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Disclaimer

e The information in this document is believed to accurately describe the technologies
described herein and are meant to clarify and illustrate typical situations, which must be
appropriately adapted to individual circumstances. These materials were prepared to be
used in conjunction with a free, educational program and are not intended to provide legal
advice or establish legal standards of reasonable behavior. Neither Pacific Gas and
Electric Company (PG&E] nor any of its employees and agents:

 Makes any written or oral warranty, expressed or implied, including, but not limited to,
those concerning merchantability or fitness for a particular purpose;

« Assumes any legal liability or responsibility for the accuracy or completeness of any
Information, apparatus, product, process, method, or policy contained herein; or

 Represents that its use would not infringe any privately owned rights, including, but not
limited to, patents, trademarks, or copyrights.



Copyright Materials

Some or all of this presentation may be protected by US
and International Copyright laws. Reproduction,

distribution, display and use of the presentation without
written permission of the copyright holder is prohibited



Learning Objectives - Class Series

1. Attendees will be able to list the ditferent phases In
the design and construction process and where
design review activities are desirable in that process.



Learning Objectives - Class Series

2. Attendees will be able to describe the importance of
reviewing the construction documents and which
drawings and specification sections to target in order
to best address potential commissioning issues.



Learning Objectives - Class Series

3. Attendees will be able to discuss the importance of
reviewing equipment submittals and shop drawings
emphasizing the items to look for in order to best
mitigate potential commissioning issues.



Learning Objectives - Class Series

4. Attendees will be able to explain how construction

observation can be applied as a tool to complement

the design review process for new construction
projects.



Learning Objectives - Class Series

5. Attendees will recognize that the implementation
phase of EBCx projects 1s often a small NCx project
and that design review and construction observation
are key aspects to the success of that process.



Agenda

1. Introduction

2. The Submittal Review Angle

3. The Construction Observation Angle

4. Pump Assessment Case Study

5. Design Conditions Assessment Case Study
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Getting to Know You

Please visit the following like If you have not
already while waiting for class to start and
complete the form. This will help get us all
acquainted with each other and also help the
Instructors target the content to the audience.

https://tinyurl.com/PECDesRevGet2Know
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https://tinyurl.com/PECDesRevGet2Know

Introduction

A Bit About Me




A Bit About Me

| Intended to be an aircraft
maintenance engineer

I’m doing something totally
different




A Bit About Me

« HVAC field technician

o Control system designer

« HVAC designer

« MCC Powers system engineer

e Murphy Company controls and
start-up engineer

 Project engineer

 Wafer fab facilities engineer and
system owner

A happily married PECI
technical support engineer and
trainer

« FDE Senior Engineer




I've Had Great Mentors Along the Way




Bill Coad’s Thoughts on Energy Conservation

“... that Is to practice our profession with
an emphasis upon our responsibility to
protect the long-range interests of the
society we serve and, specifically, to
Incorporate the ethics of energy
conservation and environmental
preservation in everything we do.”

Energy Conservation is an Ethic
ASHRAE Journal, vol. 42, no. 7, p. 16-21

PDF available at
https://tinyurl.com/EnergyConservationEthic




My Most Important Lesson

It's all about the load profile
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Buildings are Talking to Us

We Just Need to Learn How to Listen

My Goal
Welcome to A Field Perspective on Engineering's commissioning resource v .
Facility Dynamics

website. For those who don't know me from my blog or some other venue, |
am a senior engineer for a company named Facility Dynamics Engineering

. N s ot e . ENGINEERING
a.k.a FDE, which specializes in commissioning, control system design, and

some forensic engineering work
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Creating a Third Axis In Excel g ke
_ ) I Commissioning Resources
Posted on April 19, 2019

Website

One of the challenges that came up when I was creating the time series graph of a 9.000
ton chiller plant load profile that I show in my previous post was that I wanted to plot data

series that had numbers in them with very large differences in the order of magnitude.
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Design Review Resources
Posted on October 13, 2013 by David Sellers
2023-04-24 Author’s Note — This was originally posted in 1028. Some of the links in
were broken because sites were modified or shut down. In this repost, I have gone Subscribe to A Field
through and fixed them. Otherwise, the post is unchanged from when I first put it up. Pegge{;tiv; on Engineering
L] - Fosts
In the past, I have written a few posts that bring up the topic of design review including:
= Equipment Replacement Cost Calculations; There’s More to it than Simple Pavback Asmlh i"":: -
= Design Review; Leveraging Opportunities Before Ideas Become Realities gec on
= Design Review — Same Frame Size, Different Fan Sizes — Part 2 Categories
= Design Review — Taking a Look at Coil Options [ Select Category hd
. . . Site Administration
Its not unusual for people to ask me if I can suggest design review resources and that » Site Admin
happened just the other day at dinner. So, I thought I would just make a blog post that = Log ?Ut_
shared what I know in answer to the request. * Entres [BEd,
» Comments feed ]

» WordPress.com
Incidentally, some of the posts above were from when the blog first stated on the CSE web

httDS //tl nvu rl Com/DeSiq n ReVi eWReSOd}t&éfghen the magazine shut down for a while and I decided to continue the blog on myv <
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A Question For You

https://tinyurl.com/PECDesRevWhen2Do
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Typical New Construction Commissioning Activity

600,000 sq.ft. High Rise Basis
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Design Review During NCXx

Design Phase Construction Phase

e Bringing an integration perspective ¢ Takes the form of submittal review

to the drawing board « Some submittals may happen in
 Bringing field experience to the multiple phases

drawing board e Control system hardware
* Sooner may be better « Control system installation
* Allows the provider to learn the e Control system database, logic

project and graphics



Typical New
Construction Cx Issues

e Poor turn-down capabilities
e Unanticipated interactions
« Pump head is excessive
e Fan static is insufficient
 Rouge zones

e Control sensor calibration
e Control sensor location

e Control system logic

e Control system design

e Schedules missing

e Equipment missing
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Typical Existing Building
Cx Issues

e Poor turn-down capabilities
e Unanticipated interactions
« Pump head is excessive
e Fan static is insufficient
 Rouge zones

e Control sensor calibration
e Control sensor location

e Control system logic

e Control system design

e Schedules missing

e Equipment missing




Week and Activity

Typical Existing Building Construction Commissioning Activity
750,000 sq.ft. Hospital Basis
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Processes that Complement Design
Review

Submittal Review

e You are about to transition
from concepts on paper to
physical, wired, bolted,
welded Iin place reality

« Just because you asked
for it does not mean
someone read the spec
and drawings and thus,

This comment generally applies to all of the wiring diagrams.

1 1 Please include the equipment manufacturer's wiring diagram as a separate drawing so that this drawing set provides the Owner with a "full deck" regarding how
yO u WI g e I your wiring interfaces with their wiring.

lated note, is there some sort of fire alarm shut down associated wi i

process referenced in "Note 1" will pick this stuff up.




Processes that Complement Design
Review

' AHU-1 & 2 ARE TO BE PROVIDED — ) S o1 & < SA IS DOWN
Construction WITHOUT HEAT Em:F:{mcEH ﬂ'lfrlf?*.ﬂll:tfﬁt \ DALMY / E‘HLf,,.Lgﬁ[ Ehﬁa'i '_:H
: FAYS - PROVIDE FIELD BULT EXHAUST ) H.00l /4 1S FRONT DSCHARCE
Observation PLENUM & REWOTE N-UNE EXRAST ) / coo (41> FRONT DRCRARGE
FANS PER THE FLOOR PLANS, \ Ay

« Just because you asked
for it and marked up the
submittal to reflect that
does not mean that the
iInformation got to the field

\ W8O8 / Soak: %0 PORTLAD\ SO0\ IO\ CANADTROI 1184 03/78/230 aes
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Processes that Complement Design
Review

Construction
Observation

« Just because you asked
for it and marked up the
submittal to reflect that
does not mean that the
iInformation got to the field




Processes that Complement Design
Review

Construction
Observation

« Just because you asked
for it and marked up the
submittal to reflect that
does not mean that the
Information got to the field

Reality



Processes that Complement Design
Review

Construction
Observation

« Just because you asked
for it and marked up the
submittal to reflect that
does not mean that the
Information got to the field

e Pausing for corrections
mid-reality is better than
making corrections later

Reality



Design Review Skills

Technical Non-technical

Detall oriented
Integration perspective

* Understand systems and
equipment

« Design experience  People skills

* Field experience e Curious

« Mentoring e Willing to learn
 O&M interest and perspective e Persistent

* Recognize the load importance of
the load profile and being able to
follow It



Design Review Targets

hﬁﬂ N

EnEI‘gydESlgRresuurces

EnergyDesignResources.Com

Cx Assistant™

Design Review Tool Module
Master Reference Guide

Developed by
Portland Energy Conservation, Inc.

Under contract to
Pacific Gas and Electric Company

March 2007




Design Review Targets

Design Review Master Reference Guide Energy Design Resources Cx Assistant

Table of Contents

Sequence of Operation and Control Drawing Issues
Sensor Issues
Control Software and Hardware Issues
. Maintainability Issues
. Constructability Issues
. Clarity and Detail of Contract Documents Issues
. Specification of Requirements, Roles and Responsibilities Issues
. Test Port and Gauge Issues
. Energy Efficiency Issues
10. Air and Water Balancing Issues
11. Underfloor Air Distribution Issues
12. Moisture Issues — Envelope and HVAC Related
13. Staging and Low-Flow Operation Issues
14.  Outdoor Air Control Issues
15. Duct Design Issues
Portland Enl:;?;?%j::stgvation nc 16. Pump, Piping and Plant Design Issues
T 17. Building and Space Pressurization Issues

Under contract to 18. Daylight Dimming Issues
Pacific Gas and Electric Company

EnergyDesignResources.Com

Cx Assistant™

1.
2.
3.
4
5
6
7
8

Design Review Tool Module
Master Reference Guide

o

March 2007




Let's Try It



Given

Fan Power Relationship

bhpFan _ (Flowcfm X Staticin.w.c. j
6,356 x ¢,
Where:
bhp.,, = Input to the system to produce the flow and static pressure.
Flow = Flow rate in cubic feet per minute.
Static=  The fan static pressure in inches water column.

6,356 = A units conversion constant that is good for air at approximately O - 2,000 feet,  and
between -40°F and 120°F.
Nesn = Fanstatic efficiency.



Given

\V-Groove Blade s N
Fire/Smoke Damper -——aa
Detail on the drawings
for a project

Airflow
Access door required on

jackshaft side of damper.
Refer to the latest edition
of NFPA 90A. Jackshaft

g
Actuator _/
‘A’ Dim.
(Distance from z
Damper —— end of sleeve to

Sleave face of damper) Detail 1

6 in. max.

«—————— Sleeve Length ) ———




Given

Optional blade indicator

V-Groove Blade Ll
Fire/Smoke Damper
Product Data

— Retaining Angles
(see Section 4)

Airflow
Access door required on
jackshaft side of damper.
Refer to the latest edition
of NFPA 90A. Jackshaft

Actuator _
‘A’ Dim.
(Distance from

end of sleeve to
face of damper) Detail 1

16 in. max, — 1 6 in. max.

«—————— Sleeve Length ) ———




Given

V-Groove Blade




Given

Fabricated Airfoil Blade
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Given

Pressure Drop Curves o fe - DEMPEN PrESsure Drop

vs. Flow

Greenheck Dampers

24" x 24" damper size
Damper is the full size of the duct

with straight duct entering and
leaving

—&—Static Loss SMD-203 (V groove
blade)

—=—Static Loss SMD-301 (fabricated
airfoil)
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—&—Static Loss SMD-401 (extruded
aluminum airfoil)

500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500
Velocity, fpm




A Question For You


https://tinyurl.com/PECDesRevFSD




Static Pressure Loss, in.w.cC.

1.20

1.00

0.80

0.60

0.40

0.20

0.00

.

0

500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500

Velocity, fpm

Damper Pressure Drop
vs. Flow

Greenheck Dampers
24" x 24" damper size

Damper is the full size of the duct
with straight duct entering and
leaving

—&—Static Loss SMD-203 (V groove
blade)

—&—Static Loss SMD-301 (fabricated
airfoil)

—&—Static Loss SMD-401 (extruded
aluminum airfoil)
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Let's Try Another



Given

The installed reality
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Given

A Few “Rules of
Thumb”

1. Designers will go
up a line size if the

\

&

{Cay

4 ft.w.c. per 100 ft.

of pipe o i
2. The equivalent feet __:___ﬁ ;3 .mm =S

of pipe will be 1.5 to — v

2 times the linear

feet of pipe




Given

The pump portion of the equipment schedule




Given

The cooling coll portion of the equipment schedule




Assignment

o Assess the diversity designed
Into the chilled water plant

e Estimate the pump head
required for an evaporator

pump

A resource:



https://tinyurl.com/FieldEstimate

Pump Curve Refresher

Vendor’s Curve

1200 RPM SYNCHRONOUS SPEED

Digitized Curve

Bell and Gossett

80% Series e-1510
66

1150 rpm

60% 70% 75%

_60%

Head, ft.w.c.

30 bhp
25 bhp
20 bhp

10 bk
]{ 15 bhp

1,000 1,500
Flow, gpm

SERIES e-1510

TOTAL HEAD

70% 75%

B0%

CAPACITY

Bell & Gossett

(Ft) (M)

— 5015



https://tinyurl.com/DigitizeCurves

SERIES e-1510 1200 RPM SYNCHRONOUS SPEED
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Head, ft.w.c.

90
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70

60
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40

30

20

10

1 135"

- 13.0"

- 12.6"

T 120"

-5~

11.0"

- 10.5"

10“

60% 70% 759 Bell and Gossett
80% Series e-1510

66

1150 rpm

. 60% 40 bhp

500 1,000 1,500 2,000 2,500
Flow, gpm




Let's Try Another



Given

The kW per Ton Concept




Given

Proposed CHW

Schematic
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CHILLERS - WATER COOLED

Given

COMPRESSOR

EVAPORATOR

Proposed chiller
performance

REFRIGERANT

ELECTRICAL

OPER WEIGH]
BASIS OF DESIGN




Given

Proposed pump N
performance

SERVES CHILLED WTR CHILLED WTR
CAPACITY ) L

ELECTRICAL

OPER WEIGHT
BASIS OF DESIGN

PRC
MOUNT PUMP C
OE ALL P




Given

Proposed cooling
tower performance

COOLING TOWERS
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A Question For You

https://tinyurl.com/PECDesRevkWPerTon
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Pump Power Relationship

bhp - Flow x Head
3,960 x Efficiencyp,,,
Where:
Flow = Flow produced by the pump in gpm
Head = Head produced by the pump in feet water column
3,960 = A units conversion constant that will work for water at the temperatures and

pressures typically encountered in HVAC systems.
Efficiencyp,,,, = Pump efficiency, read from the pump curve or estimated from past experience;

40 - .70 for small (under 500 gpm) pumps, .70 - .85 for large pumps

i Flow gpm X Head,, , . 746
3,960 x Tpump * Motor ™ Tvsp

kW
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Let’'s Work on This One Together



Given an Owners Requirement

e Winter Indoor Dry Bulb
Temperature Target — 68°F — 72°F

o Winter Indoor Relative Humidity
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An Early Design Development Meeting

* The project is projecting to be over
budget

* It may be necessary to eliminate
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The Pacific NW Climate
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Is There Something We Can Do to Keep
Commissioning In the Project

Some psychrometric resources
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Let’'s Try Another Submittal Review
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Answer the Questions at This Link



https://tinyurl.com/PECDesRevBoiler




Comparing the Bollers
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Comparing the Bollers

The primary difference between the Aerco Benchmark BMK2.0 boilers (left illustration) that were the basis of design and
the Lochinvar Intellifin IBM2000 boilers (right illustration) that were actually furnished Is that the Aerco units employ a
single heat exchanger, rated and designed for condensing operation. In contrast, the Lochinvar units employ two heat
exchangers, one of which (termed the secondary heat exchanger) is rated and deS|gned for condensing operation and one
of which (termed the primary heat exchanger) is not. To protect the primary heat exchanger from damage do to the
corrosive by-products associated with condensing operation, the Lochinvar boilers incorporate a circulating pump (A) and
a control valve (B), arranged to ensure that the entering water temperature to the primary heat exchanger never drops
below 130°F. This is accomplished by recirculating water from the boiler’s discharge to the inlet side of the primary heat
exchanger as indicated by the blue shaded arrow In the right illustration. For this approach to work, the boiler must be
controlled so that the leaving water temperature from the primary heat exchanger is never below 130°F. As a result, a
system that employs the Lochinvar units and must directly control for supply water temperatures below 130°F need to
incorporate some other mechanism for achieving the supply temperature requirement while protecting the boilers. One
common approach for accomplishing this is to provide the system with a three-way valve that allows water from the boiler
loop to be mixed with return water from the system to achieve the required supply temperature. Since the Aerco boilers
are rated to control directly for any set point from 50-190°F, the basis of design system did not in incorporate such a
feature. As a result, when the Lochinvar boilers are applied in the basis of design system configuration, there is no direct
method for controlllng supply temperature to a set point of 130°F. Rather, the master controller charged with cycling the
boilers to maintain a desired system supply temperature must try to find a combination of boiler settings that indirectly
produces the desired result by forcing the distribution system into an over-flow condition (distribution flow exceeds boiler
loop flow) while the individual boiler controllers work to prevent the entering water temperature to their primary heat
exchangers from dropping below 130°F. This is a complex hydraulics problem at best and may be impossible to achieve
under some operating conditions with out considerable operator intervention.
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Optional Assignment



Given the Pump Schedule

PUMP SCHEDULE
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Given the Basis of Design Pump Curve
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Given the Submittal Pump Curve
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Given the Manufacturers Catalog Data

Basis of Design Submitted These files in the class materials
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Would You Approve the Substitution

 Why or why not?
* What other things might you comment on?
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