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Booster Flow:
Current Approach

There is no universally accepted standard to determine design flow of a booster package
• Risk of under-sizing is thoroughly documented and well understood
• Risk of over-sizing is less apparent but can be just as devastating
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Booster Flow: 
Industry Challenges

Fixture Counts: Comparing Standards
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Installations

Estimated vs Measured Flowrate Comparison 

Existing

Calculated Method 2

Calculated Method 1

Measured

“At present, Hunter's Curve often overestimates water demand, causing designers to install oversized pipes. In a 
building where this is the case, the water remains in the plumbing system for longer than the designer intended, 
allowing additional time for harmful bacteria to grow and for contaminants to leach from the pipes themselves into the 
water” (Dave Yashar, Deputy Chief of NIST) 

Booster Flow: 
Design vs Reality

What % of Design Flow is 
Measured Peak Flow?
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Booster Packages spend 

• 80% of the time at less 
than 20% flow

• 90% of the time at less 
than 30% flow

Booster Flow: 
Compounding the Issue
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Booster Flow: 
Impact of Over Sizing

• In the absence of better techniques (that guarantee performance) designers revert to a default 
approach of over sizing.  The fallacy:
• Undersized boosters are felt right away and are therefore significantly worse
• Oversized boosters may have long term implications and are therefore less significant

Long Term Issues w/ Oversizing:

More Wasted Water Higher Water 
Consumption

Higher Energy 
Consumption

Higher Maintenance 
Costs

Reduced Occupant 
Comfort



9

Benefits of Right 
Sizing

9



1010

Up to 61% reduction in footprint

ft2 per standard IPC UPC Hunter OBC Armstrong

Site 1 14 17 17 14 13

Site 2 17 17 17 17 13

Site 3 19 23 19 19 9

UPC/Hunter 

IPC/OBC 

Benefits of Right Sizing:
Footprint Reduction



1111

 $15,000.00

 $20,000.00

 $25,000.00

 $30,000.00

 $35,000.00

 $40,000.00

 $45,000.00

 $50,000.00

C
ap

it
al

 C
os

t [
C

A
D

]

Installations

Upfront Capital (Equipment ONLY) Cost Resulting from Different Standards

IPC

UPC

Hunter

OBC

Armstrong Booster Upgrade Tool

Up to 34% reduction in capital cost 

Benefits of Right Sizing:
Reduced First Cost
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Installations

Percent Increase in Annual Energy Savings from Different Standards
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Armstrong Booster Upgrade Tool

• Up to 49% increase in Annual Energy Savings
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Installations

Additional Lifetime (20 year) Energy Savings from Different Standards

IPC

UPC

Hunter

OBC

Armstrong Booster Upgrade Tool

• Up to $98k in Additional Lifetime Energy Cost Savings

Benefits of Right Sizing:
Reduced Lifecycle Cost
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Benefits of Right Sizing:
Real World Example

Original:

• Constant Speed Duplex Booster

• 2 x 20 hp

Retrofit: 

• Design Envelope Duplex Booster

• 2  x 15 hp

Savings

• Annual Energy Savings kWh: 98,273 (70%) 

• Peak Demand Shedding: 18.46 kW 

• Annual Energy Savings: $13,174

• Simple Payback: 2.4 Years

• Lifetime (20 Year) ROI: $231,862
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Sizing Draw Down 
Tanks

14

Sizing Draw Down Tanks
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Sizing Draw Down Tanks
Tank Volume

• As per ASPE Continuing Education – Cold Water Systems
•  based on ideal gas laws + Boyle’s Law

• Applying the above equation to the Sequence of Operations of a typical booster package:

𝑃𝑉 = 𝑛𝑅𝑇 𝑃1𝑉1 = 𝑃2𝑉2
𝑉𝑡 =

𝑉𝑑

𝑃2 − 𝑃1
𝑃2

𝑉𝑡 =
𝑉𝑑

𝑃𝑐𝑢𝑡 𝑜𝑢𝑡 − 𝑃𝑐𝑢𝑡 𝑖𝑛
𝑃𝑐𝑢𝑡 𝑜𝑢𝑡 + 𝑃𝑎𝑡𝑚
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Sizing Draw Down Tanks
Tank Location

Adjacent mounted

Tank is supplied as a loose component for connection on site

Tank is not mounted on skid with pumps

Contractor has freedom to locate tank in mechanical room

System is easier to maneuver 

Remote mounted

Roof mounting - Lowers  Tank Total Pressure and  Tank Pressure 
Rating Required

Allows for the use of smaller tanks for desired water storage

Contractor has flexibility for locating and installing tank
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Sizing Draw Down Tanks
Putting it all Together

Building Profile:

30 story building w/ booster in P1 & 10ft slab-to-slab height 

14.7psi atmospheric pressure

50psi suction & 40psi residual & 10% friction factor → 137psi 
boost or 187psi discharge

Adjacent mounted

With tank fill & pressure set back: 474gal tank volume

With tank fill only: 517gal tank volume

With pressure setback only: 924gal tank volume

Without tank fill nor pressure setback: 1,009gal tank volume

Roof mounted

With tank fill: 150gal tank volume

Without tank fill: 274gal tank volume
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Design 
Considerations

18
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Design Considerations
Pump Capacity vs Number of Pumps

Duplex (680gpm @ 280ft): 2 x 15hp
• Minimum Continuous Stable Flow @ 

Required Discharge Pressure: 137gpm 
• ~5:1 turn-down

• Minimum Speed to maintain MCSF & 
Required Discharge Pressure: 
3072rpm
• ~66% power required = 9.9 hp

• In the event of Single Pump Failure: 
365gpm available
• ~54% redundancy
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Design Considerations
Pump Capacity vs Number of Pumps

Triplex (680gpm @ 280ft): 3 x 10hp
• Minimum Continuous Stable Flow @ 

Required Discharge Pressure: 100gpm 
• ~7:1 turn-down

• Minimum Speed to maintain MCSF & 
Required Discharge Pressure: 2955rpm
• ~70% power required = 7hp

• In the event of Single Pump Failure: 
580gpm available
• ~85% redundancy
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Design Considerations
Pump Curve

Option 1

Option 2

Option 3
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Design Considerations
Curve Steepness 

87% speed = 66% Power

80% speed = 51% Power
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Booster Package 
Considerations

23
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Booster Package Considerations
ASHRAE 90.1

Section 10.4.2(a)
“One or more pressure sensors shall be used to vary pump speed 
and/or start and stop pump. The sensor(s) shall be either located 
close to the critical fixture(s) that determine the system pressure 
or logic shall be employed that adjusts the set point to simulate 
operation of the remote sensor(s)”

Section 10.4.2(b)
“No device(s) shall be installed for the purpose of reducing the 
pressure of all of the water supplied by any booster system pump 
or booster system except for safety devices”.

Section 10.4.2(c)
“No booster pump system pumps shall operate when there is no 
service water flow”



2525

NSF 61

Evaluates all potential 

contaminants from 

drinking water 

products

NSF 372 Evaluates 

products for a 

weighted average 

lead content of 

≤0.25%

NSF 61 Annex G

Evaluates potential 

contaminated and 

weighted average 

lead content of 

≤0.25%

Booster Package Considerations
NSF

• NSF certification ensures System as-a-whole is 
certified to be safe for drinking water (against 
lead & other dissolved solids)

Risks with Alternatives:
• Full Stainless-Steel Construction:

• Not all components are metallic (who really 
wants to review seals/gaskets/orifices/etc.)

• Stainless steel is needlessly expensive 
especially considering cast iron supply 
piping from city

• Individual Components are compliant/certified:
• How do different metals interact?  
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Booster Package Considerations
Installation/Design Flexibility
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Booster Package Considerations:
Advanced Controls



2828

Booster Package Considerations
Best Efficiency Staging

Best Efficiency Staging results in:

Reduced Energy Consumption

Increased Energy Efficiency
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Booster Package Considerations:
Permanent Magnet Motors
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Booster Package Considerations:
Permanent Magnet Motors
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Summary

31

Summary
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Summary

Sizing flow
As Engineers you are empowered to exercise your best 
engineering judgement

Lots of room to size flow more aggressively without 
increasing risk

Issues with Over Sizing:
• Higher Upfront Capital Cost
• Higher Water Consumption & More Water Wasted
• Increased maintenance requirements & downtime

Equipment Selection:
Balancing Turn Down Ratios & redundancy (more pumps) 
w/ equipment cost

Balancing minimum flow with design flow & maximum flow

Time spent at part load

Product Considerations:
Increased Energy Savings
• Permanent Magnet motors
• Advanced Controls
• Best Efficiency Staging

Lowest Installed Cost
• Design & Installation Flexibility

Certified to NSF as a package

ASHRAE 90.1
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