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With Great (Emergency) Power Comes
Great Responsibility:

Ing Hospital
wer Systems




Credit(s) earned on completion of CES for continuing professional

this course will be reported to AIA education. As such, it does not

CES for AIA members. Certificates of  include content that may be

Completion for both AIA members deemed or construed to be an

and non-AlA members are available  approval or endorsement by the

upon request. AlA of any material of construction
or any method or manner of
handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials, methods, and
services will be addressed at the conclusion of this
presentation.

This course is registered with AIA
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Course Description

Like Spider-Man, the Commissioning Authority tries to stop
disaster before it happens.

But their (our) importance is often not understood or appreciated
until it'’s too late, especially concerning commissioning
Emergency Power Systems.

Healthcare facilities may be able to deal with a temporary loss of
utility power, but not a failure of the emergency power systems.

This session explains why and how our superhero Cx Agent leads
the Cx Team to ensure emergency power systems are fully reliable
to protect the health and safety of patients, staff and visitors.
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Learning Objectives

At the end of the this course, participants will be able to:

1. Explain why 3rd party independent commissioning of hospital emergency
power systems is essential to ensuring all systems within the hospital are fully
operational and reliable in order to maintain the health, safety and welfare of all
patients, staff and visitors.

2. Identify the most common points of failure of healthcare emergency power
systems, discovered from case studies and lessons learned during the
commissioning process.

3. Describe the urgency of dialogue between the CxA and operations and
maintenance staff to ensure that operations staff is trained to operate the systems
the way they were intended.

4. Follow the steps to fully test the emergency power systems, from pre-functional
testing of each of the individual systems, through full integration of systems

. . . . . uc
testing via simulating a normal power failure. M
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Your Friendly Neighborhood
Commissioning Authority




What is THIS and What does it DO??

Terms: |

Em erg en Cy ‘\ Normal Alternate power
Engine-Generator Power Supply | source source
(EPS) | -

Paralleling Switchgear I | ! . : | |
‘ } {—T—I_J !
B

\‘ |
Automatic Transfer b~ |
Switch Em ergency ‘ Au?;)t;r:%tic |
» Life Safety Branch | switching

Power Su P ply w equipment Equipment Life safety Critical :
" 1 branch  branch ~ branch ‘
« Critical Branch System (EPSS) | __ peiayed l v —

i | [ automatic Essential electrical system
« Equipment Branch I | switching
; equipment

| i i ital — Mini-
| Informational Note Figure 517.30, No. 1 Hospital
Normal Branch ' mum Requirement (greater than 150 kVA) for Transfer

| Switch Arrangement.
|

Non-Essential | |

| R
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What is THIS and What does it DO??

“Engine-Generator”

AC Generator

Diesel/Gas
Engine

Accessories
Cooling Systems
Exhaust

Batteries

Fuel System
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What is THIS and What does it DO??

Fuel Systems

i TN

Day Tanks

Engine=-Generator

Diesel Fuel

Pros

Cost Effective
>150kW

On-Site Storage =
Reliability

Proven
Technology

Cons

Expensive <150kW

Long Term
Storage
Maintenance, Cost

Emissions

Natural Gas

Pros

Cost Effective for
small gen <150kW

Longer run times

Reduced environ
impact

Cons

More Expensive for
large gens
>150kW

Not as accepted,
questions of
reliability

LP Fuel

Pros

Cost Effective for
small gen <150kW

On-site storage

Reduced environ
impact

Cons

More Expensive for
large gens
>150kW

Not as accepted,
guestions of
reliability

Design Challenges



What is THIS and What does it DO??

Normal Power In (from Utility) Power Out to Load

Automatic
Transfer Switch

Normal Emergency
Source Source

Automatic
Transfer
Switch
\? °

Load

Emergency Power In
-"—( (from EPS)
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Why are we talking about this?

Sewer _
_ 304 Diesel
Domestic 1%

V\gj‘)}er Average Hospital Spending on
i Utilities in United States:

A . . . .
Electricity is the single largest

energy user in Hospitals

Chilled Water and HVAC Systems
are the major driver for this electric

usage.

\ Lets talk about Electricity...
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Why are we talking about this?

Hospital Loads by Branch

Normal
24%

Percentage of
Peak Summer

kWD
Life Safety 2-5% _Critical
12%
Critical 8-15%
Equipment 50%-80% Life Safety

4%

Normal System 6% - 40%

B Normal Critical Life Safety m Equipment

-||_( Based upon this analysis and additional data from many other facilities
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Don’t | already Get This?

A/E/C Process

Post-

Schematic Design Construction

Design Development Documents Construction

Occupancy

—— EOR’s “Construction
Observation” does not
(always) include testing




Don’t | already Get This?

Commissioning Process

Post-

Construction Acceptance

Phase Phase Occupancy

Phase

Cx Process Goal:
Ensure a smooth transition from

Design = Construction = Occupancy




Commissioning is Required by Code... sort of

* Review OPR/ BOD
* Cx Specs

* Develop Cx Plan
(draft)

* Design Reviews
» Update OPR
» Cx Scheduling

* TAB Required in
Const Docs

ENGINEERING

FOR ALHITZCTURE

Construction
Phase

* Cx Kickoff

* Review Submittals
* Refine Cx Plan

« Site Observation

* Lead Cx Meetings
* Start-up Testing

* |ssues Logs

Acceptance
Phase

* Test & Balance
* Functional Testing

* Integration of
Systems Testing

* Troubleshooting &
Diagnostic

* Issues Logs

* Prelim Cx Report

Post-
Occupancy

Phase

O&M Manual
Owner Training
Track open issues
» Deferred Testing
+ 1Yr Site Visits

* Final Cx Report

* Record Drawings
* Final Balancing
Report

v
Mechanical Systems (C408.2)

Commissioning is
REQUIRED by CODE !

Service Water Heating (C408.2) — IECC 2015
Lighting Controls (C408.3)
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.
What Fails and Why?

What Fails:
Batteries
Fuel Systems

Single Points of Failure

Why:

Not considering the
single point of failure

Lack of Testing

Lack of Preventative
Maintenance
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What Fails and Why?

Proper (initial)
Commissioning

+

Ongoing Testing
will solve these

ENGINEERING

FOR ALHITZCTURE

Seven Reasons Why Generators Fail

Prime Power: http://www.primepower.com/blog/emergency-generator-inspection-seven-reasons-why-generators-fail/

1. Battery Failure. Battery failure is the most common cause of
generator failure. In most cases, battery failure is caused by loose
connections or sulfation buildup, a condition where lead sulfates
accumulate on battery plates.

2. Insufficient Coolant. Generators are designed to shut
down when they become too hot. When a generator has
insufficient coolant, it is not prepared to operate for a long time,
and could shut down when a facility needs it most.

. Fuel Leak. Due to the smell they create, fuel leaks are usually

detectable during regular maintenance. If they are only discovered

after a genset is running, the problem could be a malfunctioning
fuel pump, or a broken fuel line.

4. Oil Leak. Oil leaks are caused by wet stacking, a condition
where oil, fuel and other liquids build up in a generator’s exhaust
pipes due to carbonized fuel injection tips, and faulty crankcase
breathers that release too much oil as it vents.

5. Control Setting Errors. Many generators fail to start
because of their controls being left at the wrong setting following
maintenance or testing. If the proper resetting procedure is not
followed, a control error could also occur after a fault shutdown.

6. Fuel Bleed Back. When fuel bleeds back into a generator’s
fuel tank instead of going to the engine, air in the injection
mechanism or faulty check valves could be the cause. In either
case, the generator behaves as it were out of fuel.

7. Empty Fuel Tank. Stuck fuel gauges and fuel gauges that
read fuel levels incorrectly commonly cause empty fuel tanks.

Empty tanks can also result from testing a generator month after
month without checking its fuel level.




W  "With great power comes

i@ great responsibility”
# W'\ - Ben Parker,



Design Phase

What does the CxA Actually Do?
Review OPR & BOD

Review Construction
Documents

Cx Specifications
Develop the Cx Plan
Pre-Functional Checklists

Functional Performance
Checklists

Part of the Team
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Design Phase

Sequences of Operation
Common in HVAC
Rare in EPSS

 Detailed sequence of
operations

#\Setpnts\Operation\Timers

* Load shed sequences
« ATS time delay settings

Often not specified in
Contract Documents

EEEEEEEEEEE
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Seguence of Operations

“Upon Loss of
Utility Power...”

AUTOMATIC TRANSFER SWITCH SEQUENCE OF OPERATION

THE FOLLOWING SEQUENCE OF OPERATION SHALL BE USED FOR PROGRAMING, SETUP
AND TESTING OF ALL NEW AUTOMATIC TRANSFERSWITCHES, EXISTING AUTOMATIC
TRANSFER SWITCHES AND EXISTING CUMMINS EMERGENCY POWER CONTROL SYSTEM

NOTE: ALL FOUR ENGINE GENERATOR, PARALLELING GEAR, ALL ACCESSORIES, AND
CONTROL EQUIPMENT ARE EXISITNG. ONLY THE AUTOMATIC TRANSFER SWITCHES ARE
NEW.

|
UPON LOSS OF NORMAL POWER - WHETHER VIA OPENING OF A NORMAL FEEDER
BREAKER OR LOSS OF UTILITY POWER (CUTOUT = 85% OF NOMINAL VOLTAGE) - THI
FOLLOWING SHALL OCCUR:

4. PRE-PROGRAMMED ENGINE-START DELAY TIMER SHALLY START

2. AFTER ENGINE START DELAY, ATS SHALL SEND START SIGNAL TO THE ENGINI
GENERATORS (VIA EXISTING HARD WIRED START SIGNAL WIRING)

w

ALL (4) FOUR EXISTING ENGINE-GENERATORS SHALL START, AND PARALLEL Ti
COMMON BUSS AS THEY REACH VOLTAGE, FREQUENCY AND SPEED.

»

ONCE THE FIRST ENGINE-GENERATOR COMES ON-LINE ALL PRIORITY 1 TRANS!
SWITCHES (LIFE SAFETY) SHALL AUTOMATICALLY TRANSFER FROM NORMAL
POSITION TO EMERGENCY POSITION, WITHIN 10 SECONDS OF LOSS OF POWE!

o

ONCE THE SECOND ENGINE GENERATOR PARALLELS TO THE BUSS, ALL PRIORI
TRANSFER SWITCHES (CRITICAL BRANCH) SHALL TRANSFER FROM NORMAL
POSITION TO EMERGENCY POSITION, WITHIN 10 SECONDS OF LOSS OF POWER

)

ONCE THE THIRD ENGINE GENERATOR PARALLELS TO THE BUSS, ALL PRIORITY

3TRANSFER SWITCHES (EQUIPMENT BRANCH) SHALL TRANSFER FROM NORMAL
POSITION TO EMERGENCY POSITION. EQUIPMENT BRANCH TRANSFER SWITCHE
WITH A CENTER-POSITION TIME-DELAY SHALL SEQUENCE THRU THAT OPERATIO!
DURING THE TRANSFER

7. THE PARALLELED ENGINE-GENERATORS SHALL SHARE LOAD (APPROXIMATELY) |
EQUALLY. L

8. ONCE NORMAL POWER IS RESTORED (PICKUP = 90% NOMINAL VOLTAGE), INITIATI
RE-TRANSER TO NORMAL TIME DELAY COUNTDOWN, TO ENSURE NORMAL POWE
IS STABLE AND FULLY RESTORED.

9. ONCE COUNTDOWN IS COMPLETE, TRANSFER ALL ATSS FROM EMERGENCY TO
NORMAL. EQUIPMENT BRANCH TRANSFER SWITCHES WITH A CENTER-POSITION
TIME-DELAY SHALL SEQUENCE THRU THAT OPERATION DURING THE TRANSFER.

10. AFTER ALL TRANSFER SWITCHES ARE TRANSFERRED TO NORMAL POWER, INITIATE
PER-PROGRAMMED ENGINE-COOL DOWN COUNT DOWN

LOAD SHED SEQUENCE OF OPERATION

1. UPON UNEXPCTED LOSS OF ONE OF THE FOUR EXISTING ENGINE-GENERATORS,
NO ACTION SHALL OCCUR; THE ENTIRE EPSS LOAD CAN BE SERVED WITH THREE

Load Shed

S Sequence

AD
WER DEMAND-LO/
MERGENCY POW! 0 BY THE
HOWEVER, THEE BE CARRIE!
OR;‘SMSSE :&:& DETERMINE IF THE E‘g:“:g LOAD CANNOT BE. sg‘t‘gﬁgs
SENSING SY’ RATORS AND TING WITH PRIO
INE-GENE! IMENCE STAR
REMAINING ENG! ENCE SHALL CcOoMm! S
AD SHED SEQU NE-GENERATOR
e oss OF TWO OF THE FOUR EXISTING ENGINEC o ANCH)
EXPCTED L

) A

JORITY 3 (EQUIPN 2

2. UPON VRS % OF NOMINAL VGUG?SWEK{W R ANSFERRED TO CENT! €
= A

GENERAT

L
cuToUuT ALL B SFER SWITCHES G
T QSFER\iﬁgg:ES PONER 'S AVN;:?&%::&'EJ%':VER DEMAN%-;OE:& ;ﬁ:g‘“
POSITION. THE GE CARRIED TE NG ENGINE-

ST
BWITCH TO NORMAL ORS¢ e LOKD O/ CARRIED BY THE REIULLY ¥ e
GENERATORS: lFR‘\?Y 3 n:;D\Ncsszﬂ WITCHES MAY BE MAN

THREE OF THE FOUR EXISTING EN

AL
UPON UNEXPCT%E; LSS O:L VOLTAGE). THE PRIORITY 2 (G20 nRITY 3 LOADS ARE
LAl

| POSITION. ! ATICALLY
AL ALSO BE AVTON o

EN R EMAND-LS
CONNECTED OR HAVEASCYJ:VE THE EMERGENCY P(’WCEA';R.ED BY THE REMAINING

TE! A
J NE | Y THE
P DETERMINE AD CAN BE CARR\EDSBFER SWITCHES MAY BE

£ER SWITCHES SHALL

MATIC TRANS
e SWITCH SETTING ALL NEEW YA:S)HNGS SETTINGS MAY BE
RAN \E DI
AUTOMATICT = HE FOLLOWING TIM LA
DWITH

5 Al
e PROGRAMME SSIONING ANDIOR T
NG COMTR TCHES COME ON!
ADJUSTED DURM SR SWr
(! RANCH TRA!
AND CRIT ICAL B
POWER.
= VGSECONDSI
& 10 SECONDS (AJ\JSTAB\.E 0
g 0-60 MINUTES)

ENRAG‘NE > . \E DELAY 0 SECONDS (AJUSTABLE -

- EMERGENCV p ECONDS (ADJUS\'ABLE 0-6SECO

DELAY: 0S!
ENERGENCV SOURCE SYABIL\ZAT!ON TIME

NECT olF

DELAYED TR)\NS\T\ON LOAD DISCON! woT APPLICA

| TIME DELAY
(CENTER POSITION) TIM

¢ TAl
RANSFER TO NORMAL TIME DELAY 15 MINUTES (ADJUS
?PE;NER FAILURE MODE) \ouE 0 10HOURS
Y S (ADJUST 5

RETRANSFER TO NORMAL TIME DELA 30 SECOND

(TEST MODE) 0 60 MINUTES|

TIME DELAY FOR 5 MINUTES (ADJUSTABLE
UNLOADED RUNNIN(;
DOWN:
ENGINE cOooL

REMAIN ING ENGINE-

ETY
RE THAT LIFE SAF
HCA TESTING TOTEH'MSA\:O SECONDS OF LOSS OF

BLE 0~ 60 MINUTES

ATS Settings

CRITICAL BRANCH TRANSFER SWITCHES

ENGINE START TIME DELAY: 1.0 SECONDS (AJUSTABLE 0 - 6 SECONDS)

TRANSFER TO EMERGENCY TIME DELAY: 0 SECONDS (AJUSTABLE 0 - 60 MINUTES)

EMERGENCY SOURCE STABILIZATION TIME DELAY: 0 SECONDS (ADJUSTABLE 0 - 6 SECONDS)

DELAYED TRANSITION LOAD DISCONNECT
(CENTER POSITION) TIME DELAY: NOT APPLICABLE

RETRANSFER TO NORMAL TIME DELAY
(POWER FAILURE MODE). 15 MINUTES (ADJUSTABLE 0 - 60 MINUTES)
RETRANSFER TO NORMAL TIME DELAY
(TEST MODE): 30 SECONDS (ADJUSTABLE 0 ~ 10 HOURS)
UNLOADED RUNNING TIME DELAY FOR

ENGINE COOL DOWN: 5 MINUTES (ADJUSTABLE 0 - 60 MINUTES)

EQUIP) H TRAN: [TCHES

ENGINE START TIME DELAY: 1.0 SECONDS (AJUSTABLE 0 - 6 SECONDS)

TRANSFER TO EMERGENCY TIME DELAY: 0 SECONDS (AJUSTABLE 0 - 60 MINUTES)

EMERGENCY SOURCE STABILIZATION TIME DELAY: 0 SECONDS (ADJUSTABLE 0 - 6 SECONDS)

DELAYED TRANSITION LOAD DISCONNECT
(CENTER POSITION) TIME DELAY: 30 SECONDS (ADJUSTABLE 0 - 5 MINS)
RETRANSFER TO NORMAL TIME DELAY
(POWER FAILURE MODE) 15 MINUTES (ADJUSTABLE 0 — 60 MINUTES)
RETRANSFER TO NORMAL TIME DELAY
(TEST MODE) 30 SECONDS (ADJUSTABLE 0 - 10 HOURS)
UNLOADED RUNNING TIME DELAY FOR
ENGINE COOL DOWN. 5 MINUTES (ADJUSTABLE 0 - 60 MINUTES)
PRE/POST TRANSFER SIGNAL TIME DELAY,
FOR SELECTIVE LOAD DISCONNECT WITH
PF:QOOGRAMMABLE BYPASS ON SOURCE FAILURE
(PROVIDE FOR ELEVATOR ATSS): 30 SECONDS"* (ADJUSTABLE 0-5
( = 0- 5 MINS)
COORDINATE WITH HOSPITAL AND ELEVATOR VENDOR. THIS SIGNAL C.

RELAY OR DT CONTACTS AS REQUIRED AN BEUSSOTADRNE
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What i1s the Risk?

Patient Safety!

Things that aren’t always
thought about:

« Do | have EVERYTHING
needed for an extended ppE— R ]
outage? ettt = i\, =

Single Points of Failure f-' FEER o

Ease of ongoing Maintenance & —
& Testing = C

Training = _Z



' Case Study Example Phasmg
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i %ii = Replace
' 4 Lo h] something
- . this big

o B
e ... with something
THIS BIG



o
Case Study Example: Phasing
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Case Study Example: Phasing

JGXI-EMO.

Ff'l"ld',A,T&,"lx( ;
L6TAH NW-

o OAFETY

snme |

magrote |

New Emergency feeder to new ATS

'5 Find NEW location for New ATS
i

New Normal feeder to new ATS







Construction Phase

What does the CxA Actually Do?
Review Submittals

Update Cx Plan
Kick Off Meeting
Draft FPTs

Construction Observation

Pre-Functional Checklists

Commissioning Plan
Preliminary

Issues Logs Project Name
City Location, State

TLC PROJECT NO: 99999

CLIENT PROJECT NO: 00X
MONTH, YCAR
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Construction Phase

Things | can’t Un-See
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VOLTAGE MAY BE PRESENT FROM
MORE THAN ONE SOURCE AND SHOULD
BE DISCONNECTED FOR SERVICING.

PEUT ETRE SOUS TENSION DE PLUS D'UNE
SOURCE D' ALIMENTATION ELECTRIQUE. COUPER TOUTES {
LES SOURCES D'ALIMENTATION AVANT LE DEPANNAGE.

DO NOT STICK
HAND (N
noLt







Morgue Cooler

Motion Sensor
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IN THE EVENT OF FIRE
R

Rescue Patients / Remove Victims and Close Door

A Pull Fire Alarm/ Call 427-2222 Code Red

| Confine 2
c Close al Doors and Windows

E Extinguish the Fre if Possible
Evacuate Patients if Necessary
Do Not Endanger eruuo'OthonhmoProcou

Added During
Construction
Phase

q










“Not in My Scope...”

Main Fuel Day

Tank & Tank &
Jacket Pumps Pumps Vent
Heaters Fans /
Louvers
Batterles HVAC
Chargers Sub

Engine
Generator(s)
m
Paralleling Facilities
Ops

<
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Construction Phase

PNoto=rinisin 4!

Scheduling and
Coordinating

Pre-Functional Testing
Functional Testing

AHJ inspections
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Case Study Example: Grounding

New Gen #2




Case Study Example: Grounding

Standby Power from Set

Three-Pole
Transfer

O m >

3-Pole ATS: switches A-B-C phases
only; Neutral Solidly Connected

Generator Set

Utility Input
|
Mol
Z —
i
‘
P —— |
g |
w
2|
g
>

1| “Non-Separately Derived” Grounding:
j Neutral & Ground not connected at EPS

Bondtohousmg//[\ ] ’ | ‘
B A

Graphic One - Detailing System with Solid Neutral Connection
Ex: 3-Pole ATS, no neutral-ground at Gen

Standby Power from Set

4-Pole ATS: switches A-B-C phases +

A
3. B g B Four-Pol |
E C N | _ﬁgns_feri N e Utra
E Switch
S

“Separately Derived” Grounding:
Neutral + Ground Bonded Together at
EPS

Bond to housin:

9
G N C BA

-"_( Graphic Two - Detailing System with Switchable Neutral
EEEEEEEEEEE Ex: 4-Pole ATS, with neutral-ground bond at Gen
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4 Pole ATS vs 3 Pole ATS
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Separately Derived vs....




o
Non-Separately Derived Grounding

Neqtral Bus

9

\' i
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Case Study Example: Grounding

Utility Service Emergency
Service (EPS)

N-G BOND
N-G BOND
GFP
GF
4 Pole 3 Pole
(switched (solid
neutral) neutral)
LOAD LOAD

-"_( FAULT FAULT
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Case Study Example: Grounding

Utility Service Emergency
Service (EPS)

N-G BOND FLOATING NEUTRAL NO N-G BOND
GFP
4 Pole 3 Pole
(switched (solid
neutral) neutral)
LOAD LOAD

-"_( FAULT FAULT
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Acceptance Phase

What does the CxA Actually Do?

Verify Installation
Complete

Verify Pre-Functional
Testing is Complete

Integrated Systems
Testing!!

Issues Logs

EEEEEEEEEEE
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Acceptance Phase
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Acceptance Phase

1

How do | Test the
Systems?

Start “Small”;

Fuel Systems

3 .,‘,
iz

« Main Fuel Tank & Pumps
« Day Tank & Pumps
Transfer Switches

» Settings Programmed

« Engine Start Wiring

» Test each ATS Individually

EEEEEEEEEEE

FOR ALHITZCTURE



Acceptance Phase: Program the ATSs




Acceptance Phase

How do | Test the
Systems?

Start Small:
Engine-Generator

Batteries, Charger
Jacket Heater

Load Bank Testing

Sequences of Operation
Programed

Load Add / Load Shed

Annunciation & Alarm

EEEEEEEEEEE
FOR ALHITZCTURE



Acceptance Phase

How do | Test the
Systems?

Go Big!

Step 1

Simulate Power LosS

Step 2
See What Happens

EEEEEEEEEEE
FOR ALHITZCTURE



Acceptance Phase

#49 Emorgency Power System | T Py

16 imulate power outage, Verify New 1500 kW Generator Start
tage, Vi w
[VEs] uiat outay y

———asad ATS transfarred within specified time (20 seconds delay)

| -
!

#49 Emergency Power System | Ty | BM wery 1 #49 Emergency Power System | | | BMC Nassay Surae xpar
| I K3 56 shudown of s | §E 83 Remote audibie alert
| KE 57 Romote audibio alert ( LOW VOLTAGE IN BATTERY — |

\ I BB 58 Contol Panol shows visual indication BB 64 Romoto audibio aten
\ BED %0 shudown of eps I =N 85 Control Panet shows visunt indication

| f §E3 60 Remote audible alert | KB 86 Romoto audible alort

\ | LOW COOLANT TEMP. <70F (21 r LAMP TEST

\‘ | ‘1 SIED 61 Conirol Panel shows visualindication l’ €3 87 conirol Panel shows visual indcation

\ I KD 62 Remote audibie alent AUDIBLE ALARM SILENGING SWiTCH

“ | | HIGH ENGINE COOLANT TEMP PREALARM 653 88 Romoto audible alert

\ Ane"‘pts | I3 63 Controi Panel shows visual indication
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= d review factory and field
Verify a : ‘
= y view PFC each new ATS
A Verify and review C for
Y 7 o
[VES ]
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ATS-E4 (Equi t Bran
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6 °
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NT): TIN
PART 1 (€O €RLOSS BY olscg':":sc EN mé\:?;‘
SIMULATE POWER T el A P RANSFER SWIT
TRANSFER Sw\\, SIDE OF EACH
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Verify Existing 750

A)
5.5 (Equipment granch, 600/ |
i it Branch, 600A)
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UIPMENT
ATS-ES (EQ
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| Page

on 121812017 | Pag
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Test | Print
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ne (
ransfer 10 normal b

Remote audible atert

HIGH ENGINE COOLANT TEMPERATURE
K58 65 Control Panot shows visual Indication

) 66

Shutdown of EPS
8 o

Remote audible alert

LOW LUBE OIL PRESSURE PREALARM
85 68 Control Panel shows visual indication
B3 69 Remote audibie alert

LOW LUBE OIL PRESSURE

3 70 Control Panel shows visual Indication

BE3 71 shudownorers
€33 72 Romoto audiblo alert
OVERSPEED

Control Panel shows visual indication

Shutdown of EPS

£ 7

Remote audible alert

LOW FUEL MAIN TANK (@ 48 HRs. FUEL REMAINING) I

8D 76 Control Panel shows visual indication
I 77 Remote audibie alert

EPS SUPPLYING LOAD

& »
8 »

Control Panel shows visual indie

ation
Romote audible alort

CONTROL OR TEST SWITCH NOT IN AUTO, POSITION
[ vES i)

Control Pane! shows visual indication
& o

Remole audible alert

HIGH BATTERY CHARGER VOLTAGE
K 82 Control Panel shows visual indication
Tost | Printod on

1211820

17| Paged of &

FUEL RUPTURE MAIN TANK
8
3 w0

Fuel Rupture Main Tank
Remote audible alert
BATTERY CHARGE AC FAILURE
§E 91 Control Panel shows visual indication
KD 92 Remote audibie alert

REMOTE EMERGENCY sTOP

K63 93 shudown of eps
FUEL TANK (12,000 GALLON) Low FugL ALARM
€ o

=

Control Panel shows visual indication

9 Remote audible alert

FUEL TANK (12,000 GALLON) HI FUEL ALARM
G o

& o

Cantrol Panel shows visual indication

Remote audible alert
ENGINE RUNNING

853 08 Controt Panet shows visual indication
€3 9  Remote audible slert
FUEL SYSTEM
€ 100 Test 12,000 gailon tank - veriy fuel is flowing to new 1500 kW generator
G 101 Test 12,000 gailon tank - vorty fuel 1o existing generator / new 75 gatlon day tank
G 102 When tuel v in day tank foaches ___%, supply pump shal stop.
€5 103 Verity oporation of gravity roturn / return pump,
5 14 Veriy operation of manual / hand pump to verify fuel is flowing
KB 105 Control Panel shows visual indication

BED 106 Remote audible aiert

Tost | Printod on 12

1812017 | Page & of &




Case Study Example: Fuel Systems




Case Study Example: Fuel Systems

Components of a Fuel System Diagram:

—\

Have a Diagram!

\

SEQUENCE OF OPERATIONS:

THE FUEL QIL SYSTEM CONSISTS OF THE FOLLOWING MAJOR COMPONENTS;
(ONE 15,000 GALLON ABOVE GROUND FUEL TANK, NEW LEVEL MONITORING

LEAK DETECTICN SYSTEM, PRIMARY/STANDBY/HAND FUEL QIL PUMP,
INTERCONNECTING FUEL OIL PIPING, GENERATOR DAY TANK WITH INTEGRAL
CONTROLS, DAY TANK OVERFLOW RETURN FUEL OIL PUNP, SHUT-OFF SOLENOID
VALVES, AND FUEL OIL SPECIALTIESIPUMPS PROVIDED WITH THE EMERGENCY

Fill /
Monitoring
System

IS ENERGIZED BY EITHER AN AUXILIARY CONTACT

HE GENERATOR DAY TANK. UPON ACTIVATION

CULATED TO THE DAY TANK. IF THE DAY TANKIS
ASSOCIATED SOLENOID VALVE SHALL CLOSE, PREVENTING

HE PRIMARY FUEL OIL PUMP NOT SATISFY THE

JECOND LOW LEVEL SWITCHIN THE DAY TANK WILL
OILPUMP. ALL FUEL OIL TAKEN FROM THE DAY

JAT IS NOT CONSUMED BY THE GENERATOR WILL BE

IMAIN TANK. SHOULD THE FUEL OIL SOLENOID

ROM OVERFILLING FAIL, A HIGH LEVEL SWITCH WILL START
0 EVACUATE HIGH LEVELS OF FUEL OIL WITHIN THE
RETURNED TO THE ABOVE GROUND STORAGE TANKS.

JH WILL DISABLE BOTH THE PRIMARY AND STANDBY PUNPS
TORISE,

o=
FEOL £
FILL PORT

ALL LEVEL SWITCHES IN BOTH THE DAY TANK AND FUEL OIL TANK SHALL BE
MONITORED REMOTELY. HIGH LEVELS, LOW LEVELS, AND LEAK DETECTION WILL
BE ALARMED. THE OVERFLOW BASIN FOR THE DAY TANK SHALL ALSO BE
EQUIPPED WITH A LIQUID DETECTOR TO ALARM OYERFLOW CONDITIONS.

ALL ALARMS WILL BE SENT TO THE BUILDING ALARM SYSTEM IN FAC CNTRL RI 1160,

Sequence!

FILTER ASSENBLY

Valves:
Isolation
Check

Solenoid

Day Tank / Pumps

Hand Pump

INTERIOR OF BUILDING

T
NEW
GENERATOR

Ve,

NEW
GENERATOR
DAY TANK

Fos.

FOS
FOR
a EXCASE EXPOSED FUEL
foF . d 1L PIPING WITH STAINLESS
SLoPE — = STEEL CASING FOR
— PROTECTION PER
FUEL 3 i % A~ HURRICANE CODE
MONITORING élé\ FUEL
sup VENT
p—]
AGST-1
15000 GALLON
'ABOVE GROUN
FUEL TAN
LQ @ Fos ——1
Eopt
FOR

FILL SEQUENCE OF OPERATION;

THE FUEL OIL VENDOR EVALUATES THE LEVEL OF THE TA}
HE MANUALLY SELECTS THE TANK TO FILL, WHICH OPEN:

N\

LEGEND

[ venr THRU ROOF

PRESSURE RELIEF VALVE (SETAT 3 PSI)
CHECK VALVE

SHUT-OFF VALVE.

STRAINER WITH BLOW DOWN VALVE
PRESSURE GAUGE WITH GAUGE COCK

Main Tank /

Pumps

VALVE AND CAP FOR FUTURE

[ AuxiuaRy HaND PuNP. PISTON TP,
20 GALLONS PER 100 STROKES
TE PRIME TO§ METERS OF LIFT (1" NPT)
(GRAM

FOR

UNION
FUEL FILTERS

EEE

'SOLENOID VALVE WITH MANUAL LIFT STEM {24 V. D.C. POWERED
FROM GENERATOR BATTERY)

(OVERFLOW RETURN PUMP
FUEL OIL LEAK DETECTION SYSTEM

EMERGENCY OVERFLOW
AUTOMATIC FLOW VALVE (SET AT 150.0 GPM)
FUEL OIL METER {10,000 GAL. MIN. COUNT CAPACITY)

]

BURNER PRESSURIZATION PUNP
HIGH PRESSURE RELIEF VALVE
PRESSURE REGULATOR - SETTO 3PS
OIL SAFETY VALVE

=

/1

FUEL OIL FLOW DIAGRAM

Engine-Generator
(future provisions?)

No Scale




Fuel System

s n—"

o
o
=
gy
X
LL]
>
=
S
V)
)
%
®
O

(¢

ENGINEERING
FOR AEHITZCTURE
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Case Study Example: Fuel System

DAY TANK

OVERFLOW TANK

Q: At what level should low /
high level alarms be set?

A:. Wherever the EOR says
to set them.

=l =] =] =] 2] 2] 13] I3
3| || |=] |=2) |92 L&) =] IS

FUEL OIL LOW (ALARM)

FUEL OIL LOW - SECONDARY PUMP ON

FUEL OIL LOW - PRIMARY PUMP ON, SOLENOID VALVE OPEN

TANK FULL, PRIMARY/SECONDARY PUMPS OFF

HIGH LEVEL, FUEL OIL SOLENOID VALVE CLOSED (ALARM)

HIGH LEVEL, EMERGENCY FUEL OIL OVERFLOW PUMP STARTS (ALARM)
EMERGENCY HIGH LEVEL, PRIMARY & SECONDARY PUMPS DISABLED (ALARM)
LIQUID DETECTOR IN OVERFLOW BASIN (ALARM)
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Case Study Example: Fuel System
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Post-Occupancy Phase
Tl T A

What does the CxA Actually Do?

All Issues Resolved?
Preliminary Report
Systems Manuals
O&M Manuals
Training

Final Report

EEEEEEEEEEE

FOR ALHITZCTURE



Post-Occupancy Phase

Who’s the Owner?

 Facility operations and
maintenance staff

» Often overlooked

Interviews and dialogue with
operations staff are critical!

« During design

« During functional testing

EEEEEEEEEEE
FOR ALHITZCTURE



Ongoing Testing: NFPA 110

\ in \
'v £pSS Monthly Testing .
l S
\ \
EPSS Maintenance Schedule \ e \
\
| \
Procedure Frequency \
X — Action W — Weekly 8 — Semiannually 1
R — Replace, if needed M — Monthly A — Annually \
Q — Quarterly Nos. indicate hours \
I\ —
C ( Visual l‘
=~ bl I ti Check |Change | Clean | Test Level 1 Level 2 \
1, Fuel w\
(a) Main supply tank level X W M \
(b) Day tank level X X W M \,\
s (¢) Day tank float switch X 3 w Q |
(d) Supply or transfer pump operation X X w Q
() Solenoid valve operation X X w Q
o) : 2
o i S X a a
(g) Water in system X X w Q
(b) Flexible hose and connectors X R w M
(i) Tank vents and overfl, ipi
nnobatructed verllow piping X X A A
() Piping X A A
(k) Gasoline in main tank (when used) R A A
2. Lubrication System
(a) OilJevel X X w M
] (b) Oil change R 50 or A 50 or A
) (c) Oil filter(s) R 500r A 500r A
(d) Lube oil heater X w M
{e) Crankcase breather X R X Q s
3. Cooling System
(a) Level X X i M
(b) Antifreeze protection level X s A
(c) Antifreeze R & Y
(d) Adequate cooling water to heat X W M
(e) Rod out heat exch X A &
(f) Adequate fresh air through radiator X W M
(g) Clean exterior of radiator X A A
\ (h) Fan and alternator belt X X M Q
(i) Water pump(s) X W Q S,
(j) Condition of flexible hoses and X X w M prm——
(k) Jacket water heater .S w M
(1) Inspect duct work, clean louvers X X X A A |
(m) Louver motors and controls X X X A A
4. Exhaust Systemn |
(a) Leakage X X w M |
(b) Drain cond te trap X w M |
2 i sociati NFPA 110 (p. 1 01 3) S
© 2015 Nationa! Fire Protection Association (3 ‘ =
P i A83.1(@) Suggested i for g Power Supply Systems (EPSSs).
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What Happens When ATSs Transfer?

Normal Emergency
Source Source
A4 Automatic A4
Transfer
Switch

: WE LOSE
\ POWER

Load

EEEEEEEEEEE
FOR ALHITZCTURE



Case Study Example: Controls

ATS Transfer
(or re-transfer)

Controls Failure

Ul
I

Loads dependent on
electronic control

systems... S —

. HVAC

LNormal Shutdown i
]

o C h . I I 10:51:1AM 09 Jun 2017 REMOTE STOP 3
Hers '

ILast Eault While Running

(i, LY
J Tl \ A
1t 4

PM 19 Jul 2017 VSD - SERIAL COMMUNICATIONS '

d Elevato rS o V 9 Jul 2‘”7’ MBC ”ll ‘

201 55
:
Mayv fail to c back
ERE y ome pacC
1-20:44 PM 19 Jul 2017 CHILLED LIQUID - FLOW SWITCH OPEN Page Down
i
online after transfer

m 1-19:13 PM 19Jul 2017 VSD - LOW DC BUS VOLTAGE
FoR a2 CHITZCTURE

Print AN
Histories




Case Study Example: UPS & Harmonics

UPS Sensitivity
Sensitive Electronics
Controllers

ATS Transfer
(or re-transfer)

790 HP VSD OCPERATION INPUT CURRENT HARMONICS- 7/18/99

Base Unit - Input Current Harmonics, 100% [L.oad Unit wiFilter- Input Current Harmonics, 100% Load
Harmonic |Ave. Three Phase Input Current (RMS) Harmonic |Ave. Three Phase Input Current (RMS)

1 789.00 1 789.00,

2 0.71 2 4,02

3 10.81 3 1.74

4 2.05 4 2.37

5 172.63 ﬁ‘-ﬂ 5 473 -

6 0.55 6 1.34

7 100.36 @mﬁ 7 12.23 ~

8 0.71 8 0.47

9 4.18 g 1.34

10 0.63 10 0.85

11 53.18 11 9,63

12 0.16 12 0.39

13 38192 13 §.76

14 0.24 14 0.32

AT L T Ll = F ol =t

EEEEEEEEEEE
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Case Study Example: UPS & Harmonics

https://www.csemagd.com/single-article/avoiding-harmonics-in-hvac-and-electrical-systems/6902cb50dd93f69a07cd4005fba4288f.html

A X i "\\ Distorted Waveform
Voltage Sag \: ) \ (W/ 5" & 7t Harmonics)
/ ./ \\
// \\‘
/
/
l/ \
.' \
= I:I i\ "I
|‘\ ’/
l‘ '/
\ f
\ /
\ /

\ ™ '
Voltage Sag \ }/ | /
Vax o \‘\_

EEEEEEEEEEE
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https://www.csemag.com/single-article/avoiding-harmonics-in-hvac-and-electrical-systems/6902cb50dd93f69a07cd4005fba4288f.html

Case Study Example: UPS & Harmonics

(Sensitive)
Electronics

HATE

Harmonics




It Takes a Team!

Main Fuel Day

Tank & Tank &
Jacket Pumps Pumps FVent/
Heaters ans
C Louvers
‘ | .

Batterles
Chargers
Engine
Generator(s) KQ} ﬁ
m

Paralleling Facilities
Ops

g
~

EEEEEEEEEEE
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Sub- “A

i Contractors
Facility

Operations
= Engineers

( ‘
Vendors *

r&mg Bundmgzar abou‘
Teamwork
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