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Narrative: 
The proposed residential project is located on a 43.10 acre vacant, mostly wooded lot. The 
proposed development includes construction of 87 single family residential properties. The site is 
located in Zebulon, NC.  The proposed water distribution system will tie to the existing 12” water 
lines located in the southern and eastern existing road stubs, and be extended into the 
development.  A water system analysis has been performed in order to verify that the system 
meets all applicable rules regarding minimum pressures and flows. 

 
Procedure: 
KY Pipe software was used to model the proposed water system. A pressure supply was used to 
simulate the existing system conditions, as determined by a hydrant flow test (results are included 
in Appendix A). The software analyses each hydrant junction in the model by determining the 
flow that is available at each junction. The model is then run to verify that the required 
minimum pressure of 30 psi is maintained for non-fire flow conditions. 

 
Fire Flow Requirements: 
 
Per a meeting with the Garner Fire Department, a minimum system pressure of 20 psi shall 
be maintained, while providing a 500 gpm fire flow at each new hydrant.  

Domestic Demand only Requirements: 

The NCDEQ requirements state that a minimum pressure of 30 psi be maintained in the proposed 
system for domestic demands (non-fire flow). The model was run using domestic demands only 
to verify that the pressure at all nodes exceeds 30 psi. A domestic demand of 1.3 gpm per lot was 
included, to represent the peak hour demand.  The domestic demand was determined from the 
State Rules 15ANCAC 18C .0802 (table provided in Appendix D)  
 
The domestic demands for the 87 single family lots were applied at the appropriate junctions in the 
system.    

 
 

Results: 
The analysis shows that all hydrant junctions exceed the required flow of 500 gpm at a 
pressure of 20 psi.  The provided flow at 20 psi ranges from 1,202 psi to 1,519 psi.  The fire flow 
results are provided in Appendix C. The results also show that a minimum pressure of 30 psi is 
maintained in the proposed system for domestic demands only (non-fire flow). The non-fire 
flow results are provided in Appendix D. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix A 

     Hydrant Flow Test 
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Location

Purdy Family Property
600 Yulee Drive
Zebulon, NC

Associated Fire Protection
PO Box 28022
Raleigh, NC 27611
DKing@afp-nc.com
919-906-5236

Tested by

9/13/2023 11:30 AM

Notes

Test TimeTest Date

Read Hydrant

static pressure
residual pressure
hydrant elevation

36 psi
29 psi
368 ft

FlowPressure
Pitot

CSizeElevOutlet

Flow Hydrant(s)

#1 360 2 1.38 9 494 gpm
#2 360 2 1.38 10 521 gpm
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Hydrant Flow Test Report

Created with the free hydrant flow test program from www.igneusinc.com
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Hydraulics & Engineering Information

Calculating Flow-rates

K-factor Formula
Computes a flow-rate in GPM given a psi and a K-factor of the flow device.

	 Q = √P x K

	 Q = flow-rate in GPM, P = velocity pressure in psi, K = K-factor of flow device

Pitot Formula
Computes a flow-rate in GPM given a psi and coefficient of the flow device.

	 Q = 29.84 x √P x D2 x C

	 Q = flow-rate in GPM, P = velocity pressure in psi, D = orifice diameter in inches  
	 C = coefficient of flow device

Equation for Determining Rated Capacity
Computes the flow-rate available at a specified residual pressure (a.k.a. Rated Capacity). 

The example below enables you to find the predicted flow-rate at 20 psi residual pressure. 

	 QR = QF x (HR
0.54 / HF

0.54)

	 QR = Flow-rate predicted at the desired residual pressure in GPM

	 QF = �Total test flow-rate measured during test in GPM  
(GPM measured from Hose Monster or Pitotless Nozzle)

	 HR = �Pressure drop from static pressure to desired residual pressure  
(Static – 20 psi [if 20 psi is the desired residual pressure])

	 HF = Actual pressure drop measured during the test (Static – Actual Residual)

	 (Source: NFPA 291, 2010)

The flow charts we provide with the Pitotless Nozzle™, Hose Monster® and Nozzle Inserts are correct and 
should be referred to first. Our flow charts are calculated using K-Factors derived from testing performed 
at FM Approvals. It is common for third-party software to use the pitot formula to compute flow-rate. 
The 2½" Hose Monster uses a pitot to measure velocity pressure. The Pitotless Nozzle and 4" and 41⁄2" 
Hose Monsters do not use a pitot, and the pitot formula has to be tricked into calculating correct flow-
rates. Entering the coefficients into a program that uses orifice diameter, coefficient and velocity pressure 
should give relatively accurate flow-rates. Check results against our flow charts.

Here are the equations used for calculating flow-rates and predicting flow-rates. Use the orifice diameter, 
coefficient or K-factor found on the next page. 

Flow-rate:

US Gallons per Minute x 3.785 = Liters per Minute 
Liters per Minute x 0.264 = US Gallons per Minute

US Gallons per Minute x 0.1337 = Cubic Feet per Minute 
Cubic Feet per Minute x 7.481 = US Gallons per Minute

Volume:

US Gallons x 3.785 = Liters 
Liters x 0.264 = US Gallons

US Gallons x 0.8327 = Imperial Gallons 
Imperial Gallons x 1.201 = US Gallons

Cubic Feet x 7.48051945 = US Gallons 
US Gallons x 0.1337 = Cubic Feet

Conversion Factors
Here are some conversion factors for switching between US and metric units: 

Pressure: 

psi x 0.0689 = Bars 
Bars x 14.5038 = psi

psi x 6894.757 = Pascals  
Pascals x 0.000145 = psi

Bars x 100,000 = Pascals 
Pascals x 0.00001 = Bars

Weight of Water:

US Gallons of Water x 8.3454 = Pounds  
Cubic Feet of Water x 62.42796 = Pounds

Length:

Meters x 3.2808 = Feet 
Feet x 0.3048 = Meters
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Hydraulics & Engineering Information

Coefficient and K-Factor Table for Various Flow Devices last update: 2/14/2012

A hand-held pitot directly at a hydrant outlet
Outlet Type Coefficient

Outlet smooth and rounded 0.9
Outlet square and sharp 0.8
Outlet square and projecting into barrel 0.7
If a stream straightener is used 0.95

Pitotless Nozzle™

Device K-factor Coefficient Orifice Diameter psi Range Flow Range (GPM) 

2" Pitotless Nozzle + Little Hose Monster™ 156.0 1.31 2" 10–70 490–1300
2" Pitotless Nozzle + 21⁄2" Hose Monster Steel 164.8 1.38 2" 10–80 520–1380
2" Pitotless Nozzle + Open Atmosphere 167.2 1.40 2" 10–70 530–1400
13⁄4" Pitotless Nozzle + Little Hose Monster 104.7 1.15 1.75" 10–90 330–1000
13⁄4" Pitotless Nozzle + 21⁄2" Hose Monster Steel 106.6 1.17 1.75" 10–90 340–1010
13⁄4" Pitotless Nozzle + Open Atmosphere 109.7 1.20 1.75" 10–90 350–1040
11⁄8" Pitotless Nozzle + Little Hose Monster 37.2 0.98 1.125" 5–90 80–350
11⁄8" Pitotless Nozzle + 21⁄2" Hose Monster Steel 37.4 0.99 1.125" 5–90 80–350
11⁄8" Pitotless Nozzle + Open Atmosphere 37.0 0.98 1.125" 5–90 80–350
1" Pitotless Nozzle + Little Hose Monster 27.2 0.91 1" 3–90 50–260
1" Pitotless Nozzle + 21⁄2" Hose Monster Steel 27.6 0.93 1" 3–90 50–260
1" Pitotless Nozzle + Open Atmosphere 27.7 0.93 1" 3–90 50–260

In-Line Pitotless Nozzle™

Device K-factor Coefficient Orifice Diameter psi Range Flow Range (GPM) 

2" In-line Pitotless Nozzle 165.3 1.38 2" 10–75 530–1430
13⁄4" In-line Pitotless Nozzle 109.9 1.20 1.75" 5–80 250–980
11⁄8" In-line Pitotless Nozzle 38.4 1.02 1.125" 5–70 90–320

BigBoy Hose Monster™

Device K-factor Coefficient Orifice Diameter psi Range Flow Range (GPM) 

4 to 10 psi (BigBoy Hose Monster) 382.9 1.38 3.05" 4–10 766–1211

11 to 36 psi (BigBoy Hose Monster) 376.0 1.35 3.05" 11–36 1247–2256
37 to 53 psi (BigBoy Hose Monster) 372.0 1.34 3.05" 37–53 2263–2708

Note: Due to the shape and size of the BigBoy Pitotless Nozzle, the BigBoy Hose Monster uses three different k-factors over its operating range.

21⁄2" Hose Monster®

Device K-factor Coefficient Orifice Diameter psi Range Flow Range (GPM)

2½" Hose Monster 168.67 0.906 2.5" 10–75 530–1460
1¾" Nozzle Insert 89.04 0.975 1.75" 10–75 280–770
11⁄8" Nozzle Insert 37.36 0.99 1.125" 10–75 120–320

4" and 41⁄2" Hose Monster®

Device K-factor Coefficient Orifice Diameter psi Range Flow Range (GPM)

4½" Hose Monster 331.07 0.548 4.5" 10–75 1050–2870
4" Hose Monster 339.65 0.712 4" 10–75 1070–2940

Using Software
Use the table below if you are using software that requires the coefficient input to be less than ‘1.0’. Notice that the orifice diameter must be changed from 
its true diameter in order to accommodate the lower coefficient. This is necessary only for the 2" Pitotless Nozzle and the 3⁄4" Pitotless Nozzle.
Device Coefficient Orifice Diameter

2" Pitotless Nozzle + Little Hose Monster 0.99 2.30"
2" Pitotless Nozzle + 21⁄2" Hose Monster Steel 0.99 2.36"
2" Pitotless Nozzle + Open Atmosphere 0.99 2.38"
13⁄4" Pitotless Nozzle + Little Hose Monster 0.99 1.88"
13⁄4" Pitotless Nozzle + 21⁄2" Hose Monster Steel 0.99 1.90"
13⁄4" Pitotless Nozzle + Open Atmosphere 0.99 1.93"
Note: If your software uses the Theoretical Discharge Formula, found in NFPA 291, 4.7.3, the coefficient of discharge can be used to produce flow rates that 
will match our flow charts.

Classifying and Marking of Hydrants
Rated Capacity at 20 psi Class Marking Color of Hydrant Tops and Nozzles

≥1500 GPM AA Light Blue
1000–1499 GPM A Green 
500–999 GPM B Orange
≤499 GPM C Red

The above are the NFPA hydrant classifications and color markings for various rated 
capacities. Source: NFPA 291, 5.1, 2010.
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Appendix B 
System Map 

 
 
 
 
 
 
 
 
 
 
 
 

 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix C 
Fire Flow Analysis Results 
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Appendix D 
Analysis Results with Domestic Demands 

Only 



PEAK DEMAND FOR RESIDENTIAL COMMUNITY WATER SYSTEMS 

(Number of Connections vs Gallons per Minute) 
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