Overcurrent Device Studies —
Code Requirements for
Healthcare Facilities

Understanding the requirements and components of an OCPD and a few
tips and tricks to assure a successful study and outcome.
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Agenda

* What is an Overcurrent Device Study

SAEREWVANER R AALEIM - Applicable Codes and Standards

should be respected and handled « Why and Why to do a Study

with care to ensure safety for all.

* Process to Perform a Study

- Michael Faraday * Tips and Tricks

e Early Equipment Procurement

* A few fun examples




WHAT IS AN OVERCURRENT PROTECTIVE DEVICE (OCPD)

STUDY




What is a Study: The Specification Requirements

260572 - Short_CIrCUIt StUdIeS 2.2 SHORT-CIRCUIT STUDY REPORT CONTENTS

Extent of Study: Only new added equipment and existing modified equipment needs to be included

260573 — Coordination Studies ™ o study and report

B. Execulive summary of sludy findings.

2 60 574 —_ A rc_ F I a S h H a Za rd A n a IyS|S C. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms, and

guide for interpretation of results.

0. One-line diagram of modeled power system, showing the following:

Protective device designations and ampere ratings.

Conductor types, sizes, and lengths.

Conduit material.

Transformer kilovolt ampere (KVA) and valtage ratings.

Motor and generator designations and kA ratings.

Switchgear, switchboard, motor-control center, and panelboard designations and ratings.
Derating factors and environmental conditions.

Any revisions to electrical equipment required by the study.

**Fun fact — most OCPD study programs

can analyze ALL 3 of the requirements
. E. Commenis and recommendations for system improvements or revisions in a written document,
for evaluat| ng d SyStem! WOOt! separate from one-line diagram.

F. Protective Device Evaluation:

0 =0k b=
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What is a Study: The Basics

An engineering analysis of an

|
electrical power system to ensure i
that equipment is adequately i
rated and protective devices T
(circuit breakers, fuses, relays)
operate in a coordinated manner, B
isolating fault conditions to [

minimize disruption to the rest of —
the electrical system, enhancing
safety and reliability.
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What is a Study: Time Current Curve (TCC)

Note that TCCs use
logarithmic scales!
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What is a Study: Electronic Trip Breaker TCC
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What is a Study: Fuse TCC

Note the narrow curve
tolerance through the
entire range-
particularly the
instantaneous region.
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What is a Study: Device Coordination Example
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What is a Study: Coordination Example
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Board AF Bolted Fault - ATS-UAT CY1 OW1 ELEVZ LY1 P21 C21 CX Compatibility... = Saved to this PC +

Farmulas Data Rewview View

What is a Study: e -
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or paralleling switchgear.

PATL is In a closed transition state while all other ATS’s are set to normal
er pairs (QMVSGP3A1, PMVSGP3A1, QSB15A1, and QSB15B1) have the

issential open. All four generators are in operation with the tie breaker
paralleling switchgear.

15 in a closed transition state while all other ATS’s are set to normal and
pairs (QMVSGP3A1, PMVSGP3A1, QSB15A1, and QSB15B1) have the

ssential open. All four generators are in operation with the tie breaker
or paralleling switchgear.




What is a Study: Arc Flash and Shock Hazard

AWARNING

Arc Flash & Shock Hazard

Appropriate PPE Required

ARC FLASH PROTECTION BOUNDARY AND REQUIRED PPE

Arc Flash Boundary: ..............89 inch
Incident Emergy at 187 (calfcm?); 16.4 Glove Cless: ..., 00
Haguired PPE: Cotton Underwear « AR Shirt & Pants + AR Coverall + Hearing Protection

SHOCK HAZARD PROTECTION BOUNDARIES

Shock Hazard: 480 VAC
Limited Approach; 42 inch Restricted Approach: 12 inch
Equipmant [0 Bus: G-H Prot: MCB C-H Assassment Date: 8M1/14
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APPLICABLE CODES AND STANDARDS




Codes and Standards: Selective Coordination

NFPA 70 2023 ed
Article 100

Coordination, Selective. (Selective Coordination)

Localization of an overcurrent condition to restrict outages to the circuit or
equipment affected, accomplished by the selection and installation of
overcurrent protective devices and their ratings or settings for the full range of
available overcurrents, from overload to the available fault current, and for the
full range of overcurrent protective device opening times associated with those

overcurrents. (CMP-10)
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Codes and Standards: Coordination - Healthcare

NFPA 99 2024 ed
6.7.2.1.1. Coordination

6.7.2.1.1.1

Overcurrent protective devices serving the essential electrical system shall be
coordinated for the period of time that a fault’s duration extends beyond 0.1 second.

6.7.2.1.1.2
Coordination shall not be required as follows:

(1) Between transformer primary and secondary overcurrent protective devices, where only one
overcurrent protective device or set of overcurrent protective devices exists on the transformer
secondary

(2) Between overcurrent protective devices of the same size (ampere rating) in series

40th Annual FPC Seminar + Expo



Codes and Standards: Coordination - Healthcare

NFPA 99 2012 ed (For compliance with CMS)
6.4.2.1.2. Selective Coordination

6.4.2.1.2.1

Overcurrent protective devices serving the essential electrical system selectively
coordinate for the period of time that a fault’s duration extends beyond 0.1 second.

6.4.2.1.2.2
Selective coordination shall not be required as follows:

(1) Between transformer primary and secondary overcurrent protective devices, where only one
overcurrent protective device or set of overcurrent protective devices exists on the transformer
secondary

(2) Between overcurrent protective devices of the same size (ampere rating) in series
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Codes and Standards: Coordination - Healthcare

NFPA 70 2023 ed
517.31 (G) Coordination.

Overcurrent protective devices serving the essential electrical system shall be
coordinated for the period of time that a fault’s duration extends beyond 0.1 second.

Exception No. 1: Coordination shall not be required between transformer primary and secondary overcurrent protective devices
where only one overcurrent protective device or set of overcurrent protective devices exists on the transformer secondary.

Exception No. 2: Coordination shall not be required between overcurrent protective devices of the same size (ampere rating) in
series.

Informational Note No. 1: The terms coordination and coordinated as used in this section do not cover the full range of
overcurrent conditions.

Informational Note No. 2: See 517.17(C) for information on requirements for the coordination of ground-fault protection.
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https://codesonline.nfpa.org/code/6ec51001-c9da-437f-8e1d-d8020541e41c/5a03775d-6f8f-45b4-b466-1ccdb3afc618/f6e6b84c-bc6e-48f2-94f6-98bda440b94e/np_543fb03c-aa9d-11ec-a46d-e9dd887336cb.html

Codes and Standards: ACHA

Stage lll, Construction Documents / Revised Construction Documents

A power study that must include a fault study complete with calculations to demonstrate that over-
current devices, transfer switches, switchboards, panel boards, motor controls, transformers and feeders
are adequately sized to safely withstand available phase-to-phase and phase-to-ground faults. The study
must also include an analysis of generator performance under fault conditions and a coordination study
resulting in the tabulation of settings for all over-current device adjustable trips, time delays, relays and

ground fault coordination. This must be provided for all new equipment and existing equipment serving

any new equipment._ Power studies for renovations of existing distribution systems must include only new

equipment and existing equipment upstream to the normal and emergency sources of the new
equipment. Renovations involving only branch circuit panel boards without modifications to the feeder
must not require a full power study; instead, the power study must be limited to the calculation of new

and existing loads of the branch circuit panel;
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WHEN AND WHY DO A STUDY

(BEYOND THE OBVIOUS COMPLIANCE REQUIREMENTS)




 sometimes (

) never
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Why: How long for a 20A breaker with 25A of load to trip?
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Why: How long for a 20A breaker with 25A of load to trip?

1000 l-
400s QOZOA—Di
100 \(
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Answer:
Between 40 and \
400 seconds 1 \
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Why: What happens when a System isn’t coordinated




WHAT IS THE PROCESS TO PERFORM A STUDY??




Study Components

* Distribution Design

e Electrical EQquipment Characteristics :
The more | learn, the more | realize

e Large Equipment (Motor) contribution how much | don't know

* Feeder information and length

- Albert einstein

* Incoming available fault current
* Generator fault rating
* Transfer switch types

* QOperating scenerios




The Basics: New Construction

* Create Electrical Distribution Design

* Input information based upon BOD
equipment and feeder lengths

* Define operating scenerios

e Evaluate Results

 Validate study after equipment
procurement and installation




The Basics: Remodel

* Create Electrical Distribution Modification Design

e Gather pertinent information of Equipment and "y e
feeders upstream Wil AT

47 4=

* Input information
* Define operating scenerios
* Evaluate Results

* Validate study after equipment procurement and
installation
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The Basics: Existing Facility

* Find existing Drawings — if they exist

* Walk the entire site to find electrical equpiment

* Have a qualified electrician open equipment to gather pertinent
electrical details (if not rated as dangerous)

* Try to figure out routing of feeders

e Shake your head at a piece of equipment you have never seen in your
career and wonder what to do about it

* Input whatever information you have agregated

* Figure out how the heck to evaluate the existing scenerios based on
the best information you have been able to compile

* Evaluate Results and make best judgements

40th Annual FPC Seminar + Expo
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The Basics: The Team

e Owner

The strength of the team is each  Engineer
individual member. The strength of

:  Electrical Contractor
each member is the team.

e Manufacturers

- Phil Jackson




TIP AND TRICKS
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Tips and Tricks: Helpful Strategies

* Distribution Strategies

e Ratios of OCPDs

* Transformer damage curves

* Motor and generator damage curves

* Devices rated to work in series (but not series rated devices)
 Manufacturer's coordination tables

* Frame Sizes

* 10 second overload point and damage curve interception

* Operating Scenerios
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Tips and Tricks: Distribution Choices

C-UPS: 600A @ 208V

1N:800A @ 480V

|LS:200A @480V |

|LS: 400A @ 480V |

C-UPS: 200A @ 208V

LLS: 400A @ 480V

EE-UPS: 400A

208V

—IN: (4) 800A @ 480V

(1) 400A @ 480V
(1) 400A @ 480V

otal of (13) 800A 480V OCPDs-
on each side of the sub- 2 (4
per side) sections min.

CR: 400A @ 208V

LS: 200A @ 480V

[[S: (2) 400A @ 480V

(3) 200A @ 480V
INet total:

(2) B00A Distribution panels
2) LS ATSs

IC-UPS: (1) 600A @ 208V i

(1) 400A @ 208V
(3) 200A @ 208V

INet total:

2) B0O0A Distribution panels
(2) CRATSs
|

'2) 800A Distribution panels
2) EQ ATSs

3 sections per side.

[This does not include the
IMechanical equipment- only the
Ineeds of the floors through 2nd.

3 sections per side allows 3

ladditional OCPD EQ connections
r side
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Tips and Tricks: 2-to-1 Ratios

1000
NT 800
00 La400-
LA 200-
KA 100
; 7
> 2
).01
10K 05 1 10 100 1K 10K
Breakers tcc Ref Voltage: 208V Current in Amps x 1
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Tips and Tricks: Damage Curves
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Tips and Tricks: Manufacturer's Tables
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Tips and Tricks: ATS Withstand Ratings
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Tips and Tricks: Generator Fault Conditions

Selected Model

Engine: C32 Generator Frame: 1402 Genset Rating (kW): 1000.0 Line Voltage: 480
Fuel: Diesel Generator Arrangement: 4630140 Genset Rating (kVA): 1250.0 Phase Voltage: 277
Frequency: 60  Excitation Type: Permanent Magnet Pwr. Factor: 0.8 Rated Current: 1503.5
Duty: STANDBY Connection: SERIES STAR Application: EPG Status: Current
31208 1596 H1926 10615 I ATS OVERVIEW
Spec Information IS SYSTEM NN -
Generator Specification . it GUSe | CENEETS | status | sTATUS | stsmenry SVENTLOG | rergency Moce
Frame: 1402 Type: SRS No. of Bearings: | ) Generator Eﬂ'c'e“‘:l’_ _ LOAD  LEVELZ  LOVIR D | LEWELZ?  LOVEL T LEVELZ  LEWELD
Lo Per Unit Load kW Efficiency % COMNIY;  TREMAY  DESMAY DAY | DGRAY  (ESMAY  DEAY
Winding Type: RANDOM WOUND Flywheel: 18.0 025 250.0 022
Connection: SERIES STAR Housing: 0
Phases: 3 No. of Iiads: 6 03 500.0 94.6
Pales: 4 Wires per Lead: 4 075 730.0 949 — — — Osfine
1.0 1000.0 94.8 Norms Orére Poorma
Syne Speed: 1800 Generator Pitch: 0.6667 2 Nerma Ovéve . o
torrm e C Moo
Reactances Per Unit Ohms . Srem . Rcrms
SUBTRANSIENT - DIRECT AXIS X"y 0.1573 0.0290 5 . : s - ::::
SUBTRANSIENT - QUADRATURE AXIS X", 0.1861 0.0343 e o N
TRANSIENT - SATURATED X'y 0.2799 0.0516 g s > 3 . :::
SYNCHRONOUS - DIRECT AXIS Xy 3.9453 0.7272 200 W - Nores o . [o—
SYNCHRONOUS - QUADRATURE AXIS X, 2.3698 0.4368 fer s c Rore
NEGATIVE SEQUENCE X, 0.1725 0.0318 S :‘“:: Oubh :’:
ZERO SEQUENCE X, 0.0374 0.0069 e a4
Time Constants Seconds :: : :_::
OPEN CIRCUIT TRANSIENT - DIRECT AXIS Ty 2.5090 ::: :;‘
SHORT CIRCUIT TRANSIENT - DIRECT AXIS Ty 0.1800 Neew s Ko s
OPEN CIRCUIT SUBSTRANSIENT - DIRECT AXIS T"s 0.0320 o — —
SHORT CIRCUIT SUBSTRANSIENT - DIRECT AXIS T" 0.0180 - —a
OPEN CIRCUIT SUBSTRANSIENT - QUADRATURE AXIS T"g 0.2290
SHORT CIRCUIT SUBSTRANSIENT - QUADRATURE AXIS T"y 0.0180
EXCITER TIME CONSTANT T, 0.0600
ARMATURE SHORT CIRCUIT T, 0.0270
Short Circuit R 0.31 Stator Resistance = 0.0042 Ohms Field Resistanc
- M \




Tips and Tricks: Operating Scenarios

FAULT OCCURENCE AFTER FAULT
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EARLY PROCUREMENT
AND

OCPD STUDIES




Early Procurement: Strategies

E900, E901, E902, ES03 KEYNOTES
EQUIPMENT IPC TYPE MAIN OCPD
LEVEL BRANCH | VOLTAGE AIC 1. REFER TO RISER DIAGRAMS AND SPECIFICATIONS FOR ADDITIONAL
NAME NAME MV |SWITCHG|SWITCHB| DIST | POWER |LIGHTING| ~ MAIN MLO DETAILS ON EQUIPMENT. SCHEDULE IS NOT ALL INCLUSIVE OF
SWITCH | EAR | OARD PANEL | PANEL | PANEL | BREAKER PRIMARY CONFIGURATION, XFMR, OCPDS, RATINGS, RELAYS, SHUNT
TRIP, EQUIPMENT CONFIRGURATIONS, CONNECTIONS, OR CONTROLS.
6 CP-6-DP-NH-Y1 CP-6-IPC-N-Y1 NORMAL 480/277V X X 400A B5KAIC 2. SECONDARY OF MV TRANSFORMER TO BE SWITCHGEAR
6 CP-6-DP-NL-Y1 CP-6-1PC-N-Y1 NORMAL 208/120v X X 400A 10KAIC CONSTRUCTION AND EACH SECTION SHALL BE BARRIERED. ALL 480V
6 CPBNLYL NORMAL 208/1207 X 1008 | 10KkAIC OCPD FRAMES SHALL BE 1600A WITH ADJUSTABLE TRIP UNITS AS
. P NORMAL 208/120V . oo Taoxc NOTED ON DRAWINGS. MAIN BREAKER SHALL BE AS INDICATED.
6 CP-6-NL-¥3 NORMAL 208/120v X 100A | 10KAIC 3. FURNISH SEPARATE BARRIERED SECTION FOR FIRE PUMP OCPD AND
6 CP-6-NH-Y1 NORMAL 480/277V X 100A 35KAIC FURNISH SECTION FOR TIE SWITCH.
6 CP-6-DP-NH-Z1 CP-6-IPC-N-21 NORMAL 480/277v X X 4008 G5KAIC 4. 1600A MCB WITH ADJUSTABLE TRIP. RATING INDICATED IN MAIN OCPD
6 CP-6-DP-NL-Z1 CP-6-1PC-N-Z1 NORMAL 208/120V X X 4004 10KAIC AND ON DRAWINGS.
[ CP-6-NL-Z1 NORMAL 208/120v X 100A 10KAIC
5. OCPD TO BE COORDINATED WITH MECHANICAL EQUIPMENT LOADS.
6 CP-6-NL-Z2 NORMAL 208/120v X 100A | 10KAIC
6 CP-6-NLZ3 NORMAL 208/120V X 100A | 10KAIC 6. PANEL DESIGNATED FOR TR ROOM LOADS. PROVIDE 200% RATED
6 CP-6-NL-Z4 NORMAL 208/120¢ X 100A | 10KAIC NEUTRAL.
DISTRIBUTION BREAKERS
NOTES
1600A/3P| 800A/3P | 600A/3P | 500A/3P | 400A/3P | 3004/3P | 2508/3P | 225A/3P | 2008/3P | 175A/3P | 150A/3P | 125A/3P | 100A/3P | 90A/3P | 80A/3P | 70A/3P | 60A/3P | 60A/2p | S0A/3P | soms2p | ao0as3p | s0as2p | 35a73p | 35a72p | 30a/3p | 30a/2p | 25A/3p | 20a/3P | 20a/2P | 20a/1P spizEs
1 2 2 NOTE 9
3] 2 NOTES 10, 12
84
84
12 18 NOTE 6
42 NOTE 12
1 2 2 |NOTE9
6 2 NOTES 10, 12
84
84
12 18 NOTE 6

84




Early Procurement: OCPD Selection Impact
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EXAMPLES WITH AUDIENCE PARTICIPATION
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The Big Take Aways

Preliminary Study is required

Final Study should be completed to
confirm BOD equipment with the installed
conditions

Early Procurement strategies help create
minimal changes when design is complete

Understanding tips and tricks make life a
LOT easier

OCPD studies are not only code required
but a significant safety issue

Ensuring electrical safety is not just
about following rules; it's about
understanding the power and
respecting its potential risks.

- Henry Ford
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Thank you!

Krista McDonald Biason, PE, SASHE
National Electrical Practice Leader
HGA Architect and Engineers
kBiason@hga.com

Charlie Zarembinski, PE

Director of Engineering/Construction Executive
Archkey/Parsons Electric
Charlie.Zarembinski@archkey.com
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