
 

 

 

 

 

 

 

Drainage Reports 

Abbreviated Water and Sewer Needs 

Water Study 

Wastewater Study 

Stormwater Waiver Application 



APPROVED
08/27/2019





 
#K17127 Preliminary Drainage Report  3  
 

INTRODUCTION 
 
Papago Plaza Springhill Suites is a 116-room hotel located within a portion of the northeast ¼ of 

Section 3, Township 1 North, Range 3 East of the Gila and Salt River Base and Meridian in 

Maricopa County, Arizona. The site is bounded on the north and west by Broadstone Papago 

Marketplace multifamily development, on the east by Papago Plaza retail development and on 

the south by the access drive for the multifamily development (Please see the vicinity map). The 

hotel is planned to be constructed after or concurrent to the retail development.  This project is 

designed in accordance with the “Master Drainage Report for Scottsdale McDowell” prepared 

for the overall development of Scottsdale McDowell, located in Appendix B.  
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Federal Emergency Management Agency (FEMA) Designation 
 

The project site lies in a Federal Emergency Management Agency (FEMA) designated Flood Area 

Zone “X” (shaded) per FIRM Panel 04013C2235L, effective date October 16, 2013 (see below). 

The FIRM Panel defines a Zone “X” (shaded) designation as follows:  

“Areas of 0.2% annual chance flood; areas of 1% annual chance flood with average depths of less 

than 1-foot or with drainage was less than 1 square mile; and areas protected by levees from 1% 

chance flood.” 

It is our understanding that no special consideration is required for areas in a FEMA designated 

Zone “X”.  See Appendix A of the “Master Drainage Report for Scottsdale McDowell” (located in 

Appendix A) for FEMA Flood Insurance Rate Map exhibit. 

 
OVERALL DRAINAGE 
 
Existing Drainage 
 

This site is part of the Scottdale McDowell Master Drainage Report. At the request of the City of 

Scottdale, the south FLO-2D model for the Lower Indian Bend Wash was reviewed. Our 

evaluation was of the Lower Indian Bend Wash 100-year 6-hour FLO-2D model. In evaluating the 

FLO-2D model we noticed that the model did not reflect the crown of the streets. We hired HELM 

to evaluate the FLO-2D model for the offsite storm water flows. HELM evaluated the County 

model and made tweaks to the model to add details. This includes adding the roadway crowns 

to the model. The existing onsite drainage was also analyzed based on the topographic survey 

and the rational method. See Appendix A for the Master Drainage Report for Scottsdale 

McDowell. 

 

 



 
#K17127 Preliminary Drainage Report  5  
 

Proposed Drainage 
 
Offsite Drainage 

The hotel project is not adjacent to any public roadways. All off site flow will be handled with the 

retail and multi-family developments and routed within the shared access drives within the 

master development.  

Onsite Drainage 

Per the “Master Drainage Report for Scottsdale McDowell”, this site is required to provide 

retention for the first flush volume. The runoff generated from the hotel site will be retained in 

8’ diameter underground tanks that will be constructed with the retail site development. The 

retail development will provide a storm drain stub to this site at the northeast corner of the hotel. 

This storm drain will be extended in the access drive to provide roof drain connections and to 

capture storm water in the proposed access drive. The underground retention tanks will be 

equipped with drywells to dissipate the water within 36 hours per the “Master Drainage Report 

for Scottsdale McDowell”. The underground retention system will be designed and operated in 

conformance with the City of Scottsdale Underground Stormwater Storage Policy as outlined in 

the Chapter 4 of the Design Standards and Policies Manual. An operations and maintenance 

manual will be prepared during the construction document phase of the retail development. The 

ultimate outfall for this tank is to Scottsdale Road.  

We have evaluated the drainage system and outfall through the retail development at the south 

end of the hotel in order to establish a finish floor elevation. The storm drain system through the 

retail development will be sized for the 100-year storm event. All inlets have been sized to 

capture the 100-year storm event with a 50% plug factor based on a ponding depth prior to 

overtopping the downstream ridge. In addition, the access drives have been designed with ridge 

elevations at a minimum of 6-inches below the adjacent finish floor to allow storm water to flow 

to the next inlet for an event that one inlet fails. We have also calculated the overflow at the 

speed table for the overflow volume that could pass over the speed table without impacting the 
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building finish floors.  A flow of 47.15 cfs can flow over the speed table without inundating the 

buildings. This equates to over a 120% of the tributary areas 100-year discharge. In summary we 

have designed the storm drain system to capture the entire peak flow from the 100-year storm 

event. In the event an inlet fails the storm water will pond to a maximum depth of 6 inches before 

overflowing to the next inlet. All roof drains are connected to the storm system directly and do 

not surface flow through the drives. These calculations are provided in the “Master Drainage 

Report for Scottsdale McDowell” located in Appendix A. This site will be required to submit a final 

drainage report at the time of final construction document preparation. The final drainage report 

will need to be in accordance with the “Master Drainage Report for Scottsdale McDowell” or 

justify any deviations.  

ADEQ Water Quality Requirements 

The proposed disturbed area of this project exceeds 1 acre and is required to be submitted to 

ADEQ for a Notice of Intent (NOI) Certification. The approved NOI Certification with the AZCON 

permit number will be included in the construction document submittal and the Final Drainage 

Report.  

See Appendix D for the “Master Drainage Report for Scottsdale McDowell” and Appendix B for  

“Preliminary Grading and Drainage Plans”. 

 
Summary 
 

 The development will occur after or concurrent with the development of Papago Plaza 
Retail development including the offsite improvements. 
 

 The hotel will be designed in accordance with the “Master Drainage Report for 
Scottsdale McDowell.” 

 
 The retention for the hotel is provide within the Papago Plaza retail development 

 
 The retention will be installed concurrent or before the hotel development. 

 
 The storm drain system will be designed to convey the 100-year peak storm event. 

 
 The inlets will be sized to capture the 100-year storm event with a 50% plug factor. 
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 The access drives are design with ridges at a minimum of 6-inches below the finish floor 

elevation. 
 

 The access drive, south of the Hotel can handle 120% of the tributary area 100-year 
peak flows which would only occur in an event that the entire storm drain system fails. 
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APPENDIX A: Master Drainage Report for Scottsdale McDowell 
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INTRODUCTION 
 
Scottsdale McDowell is a portion of the northeast ¼ of Section 3, Township 1 North, Range 3 East 

of the Gila and Salt River Base and Meridian in Maricopa County, Arizona. Please see Vicinity Map 

below. The report consists of descriptions of existing conditions, proposed drainage conditions, 

methods of analysis, and conclusion. This Drainage Report serves to document that the proposed 

project does not affect the existing drainage patterns in a significant way and has been designed 

in accordance with our understanding of known applicable City of Scottsdale criteria, 

requirements, and design standards associated with storm water management.  
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The county assessor’s website shows the parcel as APN: 129-12-001Y which is currently fully 

developed retail. This subject site covers approximately 11 acres net and located at the 

southwest corner of Scottsdale Road and McDowell Road in Scottsdale, Arizona. The site is 

bounded on the south and west by existing retail and residential developments on the north, by 

McDowell Road, and on the east, by Scottsdale Road.  

In the proposed redevelopment, the existing buildings and parking lots will be demolished to 

construct Papago Plaza retail and a multi-family residential development. The multi-family 

development is 274 units in 3 carriage buildings and a single podium style apartment building 

over ground level parking. The retail development is planned to be 4 retail/restaurant buildings, 

a garage, a grocery store and a 116 room hotel.  

The project will be built in phases. This is mainly needed to allow the bank on the corner to remain 

open until the first retail building is constructed for the bank to move into. Although we are 

phasing the project, we expect a lot of the construction to be concurrent. The first phase will be 

the infrastructure. This will include the water and sewer construction through the access drives 

on the retail site, The storm water tank and infrastructure, driveway entrances off McDowell and 

Scottsdale road, the new water line in Scottsdale road, the new curb inlet in Scottsdale Road, 

sidewalk along McDowell and Scottsdale Road and the new street signals at Skysong and 

McDowell intersections with Scottsdale Road.  

The second phase will be the retail site and the parking garage. The third phase will be the 

Residential site. We anticipate this construction will be concurrent with the retail site but will 

take longer to complete. The fourth phase will be the hotel site. The hotel construction will start 

shortly after the retail site and will require the parking garage to be complete prior to the hotel 

opening. The final and fifth phase will be the grocery store. In addition to the five phases of 

development a set of plans is being prepared for the alley improvements. See Appendix F for 

Phasing Exhibit and Appendix D for Master Grading & Drainage Plan 
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Federal Emergency Management Agency (FEMA) Designation 
 

The project site lies in a Federal Emergency Management Agency (FEMA) designated Flood Area 

Zone “X” (shaded) per FIRM Panel 04013C2235L, effective date October 16, 2013 (see below). 

The FIRM Panel defines a Zone “X” (shaded) designation as follows:  

“Areas of 0.2% annual chance flood; areas of 1% annual chance flood with average depths of less 

than 1-foot or with drainage was less than 1 square mile; and areas protected by levees from 1% 

chance flood.” 

It is our understanding that no special consideration is required for areas in a FEMA designated 

Zone “X”.  See Appendix A for FEMA Flood Insurance Rate Map exhibit. 

 
OVERALL DRAINAGE 
 
Existing Drainage 
 

Current topography of the existing development shows approximately 5’ to 6’ of fall from the 

northwest to the southeast of the site. According to the survey findings, there are no 

underground retention tanks found on site, and there are three retention areas within the site 

on the north frontage of McDowell Rd. The volume of these basins, based on our modeling in 

Civil 3D, is 53 cubic feet. In addition, there is one catch basin in Scottsdale Road along the east 

property line and one catch basin in McDowell on the north property line.  

At the request of the City of Scottdale, we have reviewed the south FLO-2D model for the Lower 

Indian Bend Wash for the tributary area contributing to the street flows adjacent to this site. Our 

evaluation was of the Lower Indian Bend Wash 100-year 6-hour FLO-2D model. In evaluating the 

FLO-2D model we noticed that the model did not reflect the crown of the streets. We hired HELM 

to evaluate the FLO-2D model for the offsite storm water flows (See Appendix E). HELM evaluated 

the County model and made tweaks to the model to add details. This includes adding the 

roadway crowns to the model. The offsite drainage report shows that in the existing condition 
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there is 7.2 cfs in McDowell Road at the west driveway. Most of the 7.2 cfs enter the site through 

the west driveway on McDowell Road.  The flows continue through the site and exits into 

Scottsdale Road at the south driveway. The model also shows 3.4 cfs in McDowell Road prior to 

the sump condition inlet (CB-1) at the southeast corner of Scottsdale Road and McDowell Road. 

Based on the model the in the inlet has a capacity of 12.5 cfs so no flows should bypass.  

For Scottsdale Road there are no flows that come from McDowell Road or to the north. We 

calculated the street flows in Scottsdale Road using the Flood Control District of Maricopa County 

DDMSW software. The DDMSW uses the Rational Method for calculating the street flows. This 

was done using the rational method for both the onsite and offsite flow that contribute to 

Scottsdale Road.  We have calculated that at the north driveway there is 1.5 cfs of flow in 

Scottsdale Road. At the Skysong driveway there is 5.5 cfs of flow in Scottsdale Road and the 

existing site discharges approximately 49.56 cfs. The combined flow of 55.06 cfs continues south 

to a sump condition inlet (CB-2). At this inlet there is an additional 1.8 cfs of flow that comes from 

the south. Based on this the total flow to inlet CB-2 is approximately 56.86 cfs. We have evaluated 

this inlet and found that it has a capacity of approximately 2 cfs. The excess flow of 54.86 cfs 

continues south in Scottsdale Road.  

The revised FLO-2D model shows a peak flow in the alley at the middle of this site of 29.5 cfs. This 

flow  includes a portion of the existing retail development that drains to the alley. Roughly 9.4 

cfs are in the north portion of the alley near the residential site. The FLO-2D model shows a flow 

of 28.5 cfs in the alley at the south end of the site. According to HELMS this slight reduction is 

due to some limited ponding within pavement. This discharge continues south in the alley to 

Belleview Street.  

Just south of McDowell and on the west side of the proposed residential development, the FLO-

2D model shows 3.1 CFS entering the site.  

See Appendix B for Drainage Calculations and Appendix C for Drainage Map.  
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Proposed Drainage 
 
Offsite Drainage 

Per the above section offsite flows impact the site from McDowell Road. The updated model by 

HELM shows flows of approximately 7.2 cfs at the existing west driveway on McDowell Road. 

Approximately 7.2 cfs enter this driveway with 0.1 cfs of flow that bypasses the driveway. In the 

proposed design the depressed driveway will be removed, and a new driveway that is not 

depressed will be provided. The new driveway keeps the 7.2 cfs of flow within McDowell Road. 

We have calculated the depth of flow, 0.42-feet deep, at this location (Section A-A) using 

Haestad, FlowMaster v7.0. We have set the driveway entrance over 0.7-feet higher than the 

gutter in order to prevent the offsite flows from entering the driveway. At the east driveway, on 

McDowell, HELM calculated that the flow would be 10.6 cfs. The calculated depth is 0.4-feet 

(Section B-B) and the driveway entrance is set at over 0.5-feet above the gutter. Per the existing 

condition the existing sump condition curb inlet (CB-1) has a capacity of 12.5 cfs. This mean that 

the inlet can capture the full flow of 10.6 cfs and will reduce the discharge to Scottsdale Road by 

7.2 cfs from the historical condition. 

Offsite storm water from the west impacts the site in three locations. Near the north end of the 

site, 3.1 cfs enters the site from the parking area north of the commercial site. This storm water 

will be allowed to enter the multi-family residential site through a wall opening.  

There is an alley just south of the commercial site that carries 9.4 cfs toward the residential site. 

As a part of the development we will be improving the alley and installing a wall along the Multi-

family development property line. We will grade the alley such that the existing single-family 

home side of the alley is higher than the multi-family side of the alley. Wall openings will be 

installed along the multi-family section to allow storm water that exceeds the alley capacity to 

drain into the site. This storm water will be allowed to pass through the site and discharge into 

the Scottsdale Road 60-inch storm pipe. We discuss this in more detail in the section regarding 

the storm drain system design.  
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The third location that off-site flows from the west impact the site is and alley on the south side 

of the multi-family residential development. This will be handled in the same way as the alley to 

the north. Flows from the alley will be allowed to enter the site through wall openings. A storm 

drain system will carry the flows to the Scottsdale Road 60-inch storm pipe.  

Per the Existing Drainage section, we calculated the street flows in Scottsdale Road using the 

Rational Method. We calculated at the north driveway there is approximately 1.3 cfs of flow in 

the street. This results in a depth of 0.15-feet (Section C-C) and the driveway entrance is set at 

over 0.5-feet above the gutter. South of the Skysong driveway the existing catch basin and 18-

inch storm pipe will be removed and replaced with a catch basin and 36-inch storm pipe.  In the 

existing condition the catch basin captures roughly 2 cfs and 54.86 cfs overflows the ridge in 

Scottsdale road and drains to the south. With the 36-inch storm pipe we have capacity for the 

site drainage to drain directly to the 60-inch pipe in Scottsdale Road as well as the Alley flows. 

This will greatly improvement the street drainage in Scottsdale road at this location. We have 

included a section of the LIBW study (within Appendix E) that shows a capacity of 157.8 cfs in the 

60-inch storm pipe. According to the LIBW study the existing 100-year peak flows in the 60-inch 

storm drain is 3.7 cfs. The proposed 100-year peak flows from our site to the 60-inch storm drain 

are 67.40 cfs for a total flow of 71.1 cfs.   

The driveway entrance at Skysong has been set at a minimum of 0.5-feet above the gutter to 

prevent street flows will enter the site. With the catch basin and new storm pipe only 5.3 cfs 

overflows the ridge in Scottsdale Road. Our calculations assume that all the onsite retention is 

full when the onsite peak from the 100-year storm event enters the storm system. We used an 

onsite time of concentration of 5 minutes. The pipe is sized to carry 66.69 cfs, this includes 64.30 

from the onsite and 2 cfs from off site.  

See Appendix C for Drainage Map, Appendix D for Preliminary Grading and Drainage Plan and 

Appendix E for Offsite Drainage Report prepared by HELM. 

Onsite Drainage 
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The site is a redevelopment and will therefore be required to provide retention for the higher 

calculated volume from “Pre- vs. Post-development Method” and “First-Flush Method”. Based 

on the site plans and drainage calculations, the proposed development will have a lower runoff 

coefficient and generate less runoff then the existing development due to an increase in open 

space. Consequently, we are required to provide retention for the first flush. We have provided 

calculations in Appendix B comparing the different methods.  

The first flush retention for the site will be primarily held in three underground tanks systems. 

Based on the required retention volumes, it was decided to use 6’ and 8’ diameter storage tanks.  

A few shallow 1’ deep basins along McDowell Road will be constructed to capture the water that 

fall on the basins. Although these basins do not capture much they do help control and route the 

storm water safely around the building.  The underground retention tanks will be equipped with 

drywells to dissipate the water within 36 hours. We have looked at dissipating the underground 

retention via a gravity connection to the public storm drain system. The existing storm drain in 

McDowell Road does not extend far enough west to allow for a gravity connection from the 

underground retention tanks. In addition, the residential site is lower than McDowell Road and 

any surcharge in the offsite storm drain could overflow into the development. For the retention 

tanks on the retail portion, the tank invert is lower than the 60-inch storm drain in Scottsdale 

Road.  The depth of the system is based on the overflow pipe in near the Skysong intersection 

and providing a minimum of three feet of cover over the pipe. The top of the storage tank must 

be below the overflow. This puts the invert deeper than the storm drain system in Scottsdale 

Road. The drywells are designed with a sedimentation chamber and oil collection pillows prior to 

the actual drywell chamber. This provides ground water pollution protection that is accepted by 

most local and state agencies.  

The underground retention system will be designed and operated in conformance with the City 

of Scottsdale Underground Stormwater Storage Policy as outlined in the Chapter 4 of the Design 

Standards and Policies Manual. An operations and maintenance manual will be prepared during 

the construction document phase of the project.  
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The site system has three retention areas. Two of the systems are within the Multi-family 

development area. These tanks will hold approximately 75% of the residential area retention. 

The third tank is on the retail development and provides the first flush retention for 25% of the 

multi-family site, the retail, hotel, garage and grocery store.  

The retail portion of the site will be built in two or more phases. The first phase will consist of the 

retail and restaurant pads and the parking garage at the southwest corner of the site. The hotel 

and grocery store will be constructed as later phases. Storm drain connections will be provided 

for the hotel and the grocery store to connect into the system.  

In the event that the underground retention system fails or is full a backwater condition with an 

overflow will send the storm water into the 60-inch storm pipe in Scottsdale road. If this system 

also fails or if the storm event exceeds the 100-year event the access drives are designed with 

the overflow to Scottsdale Road through the driveway entrances.  

The storm pipes and catch basins onsite will be sized using FlowMaster during final design. It is 

at final design that we will fully understand the roof drains and the accurate tributary areas. We 

have provided sizing for the main infrastructure that connects to the overflow pipe near Skysong 

intersection. Since the intent is to allow the alley flows to pass through the site, we have 

compared the onsite flows with and the alley flows and sized the pipe for the greater. We had 

HELM’s do a check of the time of concentration (TC) for the alley flows using the rational method. 

This gave us a TC of over 20 minutes. We are using a TC for the onsite flows of 5 minutes. The 

peaks will not coincide. In addition, we believe that using the rational method to calculate the 

alley flows is much too conservative of an analysis and gives us discharge that is not reasonable. 

The FLO-2D discharge includes roughly half of our site draining to the alley. This area has been 

eliminated from the flow so we feel the number would actually be less. For our pipe sizing we 

use the FLO-2D for the alley flow and the rational method for the onsite flows.  

Finished floors of the residential site is set at 1235, more than 14-inches higher than the fronting 

low curb at 1232.58. The high frontage curb is at 1236.33. The apartment site is designed lower 

than the high curb, similar to the existing retail site. This provides connectivity to the future retail 
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site and helps to accommodate the 5 to 6 feet of fall across the site. A safe out fall is provided to 

the southeast. The storm water in excess of the retention volume will drain to the 60-inch storm 

pipe in Scottsdale Road through the site storm drain system. If this fails, the storm water will exit 

the site at the Skysong drive entrance. We have evaluated the overflows from each drainage area 

at the ridges in the access drive using the weir equation. We calculated the 100-year peak flow 

for each overflow location and did not assume a reduction for the retention volume. The north 

portion (B-RES) of the multifamily development will overflow south in the access drive. At this 

location we calculated a peak flow of 13.99 cfs at a weir depth of 0.33-feet. The flow will be 

contained within the curbs of the access drive. The next outfall from the multifamily development 

is into a drop inlet that drains to the 36-inch overflow pipe connected to the 60-inch storm pipe 

in Scottsdale Road. If this system fails, the water will overtop the raised drive between the hotel 

and the garage and drain out the entrance at SkySong.  

The Hotel site and the parking garage are set in relationship to the other shops. All of the retail 

site is a minimum of 14-inches above the low curb or outfall and 12-inches above the adjacent 

high curb on Scottsdale Road. We have evaluated the drainage system and outfall through the 

retail development at the south end of the hotel in order to establish a finish floor elevation. The 

storm drain system through the retail development will be sized for the 100-year storm event. 

All inlets have been sized to capture the 100-year storm event with a 50% plug factor based on a 

ponding depth prior to overtopping the downstream ridge. In addition, the access drives have 

been designed with ridge elevations at a minimum of 6-inches below the adjacent finish floor to 

allow storm water to flow to the next inlet for an event that one inlet fails. We have also 

calculated the overflow at the speed table for the overflow volume that could pass over the speed 

table without impacting the building finish floors.  A flow of 47.15 cfs can flow over the speed 

table without inundating the buildings. This equates to over a 120% of the tributary areas 100-

year discharge. In summary we have designed the storm drain system to capture the entire peak 

flow from the 100-year storm event. In the event an inlet fails the storm water will pond to a 

maximum depth of 6 inches before overflowing to the next inlet. All roof drains are connected to 

the storm system directly and do not surface flow through the drives.    
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ADEQ Water Quality Requirements 

The proposed disturbed area of this project exceeds 1 acre and is required to be submitted to 

ADEQ for a Notice of Intent (NOI) Certification. The approved NOI Certification with the AZCON 

permit number will be included in the construction document submittal and the Final Drainage 

Report.  

 
METHODOLOGY 
 
Offsite Drainage 

To check the offsite flow depths in the street and discharge to the drainage infrastructure we 

used the FLO2D model from FCDMC for the Lower Indian Bend Wash. For the inlets and street 

depths we used FlowMaster v7.0. This program used Manning’s equation and the weir equation.  

Manning’s Equation: 

Q = (1.49/n) x A x R2/3 x S1/2 

Q = Peak Discharge (cfs) 

n = Manning Coefficient of Roughness (0.013) 

A = Cross-section Area of Flow 

R = Hydraulic Radius (ft) 

S = Slope of Pipe (ft/ft) 

Weir Equation: 

Due to the shallow ponding, it is assumed all inlets function as a weir. So, the Weir Equation with 

the weir coefficient equal to 3 will be used as follow: 

Q = Cw x P x d3/2 

Q = Capacity (cfs)  

Cw = Weir Coefficient (3) 

P = Inlet Perimeter (ft)  
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d = Flow Depth (ft) 

Per the Flood Control District of Maricopa County, we will use plugging factors of 50% for grated 

catch basins and 20% for curb inlets and wall openings.  

 

Alley Flows and Wall opening 

The proposed alley capacity was calculated using FlowMaster v7.0 which uses Manning’s 

equation for an irregular channel.  

Manning’s Equation: 

Q = (1.49/n) x A x R2/3 x S1/2 

Q = Section Capacity (cfs) 

n = Manning Coefficient of Roughness (0.013) 

A = Cross-section Area of Flow 

R = Hydraulic Radius (ft) 

S = Slope of Pipe (ft/ft) 

The multi-family development side of the alley was set at 0.19 feet lower than the single family 

side of the alley. We used the alley discharge from the FLO-2D model from HELM’s (29.5 cfs) 

minus the alley capacity to size the wall openings to allow the alley discharge to pass into our 

site. We also used a 20% plugging factor to determine the length of wall opening.  

The Weir Equation with the weir coefficient equal to 3 was be used as follow: 

Weir Equation: 

Q = Cw x P x d3/2 

Q = Capacity (cfs)  

Cw = Weir Coefficient (3) 

P = Inlet Perimeter (ft)  



#K17127 Master Drainage Report Page 14  

d = Flow Depth (ft) 

Retention Calculations    

Onsite Drainage 

In order to compare the existing development runoff with the proposed development we 

evaluated the runoff coefficient using the below method.  

ΔC = Cpost – Cpre 

C = (Cp × Ap + Ci × Ai) ÷ (Ap + Ai) 

Ap = Landscape and permeable surfaces 

Ai = Impermeable surfaces 

Cp = 0.5 

Ci = 0.95 

 

ΔC = The change in the weighted average runoff coefficient over disturbed area (Cpost – Cpre) . 

As mentioned previously, the weighted coefficient of the proposed site plan is less than the 

existing site because of more permeable surfaces. Based on this analysis we anticipate less runoff 

for the proposed development then for the existing development. So, the required retention 

volume will be based on the first-flush procedure. Accordingly, minimum first flush volume is 

calculated as follow: 

Vr = P x C x A 

Vr = Required first-flush storage volume (cf) 

C = Weighted average runoff coefficient for the disturbed area of the proposed development 

P = First 0.5 inch of direct runoff rainfall depth, (Converted to ft) 

A = Disturbed area of the proposed project site (sf) 
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The weighted runoff coefficient for the site is calculated based on the runoff coefficients used by 

the City of Scottsdale which are 0.5 for Landscape and permeable surfaces and 0.95 for 

Impermeable surfaces: 

C = (Cp × Ap + Ci × Ai) ÷ (Ap + Ai) 

Residential: 

Ap = 45,183 sft (Landscape and permeable surfaces)  

Ai = 165,140 sft (Impermeable surfaces)  

Cp = 0.5 

Ci = 0.95 

C = 0.85 

Retail: 

Ap = 41,203 sft (Landscape and permeable surfaces)  

Ai = 215,832 sft (Impermeable surfaces)  

Cp = 0.5 

Ci = 0.95 

C = 0.88 

Storm Drain Calculations 

For the final design of the onsite storm drain, the anticipated 100-year peak flows contributing 

to the storm drain inlets will be calculated using the Rational Method. Ordinarily the City would 

require the evaluation of the 2, 10, and 100 year storm event, however since we are sizing our 

storm drain system for the 100 year event it will also carry the 2 year and the 10 year event. The 

100-year intensity was determined using NOAA Atlas 14, Volume 1, Version 5 for a 5-minute time-

of-concentration as follows: 
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Q100 = CIA 

Q100 = Peak Flow in cubic feet for the selected storm reoccurrence interval 

C = Weighted Runoff Coefficient  

I = Rainfall Intensity, 7.37 in/hr for 100-year, 5-minute time-of-concentration (per NOAA Atlas 

14, Volume 1, Version 5) 

A = Area of project site (acres) 

Storm drain pipe sizing will be based on peak storm water discharge using FlowMaster v7.0. 

Manning’s formula assuming a roughness coefficient equal to 0.013.  

Inlet Sizing will be based on the Peak Stormwater Discharge for the 100-year storm event. Based 

on our design the ponding depths at the inlets will be shallow. Therefore, it is assumed all inlets 

function as a weir. So, the Weir Equation with the weir coefficient equal to 3 will be used. 

The inlet size will be selected if its clogged capacity is equal or more than the anticipated 100-

year peak flow rate (Q100). Per the Flood Control District of Maricopa County, we will use 

plugging factors of 50% for grated catch basins and 20% for curb opening, wall openings, channel 

drains, and scuppers.  

Access Drives Overflows 

For the final design of the access drives discharge from the anticipated 100-year peak flows will 

be calculated using the Rational Method. We have assumed that the retention tanks are full. The 

100-year intensity is determined using NOAA Atlas 14, Volume 1, Version 5 for a 5-minute time-

of-concentration as follows: 

Q100 = CIA 

Q100 = Peak Flow in cubic feet for the selected storm reoccurrence interval 

C = Weighted Runoff Coefficient  

I = Rainfall Intensity, 7.37 in/hr for 100-year, 5-minute time-of-concentration (per NOAA Atlas 

14, Volume 1, Version 5) 
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A = Area of project site (acres) 

To check the depth of overflow from one tributary area to the next we used FlowMaster v7.0 

which uses the Weir Equation. The worst-case access drive width was used to calculate the 

overflow depth.  

The Weir Equation with the weir coefficient equal to 3 will be used as follow: 

Weir Equation: 

Q = Cw x P x d3/2 

Q = Capacity (cfs)  

Cw = Weir Coefficient (3) 

P = Inlet Perimeter (ft)  

d = Flow Depth (ft) 

We have also checked the depth of flow in the access drive to confirm that the flow will be 

contained within the access drive. This was done by using FlowMaster v7.0 which uses Manning’s 

equation for an irregular channel.  

Manning’s Equation: 

Q = (1.49/n) x A x R2/3 x S1/2 

Q = Peak Discharge (cfs) 

n = Manning Coefficient of Roughness (0.013) 

A = Cross-section Area of Flow 

R = Hydraulic Radius (ft) 

S = Slope of Pipe (ft/ft) 

Please see Appendix B for more details on the drainage calculations and Appendix C for Drainage 

Map. 
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SUMMARY 
 
Based on KLAND’s understanding of the applicable City of Scottsdale criteria, requirements and 

design standards associated with drainage, it can be concluded that: 

 The proposed conditions will eliminate the offsite flows from McDowell Road from 

entering the site.  

 The proposed development improves the surface permeability in comparison with the 

existing development.  

 The required retention volume is calculated based on the first-flush method.  

 All collecting utilities (pipes, catch basins, and wall openings) will be sized for the 

anticipated peak discharge from the 100-year with 5-minute time of concentration storm 

event. 

 In the residential portion, the storm water runoff will be routed away from the buildings 

through a series of catch basins and storm drains to surface retention and underground 

5’ diameter tanks.  

 In the retail portion, the storm water runoff will be routed away from the buildings 

through a series of catch basins and storm drains to 8’ diameter underground retention 

tanks.  

 Onsite storm water for the 100-year storm event will discharge to the 60-inch storm pipe 

in Scottsdale road through a 36-inch pipe near the intersection of Skysong.  

 Onsite stormwater in excess of the first flush will back up and overflow to a 36-inch 

overflow pipe that connects to the 60-inch storm pipe in Scottsdale road. In the event this 

system fails the storm water will overflow to Scottsdale Road through the driveways.  

 Storm water from the alley will pass into the new development through wall openings 

and pass through the site to the 60-inch storm pipe in Scottsdale Road.  
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 According to the LIBW study, the existing 60-inch storm drain in Scottsdale road has a 

capacity of 157.8 cfs and existing 100-year peak flow of 3.7 cfs.  

 The proposed 100-year peak discharge to the 60-inch storm drain from this site is 67.40 

cfs for a total flow of 71.1 cfs 
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APPENDIX A: FEMA Exhibit 
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APPENDIX B: Drainage Calculations 
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APPENDIX C: Drainage Map 
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1 INTRODUCTION 

This hydrologic analysis is intended to support this development project and may or may not be 

applicable to other projects in or adjacent to the project area. The applicability of the data herein 

for the use on other projects should be evaluated by a qualified engineer with expertise in drainage 

design and hydrology. 

 

1.1 Purpose 

The purpose of this report is to provide an overview and assessment of the drainage impacting the 

Papago Plaza and Broadstone Papago Marketplace (Scottsdale McDowell) projects. The report 

provides an evaluation of offsite stormwater flows from the contributing watershed using the 

existing FLO-2D model developed as part of the Flood Control District of Maricopa County’s 

Lower Indian Bend Wash (LIBW) Area Drainage Master Study (ADMS). Due to the regional 

nature and goals of the LIBW ADMS, smaller or more localized flooding was not scrutinized to 

the level required to make a proper offsite drainage assessment for individual properties within the 

City of Scottsdale. As part of this project, the LIBW ADMS FLO-2D model has been modified to 

better represent the offsite flow patterning and conditions impacting the project site. 

It should be noted that onsite drainage was assessed for this project by Kland Civil Engineers – 

see the Master Drainage Report for Scottsdale McDowell (March 2019) prepared by Kland Civil 

Engineers and available under separate cover. 

 

1.2 Location 

The Scottsdale McDowell projects are located at 7047 E. McDowell Road (southwest corner of 

McDowell and Scottsdale Roads) within the City of Scottsdale, Arizona. The site is bound by 

McDowell Road to the north, Scottsdale Road to the east and existing commercial/residential 

developments to the west and south. The total area of the site is approximately 11 acres. 

 

Figure 1-1 Vicinity Map 
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2 BACKGROUND 

2.1 Previous Studies 

Previous and current drainage studies pertinent to the project include: 

• Lower Indian Bend Wash Area Drainage Master Study – Hydrology & Hydraulics Report 

prepared by Gavan & Barker, Inc. for the Flood Control District of Maricopa County, 

December 2017. 

• Master Drainage Report – Scottsdale McDowell prepared by Kland Civil Engineers, LLC, 

March 2019. 

 

2.2 Existing Conditions 

The project is located at the site of the current Papago Plaza which, consists of a single-story 

shopping center, two standalone buildings on the Scottsdale Road frontage and a large parking lot. 

The property is mostly impervious with some landscaping interspersed around the parking lot and 

along the frontages with McDowell and Scottsdale Roads. Runoff on the site generally flows from 

northwest to southeast and discharges to Scottsdale Road north of SkySong Boulevard near the 

southeast corner of the property. There is currently no onsite retention. 

The offsite contributing area extends west-northwest from the project site to the Crosscut Canal 

and is approximately 50 acres in size. The watershed is urbanized with a mix of commercial and 

residential. Runoff is mostly concentrated and contained within the streets as it passes through the 

watershed. Currently, there is no storm drain in the contributing watershed. Storm drain exists in 

Scottsdale Road and only begins in McDowell Road at roughly Scottsdale Road. There are existing 

inlets at the intersection of McDowell and Scottsdale Roads and on Scottsdale Road south of 

SkySong Boulevard. 

Based on the results of the LIBW ADMS FLO-2D model, the lack of inlets in the area contributes 

to significant concentrations of flow within the streets. This results in over 75 cfs (100-year, 6-

hour storm event) reaching the north side of McDowell Road, but due to the size of the street and 

the raised median, that flow largely remains on the north side until it is captured in inlets at 

Scottsdale Road. This results in minimal flow impacting the site despite street flow from 

McDowell Road entering the property through a driveway halfway between 70th Street and 

Scottsdale Road. 

The most significant offsite flow entering the property is at the southwest corner behind the main 

shopping center building. Nearly 30 cfs discharges from the residential cul-de-sac on Loma Land 

Drive between the existing houses and accumulates in the parking lot behind the main building. 

The current site is graded to maintain those flows along the western edge of the property and 

discharge them to the alley behind the commercial property to the south. Flows from that alley 

eventually discharge to Belleview Street and then drain to Scottsdale Road. 
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2.3 FEMA Special Flood Hazard Areas 

A review of the effective Flood Insurance Rate Map (No. 04013C2235L) indicates that the entire 

project area lies within Zone X, which is described as an Area of Minimal Flood Hazard. See 

Appendix A for the FEMA FIRM map. 

 

 

 

 

 



 

Scottsdale McDowell 3-1 April 24, 2019 
 

3 OFFSITE DRAINAGE 

As previously mentioned, the FLO-2D model developed as part of the LIBW ADMS was used as 

the basis for offsite drainage analysis on this project. The model used was obtained from the 

approved LIBW Hydrology & Hydraulics Report from December 2017. According to the 

disclaimer on the cover of the report, the FLO-2D model was developed as part of a large-scale 

planning effort for LIBW and the effects of the streets, storm drains and other drainage features 

may not be adequately represented in the model. 

As suggested by the disclaimer, initial review of the existing FLO-2D model results indicated that 

the contributing offsite flows to the project site were not well reflected based on current roadway 

profile and grading and drainage conditions. As part of this project, an effort was undertaken to 

modify the model to better represent the likely flow conditions observed in the field. Additional 

discussions regarding FLO-2D modifications to better represent both the existing and proposed 

offsite drainages conditions of the project site are provided in Sections 3.1 and 0, respectively. 

For all FLO-2D models runs, only the 100-year, 6-hour model was used for the offsite drainage 

analysis since it is the governing storm event documented in the LIBW Hydrology & Hydraulics 

Report. 

 

3.1 Existing Conditions Updates 

Assuming appropriate detailed topographic data is available to support FLO-2D model 

development, the level of detail associated with a FLO-2D model is dictated by the common size 

of the elements comprising the model domain grid. The smaller the grid element size, the more 

topographic detail captured by the overall grid. For example, more topographic detail is achieved 

when averaging existing topographic data for a grid comprised of square elements measuring 

10’x10’ when compared to a grid comprised of square elements measure 100’x100’. 

A common issue when developing a grid-based, discretized model like FLO-2D is that surface 

features can become normalized or “washed-out” when applying an average elevation to the grid 

elements. This grid element normalization may result in flows passing through grids that would 

otherwise have blocked flow due to an existing topographic feature or grading. Small drainage 

ways (e.g. curb and gutter) can also be “filled in” by the same elevation normalization process. 

For the Scottsdale McDowell project, the most significant issues were the crown of McDowell 

Road and the drainage outlet for the Loma Land Drive cul-de-sac were not adequately reflected in 

the LIBW ADMS FLO-2D model. Both of these features were “washed out”, allowing flows to 

either unreasonably pass across the roadway or prevent positive drainage. This was largely a result 

of how the 20’x20’ grid elements fell over these surface features. Through survey and field 

observations, the north side of McDowell Road was determined to convey considerably more flow 

than what the existing FLO-2D model indicated. For the Loma Land Drive cul-de-sac, levees in 

the model were preventing the street from draining properly in addition to the grid elevation issue. 

To better represent the existing flow conditions impacting the project site, the grid element 

elevations were adjusted based on the original mapping data used to develop the LIBW ADMS 

FLO-2D model. The reason for using this original mapping data was to eliminate any potential 

variation that other mapping sources/products might have when compared with the original 

mapping data. The following changes where made to the grid element elevations: 
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• The intersection of McDowell Road and 70th Street was adjusted to better represent the 

flow split at that location. 

• The crown and raised median of McDowell Road were better represented from roughly 

69th Street to Scottsdale Road. 

• The gutters of McDowell Road were adjusted from 70th Street to Scottsdale Road for 

positive drainage and to maintain capacity. 

• Grids along the north side of the property were elevated based on the mapping to reduce 

breakout from McDowell Road. 

• Grids representing the path of the drainage way from the southeast corner of Loma Land 

Drive cul-de-sac were adjusted to create positive drainage to the alley behind the houses. 

• Levees (used to represent walls in the model) that were blocking flow from the cul-de-sac 

were removed to allow flow into the alley as intended. 

Other than grid elevations and levees, no other parameters for the existing conditions were 

modified for this project. 

The above listed model modifications resulted in an increase in roadway conveyance; however, 

model modifications did not eliminate some of the breakouts from McDowell Road into the north 

side of the property. These breakouts appear to be consistent with the existing grading and field 

observations. Discharge from Loma Land Drive appears to function correctly for the majority of 

the flows. Some breakout is expected for the larger flows from the 100-year storm event. Table 

3-1 shows flows in the vicinity of the project site and Appendix B includes existing condition 

FLO-2D model results shown graphically.  

Table 3-1. Existing Condition Flows Adjacent to Site 

FLO-2D 

XS # 
Location 

100-year, 6-hour Flow 

(cfs) 

102 
McDowell Road 

North side DS of west driveway 
58 

103 
McDowell Road 

South side DS of west driveway 
6 

104 
McDowell Road 

North side DS of middle driveway 
76 

105 
McDowell Road 

South side DS of middle driveway 
0 

106 
Loma Land Drive 

US of cul-de-sac 
29 

107 
Parking lot behind main shopping 

center building 
30 
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3.2 Proposed Conditions Updates 

To simulate the proposed conditions, the existing condition model was adjusted to reflect the 

grading and drainage plans associated with the proposed site (refer to Appendix C for the grading 

and drainage plans). For the Scottsdale McDowell project, the FLO-2D grid element elevations 

were adjusted along the frontage with McDowell Road. 

Review of the existing Papago Plaza grading showed the intent to accept flow from McDowell 

Road, allowing it to pass through the site and discharging it to Scottsdale Road. The proposed 

grading is expected to eliminate these breakouts along McDowell Road by elevating the driveways 

and landscaped frontage areas. The proposed intent is to keep street flows in McDowell Road.  

The results of the 100-year, 6-hour model for the proposed conditions modifications appear to be 

consistent with the intent of the proposed project grading. The breakout from McDowell Road at 

the north side of the property was eliminated and kept within the street right-of-way. Table 3-2 

lists flows in the vicinity of the project site and Appendix B includes proposed condition FLO-2D 

model results shown graphically. 

Table 3-2. Proposed Condition Flows Adjacent to Site 

FLO-2D 

XS # 
Location 

100-year, 6-hour Flow 

(cfs) 

102 
McDowell Road 

North side DS of west driveway 
58 

103 
McDowell Road 

South side DS of west driveway 
6 

104 
McDowell Road 

North side DS of middle driveway 
76 

105 
McDowell Road 

South side DS of middle driveway 
7 

106 
McDowell Road 

South side DS of east driveway 
11 

107 
Scottsdale Road 

West side at north driveway 
2 

108 
Scottsdale Road 

West side US of SkySong Blvd 
9 

109 
Scottsdale Road 

West side DS of SkySong Blvd 
1 

110 
Loma Land Drive 

US of cul-de-sac 
29 

111 
Parking lot behind main shopping 

center building 
30 

112 Site discharge to Scottsdale Road 24 

113 
Site discharge to 

Alley at southwest corner 
29 



 

Scottsdale McDowell 4-1 April 24, 2019 
 

4 CONCLUSIONS 

Offsite drainage for the Scottsdale McDowell project was assessed using the FLO-2D model 

developed for the Flood Control of Maricopa County’s LIBW ADMS study. Due to the regional 

focus of the LIBW study, local surface features such as streets and smaller conveyances were not 

scrutinized to the level needed to properly assess offsite drainage impacts to the project site. 

Therefore, adjustments to the FLO-2D model (grid element elevation modifications) were 

necessary to better represent the existing drainage conditions. 

Adjustments to the FLO-2D model were largely focused on the elevations of the grids to better 

simulate the capacity of the adjacent streets and other existing drainage ways. Such grid elevation 

changes were made to better represent: 

• Flow splits at intersections. 

• The crowns and gutter of adjacent streets (McDowell Road and 70th Street). 

• Any unreasonable breakout into the subject property. 

• The drainage way from the Loma Land Drive cul-de-sac to an alley that discharges to the 

parking lot behind the main building of the shopping center. 

Additional adjustments included the removal levees preventing flow from properly draining from 

the Loma Land Drive cul-de-sac. 

A proposed conditions model utilized the project’s grading and drainage plans to elevate the site 

to prevent inflow from the adjacent streets. 

Review of the 100-year, 6-hour results for both the existing and proposed conditions found them 

favorable to the expectations of the field observations. Field assessments included the potential for 

flow to remain in the street gutters, the ability for flow to cross McDowell Road and the potential 

for flow to breakout into the property. Refer to Appendix B for FLO-2D model result exhibits. 
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FLO-2D Exhibits 
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Grading and Drainage Plan 

 

 See Appendix D of Master 
Drainage Report for Plans
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I12ACP1WRS C12ACP1WRS 5.7 4.9 4.9 5.8 5.8 1.8 1.8 2.5 2.5

I1CP3WRS71STL C1CP3WRS71STL 17.4 10.9 10.9 11.5 11.4 7.3 7.3 8.4 8.4

I1CP4WRS71STL C1CP4WRS71STL 17.4 11.1 11.1 11.6 11.6 7.2 7.2 8.3 8.3

I1CP5WRS71STL C1CP5WRS71STL 17.4 6.6 6.6 9.5 9.5 2.6 2.6 3.8 3.8

I1CP6WRS71STL C1CP6WRS71STL 17.4 6.6 6.6 9.5 9.5 2.6 2.6 3.8 3.8

I2CP1WRS71STL C2CP1WRS71STL 17.4 0.4 0.4 0.9 0.9 0.2 0.1 0.2 0.2

I3CP1WRS71STL C3CP1WRS71STL 17.4 1.2 1.2 2.8 2.8 0.6 0.6 0.7 0.7

I4CP1WRS71STL C4CP1WRS71STL 17.4 8.7 8.7 13.1 13.1 1.6 1.6 2.4 2.3

I5CP1WRS71STL C5CP1WRS71STL 17.4 8.5 8.5 12.9 12.9 1.6 1.6 2.3 2.3

I7CP2WRS71STL C7CP2WRS71STL 17.4 15.6 15.4 14.8 15.0 9.4 9.4 11.2 11.2

I7CP1WRS71STL C7CP1WRS71STL 17.4 15.6 15.4 14.8 15.0 9.5 9.5 11.2 11.2

Inlet C onnect o r  Pip e

Inlet Summary Table

SW M M  N ame C urb High /
So f f it Hig h

Inf low

FLO- 2 D / SW M M  M o del

10 0 - yr,  2 4 - hr 10 0 - yr ,  6 - hr 10 - yr ,  2 4 - hr 10 - yr,  6 - hr

(cfs) (cfs) (cfs) (cfs) (cfs)

C1WRS 561.6 116.0 129.3 64.4 76.0

C2WRS 565.4 116.0 129.3 64.4 76.0

C3WRS 561.7 116.0 129.3 64.3 76.0

C4WRS 342.0 115.9 129.3 64.4 76.0

C5WRS 233.9 116.0 129.3 64.3 76.1

C6WRS 228.0 116.7 129.4 64.4 76.0

C7AWRS 739.8 116.6 129.5 64.4 76.0

C7BWRS 306.2 107.1 120.5 56.5 67.9

C8AWRS 330.7 106.5 119.9 56.5 68.0

C8BWRS 164.0 118.5 134.2 56.4 69.7

C9WRS 275.9 106.4 119.6 56.4 67.9

C10WRS 351.4 106.4 119.7 56.4 67.9

C11WRS 316.8 106.4 119.8 56.4 67.8

C12AWRS 334.9 106.5 119.8 56.5 67.8

C12BWRS 312.7 102.4 115.2 55.0 65.8

C13AWRS 316.2 102.4 115.2 55.0 65.9

C1WRSBSTL 128.8 81.6 93.0 41.3 50.8

C2WRSBSTL 101.6 0.1 0.1 0.0 0.0

C13BWRS 318.8 22.5 24.7 16.5 18.1

C14WRS 230.2 12.0 13.2 8.6 9.6

C15WRS 133.2 12.2 13.3 9.0 10.1

C16WRS 157.8 3.4 3.7 0.8 1.4

Co nduit N ame
10 0 - yr,
2 4 - hr

10 0 - yr ,
6 - hr

10 - yr,
2 4 - hr

Pipe Discharge Summary Table
N o rmal
D ep t h

Cap acit y

FLO- 2 D / SW M M M o d el D ischarge

10 - yr,
6 - hr
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INTRODUCTION 
 

Papago Plaza Springhill Suites is a 116-room hotel located within a portion of the northeast ¼ of Section 

3, Township 1 North, Range 3 East of the Gila and Salt River Base and Meridian in Maricopa County, 

Arizona. The site is bounded on the north and west by Broadstone Papago Marketplace multifamily 

development, on the east by Papago Plaza retail development, and on the south by the access drive 

for multifamily development (Please see the vicinity map). The hotel is planned to be constructed after 

or concurrent to the Retail development. Detailed information on the Retail plans is presented in 

Appendix A-4 “Master Sewer Basis of Design Report for Scottsdale McDowell” and Appendix A-5 

“Master Water Basis of Design Report for Scottsdale McDowell”. The focus of this report is the basis of 

the design for the hotel to confirm that the results and design criteria conform to the methodology 

used in the master design.  
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SANITARY SEWER SYSTEM 
 

The site is located within COS Q.S. 12-44 which is the City of Scottsdale water and sewer service area. 

For the detailed information on the existing condition, please refer to APPENDIX A-4: “Master Sewer 

Basis of Design Report for Scottsdale McDowell”. We have performed a sewer monitoring and hydraulic 

analysis for the proposed and existing sewer mains in the Master Sewer Design Report. The sewer 

discharge from the site was estimated using the City of Scottsdale Design Standards & Polices Manual.  

 

As shown in Appendix A-3: “Preliminary Water and Sewer Design”, to service the hotel site, the onsite 

public 8-inch sewer main which will be installed with the retail development phase will be extended to 

the north along the west side of the hotel. At this point, we are proposing three 6-inch sewer services 

to the hotel to be connected to the extended 8-in sewer main. According to our calculations, the 

average discharge from the hotel was 30.6 gpm and the peak daily demand was calculated by increasing 

the average daily demand by a factor of 4.5, which is a total of 137.74 gpm. This result conforms to the 

conducted estimations in master sewer design presented in Appendix A-3.  

 

Please see Appendix A-1: “Preliminary Sewer Calculations” and Appendix A-2:” Preliminary Water and 

Sewer Plans” for more detail. The sewer services will be sized per IPC based on plumbing fixture units 

by the plumbing engineer at final design. 
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APPENDIX A-1: Preliminary Sewer Calculations 

 

 

. 

Discharge by Type 

Number of Hotel Rooms: 116 at 380 gpd/room 

 

Average Day Demand 

Hotel:    116 x 380 = 44,080 gpd (30.6 gpm) 

 

Maximum Day Demand 

Maximum daily peaking factor:  4.5 

4.5 x 44,080 gpd = 198,360 gpd (137.75 gpm) 
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APPENDIX A-2: Preliminary Water and Sewer Plans 
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#K17127     Preliminary Sewer Report            

 

APPENDIX A-3: Master Sewer Basis of Design Report for Scottsdale McDowell 
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#K17127     Master Sewer Basis of Design Report           Page 3 

INTRODUCTION 
 

This site is located at the southwest corner of Scottsdale Road and McDowell Road in Scottsdale, 

Arizona. The project is within a portion of the northeast ¼ of Section 3, Township 1 North, Range 3 East 

of the Gila and Salt River Base and Meridian in Maricopa County, Arizona. Currently the property is fully 

developed with retail buildings, surface parking, landscape and hardscape. The site is bounded on the 

south and west by existing commercial and residential developments, on the north, by McDowell Road, 

and on the east, by Scottsdale Road. The proposed site will consist of a multi-family development on 

approximately 5.55 net acres and commercial development on approximately 5.45 net acres. The 

multi-family development is 274 units in 3 carriage buildings (single apartment above garage) and a 

single podium style apartment building over ground level parking. A podium style apartment building 

consists of multiple levels of apartments over a parking garage with amenities on the podium deck. The 

commercial development is comprised of four retail/restaurant buildings, a grocery store and a 116-

room hotel.   
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During phase 1 of this project the sewer main in the south access drive will be constructed. The sewer 

stubs to the retail/restaurant buildings, grocery store and hotel will also be installed. The continuation 

of the sewer on the multi-family site will be installed with their site development. The grocery store 

and hotel are not being constructed at this time. These developments will be required to submit 

separate basis of design reports showing that they are in conformance with this Master Sewer Basis of 

Design Report. 

 

With respect to the finish floor elevations (FFE), the highest FFE for the apartments is 42’-2” at the 4th 

floor and for the hotel is anticipated to be 47’-0” at the 5th floor of the hotel above the ground floor.  

 

The site is located within COS Q.S. 12-44 which is the City of Scottsdale water and sewer service area.  

The sewer systems available around the site is an 8-inch sewer main within the alley on the south side 

of the site, a 10-inch sewer main on the south side of McDowell Road, a 12-inch sewer main on the 

west side of Scottsdale Road and a 12-inch sewer main in Skysong Boulevard. Sewer cleanouts were 

found on the south side of the building during the topographic survey which indicates that the existing 

site sewer likely to discharged to the 8-inch sewer main in the alley. These services will need to be 

removed since they will not be utilized for the new development. 

 

SANITARY SEWER SYSTEM 
 

We have estimated that the multi-family site will be serviced with 6-inch and 8-inch sewer services. 

The carriage units will have 6-inch sewer services that will connect to the new public sewer main on-

site.  The podium building will have two or three 8-inch sewer services that will discharge into the new 

sewer main on site. The Hotel will have one or two sewer services that will discharge into the new 

public sewer main onsite. In addition, one of the restaurant/retail sites and the grocery store will 

discharge into the new main. The remaining restaurant/retail sites will be serviced by 6-inch sewer 

services that discharge to the existing 12-inch sewer main in Scottsdale Road.  

 

We currently are showing grease interceptors at the Hotel and retail/restaurant buildings. See 

Appendix A1 for the Sewer Capacity Exhibit and A2 for the Master Sewer Exhibit.  The grease 
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interceptors will be sized by the plumbing engineer at the time of final design. The sewer services will 

be sized per IPC based on plumbing fixture units by the plumbing engineer at final design.  

 

We have performed a sewer hydraulic analysis for the proposed and existing sewer mains that will 

service our site. We have estimated the sewer discharge from the site using The City of Scottsdale 

Design Standards & Polices Manual. Our sewer calculations for the site are provided in Appendix A3. 

Sewer monitoring has been done at 3 locations on the 8-inch sewer main in the alley, on the 10-inch 

sewer main in McDowell Rd, the 12-inch sewer main in Scottsdale Rd, and the 12-inch and 18-inch 

sewer mains in Skysong Boulevard. The monitoring data can be found in Appendix A4.  

 

There are a few things to note regarding the sewer monitoring data. We have provided a map in 

Appendix A4 that shows the manholes that were monitored. On the 18-inch sewer main there are a lot 

of times with no reading. This is because the monitoring data does not pick up data for depths less than 

1-inch. For the system in Skysong Boulevard a lot of the site has been developed but a number of areas 

have not yet been constructed per the master plan. For the future flows we used the peak flows from 

the BOD report by Wood/Patel for the Skysong development. These flows were combined with our 

proposed peak flows and the existing peak flows. In our analysis of the existing flows we also confirmed 

that the existing building are close to fully occupied. To do this we talked to the Skysong management 

office and was told that they were almost at 100% occupied and was starting to prelease the next 

proposed building that is under construction. We also confirmed that the sewer monitoring of the 

existing flows was not done over a holiday or the ASU fall break. The ASU fall break was the week prior 

to the testing. 

 

The inverts for the sewer manholes were verified with a field survey. In evaluating the sewer slope 

based on the inverts, we found one section of 8-inch sewer main in the Alley to be flat. The flat section 

prevents us from being able to discharge any of our sewer to the 8-inch alley system. We also found a 

section of 12-inch sewer main in Skysong Boulevard to be at a slope of 0.08%. This slope does not match 

the City quarter section maps or the as-built plans. Based on our calculations the 12-inch sewer pipe 

would be over 85% full. During the zoning submittal it was proposed that the section of sewer main be 

reconstructed at a steeper slope. The City of Scottsdale determined that the section of pipe will remain 

in place and does not need to be reconstructed.   
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The peak discharge was calculated by increasing the average daily flow for each system by the 

appropriate peaking factor per Scottsdale Design Standards and Policies Manual Figure 7-1.2. These 

flows were added to the peak flows in the existing mains. We then used Manning’s formula to confirm 

that the system was flowing at less than 65%. For the Skysong system we evaluated it with and without 

the 100 gpm from the hotel swimming pool backwash system. If the backwash occurs at the time of 

the peak discharge the system will be under 65% except through the flat section of 12-inch sewer main 

in Skysong Boulevard. Without the backwash flow this section of main is over 85% full. Therefore, we 

will require the backwash to occur between midnight and 5 am. This will be included in the operations 

and maintenance manual. The Hydraulic analysis can be found in Appendix A3.  

 

The sewer main in Scottsdale Road will provide sewer service for 3 of the retail/restaurant pads. Based 

on the DS & PM we estimate that the peak discharge will be 73 GPM. This was added to the peak 

discharge in the 12-inch main from the sewer monitoring. The existing peak discharge occurs between 

midnight and 2am. We anticipate that the peak from the restaurants/ retail sites will be before 

midnight. We do not expect the two peaks to coincide. However, if they did the system would still only 

be approximately 58% full. 

 

CONCLUSION 
 

Based on our sewer analysis we believe that the City system has capacity for the Scottsdale & McDowell 

redevelopment. The following is a summary of our proposed design.  

 

1. No sewer will be discharged to the 8-inch sewer line in the alley. 

2. We are proposing sewer service for 4 of the retail/restaurant sites from the 12-inch sewer main 

in Scottsdale Road.  

3. A public onsite sewer line consisting of 8 inch and 12-inch sewer mains will collect the majority 

of the site sewer and discharge to the sewer system in Skysong Boulevard.  

4. The City of Scottdale has determined that the flat section of sewer pipe in Skysong Boulevard 

will not be required to be replaced. 

5. The hotel will be required to schedule the back flow of the swimming pool between the hours 

of midnight and 5 am to avoid peak hours.   
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APPENDIX A-3: Sanitary Sewer Calculations 
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Population 

Sewer 

Segment 

(MH to 

MH

Multi-

Family 

(units)

Hotel 

(Rooms)
Retail (sf)

Restaurant 

(sf)

Multi-Family 

(People per 

unit)

Multi-Family 

(gpd per 

person)

Hotel (gpd 

per room)

Retail (gpd 

per sf)

Restaurant 

(gpd per sf)

(1) 
New 

Development 

Average 

discharge (gpd)

Multi-

Family
Hotel Retail Restaurant

(2) 
New 

Development 

Peak Discharge 

(gpd)

(3) 
New 

Development 

Peak Discharge 

(gpm)

(4) 
Future 

Development 

Peak Discharge 

(gpm)

Monitored 

Peak 

Discharge 

(gpm)

Total Peak 

Discharge 

(gpm)

Pipe 

Diameter 

(in)

Pipe Slope 

(ft/ft)

Depth 

Full (in)
% Full

1 to 2 0 0 7200 13199 - - - 0.5 1.2 19438.8 - - 3 6 105833 73 0 498 571 12 0.0033 6.85 57.10

2 to 3 0 0 7200 13199 - - - 0.5 1.2 19438.8 - - 3 6 105833 73 0 498 571 12 0.0031 6.99 58.20

4 to 5 138 0 0 0 1.7 100 380 0.5 1.2 23460 4 4.5 3 6 93840 65 0 0 65 8 0.0053 2.20 27.40

5 to 6 274 0 0 0 1.7 100 380 0.5 1.2 46580 4 4.5 3 6 186320 129 0 0 129 8 0.0053 3.15 39.30

7 to 6 0 116 0 0 1.7 100 380 0.5 1.2 44080 4 4.5 3 6 198360 138 0 0 138 8 0.0053 3.26 40.80

6 to 8 274 116 0 0 1.7 100 380 0.5 1.2 90660 4 4.5 3 6 384680 267 0 0 267 12 0.0040 4.21 35.10

8 to 9 274 116 20400 3819 1.7 100 380 0.5 1.2 105442.8 4 4.5 3 6 442777 307 0 0 307 12 0.0040 4.54 37.80

9 to 10 274 116 20400 3819 1.7 100 380 0.5 1.2 105442.8 4 4.5 3 6 442777 307 0 35 342 12 0.0082 3.97 33.10

10 to 11 274 116 20400 3819 1.7 100 380 0.5 1.2 105442.8 4 4.5 3 6 442777 307 125 35 467 12 0.0008 10.23 85.20

11 to 12 274 116 20400 3819 1.7 100 380 0.5 1.2 105442.8 4 4.5 3 6 442777 307 409 25 741 18 0.0074 5.21 28.90

12 to 13 274 116 20400 3819 1.7 100 380 0.5 1.2 105442.8 4 4.5 3 6 442777 307 409 25 741 18 0.0017 7.71 42.80

(1)

(2)

(3)

(4)

Peaking Factor

Sc
o

tt
sd

al
e 

R
d

Sk
y 

So
n

g 
B

lv
d

.

Average Discharge for Multi-family = 1.7 People Per Unit x 100 gpd Per Person x Apartment Units                           

Average Discharge for Hotel = 380 gpd Per Hotel Rooms x Hotel Rooms                                                                     

Average Discharge for Retail = 0.5 gpd x Square Feet Of Retail Building                                                                                          

Average Discharge for Restaurant = 1.2 gpd x Square Feet Of Restaurant Building      

Peak Discharge for Multi-family = Average Discharge x 4 Peaking Factor                                                                                             

Peak Discharge for Hotel = Average Discharge x 4.5 Peaking Factor                                                                                                     

Peak Discharge for Retail = Average Discharge x 3 Peaking Factor                                                                                                    

Peak Discharge for Restaurant = Average Discharge x 6 Peaking Factor       

Gallons Per Day / 1440 Minutes Per Day = Gallons Per Minute

Future sewer dishcarge was taken from the Skysong Northwest Quadrant Basis of Design Report, Prepared by 

Wood/Patel, Approved on 8/8/16 and Skysong ASU Scottsdale Innovation Center Master Wastewater Collection 

System Report, Prepared by Wood/Patel, Approved on 6/1/06.

New Development per Segment Average Discharge 
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APPENDIX A-4: Sanitary Sewer Flow Monitoring Data 

 

 

The following pages include summary graphs for all the sewer manholes that were monitored. We 

have also included the raw data for the highest peak flows for the systems that we are discharging to.  

Due to size we did not include all the raw data. If further information is desired, we can provide the 

digital data separately.    
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APPENDIX A-5: Skysong BOD Reports 
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INTRODUCTION 
 

Papago Plaza Springhill Suites is a 116-room hotel located within a portion of the northeast ¼ of Section 

3, Township 1 North, Range 3 East of the Gila and Salt River Base and Meridian in Maricopa County, 

Arizona. The site is bounded on the north and west by Broadstone Papago Marketplace multifamily 

development, on the east by Papago Plaza retail development, and on the south by the access drive 

for multifamily development (Please see the vicinity map). The hotel is planned to be constructed after 

or concurrent to the Retail development. Detailed information on the Retail plans is presented in 

Appendix A-4 “Master Sewer Basis of Design Report for Scottsdale McDowell” and Appendix A-5 

“Master Water Basis of Design Report for Scottsdale McDowell”. The focus of this report is the basis of 

the design for the hotel to confirm that the results and design criteria conform to the methodology 

used in the master design.  
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WATER SYSTEM 
 

The site is located within COS Q.S. 12-44 which is the City of Scottsdale water and sewer service area. 

For the detailed information on the existing condition, please refer to APPENDIX A-5: “Master Water 

Basis of Design Report for Scottsdale McDowell”.  

 

As shown in Appendix A-2: “Preliminary Water and Sewer Design”, a new 8-in public water line with a 

20-feet easement will be installed with the retail development. During the infrastructure phase, two 

water services will stubbed to the hotel site along the east side and capped to be used for domestic 

and fire sprinkler services. Water meter and service extension will be done by the hotel site.  

 

We have also estimated the water demand for the site using The City of Scottsdale Design Standards & 

Polices Manual. The average daily demand was estimated at 35.95 gpm. The peak daily demand was 

calculated by increasing the average daily demand by a factor of 2.0, which is a total of 71.91 gpm. The 

peak hour demand was calculated by increasing the average daily demand by a factor of 3.5, which is 

a total of 125.83 gpm.  

 

The fire flow demand also was estimated based on the hotel construction type and area. As shown in 

Appendix A-1 “Preliminary Water Calculations”, the estimated domestic water and fire flow demands 

for the hotel conform to the estimations in the master design. Please see Appendix A-2 and Appendix 

A-3 for the Preliminary Water and Sewer Plan and Master Water Basis of Design Report, respectively.  
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APPENDIX A-1: Preliminary Water Calculations 

 

 

DOMESTIC WATER DEMAND 

 

Water Demand by Type 

Number of Hotel Rooms: 116 at 446.3 gpd/room 

 

Average Day Demand 

Hotel:    116 x 446.3 = 51,770.8 gpd 

 

Maximum Day Demand 

Maximum daily peaking factor:  2.0 

2.0 x 51,770.8 gpd = 103,541.6 gpd (71.91 gpm) 

 

Peak Hour Demand 

Peak hour demand factor:  3.5 

3.5 x 51,770.8 gpd = 181,197.8 gpd (125.83 gpm) 

 

The plumping engineer will size the water meters to meet IPC fixture unit demands at the time of 

construction document preparation. In addition, a separate landscape meter will be installed for 

landscape needs. 

 

 

FIRE FLOW DEMAND  

 

Hotel Building – 5 Story 

Area = 73,479 sf, Construction Type = III-B, Required Fire Flow = 5,750 gpm 

 

Per 2012 International Fire Code, Appendix B, Section B105.2 a 75% reduction in the fire flow can 

be approved if an approved automatic sprinkler system is installed. The resulting fire flow shall not 

be less than the required minimum of 1,500 gpm. Based on the 75% fire flow reduction the fire flow 

would be 1437.5 gpm. Therefore, the minimum 1,500 gpm fire flow is required which is equal to 

the calculated flow demand in master water calculations. To examine the existing fire system, a 
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flow-pressure fire hydrant test was conducted by EJ Flow Tests LCC on the existing fire hydrant in E 

McDowell Road and then proposed system was modeled. Per modelling results which is available 

in Appendix A-4 in detail, the proposed system has the required capacity to service the site with a 

demand fire flow of 1500 gpm. 
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APPENDIX A-2: Preliminary Water and Sewer Plans 
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INTRODUCTION 
 

This site is located at the southwest corner of Scottsdale Road and McDowell Road in Scottsdale, 

Arizona. The project is within a portion of the northeast ¼ of Section 3, Township 1 North, Range 3 East 

of the Gila and Salt River Base and Meridian in Maricopa County, Arizona. Currently the property is fully 

developed with retail buildings, surface parking, landscape and hardscape. The site is bounded on the 

south and west by existing commercial and residential developments, on the north, by McDowell Road, 

and on the east, by Scottsdale Road. The proposed site will consist of a multi-family development on 

approximately 5.55 net acres and commercial development on approximately 5.45 net acres. The 

multi-family development is 274 units in 3 carriage buildings (single apartment above garage) and a 

single podium style apartment building over ground level parking. A podium style apartment building 

consists of multiple levels of apartments over a parking garage with amenities on the podium deck. The 

commercial development is comprised of four retail/restaurant buildings, a grocery store and a 116-

room hotel.   
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With respect to the finish floor elevations (FFE), the highest FFE for the apartments is 42’-2” at the 4th 

floor and for the hotel is currently at 47’-0” at the 5th floor of the hotel above the ground floor.  

 

The site is located within COS Q.S. 12-44 which is the City of Scottsdale water and sewer service area. 

There is an existing 8-inch water line on the west side of Scottsdale Road and an existing 12-inch water 

line on the south side of McDowell Road. The site currently has three water services on McDowell Road 

and three water services on Scottsdale Road. Some of these existing services will likely be used for 

landscape and the unused ones will need to be removed. There is also an existing 6-inch fire line service 

on McDowell Road that will be removed with this development. 

 

WATER SYSTEM 
 

A new 12-inch water main will be installed in Scottsdale Road from the intersection of McDowell Road, 

south to the south property line of this development. The new 12-inch water main will connect to the 

existing 12-inch water main in McDowell Road at the intersection of Scottsdale Road and at the 

southern property limits. The 8-inch existing water main in Scottsdale Road will be removed in the area 

that the new 12-inch water main is being installed. The existing services including the 12-inch water 

main in Skysong will be connected to the new 12-inch water main in Scottsdale Road. In order to 

remove the existing 8-inch water main in Scottdale Road there will be 2 inline valves installed to 

maintain water service to the existing developments. The first valve will be on the 8-inch water main, 

south of the 12-inch connection point to the 8-inch water main. This valve will be installed by City of 

Scottsdale. The second valve will be installed on the existing 12-inch water main in Skysong Boulevard, 

just west of the meters for the restaurant and will be installed by this development.  

 

The retail and multi-family sites will be serviced with a new 8-inch public water main looping through 

the site in the access drive. The new 8-inch public water will be contained in a 20-foot public water 

easement. The 8-inch public water main will connect to the new 12-inch water main in Scottsdale Road 

and twice to the 12-inch public water main in McDowell Road. The retail development with be services 

with domestic water and fire sprinklers for either the onsite 8-inch water main or the 12-inch water 

main in Scottsdale Road. The Hotel and Grocery store domestic water, landscape water services, fire 
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sprinkler services will be provided from the proposed 8-inch public water main. The existing water 

meter sizes have been shown on the attached Preliminary Water and Sewer Plan. The existing water 

services will be removed if they are not utilized for landscape purposes. Any existing water service on 

Scottdale Road that will be utilized will be reconnected to the proposed 12-inch water main. The 

existing 6-inch fire line on McDowell Road will also be removed. Fire hydrant coverage is provided by 

proposed onsite fire hydrants connected to the proposed 8-inch public water main.   

We anticipate that the multi-family development will be service by two 3-inch domestic water meters. 

For the commercial development we anticipate that the Hotel will be service by a 3-inch domestic 

water meter and the retail/restaurants will each have a 2-inch domestic water meter. Water meter and 

service sizing will be done by the Plumbing Engineer at the time of final design.       

 

We have also estimated the water demand for the site using The City of Scottsdale Design Standards & 

Polices Manual. The average daily demand was estimated at 110 gpm. The peak daily demand was 

calculated by increasing the average daily demand by a factor of 2.0, which is a total of 220 gpm. The 

peak hour demand was calculated by increasing the average daily demand by a factor of 3.5, which is 

a total of 385 gpm. The hydraulic capacity analyses based on the demand flow is submitted along with 

final design package.   

 

With respect to fire flow demand, the most demanding water is the hotel with 71,265 sf and 

construction type III-B (please see Appendix A-1 for the detailed calculations). Per the 2012 

International Fire Code, Appendix B, Section B105.2, the minimum fire flow is 1,500 gpm with the 

allowable 75% reduction. Water Demand Calculations are provided in Appendix A-1 and Appendix A-2 

for the Master Water Exhibit. 
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REFERENCES 
 

1. City of Scottsdale Design Standards & Policies Manual, 2018. 

2.  2012 International Fire Code, Appendix B, Fire-Flow Requirements for Buildings 
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APPENDIX A-1: Water Calculations 

 
Water Demand by Type 

Number of Apartment Units: 274 at 227.6 gpd/unit 

Number of Hotel Rooms: 116 at 446.3 gpd/room 

Area of Restaurant: 17,018 sf at 1.3 gpd/sf 

Area of Retail: 27,600 sf at 0.8 gpd/sf 

 

Average Day Demand 

Apartments:    274 x 227.6 = 62,362.4 gpd 

Hotel:    116 x 446.3 = 51,770.8 gpd 

Restaurant:    17,018 x 1.3 = 22,123.4 gpd 

Retail:    27,600x 0.8 = 22,080 gpd 

Total: 158,336.6 gpd (109.96 gpm) 

 

Maximum Day Demand 

Maximum daily peaking factor:  2.0 

Total: 2.0 x 158,336.6 gpd  = 316,673.2 gpd (219.91 gpm) 

 

Peak Hour Demand 

Peak hour demand factor:  3.5 

Total: 3.5 x 158,336.6 gpd  = 554,178.1 gpd (384.85 gpm) 

 

The plumping engineer will size the water meters to meet IPC fixture unit demands at the time of 

construction document preparation. In addition, a separate landscape meter will be installed for 

landscape needs. 

 

 

FIRE FLOW DEMAND - For Retail 

 

Hotel Building – 5 Story 

Area = 71,265 sf, Construction Type = III-B, Required Fire Flow = 5,750 gpm 

Grocery Building – 1 Story 
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Area = 20,400 sf, Construction Type = V-B, Required Fire Flow = 3,750gpm 

Retail/Restaurant Building – 1 Story 

Area = 7,200 sf, Construction Type = V-B, Required Fire Flow = 2,250gpm 

 

FIRE FLOW DEMAND - For Multi-Family 

 

Building 1 (Carriage Units) – 2 Story 

Area = 4,060 sf, Construction Type = V-B, Required Fire Flow = 1,750 gpm 

Building 2 (Carriage Units) – 2 Story 

Area = 4,144 sf, Construction Type = V-B, Required Fire Flow = 1,750 gpm 

Building 4 (Garage for Apartments) – 1 Story 

Area = 112,887 sf, Construction Type = I-A, Required Fire Flow = 3,750 gpm 

Building 5 – 4 Story  

Area = 57,955 sf, Construction Type = V-A, Required Fire Flow = 4,250 gpm 

Building 6 – 4 Story  

Area = 91,833 sf, Construction Type = V-A, Required Fire Flow = 5,500 gpm 

Building 7 – 4 Story  

Area = 93,799 sf, Construction Type = V-A, Required Fire Flow = 5,500 gpm 

Building 8 – 4 Story  

Area = 54,688 sf, Construction Type = V-A, Required Fire Flow = 4,250 gpm 

 

Per 2012 International Fire Code, Appendix B, Section B105.2 a 75% reduction in the fire flow can 

be approved if an approved automatic sprinkler system is installed. The resulting fire flow shall not 

be less than the required minimum of 1,500 gpm. All buildings in this development will be provided 

with an automatic fire sprinkler system. The largest fire flow required is 5,750 gpm for the Hotel. 

Based on the 75% fire flow reduction the fire flow would be 1437.5 gpm. Therefore, the minimum 

1,500 gpm fire flow is required.  

 

To examine the existing fire system, a flow-pressure fire hydrant test was conducted by EJ Flow 

Tests LCC on the existing fire hydrant in E McDowell Road. According to the raw flow test results, 

the static pressures was 86.0 with a residual pressure of 78.0 PSI flowing 2,252 GPM. The results 

from the fire flow test were put into the Anvil Fire – Flow Test Graph to determine the residual 
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pressure at the fire flow demand. The Anvil Fire - Flow Test Graph provides a N1.85 Logarithmic 

Graph based on NFPA 291 recommendations. Based on the Anvil Fire - Flow Test Graph a fire flow 

demand of 1500 gpm results in a residual pressure of 82 psi. See attached fire flow test result and 

Anvil Fire – Flow Test Graph included in this report. The resulting 82 psi was then converted to head 

(ft), see attached for conversion. This equates to a pressure head of 189 ft.  To model the system 

Bentley WaterCAD V8 XM Edition was used. The proposed system was modeled using a reservoir 

with the head elevation applied at the connections to the existing public water main. All minor 

friction losses due to fittings were included in the analysis. Per modelling results, the proposed 

system has the required capacity to service the site with a demand fire flow of 1500 gpm. Please 

see the following documents for the detailed test results and model. 
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APPENDIX A-2: Master Water Exhibit 
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