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1. Attendees will be able to list the different 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 is often a small NCx project 
and that design review and construction observation 
are key aspects to the success of that process.

Learning Objectives – Class Series



1. Introduction
2. The Submittal Review Angle
3. The Construction Observation Angle
4. Pump Assessment Case Study
5. Design Conditions Assessment Case Study

Agenda



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

Getting to Know You

https://tinyurl.com/PECDesRevGet2Know


Introduction

A Bit About Me



A Bit About Me

I intended to be an aircraft 
maintenance engineer

I’m doing something totally
different



A Bit About Me
• HVAC field technician
• Control system designer
• HVAC designer
• MCC Powers system engineer
• 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



A Commissioning Resources Web Site

http://www.av8rdas.com/

http://www.av8rdas.com/


A Blog with a Field Perspective on Building Systems
https://av8rdas.wordpress.com/

https://av8rdas.wordpress.com/


Design Review Resources

https://tinyurl.com/DesignReviewResources

https://tinyurl.com/DesignReviewResources


A Question For You

https://tinyurl.com/PECDesRevWhen2Do

https://tinyurl.com/PECDesRevWhen2Do
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Design Review During NCx
Design Phase

• Bringing an integration perspective 
to the drawing board

• Bringing field experience to the 
drawing board

• Sooner may be better
• Allows the provider to learn the 

project

Construction Phase

• Takes the form of submittal review
• Some submittals may happen in 

multiple phases
• Control system hardware
• Control system installation
• Control system database, logic 

and graphics



Typical New 
Construction Cx Issues
• Poor turn-down capabilities
• Unanticipated interactions
• Pump head is excessive
• Fan static is insufficient
• Rouge zones
• Control sensor calibration
• Control sensor location
• Control system logic
• Control system design
• Schedules missing
• Equipment missing



Typical Existing Building 
Cx Issues
• Poor turn-down capabilities
• Unanticipated interactions
• Pump head is excessive
• Fan static is insufficient
• Rouge zones
• Control sensor calibration
• Control sensor location
• Control system logic
• Control system design
• Schedules missing
• Equipment missing
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Processes that Complement Design 
Review
Submittal Review
• You are about to transition 

from concepts on paper to 
physical, wired, bolted, 
welded in place reality

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



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

Construction Documents



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

Submittal



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

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

Reality



Design Review Skills
Technical

• Understand systems and 
equipment

• Design experience
• Field experience 
• Mentoring

• O&M interest and perspective
• Recognize the load importance of 

the load profile and being able to 
follow it

Non-technical

• Detail oriented
• Integration perspective
• People skills
• Curious
• Willing to learn
• Persistent



Design Review Targets



Design Review Targets



Let’s Try It



Given

Fan Power Relationship

. . .

6,356
Where:

Input to the system to produce the flow and static pressure.
Flow rate in cubic feet per minute.  
The fan static pressure in inche

cfm in w c
Fan

Fan

Fan

Flow Static
bhp

bhp
Flow
Static

η

 ×
=   × 

=

=
= s water column.  

6,356 A units conversion constant that is good for air at approximately 0 - 2,000 feet  and 
between -40°F and 120°F.
Fan static efficiency.  

msl

Fanη

=

=



Given

V-Groove Blade 
Fire/Smoke Damper 
Detail on the drawings 
for a project



Given

V-Groove Blade 
Fire/Smoke Damper 
Product Data



Given

V-Groove Blade



Given

Fabricated Airfoil Blade



Given

Extruded Airfoil Blade



Given

Pressure Drop Curves
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A Question For You

https://tinyurl.com/PECDesRevFSD

https://tinyurl.com/PECDesRevFSD
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Let’s Try Another



Given

The installed reality



Given

A Few “Rules of 
Thumb”
1. Designers will go 

up a line size if the 
friction rate exceeds 
4 ft.w.c. per 100 ft. 
of pipe

2. The equivalent feet 
of pipe will be 1.5 to 
2 times the linear 
feet of pipe



Given

The pump portion of the equipment schedule



Given

The cooling coil portion of the equipment schedule



Assignment

• Assess the diversity designed 
into the chilled water plant

• Estimate the pump head
required for an evaporator
pump

A resource:
https://tinyurl.com/FieldEstimate

https://tinyurl.com/FieldEstimate


Pump Curve Refresher
Digitized Curve

https://tinyurl.com/DigitizeCurves

Vendor’s Curve

https://tinyurl.com/DigitizeCurves






Let’s Try Another



Given

The kW per Ton Concept



Given

Proposed CHW 
Schematic



Given

Proposed CW 
Schematic



Given

Proposed chiller 
performance



Given

Proposed pump 
performance



Given

Proposed cooling 
tower performance



Given Proposed kW per ton profile
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A Question For You

https://tinyurl.com/PECDesRevkWPerTon

https://tinyurl.com/PECDesRevkWPerTon
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3,960

Where:
Flow produced by the pump in gpm
Head produced by the pump in feet water column

3,960 = A units conversion constant that will work for water at the

Pump

Flow Headbhp
Efficiency

Flow
Head

 × =
 × 

=
=

 temperatures and 
pressures typically encountered in HVAC systems.
Pump efficiency, read from the pump curve or estimated from past experience;  
.40 - .70 for small (under 500 gpm) pumps

PumpEfficiency =

, .70 - .85  for large pumps

.746
3,960

gpm ft.w.c.

Pump Motor VSD

Flow Head
kW

η η η

 ×
 = ×
 × × × 

Pump Power Relationship





Let’s Work on This One Together



Given an Owners Requirement

• Winter Indoor Dry Bulb 
Temperature Target – 68°F – 72°F

• Winter Indoor Relative Humidity 
Target – 25% - 35%
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An Early Design Development Meeting

• The project is projecting to be over 
budget

• It may be necessary to eliminate
commissioning from the project
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The Pacific NW Climate



Is There Something We Can Do to Keep 
Commissioning in the Project

Some psychrometric resources
• https://tinyurl.com/FreePsychChart

• https://tinyurl.com/OlivieriChapters

• https://tinyurl.com/SlfSLoadsPsych
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https://tinyurl.com/OlivieriChapters
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Let’s Try Another Submittal Review



Given Submittal Data
These files in the class materials Basis of Design Submitted



Answer the Questions at This Link

https://tinyurl.com/PECDesRevBoiler

https://tinyurl.com/PECDesRevBoiler




Comparing the Boilers



Comparing the Boilers
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 designed 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 controlling 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.



Other Issues Identified During 
Construction Observation



Other Issues Identified During 
Construction Observation







Optional Assignment



Given the Pump Schedule



Given the Basis of Design Pump Curve



Given the Submittal Pump Curve



Given the Manufacturers Catalog Data
These files in the class materials Basis of Design Submitted



Would You Approve the Substitution

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



Questions?
Thank you for participating!

Visit our website at www.FacilityDynamics.com
Visit our blog at https://av8rdas.wordpress.com/
Visit our commissioning resources website at https://www.av8rdas.com/
Contact me at Dsellers@FacilityDynamics.com

• David Sellers;  Facility Dynamics Engineering
• Senior Engineer
• March 12, 2017

http://www.facilitydynamics.com/
https://av8rdas.wordpress.com/
https://www.av8rdas.com/
mailto:Dsellers@FacilityDynamics.com
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