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EXECUTIVE SUMMARY 

Stantec Architecture Inc. was commissioned by IAPMO to develop a prototype Single Family Residence 
plumbing plan, a 6-Unit Family Residence plumbing plan, and a 45 – Unit Family Residence plumbing 
plan in order to compare the cold and hot water sizing criteria associated with IAPMO’s – Water Demand 
Calculator (WDC) to the sizing methods contained within the Uniform Plumbing Code (UPC) the 
International Plumbing Code (IPC) and the International Residential Code (IRC).    

The plumbing industry has long recognized that building potable water systems in today’s buildings are 
oversized. This presents a growing health and safety concern, as problems associated with declining water 
quality, such as Legionella, have been steadily increasing in recent years and are strongly correlated to 
water aging due to longer water residence times in plumbing systems.  

Responding to this need, IAPMO initiated a project to develop the WDC to provide a new water supply 
sizing method that takes modern water usage patterns into account. It represents the first statistically based 
sizing method since the 1940’s and is a product of a multi-year research project between IAPMO, the 
American Society of Plumbing Engineers (ASPE), the Water Quality Research Foundation (WQ-RF) and 
the University of Cincinnati.  

The impetus behind the development of the WDC is multi-faceted. Most importantly, and consistent with 

IAPMO’s imperative to address health and safety concerns as a priority, the WDC works to accurately 

predict water use patterns in residential buildings so that water pipes are properly sized, significantly 

reducing water aging in buildings. Use of the WDC also provides for faster hot water delivery times 

throughout the hot water systems. As such, it will also save energy, water, and reduce utility bills for the 

entire life of the plumbing system. 

The WDC provides the above benefits while also working to reduce residential construction costs. This 
study provides estimates of probable cost for copper water piping and PEX water piping that were 
developed for each prototype. Estimates of probable costs were calculated for prototypes in the high cost 
New York City market, the medium cost Pittsburgh, PA market and the lower cost Oklahoma City, OK 
construction markets. 

The results of the study indicate when the Water Demand Calculator is used, there are notable construction 
cost savings associated with each of the three residential prototype water service entrances, interior cold 
water mains / branches, interior hot water mains / branches, fittings, labor, and appurtenances.  
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UNIFORM PLUMBING CODE 

The Uniform Plumbing Code (UPC) is a model code developed by 
the International Association of Plumbing and Mechanical 
Officials (IAPMO) to govern the installation and inspection 
of plumbing systems as a means of promoting the public's health, safety and 
welfare.    

The UPC is developed as American National Standards using consensus 
development procedures accredited by the American National Standards 

Institute (ANSI). This process brings together volunteers representing a variety of viewpoints and interests 
to achieve consensus on plumbing practices. 

The UPC applies to all building types and includes potable water, building supply, and distribution pipes; 
all plumbing fixtures and traps; all drainage and vent pipes; all building drains, and building sewers, 
including their respective joints and connections, devices, receptors, and appurtenances within the 
premises property lines. This includes potable water piping, potable water treating or using equipment, 
medical gas and medical vacuum systems, liquid and fuel gas piping, water heaters and vents for same.  
Appendix M, which details the use of the Water Demand Calculator, was approved by the UPC’s 
Technical Committee for the 2018 edition of the UPC.    

IAPMO’s Water Efficiency and Sanitation Standard 
(WE•Stand) is also published as an American 
National Standard and replaced the Green Plumbing 
and Mechanical Code Supplement. The publication 
of WE•Stand is noteworthy, as it is the first-ever 
ANSI standard that focuses solely on achieving safe 

and efficient water use in all building types, including single and multi-family dwellings. 

The 2017 WE•Stand Technical Committee was comprised of 29 leading industry experts. The provisions 
contained in the standard reflect centuries of collective experience and knowledge which included; 
representation from code officials, manufacturers, plumbing engineers, contractors, the plumbing trades, 
water-efficiency proponents, water utilities, landscape irrigation experts, representatives of other 
associations and academia. The 2017 WE•Stand contains the latest comprehensive provisions aimed at 
achieving safe and reliable water efficiencies in and around buildings and includes the Water Demand 
Calculator in the Appendices. 

WATER DEMAND CALCULATOR 

 The Water Demand Calculator is a new 
computational model that predicts peak water demand 
for single- and multi-family dwellings. It replaces the 
Hunter method by directly calculating the peak 
demand without the use of fixture units and a curve. It 
does this by using three different algorithms 
depending upon the size of the building as shown in 
Table 1 - Methods to estimate peak demands in 
residential buildings with efficient fixtures. As the 
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number of fixtures increase, the WDC shifts to the appropriate algorithm as shown in of Figure 1- Flow 
of Algorithms.   Both the UPC and WE•Stand contain detailed provisions on how to use the WDC for 
estimating water demand and pipe sizing. 

Table 1 

Methods to estimate peak demands in residential buildings with efficient fixtures. 

Region in  

Figure 4-10 

Building  

Size 

Algorithm in  

Water Demand Calculator 

Boundary  

Criteria 

Probability of 

Peak Period 

Stagnation, P0 

Green 
 

 Small  
Exhaustive Enumeration 

[ExEn] 
n ≤ 30 Very High 

Yellow 
 

 Medium 
Modified Wistort Method 

[MWM] 

n > 30 

H < 5 
Moderate 

Red 
 

 Large 
Wistort Method 

[WM] 
 H ≥ 5 Very Low  

 

 

 

 

Figure 1 

Flow of Algorithms  

  

 

The Water Demand Calculator includes several features to assist in properly sizing a cold and hot water 
system. The most significant feature is a drop-down menu that offers a building type. The multi-family 
option activates two selections between a single and multi-family residence with additional input boxes 
that require the user to specify the total number of residential units that are (a) in the building and (b) in 
the calculation. The latter entry is dynamically linked to the probability of fixture use column in the 
calculator, gradually reducing the percentage as the number of residential units increase in a building. This 
calibrated feature assures accurate predictions of peak water demand in large multi-family dwellings. 
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Another feature of the Water Demand Calculator is the display of additional computed information 
pertaining to the peak conditions. Besides providing the total fixture count and the 99th percentile demand 
flow, the Water Demand Calculator provides the average number of simultaneous use fixtures at any 
instant during the peak period (called the Hunter Number) and the probability of no flow (stagnation). 
 

 

SCOPE OF STUDY 

The water piping design associated with each residence was based on the minimum water requirements 
of the UPC Appendix M – Peak Water Demand Calculator, the UPC, IPC and IRC.   The same basis of 
design, pipe configuration, and flow velocities were applied to each prototype.   NOTE: To ensure a fair 
comparison, the most economic design options offered in the entirety of the UPC, IPC, and IRC were 
investigated and applied, including the application of the code appendices.   

A. PROTOTYPES 

1. The Single Family Residence prototype represents an average single floor home that is 
approximately 2,379 square feet (excluding garage).   Primary spaces include a: Great Room, 
Dining Room, Kitchen, Den, Master Bedroom, Master Bathroom, Bedroom #1, Bedroom #2, 
Bathroom, Half Bath, Laundry Room, and Utility Room. 
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2. The 6 Unit Multi-Family Residence prototype represents a three story building with two large 
residential units on each floor.   Each residential unit is approximate 2,379 square feet.   Primary 
spaces include a: Great Room, Dining Room, Kitchen, Den, Master Bedroom, Master 
Bathroom, Bedroom #1, Bedroom #2, Bathroom, Half Bath, Laundry Room, and Utility Room. 
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3. The 45 Unit Multi-Family Residence prototype represents a five story building with nine 
average size residential units on each floor. Each residential unit has is approximately 1,002 
square feet.   Primary spaces include a: Great Room, Kitchen, Master Bedroom, Master 
Bathroom, Bedroom #1, Bathroom, and Utility / Laundry Room. 

 

B. PLUMBING CALCULATIONS 

1. Plumbing fixture water sizing associated with the UPC - Water Demand Calculator was based on: 
Appendix M – Peak Water Demand Calculator which provides the method for estimating the water 
demand associated with Single Family and Multi-Family residences using water conserving 
plumbing fixtures and appliances typically installed in residential buildings. It should be noted that 
the cost of the plumbing fixtures and appliances are not included in the material cost calculations 
as are they are identical in the WDC, UPC, IPC and IRC model calculations.   
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a) Single Family Residence 

 

Single Family Residence Water Entrance Size – Based on a 9.0 GPM + 1 Hose Bibb @ 2.5 GPM = 11.5 GPM.  Based on a maximum flow rate 
of 8 FPS = 3/4"   NOTE: Refer to UPC Section M.102.5 – Continuous Supply Demand for how to include a hose bibb in to the WDC calculation.  

b) 6 Unit Multi-Family Residence 

 
6 Unit Multi-Family Residence Water Entrance Size – Based on a maximum flow rate of 8 FPS = 1” 
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c) 45 Unit Multi-Family Residence 

 

45 Unit Multi-Family Residence Water Entrance Size – Based on a maximum flow rate of 8 FPS = 1-1/4” 

2. Plumbing fixture water sizing associated with the UPC was based on: Appendix A – Table A103.1, 
Water supply Fixture Units (WSFU) and Minimum Fixture Branch Pipe Size. 

a) Single Family Residence 
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b) 6 Unit Multi-Family Residence 

 

c) 45 Unit Multi-Family Residence 

 

3. Plumbing fixture water sizing associated with the IRC (Single Family Residence) was based on: 
Table E, Load P2903.6 Water Supply Fixture-Unit Values For Various Plumbing Fixtures And 
Fixture Groups.   Plumbing fixture water sizing associated with the IPC (6 Unit Multi-Family 
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Residence and the 45 Unit Multi-Family Residence) was based: Appendix E – Table E103.3(2) 
Load Values Assigned to Fixtures. 

a) Single Family Residence 

 

b) 6 Unit Multi-Family Residence 
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c) 45 Unit Multi-Family Residence 

 

C. PIPE SIZING 

1. Cold water pipe sizing was based on a maximum flow rate of 8 feet per second 

2. Hot water pipe sizing was based on a maximum flow rate of 5 feet per second 

D. PIPE MATERIALS 

1. Copper Piping Systems: Cold water and hot water risers, mains, branches, and fittings – Type 
L copper with lead free soldered joints. (Images are examples of system components) 

 

               

 

2. PEX Piping Systems: Cold water and hot water mains and branches (2-inches and smaller) 
PEX pipe with mechanical joints (Images are example of system components).  Cold water 
and hot water risers and fittings (2-1/2 inches and larger) – Type L copper with lead free 
soldered joints.  
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E. RESULTS: ESTIMATES OF PROBABLE COST (US Dollars) 

1. Estimate of probable cost of construction for each prototype were developed for (a) New York 
City, (b) Pittsburgh, Pa., and (c) Oklahoma City based on RS Means.  

a) New York City 

Single Family 

Residence 

Estimate of Probable Cost 

(Cold / Hot Water) Based on 

Type L copper with soldered 

joints 

Estimate of Probable Cost 

(Cold / Hot Water) Based 

on PEX with insert crimp 

ring fittings 

UPC – Water 
Demand Calculator 

$23,912 $21,116 

UPC $24,313 $21,213 

IRC $25,038 $21,197 

Note: Estimate of probable costs have been rounded to the nearest dollar, refer to Appendix 
for estimate of probable cost breakdown. 
 

6 Unit Multi-Family 

Residence 

Estimate of Probable Cost 

(Cold / Hot Water) Based on 

Type L copper with soldered 

joints 

Estimate of Probable Cost 

(Cold / Hot Water) Based 

on PEX with insert crimp 

ring fittings 

UPC – Water 
Demand Calculator 

$133,381 $106,062 

UPC $137,376 $115,544 

IPC $140,983 $115,074 

Note: Estimate of probable costs have been rounded to the nearest dollar, refer to Appendix 
for estimate of probable cost breakdown. 
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45 Unit Multi-

Family Residence 

Estimate of Probable Cost 

(Cold / Hot Water) Based on 

Type L copper with soldered 

joints 

Estimate of Probable Cost 

(Cold / Hot Water) Based 

on PEX with insert crimp 

ring fittings 

UPC – Water 
Demand Calculator 

$614,283 $577,627 

UPC $666,692 $610,781 

IPC $673,160 $604,121 

Note: Estimate of probable costs have been rounded to the nearest dollar, refer to Appendix 
for estimate of probable cost breakdown. 

b) Pittsburgh, Pa. 

Single Family 

Residence 

Estimate of Probable Cost 

(Cold / Hot Water) Based on 

Type L copper with soldered 

joints 

Estimate of Probable Cost 

(Cold / Hot Water) Based 

on PEX with insert crimp 

ring fittings 

UPC – Water 
Demand Calculator 

$14,385 $12,803 

UPC $14,684 $12,890 

IRC $15,242 $12,875 

Note: Estimate of probable costs have been rounded to the nearest dollar, refer to Appendix 
for estimate of probable cost breakdown. 

 

6 Unit Multi - 

Family Residence 

Estimate of Probable Cost 

(Cold / Hot Water) Based on 

Type L copper with soldered 

joints 

Estimate of Probable Cost 

(Cold / Hot Water) Based 

on PEX with insert crimp 

ring fittings 

UPC – Water Demand 
Calculator 

$80,096 $62,193 

UPC $83,246 $70,702 

IPC $86,252 $70,405 

Note: Estimate of probable costs have been rounded to the nearest dollar, refer to Appendix 
for estimate of probable cost breakdown.  
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45 Unit Multi -

Family Residence 

Estimate of Probable Cost 

(Cold / Hot Water) Based on 

Type L copper with soldered 

joints 

Estimate of Probable Cost 

(Cold / Hot Water) Based 

on PEX with insert crimp 

ring fittings 

UPC – Water 
Demand Calculator 

$367,529 $346,850 

UPC $408,215 $375,076 

IPC $412,516 $369,385 

Note: Estimate of probable costs have been rounded to the nearest dollar, refer to Appendix 
for estimate of probable cost breakdown. 

c) Oklahoma City 

Single Family 

Residence 

Estimate of Probable Cost 

(Cold / Hot Water) Based on 

Type L copper with soldered 

joints 

Estimate of Probable Cost 

(Cold / Hot Water) Based 

on PEX with insert crimp 

ring fittings 

UPC – Water 
Demand Calculator 

$11,036 $9,839 

UPC $11,313 $10,168 

IRC $11,980 $9,913 

Note: Estimate of probable costs have been rounded to the nearest dollar, refer to Appendix 
for estimate of probable cost breakdown. 

 

6 Unit Multi-Family 

Residence 

Estimate of Probable Cost 

(Cold / Hot Water) Based on 

Type L copper with soldered 

joints 

Estimate of Probable Cost 

(Cold / Hot Water) Based 

on PEX with insert crimp 

ring fittings 

UPC – Water 
Demand Calculator 

$61,327 $45,962 

UPC $64,364 $53,783 

IPC $67,360 $54,630 

Note: Estimate of probable costs have been rounded to the nearest dollar, refer to Appendix 
for estimate of probable cost breakdown. 
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45 Unit Multi -

Family Residence 

Estimate of Probable Cost 

(Cold / Hot Water) Based on 

Type L copper with soldered 

joints 

Estimate of Probable Cost 

(Cold / Hot Water) Based 

on PEX with insert crimp 

ring fittings 

UPC – Water 
Demand Calculator 

$280,292 $263,352 

UPC $319,092 $291,872 

IPC $322,733 $286,113 

Note: Estimate of probable costs have been rounded to the nearest dollar, refer to Appendix 
for estimate of probable cost breakdown. 

F. RESULTS: ESTIMATES OF PROBABLE COST (US Dollars / Percent Savings) 

1. The tables below show the construction costs savings of the WDC based on a US dollar / 
percentage basis compared to both the UPC, IPC, and IRC. These values may be useful for 
readers of this study to understand the cost savings that can be expected when applying the 
Water Demand Calculator. 
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G. FINDINGS 

1. Due to reduced GPM requirements, the application of IAPMO’s Water Demand Calculator 
resulted in notable construction cost savings associated with each of the three residential 
prototypes. The primary cost savings are associated with reduced diameter water service 
entrances, interior cold water mains / branches, interior hot water mains / branches, fittings, 
labor, and appurtenances. 

2. The Water Demand Calculator is a Uniform Plumbing Code alternative to Hunter’s Curve for 
estimating water supply demand for residential buildings.  This represents the first practical 
application of an improved method since the 1940’s that does not result in excessive over design 
and oversizing pipes.  

3. The Water Demand Calculator works in conjunction with commonly accepted rules and 
procedures for sizing cold and hot water systems.  

4. Utilizing the Water Demand Calculator for sizing of residential cold and hot water mains, 
branches and risers will result in:  

a) Shorter water dwell times in residential plumbing systems will improve water quality 
and thus, most importantly, improve public health and safety. 

b) Reduced water service entrance, interior cold water mains / branches, interior hot water 
mains / branches, fittings, labor, and appurtenances. 

c) Faster hot water delivery times throughout the hot water systems, will also save energy, 
water, and reduce utility bills for the entire life of the plumbing system. 
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H. APPENDIX – Copper Piping System 
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I. APPENDIX – PEX Piping System   
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