES

A. Institute of Electrical and Electronics Engineers, Inc. (IEEE):

1. IEEE 141 — Recommended Practice for Electric Power
Distribution and Coordination of Industrial and Commercial
Power Systems

2. IEEE 242 — Recommended Practice for Protection and Coordination of
Industrial and Commercial Power Systems

3. IEEE 399 — Recommended Practice for Industrial and Commercial Power
System Analysis

4. IEEE 241 — Recommended Practice for Electric Power Systems in
Commercial Buildings

5. IEEE 1015 — Recommended Practice for Applying Low-Voltage Circuit
Breakers Used in Industrial and Commercial Power Systems.

6. IEEE 1584 - Guide for Performing Arc-Flash Hazard Calculations
B. American National Standards Institute (ANSI):

1. ANSI C57.12.00 — Standard General Requirements for Liquid-
Immersed Distribution, Power, and Regulating Transformers

2. ANSI C37.13 — Standard for Low Voltage AC Power Circuit Breakers
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Used in Enclosures

3. ANSI C37.010 — Standard Application Guide for AC High Voltage Circuit
Breakers Rated on a Symmetrical Current Basis
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4. ANSI C 37.41 — Standard Design Tests for High Voltage Fuses, Distribution
Enclosed Single-Pole Air Switches, Fuse Disconnecting Switches and
Accessories.

C. The National Fire Protection Association (NFPA)
1. NFPA 70 - National Electrical Code, latest edition
2. NFPA 70E — Standard for Electrical Safety in the Workplace

1.4  SUBMITTALS FOR REVIEW/APPROVAL

A. The short-circuit and protective device coordination studies shall be submitted
to the design engineer prior to receiving final approval of the distribution
equipment shop drawings and/or prior to release of equipment drawings for
manufacturing. If formal completion of the studies may cause delay in
equipment manufacturing, approval from the engineer may be obtained for
preliminary submittal of sufficient study data to ensure that the selection of
device and characteristics will be satisfactory.

1.5 SUBMITTALS FOR CONSTRUCTION

A. The results of the short-circuit, protective device coordination and arc flash risk
assessment studies shall be summarized in a final report. No more than five
(5) bound copies of the complete final report shall be submitted. For large
system studies, submittals requiring more than five (5) copies of the report will
be provided without the section containing the computer printout of the short-
circuit input and output data. Additional copies of the short-circuit input and
output data, where required, shall be provided on CD in PDF format.

B. Following best practices, the contractor is to provide the study project files to
the Owner in electronic format to allow the Owner to review all aspects of the
project input data and reprint arc flash labels, one-line diagrams, reports etc.
The electronic project files are critical for disaster recovery and maintaining the
power system. In addition, a copy the PTW Viewer program is required to
accompany the electronic project files (or Owner to purchase directly from
SKM).

C. The report shall include the following sections:
1. Executive Summary.
2. Descriptions, purpose, basis and scope of the study

3. Tabulations of circuit breaker, fuse and other protective device ratings
versus calculated short circuit duties

4. Protective device time versus current coordination curves, tabulations of
relay and circuit breaker trip unit settings, fuse selection

5. Fault current calculations including a definition of terms and guide for
interpretation of the computer printout.

6. Details of the incident energy and flash protection boundary calculations
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7. Recommendations for system improvements, where needed.

8. One-line diagram
Arc flash labels shall be provided in hard copy only. -OR- Arc flash labels shall be provided in hard
copv and for large svstem studies with more than 200 bus locations, a copv of the
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1.7

A. electronic format.

QUALIFICATIONS

A. The short-circuit, protective device coordination and arc flash risk assessment
studies shall be conducted under the supervision and approval of a
Registered/Licensed Professional Electrical Engineer skilled in performing and
interpreting the power system studies.

B. The Registered/Licensed Professional Electrical Engineer shall be a full-time
employee of the equipment manufacturer or an approved engineering firm

C. The Registered/Licensed Professional Electrical Engineer shall have a minimum

of five
(5) years of experience in performing power system studies.

D. The equipment manufacturer or approved engineering firm shall demonstrate
experience with Arc Flash Risk Assessment by submitting names of at least
ten actual arc flash risk assessment it has performed in the past year.

COMPUTER ANALYSIS SOFTWARE

A. The studies shall be performed using the latest revision of the SKM Systems
Analysis Power*Tools for Windows (PTW) software program or approved
equal.

PART 2 PRODUCT

2.1

2.2

STUDIES

A. Contractor to furnish short-circuit and protective device coordination
studies as prepared by equipment manufacturer or an approved
engineering firm.

B. The contractor shall furnish an Arc Flash Risk Assessment Study per NFPA
70E - Standard for Electrical Safety in the Workplace, reference Article 130.5
and Annex D.

DATA COLLECTION

A. Contractor shall furnish all data as required by the power system studies. The
Engineer performing the short-circuit, protective device coordination and arc
flash risk assessment studies shall furnish the Contractor with a listing of
required data immediately after award of the contract. The Contractor shall
expedite collection of the data to assure completion of the studies as required
for final approval of the distribution equipment shop drawings and/or prior to the
release of the equipment for manufacturing.
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B. Source combination may include present and future motors and generators.

C. Load data utilized may include existing and proposed loads obtained from
Contract Documents provided by Owner, or Contractor.

D. If applicable, include fault contribution of existing motors in the study. The
Contractor shall obtain required existing equipment data, if necessary, to
satisfy the study requirements.
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2.3

2.4

SHORT-CIRCUIT AND PROTECTIVE DEVICE EVALUATION STUDY

A. Use actual conductor impedances if known. If unknown, use typical
conductor impedances based on IEEE Standard 141-1993.

B. Transformer design impedances shall be used when test impedances
are not available.

C. Provide the following:
1. Calculation methods and assumptions
2. Selected base per unit quantities
3. One-line diagram of the system being evaluated
4

. Source impedance data, including electric utility system and motor fault
contribution characteristics

5. Tabulations of calculated quantities
6. Results, conclusions, and recommendations.

D. Calculate short-circuit momentary and interrupting duties for a three-phase
bolted fault at each:

1. Electric utility’s supply termination point

Incoming switchgear

Unit substation primary and secondary terminals
Low voltage switchgear

Motor control centers

Standby generators and automatic transfer switches
Branch circuit panelboards

Other significant locations throughout the system.

© N o ok w D

E. For grounded systems, provide a bolted line-to-ground fault current study for
areas as defined for the three-phase bolted fault short-circuit study.

F. Protective Device Evaluation:

1. Evaluate equipment and protective devices and compare to short circuit
ratings

2. Adequacy of switchgear, motor control centers, and panelboard bus
bars to withstand short-circuit stresses

3. Notify Owner in writing, of existing, circuit protective devices improperly
rated for the calculated available fault current.

PROTECTIVE DEVICE COORDINATION STUDY
A. Proposed protective device coordination time-current curves (TCC) shall be
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displayed on log-log scale graphs.

B. Include on each TCC graph, a complete title and one-line diagram with
legend identifying the specific portion of the system covered.
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C. Terminate device characteristic curves at a point reflecting maximum
symmetrical or asymmetrical fault current to which the device is exposed.

D. ldentify the device associated with each curve by manufacturer type, function,
and, if applicable, tap, time delay, and instantaneous settings recommended.

E. Plot the following characteristics on the TCC graphs, where applicable:
1. Electric utility’s overcurrent protective device
2. Medium voltage equipment overcurrent relays

3. Medium and low voltage fuses including manufacturer’s minimum
melt, total clearing, tolerance, and damage bands

4. Low voltage equipment circuit breaker trip devices, including
manufacturer’s tolerance bands

5. Transformer full-load current, magnetizing inrush current, and ANSI
through-fault protection curves

6. Conductor damage curves
7. Ground fault protective devices, as applicable

8. Pertinent motor starting characteristics and motor damage points, where
applicable

9. Pertinent generator short-circuit decrement curve and generator damage
point

10. The largest feeder circuit breaker in each motor control center and
applicable panelboard.

F. Provide adequate time margins between device characteristics such that
selective operation is provided, while providing proper protection.

25  ARC FLASH RISK ASSESSMENT

A. The arc flash risk assessment shall be performed according to the
IEEE 1584 equations that are presented in NFPA70E, Annex D.

B. The flash protection boundary and the incident energy shall be calculated
at all significant locations in the electrical distribution system (switchboards,
switchgear, motor-control centers, panelboards, busway and splitters)
where work could be performed on energized parts.

C. The Arc-Flash Risk Assessment shall include all significant locations in 240
volt and 208 volt systems fed from transformers equal to or greater than 125
kVA where work could be performed on energized parts.

D. Safe working distances shall be based upon the calculated arc flash
boundary considering an incident energy of 1.2 cal/cm?.
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E. When appropriate, the short circuit calculations and the clearing times of the
phase overcurrent devices will be retrieved from the short-circuit and
coordination study model. Ground overcurrent relays should not be taken
into consideration when determining the clearing time when performing
incident energy calculations

The short-circuit calculations and the corresponding incident energy calculations for multiple

system scenarios must be compared and the greatest incident energy must be uniquely
reported for each

Section 32 32-108 January 2023



equipment location. Calculations must be performed to represent the maximum and minimum
contributions of fault current magnitude for all normal and emergency operating conditions. The
minimum calculation will assume that the utility

2.6

A.

contribution is at a minimum and will assume a minimum motor contribution (all
motors off). Conversely, the maximum calculation will assume a maximum
contribution from the utility and will assume the maximum amount of motors to
be operating. Calculations shall take into consideration the parallel operation of
synchronous generators with the electric utility, where applicable.

The incident energy calculations must consider the accumulation of energy
over time when performing arc flash calculations on buses with multiple
sources. Iterative calculations must take into account the changing current
contributions, as the sources are interrupted or decremented with time. Fault
contribution from motors and generators should be decremented as follows:

1. Fault contribution from induction motors should not be considered
beyond 3-5 cycles.

2. Fault contribution from synchronous motors and generators should be
decayed to match the actual decrement of each as closely as possible (e.g.
contributions from permanent magnet generators will typically decay from
10 per unit to 3 per unit after 10 cycles).

For each equipment location with a separately enclosed main device (where
there is adequate separation between the line side terminals of the main
protective device and the work location), calculations for incident energy and
flash protection boundary shall include both the line and load side of the main
breaker.

When performing incident energy calculations on the line side of a main
breaker (as required per above), the line side and load side contributions
must be included in the fault calculation.

. Mis-coordination should be checked amongst all devices within the branch

containing the immediate protective device upstream of the calculation
location and the calculation should utilize the fastest device to compute the
incident energy for the corresponding location.

Arc Flash calculations shall be based on actual overcurrent protective device
clearing time. Maximum clearing time will be capped at 2 seconds based on
IEEE 1584-2002 section B.1.2. Where it is not physically possible to move
outside of the flash protection boundary in less than 2 seconds during an arc
flash event, a maximum clearing time based on the specific location shall be
utilized.

REPORT SECTIONS

A.

Input data shall include, but not be limited to the following:

1. Feeder input data including feeder type (cable or bus), size, length, number
per phase, conduit type (magnetic or non-magnetic) and conductor
material (copper or aluminum).
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2. Transformer input data, including winding connections, secondary neutral-
ground connection, primary and secondary voltage ratings, kVA rating,
impedance, % taps and phase shift.

3. Reactor data, including voltage rating, and impedance.
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4. Generation contribution data, (synchronous generators and Utility), including
short- circuit reactance (X"d), rated MVA, rated voltage, three-phase and
single line- ground contribution (for Utility sources) and X/R ratio.

5. Motor contribution data (induction motors and synchronous motors),
including short-circuit reactance, rated horsepower or kVA, rated
voltage, and X/R ratio.

B. Short-Circuit Output Data shall include, but not be limited to the following reports:

1. Low Voltage Fault Report shall include a section for three-phase and
unbalanced fault calculations and shall show the following information for
each applicable location:

a. Voltage
b. Calculated fault current magnitude and angle
c. Fault point X/R ratio
d. Equivalent impedance
2. Momentary Duty Report shall include a section for three-phase and

unbalanced fault calculations and shall show the following information for
each applicable location:

a. Voltage
b. Calculated symmetrical fault current magnitude and angle
c. Fault point X/R ratio
d. Calculated asymmetrical fault currents
1. Based on fault point X/R ratio
2. Based on calculated symmetrical value multiplied by 1.6
3. Based on calculated symmetrical value multiplied by 2.7
e. Equivalent impedance
3. Interrupting Duty Report shall include a section for three-phase and

unbalanced fault calculations and shall show the following information for
each applicable location:

a. Voltage

Calculated symmetrical fault current magnitude and angle
Fault point X/R ratio

No AC Decrement (NACD) Ratio

Equivalent impedance

Multiplying factors for 2, 3, 5 and 8 cycle circuit breakers rated
on a symmetrical basis

g. Multiplying factors for 2, 3, 5 and 8 cycle circuit breakers rated on a total
basis

-0 a0 o

C. Recommended Protective Device Settings:
1. Phase and Ground Relays:
a. Current transformer ratio
b. Current setting
c. Time setting
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d. Instantaneous setting
e. Recommendations on improved relaying systems, if applicable.
2. Circuit Breakers:
a. Adjustable pickups and time delays (long time, short time, ground)
b. Adjustable time-current characteristic
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c. Adjustable instantaneous pickup

d. Recommendations on improved trip systems, if applicable.
Incident energy and flash protection boundary calculations

Arcing fault magnitude

Protective device clearing time

Duration of arc

Arc flash boundary

Working distance

Incident energy

Hazard Risk Category*

Recommendations for arc flash energy reduction

*Applicable only when using the arc flash PPE category method.
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PART 3 EXECUTION

3.1 FIELD ADJUSTMENT

A. Adjust relay and protective device settings according to the recommended
settings table provided by the coordin#ield adjustments to be completed by
engineering service division of the equipment manufacturer under the
Acceptance Testina contract

B. Make minor modifications to equipment as required to accomplish
conformance with short circuit and protective device coordination studies.

C. Notify Owner in writing of any required major equipment modifications.

3.2 ARC FLASH WARNING LABELS

A. The contractor of the Arc Flash Risk Assessment shall provide a 3.5 in. x 5 in.
thermal transfer type label of high adhesion polyester for each work location
analyzed.

B. All labels will be based on recommended overcurrent device settings and will be
provided after the results of the analysis have been presented to the owner and
after any system changes, upgrades or modifications have been incorporated in
the system.

C. The label shall include the following information, at a minimum:
Location designation
Nominal voltage
Flash protection boundary
Hazard risk category*
5. Incident energy
Section 32 32-113 January 2023
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6. Working distance
7. Engineering report number, revision number and issue date.
*Applicable only when using the arc flash PPE category method.
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D. Labels shall be machine printed, with no field markings.

E. Arc flash labels shall be provided in the following manner and all labels shall be
based on recommended overcurrent device settings.

1. For each 600, 480 and applicable 208 volt panelboard, one arc flash label
shall be provided.

For each motor control center, one arc flash label shall be provided.
For each low voltage switchboard, one arc flash label shall be provided.
For each switchgear, one flash label shall be provided.

For medium voltage switches one arc flash label shall be provided

o~ 0D

F. Labels shall be field installed by the engineering service division of the
eauioment manufacturer under the Startup and Acceptance Testina

3.3 ARC FLASH TRAINING

A. The contractor of the Arc Flash Risk Assessment shall train the owner’s
qualified electrical personnel of the potential arc flash risks associated
with workina on eneraized eauinment (minimum of 4 hours).

3.4 ARC FLASH COORDINATION MEETING

A. Conduct an ARC Flash meeting with HRSD Electrical Personnel after equipment selection to
discuss reporting format, guidelines, expectations, and defining responsibilities. This includes consultants,
equipment manufacturers, and electrical contractors, etc.
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ExhibitB

Click here to return to Diesel Generator Tests (PSs)

North and South Shore Pump Stations
Load Bank Connection’s
5560 C/S FY12 Rev 04

PART | - GENERAL
1.01 Scope of Work — Rolling Hills and Colonial Williamsburg Pump Stations

The work to be performed under this Section shall include furnishing all labor, materials,
tools and equipment necessary to install and test all load bank connections.

A Work includes providing labor and materials to build and install a Deep Hinged
Window Kit with locking wing knobs and an aluminum inner plate for mounting
the necessary panel receptacles.

The Deep Hinged Window Kit shall be sized and configured to insure proper safe
distances between all energized components to grounding surfaces with the
hinged cover closed and locked while the panel receptacles are energized.

+ Special Notation
o The amount of panel receptacles and Deep Hinged Window Kit shall
be sized to meet the minimum of 100% rating of the generator load
with additional room to add 50% more panel receptacles.

B. Work includes installing properly sized aluminum plate and Deep Hinged Window
Kit to meet 150% of the capacity of the generator.

C. Work includes providing and installing all necessary lugs in transfer switch to
accept cable for panel receptacles.

+ Special Notation
o Lugs shall be sized to accept conductors being used for panel
receptacles and conductors from generator.

D. Work includes making all necessary terminations in a workmanship like manor.

E. Work includes removing a portion of the steel side door of the transfer switch and
mounting an aluminum plate of adequate size to cover area removed and to
accept panel receptacles to meet 150% of the capacity of the generator.

F. Work includes mounting Aluminum Plate, Panel Receptacles, and Deep Hinged
Window Kit with machine screws and nuts of adequate size.

G. Work includes coordination with HRSD to perform an operational test to validate
product quality and installation.

H. Work must be performed onsite between hours of 7am-3pm Mon-Fri. The time
schedule may be altered if approved by owner.

Load Bank Rec. 1
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1.02  Scope of Work — Rodman, Quail, and Suffolk Pump Stations

The work to be performed under this Section shall include furnishing all labor, materials,
tools and equipment necessary to install and test all load bank connections.

A Work includes providing labor and materials to install conduit, wire, and deep
hinged NEMA 4X junction box with an aluminum dead front panel for mounting
the necessary panel receptacles.

The junction box shall be sized and configured to insure proper safe distances
between all energized components to grounding surfaces with the hinged cover
closed and locked while the panel receptacles are energized.

s  Special Notation
o The amount of panel receptacles and junction box shall be sized to
meet the minimum of 100% rating of the generator load with
additional room to add 50% more panel receptacles.

B. Work includes installing properly sized aluminum plate and junction box to meet
150% of the capacity of the generator.

C. Work includes providing and installing all necessary lugs in transfer switch to
accept cable for panel receptacles.

+ Special Notation
o Lugs shall be sized to accept conductors being used for panel
receptacles and conductors from generator.

D. Work includes making all necessary terminations in a workmanship like manor.

E Work includes installing properly sized conduit and fittings necessary from the
existing transfer switch to the receptacle junction box.

F. Work includes mounting aluminum dead front plate and Panel Receptacles in
junction box.
G. Work includes coordination with HRSD to perform an operational test to validate

product quality and installation.

H. Work must be performed onsite between hours of 7am-3pm Moen-Fri. The time
schedule may be altered if approved by owner.

Load Bank Rec. 2
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1.03

Submittals

B. The contractor shall submit a minimum of four copies of all submittals in a three
ring binder. Any CAD drawings or other relevant information must be submitted
in electronic format on a CD (Compact Disc). The Owner will review and
approve before any material is purchased or any work has commenced. The
submittals shall be delivered or mailed to the North Shore Electrical Shop, 2391
G Avenue Newport News, VA 23602 Attn: Dean Lowery or the South Shore
Electrical Shop,1424 Air rail Ave, VA Beach VA 23455 Attn: Donnie Ward.

C. The following submittals will be provided:
a. Manufacture Product Specification's of cables, connectors, enclosure,

and associated hardware.

Part 2 Products

2.0 Panel Receptacles shall be Leviton 18 series female panel receptacle, Cam type 400
amp 800v 1/0 — 4/0 AWG. (18R24-(B,O,Y,G))
A Panel Receptacles shall be Leviton® 18series female receptacle Cam type
400amp 800v, 1/0 — 4/0 AWG (part No.18R24).
B. Panel Receptacles shall be colored to match corresponding phase and
grounding conductor {(grounded conductor Not Applicable )
ie. 480V or 240V
A phase — Brown/Black
B phase — Orange/Red
C phase — Yellow/Blue
Ground - Green
Neutral — NA
2.02  Deep Hinged Window Kit with locking wing knobs (Rolling Hills, Colonial Williamsburg)
A Deep Hinged Window Kit with locking wing knobs may be Hoffman® (i.e. CAT
No. AWDH2420N4) or equivalent quality.
B. Window Kit shall be capable of being locked.
C. Shall be mounted with machine screws and nuts.
2.03  Deep Junction Box with Aluminum dead front panel (Rodman, Quail,
Suffolk)
A. Shall be lockable, hinged, and NEMA 4X
B. Shall have an aluminum dead front panel
204  Lugs
A Shall be that of a manufacture with conductor size and temperature rating
stamped into side of lug.
B. Shall be capable of accepting the correct number of conductors coming from the
generator and panel receptacles (a minimum of 100% rating of the generator).
205  Aluminum Plate
A Shall be a minimum of 1/4" thick.
B. Shall be adeguate size to accept the panel receptacles capable of 150% of the
generator rating.
C. Shall be mounted with machine screws and nuts.
2068  Conductor
A Shall be that of DLO type (Diesel Locomative Cable)
B. Shall be a minimum of 4/0 and 600v rated.
C. Shall be supported so as not to cause stress on the insulation of the conductor or
the lugs where being terminated.
D. Stranded, Copper
207  Conduit and Fittings
Load Bank Rec. 3
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A
B.
C.

Part 3 Execution

Shall be sized appropriately for cenductors.
Conduit shall be galvanized ridged steel.
Conduit fittings shall be malleable iron,

3.01 General and Schedule of work

A

A schedule of work shall be prepared by the Contractor and submitted to the
Owner within 10 days of the project award. The project must be completed

and invoiced by Friday June 15", 2012 to receive payment.

This project is located on the North Shore as well as the Scuth Shore at total of five
separate HRSD owned waste water pumping stations.
e The North Shore Stations are;
1. Rolling Hills — 402 Rolling Hills Dr. Williamsburg VA 23185
2. Colonial Williamsburg — 1000 RT. 132 Williamsburg VA
23185
= The South Shore Stations are:
1. Rodman —2412 Rodman Ave., Portsmouth VA 23707
2. Suffolk — 1136 Sanders Dr., Suffolk VA 23434
3. Quail PRS - 822 Quail Ave. Chesapeake VA 23324
The installation of the aluminum plate with the appropriate amount of panel
receptacles and Deep Hinged Window Kit with locking wing knobs shall be
determined at each location.
The location of where the junction boxes, panel receptacles, aluminum plate and
Deep Hinged Window Kit with locking wing knobs will be determined at each location
depending on equipment layout.
=  Special Notation
= The preferred location will be as low to the finished floor as possible
and towards the hinged side of the door or on a side of the transfer
switch.
o Where junction boxes are installed the preferred location is top of
box at 6 feet from finished grade outside.

The successful contractor shall perform work in a safe and workmanship manner and
adhere to all applicable codes.

The contractor must attend safety crientation training prior to starting construction,
which will be facilitated by HRSD Safety Department. Call Jennifer See at (757) 460
- 7060 to schedule an appointment.

The successful contractor shall contact HRSD personnel when entering and exiting
into the pump station. On North Shore call (757) 833-1720 and (757) 460-7072 on
the South Shore. HRSD access Badges and keys will be issued by HRSD. The
contractor must make a log entry in the stations log book upon arrival and departure
of the station.

The contractor shall coordinate all shutdowns with the contact personnel. Certain
weather events may dictate rescheduling a shutdown at the last minute and is up to
the discretion of the owner.

This work will require qualified personnel to work in proximity of energized parts; a
energized work permit is required to perform work “hot”,

Part 4 HRSD Contacts

4.01 Contact personnel
A. North Shore Electrical Supervisor

Load Bank Rec.
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Dean Lowery — 757-274-4947 cell 757-833-1702 desk

B. South Shore Electrical Supervisor
Donnie Ward — 757-376-2721 cell 757460-7348 desk

C. Electrical Superintendent
John Haymore — 757-376-3376 cell 757-460-7033 desk

D. Electrical Manager
Sherman Pressey — 757-274-8753cell 757-833-1715 desk
Other
sheetings (pre-bid, pre-construction, and other coordination meetings).

sCost estimate breakdown (includes labor, material, and other associated cost).

Attachments

A — Hoffman Window Kits
B — Leviton Connectors
C — Photos

Load Bank Reg.
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Alternative Load Bank Box Solution
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Return to L oad Bank Text Boxes
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SPECIFICATIONS FOR 3-WAY MANUAL TRANSFER SWITCH
WITH (2) BREAKER INTERLOCK

PART 1 — GENERAL REQUIREMENTS

1.01 Scope:

& Contractor shall furnish, deliver, jnsiall and test the 3-way manual fransfer swiiches as
specifisd herein and in accordance with the drawings.

1.02 Quality Assurance:

& 3-way manual transfer assembly switch shall be UL listed and labeled under the UL
1008 standard.

8. 3-way manual transfer switch shall be special seismic cerified by DEHPD exclushnehy
o0 fbe kasis of approved shake table testing, and also certified to 182 2015, Minimum
IBC 2015 design pararmeters shall be as follows: |p = 1.5, Sce=2.0g, zth= 1.0

. 3-way manual transfer switch manufacturer shall provide 3 complete factony
assembled, wired and tested 3-way manual transfer switch.

0. 3-way manual transfer switch shall be factory Hi-pot tested for a period of not less than
80 seconds.

E. 3-way manual transfer switch installation shall mest all applicable MEC standards.
1. 2017 MEC 7003 (F) compliant when used in conjunction with an ATS and
sppropriste auxiliary equipment.

1.03 Submittals:

& Contractor shall submit manufacturer’s drawings and data of 3-way manusal ransfer
switches for Engineer's approval prior to start of fabncation. Orawings and data shall
inczlude, a= a minimum, dimensioned general arrangement drawings and wiring
dizgrams, UL listing infarmation including UL fitz or control number, shart circuit rating
or withstand rating, cormponent data, mounting provisions, conduit entry locations and
installation instructions.

8. Upon installation of 3-way manusal transfer switches Contracior shall submit
manufacturer's Qperating & Maintenance Manual which shall incluede 35 3 minimumn:
1. Certified as-buili General Arrangement drawings and Wiring Diagram.
2. Materals / Cormponent List including part numbers.
3. Maintznance and service requiremsnts.
4. Cerlificats of Compliance and hi-pot test data.
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1.04 Warranty:

& 3-way manual transfer switches shall be coversd by manufacturer's warraniy for a

rminirnurn period of (1} one year after shipment from manufaciurer.

SECTION 2 - PRODUCTS

201 General:

&, Al eguipment shall be new.

8. 3J-way manual transfer switch manufaciurer must have produced and sold UL 1008
List=d manual transfer switches as 3 standard product for minimumm of (3] years.

. 3-way manual transfer switches shall be molded cass circuit breaker type; knifz switch
or fused switches are not acceptable.

0. Contractor shall be responsible for the eguipment until it has been installed and i=
finally inspected. tested and scoepied in accordance with the requirements of this
Specification.

E. 3- way manusal transfer switches shall be TrpleSwitch a= manufactured by ESL Power

Systems, Inc. or =gual a= approved by the Enginesr.

202 3-way Manual Transfer Switches:

A

B.
3-way manual transfer switch enclosure shall be Type 3R, constructed of continuous
seam-welded, powder coated galvanneal steel. The main access shall be through an
interlocked, hinged door that extends the full height of the enclosure. Access for both
portablze generator cables with fermale cam-siyle plugs and for load bank cables with male
cam-style plugs shall be vis 3 drawm flange cable entry openings in the bottom of
enclosure. A& hingsd flap door shall be provided to cover the cable opsnings when cables
are not connected; the hinged flap door shall allows cable entry only after the main access
door has been opened. Enclosure shall be powder costed after fabrication; color shall be
wrinkle gray RalL 7035,

I3y manual transfer switch shall consist of (2) mechanicalb-intarlocked molded case
circuit breakers, and (1) independent load bank breaksr with 3 shunt frig (shunt frip
voltage to be per the drawings), male cam-styls inlet connectors, female cam-style
outlet connectors, power distribution blocks and grounding terminals, all housed within
a padlzckablz enclosure.

WaLL-MOUNT ENCLOSURES

PAD-MOUNT EMCLOEURES
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D.

F.

3A-way manual transfer switch enclosurs shall be Type 3R, construcied of continuous
searm-welded, powder costed galvanneal stesl. The main access shall be through a
hinged door that extends the full height of the enclosure. Access for both portable
generator cablzs with female cam-style plugs and for load bank cables with male cam-
style plugs shall b= wia a hinged lower flap door. Hinged flap door shall be provided to
cover the cable openings when cables are not connectzd; the hinged flap door shall
allows cable entry only after the main access door has been opensd. Enclosure shall
be powder coated after fabrication; color shall be wrinkle gray RAL 7035,

Cam-style male connectors (inlets) and cam-style fermnale connectors (outleds) shall be
UL Lizted single-pole separable type and rated 400 amps st BO0VAC. All cam-style
connectors shall be color coded. Cam-style conneciors shall be provided for each
phase and for pround _snd =hall slzo be provided for neutral. Each of the phase cam-
style connectors and the neutral cam-style connectors within the enclosure shall be
factary-wired to 3 rolded case circuit breaker. The ground cam-style male connectors
shall be bondad to the enclosurs, and a ground lug shall be pravided for connection of
the facility ground conductar. Mone of the cam-style connectors shall be aceessible
uniess 3l {3) malded case circuit breakers are in the "OFF” position and the main
access door is open.

A power distribution block shall be provided for load-side fisld wiring. The power
distribution block shall be factory wired to the molded case circuit breakers.

Molded zase circuit breakers shall be UL Listed 3-pals and the short circuit intermupt
rating shall be 2 minimum of 33kAIC a1 450VAC (wall mount units) or S0LAIC at
4300ALC (pad mount units). Trp rating of the molded case circwit breakers shall be a5
shown on the drawings. One molded case circuit breaker shall control the connection
between the permanant generator and the sutomatic transfer switch. & second circuit
bresker shall control the connection between the permanant gensrator 3nd the load
bank famale cam-style connectars. A third circuit breaker shall control the connection
between the portable generator (via male cam-style connectors) and the automatic
transfar switch. All {3) molded case circuit breakers shall include UL Listed door-
rmounted operating mechanisms, preventing the apening of the main access door
uniess 3l {3) breakers are in the "OFF" pasition. All (3] molded case circuit breskers
shall be mounted behind a deadfront panel. The load-side of the molded case circuit
breakers shall not be epsrpizable unless the main access door is closed and ane of the
rmolded case circuit breakers is in the "0ON® position. The (2] molded case circuit
brezskers controlling the connections betwesn the permanent gensrater and the
automatic transfer switch, and the connection between the portable gensrator and
autarnatic transfer switch shall be safety interlocked by mechanical means to ensurs
that anly one of these breakers can be closed at any given time.

An auxziliary contsc shall b2 providad in the circuit breaker controlling the connection
from the Permansnt Gensrator fo the ATS and =hall be factory wired to ferminal blocks
within the enclasure. The auxiliary contact is provided in compliancs with MEC 2017
7003 (F)(5) which requires 3 means to activate an snnunciator circuit
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SECTION 3 - EXECUTION

3.

3.02

Installation:

A Pror fo installstion of 2-way manual transfer switches, Contractor shall examine the

areas and conditions under which the 3-way manusal transfer switch is to be insialled
and nofify the Enginesr in writing if unsatisfactory conditions exist.

3-way manual transfer switch shall be installed a5 shown on the drawings and per the
manufacturer's written instructions. In addition, the installstion shall meet the
requirernents of local codes, the Mational Elecirical Code and Mational Elecirical
Contractars Association's “Standard of Installation”.

Conduit entry inio the 3-way manual transfer switch shall be by Contractor; Contractor
shall furnish and install listed watsrtight conduit hubs, as manufaciured by MYERS or
TE&B, for each conduit entry on the 3-way manual transfer switch. The incoming hub
size shall match the conduit size for feeders and ground as shown on the dravings.
The outgoing huk size shall match the conduit size for loads and ground as shown on
the drawings. Hubs shall be properly installed and tightensd to maintzin Type 3R
integrity of the 3-way manual transfer switch enclosurs.

Contractar shall terminate feeder conductors, load conductors and ground per the
rmanufacturar's instructions. All fizld wiring terminations shall b= torqued a5 required
per the instructions an the 3-way rmanual fransfer switch's powser distribution blocks,
circuit breakers & ground lugs.

Field Testing:

A, Priorfo energizing 3-way manuwal transfer switch, the Contractor shall perform the

following checks and fests a5 a minirmum:
1. Werfy mounting and connections are complete and sscure.
2. Werfy internal components and wining sre secure.
3. Perform contfinuity check of all circuits.
4 Performn 1,000 WDC megger test on feeder and load cables. Prior to
testing. 3l auxiliary circuts must be turned OFF and 3l fuses, microswitches
and shunt trip circuits must be disconnected. 11 is required 1o taks out the
rating plug of any electronic trip circuit breakers while performing a mepgger
[insulation) test.
5. Werfy deadfront is secure.
g, With the 3-wsy manual transfer switch deadfront in place and the main acoess
door clossd and properly latched, actuste all (3) Operstor Mechanisms: vernfy:
A, With the bresker controlling the connection between the permanent
generator and the automatic transfer switch (ATS) in the "ON" positan,
the breaker controlling the connsclion befwsen perrnanent
gensrator and the load bank can be urmsd fo the "0ON" and "OEE"
pasition and the breaker contralling the connection betwesn the
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g}

portakle generator and the sutomatic fransfer switch cannot be fumed
N

Y¥ith the breaker controlling the connection between the permanent
generator and the automatic fransfer switch (ATS) in the "OFF"
pasition, the other (2) breakers confroling the connection betwesn the
permanent generator and load bank can b2 turmed "ON° or "OFF”, and
the breaker controlling the connection befween the portable generator
and the automsatic transfer switch can be turned "ON" and "0OFF"

¥ith the breaker controlling the connection between the portable
generator and the automatic fransfer switch [ATS) in the "OKN

pasition, the breaker controlling the connection between the permanent
generator and the automatic fransfer switch [ATS) cannot be turned
“ON" and the breaker controlling the connection between the permansnt
generator and load bank can be turned “ON" and "OFF".

7. Confirm operation of the 3-way manual fransfer swiich ground receptacls by
sttaching a plug to the 3-way manual fransfer switch ground receptacle and
then werify that the plug is grounded fo the facility ground.

8. Once normal power has been applied, confirm operation of 3-way manual
transfer switch by following directions on main access door.

End of Section
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Click here to return to Variable Frequency Drives (PSs)
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Click here to return to VFH (AUX) (PSs)
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ExhibitD

Click here to return to Lighting (PSs)

Click here to return to Lighting (TPs)

HRSD Lighting Guidelines Rev. 092718

The purpose of these guidelines is to provide direction for sustainable lighting solutions to meet the
needs of facilities and help accomplish the Mission and Vision of HRSD.

Sustainable lighting meets the qualitative needs of the visual environment with the least impact on
the physical environment.

e Sustainable lighting elements
0 Optimize use of daylight
Minimize use of energy
Reduce light pollution and light trespass
Minimize embodied environmental effects
Specify environmentally preferable materials and equipment
Ensure system quality, flexibility, adaptability, maintainability
and durability
0 Provide staff orientation and training

OO0 OO0 O

I.  Qualitative needs

0 Support work
= Productivity, safety, security
0 Regulatory
= Minimum required light levels maintained

0 Human Centric
= The psychological wellbeing, interest, and enthusiasm of people.

Il.  Optimize use of daylight
o Daylight can provide potential benefits in terms of health, performance, or general
well being

0 Minimize electric lighting, turn off (or down) in response to daylight
= Simple solution: Photo-sensor, controller, step-dimming ballast (bi-level op-

tion) for fixture retrofit
= Optional feature for occupancy/vacancy sensors- Built in photo-sensor- In-
hibits room lights from turning on when there is sufficient daylight present
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1. Minimize use of energy
0 Integrated design
= Optimize integration with daylighting
0 Appropriate, high quality design
= Appropriate light levels, noticeable improvement

o Effective controls
= To reduce kWh by turning off lighting
e Switching controls
= To reduce kW by turning down lighting
e Dimming controls

IV.  Reduce light pollution and light trespass
o Light pollution is:
= Unnecessary, unwanted or wasted light
= Light that damages or degrades the nighttime luminous environment
= Light that negatively impacts humans, animals or plants
O Sustainability issue because:
= Affects use of energy & enjoyment of natural nighttime sky

o0 Light Trespass
= Obtrusive light that crosses a property line
= Difficult to quantify
e When, where & how much light is unwanted
0 Can be avoided by:
= Aiming lights down
= Choosing fixtures with hoods, visors, or shields
= Installing motion sensors to turn off lights when not needed
= Use lowest wattage lamp to do the job
= Lighting should not be overly bright in relation to the surrounding area.
= B.U.G. rating of fixture, Back, Up, Glare.

V.  Minimize embodied environmental effects

0 Total energy required to produce a product, service or material including all life cy-
cle phases from raw extraction to end of life

= Includes manufacturing, packaging, transportation, installation, recycling

0 Buy American (locally)
= Minimize transportation

0 Retrofit vs. Re-lighting (w/new fixtures)
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= Retrofit uses less material (often w/ lamps & ballasts or LED retrofit Kits
only)

VI.  Specify environmentally preferable materials and equipment
o0 Lighting equipment manufacturers demonstrating their commitment to
environmental responsibility with improvements to manufacturing.
0 RoHS COMPLIANCE
= Reduction of Hazardous Substances Directive

= Aims to restrict certain dangerous substances commonly used in electronic
equipment

VII.  Ensure system quality, flexibility, adaptability, maintainability and durability
o0 Quality
= Lighting that positively addresses human needs, architecture, economics,
energy and the environment.
0 Flexibility
= To extend useful life of facility & better serve user’s changing needs
e Ex: Flexible lighting controls, such as wireless
e Ex: Flexible wiring systems
0 Adaptability
= Should anticipate change to allow system reconfiguration and reuse in future
remodeling
e LED’simproving Lumens Per Watt at 20% a year
e Ex: Lighting controls — reprogram for new space uses
e Ex: Lighting controls — wireless
0 Maintainability & Durability

= Lighting systems that perform the longest with the least maintenance effort
have best economic and environmental value

e SSL equipment & LED bulbs — lowest life-cycle cost
e Long-life lamps have great value

e Ex: Standardizing and minimizing the number of different lamp types
reduces inventory and maintenance labor

VIIl.  Provide staff orientation and training
0 Ensures operation and maintenance

IX.  Lighting Metrics

o0 Provides a means to make comparisons between various lighting sources
= Lumens-Total amount of light emitted by a source in all directions
= Lumens Per Watt-Measure of light source energy efficiency
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= CRI- Color Rendering Index is the measurement of how colors look under a
light source when compared with sunlight. The index is measured from 0-
100, with a perfect 100 indicating that colors under the light source appear
the same as they would under natural sunlight.

= CCT- Correlated Color Temperature, measured in degrees Kelvin, refers to
the amount of orange vs blue hue to the white light. "Warm” Light has a
more orange hue vs. "Cool" light, which has a more bluish tint to it.

= Foot Candles- Measurement of total quantity of light falling on a square foot
of a surface. This measurement is useful because working conditions are of-
ten specified in foot candles.

X.  Warranties
o Unfortunately, there are still a number of unproven products and manufacturers
out there that are causing challenges for both consumers and the industry.
0 Half of new businesses last less than 5 years.

XI. Reference Resources

0 Department Of Energy (DOE)
= Caliper Reports
0 DesignLights Consortium (DLC)
The DesignLights Consortium® (DLC) is a non-profit organization dedicated to ac-

celebrating the widespread adoption of high-performing commercial lighting
solutions. The DLC promotes high-quality, energy-efficient lighting products in
collabo- ration with utilities and energy efficiency program members, manufacturers,
lighting designers, and federal, state, and local entities. Through these partnerships,
the DLC establishes product quality specifications, facilitates thought leadership, and
provides information, education, tools and technical expertise.

o Illuminating Engineering Society (IES)
0 Occupational Safety and Health Administration (OSHA)
0 International Dark Sky Association (IDA)
IDA is non-profit, tax-exempt, membership-based organization to help preserve &

restore dark skies while maximizing the quality and efficiency of nighttime outdoor
lighting.
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XLIV. A Practical Guide for Choosing the Appropriate LED Lighting
There’s More to It Than Just Lumens Per Watt

General

e Deplete existing parts inventory

e Plan for future network connectivity

e Use motion activating controls with overrides

e Color Rendering (CRI) Index of 80 or greater

e Correlated Color Temperature (CCT) 3500-4000K, Exterior

e Correlated Color Temperature (CCT) 4000K and above, Interior
e Consider glare use diffuser and or indirect fixture

e Consider vertical and up-light levels of illumination

e Consider light trespass and pollution, Exterior

e Ask for photo metrics of fixtures

Recommendations

e LED replacement tubes and cob lamps (plug and play) are not recommended due to safety
and efficiency concerns.

e New fixtures designed around the LED light source are recommended.

e LED fixture retrofits are an option if more feasible than new fixture.

e Buy a few or ask vendor to supply fixtures for a temporary trial

e Use a light meter and record foot-candle readings horizontal and vertical before and after
changes

Difficult Access Areas

— Replace with LED fixture

Outside / Exterior Lighting
* High Mast Lighting
— No new installations, Install LED Street lighting
— Replace with LED fixture

— Consider light trespass and pollution
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» Street Lighting/Building Exterior

LED replacement cob lamps not recommended due to safety and efficiency concerns

Low and High Pressure Sodium- replace with LED

Metal Halide- replace with LED

Incandescent/Halogen- replace with LED

Consider light trespass and pollution

Fluorescent Lighting

» LED replacement tubes not recommended due to safety and efficiency concerns
» Existing T-12, Fixtures 8’0

— Retrofit with LED kit or replace with new LED fixture preferred

— Consider vertical levels of illumination

— Consider glare, use indirect or diffuser
» Existing T-12, Fixtures 4’0

— Retrofit with LED kit or replace with new LED fixture preferred

— Consider vertical levels of illumination

— Consider glare, use indirect or diffuser

Hazardous (Classified) Areas, PTF. Wet Well. Digester etc.

e Replace with LED fixture rated for specific conditions, Class and Division
— Correlated Color Temperature (CCT) 4000K and above
— Color Rendering (CRI) Index of 90 or greater
— Consider vertical and uplight levels of illumination

— Consider glare, use diffuser
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Click here to return to Motor Specs (PSs)

Click here to return to Motor Specs (TPs)

ExhibitE

HRSD ELECTRICMOTORSPECIFICATIONS

The following specifications shall be used for the purchase of new motors,

A. The motor shall meet or exceed the efficiency levels from NEMA MG1 Table 12-11 which
comply with levels set by The Energy Policy Act and Conservation Act (EPCA), as
amended by the Emergency and Security Act of 2007 (EISA). See NEMA MG1 Table 12-
11.

B. The motor efficiency shall be determined using the test standards found in IEEE Standard
112-2004, Standard Test Procedure for Polyphase Induction Motors and Generators, or by
other internationally accepted methods.

C. The motor shall be properly sized for the given load.

D. The motor shall be Totally-Enclosed, Fan-Cooled (TEFC), unless noted. Open Drip Proof
(ODP) is acceptable in cases where TEFC is not available.

E. The motor shall have a minimum service factor of 1.15.
F. The motor shall have a minimum insulation class of F,
G. Motors used with variable frequency drives shall be examined for inverter duty motor
applicability.
I, The following parameters shall be specified for the motor:
L. Motor horsepower
2. Voltage
3. Full load amps
4. Speed
o Frequency
6. Phase
7. Shaft size
8. Environmental conditions (ambient operating temperature range, humidity level,
etc.)
9. Starting torque (loaded or unloaded)
10. Classification of hazard (explosion proof, non-explosion proof, etc.)
11. Special equipment requirements (thermal protection, space heaters for outside, wet
or high humidity area, standard or nonstandard conduit boxes, etc.)
12. Maximum number of starts per day/per hour
13. High temperature grease (for special cases, if required)
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Where a Contractor is required to coat a motor, the motor shall be coated with an industrial
enamel at a thickness of 5 mil D.F.T. The coating color shall be gray, U.S. Government
Federal Register 595 Paint Color Number 16473.
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Click here to return to Level Sensing Systems (PSs)
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ExhibitG

Click here to return to Alarm Systems (PSs)

Temporary Portable Pump Alarms and Setup Standards

When a project requires a temporary portable pump to be alarmed, the following guidelines need to be
followed.

When work is performed at station: If power is available, all alarms are to be routed through existing
HRSD’s SCADA system. Portable pump manufacture call box is not acceptable unless otherwise
approved for site specific situations. If power is not available then, HRSD solar SCADA panel will be
provided. A portable generator may be required depending on site specific situations.

When work is performed at a manhole: If power is available, all alarms are to be routed through
existing HRSD’s SCADA system. Portable pump manufacture call box is not acceptable unless
otherwise ap- proved for site specific situations. If power is not available then, HRSD solar Scada panel
will be pro- vided. A portable generator may be required depending on site specific situations. Naming
of the alarms from a manhole should indicate the location of the manhole (i.e., Pearl and Ligon)

The name of the site is to be used followed by temporary lead, lag or second lag, depending on the number
of pumps. (Example: Arctic Temporary Lead, Arctic Temporary Lag and Arctic Second Lag.)

Both contractor and HRSD will be alerted in the event of a pump alarm. The contractor is responsible to
be primary responder with the support of HRSD staff.

All pump maintenance and fuel requirement are the contractor’s responsibility.

Pump maintenance records are to be provided monthly through the duration of the project by contractor,
depending on length of project.

Battery chargers are required with all pumps. In situations where power is not available a portable
generator may be required.

All discharge piping is to be pressure rated flanged or fused pipe. Isolations valves are required at each
pump along with an additional external swing check valve. A means to bleed air off the discharge piping
is required.

Float balls, level transducers and pressure transducers are acceptable. In a Lift station or manhole
application, level transducers are used. If float balls are used for control, a two float setup is required per
pump. All floats are to be secured in manhole or wet well so as not to become tangled, hindering pump
operation. In a temporary PRS setup, owner furnished sensor valve will be provided to allow contractor to
connect pressure transducers for control. An isolation valve is required to be furnished by contractor at
this location.

If work is to be performed during cold weather, the contractor is responsible for providing freeze
protection on pumps and controls, specifically transducers.

Depending on location and duration of job, concrete protective barrier wall may be required.
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e All manholes and wet wells where temporary pumps are being used must be secured to prevent
trip hazards, fall risks and odor issues.

The following standard alarms are required. Site specific alarms will be evaluated on a as need
basis.

L Two Pump Lift station Or Manhole (Diesel Pumps)

Lead Fail / Normal

Lag On / off

High well Alarm / Normal (HRSD furnished float ball if station alarms cannot be
used)

Overflow Alarm / Normal (Determined necessary according to length of Job.
HRSD furnished float ball if station alarms cannot be used.)

1L Three Pump Lift station Or Manhole (Diesel Pumps)

Lead Fail / Normal

Lag

On / off

Second La

On/ Off

High well Alarm / Normal (HRSD furnished float ball if station alarms cannot be
used)

Overflow Alarm / Normal (Determined necessary according to length of Job.
HRSD furnished float ball if station alarms cannot be used.)

HI.  Two Pump Lift Station or Manhole (Diesel Pumps) New Prime Guard Controller

Lead Fail / Normal

Lag On/ off and Fail / Normal

High well Alarm / Normal (HRSD furnished float ball if station alarms cannot be
used)

Overflow Alarm / Normal (Determined necessary according to length of Job.
Section 32 32-157 January 2023



HRSD furnished float ball if station alarms cannot be used.)

JAVA Two Pump Lif ion or Manhol ne electric one diesel pump) New Prim r
Controller

Dominion Power O n / OFF

Lead Fail / Normal (Electric)

Lag On / off and Fail / Normal

High well Alarm / Normal (HRSD furnished float ball if station alarms cannot be
used)

Overflow Alarm / Normal (Determined necessary according to length of Job.
HRSD furnished float ball if station alarms cannot be used.)

(For HRSD monitoring purposes only, provide well level.)

V. Three Pump Lift Station or Manhole (One electric two diesel pump) New Prime Guard
Controller

Dominion Power O n / OFF

Lead Fail / Normal (Electric)
Lag On/ off and Fail /
Normal Second Lag On/ off and
Fail / Normal

High well Alarm / Normal (HRSD furnished float ball if station alarms cannot be
used)

Overflow Alarm / Normal (Determined necessary according to length of Job.
HRSD furnished float ball if station alarms cannot be used.)

(For HRSD monitoring purposes only, provide well level.)
VI. Two Pump PRS (Diesel Pumps) New Prime Guard Controller
Lead Fail / Normal

Lag On/ off and Fail / Normal
(For HRSD monitoring purposes only, provide Suction and Discharge pressures.)

Il. Three Pump PRS (Diesel Pumps) New Prime Guard Controller

Lead Fail / Normal
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Lag

On/ off and Fail /

Normal Second Lag On/ off and

Fail / Normal

(For HRSD monitoring purposes only, provide Suction and Discharge pressures.)

VIill. Two Pump PRS (One electric one diesel pump) New Prime Guard Controller

Dominion Power O n / OFF

Lead

Lag

Fail / Normal (Electric)

On / off and Fail / Normal

(For HRSD monitoring purposes only, provide Suction and Discharge pressures.)

1X.  Three Pump PRS (One electric two diesel pump) New Prime Guard Controller

Dominion Power O n / OFF

Lead
Lag

Second Lag

Fail / Normal (Electric)

On/ off and Fail / Normal

On/ off and Fail / Normal

(For HRSD monitoring purposes only, provide Suction and Discharge pressures.)

LEAD PUMP LEAD PUMP
RUNNING/ NORMAL/
OFF FAIL

Alarm (OPEN) | Alarm (OPEN)

2nd LAG

nd
2" LAG PUMP

PUMP ON/

OFF FAIL

NORMAL/

Alarm (OPEN) | Alarm (OPEN)
"

o tEAD: o tEAD-

PUMP OFF PUNP FAIL

equired Contractor Supplied Byy

O tAG oMl tAG

ass wn?ﬁ“piggwwr;n”butputs for HRSD SCADA System interface

Pump Alarms Level Alarms Analogs
1* LAG PUMP
TLAGPUMP | & oL / FLOATBALL FLOATBALL FLOATBALL LEVEL
ON/OFF o HIGH LEVEL OVERFLOW LOW LEVEL TRANSMITTER
Alarm (OPEN) | Alarm (OPEN) Alarm (OPEN) Alarm (OPEN) Alarm (OPEN) 220 mA
on LAG on 1" LAG on on on I- | :“d
PUMP ON | PUMP FAIL HIGH LEVEL OVERFLOW LOW LEVEL solate
Output

A normally CLOSED contact state is required during normal operation.

Any OPEN contact will generate an Alarm Condition.
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Click here to return to SCADA Site Drawings

ExhibitH
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Click here to return to SWIFT
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B. UPOMN OWMER REVIEW AND APPROVAL THE MINUMUM CONTROL WIRE SIZE MAY BE
REDUCED TO ACCOMODATE EQUIPMENT WITH SMALL/CONGESTED TERMINATION SPACES. EXAMPLE:
METERING PUNMPS WITH 12-16 CONTROL CONDUCTORS.

2.3 VFD CABINET COMSTRUCTION

A, THE MOURNTING LOCATION OF COOLING FAM THERMOSTAT INSIDE THE CABINET SHALL BE
PARALLEL OR HIGHER THAM THE TOP OF THE ACTUAL VFD UNIT WHERE THE HEAT ORIGINATES.
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B. INSTRUMENT DRAIM LIMES ON FRONT OF INSTRUMENT LINEUP WITH AIR GAP TO ALLOW
WVISUAL FLOW CONFIRMATION.

3.3 GENERAL
C. METERING PUMPS ON TURBIDITY INSTRUMENTS.
D. SELF CLEANING DEVICES ON INFLUENT AND FLOC/SED TURBIDITY INSTRUMENTS.

E. HEAT TRACING AMD INSULATION OM ALL EXTERIOR SAMPLE AND DRAIN LINES INCLUDING
PRESSURE TRANSMITTERS AND SWITCHES.

DCs
4.1 INTERPOSING RELAY CABINET

A, PROVIDE A POWER MONITORING OUTPUT POINT TO DCS THAT WILL INDICATE POWER LOSS
TO ANY INTERPOSING RELAY CABIMET CONTROL CIRCUITS.

4.2 OPCON

AL AT LEAST ONE ADDITIONAL OPERATORS CONSOLE FOR DCS THAT 15 NOT LOCATED IM THE
MAIN CONTROL ROOM.

4.3 NETWORK

AL SPEC FIBER OPTIC CAPABLE CISCO NETWORK SWITCHES IN ALL VENDOR PROVIDED
EQUIPMENT THAT WILL COMNECTED THIRD PARTY TO THE DC5.

B. ENCOURAGE THE USE OF FIBER OPTIC CABLE IN LEIU OF TYPE TC CAT-6 CABLE.

C.IFCAT-6 TYPE TC IS5 USED IT MUST BE TERMINATED TO A PATCH PANEL AND MOT DIRECTLY
COMMECTED TO NETWORK EQUIPMENT. THIS IS5 TO PREVENT DAMAGE TO NETWORK JACKS FROM THE
RELATIVELY LARGE HEAWVY CABLE.

D. INVESTIGATE THE USE OF VENDOR METWORKS TO ALLOW THIRD PARTY COMMUNICATION
TO THE DC5. SUCH AS HACH INSTRUMENTS, YASKAWA VFD AMD CHEMICAL METERING PUMPS. THIS
WOULD ALLOW MORE DETAILED INFORMATION TO BE AVAILABLE TO THE DCS. IT WOULD ALSO ALLOW
ALL CONTROL WIRING TO REMOTE AREAS SUCH A5 RECHARGE WELL HOUSES TO BE FIBER OFTIC. THIS
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MEEDS TO BE FURTHER DISCUSSED WITHIMN HR5D TO DETERMINE IF WE WILL GET ALL NEEDED ALARMS
WE DESIRE FROM THE VFD CABINET. IE: POWER LOSS INDICATION

E. PROVIDE A HRSD CORPORATE NETWORK HARDWIRE CONMECTION OR WI-FI AT REMOTE
LOCATIONS 5UCH AS PUMP HOUSES TO ALLOW TROUBLSHOOTING WIA EDS, ETC.
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Click here to return to duct bank

Exhibit J

JI_ FINIZH GRADE

a
I| [} 28 . [| .
Tk o
DETECTABLE MARKING, ] 'g
WARNMING TAPE _\ o E =
a 74 g
[x 3 }‘ﬁl
#3 L-BARS @ 18" 2" 1z 5 a*
CENTER TIES, TYP —. -
a 4 ! 3

- 84 BARS TYPICAL
[SEE NOTE 4)

= CONDUIT 3PACERS

MY o concrete
ENGASEMENT

MOTES FOR DUCT BAMKS

1. COMNDUIT SPACING SHALL BE AS REQUIRED BY MEC, MIMIRLIM
CONCRETE THICKNESS BETWEEN CONDUITS SHALL BE 2 MIN,
CONCRETE THICKMESS BETWEEN POWER AND INSTRUMENTATION
CONDUITS SHALL BE T 112,

2. DUCT BAMKS SHALL BE REINFORCED AT ALL LOCATIOMNS, BOTH
HORIZONT AL AND VERTICAL INSTALLATIONS.

3. SEE SPECIFICATIONS FOR UNDERGROUND WARMING TAPE.

4, QUANTITY OF BARS EQLUALS THE QUANTITY OF COMDUITS PLUS
OME, PER FACE MIMIMUM,

6. CONCRETE SHALL BE RED-DYED,

TYPICAL REINFORCED CONCRETE ENCASED

DUCTBANK CONSTRUCTION
DETAIL /’T\
-1
L
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Click here to return to Dominion Energy PS
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Click here to return to SCADA
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Click here to return to Remote Switch Operator (RSO) Open/Close Breaker Station (PS)

Exhibit M
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Click here to return to Remote Switch Operator (RSO) Open/Close Breaker Station (TP)

Exhibit N
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Human Machine Interface (HMI) Panel for Open/Close Breaker Operation and Rack
In/Out Capability
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Click here to return to Flow Meters PS

) Exhibit O
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FLUXUS FT21 Technical spaciication

L T 3
Bl easurement PG e . .« . . . e e e e e e e e e e 3
Calculation of wolumetmic fom Fale . . L e e e e e e 3
Mumber of sound Pathis - . . . e e e e e e e 4
L= T =0 5
L= T =T 5
D T T B
2" pipe mountimg Kt . L e e e e e e B
Q=TT T Tt = 10
L= L= = 11
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TransdUcEr ONEE COOE . . L . L L L e e e e e e e e e e e e e e e e e 12
Technical data . . .. . . e e e e e e e e e 13
Transducer mounting fbune. . . e e e e 18
Coupling materials for transducers . . . . . e X2
L T T = = 23
JUne R O oo . . L e e e e e e e e e e 25
L= T = T 25
DI IE OIS . .« . L L L L et e e e e e e e e e e e e e e e e e e e e e 26
2" pipe mounting Kt . L L e e e e e e 28
Clamp-on temperature probe (optiomal). . . ... e 27
L= T = T 7
L= 2 28
B e e 28
Inline temperature probe (optional) . . . .. e 28
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Click here to return to Limitorque (PS)

Xl  ExhibitP
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Global certifications

Man-hazamrdous fweatherproof / submersion) certifications IEC 528 protection cods IPSS; 15 metera for 36 hours USA; NEMA S, 4,

MEMA 4¥, NEMAE

Geographic Locations WeatherproofSubmersion Standard Temperature
|EC 629 Protection Code IPES 150 for 98 houre -30°C to BEC (-22°F to 149°F)
UZA & Corada, MEMA 3, 4, B 20 ft for 24 hours 307G to TORC (- 22°F to 156°F)

LISA & Canada, MEMA 4X

15800 hrz. to ASTM BT

-30°C to TORC -22°F to 156F)

Standard hazardous global certifications

* FM —Clasz |, Groups B, C E D, O 1 & Clesa ll, Groups E,
F&ETA

= ATEX EEed|IB T4 ATEX Il 2 3, CEMELEC Norm EM B0OTS-
(2008 and EN B0073-1:2004

= ATEX EEed I T4 ATEX || 2 &, CEMELEC Momm EMBOOTE-1 2004

= EEx d= I8 T4 ATEX | G, Increased Sefaty, CEMELEC Momn EM
BO0TS-7:2003

 ATEXEEedelICT4

= |[ECExd 12, T4, Gb, ¥ from -20°C to BIPC [-4°F to 1 40°F)

= |[ECEx ds IBAIC, T4, Gb, X from -20°C to 80°C {-4°F to 140°F

= |[ECExd IIB for IC) T4 -20°C |-4°F) < TAME < +80°C; IP&2 - Sizs
06, 10, 20, 40, B5, 140 or 150

= |[ECExd e 1B for i5) T4 -20°C [-4°F) < TAMB < +80°C; IP&3
- Bime 05, 10, 20, 40, B5, 140 or 150, Group IC design alse
awailable and requires special coretuction. Comect factony
Inmetno - seme e IECEx, sxcspt that -80°C [-TE7F) ia WA

European directives

All MXb actustor designs hawve bean tested to comply with
pertinent EUl Directives and shipped with the Declaration of
Cionformity listed in the Regulstory Section of VAIOMODO07 1.
The actustor is also tagged with the CE mark to demonstrats
compatibility with the following European Cirsctives:

All MKE sctustor designs hewve bsen tested to demanstrate
compatibility with the following European directives and as
marked with the CE labsl:

= 2006/42/BC — Machinery Directive
= iomation and seismic capabilty is n accordancs with
MILSTD-167, [EEE-344-1975 and [ECEE-2-6. Test parformed

in emch of three {3) exes, H1, horizontal - paralel to motor, H2,

horizantal — papendicuar to motor, ard "4, " varticsl

Section 32

Geographic Explosion-proof Standard

Locations Classifications Temperaturs
Class |, Groups B, G,
LS4 o Factory Mubu-| & D, Di. 1, T4 and | -30°C 1o 85°C [-22°F
al Fuy Ciasa I, GIOUPG E, F, 10 145F)
&G, 02 T4
ATEXI 25, Eed 1B T4, Eexd
CENBLECHorm |G T4, and Bax de lIE ,::'1%[2':
EN 50014 & 50016 | T4, B aallC T4
ExdIB T4; IPEd & Bx
— dllB for IC) T4; | -20°C bo BOR{-4°F to
PEE & Exd e I jar 140°F)
1K) T4

Mote: Options are avallebis to -B0°C |-T4°F) for TR-CU (Pussk).
ConEult factory for avalabily. *Consult tctory for Imiations.

0.75g 3 emes

5to 100 Hz =2ine sweaps,

2 Hz 2g, 2.5 1035 Hz 3g,
aine dwel, 3 axss

1.09 3 are=

5 to 500 Hz =ine sweaps,

1 Hz0.5q, 2 to B0 Hz 1g,
ane sweaeps, 3 anss

25 Hz 2g, 40 to 200 Hz 3g,
=ine dwells, 3 Eres
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Click here to return to Waterpilot (PS)
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Warerpilot EMIZZ1

RETE

Applicctice exarmplax wize B:100

Wererplor FMYZ §
Canngetize fior intagrates Pr[00 temparature sansar in the FMIZ ]
&t I md HART (Tomperasingl

[N TR

4 ra 20 mA HART [Leval

- B am e sugply alas

The averesiigs prarechan solesed musr be srmraEeate fae e seEsls e Smge.
= Bz wer suzsly
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Click here to return to Strategic Automation Configuration (DCS))

l1l. ExhibitR

Hampton Roads Sanitation District
Strategic Automation Configuration Guide

Automation Standards

January 26,2021
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INTRODUCTION

Introduction

Software, hardware, and network standards must be defined before any distributed control system
(DCS) design effort can be undertaken. Such standards benefit the DCS development team by
providing a consistent design and an organized implementation plan. This, in turn, benefitsthe final
user in the form of an efficient DCS operation and maintenance environment. This documentdetails
the DCS automation standards for the Hampton Roads Sanitation District, and future projects.

This Automation Standards document is intended to be a living document, and as such, will be
continuously updated. Changes will occur more frequently as new plants are added, and newtypes
of control are defined.

This volume is ordered into sections which provide a broad-brush approach to standards, guidelines,
and best practices. Foreach plant or pumpstation, a second volume will be developed, having
additional tabbed sections containing standards that are unique to that specific plantor pump station.

Dueto the necessity to restrictaccess to sensitive information about HRSD's network infrastructure,
control details, database, etc., the original Automation Manual has been splitinto two sections. The first
ofwhich is intended to provide a detailed overview of the OVATION system and recommended
practices, thatwould be of use to an Architect Engineer in understanding the OVATION system. The
second manual mirrors thefirst in section numbers, etc. This manual contains details of the control
systems' networking set up, program details, and protocols used. This second manualwill be used for
internal purposes only by HRSD to configure the system.
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GUIDE
SPECIFICATION
SECTION 40 94 23

DISTRIBUTED CONTROL SUBSYSTEM (DCS)

PART 1 GENERAL
1.1 REFERENCES
A. The following is a list of standards which may be referenced in this section:

1. American National Standards Institute (ANSI): X3.5, Flow
Charts Symbols and Usage.

2. Instrumentation, Systems, and Automation Society (ISA):
a.  S5.2, Binary Logic Diagrams for Process Operations.
b.  S5.4, Instrument Loop Diagrams.
c.  Sb5.5, Graphic Symbols for Process Displays.

3. National Electrical Manufacturers Association (NEMA):
250, Enclosures for Electrical Equipment (10,000 Volts
Maximum).

1.2 SUMMARY

A.  This section covers requirements for Distributed Control Subsystem
(DCS) and is in addition to requirements in Section 40 90 10, Process
Instrumentation and
Control Systems (PICS). Key technical definitions and requirements for
DCS are given in Section 40 90 10, Process Instrumentation and Control
Systems (PICS).

B.  DCS functions include data acquisition, process control, historical
data storage, text and graphical data display, alarming, data analysis,
and report generation. Requirements listed, identify minimum
acceptable system performance. Provide hardware and software
features required to allow configuring of a fully operational system,
with convenient operator interface and efficient equipment use.

FAAFAAAAAAIAIAIAIAAIAAAIAIAIAAAIAAIAAKR A

C. DCS Overview: The complete Distributed Control System shall be
the latest version of the Ovation System, manufactured and supplied
by Emerson Process Management (EMR). The system shall include
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the following components and features as shown on the DCS System
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Block Diagram:

Hown =

All DCS communications modules and cables shall be redundant.
All DCS power supplies shall be redundant.

Interface gateway to Allen-Bradley PLC SLC.

All DCS hardware shall be powered from “true on-line double
conversion" type UPS units provided by the DCS supplier. All UPS
units shall be monitored by the DCS for faults and low battery
conditions. UPS units shall be located in communication cabinets in
control room locations and in separate enclosures for RIO units.

All 1/0 modules shall be provided with field termination units

with factory interconnect cable.

All DCS equipment shall be powered through shielded isolation
transformers. Transformers and associated circuit breaker panels
shall be sized and provided by DCS supplier.

Configuring of Applications Software shall be provided by EMR.
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1.3 DEFINITIONS

A. Abbreviations:

1.

B ©END U A WN

0.
1.

As specified in Section 40 90 10, Process Instrumentation and Control
Systems (PICS).

CPU: Central Processing Unit.

EMR: Emerson Process Management (DCS Supplier).
EWS: Engineering Workstation.

PMCS: Process Monitoring and Control Software.
LAN: Local Area Network.

DCU: Digital Control Unit.

PLC: Programmable Logic Controller.

RTU: Remote Terminal Unit.

ACC: Area Control Center.

CAD: Computer Aided Design.

B. Terms:

1.

2.
3.

Circular Files: Files in which each latest record written to file replaces
oldest record in file.

Log a Message: Print a message on an alarm/status printer.

OIS: Includes computer with standard operator station software,
operator's keyboard, and CRT monitor.

C.  Types of Variables:

1.

Section 32

Calculated Analog Points (CA): Analog variables computed from DCU
inputs, manual inputs, calculated discrete points, and other calculated
analog points.

Calculated Discrete Points (CD): Discrete variables computed from
DCU inputs, manual inputs, calculated analog points, and other
calculated discrete points.

Manual Inputs (MI): Variables whose values are manually entered,
e.g., laboratory data.

Process Variables (PV): Analog variables from DCU analog inputs and
calculated analog points.

Report Variables: Variables computed by report generator.
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1.4 SUBMITTALS

A.

Section 32

Action Submittals:

1.
2.

DCS block diagram and overview description.
Bill of Materials:
a. Breakdown to level of individual plug in modules.
b.  Information: Name of part, manufacturer, model number,
options included, and quantity. Organize by ACC, and within
ACC organize by enclosure and component (for example,
DCU, EWS, OIS).
Room Layout Drawings: For each ACC, show to scale
enclosure, furniture, DCS equipment, and service area
requirements.
Power Connection Diagram: For DCS equipment, show
interconnection from power sources through uninterruptible power
supplies and power distribution panels to DCS equipment.
Grounding Diagram: For DCS equipment, show grounding
philosophy and implementation.
Interconnecting Wiring and Cabling Diagrams: For DCS equipment,
identify terminal receptacles, cable ID tags, actual cable lengths, and
maximum distance limitations between cabinets or components.
Component Submittal: For each DCS component:
General data and description.
Engineering Specifications and data sheets.
Scaled drawings and mounting arrangements.
Equipment weights.
Power and grounding requirements.
External electrical interconnection and interface definitions.
hop Drawings for Specifically Assembled DCS Equipment:
A complete connection diagram.
Data sheets on each major item, annotated as necessary to
describe specific items furnished.
c.  Scaled Layout and Fabrication Drawings:
1)  Cable access areas and cable routing.
2)  Power termination and ground lug location.
3) Data cable termination points.
4)  Field signal termination points.
5)  Anchor bolt size and location.
d. Installation and mounting detail drawings.
e.  Equipment weights.

T TP o0 T

32-113 January 2023



9.  Input/Output (1/0) Point List for All I/0 Points: Information in the
list shall include all items shown on the 1/O lists in these documents
and the following information where applicable:

a.  Point names and descriptions.

b.  Point addresses, tag numbers, functions, ranges, and
engineering units.

c.  Wire and cable assignments.

d. DCU card layout, module and block number.

e.  Field wiring termination assignments.

10. Power Consumption and Heat Dissipation Summary for DCS
Equipment: Voltages, current, phase(s), and maximum heat
dissipations in Btu/hr.

B.  Software Shop Drawings:

1.  System Software Documentation: Complete reference information for
system users. Detailed descriptions including features, limitations,
and use of System Software.

a.  Operating System and Utilities:

1)  Base Documentation: For day-to-day users of tasks,
including editing files and using command
procedures.

2)  General User Documentation:

a)  Using files, directories, command language, and
text editors.

b)  Alphabetic list of errors, warning and
informational messages including explanation
and response required.

3)  System Manager Documentation:

a)  Setting up systems.

b)  Maintaining system and files.

c)  Optimizing performance.

d)  Networking features.

4)  Programming Documentation:

a)  Linking, loading, running, and debugging tasks.

b)  Screen management.

c) Librarian and file management.

d)  Device support and device drivers.

a. Programming Language. Syntax, execution, use and
reference capabilities.

b.  Online and Offline Diagnostics: How they are used, and
various execution options available.

c.  Communications with DCS and PLC equipment. Describe
configuration, operation, limitations, and diagnostics for

LANSs, data highway, serial links, and other communication
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paths. Provide sufficient documentation to allow third
parties to

troubleshoot communications problems with devices connected
to DCS.
2. PMCS Documentation: Detailed technical reference manuals and
user level manuals.

a.  Types of Manuals:

1)

2)

3)

System Manager Documentation:

a) Initial system setup.

b)  Data base and file structures.

c)  Communication with field devices.
d)  Maintaining system and files.

e)  Troubleshooting system problems.
f)  Optimizing performance.

System Engineer Documentation:

a)  Configuring applications software.
b)  Documenting applications software.
Operator Documentation: Using the PMCS with
configured applications software.

b. PMCS Functions Covered:

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)

Process data base.

Communication with field devices.
Calculated analog points and calculated discrete points.
Input processing.

Message logging.

DCS diagnostic alarms.

Alarm handling.

Control processor.

Restart program.

Man-machine interface-general functions.
Graphics display generator.

Types of displays.

Alarm/status log history.

Historical data collection.

Data retrieval.

Trending.

Report generator.

C. Informational Submittals:

1.  Testing related Submittals.
2.  O&M Manuals-Hardware:
a.  Updated version of hardware Shop Drawings.
b.  Component Manufacturers' O&M Manuals: Instructions
for installation, operation, maintenance, troubleshooting,

Section 32
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and calibration.
c.  Bill of materials for parts. Separate list of installed parts from
lists for spare parts and expendables provided.
d.  List of additional spare parts recommended.
3. Reproducible Hardware Drawings:
a. DCS block diagram.
b.  Power and grounding interconnection diagrams.
c.  Interconnection wiring and cabling diagrams.
4.  O&M Manuals-Software Documentation:
a.  Updated version of software Shop Drawings described
under Article Submittals.
b.  For system software that is not a product of the DCS
manufacturer, include manufacturer's original disks and
manuals with hardware shipments.

1.5 ENVIRONMENTAL REQUIREMENTS

A. Control Room: NEMA 1.
B. Other Locations: As noted.

1.0 SEQUENCING AND SCHEDULING

A. Refer to Section 40 90 10, Process Instrumentation and Control
Systems (PICS).
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1.7 MAINTENANCE

A. Maintenance Service Agreement: Services provided following
system acceptance.

1.  Service Agreement:

a. Duration: 2 years.

b.  Demand Maintenance: As requested by Owner.

c.  Manufacturer's recommended preventive maintenance,
checking system error counters, and installing required
engineering changes.

d.  Remote Monitoring and Diagnostic Service: Direct telephone
line link between DCS and DCS manufacturer's maintenance
center. Service supports connection of DCS to remote
equipment at DCS manufacturer's service center, which can be
used to diagnose hardware and software problems with all
DCS equipment.

2. Telephone Support Service:

a.  Duration: 2 years.

b.  Available during normal business week.

c.  Provided by persons thoroughly familiar with DCS supplied.

3. Software Update Service:

a. Duration: 4 years.

b.  Coverage: Standard software, including both system software
and PMCS.

C. Include new software versions, documentation updates,
newsletters, user notes, software performance reports,
interim software updates, revisions, releases, and fixes,
etc.

1.8 EXTRA MATERIALS

A.  Spare Parts:

1.  When computing percentages for spare parts, round up fractions
to nearest whole number.

a.  Modules and Power Supplies: For all DCS equipment
except printers, and personal computer portion of
engineering workstations and OISs:

1) 2 of each size and type of power supply used.

2)  1of each type of electronic circuit board or
electronic module used, except for process 1/0
modules.

3) 2 of each type of process 1/0 module required to handle
the points shown in I/O lists in Supplements at end of
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this section.
b.  Engineering Workstation: One.
c.  Fuses: 20 percent, but no less than 10 of each type and
current rating used.

PART 2 PRODUCTS

2.1 SYSTEM PERFORMANCE

A.

B.

C.

Section 32

Availability: 99.999 percent minimum.

Capacity:

1.

Provide DCS with sufficient capacity to handle specified equipment
and functions required by Contract Documents and equipment listed
under paragraph Future Components, and still have specified spare
capacity. Except for software configuring, implementing listed future
components shall not require addition of DCS hardware or software
to the DCS equipment supplied under this contract, other than the
listed future components.

For example, provide 1/0 racks, power supplies, processor capacity
and inter-rack cables in each DCU supplied under this contract, for

DCU future I/0.

Refer to following items as an indication of complexity of

applications software that DCS will be required to support:

a.  Drawings: Process and Instrumentation Diagrams.

b.  Section 40 90 10, Process Instrumentation and Control
Systems (PICS): Supplements, Functional Descriptions, DCS
Special Functions.

C. Input/Outputs List in Supplements at end of this section.

Capacity refers to required physical size, storage capacity, and

processing throughput of DCS hardware and software. DCS changes

required to implement listed future components shall be limited to

"configuring” data base tables and system parameters to allow system

to recognize the additional equipment.

Response Times:

1.

Basis for Response Times:

a. Al DCUs and OISs are in operation.

b.  Each EWS and OIS has been configured with 5,000 tags.

c.  Spareslots in DCUs have been used to implement 1/0 points
in table under paragraph DCU Spare Plug-In Slots, under
Article Spare Parts.

d.  Process graphic displays have 20 active points minimum,
and points distributed between DCUs.
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2. OIS Response Time: Number of seconds from when an operator
requests a new OIS display until that display is fully presented on screen
with active data displayed. For each type of display, table lists maximum
allowable times in seconds for:
a.  Average: Average time to call up display.
b.  Worst: Worst case call up time.
c.  Refresh: Rate at which data on display is updated.

Display Type Average Worst Refresh
Group Display 1.0 2.0 1.0
Process displays 2.0 2.0 1.0
Alarm summary 1.0 1.0 1.0

Historical trends, four process variables minimum

30 minutes 1.0 1.0 --

1hour 2.0 2.0 --

8 hours 2.0 2.0 --

1day (24 hours) 3.0 3.0 --
Display Type Average Worst Refresh

1week (7 days) 5.0 5.0 -

30 days 10.0 10.0

3. Viewing Input Changes:
a.  Given following conditions:
1)  Operator is viewing a process graphic display.
2) A displayed point's field input to a DCU changes its
value.

b.  Time From Field Input Change Until New Value
Appears on Process Graphic Display: 2 seconds,
maximum.

4. End-to-End Response Time for DCUs:
a.  Given following conditions:
1)  Operator is viewing a process graphic display.
2)  Operator gives command through OIS to change
status of DCU discrete output point from ON to
OFF.
3) At DCU discrete output point is wired back into a
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D.

E.

5.

discrete input point.
4)  Discrete input is displayed on process graphic display
being viewed.

b.  Time from operator command to change discrete output
until new value of discrete input appears on graphic
display: 3 seconds, maximum.

End-to-End Response Time for PLCs:

a.  Conditions: Same as for end-to-end timing for DCUs.

b.  Time From Operator Command to Change Discrete Output
Until New Value of Discrete Input Appears on Graphic
Display:

15 seconds, maximum.

DCU Input Scan Rate:

1.
2.

Analog Inputs: 2 seconds, maximum.
Discrete Inputs: 1second, maximum.

Redundancy and Reliability:

1.

No single failure of any DCS equipment, including data highway

or power supplies, shall cause loss of any functions except as

noted for failure of the following items.

a.  DCU with Redundant Processors: No loss of function.

b.  Any OIS: Loss of function limited to use of that OIS.

c.  Any Engineering Workstation: Loss of function limited to
use of that engineering workstation.

d.  Any Process 1/0 Card: Limited to loss of functions
dependent on signals from/to that card.

Provide means to manually switch functions of failed OISs to

another unit.

2.2 SYSTEM SOFTWARE

A.

Section 32

Operating System: General purpose, multiuser,
multiprocessing operating system:

1.

Multiprocessing support for simultaneous execution of

process monitoring, and control software tasks, and system
support tasks.

Batch processing operating under control of command files.
Priority task scheduler with provisions for job initiation on time
of day, elapsed time, hardware interrupt, process event, request
from another task, or operator request.
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Section 32

4.  Schedule 1/0 operations on a priority basis with all 1/0
carried out concurrently with program execution.

5.  Device independent input/output system using online
reassignable logical unit numbers for peripheral devices and file

names for disk and tape files.

6.  Ability to delete, replace, or add process control task or system
support

while online.

7. Multilevel password protection scheme to control access to
different system support tasks and disk-based data structures.

8.  Systems Generation: Allow configuring of an operating system to
meet specific requirements of hardware and software
configuration.

9.  All software on system should have the appropriate number of
licenses for the hardware the system was shipped with.

10. Licensing for the Historical points on the Historian (Drop 160)
should be 50% greater than when the system is shipped for future
expansion purposes.

Programming Languages: Provide compilers each programming
language used by DCS.

Utilities:

1. File Management: General-purpose file system supporting
dynamic creation, extension, and deletion of disk files from
source programs, object programs, and data files.

2. Network Communications: General-purpose network
communications software to support local area network
connection between DCS central processing units and with
personal computers. Allows for exchange of disk files between
computer systems.

3. Debugging Aids: Online and offline debugging aids for high
and low level language environments.

4.  Disk Backup and Reload: Operator-initiated utility for
maintaining backup copy using the latest technology.

Diagnostics:

1. Online Diagnostics: Complete system of diagnostic software to
monitor, isolate, identify, tabulate, and alarm system hardware
malfunctions and software failures.

Additional Software Tools: For each OWS provide current versions
of manufacturer’s standard software tools.
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F.  Transportable Applications: While applications software is being
developed and tested offsite, each OIS, EWS, and DCU may be
temporarily substituted for a similar unit. For example, applications
software for EWSs, DCUs, and OISs for one ACC may be developed and
tested using equipment for a different ACC. Allow applications software
for one unit to be transported to other units of same type. Provide
software, software licenses, and hardware needed to support this type of
transporting and substitution, whether or not these software, software
licenses or hardware will actually be used in final configuration.

G. Capacity to Handle Software Upgrades: Provide DCS hardware able to
adequately run major software upgrades introduced by DCS manufacturer
the life of DCS product line.

2.3 PROCESS MONITORING AND CONTROL SOFTWARE (PMCS)

A. Types of PMCS Software:

1.  Control: Executes on DCUs.

2. Monitoring and Supervisory Control of DCUs: Executes on OISs
and EWS.

3. Configuring of Applications Software: Executes on EWS and OIS.
Includes utilities and configuring aids in either online or offline
modes.

4. Communications: Executes on DCUs, OISs, and EWS.

B.  Types of Displays:

1.  Index Displays: Alphanumeric display with major and minor
indexes that identify access to all subsequent displays.

2. Overview Displays: Alphanumeric displays that show a summary of

the group and process graphic displays. Includes the display names and descriptions.! 3.
Group Displays:

a.  Detailed information on a number of analog control
loops, analog indications, discrete sequencing
functions, and discrete statusindicators, in any
configurable combination.

b.  Groups of analog controller and indicator displays.
"Faceplate” type displays having all the operator
interface features normally provided by conventional
electronic analog controllers and indicators. These
features include display of ranges, units, pacing
constants, AUTO/MANUAL status, tag numbers,
service descriptions, bar graph representation and
numeric values of process variables, outputs, and set
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points.

c.  Discrete sequence step indications, time value
indications, AUTO/MANUAL mode indications,
tag numbers, and service descriptions.

d.  Discrete status indications including ON/OFF status of
discrete inputs and outputs, AUTO/MANUAL status of
discrete outputs, software selector switch position
indications, tag numbers, service descriptions,
Boolean, integer, real, and string parameter values.

e.  Detail Displays: Configuration parameters associated
with an individual loop or process 1/0 point, such
as, controller tuning constants, timer values, scaling
constants, alarm settings, etc.

4. Trend Displays: Provide functions described under
paragraph Trending.
5.  Alarm Summary Display: Shows all existing

alarms and unacknowledged alarms. Refer to

paragraph Alarm Handling.

a.  Display format similar to messages logged on

alarm/status printer.

Retains last 1,000 alarms, minimum.

Include time of day at which alarm was detected.
Alarms grouped by priority, highest priority first.
Within priority groupings, alarms listed in
reverse chronological order.

f. Unacknowledged alarm messages shall be
displayed in reverse video.

g.  Single-key acknowledgement of all alarms
shown on a currently displayed page of alarm
summary display.

6.  Process Graphic Displays: Configurable.
a.  Display Objects:
1)  Process Flow streams: Labeled and color coded.
2)  Process Structures: Basins, tanks, wet wells,
channels, etc.
3)  Major Equipment Items: Pumps,
blowers, drives, compressors, etc.
4)  Major Control Devices: Gates, valves, etc.
5)  Instruments.
6)  Targets to allow quick access associated process
graphic displays.
7. Diagnostic Displays:

a.  DCS Diagnostic Display: Graphic display showing

operational status of DCS, including data highway and OIS.

®oo0 T
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C.

Section 32

Historical Data Collection Files:

1.

Periodically save designated variables for trending, report

generation, and historical records. Allow any process variable to

be selected for saving in data collection files.

Data Entry for Manual Inputs:

a.  Direct entry into historical files of data values for manual
input variables.

b.  Data entered through menus based on configurable groups
of related manual inputs.

Disk Files:

a.  High Resolution Data:

1)  Sample Interval: Adjustable from 1 secondto 15 minutes.

2)  Period Covered: Multiple day, adjustable.

3) Content: Time of day, date, and values of designated
process variable. Value saved may be either instantaneous
value or average over sample interval.

b.  Hourly Data:

1)  Sample Interval: 1 hour.

2)  Period Covered: Multiple day, adjustable.

3)  Content: Time of day, date, average, maximum,
minimum, and totalized hourly values of designated
process variables.

c.  Daily Data:

1)  Sample Interval: 1 day.

2)  Period Covered: Multiple day, adjustable.

3) Content:

a)  For Designated Process Variable:
(1) Daily minimum and maximum values.
(2) Time occurrence of daily minimum
and maximum values.
(3) Awverage daily value.
(4) Daily total (for flow and other rate
type variables).
b)  End of day values for designated run time
counters and cycle counters.
c)  Daily values for designated report variables and
manual inputs.

1)  Incase DCS is down at midnight, allow manual initiation
of this file update at a later time.

Historical Archive File: Maintains permanent record of data saved
in daily data disk file. On command, copy 1 month of data from
daily

data disk file to historical archive tape file. Provide operator
selectable commands for both manual initiation and automatic
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D.

Section 32

timed initiation of this archival operation. Copy operation does not
alter disk files. Disk data continues to be available for data
retrieval functions.

Trending:

1.

General Features:

a.  Trending is a special case of previously specified
Data Retrieval function.

b.  Simultaneous trending of different sets of variables
on different trend output devices.

c. OIS Trend Resolution: Pixel level.

d.  Variables Per Trend: User selectable, one to four
minimum, all displayed in same trend window.

Trend Types:
a.  Real-Time: Continuous plotting of variables as a function
of time.

1) Plottable Variables: Any process variable, report
variables, discrete variable, and manual input defined in
process data base.

2)  Minimum Plot Sample Interval: Same as scan rate.

b.  Historical: Plotting any variables from Historical
Data Collection files as a function of time.

Retrieval Parameters: Specific variables, data types,

retrieval period, sample interval, process variable scales,

and output device. Refer to paragraph Data Retrieval.

Process Variable Scales:

a.  Independent selection for each variable of low scale and high
scale values in engineering units of process variable axis. For
example, if scales for variables A and B are 0.00 to 1.00 and
100to 200 respectively, and if A=0.50 and B=I 50, both A and
B would plot
at exactly the same point (the mid-point of process variable axis).

b.  Display individual, engineering units’ scales for
each variable being trended.

c.  Readout Cursor: Adjustable by user over range of time
scale. Values are displayed in engineering units of each
trended variable intersected by readout cursor.

d.  Point Descriptions: Tag number and description are
shown for each trended variable.

Trend Groups: Aid requesting of frequently used trends. Each

Trend Group contains all data retrieval parameters needed to

specify trend display for up to four variables.

a.  Provide aminimum of 10 trend groups.
b.  Allow operator to create custom trend groups as desired.
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E.  Utility Programs: Software that helps in the configuring of applications,
including but not limited to database format translations (to and from
dBase, EXCEL), checking and verification of control configuration,
configured blocks, and display configuration.

H. PMCS Manufacturer: EMR.
2.4 DCS COMMUNICATIONS

A.  General: High speed masterless communication system linking all DCS
stations as shown on DCS block diagrams in the Drawings. DCS stations
are defined as DCUs, OISs, EWSs, printers, and gateway modules.

B. DCU Data Highway Performance:

1.  Communication Speed: 100 Mbps, minimum.
2. Operating Length: 5,000 feet, minimum.
3. Stations Supported per Highway: 100, minimum.

C. Redundancy and Reliability:

1.  Communications system fully redundant; no single failure of
communications component results in loss of communications to
any DCS station.

2. Redundant Components: Including, but not limited to,
communications controllers, modems, power supplies, data highway
cables, and cable connectors.

3. Redundant data highway cable lengths: Different cable lengths
(paths) for each highway cable shall not affect operation.

4.  Automatic detection of communications system component failure.

5. Automatic switchover from failed communications system
component to backup component without any interruptions to
normal operations. Alarm switchover and identify failed component
in alarm message.

6.  Communication system not affected by connection, disconnection,
and failure of DCS stations.

D  Peer-to-Peer Communications: Direct communication over data highway
between DCUs. Allows DCUs to exchange data base values.
Communication not dependent on OISs or EWSs. Allow at least 10
percent of any DCS database values to be exchanged with other DCUs on
a regular basis without degrading system performance.

C.  Applications Software Transfers: For stations connected to
communications system:

1. Download control logic from EWSs to DCUs.
2. Upload control logic from database server.
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3. Download monitoring and display configurations from EWSs to
OISs and other EWSs.
4. Upload monitoring and display configurations from database server.
D. DCS/PLC Communications:

1. Periodically read all discrete and analog inputs and outputs for
each PLC.

2. Ondemand, read from and write to internal PLC registers including
individual timers, counters, timer/counter preset values, control loop
set points, high/low limits, computed variables, control loop tuning
constants, status indicators, and sequence START/STOP commands.

3.  DCS Capacity to Read and Write PLC Data: DCS able to read all
PLC inputs and write all PLC outputs at least once every 15
seconds.

Section 32 32-127 January 2023



2.5 HARDWARE-GENERAL

A.

Section 32

DCS Block Diagram: Refer to control system functional block diagram
in Drawings. Interconnecting lines shown on block diagram imply
information flow and not necessarily wiring.

DCS Manufacturer: Emerson Process Management (EPM); Ovation
System, latest version.

Control Room Layout: Refer to Drawings.

Equipment Mounting: Unless otherwise noted, mount all DCS
components in NEMA rated cabinets.

Color: Manufacturer's standard.
Cables Required:

1.  For interconnection between all DCS components, except where
leased telephone lines are shown.

2. Fiber Optics Cables: As shown on Drawings, for
interconnection between DCS components.

3. Data Highway and Local Area Network:
a.  Media: Fiber optics, coaxial, meeting DCS

manufacturer's specifications.

4.  Cables Under 50 Feet in Length: Prefabricated with connectors
and factory tested with DCS.

5. Furnish and install communications cables.

Special signal conditioning/repeating equipment as required for
proper operation of DCS.

Isolation Transformers: Provide for all DCS equipment to protect DCS
from damage by electrical transients induced in cables by lighting
discharges or electrical equipment.

Power to DCS Equipment:

1. From isolation transformers and uninterruptible power supply
(UPS) units provided under this section.

2. Supplied from dual feed circuits.
3. Provide circuit breaker panelboard at each DCU and RIO location.
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J. Power Failure Detection and AUTO Restart:

1. Prevents errors due to power failure or short-term power
fluctuations that occur when UPS is not operating.

2. Power Failure: Voltage variations more than plus or minus 10 percent
of normal for a duration of 0.5 second or longer. Causes DCS
equipment to automatically shut down as required to prevent
introducing errors on disk.

3. Short-Term Power Fluctuations: Voltage variations more than plus or
minus 10 percent of normal for durations of 0.5 second to 1
millisecond. DCS shuts down as above or is buffered to prevent
fluctuations from causing errors.

4.  DCS executes restart program and return to normal operation
when power is restored. Battery backed-up real-time clock used
by DCS during automatic restart to set time and date.

J. I/O Lists:

1. DCU Input/Output List: Covers 1/O points directly connected to

DCS process 1/0 modules.
XII. ootk

a. POINT TAG (OLD): Existing point tag in the old PLC
based control system.

b.  POINT TAG (NEW): New point tag to be used in the DCS
software. This tagging system must follow the new HRSD
standards. If new tag is not given, create tag in accordance
with standards.

c.  POINT DESCRIPTION: Point name to be used in the
DCS software.

d.  DCU/RIO: DCU or RIO number where point is to be terminated.

e.  UP: Unit Process that the point is associated with.

f. DI: Discrete input signal, 24V dc.

g. DO: Discrete output signal, 24V dc.

h. Al Analog input signal, 24V dc, 4 to 20 mA dc current signal.

i. AO: Analog output signal, 24V dc, 4 to 20 mA dc current signal.
May be powered: fromDCS or from field power supply.

j. TC: Thermocouple input signal, type K unless
otherwise indicated.

k.  SET (Contact Closed): Condition when the input device is
closed or energized.

1 RESET (Contact Opened): Condition when the input device is
not closed or energized.
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m. SENSOR RANGE (Signal Range): Analog sensor and/or
signal range.

n.  AIPOWER (DCS/FIELD): For analog inputs only, indicates
loop power from either the DCS cabinet (DCU or RIO) or
from a field power supply. FIELD also applies to typical 4 wire
devices such as magnetic flow meters which do not need a
powered 4 to
20 mA dc loop. I f not indicated default is FIELD.

0. TERMINAL NO.: First terminal number in interface cabinet,
field panel or other interface point. This will generally be the
positive terminal.

p.  TERMINAL NO.: Second terminal number in interface
cabinet, field panel or other interface point. This will
generally be the negative or common terminal if

g. TERMINAL NO. SHIELD: Terminal number for cable
shield when needed with shielded cables.

r. REFERENCE DRAWING: Number or designation of the
existing equipment drawing where interface terminals are
shown.

s.  P&ID: Process and Instrumentation Drawing where the
equipment and signals are shown.

t. TOT: Total number of required active 1/0 points for each DCU
or RIO unit. This includes DI, DO, Al, AO and TC signals.

u.  COMMENTS: Any additional pertinent or clarifying
information that may be included for reference or general
information.

L. DCS Component: Provide all components required for a complete
operational DCS system.

M. DCU and RIO Enclosures:

1.
2.

w

Section 32

Number of standard cabinets as required for each DCU or RIO.
HRSD prefers back-to-back style cabinets with modules in front and
corresponding termination units in back. | f this cannot be
accommodated due to limited floor space, then side by side cabinets
will be acceptable.
Doors: Hinged doors for front and back access.
DCU/RIO Enclosure (Front half cabinet):
a. DCU modules mounted in front.
b.  No field cables brought into cabinet.
c.  Sufficient rack space to accommodate specified future
input/outputs, and associated power supplies,
processors, communications and interface modules.
DCU/RIO Interface Cabinet (Rear half or side cabinet):
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All field terminations in cabinet.

b.  Houses all interface relays, timers, distribution breakers, fuses
and miscellaneous items.

c.  Cabinet divided by 11-gauge, minimum, mounting panel
allowing equipment to be mounted both sides of panel.

d.  Sufficient space in cabinets for terminations of specified spare

I/0 points and associated interface relays, timers, distribution

breakers, fuses and miscellaneous items.

e

6.  Typical Wiring Schematic: See Drawings.
7. DCU Spare Plug-In Slots: For each DCU/RIO, provide sufficient

spare space in wired module cages plus sufficient terminals, power
supplies, interfacing relays, and cabling to permit future addition of
process 1/0 modules to bring total 1/0 point counts to those shown
in following table. Numbers in parenthesis are remote 1/0O. Figures
in table include required spares.

8.  HRSD prefers Top Hat Enclosures on top of DCU/RIQO's so conduits

can penetrate it instead of DCU/RIO's. Inside of Top Hat enclosures
two 4 inch knockouts can be made one for analog wiring and one
for digital wiring. These knockouts should be centered in between
the terminal connections.

2.6 HARDWARE-DCS COMPONENT LIST

A.

Section 32

Distributed Control Unit: Provide sufficient control processors, but no
fewer than the number listed, for each DCU such that each control
processor shall have 50 percent spare capacity when control functions
have been configured.

Process Input/Output Modules:

1. I/OList: Provide sufficient /0 modules to handle the points shown
in the 1/0 lists in Supplements at end of this section.

2. Spares: Refer to Article Spare Parts for additional requirements.

3. Remote 1/0 Modules: Mount all remote 1/0 modules within a given
ACC in a cabinet that is separate from the DCU cabinet for that
ACC.

Operator Interface Station: Manufacturer's standard with one or two
monitors as shown.

Engineering Workstation: Manufacturer's standard.

Historical Data Processor: Provide one of the following options for
historical data collection, archival, and retrieval:
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X1,

XIV.

Historical functions implemented by OISs. To provide
redundancy, multiple OISs simultaneously handle these
functions.

Historical functions implemented through dedicated historical

processors. For redundancy, provide a minimum of two such
processors.

F.  Gateway Modules for Interface with Non-DCS Equipment:
PLCs: Allen-Bradley, Modicon, GE.
Where possible, use Modbus over Ethernet protocol.
Except with Allen Bradley PLC. Use native protocol.
7. HARDWARE-FURNITURE
A.  Control Room Console:
Provide 3-position console.
Integrated multiple bay enclosures suitable for sit down operation.
House OISs, EWSs, printers, communications processors, data
highway communications equipment, and power supplies.
Units made of high impact, durable plastic top. Desktops capable of
supporting 400 pounds, minimum, on extended surfaces. Bushed
holes for power and signal cables to devices located on desktop.
Edges of desktops beveled or rounded. Forms feed slots in desktops
for printer paper. Cupboards below printers with shelves to hold
feed paper.
Operator Station Layouts: Provide layouts for each operator station as
shown on drawings and listed below. Bays are listed from left to right
as operator views console.
a. Types of Bays: Following abbreviations are used to identify
required bays:
1) OIS or EWS.
2)  Printer: Console printer surface.
3)  Work: Console work surface.
4)  Wedge: Console wedge section.
Colors: As selected by Owner.
Manufacturer and Product: Evans; Series 200, or equal.
B. Chairs:
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5.

Quantity: 8.

Type: Mid-back desk chair with five-arm base, T-arms, back
height adjustment, back angle adjustment, seat angle adjustment,
arm height

adjustment, pneumatic height adjustment, and electrostatic
discharge (ESD) option.

Castors:

a.  ESD soft, dual-wheel for use on hard floors.

b.  ESD hard-composition, dual-wheel for use on carpet.
Finish: Approved by chair manufacturer for use with ESD
option. Custom color selected by Owner.

Manufacturer: Steelcase Inc. Criterion series 453-5500.

2.8 HARDWARE COMPONENT SPECIFICATIONS

A.

Section 32

Distributed Control Unit (DCU):

1.

Independent units completely fabricated, with components

installed and wired at factory.

Implement control logic (applications software) configured

through the EWS.

Capable of continuing to execute control logic to maintain

control over process even if all other stations are down and data

highways are nonfunctional.

Primary Components:

a.  Control processors (redundant).

b.  1/0 modules.

c.  Redundant data highway communications processors.

d.  Power supplies.

Control Processors:

a.  Execute control logic compiled by EWS.

b.  Communicate with I/O modules, data highway, other
control processors and PLCs.

Redundant Control Processors:

a.  Required for all units.
b.  Both control processors receive and process information

simultaneously. Faults detected by processors themselves
without the need for data highway to be available. When
fault is detected, non-defective processor assumes control
without affecting normal operation.

32-269 January 2023



B.

Section 32

c.  Allow online configuration of control processors
without interruption to process control functions.
Power Supplies:
a.  No interruption of operation due to single failure of any
power supply.
b.  Capable of providing 24V dc power from DCU to
field instruments.
Transportable Applications: Applications software developed
offline on EWS can be downloaded to control processors.
Control processors can

emulate one another and applications software developed and
debugged on one control processor can be saved, and later
downloaded to a different control processor without additional
modification.

Process Input/Output Modules:

1.

Common Requirements:

a.  Surge Withstand Capability: ANSI/IEEE C37.90A.

b.  Discrete Output Fuses: Points individually fused either on
I/0 module or in field termination unit.

c.  Each I/0O module shall be replaceable without disturbing the
field
I/0 wiring connected to it.

d.  Provide a separate field termination unit and factory
interconnect cable for each I/0O module.

Analog Inputs (Isolated 4 to 20 mA dc):

Type: Isolated 4 to 20 mA dc signals conforming to ISA S50.1.

Input Range: 4 to 20 mA dc, minimum.

Accuracy: Plus, or minus 0.1 percent of span.

Resolution: 12 bits, minimum.

Transmitter Power: 24V dc at 20 mA.

Isolation: 300V minimum between points.

Common Mode Rejection: 90 dB, minimum.

Normal Mode Rejection: 33 dB, minimum, for frequencies

of 60-Hz and above.

i Analog-to-Digital Converter: No more than eight inputs
per converter.

Analog Outputs (Isolated 4 to 20 mA dc):

a.  Type: Isolated 4 to 20 mA dc signals conforming to ISA S50.1.

b.  Accuracy: Plus or minus 0.1 percent of span.

c.  Resolution: 12bits, minimum.

d.  Isolation: 300V minimum between points.

Discrete Inputs (Contact Sense 24V dc):

a.  Type: 24V dc supplied by DCU impressed on external contacts
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to sense their OPEN/CLOSE status.

b.  Isolation: 300V minimum between points.

c.  Maximum Current for Turn On: 3 mA.

d. LED ON/OFF status indicators for each point.

5.  Discrete Outputs (Voltage Output 24V dc):

a.  Type: DCU supplies 24V dc to operate relays in external
control panels.

b. Isolation: 300V minimum between all output points.

c.  Maximum Load Current: 2 amps.

d.  LED ON/OFF status indicator for each point.

C.  Uninterruptible Power Supplies (UPS): Manufacturer's standard
continuous on-line type sized for aminimum of 30 minutes operation at
full load conditions.

D. Isolation Transformers: Manufacturer's standard.

E. Circuit Breaker Panels: Manufacturer's standard.

2.9 SOURCE QUALITY CONTROL

A.  Factory Demonstration Tests:

1.  Scope: For all DCS equipment. See Section 40 90 10,
Process Instrumentation and Control Systems (PICS).

2. Location: DCS manufacturer's factory.

3. Loop Specific Functions: See Section 40 90 10, Process
Instrumentation and Control Systems (PICS).

4. Non-Loop Specific Functions:

Input/output point generation and point processing.

Control strategy generation.

Message logging and alarm handling.

Process control display generation and configuration.

OIS displays and user entries.

Power up, startup, and system restart.

Printing/plotting functions.

Failure mode and backup procedures including power failure,

auto restart, and disk backup, and reload.

i. Data base configuration and use.

J. Historical data collection and retrieval.

k.  Creation of atypical report and production of specified reports.

S@ o o0 o

PART 3 EXECUTION

3.1 FIELD QUALITY CONTROL

A.  Operational Readiness Test: Refer to Section 40 90 10,
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Process Instrumentation and Control Systems (PICS).

B.  Performance Acceptance Test: Include the same types of testing that
are specified for factory demonstration test.
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3.2 MANUFACTURER'S SERVICES

A.  General: Provide experienced personnel and management in field
(Staging Site, and Plant Site) to coordinate and complete: installation,
termination, adjustment, testing, training, and startup assistance.

B.  Startup and Testing Team: Provide onsite, a team of at least two persons
experienced in DCS systems engineering, hardware maintenance, and
software configuring during the total period required to:

1. Check the installation, termination, and adjustment of all
subsystems and their components.

2. Perform and complete onsite tests.

3. Provide startup assistance.

3.5 SUPPLEMENTS

A.  Supplements listed below follow "End of Section,” are a part of
this Specification.

1. DCS Equipment Schedule.
2. DCS Input/Output List, included with Contract Drawings.

END OF SECTION

Section 32 32-273 January 2023



Hampton Roads Sanitation District Strategic
Automation Configuration Guide

Software and HM 1 Standards

January 8,2015

Section 32 32-274 January 2023



INTRODUCTION

1 Introduction

Software, Hardware and Network standards must be defined before any Distributed Control System
(DCS) design effort can be undertaken. Such standards benefitthe DCS developmentteam by
providing a consistent design and an organized implementation plan. This, in turn, benefits the final
user in the form of an efficient DCS operation and maintenance environment. This document details
the DCS automation standards for the Hampton Roads Sanitation District projects.

This Automation Standards documentis intended to be a living document, and as such, will be
continuously updated. Changes will occur more frequently as new plants are added, and new types
of control are defined.

This Volume is ordered into sections which provide a broad brush approachto standards, guidelines
and best practices. For each plant or pump station, a second Volume will be developed, having
additional tabbed sections containing standards that are unique to that specific plant or pump

station.
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DATABASE

2 Database

The Input/Output (1/0O) database is the most important information required for a DCS project. Not only
doesit assist in the definition of control strategies and custom graphics, but it also provides point details
that almost every standard software package on the DCS system uses. A successful DCS project
starts with an I/O database that is 100% complete and accurate in both functional definition and record
field content.

The following three sections define the core database record fields. The first section defines fields that
are common to all data types. The remaining two sections define fields based upon whether the data
type is analog or digital. Some of these fields are included for informational purposes only. Also, many
of these fields will not necessarily appear in all of the published project I/O listings.
Emerson’s Database Initial Definition Tool (DBID) is an offline pc-based utility that can be used to enter
this essential database information for the DCS. Once the information is entered, the utility produces a
file that can be imported into the actual Ovation DCS equipment.
References
e Appendix | — Database Field Entry
e  Appendix Il - Word and Phrase Abbreviations
e Ovation Record Types Reference Manual— REF_1140

e Ovation /O Reference Manual - REF_1150
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DATABASE

1. CommonFields

e Point Name is a unigque identifier that is assigned to each field input and output. This identifier
is coded with information pertaining to the plant, unit process, ISA and loop information
associated with the 1/0O point.

e English Description is a functional definition of the Point Name, and appears in various system
displays and listings. These rules are followed when assigning this field:

e English Description is limited to 30 characters.

e To benefitall users, English Description terminology, abbreviations and acronyms
are consistent. Abbreviations are assigned so that their interpretations are as
intuitive as possible, within the 30 character limit. Note that abbreviations are
usually, but not necessarily unique, and that the context of the full description may
provide the interpretation of what an abbreviation or acronym represents.

o English Description specifically defines which device is being referenced. For
example, “PUMP 1" is not an acceptable specific description, whereas ‘TANK 1
GRIT PUMP 1" is an acceptable specific description.
o /O Type defines the four distinct data types used in the database:

¢ Analog Input (Al) is a continuous process or status input reading over a
measured range.

e Analog Output (AQ) is a continuous control output signal, typically used to control
a VFD or modulating valve.

o Digital Input (DI) is a two-state reading of a device state, process state or device
position.

o Digital Output (DO) is a two-state control output signal, typically used to energize
an interposing relay that starts a motor or drives a valve.

¢  Xmitr defines the communication method used between the DCS and the field device. The
following communication methods are defined:

e 4-20mA - Specifies an Analog Input or Analog Output with a milliamp signal level
thatis directly proportional to a measured range or control range.

o 2W - Specifiesthe use of a serial communication link (e.g. a PLC or valve
communications link). Any 1/0 Type can use this communication method.

e 24VDC - Specifies a digital signal that switches a 24 volt DC potential when
reading a state or energizing a relay.

e 120VDC - Specifies a digital signal that switches a 120 volt AC potential when
reading a state or energizing a relay.

e TC - Specifies an Analog Input with a millivolt signal level that is a function of
sensed temperature.
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o History defines which points should be archived. Analog points also require a historical
deadband, which defines the incremental change required before a new analog value is
archived. The default deadband value for an analog I/O point or calculated value is 1%.,
whereas critical points would be assigned a 0.5% value, and other points are not configured to
be archived at all.

o P&ID references where the device can be foundin the project specification P&ID or Electrical
Plan drawing.

o DCU is a term used to describe a redundant control processor and it's supporting hardware.

e  Alarm Priority (AP) is intended to inform the Operator of the urgency of an alarm. HRSD
assigns alarm priority level definitions.

e Point Alias is an auxiliary database field that has been designated to hold the Old Point Tag, as
designated in the project database.

e Characteristics are assigned to allow the User to assign console destinations for alarm points,
and also as a sorting mechanism used with the Ovation Point Review utility.

e Security is assigned as a 32 bit field that defines which Users have access to the various
control and tuning functions associated with each point.
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2.  AnalogFields

o Al Power specifies whether a 4-20 mA signal is powered locally at the DCU (DCS) or from a
field power source (FIELD). Note that shields for all analog signal cabling will be grounded at
the DCS.

e Top Bar (TB) is the maximum scale value of the point represented in engineering units. This
attribute determines the scaling used for bar graphs and trend lines.

e Bottom Bar (BB) is the minimum scale value of the point represented in engineering units. This
attribute determines the scaling used for bar graphs and trend lines.

¢ Range combinesthe TB and BB fields into a single field, for clarity.
e Engineering Units (EU) is the unit of measure that point value represents. Examples of

Engineering Units would be PPM, MGD, GPM, PSI, etc. This descriptionis limited to six
characters.

o Decimal Places (FM) defines the number of decimal places that will be shown in the Point
Information screen and by default on Graphics (unless otherwise defined within the graphic
code).

e High Sensor (HS) is the maximum electrical range of the instrument providing the point value.
For example, if an instrument operates within a 4-20 mA range, HS would be 20 mA. Likewise,
if the instrument operates within a 1-5 VDC range, HS would be 5 VDC. Only enter the
numerical value in the field; 5 in the last example. Note that for 4-20 mA signals, the high
sensor alarm setting will be set at 20.4 mA.

e Low Sensor (LS) is the minimum electrical range of the instrument providing the point value. For
example, if an instrument operates within a 4 to 20 mA range, LS would be 4 mA. Likewise, if
the instrument operates withina 1 to 5 VDC range, LS would be 1 VDC. Only enter the
numerical value in the field; 1 in the last example. Note that for 4-20 mA signals, the low sensor
alarm setting will be setat 3.6 mA.

e High Alarm (HL) is the value at which an alarm is generated on increasing signal.

e LowAlarm (LL) is the value at which an alarmis generated on decreasing signal.

o Deadband (DB) minimizes the occurrence of nuisance alarming when a signal oscillates near a
High Limit or Low Limit setting. Once a point has exceeded either threshold, the alarm will
remain active until the signal passes back through the threshold by the amount specified in

Deadband.

e Deadband Algorithm represents the units of the Deadband (DB) value indicated above
(standard, percentage range, ratio, etc.)

e Top Output Scale (TW) represents the maximum value of an Analog Outputin Engineering
Units.

e  Bottom Qutput Scale (BW) represents the minimum value of an Analog Outputin Engineering
Units.
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3. DigitalFelds

o Reset Description (RS) describes the state of a device or command when a Digital Input or
Digital Output contactis opened.

e  SetDescription (ST) describes the state of a device or command when a Digital Input or Digital
Output contactis closed.

o Alarm State (AR) specifies which logic state should be alarmed for a digital point, contact
closed (AR = 1) or contact opened (AR = 0).

e Alarmis an alternative method used to display the Alarm State on a database listing and is

positioned to indicate whether the Reset Description or the Set Description is the alarm state of
the signal.
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3 DCS Control Philosophy

The Ovation DCS offers a wide variety of hardware configurations and software tools, allowing the user
maximum flexibility in the implementation of control applications. Like any software-based program,
Ovation control applications follow stringent guidelines that dictate the programming structure and
control logic flow. Implementation of such guidelines is critical to the efficient development of the control
logic, successfulinstallation of the DCS and ease of software maintenance for years to come.

The following sections summarize the DCS control application program structure, typical of the logic
flow required for HRSD process control applications.

References
o Appendix X — Level 1 Control Templates
o  Appendix X — DCU Software Mapping
o  Appendix XI— Sample Control Strategy

¢  Ovation Algorithms Reference Manual— REF_1100
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3.1 Process Control Programming Structure

HRSD process control applications require two distinct layers of automation. Each layer requires a
specific set of I/O signals and provides a limited level of automation. These levels can be summarized
as follows.

Level 1 Control

This is the lowest level of automation, and provides manual start/stop/open/close control and
monitoring of devices such as valves, pumps, breakers, etc. From a software standpoint, this layer of
controlis designed in a modular logic format since most devices require the same basic control
functions. Provisions are also made to accept commands from higher levels of automation.

Devices that require continuous control signals such as modulating valves and variable speed drives
are also considered as Level 1 control. The control for these devices is typically unique in nature and,
therefore, is omitted below to simplify the discussion of control layering. Modulating control is
specifically addressed later in this document.

Level 2 Control

This level of automation provides automatic control of multiple devices within a single process.
Examples of logic functions included at this level are:

e Equipmentsequencing

e Lead/lag priority assignment
e Automatic equipmentalternation of parallel devices
Much of this software is designed in a modular format.

3.1.1 Levell Control Automation

Level 1 control automation provides manual control/monitoring of devices such as valves, pumps,
breakers, etc. This is the software equivalent of the type of hardwired controls that normally appear at
a control panelor MCC. Features that appear at this level of software include:

e  Operator interface
e Equipment protection interlocks

e  Process interlocks
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e Commands from other automation levels

e  Device fail alarms
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Figure3.1.1— Level 1 Control Automation Software Module

Figure 3.1.1 depicts a software module that controls an individual device such as a motor or breaker.
This example generates one maintained control output based upon various Operator, /O and DCS
input signals. The module is designed to accommodate the worst case logic requirements of all field
devices that utilize one maintained control output. For any device that does not match the
requirements of the worst case device, all non-applicable input/output signals are disabled or ignored
at the software module.

Other modules are developed for each type of control output requirement, e.g., one momentary output,
two maintained outputs, two momentary outputs, etc. All modules have the same general
characteristics:

e  Operator Inputs — Graphical Pushbuttons

e  Start/Stop or Open/Close pushbuttons are provided to allow manual control from
the DCS.

e  Auto/Manual pushbuttons are provided for any device that also has Level 2
control automation.

e Reset pushbuttons are provided to allow the Operator to reset failure alarms.
¢ Field/DCS Inputs — Status and Interlock

e Hand/DCS status is used to determine when the device is available for DCS
control. Manual control pushbuttons are defeated when a device is in Hand

control.
DCS CONTROL PHILOSOPHY

e Device status provides the control feedback that is necessary to determine that
the device is properly responding to the control output. A failure alarm is
generated when the device does not respond properly to the DCS commands.

¢ Hard (field) and soft (DCS) interlocks are used in permissive/interlock logic,
providing equipment/safety protection.

e Level 2 automation normally provides start/stop commands to Level 1 automation
for control such as device sequencing, lead/lag operations and automatic device
alternation.

e  Operator Display — Status and Alarms
e  Operator control interface to Level 1 automation is normally depicted as a
Manual/Auto (M/A) control station. The M/A station displays all status and alarm
information, enabling the Operator to control, monitor and troubleshoot device
operation from one graphic display.

e Field/DCS Outputs — Command Outputs and Device Ready Status

¢ Command outputs drive the I/O that provides the DCS with the means to control
the device.

¢ Inorderto make control decisions without duplicating Level 1 logic, Level 2
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3.1.2 Level 2 Control Automation- Process Control

automation requires a Device Ready status from the associated Level 1
automation. Device Ready status is a single signal that indicates that a device is

in DCS control, is in DCS Auto, and has all interlocks cleared.

This portion of Level 2 control automation provides automatic control of multiple devices. This type of
automation typically replaces repetitive or scheduled Operator functions that involve multiple pieces of

equipment. Features that appear at this level of software include:

Operator interface
Process interlocks
Process startup, shutdown and normal control
Command/status from other automation levels

Process fail alarm
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Figure3.1.2— Level 2 Control Automation Software Process Control Module

Figure 3.1.2 depicts a software module that controls multiple devices in response to process conditions
and a predetermined program. This example generates multiple start/stop/open/close requests to other
software modules. The interface to the Operator and to other software modules may be standardized,

however the control program is customized based upon the process control requirements.

Other modules are developed for each specific process requirement. All modules have the same

general characteristics:

e  Operator Inputs — Graphical Pushbuttons/Entries

e  Program Start and Stop pushbuttons are provided for Operator initiation of the
process. A Program Off pushbuttonis providedto reset a sequenceto its first
step, when applicable. Process setpoints and timer settings are also typically
required. A Program Resetis also provided as a means to reset any sequence
FAIL event before reinitiating the sequence. A Program Shutdown pushbutton
may also be required, which provides an immediate shutdown of the associated
equipment.

e Field/DCS Inputs — Status and Interlock

e  Process status provides the control feedback that is necessary to determine that
the process is properly responding to the control requests. A fail alarmis
generated when the process does not respond properly.

e Hard (field) and soft (DCS) interlocks are used in startup/shutdown permissive
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logic, providing process protection. Equipment/safety protection is provided at
the Level 1 control automation.

e Level 1 control automation provides Device Ready status information to Level 2
automation. This allows the Level 2 automation to determine which devices are
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available to control the process.
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e  Operator Display — Status and Alarms

e  Operator control interface to Level 2 automation is normally depicted on an entire
graphical display or a single control window, depending on the complexity of the
process control. The graphic displays all status and alarm information and
provides the Operator with informational messages that are unique to the
process. This enables the Operator to control, monitor and troubleshoot the
process operation from one graphic display. Level 1 M/A stations are also
sometimes accessible from this display.

e Field/DCS Outputs — Control Requests and Process Ready Status

e  Control requests drive other software modules such as Level 2 Lead/Lag, Level 2
Alternation or Level 1.

3.1.3 Level 2 Control Automation- Lead/Lag Selection

This portion of Level 2 control automation accommodates the manual start/stop prioritization of multiple
devices. Featuresthat appear at this level of software include:

e  Operator interface

e Manual start/stop prioritization

Start/Stop
Devicel HS Requests Level 1 Requests
Device 2 | Lead#
Graphical @—» 1,
Pushbuttons
Device3 @_, | i Lagl#
Graphical Indication
AlignRank @_> i C Lag2#
Pending
0cess S LEVEL2 CONTROL
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From other DCS LEAD/LAG SELECTION
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Start/Stop
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e Commands from/to other automation levels

Figure 3.1.3— Level 2 Control Automation Software Lead/Lag Selection Module
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Figure 3.1.3 depicts a software module that determines the specific selection of the next Level 1 device
to start/stop. This example generates a control request for each device based upon various Operator
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and DCS input signals. The final selection is based on a predetermined order that is set manually.
The moduleis designed to accommodate the worst case logic requirements of all processes that utilize
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a Lead/Lagtype of selection. For any process that does not match the requirements of the worst case
process, all non-applicable input/output signals are disabled or ignored at the software module.

Other modules may be developed for various types of control output requirement, e.g., Active/Standby,
Leadl/Lead2/Lag, etc. All modules have the same general characteristics:

e  Operator Inputs — Graphical Pushbuttons

e Device pushbuttons are provided to allow manual order selection from the DCS.
The Operator determines this by pressing the Device pushbuttons in the desired
order.

e The Align Rank pushbutton enables the Operator to execute an automatic re-
alignment of the devices to match a new device order. Here, the highest priority
devices are automatically started, and lower priority devices are stopped until the
device statuses match the selected order.

e DCS Inputs — Status and Commands

e  This control module processes all requests from the Level 2 Process Control
Module, and from the Level 2 Automatic Alternation Module when applicable.

e  Operator Display — Status

e  Selection orders are displayed so that the Operator is aware of which device will
be selected next.

e The Operator may select a new device order if all devices are in the DCS Manual
mode. Once an assignmentis made for each device, a Pending Change
message informs the Operator that the desired devices may again be placed in
DCS Auto, then the Align Rank pushbutton will rotate the devices to match the
new order.

o DCS Outputs— Control Requests
e  Control requests drive the associated Level 1 control automation.

3.1.4 Level 2 Control Automation- Automatic Alternation

This portion of Level 2 control automation requests the alternation of parallel devices based on one of
several specified criteria;

° Runtime comparison to a manually set cycle timer

e On start of alternating devices

. On device with least accumulated runtime, when device start is requested.

Features that appear at this level of software include:

e  Operator interface

e  Device current runtime comparison
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Figure 3.1.4— Level 2 Control Automation Software Automatic Alternation Module

Figure 3.1.4 depicts a software module that determines when Level 1 devices need to be alternated.
This example generates a control requestto a Level 2 Lead/Lag Selection module based upon various
DCS inputsignals. The outputcommand is triggered based on equipment current runtime comparison
to a manually set cycle timer. The moduleis designed to accommodate the worst case logic
requirements of all processes that require automatic alternation. For any process that does not match
the requirements of the worst case process, all non-applicable input/output signals are disabled or
ignored at the software module. This module has the following general characteristics:

e  Operator Inputs — Graphical Pushbuttons

¢ Enable/Disable selections activate/deactivate the automatic control.
¢ DCS Inputs— Status and Commands
¢ Inthis example, the device’s current runtime is compared to a target (elapsed)
time setpoint to determine when the equipment should alternate. Device current

runtimes are calculated at Level 1.

o Whenapplicable, Level 2 automation only permits equipment alternation when
the processiis stable.

e DCS Outputs— Control Requests

e  Control requests drive the associated Level 2 Lead/Lag Selection Module.

3.1.5 Control Automation

Figure 3.1.5 summarizes the general handshaking requirements between Level 1 and Level 2 controls:
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3.2 Failure and Availability Modes

The following alarms and failure modes will be provided for the indication of abnormal conditions of the
equipment controlled by the DCS. This logic is provided to alert the operator of abnormal conditions
that affectthe DCS controls, and to provide the automatic controls with the information required to
adaptto the same abnormal conditions. Note that upper case terms are used to represent control
pushbuttons and indications that are integrated onto the Operator/Engineer displays.

3.2.1 General Failure and Availability Modes

o DATALINKFAILURE - The DCS and PLC application programs combine to create a simple
pulse train, or watchdog signal, for each DCS/PLC data link. If the pulse train ceases alternating
between logic 0 and logic 1 states, thena DATA LINK FAILURE alarm is set. After a
communication between the DCS and the PLC is reestablished, this alarm will be cleared
automatically and after a predefined time delay all the DCS control functions will be restored.

e READY - The DCS continuously monitors the status and alarm condition of each controlled
device. A device is defined as READY under the following conditions:

e Thelocal HAND/DCS switch is in DCS position, and

¢ Thedevice INTERLOCK flag is reset (if applicable), and
e The device PERMISSIVE flag is reset (if applicable), and
o DATALINK FAILURE flag is reset (if applicable), and

¢ None of the DCS originated alarms described below and specified for each type
of the controlled device are active, e.g., drive FAIL TO START, drive FAIL TO
STOP, valve FAIL TO OPEN, valve FAIL TO CLOSE, etc.

o AVAILABLE - Thisflag is used by Level 2 software to determine the equipment availability. A
device is defined as AVAILABLE for strategy under the following conditions:

e device READY flagis set, and
e Thedeviceis selectedto DCS AUTO mode

3.2.2 Drive Failure Modes

¢ INTERLOCK - This signal combines a complete list of DCS signals, which are defined as
interlock criteria for a running drive thatis controlled by the DCS, e.g., drive OVERLOAD,
pump DISCHARGE PRESSURE HIGH, etc. The number and types of alarms included in
drive INTERLOCK is specific for each type of controlled device and is defined at the database
level or derived from other DCS logic. All signals, which are included in a drive INTERLOCK
are displayed at the M/A station. Under occurrence the DCS commands the drive to STOP,
prevents it from starting and sets the drive FAILED alarm.

e PERMISSIVE - This signal combines a complete list of DCS signals, which are defined as
start-up permissive criteria for a drive thatis controlled by the DCS. The number and types of
alarms included in drive PERMISSIVE is specific for each type of controlled device and is
defined at the database level or derived from other DCS logic. All signals, which are included
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in a drive PERMISSIVE are displayed at the M/A station. Under occurrence the DCS
commands the drive to STOP and prevents it from starting.

e FAILTO START - When a stopped electrical drive is commanded to start by the DCS in either
MANUAL or AUTO mode and a running feedback is not received within a presettime, the
Operator will receive a FAIL TO START alarm for the drive. This alarm is latched at the DCS
and can be either manually reset by the Operator at the respective M/A station or is
automatically reset when the drive HAND/AUTO switch is turned to HAND position. If the drive
is controlled through a data link, this alarm will be disabled during DATA LINK FAILURE.

e FAILED - If a running electrical drive (e.g., pump, blower, etc.) stops while commandedto run by
the DCS in either MANUAL or AUTO mode or if the drive INTERLOCK signal is set for sucha
drive, the Operator will receive a FAILED alarm for the drive. This alarm is latched at the DCS
and can be either manually reset by the Operator at the respective M/A station or is
automatically reset when the drive HAND/AUTO switch is turned to HAND position. If the drive
is controlled through a data link, this alarm will be disabled during DATA LINK FAILURE.

e FAILTO STOP - When a running electrical drive is commanded to stop by the DCS in either
MANUAL or AUTO mode and a stop feedback (removed running feedback) is not received
within a preset time, the Operator will receive a FAIL TO STOP alarm for the drive. This alarm is
latched at the DCS and can be either manually reset by the Operator at the respective M/A
station or is automatically reset when the drive HAND/AUTO switch is turned to HAND position.
If the drive is controlled through a data link, this alarm will be disabled during DATA LINK
FAILURE.

e SPEED DEVIATION - This alarm will be activated at the DCS for a variable speed pump if, for
a preset amount of time the actual pump speed differs from the required pump speed by more
than a preset value.

3.2.3 Valve Failure Modes

¢ INTERLOCK - This signal combines a complete list of DCS signals, which should interlock a
controlled valve, i.e., valve JAMMED, valve HIGH TORQUE, etc. The number and types of
alarms included in valve INTERLOCK is specific for each type of controlled device and is
defined at the database level, or derived from other DCS logic. All signals, which are included
in a valve INTERLOCK are displayed at the M/A station.

e FAILTO OPEN - When a valve is commanded to open by the DCS in either MANUAL or
AUTO mode and an open feedback is not received within a preset time, the Operator will
receive a FAIL TO OPEN alarm for the valve. This alarm is latched at the DCS and can be
either manually RESET by the Operator at the respective M/A station or is automatically reset
when the valve HAND/AUTO switch is turned to HAND position. If the valve is controlled
through a data link, this alarm will be disabled during DATA LINK FAILURE.

e FAILTO CLOSE - When a valve commandedto close by the DCS in either MANUAL or AUTO
mode and a close feedback is not received within a preset time, the Operator will receive a FAIL
TO CLOSE alarm for this valve. This alarm s latched at the DCS and can be either manually
RESET by the Operator at the respective M/A station or is automatically reset when the valve
HAND/AUTO switch is turned to HAND position. If the valve is controlled through a data link,
t h i s alarmwill be disabled during DATA LINK FAILURE.

e SWITCH FAILURE - If at any time both OPEN and CLOSE limit switch signals are received by
the DCS at the same time, the SWITCH FAILURE alarm will be set. This alarm is latched at the
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DCS and can be only manually RESET by the Operator at the respective M/A station. If the
valve is controlled through a data link, this alarm will be disabled during DATA LINK FAILURE.

e POSITION DEVIATION - This alarm will be activated at the DCS for a modulating valve if, for a

preset amount of time the actual valve position differs from the required valve position for more
than an presetvalue.
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(a) 4 Custom Graphics and HMI Configuration

Custom graphics are the most important interface tool provided with the DCS. These graphics,
combined with the Ovation Human/Machine Interface (HMI) software packages, provide the monitoring
and control access required for the Plant Operations and Maintenance (O&M) staff to perform their daily
tasks. Development of an efficient, user-friendly HMI environment enhances the performance of the
user and the resulting Plant operation.

Like any user interface, graphics design and HMI configuration must consider “human factors”. These
factors include:

e Consistency

¢ Navigation

e Presentation (e.g., colors, blinking, shapes)

e  Control accessibility

o  Uniformity between different applications
The purpose of this Section is to define the approach used for the design and development of DCS
control and monitoring graphics, and how they are integrated into the HMI environment. Specific
concepts, examples and programming notes are included in various Sections of this documentto
assist the software development and maintenance efforts.
References

o  Appendix Il — Graphic Hierarchy

¢  Appendix IV — Graphic Navigation

e Appendix V — Graphic Display Elements

e  Appendix VI — Process Colors

e Appendix VIl — Graphic Macro List

o Appendix VIl — Sample Graphic Types

e  Operator Station User Guide — OW331-20

e  Operator Station Configuration Guide — OW331-21

e  Graphics Builder Use Guide for Ovation 3.3 — OW331-90

¢ |ISA 101 standards.
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4.1. Graphics Hierarchy

41.1General
¢ Graphics should follow ISA 101 standards.

A graphics hierarchy defines the “road map” for the organization and navigation of the DCS graphics.
An effective graphic hierarchy provides the user with a consistent and an intuitive interface to the DCS
monitoring and control functions.

The following general design concepts must first be established:

e  Graphic Types — Most graphic types should mimic the appearance of project mechanical,
architectural, electrical and instrumentation drawings. Standard formats are established for
each type based upon desired levels of monitoring and control functionality, giving the user an
immediate "feel" for the content and control accessibility of each graphic. In addition, each
graphic type should appear somewhat similar to the other types. These standardized
appearances also aid in identifying the hierarchical location of each graphic, resulting in more
intuitive navigation actions by the user.

e Functional Areas — Functional Areas are established based upon plant-specific areas, unit
processes and auxiliaries. Related piping, structures and equipment are grouped together on
a graphic or set of graphics, to the extent allowed by the density limitations of the graphic type
being used. Note that pan and zoom features are available as part of the standard viewing
system, and their use should be considered when evaluating Functional Areas and graphic
density. However, because of the number of user actions required to pan and zoom, its use
should not be relied upon for normal user activities.

¢ Navigation — Paging symbols and Pop-Up windows are used to guide the user through the
hierarchical map. Standard symbol locations and consistent graphic types resultin more
intuitive paging actions by the user. Paging symbols are also sometimes assigned for process
lines that are continued between graphics.

o Pop-Up Windows - Pop-Up Windows provide a powerful alternative to using full-size graphics

for paging, monitoring and control functions, significantly reducing the required number of user
mouse actions.

4.2 GraphicTypes
4.2.1 Plant Overview Graphics

Plant Overview graphics provide the highest level of display for the user's DCS operation. These
graphics summarize the equipment layout and process status for multiple Functional Areas on a single
graphic.

Three types of Plant Overview graphics are designed:

4.2.2 Display Menu — This provides a one-page summary of all custom mainscreen
graphics provided with the system. This graphic is normally shown in a format that
shows the hierarchical arrangement of the graphics.

4.2.3 Plant Overview - This provides a simplified P&ID diagram of the entire plant process

and includes dynamic information for major plant process variables and equipment
statuses.
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4.2.4  Multi-Process Overview — This provides a simplified P&ID diagram of several related plant
unit processes on a single graphic and includes dynamic information for major process
variables and equipment statuses.

5 Unit Process Overview Graphics

Four types of Unit Process Overview graphics are designed:

5.1 P&ID graphics provide status update and high level control of multiple related devices within a
Plant Functional Area. These graphics inherently can become very dense; therefore process
and equipment representations are kept simple, may not always provide a true representation
of equipment orientation, and look similar to the process and instrumentation drawings (P&ID)
found in the project plans. Functional process layout is shown, along with related process
variables, statuses, alarms and controls.

5.2 Electrical Single Line graphics are specific to electrical equipment arrangements and are
similar to the one-line drawings found in the project plans. Functional electrical layout is
shown, along with related process variables, statuses, alarms and controls.

o DCS System Status graphics represent the DCS network architecture and provide a constant
update of the control system hardware status.

e Tabular graphics provide a summary of miscellaneous dynamic information that does not have

an efficient graphical representation or would otherwise clutter another graphic. Information is
presented in functionally grouped tables.

6 Unit Process Graphics

Two types of Unit Process graphics are designed:

e P&ID graphics provide individual control of devices related to a specific area or process.
Process and equipment representations utilize a two-dimensional style of symbols. Functional
process layout is shown, along with related process variables, statuses, alarms and controls.

e Electrical Single Line graphics are specific to electrical equipment arrangements and are

similar to the one-line drawings found in the project plans. Functional electrical layout is
shown, along with related process variables, statuses, alarms and controls.

7  GraphicFunctional Areas
Graphic Functional Areas are established based upon plant-specific areas, unit processes and
auxiliaries. Definition of these areas establishes the graphic display hierarchy. The following
guidelines are used in the assignment of Functional Areas:

¢ Related process flow and plant areas are grouped.

e Processes should be separated from common plant auxiliary systems such as plant air and
water. This causes less confusion and congestion on potentially dense graphics.

e Related graphics should be combined when sufficient space exists, thus minimizing the total
number areas and simplifying navigation.
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e  Control for any specific device should appear in the fewest possible areas to minimize
confusion.

e A specific range of graphic numbers is assignedto each area.
8 Graphic Navigation

With the proper design of Graphic Types and Functional Areas, most Graphic Navigation should
inherently exist. The following guidelines are used in the assignment of Graphic Navigation:;

¢ Navigation symbols should appear in consistent locations from graphic to graphic. When
navigation symbols are grouped, their order (left/right/top/bottom) should reflect the process
flow, which should also reflect the graphic hierarchy.

e Each graphic should contain a mechanism (drop-down menus or "shortcut keys") that enables
immediate access to other graphics.

e Processlines may include paging symbols when the lines connectto other graphics.

e Extraneous paging symbols should be avoided since there is no location consistency from
graphic to graphic. This tendsto confuse the user and also uses valuable graphic space.
Instead, the hierarchical design should already provide an intuitive means for the user to
quickly display any graphic.

e Paging between different graphic types tends to be confusing and should be avoided.
9 Pop-UpWindows

Pop-Up Windows should be used extensively to facilitate user monitoring and control actions, and to
reduce the number of user paging actions. Size should be considered when designing these windows,
since it may be undesirable for the window to cover a substantial portion of the main graphic, however
some applications require that no limit be defined. Predefined symbols locate the "poke field" areas that
call up the windows from the mainscreen graphics. The following are uses for Pop-Up windows:

e Manual/Auto Control Stations - Analog/digital control stations are the most common application
for Pop-Up Windows. Standard station sizes are defined, as well as the maximum number of
stations per window. Equipment symbols are used to designate the associated poke field
areas.

e Strategy Windows - Start/Stop strategy, Lead/Lag selection, value entry, sequence initiation and
sequence step displays are typical functions applied to Strategy Windows. The possible
combinations of these functions should be predefined, which would in turn define the number of
user actions required to initiate a typical control. Due to the wide variation of possible control
combinations, these windows typically have no predefined sizes. Textor equipment symbols
are used to designate the associated poke field areas.

e Paging Menu - These "drop-down" windows allow the user to quickly navigate between
graphics.
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10. BaseWorkstation Features
10.1 General

When designing custom graphics, consideration must be given to the user interaction with the base
workstation features. Custom graphic elements and related workstation functions should have a
similar appearance and "feel". Note thatit is notin the scope of this Section to define the specific
workstation parameters, but only to summarize the relation of the graphic interface to standard
workstation functions.

The following base workstation features must be considered when implementing the custom graphic
design:

e AlarmList

e Trend Package

e  Custom Graphic Menus

e  CustomKeypad

o Keyboard Paging Arrows

e Diagram Display

¢ Navigation and Control

e  Security Levels

e  Operating System Commands

10.2 Workstation/Custom Graphic Interaction

e Alarm List.

o Alarms should follow ISA 18 recommendations. The Alarm List provides a
centralized interface for the user to manage all process and control system alarms.
Custom graphics can provide a similar interface:

e Dynamic Display Elements - Any graphic display element can be designed to change color
and/or blink based upon its associated alarm statuses. Implementing these dynamics on the
custom graphics provides the user with the same information presented on the Alarm List, with
the benefit of specifying only the subset of alarms that is associated with the graphic being
displayed. Any combination of color and blink dynamics can be used on the custom graphics.

e Alarm List Invocation - The Alarm List appears in a window that is independent from the custom
graphic viewing system, with the call-up icon being located on the workstation desktop. Custom
graphics can be designed to call up the Alarm List from an icon coded within the graphic.

e Bell Silence and Alarm Acknowledge Control - These controls are standard functions on the

Alarm List window and can be replicated on the custom graphics. Subjectto alarm filtering
parameters, the Operator may Silence or Acknowledge any DCS alarm from any workstation.
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11 Trend Package

The Trend Package provides trending capability for 600 groups of points, each group having a
maximum of 8 points apiece. Trend Groups appear in windows that are independent from the custom
graphic viewing system. Custom graphics can be designed to call any specific trend group window
without having to use the standard trend group menu function.

12. Diagram Display

The workstation's Operating System includes a program that displays any custom graphic by
entering/selecting the assigned graphic number. This functionis intended as a
development/troubleshooting aid only and should not be made available to most users.

13 Navigation and Control

The workstation provides various means to navigate the cursor and activate control functions. Most
users will use the mouse/trackball for as many functions as the interface is designed to accommodate,
therefore the majority of custom graphic designs encourage the use of the mouse/trackball to select
and activate the controls.

14 Security Levels

The workstation provides security controls through the use of the Ovation user login identification.
Ovation Control and Engineering Function accessibility is enabled/disabled through the Ovation
workstation security tools. Custom graphics may be viewed at any security level; however, control,
engineering and maintenance functions are normally restricted.

15 Operating System Commands

Custom graphics have the capability of executing any Operating System command that is accessible by
the user's security level. Typically, users of custom graphics have little need for such a feature to be
included (except for convenience), since most programs available to the user are already accessible by
other methods via the workstation's Operating System menus.
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16. Base Graphic Standards

16.1 General
All graphics should follow ISA 101 standards.

Base graphic standards provide the foundation from which all custom graphic designs evolve. Like
any project, these standards must be developed before any programming begins, and its associated
documentation must be updated as the project progresses. Strict enforcement of such standards
provides a consistent design, as well as a productthatis cost-effective to develop and maintain. The
following general categories of information must be defined:

Graphic Window Parameters

Graphic Layout Guidelines

Plant-Specific Information

Graphic Element Appearance
16.2 Graphic Window Parameters

Primary consideration must be given to the graphic dimensions, it's call-up location and the
background color of the graphic window. The following parameters are configurable for each graphic:

e Design Size - Graphics are normally designed with a single, standard dimension that does not
cover the entire desktop. This provides consistency and allows quick access to desktop icons for
base workstations functions such as the Alarm List and the Trend Package.

o Fixed/Default Size and Location - These parameters determine whether each graphic is called
up in a fixed size and location, or whether it should simply assume the previously displayed
graphic's size and location. As with any desktop arrangement, users typically find it annoying
for the system to resize and rearrange their windows, therefore fixed parameters are normally
discouraged here.

e Resize/lZoom - These parameters are typically enabled to allow the user to fit more windows on
the screen, and to enable the user to obtain a clearer view of the area of interest on the graphic.
Note, however, that graphics should not be designed to require the user to zoom/panthe graphic
window.

e Background Color - A single, dark background color should be chosen for all graphics, thus
reducing eye strain for the user. The design should also allow for sections of a graphic to have
another background color, thus furnishing a means to highlight a group of related devices.

e  Grid - When possible, custom graphics should be designed on a fixed grid map. This simplifies
graphic development and maintenance, and results in a better design.

17 Graphic Layout Guidelines
All custom graphics, no matter which type is chosen, are normally designed with some common
display elements. These elements are typically placed in one of five areas, with the same information
appearing in the identical location from graphic to graphic:

e Header Area (top)
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e Footer Area (bottom)
o LeftMargin

e Right Margin

e Corners

The following types of information are typically assigned to these areas. Care must be taken to
minimize the amount of graphic space assigned to these areas, considering that the body of the
graphic may need to consume all available space.

e  Graphic Number - This informationis helpful for developmentand troubleshooting, as well as
for general reference needs in the project documentation.

e  Graphic Title - In normal discussion, graphics are referenced by description instead of by
number, therefore a concise title is appropriate for each.

¢ Navigation - These areas are ideal locations for the implementation of hierarchical graphics
paging pop-up windows and shortcut keys.

o Time/Date - This informationis sometimes useful for reference on graphic screen dumps,
showing process variable values at a specific time and date.

e Process Variable Information - These areas are ideal locations for the display of major process
information, such as Plant Influent Flow or Unit Megawatts.

e Plant/DCS Specific Information - Other important information such as plant location or DCS
status can be placed here.

e Accessto Base Workstation Features - Normally, graphics are sized in such a manner that
desktopicons are readily accessible. In cases where graphics are designed to cover the
majority of the desktop, access to base workstation features may be required in these areas.

e People are conditioned to read information in fixed directions. For example, in the United
States, the typical user tends to read from left to right, and from top to bottom. Graphic
designers must consider this natural user response when arranging screen content, and
processes should tend to flow in these directions. Note thatin this same example, the
expected flow also favors a clockwise direction over a counter-clockwise direction.

18 Plant-Specific Information
As installations vary from company to company, and industry to industry, there are limitless possibilities
of plant-specific information that may be required to be included on the custom graphics. The minimum
required information is outlined below. Normally this information can be found in the project plans and

specifications.

¢ Process Colors - Many installations color code the physical plant piping to facilitate
the tracing of pipes. The custom graphics should follow a similar color scheme.

Section 32 32-305 January 2023



CUSTOM GRAPHICS AND HMI CONFIGURATION

19 Base Graphic Elements

All custom graphic content consists of one or more base graphic elements that have stand-alone
functionality, and act as building blocks for more complex graphic elements. Base static and dynamic
features must be pre-defined and passed into the design of complex graphic elements.

19.1 Base Graphic Element Appearance

Ergonomic guidelines must be followed when choosing colors, blink attributes and fonts:

e Bright colors should be avoided, as well as large blank areas of light coloring on a
dark background.

¢ Whenchoosing a color, always consider the background color on which the
associated element will appear and check for an acceptable degree of contrast.

e The overall graphic design should reduce the possibility of having too many different
colors on a single graphic. Too many colors make the graphic look "busy” since the
user'smind will subconsciously attemptto interpret each color.

e The exclusive use of color to convey specific information should be avoided since the user
may suffer from some degree of color-blindness.

e Large blinking elements should be avoided, as well as elements that always blink.

e Fontsizes and styles should be consistent between like functions.

e  The number of differentfont sizes and styles should be minimized.

e Because of the density requirements of a typical set of custom graphics, it is difficult to
avoid using small font sizes. Graphic designers should preview all font choices on a CRT
that has the minimum size and resolution that will be used on the installed system.

e Centertexton boththe X and Y axis when the background s a colored bar. When using
blank spaces to center text, and an odd number of spaces are available, put the extra
space on the right side of the text (e.g. --center---, not ---center--).

e Capital letters should be used for most text to make the graphics more readable.

19.2 Base Graphic Element Functions
Pre-defining the base function of each type of graphic element results in consistent custom graphics
and simplifies their development and maintenance. Base functional definitions should include size,
color, and dynamic behavior.

e Text- Textis the most used graphic element, and default system text sizes should be used.
Graphics designers must take into consideration that the size of most other graphic elements
will be affected by the text sizes that are chosen.

e Lines- Lines are commonly used for piping, table construction and as pointing mechanisms.

Line types and widths are chosen from system default menus. The use of different line types

should be limited, since only a few different types are easily distinguishable on the typical
graphic display.

Section 32 32-306 January 2023



CUSTOM GRAPHICS AND HMI CONFIGURATION

e Polygons - Polygons are commonly used for piping and structural graphic
representations. One advantage that polygons have over lines is that they have the
option of including an outline color.

e Rectangles - Regular rectangles are used as needed. OL rectangles are normally
usedas background elements for 3-D representations.

e Shapes - A shape library provides pre-defined symbols for use throughout the graphics.
Often, however, macros are instead used for this purpose because of their flexibility in
including other grap hic elements and complex dynamics.

e Filled Areas - Fills are used to paint areas within a specific boundary. Often, however,
polygons are favored because the fill boundary rules are sometimes difficult to implement,
and becausefills tend to consume more of the workstation's processor resources.

e Process Points - Process points display analog values in a wide variety of formats.
Quality indications are often included to display when a value may be invalid or not
updating.

e Bargraphs - Bargraph indicators are usedin a manner similar to that provided by
hardened controlpanels. Bargraphs are usefulin providing a more physical
representation of an analog value. Thisis normally applied to a display such as tank
level,orwhererelated values are displayed side by side, as in the case of an M/A
station.

e Poke Fields - Poke fields provide the user with the ability to interact with the graphics
and process controllers. Typical applications include navigation and control. Unique
symbols are used to indicate where poke fields are available.

¢ Entry Fields - Entry fields provide the user with the means to input data into the control
system Typical applications include tuning adjustments and equipment start/stop
prioritization.

19.3 Macros

e Inorder to simplify programming, graphic elements can be combined into library elements
called macros. Macros feature a fill-in-the-blanks approach to programming simple or complex
display elements.
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Appendix | — Database Field Entry
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General

This Appendix describes various database entry guidelines. The enclosed listings provide the User
with the pre-defined options that are available for each entry. Referto Section 2 of this document for
general database information and references.

I/O Point Names

This Appendix describes the point naming scheme for 1/0 points. 1/0 point names are limited to 16
characters in length, and some non-alphanumeric characters are not allowed. When assessing /O
point naming lengths, internal point naming standards must also be considered.

Plant and Pump Station Naming Standards

I/O points must have a unique name on a single DCS network. Identical point names on
different networks are not recommended since it can cause confusion when data is drawn
from multiple networks. The first three characters will describe the Plant or Pump Station
with which the pointis associated.

Unit Process Standards

To facilitate data sorting and identification, the fourth and fifth characters of the point name will
representa Plant Unit Process. For consistency, Unit Process designations will match
between different Plants, and pre-defined HRSD designators (two-digit numbers) will be used.

Function Designator

The third designator in the point haming scheme will consist of a four character representation
that most closely describes the point function, generally following ISA standards.

Loop Designator

The fourth designator in the point naming scheme will consist of a four digit loop identifier, and
typically represent a single device or group of related devices. Loop assignments are defined
in the project database.

Loop Suffix Designator

For devices that have the same Plant/UP/ISA/Loop designators, a provision is made to
differentiate point names through the addition of an alphabetic (A-Z) loop suffix.

Typical Point Name

Using the aforementioned schemes, a typical point name will appear as in the following
example:

ABP12FITX2013

This point name represents a flow indicating transmitter at the Army Base Treatment Plant,
Unit Process 12, and identified by loop number 2013.
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All DCU and RIO cabinet alarms shall be included in unit process 99 and be tagged as
follows:

UPS summary alarm ABP99YAAXXXYY

UPS low battery ABP99YABXxXyy
UPS on battery ABP990ONBTXxyy
UPS on bypass ABP990ONBYxxyy
UPS ON STATUS ABP990ONSTxxyy

Cabinetdoor closed ABP99CLSSxxyy

Where xx = Drop and yy = RIO. Examples: ABP99YAEX0100is Drop 1 UPS is bypassed,
ABP99YABX2221 is RIO 21 UPS low battery, which is controlled by drop 22.

Internal Point Names

Internal point names are added to the DCS as required to implementthe control logic. These can be
Analog, Digital or Packed points, and will follow a pattern similar to that used for I/O points, with the
following exceptions:

Internal Function Standards

The third designator in the point naming scheme will consist of a four digit pseudo-ISA
representation that most closely describes the internal point function.

Fourteenth Character

In order to quickly identify internal points, the fourteenth character will be a dash “- “.

Internal Point Suffix

A two-character suffix is added to the last two positions, thus allowing multiple internal points
to be assignedto a single control function.

Typical Internal Point Name

Using the aforementioned schemes, typical internal point names will appear as in the following
examples:

ABP01B00X1036-00

ABPO1FCLS1036-00

The first point name would representinternally generated packed status bits, while the second
represents a FAIL TO CLOSE alarm for the same unit process 1 device at the Army Base
Treatment Plant, identified by loop number 1036.
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Alarm Priority and Color Standards — Follow ISA18

Any point designated as an alarm must be assigned a priority and a color for display on the DCS Alarm
List. The Ovation system provides for up to 8 alarm priorities, 1-8 (most critical to least critical). Note
that the color assignment made here will also be used on the custom graphic displays, as applicable.

Alarm Destination Standards

At the HMI, the User can select Normal or Priority Mode for alarm list display. Typically, the Normal
Mode is configured to show all alarms. Priority Mode is typically configured to display User-specific or
Location-specific alarms. Alarm destination is used to assign each point to these alarm configurations.
Note that 26 categories of alarm destination are available, and one is reserved for DCS-related alarms.

Point Characteristics Standards

At the HMI, the User is provided with a utility to sort thru the system database points for various status
information. Point Characteristics provides the sorting mechanism. Eight characters are assigned to
each point to categorize the possible sort combinations. Note that the first Point Characteristic is
always the alarm destination designator.
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Tag Function Initiating Device

AAHH Analyzer Alarm High High Gas Monitoring System

AAHX Analyzer Warning High Gas Monitoring System

AALX Analyzer Alarm Low Gas Monitoring System

AITX Analysis Indicator Transmitter Analysis Transmitter or System

CLSC Valve/Slide Gate Close Command DCS

CLSP Valve/Slide Gate Close Permissive DCS

CLSS Valve/Slide Gate Close Status Field Device

EAHX Voltage Alarm High Generator  System

EALL Voltage Alarm Low Low Generator  System

EALX Voltage Alarm Low Generator  System

EITX Voltage Indicator Generator System

FALX Flow Alarm Low DCS

FITQ Flow Indicator  Transmitter Totalizer Flow Transmitter (pulse)

FITX Flow Indicator Transmitter Flow Transmitter

FSLX Flow Switch Low Flow Switch

HSAS Hand switch in Auto Status HOA Selector Switch

HSHS Hand Switch Hand Status HOA Selector Switch

HSOS Hand Switch Off Status HOA Selector Switch

HITX Current Indicator Generator System

JHXX Power Demand High Power Transmitter

JITX Power Indicator Generator System

HBCX Heartbeat Output DCS

KQIX Run Time Indicator Field Equipment

HBIX Heartbeat Input PLC

LAHH Level Alarm High High Field Equipment

LAHX Level Alarm High Field Equipment

LALL Level Alarm Low Low Field Equipment

LALX Level Alarm Low Field Equipment

LITX Level Indicator Transmitter Level Transmitter

LSHH Level Switch High High Level Switch or System

LSHX Level Switch High Level Switch or System

LSLL Level Switch Low Low Level Switch or System

LSLX Level Switch Low Limit Level Switch or System

LSXX Switch Field Equipment
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NAHH Torque Alarm High High Torque Monitoring System
NAHX Torque Alarm High Torque Monitoring System
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Tag Function Initiating Device
NIXX Torque Indication Torque Torque Monitoring  System
NSHH Switch Fail Not Running Torque Monitoring  System
OFST Status (OFF) Running MCC, AFD, Control Panel
ONST Status (ON) Running MCC, AFD, Control Panel
ONSF Forward Running Reverse MCC, AFD, Control Panel
ONSR MCC, AFD, Control Panel
OPNC Open Command DCS
OPNP Open Permissive DCS
OPNS Open Status DCS
PAHH Pressure Alarm High High Control Panel
PAHX Pressure Alarm High Control Panel
PALL Pressure Alarm Low Low Contro Panel
PALX Pressure Alarm Low | Panel
Control

PDAH Differential Pressure Alarm High DCS
PDAL Differential Pressure Alarm DCS

Low
PDHH Differential Pressure Alarm/Switch High High DCS/Differential Pressure Switch
PDLL Differential Pressure Alarm/Switch Low Low DCS/Differential Pressure Switch
PDSH Differential Pressure Switch High Differential Pressure Switch
PDSL Differential Pressure Switch Low Differential Pressure Switch
PDIT Pressure Differential Indicating Transmitter Differential Pressure Transmitter

PITX PSXX PSHH PSHX PSLL
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QITX

RUNC
RUNF
RUNP
RUNR

SAHX
SIXX
SCXX
SSLX

Power Factor Indicator

RUN Command FORWARD
Run command

Run permissive

Run REVERSE Command

Overspeed Alarm
Speed Indication Pump
SPEED Command Speed
Switch Low
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Tag Function Initiating Device

TAHH Temperature Alarm High High Generator System

TAHX Temperature Alarm High Generator System

TCTX Temperature Sensor Thermocouple Temp

TITX Temp Indicator Transmitter Device Field

VAHX Vibration Alarm High Equipment

VITX Vibration Transmitter Weight Vibration Transmitter or System

WITX Indicating Transmitter Event Weight Transmitter

YAAX Alarm No 1 MCC AFD, Control Panel

YABX Event Alarm No 2 , AFD, Control Panel

YACX Event Fail Alarm Common MCC, AFD, Control Panel

YADX Event Alarm No 3 MCC, AFD, Control Panel
MCC,

YAXX Emergency Stop Position Field Equipment

ZCXX Command Position DCS

ZIXX Indication Position Transmitter

NOTE: Any required point type tags that are cannot be expressed using this list must be approved for use by HRSD and Emerson.
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Appendix 11 - Word and Phrase
Abbreviations
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General

This Appendix describes the Plant equipment abbreviation standards. The following lists set forth the
abbreviation convention for all Plant structures, equipmentand devices that appear in the DCS and its
related documentation. For general use, two lists are included, one sorted by word/phrase, and the
other sorted by abbreviation. A third listis provided for the point Set/Reset fields.

Abbreviations are required for every aspect of a DCS project, from database definition to Alarm Lists,
Trend Groups and custom graphics. Abbreviation standards are vital; however, they are difficult to
enforce on large projects with many people, and with many software packages having different text
length limitations. Other complications are that multiple words may require the same abbreviation, and
that not all possible words can always be pre-defined in an abbreviations list.

The following guidelines shall be used when adding new abbreviations:

e  For multiple words, use a common acronym, or create an acronym using the first letter of each
word.

¢ For single words, abbreviations should be constructed to provide unique representation without
need for context and intuitive interpretation for the user.

e Periods (.) should never be used in abbreviations, and other extraneous punctuation should be
avoided.
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Appendix 111 — Graphic Hierarchy

Graphics Standards are being updated to comply with ISA 101
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General

This Appendix describes the Plant graphic hierarchy. The graphic hierarchy list presented on the
following pages does not necessarily represent a final design, as requirements change during project
approval and development. Graphic numbering is spaced for future expansion, and to provide
numbering consistency between Plants. These numbers are pre-assigned and may change. Note
that the graphics hierarchy and paging menus are designed such that the Operator need not be
concerned with recognizing or memorizing graphic numbers.
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Graphics Hierarchy

HRSD Graphics Hierarchy

Menu Name
Graphic No. Graphic Title
Main Window
Overview

Graphic Style

ISA 101 Level 1

Top Level Process - appears on all menus

2000 PlantOverview ISA 101 Level 2

2010 Plant Overview Table ISA 101 Level 2

2020 Liguid Process Overview ISA 101 Level 2

2030 Biosolids Process Overview ISA 101 Level 2

2040 Program Status Overview Tabular
PRELIMINARY

2100 Preliminary Treatment Overview ISA 101 Level 2

2110 Influent Screening System 2D

2120 PlantInfluent Pumping System 2D

2130 Grit Removal System 2D

2150 Bio Solids / Septage receiving/Handling 2D
PRIMARY

2200 Primary Treatment Overview ISA 101 Level 2

2210 Primary Clarification 1/2/3 2D

2220 Primary Clarification 4/5/6 2D

2230 Primary Scum System 2D

2250 Intermediate Pumping 2D
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HRSD Graphics Hierarchy

Menu Name

Graphic No. Graphic Title Graphic Style
Main Window

SECONDARY
2300 Secondary Treatment Overview ISA 101 Level 2
2310 Aeration Basins 1/2 2D
2320 Aeration Basins 3/4 2D
2330 Nitrate and Anoxic Recycle Pumps 2D
2340 AerationBlowers 2D
2350 Secondary Clarifiers 2D
2360 RAS and WAS 2D
2370 Foam Removal/ Scum Pumping 2D
CONTACT TK/EFFL
2500 Contact Tank/Effluent Overview ISA 101 Level 2
ODOR CONTROL
2700 Odor Control Overview ISA 101 Level 2
2710 Odor Control Station 2D
CHEMICAL 2860
2800 2870 Chemical Systems Overview Hypochlorite System Bisulfite System Caustic
2810 System
2820 Primary Treatment Polymer System Secondary Treatment Polymer System Methanol |
2830 Storage and Pumping
2840 Ferric Chloride system
2850
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HRSD Graphics Hierarchy

Menu Name

Graphic No. Graphic Title Graphic Style
Main Window

Thickening

2900 Thickening Overview ISA 101 Level 2

2910 Thickener 1 2D

2920 Thickeners2 2D

2970 Thickening Polymer System
DEWATERING

3000 Dewatering Overview ISA 101 Level 2

3010 Primary Biosolids Storage and Pumping 2D

3020 Waste Activated Biosolids Storage and Pumping 2D

3030 Norfolk Water Solids 2D

3040 Centrifuges Dewatering 2D

3070 Polymer System 2D
INCINERATION

3100 Incineration Overview ISA 101 Level 2D

3110 Biosolids Conveying/FBS 2D

3120 Incinerator 1 2D

3140 Incinerator 2 2D

3160 Ash Handling System 2D
NITRIFICATION

3195 Nitrification Enhancement Overview ISA 101 Level 2
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AUXILIARY
3200 Auxiliary System Overview ISA 101 Level 2
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SAFETY/SECURITY
3300 Safety/Security Tabular
3310 Ovenview Gas Tabular
Menu Name Monitoring
Graphic No. Graphic Title Graphic Style
Main Window
ELE TRICAL
3400 Electrical System Overview One-line
3410 Emergency Generation Overview One-line
3420 Generator 1 2D
A0 Generator 2 2D
3440 Generator3 2D
450 Generator Auxiliary Systems 2D
DCS
1800 DCS Status Overview One-line
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APPENDIX IV — GRAPHIC NAVIGATION

Appendix 1V - Graphic Navigation
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APPENDIX IV — GRAPHIC NAVIGATION

General

The general navigational structure between Plant Overview graphics, Unit Process Overview graphics
and Unit Process graphics can be diagrammed as follows:

Plant Overview

Unit
Process
Overview

Unit

Unit
Process

Unit
Process

Other navigational guidelines are as follows:

Process
Overview

Unit
Process

Unit
Process

o Up/Down/Left/Right paging is supplied on the graphic window's menu bar. Up/Down paging
“rolls over” to stay within a single Unit Process graphic set, whereas the Left/Right paging links

to other Unit Process graphic sets.

¢ Drop-down menu based paging is included on each graphic to allow "two-click" access to any
other graphic.

¢ Flow lines are provided with poke field paging that connects to other graphics.

o The Top Level Paging Menu (Diagram 1000) provides a site map to the system’s mainscreen
graphics and is depicted in manner similar to a GUI file folder structure.
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APPENDIXV — GRAPHIC DISPLAY ELEMENTS

Appendix V — Graphic Display Elements
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APPENDIXV — GRAPHIC DISPLAY ELEMENTS

General

This Appendix describes the details of the graphic static and dynamic elements, in table format. This is
followed by several examples of how these elements are combined to form standard graphic layouts.

Graphic Windows Parameters

Parameter Comment

Design Size 1100w X 770h

Fixed/Default Default size and position for all main screens and pop-up windows

Size and

Location

Resize/Zoom Resize and zoom enabled, but not considered as normal an operator function

when laying out the graphic design

Background Gray40 for all main screens, gray70 for pop-up windows
Color

Base Font Standard ovation vector-based font

Grid Minimum allowable size

TableV.1- Graphic Windows Parameters
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APPENDIXV — GRAPHIC DISPLAY ELEMENTS

Graphic Layout Guidelines

Header Area Comment

Title Bar Graphic title and graphic number

Top Left Corner Plant name, time/date

Top Right Shortcut bar with Display Menu access and Help file (.pdf) access
Corner

Custom Buttons

Pop-up graphic menu access. Menu groupings are based on graphic hierarchy.

Section 32

Table V.2 - Graphic Layout Guidelines

32-334

January 2023



APPENDIXV — GRAPHIC DISPLAY ELEMENTS

Base Graphic Element Functions - Static Text

Function Size | FG Color BG Color Comment
Engineering 2 White Sameas
Units - graphic
Process
Points
Engineering 1 Sameas Sameas
Units - M/A process graphic
Station bargraph
GeneralMain | 1or | White Sameas
ScreenText 2 graphic
Header Title 1 Darkgreen Gray60
Bar - Graphic
Number
Header Title 5 Darkgreen Gray60
Bar - Graphic
Title
Header Title 5 Darkgreen Gray60
Bar - Plant
Name
M/A Station- | 2 White Sameas
General graphic
Labels
M/A Station 2 Black Gray70
or Strategy -
Control PB
Labels
M/A Station 2 Darkgreen Gray60
or Strategy -
Title Line
1&2
Strategy 2 White Sameas
Window - graphic
Text
Table 2 White Sameas
Headings graphic
and Labels

Table V.3 - Base Graphic Element Functions - Static Text
Section 32 32-335 January 2023



APPENDIXV — GRAPHIC DISPLAY ELEMENTS

Base Graphic Element Functions - Dynamic Text

Function Size | Text FG Color BG Color Comment
Process Point | 2 Dynamic Value Green Sameas Alarm colors
graphic matchthe colors
defined for the
alarm list. Quality
alarmis FG red,
exceptfor Timed
Outwhichis FG
magenta.
Main Screen 2 Derived from English Gray shade Sameas Alarm colors
or Control Description varies based graphic matchthe colors
Window - on BG color, defined for the
Alarm Text or normally 10 alarm list.
M/A Interlock shades
lighter.
Main Screen- | 2 . Device shapes
Running/ R White Red also turn yellow
Stopped upon FAIL.
Status S Black Green
Main Screen- | 2 . Device shapes
Open/In O White Red also turn yellow
Travel/ Close . upon FAIL.
| Black White
C Black Green
Main Screen- | 2 Device shapes
Open/ Close S Black Green also turn yellow
) upon FAIL.
C White Red
Main Screen- | 2
Not Ready/ N Black Magenta None
Running/ .
Ready R White Red None
Sequence
Status D Black Green None
Main Screen- | 2 )
Hand/DCS H White Red None
Mode )
D White Blue None
M/A Station- | 2 .
Manual/ Auto MANUAL White Red None
AUTO White Blue None
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Function Size | Text FG Color BG Color Comment

M/A Station- | 3 .

Device Status STOPPED White Red None
RUNNING Black Green None
FAILTO START Black Yellow See 2™ note.
FAILTO STOP Black Yellow See 2" note.
FAIL Black Yellow See 2" note.

M/A Station - 2 )

Hand/DCS HAND White Red None
DCS White Blue None

M/A Station 2 MREJ White Red None

Manual

Reject

M/A Station 2 TRACK White Blue None

Track

M/A Station - 2 .

Valve Status OPENED White Red None
IN TRAVEL Black White None
CLOSED Black Green None
FAILTO OPEN Black Yellow See 2" note.
FAILTO CLOSE Black Yellow See 2™ note.
SWITCH FAIL Black Yellow See 2™ note.

M/A Station - 2

Breaker OPENED Black Green None

Status )
CLOSED White Red None
FAILTO OPEN Black Yellow See 2" note.
FAILTO CLOSE Black Yellow See 2" note.
SWITCH FAIL Black Yellow See 2" note.

Strategy 2 Device Name ) Sameas

Control (available) White window None

Window -

Device Device Name (not Gray50 Sameas None

Availability available) window
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Function Size | Text FG Color BG Color Comment

General 2 Message specific Black White None

Dynamic

Message

Strategy 2

Control NOTREADY Black Magenta None

Window - .

Status RUNNING White Red None
READY Black Green None
FAIL Black Yellow None

Sequence 2

Step Window READY N Black Green None

- Sequence

Ready/ Not READY Black Magenta None

Ready/

Failed/ FAILED Black Yellow None

Selected/

Active/ Done SELECTED Black Green None
ACTIVE White Red None
DONE Black White None

Table V.4 - Base Graphic Element Functions - Dynamic Text
Notes:

e Functions that are identical between Windows and Main Screens have identical dynamics.

e Forunacknowledged alarms, the display elementis reverse-video. Whenin alarm and
acknowledged, the reverse video changes to normal, with the appropriate alarm color. No
blinking is used for alarms.

e Device symbols include color dynamics that match those described for the associated dynamic

text.

e Bargraphs are included on main screens where dynamic levels are displayed, and on M/A
Stations. Bargraph colors match the associated process color (Appendix VI) on main screens,
and match the process point colors on M/A Stations (PV - Darkgreen, SP/Bias - White, Output
— Dodgerblue4, Feedback - Blue).
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APPENDIXV — GRAPHIC DISPLAY ELEMENTS

Base Graphic Element Functions - Lines

Function Size | Type FG Color BG Color Comment
GeneralUse |1 Solid White None None
Tables 1 Solid White None None.
Table V.5 - Base Graphic Element Functions - Lines
Notes:

e Process lines follow the color standard set forth in Appendix VI. Where polygons are used as
process lines, they also have a black outline.
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APPENDIX VI - PROCESS COLORS

Appendix VI - Process Colors
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APPENDIX VI - PROCESS COLORS

General

This Appendix details the standard process flow descriptions, abbreviations and associated graphic
colors. Note thatthe Base Color specified herein is a description of the approximate color being used.
In actual practice, the graphics are coded with the Custom Color Name listed. Through the operating
system’s “rgb.txt” color palette definition, each Custom Color Name can be modified as needed to
finalize the actual RGB properties of the color to be used. These properties can be adjusted at any
time, providing a simple method of fine-tuning the graphic colors for the final working environment.

The custom colors that are added to the library have the following RGB values. Cutand paste this
information into the system rgb.txt file if it needs to be recreated:

58 95205 airl
255255 0 gasl
255165 0 hazardl
0245255 sewagel
139 69 19 solids1
0 139139 waterl
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APPENDIX VIl - GRAPHIC MACRO LIST

Appendix V11 — Graphic Macro List
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APPENDIX VIl - GRAPHIC MACRO LIST

General
Macro details are provided in their respective Graphic Builder source codes. The enclosed list

provides a summary of the HRSD custom macros. Usage examples are provided in the form of final
system main screen and Graphic Builder source codes.
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ENDIX VIl - SAMPLE GRAPHIC TYPES

Appendix VI — Sample Graphic Types

Graphics Standards are being updated to comply with ISA 101
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Appendix IX — Level 1 Control
Templates
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APPENDIX IX —LEVEL 1 CONTROL TEMPLATES

General
Control template details are provided in their respective Control Builder ACAD drawings. The following
list provides a summary of the HRSD control templates. Implementation examples are provided as part
of the DCS Automation Standards — Proprietary Volume.
Control Template Types:

¢ MOTOR/DEVICEWITH SINGLE MOMENTARY OUTPUT

¢ MOTOR/DEVICEWITH SINGLE MAINTAINED START COMMAND

¢ MOTOR/DEVICEWITH TWO MAINTAINED START COMMANDS (TWO SPEED MOTORS
REVERSABLEMOTOR)

o M/ASTATION—ANALOG

o M/ASTATION-PULSE

e VALVEWITHSINGLE OPEN COMMAND

e VALVE/GATEWITHTWO MAINTAINED OUTPUTS

o VALVE/GATEWITHTWO MAINTAINED OUTPUTS AND MANUAL STOP

e VALVEWITHTWO MOMENTARY OUTPUTS
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APPENDIX X — DCU SOFTWARE MAPPING

Appendix X — DCU Software Mapping
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APPENDIX X — DCU SOFTWARE MAPPING

General
DCU software, like many significant project activities, requires planning and coordination between
multiple developers. This Appendix provides an example of DCU software mapping, which defines
where each major section of control software resides.
Each Ovation DCU (controller or drop) provides the User with 999 “sheets” of control logic capacity.
Once programmed and loaded into the controller, each sheet can be viewed dynamically on the DCS
workstation. Each sheetis therefore subject to ergonomic guidelines and programming efficiency
guidelines.
Ergonomic and programming efficiency guidelines include:

e Analog control should generally flow in a top-to-bottom/left-to-right logic flow.

¢ Digital control should generally flow in a left-to-right/top-to-bottom logic flow.

e Sheetl/O connectors should be kept on the edges of the sheet, except where significant
programming efficiencies would result.

e  Similar controls should look similar from sheetto sheet. Sheets should be copied whenever
possible.

e  Control loops (strategies) should be grouped. Within a group, control types should flow as
follows:

¢ Commonlogic
e Sequential logic
¢ Analog (PID) logic
¢ Digital (motors, valves, etc.) logic
The enclosed listing is an example of the grouping of control loop software. A similar map shall be

developed for the HRSD projects in order to provide an optimal software development environment
and an ergonomic final product.
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Appendix XI — Common Control
Functions
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SOFTWARE AND HMI STANDARDS SUBMITTAL
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APPENDIX XI - COMMON CONTROL FUNCTIONS

(b) 1 Common Control Functions

The following sections describe some of the common control functions provided in the DCS. These
functionsinclude the base logic required to manually control any device, as well as other miscellaneous
controls and calculations used in process control applications. The descriptions in this chapter are
derived from the HRSD Automation Standards document. Refer to that document for more detailed
descriptions, as well as sample control logic drawings.
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APPENDIX XI - COMMON CONTROL FUNCTIONS

1. Continuous Control

e  Thistype of control provides the Operator with the capability of positioning a device throughout
its full controllable range. Typical applications include modulating valve controls and VFD
speed controls.

e  Thedevice canbe placedin either MANUAL or AUTO mode of operation. The current selection
is displayed at the respective M/A station and can be changed by pressing the respective M/A
station's pushbuttons at any time, subject to the following exceptions:

o  Thedeviceis rejected to MANUAL mode when quality of the Process Variable (PV) signal
is setto BAD (e.qg., due to I/O card failure or input signal out of range).

e  Thedeviceis rejected to MANUAL if the LOCAL/DCS switch is notin DCS position.

e  Fordevices controlled via serial link, the device mode is rejectedto MANUAL mode when
the DATA LINK FAILURE alarm is active.

o  Specific MANUAL REJECT conditions are defined for each device (see the lists presented
in each strategy section labeled "DCS Manual Control"). Upon a MANUAL REJECT
condition, the DCS issues an alarm (if applicable), and the device mode s rejected to
MANUAL.

e  Specific TRACKING conditions are also defined for each device (see the lists presented in each
strategy section labeled "DCS Manual Control"). Upon a TRACKING condition, the DCS issues
an alarm (if applicable), and the Operator is not able to manually adjust the associated DCS
output signal. Note that devices are able to TRACK in both the AUTO and MANUAL modes.

¢ Incase of speed control applications, whenthe device is not running, the speed s tracked
to zero.

e If the respective LOCAL/DCS switch is in DCS position and the AUTO/MANUAL graphical
switch at the workstation is in MANUAL mode, then subject to TRACKING conditions, the
position can be directly adjusted from the DCS at the discretion of the Operator.

o Ifthe respective LOCAL/DCS switch is in DCS position and the AUTO/MANUAL graphical
switch at the workstation is in AUTO mode, then subjectto TRACKING conditions, the position
will typically be controlled by a PID controller, which adjusts the outputbased on an error signal
calculated as a difference between an Operator-entered setpoint and the PV value.

o  Thefollowing tracking rules are provided in orderto ensure bum pless transitions between the
following modes:

o Whileswitchingfrom AUTO to MANUAL mode, the outputwill be setto the lastvalue
calculatedin AUTO mode, until changed by the Operator.

APPENDIX XI - COMMON CONTROL FUNCTIONS

¢  While MANUAL modeis selected, the PID algorithm's outputwill equal the manually
entered output value, allowing for a bumpless transition from MANUAL to AUTO mode.

¢ While the device LOCAL/DCS switch is notin DCS position, the DCS will track the
applicable device feedback signal (typically valve position or drive speed percentage) and
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set algorithm's output equal to that signal.

e  For devices controlled via serial link, upon recovering from a DATA LINK FAILURE, the
DCS wiill track the applicable device feedback signal and set algorithm's output equal to
that signal.

e  Application-specific tracking conditions may also apply based on the type of automatic control
that is provided. A common example of this type of device tracking occurs when a higher level
sequential control attempts to position a device based upon the requirements of the sequence.
Refer to strategy sections labeled "DCS Automatic Control" for any applicable details.

e  The device DEVIATION alarm will be activated at the DCS if, after a preset amount of time
(initial value 30 seconds, Engineer adjustable) if the device feedback signal differs from the
demand for more than a presetamount (initial value 5 percent, Engineer adjustable).

¢  Whenrequired, the M/A station outputvalue will be characterizedin order to adjustthe DCS
outputto a specific device response curve, thus providing a linear control system responseto
the process.
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2. Open/Stop/Close Control

e  Thistype of control provides the Operator with the capability of basic OPEN and CLOSE
functions for devices such as valves, gates or breakers. STOP functionality is included only
whenthe associated /O is available, allowing the Operator to selectintermediate valve/gate
positions.

e  Thedevice can be placed in either MANUAL or AUTO mode of operation via the graphical
switch at the workstation. AUTO mode of operation enables the device to work in conjunction
with a higherevel sequential control, when applicable. Note that for devices controlled via serial
link, the device mode is not rejected to MANUAL when the DATA LINK FAILURE alarm is
active.

e Iftherespective LOCAL/DCS switch is in DCS position and the AUTO/MANUAL graphical
switch at the workstation is in MANUAL mode, thensubjectto OPEN PERMISSIVES, CLOSE
PERMISSIVES and TRIPS, the device can be opened and closed from the workstation at the
discretion of the Operator.

e  Specific OPEN PERMISSIVE and CLOSE PERMISSIVE signals are defined for each device
(see the lists presented in each strategy section labeled "DCS Manual Control"). If the
PERMISSIVE is not met, then the device may not be opened or closed further.

e Ifthe deviceis commandedto open by the DCS and an OPENED feedback is not received
within a presettime (Engineer adjustable), the Operator will receive a FAIL TO OPEN alarm for
the device. This alarm is latched at the DCS and must be RESET before the device can be
opened from the DCS.

e Ifthe device is commandedto close by the DCS and a CLOSED feedback is not received within
a presettime (Engineer adjustable), the Operator will receive a FAIL TO CLOSE alarm for this
device. This alarm is latched at the DCS and must be RESET before the device can be closed
fromthe DCS.

e Ifatanytime both OPEN and CLOSE limit switch signals are received by the DCS at the same
time, the SWITCH FAILURE alarm will be set. This alarm is latched at the DCS, and this
condition must be cleared before the alarm can be RESET by the Operator at the respective
M/A station.

¢  Whenthe RESET pushbuttonis selected to clear an alarm, the device will be switched from AUTO
to MANUAL mode of operation.

e  For devices controlled via serial link, upon recovering from a DATA LINK FAILURE, the current
device position will be tracked and the DCS command will be set accordingly to maintain the
device position. Also, the device FAIL TO OPEN, FAIL TO CLOSE and SWITCH FAILURE
alarms will be disabled during a DATA LINK FAILURE.

e  Fordeviceswithno OPENED and/or CLOSED status feedback, the corresponding FAIL TO
OPEN, FAIL TO CLOSE and SWITCH FAILURE alarms are disabled where the DCS cannot
verify the device position.
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3. Start/Stop Control

e  Thistype of control provides the Operator with the capability of basic START and STOP
functions for a two state device.

e  Thedevice can be placed in either MANUAL or AUTO mode of operation via the graphical
switch at the workstation. AUTO mode of operation enables the device to work in conjunction
with a higher level sequential control, when applicable. Note that for devices controlled via serial
link, the device mode is not rejected to MANUAL when the DATA LINK FAILURE alarmis
active.

e Iftherespective LOCAL/DCS switchis in DCS position and the AUTO/MANUAL graphical
switch at the workstation is in MANUAL mode, then subjectto PERMISSIVE and TRIP
conditions, the device can be started and stopped from the workstationat the discretion of the
Operator.

o  Specific PERMISSIVE and TRIP conditions are defined for each device (see the lists presented
i n each strategy section labeled "DCS Manual Control"). PERMISSIVE conditions are defined
as startup criteria for the device, whereas TRIP conditions are defined as running criteria for the
device. Inaddition, either signal may incorporate an Engineer adjustable delay, as required. If
the PERMISSIVE conditionis notmet, the DCS issues an alarm (if applicable) and preventsthe
device from running. However,the PERMISSIVE condition has no effecton a running device.
Upona TRIP condition, the DCS issues an alarm (if applicable), commands the device to
STOP.

o If a stopped device is commanded to start by the DCS and a running feedback is not received
within a preset time (initial value 5 seconds, Engineer adjustable), the Operator will receive a
FAIL TO START alarm for the device. This alarm is latched at the DCS and must be RESET
before the device control functions will be enabled at the DCS.

e If a running device stops while commanded to run by the DCS, the Operator will receive a FAIL
TO RUN alarm for the device. This alarm is latched at the DCS and must be RESET before the
device control functions will be enabled at the DCS.

e  Whenthe RESET pushbuttonis selectedto clear an alarm, the device will be switched from
AUTO to MANUAL mode of operation.

e Ifarunning device is commanded to stop by the DCS, and a stop feedback (removed running
feedback)is notreceived within a presettime (Engineer adjustable), the Operator will receive a
FAIL TO STOP alarm for the device. This alarm is latched at the DCS and mustbe RESET
before the device controlfunctions will be enabled at the DCS.

e  Fordeviceswithno RUNNING status feedback, the appropriate FAILTO RUN, FAILTO STOP
and FAIL TO START alarms are disabled since the DCS cannot verify the device status.

e  Afterthe deviceis stopped,the DCS imposesa RESTART DELAY to preventthe restart of that
device for a presettime period (Engineer adjustable).

e  TheDCS provides a runtime algorithm for the device which calculates the following values:
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. Total runtime - This indicates the device total accumulated runtime and cannot be RESET
by the Operator.

e  Current on time - This indicates the accumulated run time since the device was started for
the last time. This value remains unchanged after the device is stopped and is reset when
the device starts again. This calculation is for internal use, and therefore does not appear
on the custom graphics.

. Maintenance runtime- This indicates the accumulated runtime since the lastmanual
RESET by the Operator.

o For devices controlled via serial link, upon recovering from a DATA LINK FAILURE,
the currentdevice status will be tracked and the DCS command will be set
accordingly to maintain the device status. Also, the device FAILTO START, FAIL
TO STOP and FAIL TO RUN alarms will be disabled duringa DATA LINK
FAILURE.
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4. Flow Totalizer

The flow totalizer logic accumulates a flow reading over a time period, thus providing the Operator with a
volume calculation for that time period.

DCS flow totalizer logic calculates three different outputs:

e  Totalflow- Theflowvalue accumulated overtime period sincethe lastmanual RESET
initialized by the Engineer.

. Current 24 hr. flow - The flow value accumulated since last automatic RESET, which
occurs at the last shift change of the day.

e  Previous 24 hr. flow - The frozen flow value accumulated during previous day, which is
saved when the Current 24 hour flow total is reset.

The algorithm stops accumulating flow when:

e  The quality of the flow signal is setto BAD (i.e., due to I/O card failure or input signalis out of
range), or

e  Theflow signal carries only insignificant noise, i.e., the value of the signal is lower than 5% of
the signal's range (Engineer adjustable).
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Click here to return to Intrinsic Safety Panel (PSs)

EXHIBIT V

Click here to return to Intrinsic Safety Panel (TPs)
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Click here to return to Junction Box (PSs)

Click here to return to Junction Box (TPs)
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Click here to return to Vault Plans (PSs)

Click here to return to Vault Plans (TPs)
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Click here to return to Building Classification (PSs)
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Click here to return to Building Classification (PSs)
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Click here to return to Air Purification (PSs)
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(Click here to return to Index)
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