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Cardell Andrews

From: Dillon, Levi <LDillon@Scottsdaleaz.gov>

Sent: Wednesday, December 19, 2018 5:01 PM

To: Cardell Andrews

Cc: Hayes, Eliana; Cluff, Bryan

Subject: RE: Scottsdale Fashion Square- Old Days Inn Site

Thank you for the additional information Cardell. If possible, I will review this information prior to your BOD submittal. 

With regard to item 3: In lieu of using 100gpm and 50gpm respectively for peak combined pool/spa backwash 

wastewater flows, within the BOD you can include separately prepared MEP engineer sealed detailed calculations of the 

peak pool/spa backwash flow/frequency based on the equipment to be used (include details of equipment, filter type 

size, pump size, etc and complete calculation of backwash). Note that peak instantaneous backwash flow needs to be 

calculated, not averaged flow over the day.   

 

Thank you, Levi 

From: Cardell Andrews <candrews@olsson.com>  

Sent: Monday, December 17, 2018 8:49 PM 

To: Dillon, Levi <LDillon@Scottsdaleaz.gov> 

Cc: Hayes, Eliana <EHayes@Scottsdaleaz.gov>; Cluff, Bryan <BCluff@Scottsdaleaz.gov> 

Subject: RE: Scottsdale Fashion Square- Old Days Inn Site 

 

Levi, 
 
Thanks for the follow-up email. I provided a few responses in red text below. 
 

From: Dillon, Levi <LDillon@Scottsdaleaz.gov>  

Sent: Monday, December 17, 2018 2:34 PM 

To: Cardell Andrews <candrews@olsson.com> 

Cc: Hayes, Eliana <EHayes@Scottsdaleaz.gov>; Cluff, Bryan <BCluff@Scottsdaleaz.gov> 

Subject: RE: Scottsdale Fashion Square- Old Days Inn Site 

 

Hello Mr. Andrews, 

 

I saw that a pre-app meeting is scheduled for today and I wanted to respond to your previous email and information 

provided (attached) and our previous discussion over the summer as part of the feedback for that pre-app meeting:  

 

1. Both water and sewer basis of design reports (BODs) are required as part of the review case. Refer to DS&PM 

Chapters 6 and 7. Please submit electronically. I will send these to your attention, via email, when prepared. 

2. Please update if any of the previously attached information has changed (attached here) 

3. Your attached draft sewer loading calcs appear to be consistent with DS&PM; however please address the 

following:  

a. As discussed via phone please included 100gpm on top of peak gpm for rooms for pool backwash. 

Assume 50gpm for any hot tub/jacuzzi. Any resort hotel “Amenities” for this case are assumed to 

include the sewer loading from the restaurant(s), laundry services, and spa (except any pools/jacuzzis). 

Per the Mechanical Engineer and the filter rep for the pool equipment, this pool looks to generate 

about 50-gpm (conservatively). Once you read through what the Mechanical Engineer provided 

below, please let me know if this will suffice in using for this size pool. 
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I caught up to a filter rep that I had been waiting on. This is a relatively small body of water…currently 

1,750-cff. I assumed it may grow to 2,500-cf. It looks like we would be conservative in figuring that the 

backwash flow rate would be 50-gpm. Let me know if this causes any concerns. If it does, we could 

potentiallyo configure the system for lower backwash flow rate….but it would raise the cost of the 

system and complexity of maintenance.  

 

 

Allen Davis P.E. 

CJD Engineering | Principal 

SGF 417.877.1700 | STL 314.282.2614 

 

4. Our GIS system does not indicate that the sewer on Goldwater changes from 12” to 15” until south of the 

manhole located just south of the mall overpass. Field verification is necessary or very definitive as-built 

information. Looks to be consistent with the information our survey crew obtained when dipping the 

manholes for invert elevations. 

5. Off-site analysis of sewer impacts will be required with potential necessity of off-site improvement if warranted. 

Perform sewer flow monitoring at the following points (or otherwise agreed upon with Water Resources:  

a. Goldwater-south: prior to entry into 15” pipe or north of Camelback 

b. Goldwater-north: north of Highland Ave 

c. Highland Ave prior to entry into Scottsdale Rd. 

d. As needed to define current flows 

The attached flow data is what we had Western Environmental Equipment prepare based on the attached 

manhole locations, as well as some of our initial discussions. This will be included in the BOD for sewer. 

6. Be sure to perform current hydrant flow tests for use in water hydraulic modeling provided in the water BOD 

and to confirm max fire flow demand for each building (this is hydrant flow only and is per IFC and IBC building 

type). Confirm fire flow with COS fire department as needed. Note that high-rises (75ft or over) has special fire 

flow requirements. Refer to DS&PM Ch 6.  

Attached you will find the two flow test we will be utilizing in the BOD for the water report. 

Thank you, 

 

Levi C. Dillon, P.E. | Sr. Water Resources Engineer 
 

 
 

                  "Water Sustainability through  

              Stewardship, Innovation and People" 
 

                    Contact Info 

                    Direct: (480) 312-5319 

                    Main office: (480) 312-5685 

                    Fax: (480) 312-5615 

                    Mailing/Office Address 

                    Water Resources Administration 

                     9379 E. San Salvador Dr. 

                     Scottsdale, AZ. 85258 
 

                    Sending me an attachment over 5MB? Please use the link below: 

                    https://securemail.scottsdaleaz.gov/dropbox/ldillon@scottsdaleaz.gov 

 

 

 

From: Cardell Andrews <candrews@olssonassociates.com>  

Sent: Monday, August 20, 2018 7:17 PM 

To: Dillon, Levi <LDillon@Scottsdaleaz.gov> 

Subject: Scottsdale Fashion Square- Old Days Inn Site 

 

Levi, 
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I wanted to thank you again for taking my phone call regarding the future development at Scottsdale Fashion Square. 

Per our discussion, we wanted to get a better understanding of “Resort Hotel” and its inclusion of “amenities”, as it 

relates to the proposed Hotel Development at Scottsdale Fashion Square. For your use I attached the concept plan, 

which includes the floor plan for each floor. Please keep in mind the typical floor will be duplicated to get to the 260 

rooms. Once you review, please let me know if you believe the 380 GPD would suffice for this use. 

 

In addition, I also attached the QS map with the concept layout, showing how we envision sewer connections to work. 

I’ve included capacity calculations and demands to help you see why we made the connections the way they are shown. 

 

Feel free to call me with any follow-up questions or concerns. 

 

 

Thanks, 

Cardell Andrews II | Arizona Civil Engineering Manager | Olsson Associates   

7250 North 16th Street, Suite 210 | Phoenix, AZ 85020 | candrews@olssonassociates.com 

TEL 602.748.1000 | DIR 480.333.4346 PHX OFFICE | DIR 480.333.4326 MESA OFFICE | CELL 520.390-9672 

FAX 602.748.1001 

 

                         

 

 Please consider the environment before printing this email.  
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Cardell Andrews

From: Cardell Andrews

Sent: Monday, December 17, 2018 8:49 PM

To: Dillon, Levi

Cc: Hayes, Eliana; Cluff, Bryan

Subject: RE: Scottsdale Fashion Square- Old Days Inn Site

Attachments: Highland Ave 8 inch Line Data Graph   051.pdf; Scottsdale Rd 10 inch Line Data Graph   

050.pdf; Goldwater - Fashion Sq 12 inch Line Graph   054.pdf; Manhole #1 (1723).kmz; 

Manhole #2.kmz; Manhole #3.kmz; 18392 flow test results test 1.pdf; 18392 flow test 

results test 2.pdf

Levi, 
 
Thanks for the follow-up email. I provided a few responses in red text below. 
 

From: Dillon, Levi <LDillon@Scottsdaleaz.gov>  

Sent: Monday, December 17, 2018 2:34 PM 

To: Cardell Andrews <candrews@olsson.com> 

Cc: Hayes, Eliana <EHayes@Scottsdaleaz.gov>; Cluff, Bryan <BCluff@Scottsdaleaz.gov> 

Subject: RE: Scottsdale Fashion Square- Old Days Inn Site 

 

Hello Mr. Andrews, 

 

I saw that a pre-app meeting is scheduled for today and I wanted to respond to your previous email and information 

provided (attached) and our previous discussion over the summer as part of the feedback for that pre-app meeting:  

 

1. Both water and sewer basis of design reports (BODs) are required as part of the review case. Refer to DS&PM 

Chapters 6 and 7. Please submit electronically. I will send these to your attention, via email, when prepared. 

2. Please update if any of the previously attached information has changed (attached here) 

3. Your attached draft sewer loading calcs appear to be consistent with DS&PM; however please address the 

following:  

a. As discussed via phone please included 100gpm on top of peak gpm for rooms for pool backwash. 

Assume 50gpm for any hot tub/jacuzzi. Any resort hotel “Amenities” for this case are assumed to 

include the sewer loading from the restaurant(s), laundry services, and spa (except any pools/jacuzzis). 

Per the Mechanical Engineer and the filter rep for the pool equipment, this pool looks to generate 

about 50-gpm (conservatively). Once you read through what the Mechanical Engineer provided 

below, please let me know if this will suffice in using for this size pool. 
 

I caught up to a filter rep that I had been waiting on. This is a relatively small body of water…currently 

1,750-cff. I assumed it may grow to 2,500-cf. It looks like we would be conservative in figuring that the 

backwash flow rate would be 50-gpm. Let me know if this causes any concerns. If it does, we could 

potentiallyo configure the system for lower backwash flow rate….but it would raise the cost of the 

system and complexity of maintenance.  

 

 

Allen Davis P.E. 

CJD Engineering | Principal 

SGF 417.877.1700 | STL 314.282.2614 

 

4. Our GIS system does not indicate that the sewer on Goldwater changes from 12” to 15” until south of the 

manhole located just south of the mall overpass. Field verification is necessary or very definitive as-built 
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information. Looks to be consistent with the information our survey crew obtained when dipping the 

manholes for invert elevations. 

5. Off-site analysis of sewer impacts will be required with potential necessity of off-site improvement if warranted. 

Perform sewer flow monitoring at the following points (or otherwise agreed upon with Water Resources:  

a. Goldwater-south: prior to entry into 15” pipe or north of Camelback 

b. Goldwater-north: north of Highland Ave 

c. Highland Ave prior to entry into Scottsdale Rd. 

d. As needed to define current flows 

The attached flow data is what we had Western Environmental Equipment prepare based on the attached 

manhole locations, as well as some of our initial discussions. This will be included in the BOD for sewer. 

6. Be sure to perform current hydrant flow tests for use in water hydraulic modeling provided in the water BOD 

and to confirm max fire flow demand for each building (this is hydrant flow only and is per IFC and IBC building 

type). Confirm fire flow with COS fire department as needed. Note that high-rises (75ft or over) has special fire 

flow requirements. Refer to DS&PM Ch 6.  

Attached you will find the two flow test we will be utilizing in the BOD for the water report. 

Thank you, 

 

Levi C. Dillon, P.E. | Sr. Water Resources Engineer 
 

 
 

                  "Water Sustainability through  

              Stewardship, Innovation and People" 
 

                    Contact Info 

                    Direct: (480) 312-5319 

                    Main office: (480) 312-5685 

                    Fax: (480) 312-5615 

                    Mailing/Office Address 

                    Water Resources Administration 

                     9379 E. San Salvador Dr. 

                     Scottsdale, AZ. 85258 
 

                    Sending me an attachment over 5MB? Please use the link below: 

                    https://securemail.scottsdaleaz.gov/dropbox/ldillon@scottsdaleaz.gov 

 

 

 

From: Cardell Andrews <candrews@olssonassociates.com>  

Sent: Monday, August 20, 2018 7:17 PM 

To: Dillon, Levi <LDillon@Scottsdaleaz.gov> 

Subject: Scottsdale Fashion Square- Old Days Inn Site 

 

Levi, 

 

I wanted to thank you again for taking my phone call regarding the future development at Scottsdale Fashion Square. 

Per our discussion, we wanted to get a better understanding of “Resort Hotel” and its inclusion of “amenities”, as it 

relates to the proposed Hotel Development at Scottsdale Fashion Square. For your use I attached the concept plan, 

which includes the floor plan for each floor. Please keep in mind the typical floor will be duplicated to get to the 260 

rooms. Once you review, please let me know if you believe the 380 GPD would suffice for this use. 

 

In addition, I also attached the QS map with the concept layout, showing how we envision sewer connections to work. 

I’ve included capacity calculations and demands to help you see why we made the connections the way they are shown. 

 

Feel free to call me with any follow-up questions or concerns. 
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Thanks, 

Cardell Andrews II | Arizona Civil Engineering Manager | Olsson Associates   

7250 North 16th Street, Suite 210 | Phoenix, AZ 85020 | candrews@olssonassociates.com 

TEL 602.748.1000 | DIR 480.333.4346 PHX OFFICE | DIR 480.333.4326 MESA OFFICE | CELL 520.390-9672 

FAX 602.748.1001 

 

                         

 

 Please consider the environment before printing this email.  
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I. INTRODUCTION  

A. Purpose of Report  
The purpose of this Final Sewer Basis of Design Report is to support the buildout of Scottsdale Fashion 

Square- Lot 2 (see Figure 1), which includes two (2) future buildings as well as the proposed Caesars 

Republic Scottsdale Hotel, hereinafter referred to as “The Project” (see Figure 2). The Project site is 

situated within the northeast quarter of Section 22, Township 2 North, Range 4 East of the Gila and Salt 

River Meridian, Maricopa County, Arizona, is zoned D/DRU-2 PBD DO; 25-ZN2015 & 1-II-2016, and covers 

approximately 7.04 acres after right-of-way dedications. More specifically The Project site is identified as 

Maricopa County assessor parcel number 173-37-010. 

 

The Project will be developed in multiple Phases, including buildings, and site improvements, and when 

completely buildout will be a part of the greater Scottsdale Fashion Square mall. As mentioned above, 

this Final Sewer Basis of Design Report is to support the complete buildout of Scottsdale Fashion Square- 

Lot 2 (see Figure 2). 

 

 
Scottsdale Fashion Square- Lot 2, Per BK 1201, PG 8 

Figure 1 – Location/Parcel Map 
 

 

 

 

 

 



 

  

 
Building A- Caesars Republic Scottsdale 

Building B- Future Office and Retail 

Building C- Future Office and Retail 

Figure 2 – Final Buildout Exhibit 
 

 

B. Contact Info  
Owner/Developer 

Macerich 

11411 N Tatum Boulevard 

Phoenix, AZ 85028 

Phone: (602) 953-6548 

Contact: Justin Long 

 

Developer 

HCW Hotels, LLC 

2398 E Camelback Road, Suite 690 

Phoenix, AZ 85016 

Phone: (602) 469-1226 

Contact: Rick Huffman 

 

Civil Engineer 

Olsson  

7250 N. 16th Street, Suite210 

Phoenix, AZ 85020 

Phone:  (602) 748-1000 

Contact: Cardell Andrews 

 

 



 

  

C. Existing Site Conditions  
In the year 2013, the site improvements included a Days Inn Hotel, Desert Stages Theater, and Coco’s 

Restaurant (see Figure 3). By the year 2014, all of the buildings onsite in 2013, with the exception of the 

Desert Stages Theater, were demolished, and remain in that state today (see Figure 4).  

 

The Project site area is bounded to the north by Highland Avenue (public street), to the east by Scottsdale 

Boulevard (public street), to the south by a Private Drive (private access road), and to the west by 

Goldwater Boulevard (public street). All public streets are fully improved, and contain both water and 

sewer utilities. The City of Scottsdale Sewer Quarter Section Map, which includes The Project area, is in 

Appendix A.  

 
Figure 3 – Existing Site Conditions (Year 2013) 

 

 



 

  

 
Figure 4 – Existing Site Conditions (Year 2019) 

 

 

D. Proposed Conditions  
The Project will be developed in multiple Phases, including buildings, and onsite/offsite site 

improvements, and when completely buildout will total an additional 840,175 SF Gross Floor Lease Area, 

that will be a part of the greater Scottsdale Fashion Square mall (see Table 1). 

 
Table 1— Final Buildout Breakout 

Building Use 
Gross Floor 
Lease Area  

(SF) 
Rooms 

Future Building A1 Office 287,500 N/A 

Future Building A2 Restaurant 10,000 N/A 

Future Building A3 Restaurant 10,000 N/A 

Future Building B Office 287,500 N/A 

Building C- Caesars Republic Scottsdale 
Resort 

Hotel (w/ 
Amenities) 

245,175 266 

    

Total Buildout Varies 840,175 266 

 

The sewer system will be served by a combination of 6-inch, 8-inch, and 12-inch private gravity flow 

sewer lines. Manholes and cleanouts, per City of Scottsdale – 2018 Design Standards & Policies Manual 

have been placed at each grade and alignment change. Refer to Appendix B for the Proposed Master 

Sewer Layout, which outlines the proposed tie-ins, sewer sizes, flow directions, and sewer structures 

proposed for current and future phases.  



 

  

II. General  Calculations  

A. Design Criteria 
In accordance with City of Scottsdale—2018 Design Standards & Policies Manual all sanitary sewer lines 

8-inches or smaller shall be designed and constructed to give mean velocities, when flowing full, of not 

less than 2.5 feet per second.  This calculation is determined by using the Manning’s equation, with a 

roughness coefficient, n, value of 0.013.  In addition, the mean velocity in a pipe flowing full shall not 

exceed 10 feet per second. 

 

Per City of Scottsdale—2018 Design Standards & Policies Manual, wastewater flows are calculated 

utilizing Figure 7-1.2 Average Day Sewer Demand in Gallons Per Day & Peaking Factors By Land Use. 

Wastewater flows for uses other than those listed in Figure 7-1.2 Average Day Sewer Demand in Gallons 

Per Day & Peaking Factors By Land Use, shall be based upon known regional or accepted engineering 

reference sources approved by the Water Resources Department. 

 

Figure 7-1.2 Average Day Sewer Demand in Gallons Per Day & Peaking Factors By Land Use  

Land Use 
Demand 
(GPD) 

Design Peaking Factor 

Office 0.4/SF 3 

Restaurant 1.2/SF 6 

Resort Hotel (includes site amenities) 380/Room 4.5 

**Hotel Pool Backwash 106,500 - 

**The pool backwash demand for the hotel was provided by the pool supply company, and is not a direct 

reflection of the City of Scottsdale—2018 Design Standards & Policies Manual, Figure 7-1.2 Average Day 

Sewer Demand in Gallons Per Day & Peaking Factors By Land Use. The breakdown for the pool backwash 

demand is outlined below. 

 

Pool Backwash Demand Breakdown 

15 FT x 40 FT = 600 SF Pool Area 

600 x 4FT = 2,400 CF 

2,400 CF * 7.5 GAL/CF = 18,000 GAL 

18,000 GAL / 360 MINS (Industry Standard, exceeds MCESD minimum) = 50 GPM 

  

A 50 GPM pool requires a 4.91 SF Sand Filter 

50 GPM / 4.91 SF = 10.18 GPM/SF Pool Filtration Rate 

4.91 SF x 15 GPM/SF = 73.65 GPM Backwash Rate 

  

The 74 GPM Backwash Rate can be guaranteed with the use for a Variable Speed pump, which 

recommend for this project.     

 

B. Design Flow 
Goldwater Boulevard Sewer Connection 

The proposed sewer connection at Goldwater Boulevard will been designed with a minimum slope of 

1.10%, and a minimum pipe size of 12-inches. Utilizing this design criteria along with the associated use 

demand, the following flow capacity was calculated as follows: 
 
 
 
 
 
 
 



 

  

Table 2. Proposed Wastewater Flow Demand  

Building  Land Use 

Gross Floor 
Lease Area 

(SF) 
Or  

Rooms 

Demand 
(GPD) 

Future Building B Office 287,500 SF 
287,500 SF x 0.4 GPD/SF=  

115,000 

Building C- Caesars 
Republic Scottsdale 

Resort 
Hotel (w/ 
Amenities 

266 Rooms 
266 Rooms x 380 GPD/Room= 

101,080  

Building C- Caesars 
Republic Scottsdale 

Resort 
Hotel 
Pool 

Backwash 

18,000 Gallons **106,500 

    

Total - - 322,580 

**See pool backwash demand breakdown in Figure 7-1.2 above. 

 

Total Proposed Flow Demand= 322,580 GPD or 224.10 GPM 

 

 
Table 3. Proposed Peak Wastewater Flow Demand  

Building  Land Use 
Demand 
(GPD) 

Peak Demand 
(GPD) 

Future Building B Office 115,000 115,000 GPD x 3= 345,000 

Building C- Caesars 
Republic Scottsdale 

Resort 
Hotel (w/ 
Amenities 

101,080 101,080 GPD x 4.5= 454,860 

Building C- Caesars 
Republic Scottsdale 

Resort 
Hotel 
Pool 

Backwash 

**106,500 **106,500 

    

Total - - 906,360 

**Pool backwash demand shown is for peak demand. See breakdown in Figure 7-1.2 above. 

 

Total Proposed Peak Flow Demand= 906,360 GPD or 629.50 GPM 

 

Flow capacity per Manning’s formula for uniform pipe flow: 

� =  1.49
� 	
�	��


�	���

 

 Where: 

 Q = pipe capacity (cfs) 

n = Manning’s roughness coefficient 

 A = Cross sectional area (ft2) 

R = Hydraulic radius (ft.) 

 S = Minimum slope (ft/ft)  

  

Capacity for a full flowing 12-inch Diameter pipe with a minimum slope of 0.011 ft/ft: 

1.49
0.013 ��

4 . 83
� �. 83
4 �



� 	. 011��


 = 3.74 ��� = 1,681 � ! 



 

  

 

1,681 gpm capacity > 629.50 gpm peak wastewater flow demand 

 

Flow velocity per Manning’s formula for uniform pipe flow: 

  
" =  1.49

� 	��

�	���


 

 Where: 

 V = pipe velocity (ft/s) 

n = Manning’s roughness coefficient 

R = Hydraulic radius (ft.) 

 S = Minimum slope (ft/ft)  

 

Velocity for a full flowing 12-inch diameter pipe with a minimum slope of 0.011 ft/ft: 

1.49
0.013 �. 83

4 �


� 	. 011��


 = 4.77 �#/� 

 

4.77 fps >2.5 fps, <10 fps ==> O.K. per City of Scottsdale—2018 Design Standards & Policies Manual  

 

 

Highland Avenue Sewer Connection 

The proposed sewer connection at Highland Avenue will been designed with a minimum slope of 1.10%, 

and a minimum pipe size of 8-inches. Utilizing this design criteria along with the associated use demand, 

the following flow capacity was calculated as follows: 
 

Table 4. Proposed Wastewater Flow Demand  

Building  Land Use 

Gross Floor 
Lease Area 

(SF) 
Or  

Rooms 

Demand 
(GPD) 

Future Building A Office 287,500 SF 
287,500 SF x 0.4 GPD/SF=  

115,000 

Future Building A Restaurant 10,000 SF 
10,000 SF x 1.2 GPD/SF=  

12,000 

    

Total - - 127,000 

 

Total Proposed Flow Demand= 127,000 GPD or 88.20 GPM 

 

 
Table 5. Proposed Peak Wastewater Flow Demand  

Building  Land Use 
Demand 
(GPD) 

Peak Demand 
(GPD) 

Future Building A Office 115,000 115,000 GPD x 3= 345,000 

Future Building A Restaurant 12,000 12,000 GPD x 6= 72,000 

    

Total - - 417,000 

 

Total Proposed Peak Flow Demand= 417,000 GPD or 289.60 GPM 

 

Flow capacity per Manning’s formula for uniform pipe flow: 



 

  

� =  1.49
� 	
�	��


�	���

 

 Where: 

 Q = pipe capacity (cfs) 

n = Manning’s roughness coefficient 

 A = Cross sectional area (ft2) 

R = Hydraulic radius (ft.) 

 S = Minimum slope (ft/ft)  

  

Capacity for a full flowing 8-inch Diameter pipe with a minimum slope of 0.011 ft/ft: 

1.49
0.013 ��

4 . 83
� �. 83
4 �



� 	. 011��


 = 3.74 ��� = 570 � ! 

 

570 gpm capacity > 289.60 gpm peak wastewater flow demand 

 

Flow velocity per Manning’s formula for uniform pipe flow: 

  
" =  1.49

� 	��

�	���


 

 Where: 

 V = pipe velocity (ft/s) 

n = Manning’s roughness coefficient 

R = Hydraulic radius (ft.) 

 S = Minimum slope (ft/ft)  

 

Velocity for a full flowing 8-inch diameter pipe with a minimum slope of 0.011 ft/ft: 

1.49
0.013 �. 83

4 �


� 	. 011��


 = 3.64 �#/� 

 

3.64 fps >2.5 fps, <10 fps ==> O.K. per City of Scottsdale—2018 Design Standards & Policies Manual  

 

 

Scottsdale Road Sewer Connection 

The proposed sewer connection at Scottsdale Road will been designed with a minimum slope of 1.10%, 

and a minimum pipe size of 6-inches. Utilizing this design criteria along with the associated use demand, 

the following flow capacity was calculated as follows: 
 

Table 6. Proposed Wastewater Flow Demand  

Building  Land Use 

Gross Floor 
Lease Area 

(SF) 
Or  

Rooms 

Demand 
(GPD) 

Future Building A Restaurant 10,000 SF 
10,000 SF x 1.2 GPD/SF=  

12,000 

    

Total - - 12,000 

 

Total Proposed Flow Demand= 12,000 GPD or 8.3 GPM 

 

 



 

  

Table 7. Proposed Peak Wastewater Flow Demand  

Building  Land Use 
Demand 
(GPD) 

Peak Demand 
(GPD) 

Future Building A Restaurant 12,000 12,000 GPD x 6= 72,000 

    

Total - - 72,000 

 

Total Proposed Peak Flow Demand= 72,000 GPD or 50.00 GPM 

 

Flow capacity per Manning’s formula for uniform pipe flow: 

� =  1.49
� 	
�	��


�	���

 

 Where: 

 Q = pipe capacity (cfs) 

n = Manning’s roughness coefficient 

 A = Cross sectional area (ft2) 

R = Hydraulic radius (ft.) 

 S = Minimum slope (ft/ft)  

  

Capacity for a full flowing 6-inch Diameter pipe with a minimum slope of 0.011 ft/ft: 

1.49
0.013 ��

4 . 83
� �. 83
4 �



� 	. 011��


 = 0.59 ��� = 265 � ! 

 

265 gpm capacity > 50 gpm peak wastewater flow demand 

 

Flow velocity per Manning’s formula for uniform pipe flow: 

  
" =  1.49

� 	��

�	���


 

 Where: 

 V = pipe velocity (ft/s) 

n = Manning’s roughness coefficient 

R = Hydraulic radius (ft.) 

 S = Minimum slope (ft/ft)  

 

Velocity for a full flowing 6-inch diameter pipe with a minimum slope of 0.011 ft/ft: 

1.49
0.013 �. 83

4 �


� 	. 011��


 = 3.01 �#/� 

 

3.01 fps >2.5 fps, <10 fps ==> O.K. per City of Scottsdale—2018 Design Standards & Policies Manual  

 

III. Conclusions 

A. Summary 
This Final Sewer Basis of Design Report was prepared in accordance with City of Scottsdale—2018 Design 

Standards & Policies Manual. For The Project, sewer design described within this Final Sewer Basis of 

Design Report was designed to collect and convey the projects wastewater under Average Day and Peak 

flow conditions, while the proposed sewer lines provided have sufficient capacity and acceptable 

velocities using Manning’s equation for uniform pipe flow.  

 



 

  

B. Effect of Development on Adjacent Properties  
Based upon the Flow Data Results, taken over a 9-day period including 2 weekends (Appendix D), the 

additional demand creates no known capacity issues on the existing conditions downstream. In addition, 

the average required daily flows do not exceed the capacity of the minimum proposed pipe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

APPENDIX “A” 
(City of Scottsdale Sewer Quarter Section Map (18-44)) 
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RIM=1287.78
IE E=1279.22 (8")

RIM=1284.81
IE E=1277.51 (8")
IE W=1277.51 (8")

308.8 GPM PEAK 
DAILY DEMAND 239.6 GPM PEAK 

DAILY DEMAND 239.6 GPM PEAK 
DAILY DEMAND

50 GPM PEAK 
DAILY DEMAND

PROPOSED SEWER
175 LF 12" @ 1.10%
(Qcap= 1,681 GPM)

PROPOSED SEWER
175 LF 12" @ 1.10%
(Qcap= 1,681 GPM)

PROPOSED SEWER
175 LF 12" @ 1.10%
(Qcap= 1,681 GPM)

SEWER SERVICE

SEWER SERVICE
SEWER SERVICE

SEWER SERVICE

SEWER SERVICE

SEWER SERVICE

BLDG A
10,000 SF

RESTAURANT

50 GPM PEAK 
DAILY DEMAND

FUTURE BUILDING A
287,500 SF OFFICE



Project:  Scottsdale Fashion Square Project No:  018-2377

Area Rooms Pools
Avg Daily 

Flow
Peaking Factor

(sf) (RM) (ea)
(gpsfd or 

gpud)
(People/Unit) (gpd) (gpm) (gpd) (gpm)

1
Resort Hotel 

(W/ Amentities)
266 380 4.5 101,080 70.2 454,860 315.9

2
Resort Hotel Pool 

Backwash
106,500 74.0 106,500 74.0

3 Office 287,500 0.4 3 115,000 79.9 345,000 239.6

4 Office 287,500 0.4 3 115,000 79.9 345,000 239.6

5 Restaurant 10,000 1.2 6 12,000 8.3 72,000 50.0

6 Restaurant 10,000 1.2 6 12,000 8.3 72,000 50.0

TOTAL 461,580 320.5 1,395,360 969.0

RM= Rooms GPD= Gallons per Day

gpsfd = Gallons per Square Foot per Day GPM= Gallons per Minute

gpud = Gallons per Unit per Day CFS= Cubic feet per Second

Lot ID
Area Description/ Land 

Use

Avg Daily Demand Peak Daily Demand

SEWER DEMAND CALCULATIONS -AREA 1

References: Values from City of Scottsdale Design Standards & Policies Manual Fig 7-1.2

C:\Users\candrews\Desktop\Reports\Old Days Inn\Sewer Report\sewer calcs_82377.xlsx, Demand - Area 1 5/30/2019
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Let me know if the information below will address the city requirements or if you need anything further. 

 

Thanks 

David 

 

David Hess, AIA     I     VP of Architecture & Design     I     HCW 

D 417.332.3412     I     C 417.848.5278     I     F 417.332.3433 

 

 
 

From: David Hess  

Sent: Tuesday, January 8, 2019 2:53 PM 

To: Jeffrey Iverson <jeff@hydrocon.com> 

Cc: ageier@laytonconstruction.com; Curt Lonsdale <curt@hydrocon.com>; ben@brparc.com; adavis@cjd-eng.com 

Subject: Re: The Republic - Backwash Flow Rates 

 

Thanks-it was a pleasure meeting you as well and I appreciate all the assistance. 

 

David  

Sent from my iPhone 

 

On Jan 8, 2019, at 11:47 AM, Jeffrey Iverson <jeff@hydrocon.com> wrote: 

Good afternoon Andrew & David, 

  

It was good to meet you this morning.    Below I have outlined the process in determining the backwash 

rate for the pool we discussed. 

  

15 FT x 40 FT = 600 SF Pool Area 

600 x 4FT (Worst Case Depth) = 2,400 CF 

2,400 CF * 7.5 GAL/CF = 18,000 GAL 

18,000 GAL / 360 MINS (Industry Standard, exceeds MCESD minimum) = 50 GPM 

  

A 50 GPM pool requires a 4.91 SF Sand Filter 

50 GPM / 4.91 SF = 10.18 GPM/SF Pool Filtration Rate 

4.91 SF x 15 GPM/SF = 73.65 GPM Backwash Rate 

  

The 74 GPM Backwash Rate can be guaranteed with the use for a Variable Speed pump which is what I 

would recommend for this project.     

  

Hopefully this helps.  If you have any further questions, please don’t hesitate to reach out to us. 

  

Thanks! 

  

jeffrey iverson 

602.510.3394 mobile 

480.776.0155 office 



 

  

APPENDIX “C” 
(Preliminary Utility Plan- Phase I)  
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APPENDIX “D” 
(Flow Data Results, Per Western Environmental Equipment Co.)  
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I. INTRODUCTION  

A. Project  
The purpose of this Final Water Basis of Design Report is to support the buildout of Scottsdale Fashion 

Square- Lot 2 (see Figure 1), which includes two (2) future buildings as well as the proposed Caesars 

Republic Scottsdale Hotel, hereinafter referred to as “The Project” (see Figure 2). The Project site is 

situated within the northeast quarter of Section 22, Township 2 North, Range 4 East of the Gila and Salt 

River Meridian, Maricopa County, Arizona, is zoned D/DRU-2 PBD DO; 25-ZN2015 & 1-II-2016, and covers 

approximately 7.04 acres after right-of-way dedications. More specifically The Project site is identified as 

Maricopa County assessor parcel number 173-37-010. 

 

The Project will be developed in multiple Phases, including buildings, and site improvements, and when 

completely buildout will be a part of the greater Scottsdale Fashion Square mall. As mentioned above, 

this Final Sewer Basis of Design Report is to support the complete buildout of Scottsdale Fashion Square- 

Lot 2 (see Figure 2). 

 

 
Scottsdale Fashion Square- Lot 2, Per BK 1201, PG 8 

Figure 1 – Location/Parcel Map 
 

 

 

 

 

 



 

  

 
Building A- Caesars Republic Scottsdale 

Building B- Future Office and Retail 

Building C- Future Office and Retail 

Figure 2 – Final Buildout Exhibit 
 

 

B. Contact Info  
Owner/Developer 

Macerich 

11411 N Tatum Boulevard 

Phoenix, AZ 85028 

Phone: (602) 953-6548 

Contact: Justin Long 

 

Developer 

HCW Hotels, LLC 

2398 E Camelback Road, Suite 690 

Phoenix, AZ 85016 

Phone: (602) 469-1226 

Contact: Rick Huffman 

 

Civil Engineer 

Olsson  

7250 N. 16th Street, Suite210 

Phoenix, AZ 85020 

Phone:  (602) 748-1000 

Contact: Cardell Andrews 

 

 



 

  

C. Existing Site Conditions 
In the year 2013, the site improvements included a Days Inn Hotel, Desert Stages Theater, and Coco’s 

Restaurant (see Figure 3). By the year 2014, all of the buildings onsite in 2013, with the exception of the 

Desert Stages Theater, were demolished, and remain in that state today (see Figure 4).  

 

The Project site area is bounded to the north by Highland Avenue (public street), to the east by Scottsdale 

Boulevard (public street), to the south by a Private Drive (private access road), and to the west by 

Goldwater Boulevard (public street). All public streets are fully improved, and contain both water and 

sewer utilities. The City of Scottsdale Water Quarter Section Map, which includes The Project area, is in 

Appendix A. As much as possible, the existing services will be utilized. 

 
Figure 3 – Existing Site Conditions (Year 2013) 

 

 



 

  

 
Figure 4 – Existing Site Conditions (Year 2019) 

 

 

D. Proposed Conditions  
The Project will be developed in multiple Phases, including buildings, and onsite/offsite site 

improvements, and when completely buildout will total an additional 840,175 SF Gross Floor Lease Area, 

that will be a part of the greater Scottsdale Fashion Square mall (see Table 1). 

 
Table 1— Final Buildout Breakout 

Building Use 
Gross Floor 
Lease Area  

(SF) 
Rooms 

Future Building A1 Office 287,500 N/A 

Future Building A2 Restaurant 10,000 N/A 

Future Building A3 Restaurant 10,000 N/A 

Future Building B Office 287,500 N/A 

Building C- Caesars Republic Scottsdale 
Resort 

Hotel (w/ 
Amenities) 

245,175 266 

    

Total Buildout Varies 840,175 266 

 

The water system will be served by the existing 8-inch APC waterline onsite, as well as some existing 

water services along Highland Avenue and Scottsdale Road. The water design will be in accordance with 

City of Scottsdale – 2018 Design Standards & Policies Manual.  

 

According to the jurisdictional standards and 2012 International Fire Code, a minimum system fire flow of 



 

  

1,500 gpm is required for fully sprinkled commercial development.  This fire flow must be available 

concurrent with maximum day demand conditions, while maintaining a minimum residual pressure of 20 

psi at the source.   

 

 

E. Fire Flow Tests  
Two hydrant flow tests were performed by Arizona Flow Testing, LLC, on November 8, 2018 @ 7:30 a.m 

(Appendix B).  The flow test map shows where the Fire Hydrant Flow Test was taken. 

 

In summary, Fire Flow Test #1 (Private Drive) demonstrated the following: 

Static Pressure =   72 psi 

Residual Pressure =   58 psi with 1,954 gpm 

Minimum Residual Pressure =  20 psi with 3,968 gpm 

 

In addition, Fire Flow Test 2 (Highland Avenue) demonstrated the following: 

Static Pressure =   72 psi 

Residual Pressure =   56 psi with 1,917 gpm 

Minimum Residual Pressure =  20 psi with 3,623 gpm 

 

II. Demand Calculations  

A. Design Criteria 
Design criteria for the water system is based on City of Scottsdale—2018 Design Standards & Policies 

Manual. Utilizing these standards for the design criteria, the following design requirements will be 

followed: 

• All new waterlines 6-inches through 12-inches shall be Class 350 ductile iron pipe. 

• Fire line services 4 inches and larger shall be constructed of DIP, class 350. Fire line services 3 

inches and smaller shall be constructed of type K, softcopper. 

• Design flows shall be based on the Average Day Water Demands, Figure 6-1.2 Average Day Water 

Demands 

• Maximum Day Demand scenario – 2 times the Average Day Demand 

• Maximum Day Demand + Fire Flow 

• Peak Hour Demand – 3.5 times the Average Day Demand. 

• Minimum Fire flow of 2,500 gpm for high rise structures to account for potential firefighting 

activities 

• Minimum Pressure: 20 psi @ max day + fire flow in accordance with uniform plumbing code. 

• Pipeline calculations verifying that head loss per 1,000 feet of any pipe is no greater than 10 

feet/feet. (The Hazen-Williams equation will be used to calculate head loss per 1,000 ft of pipe). 

 

Figure 6-1.2 Average Day Water  

Land Use 
Demand 
(GPD) 

Office 0.6 

Restaurant 1.3 

Resort Hotel (w/ 
Amenities) 

446.3 

 

B. Domestic Demand 
Utilizing the above mentioned design criteria, the below demands were calculated: 

 



 

  

 

Private Drive Connection- Phase I 

The proposed water services off the existing 8-inch ACP water line in the Private Drive will include a 4-

inch domestic water service and a 8-inch fire service line. Utilizing this design criteria along with the 

associated use demand, the following calculations were made: 

 
 

Table 2. Proposed Average Day Water Demands 

Building 
Land 
Use 

Gross Floor 
Lease Area (SF) 

Or  
Rooms 

Demand 
(GPD) 

Building C- Caesars 
Republic Scottsdale 

Resort 
Hotel (w/ 
Amenities 

266 Rooms 
266 Rooms x 446.30 GPD/Room= 

118,715.80 

    

Total - - 118,715.80 

 

Average =118,715.80 gpd = 82.46 gpm 

Max Day=118,715.80 gpd x 2 (peak factor) = 237,431.60 gpd = 164.92 gpm 

Peak Hour=118,715.80 gpd x 3.5 (peak factor) = 415,505.30 gpd = 288.60 gpm 

Maximum Day Demand + Fire Flow=164.92 gpm + 2,500 gpm= 2,664.92 gpm 

2,664.92 gpm < 3,968 gpm ==> O.K. 

 

The proposed system adequately provides peak hour demands and maximum day demand plus fire flow.  

Flow and pressures throughout the system during all design conditions meet or exceed minimum 

requirements.  Adequate flow and pressure are available for the domestic water service and fire 

protection for The Project.  

 

For the Hazen-Williams calculations for head loss per 1,000 ft of pipe, see Appendix D. 

 

C. Fire Flow Demand 
According to City of Goodyear Engineering Design Standards and Policies Manual, a minimum system fire 

flow of 2,500 gpm is required for high rise structures to account for potential firefighting activities.  This 

fire flow must be available concurrent with maximum day demand conditions, while maintaining a 

minimum residual pressure of 20 psi at the source.   

III. Conclusions 

A. Compliance with Manual  
This Final Water Basis of Design Report was prepared in accordance with City of Scottsdale—2018 Design 

Standards & Policies Manual. For The Project, water design described within this Final Water Basis of 

Design Report was designed to collect and convey the projects water under Average Day + Fire Flow.  

Flow and pressures throughout the system during all design conditions meet or exceed minimum 

pressure requirements.   

 

B. Ability to Provide Emergency All Weather Access  
All projects sites when developed, will provide emergency all weather access in accordance with City of 

Scottsdale—2018 Design Standards & Policies Manual. 

 



 

  

C. Effect of Development on Adjacent Properties  
Modification to the existing infrastructure are not proposed or required, since adequate flow and 

pressure are available for the domestic water service and fire protection for The Project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

 

APPENDIX “A” 
(City of Scottsdale Water Quarter Section Map (18-44)) 
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APPENDIX “B” 
(Fire Flow Test) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Arizona Flow Testing LLC 

Arizona Flow Testing LLC   480-250-8154   www.azflowtest.com    floyd@azflowtest.com 
 

HYDRANT FLOW TEST REPORT 1 
 
Project Name:      Scottsdale Hotel  
Project Address:                         Highland and Goldwater, Scottsdale, Arizona, 85251    
Client Project No.:   Not Provided 
Arizona Flow Testing Project No.:   18392 
Flow Test Permit No.:   C56653 
Date and time flow test conducted: November 8, 2018 at 7:30 AM 
Data is current and reliable until:   May 8, 2019 
Conducted by:     Floyd Vaughan – Arizona Flow Testing, LLC (480-250-8154) 
Witnessed by:      B. Dick/R. Padilla –City of Scottsdale-Inspector (602-228-2187) 
    

 
Raw Test Data      Data with 22 PSI Safety Factor  
  
Static Pressure:                      94.0 PSI                  Static Pressure:       72.0 PSI 
(Measured in pounds per square inch)   (Measured in pounds per square inch)  
 
Residual Pressure:    80.0 PSI              Residual Pressure:   58.0 PSI   
(Measured in pounds per square inch)     (Measured in pounds per square inch) 
          
Pitot Pressure:        27.0 PSI  
(Measured in pounds per square inch) 
    
       Distance between hydrants:   Approx. 450 Feet 
Diffuser Orifice Diameter: One 4-inch Hose Monster    
(Measured in inches)                   Main size:     Not Provided  
  
Coefficient of Diffuser:  .7875   
 
Flowing GPM:                                            1,954 GPM  Flowing GPM:    1,954 GPM   
(Measured in gallons per minute)             
 
                 
 
GPM @ 20 PSI:                                          4,801 GPM  GPM @ 20 PSI:        3,968 GPM                                                    
   

                                              
Flow Test Location    North  
         
 
 
 
   
 
 Project Site 

Highland and Goldwater 

Flow Fire Hydrant Pressure Fire Hydrant 

East Highland Avenue 
 

Scottsdale requires a 
maximum Static 

Pressure of 72 PSI for 
AFES Design. 

North Goldwater Blvd. 

http://www.azflowtest.com/


Arizona Flow Testing LLC 

Arizona Flow Testing LLC   480-250-8154   www.azflowtest.com    floyd@azflowtest.com 
 

HYDRANT FLOW TEST REPORT 2 
 
Project Name:      Scottsdale Hotel  
Project Address:                         Highland and Goldwater, Scottsdale, Arizona, 85251    
Client Project No.:   Not Provided 
Arizona Flow Testing Project No.:   18392 
Flow Test Permit No.:   C56653 
Date and time flow test conducted: November 8, 2018 at 7:45 AM 
Data is current and reliable until:   May 8, 2019 
Conducted by:     Floyd Vaughan – Arizona Flow Testing, LLC (480-250-8154) 
Witnessed by:      B. Dick/R. Padilla –City of Scottsdale-Inspector (602-228-2187) 
    

 
Raw Test Data      Data with 20 PSI Safety Factor  
  
Static Pressure:                      92.0 PSI                  Static Pressure:       72.0 PSI 
(Measured in pounds per square inch)   (Measured in pounds per square inch)  
 
Residual Pressure:    76.0 PSI              Residual Pressure:   56.0 PSI   
(Measured in pounds per square inch)     (Measured in pounds per square inch) 
          
Pitot Pressure:        26.0 PSI  
(Measured in pounds per square inch) 
    
       Distance between hydrants:   Approx. 510 Feet 
Diffuser Orifice Diameter: One 4-inch Hose Monster    
(Measured in inches)                   Main size:     Not Provided  
  
Coefficient of Diffuser:  .7875   
 
Flowing GPM:                                            1,917 GPM  Flowing GPM:    1,917 GPM   
(Measured in gallons per minute)             
 
                 
 
GPM @ 20 PSI:                                          4,319 GPM  GPM @ 20 PSI:        3,623 GPM                                                    
   

                                              
Flow Test Location    North  
         
 
 
 
   
00 
 

Project Site 
Highland and Goldwater 

Flow Fire Hydrant Pressure Fire Hydrant 

East Highland Avenue 
 

Scottsdale requires a 
maximum Static 

Pressure of 72 PSI for 
AFES Design. 

North Goldwater Blvd. 

http://www.azflowtest.com/


 

  

APPENDIX “C” 
(Preliminary Utility Plan- Phase I)  
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APPENDIX “D” 
(Hazen-Williams Calculations)  

  



Hazen-Williams Equation for Pressure Loss in Pipes (Maximum Daily Flow)

Specified Data

l  = length of pipe (ft) 1000

c = Hazen-Williams roughness constant 130

q = volume flow (gal/min) (Maximum Daily Flow) 165

dh = inside or hydraulic diameter (inches) 8

Calculated Pressure Loss

f = friction head loss in feet of water per 100 feet of pipe (ft H20 per 100 ft pipe) 0.07

f = friction head loss in psi of water per 100 feet of pipe (psi per 100 ft pipe) 0.03

Head loss (ft H20) 0.66

Head loss (psi) 0.28

Calculated Flow Velocity

v = flow velocity (ft/s) 1.05

Hazen-Williams Equation for Pressure Loss in Pipes (Peak Hourly Flow)

Specified Data

l  = length of pipe (ft) 1000

c = Hazen-Williams roughness constant 130

q = volume flow (gal/min) (Peak Hourly Flow) 289

dh = inside or hydraulic diameter (inches) 8

Calculated Pressure Loss

f = friction head loss in feet of water per 100 feet of pipe (ft H20 per 100 ft pipe) 0.19

f = friction head loss in psi of water per 100 feet of pipe (psi per 100 ft pipe) 0.08

Head loss (ft H20) 1.87

Head loss (psi) 0.80

Calculated Flow Velocity

v = flow velocity (ft/s) 1.85
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ABSTRACT 

This final report documents CDC, Inc.’s solar loads impact analysis performed to determine the impact of 
reflections from the proposed Caesars Republic hotel structure on solar exposure in the surrounding area. 
The focus of the work was on identifying any reflections and solar load concentrations that could be 
detrimental to area traffic and uncomfortable for hotel patrons on the property.  
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INTRODUCTION AND EXECUTIVE SUMMARY 

Curtain Wall Design and Consulting (CDC) provides consulting services for state-of-the-art building 
envelope systems. CDC has been providing consulting services for the design of Caesars Republic, an 
eleven-story, 266-room hotel in Scottsdale, Arizona, shown in Figure 1. HCW asked CDC to provide a 
computational solar loads impact analysis for the proposed structure. A CAD model of Caesars Republic 
was received from HCW and prepared for solar loads analysis. Necessary spatial discretization of the 
surface mesh was determined in a convergence study where the computational mesh was refined until the 
computed surface irradiation was sufficiently resolved. A validation effort was performed to ensure that 
the solar loads model and model geometries used adequately represented those present in the built 
environment being analyzed. This was accomplished by comparing satellite imagery of a nearby 
Scottsdale office building with computational model predictions of shadow locations to show qualitative 
agreement between predictions and reality. The solar irradiation of the built environment was calculated 
in thirty-minute increments spanning the daylight hours of one day a week over the course of a year to 
detect any problematic solar loading consequences due to the presence of the hotel. During times of 
increased solar loading, details of the solar load distributions were studied. Estimated temperature 
increases due to reflections off the specular surfaces of the hotel suggest that the impact to pedestrian 
areas of Caesars Republic will be minimal, and a reflective glare analysis performed using an after-image 
metric found that reflected visible light will pose little ocular hazard to pedestrians and passing traffic. 

 
Figure 1: A rendering of the Caesars Republic  
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TECHNICAL APPROACH 

The focus of the current work was to provide a solar loads analysis on Caesars Republic. The work involved 
the creation of a solar radiation model from a Revit model provided by HCW followed by a convergence 
study to determine the level of spatial refinement required for accurate solar loads calculations. A validation 
exercise was needed to ensure confidence in the solar loads model. The model was then used to assess the 
solar loads impacts of Caesars Republic on nearby roads and pedestrian areas and to identify any scenarios 
where large thermal or ocular impacts might exist. 

Optics 

When a radiation wave (visible or otherwise) travels in a medium and finds an obstacle such as a glass 
surface, part of the incident ray is reflected, part is absorbed, and the rest is transmitted to the other side of 
the obstacle. The reflectivity, ρ, absorptivity, α, and transmissivity, τ, sum to one such that the incident 
radiant energy, G, is distributed by one of those modes, 

𝐺 = 𝜌𝐺 + 𝛼𝐺 + 𝜏𝐺.     (1) 

Energy is also emitted from the surface of the obstacle at a rate proportional to the fourth power of the 
surface temperature, 𝜖𝜎𝑇4, where 𝜖 and σ are the emissivity and Stefan-Boltzmann constant, respectively. 
The radiative energy balance is illustrated in Figure 2. 

 
Figure 2. Radiative energy balance. 

The reflection produced by surfaces that are idealized as perfectly smooth is called specular reflection, 
where the incident and reflected angle are equal. In reality, all surfaces have some roughness and produce 
diffuse reflection. Figure 2 shows an example of specular reflection. 

This study focused only on the reflection from flat architectural glass, which is conservatively assumed to 
be completely specular. Since the details of the building interior are not modeled, transmissivity is neglected 
so that all incident radiant energy is either absorbed or reflected. A multiband radiative model is employed 
in which radiative properties are dependent on wavelength, and Kirchhoff’s radiation law is respected, 
which states that spectral emissivity and absorptivity are equal, i.e., 𝜖(𝜆) = 𝛼(𝜆), where 𝜆 represents the 
wavelength.  
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Sun Tracking 

The sun elevation, azimuthal angle, and solar intensity depend on the date, time, and geographical location, 
as shown in Figure 3. 

 
Figure 3: Altitude and azimuth of the sun. 

 

The Solar Calculator built into the software was used to provide the time-varying solar loads incident on 
Atlanta according to the astronomical relationship between the sun, earth, and atmosphere developed by 
the National Renewable Energy Laboratory (NREL). The required inputs are the longitude and latitude, 
33.8525° N, 84.3620° W for Atlanta, the date, and the time. An additional parameter, a sunshine factor by 
which the total solar flux is reduced to account for cloudy sky conditions, was set to zero to represent the 
worst-case scenario of a blue-sky day. All solar flux is assumed to be direct as opposed to diffuse.  

Glass Selection 

The architectural plans for Caesars Republic specified that all glass surfaces be assigned a frequency-
invariant reflectivity of 0.06, and all nonreflective surfaces were assigned an emissivity of 1.0 (and a 
reflectivity of 0.0). The layout of the reflective and nonreflective surfaces is shown in Figure 0-4. 
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Figure 0-4. Surfaces modeled in the Caesars Republic solar loads model. 

 

Model 

The geometric model of Caesars Republic was imported and discretized for the solar load analysis, and a 
convergence study was performed to ensure that the spatial discretization was sufficient to produce 
accurate solar load predictions. 

Computational Model and Geometry 

The computational model represents Caesars Republic and the surrounding roadways including 
Goldwater Blvd., Highland Ave., and the driveway to the south, as shown in Figure 0-4. The reflective 
surfaces in the Caesars Republic model reflect visible and solar radiation specularly with the reflectivity 
of 0.06, as discussed in section 0. In the absence of surface finish details for the surrounding areas, all 
regions of Caesars Republic not associated with reflective surfaces were assigned zero reflectivity so that 
they only absorbed and emitted radiant energy. 

Radiation was modeled using the S2S (Surface-to-Surface) Radiation model, in which radiative heat 
transfer can be modeled between spatially discretized surfaces separated by a nonparticipating medium. It 
is assumed that the space between the model surfaces does not absorb, emit, or scatter radiation, which 
offers the advantage that the air does not need to be modeled, reducing the computational cost 
significantly. All surfaces were assigned the Environmental boundary condition, which specifies that 
radiation emitted from a given surface that does not intersect another surface is then radiated to a virtual 
environmental surface that has been assigned a user-defined environmental temperature. For the analysis 
here, the environment was given a temperature of 80 °F. 
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Discretization 

For the solar loads analysis, the model was discretized so that the surface was represented by a large 
number of radiation patches, as shown in Figure 2-4. The majority of the computational cost of a solar 
loads analysis is related to the calculation of the view-factor matrix, which quantifies the radiant energy 
transferred between all of the patches in the model. The view factors are calculated using a deterministic 
ray-tracing algorithm in which a user-defined number of rays are cast from a patch to determine the 
number of rays that intersect other patches, including the virtual environment patch. A numerical 
experiment determined that 512 rays per patch was sufficient for this work.  

  
(a) (b) 

Figure 2-4. Surface patch distribution of (a) coarse (Δx = 20 m with Δx =4 m local to hotel) and (b) semi-fine (Δx = 
1 m Δx = 0.2 m local to hotel, .025 m on concave window and roads) discretizations used in the spatial convergence 

study. 

For all practical purposes, the physical world exists on a continuum, and numerical simulations divide 
that continuum into a finite number of discrete cells, such as the patches discussed above, at which to 
perform calculations. The accuracy of numerical simulations depends on how well the spatial 
discretization represents the relevant scales of the geometry and physics being simulated. A finer 
discretization will result in a more accurate prediction of the physics but will lead to a more 
computationally demanding model. A convergence study was performed to determine the minimum 
refinement required to accurately predict the impact of the reflective surfaces of the Caesars Republic 
hotel on the solar loads in surrounding areas, most importantly the nearby roads. The mesh was 
characterized by a base size defining the cell dimensions on the perimeter of the computational domain.  
The base size was refined by 20% in a circle surrounding the hotel, shown in Figure 2-4 (a). Later grid 
iterations were further refined on the convex window and roads, as shown in Figure 2-4 (b). The 
refinement levels ranged from a base size of Δx = 20 m to a base size of Δx = 5 m with Δx = 0.0125 m on 
the convex window and roads, as shown in Figure 2-4, with resulting overall patch counts of around 36 
thousand to 3 million patches, respectively. The time it took for twelve processors to calculate the view-
factor matrix was 26 seconds for the coarse discretization to over 2 hours for the fine discretization. 
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The metric for convergence was the maximum solar irradiation (solar heat flux) in the Caesars Republic  
area over the course of June 21, 2019, shown in Figure 2-5 This date is the summer solstice and was 
chosen because that is when the sun is reaches its northernmost point in the sky. 

 
Figure 2-5. Solar irradiation of Caesars Republic on June 21, 2019. 

Irradiation calculations were performed for every ten minutes from 5 a.m. to 8 p.m. The primary concern 
became a focused solar load from the concave window onto Highland Ave., the street north of Caesars 
Republic. The maximum instantaneous values of irradiation on the street over the course of the day for all 
discretizations are shown in Figure 2-6.  

 
Figure 2-6. Maximum solar irradiation on the streets over the course of June 21, 2019. 

It is seen that there is a spike in the solar load around 4:20 p.m. The spike is the result of the focused solar 
heat from the concave window. Figure 2-7 shows the evolution of the focused area with grid size. It is 
seen in Figure 2-6 and supported in Figure 2-7 that the spike in the heat load decreases in magnitude as 
the grid becomes more refined. The grid using a base size of Δx = 5 m was chosen for all further analysis 
to provide conservative solar loads calculations while keeping the computational cost low. 
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Figure 2-7. Solar irradiation focus at 4:20 p.m. on June 21, 2019, resolved on the (a) Δx = 5 m grid and (b) Δx = 5 m 

with Δx = 2.5 m on the concave window and streets. 

RESULTS 

Solar loads analyses were run over the course of one year to determine whether the presence of the 
Caesars Republic hotel would cause any unacceptable solar loads on nearby roadways. Additionally, the 
analysis considered the impact of reflective solar loads on patrons in different areas of the hotel premises. 
A validation exercise was performed to establish confidence in the solar loads predictions. 

Solar Loads Model Validation 

A validation effort was conducted to ensure that the solar loads model and model geometries used 
adequately represented those present in the built environment being analyzed. This was done by 
comparing solar data from a point in history with simulation predictions of a nearby Scottsdale office 
building. No existing features of the surrounding area were present in the HCW-provided Caesars 
Republic model, so a nearby building was used. The office building at 7150 E. Camelback Rd. was 
estimated with the Google Earth measurement tool to have an L-shape with side lengths of 68 m and 61 m 
on the south and east sides, respectively, a width of 27 m, and a height of 42.5 m. Satellite imagery 
obtained from Sanborn, through the United States Geological Society (USGS) Earth Explorer (4) 
qualitatively represented the solar loads in the Scottsdale area on some unspecified date and time in 
September 2012. By matching the predicted shadow patterns, the computational model determined that 
the image was taken within five minutes of 12:25 p.m. on September 1, 2012. The close match, shown in 
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Figure 3-1, serves as a qualitative validation of the solar loads model.

 
Figure 3-1. Qualitative comparison between satellite imagery and computational model predictions of the shadow 

cast by the office building at 7150 Camelback Rd. in Scottsdale. 

Solar Loads Impact Around Caesars Republic 

The solar loads impact of the reflective surfaces of the Caesars Republic hotel on pedestrian areas and 
surrounding roadways will vary throughout the year, and the times at which the most-severe impacts will 
be felt are not known a priori. Simulations were run to predict solar loads at thirty-minute intervals from 6 
a.m. to 7 p.m. every Tuesday for 52 weeks over the course of the year 2019. The solar loads impact of the 
proposed building was quantified by comparison of solar loads predictions including the presence of the 
hotel with the flat surface solar irradiation:  

𝐼𝑚𝑝𝑎𝑐𝑡 =
𝐺𝑅 − 𝐺0
𝐺0

 (2) 

where GR and G0 are the spatially averaged solar irradiation with the hotel and on a flat surface, 
respectively. Positive solar load impacts resulting from the hotel’s reflective surfaces were considered on 
eight areas of in and around Caesars Republic (Figure 3-2). The impacts to nearby roadways were 
assessed for the driveway, Goldwater Blvd., Highland Ave., and the curve between Goldwater and 
Highland. Impacts to pedestrian comfort on the hotel premises were assessed in the west parking lot, the 
north parking lot, the park area to the east, and the rooftop patio. Tabulated solar loads impact results are 
given in Appendix A. 
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Figure 3-2. Caesars Republic areas in the solar loads impact analysis. 

Instances of outlying positive solar load impacts were further investigated by plotting contours of solar 
load modification in terms of the normalized heat flux: 

𝑞𝑛𝑟𝑚 =
𝑞 − 𝑞𝑓𝑙𝑎𝑡

𝑞𝑓𝑙𝑎𝑡
, 

where qflat represents the instantaneous solar heat load on a flat surface. Cases with a positive solar loads 
impact in the pedestrian areas of the park rooftop patio were further investigated by estimating the 
resulting surface temperatures under the augmented heat loads following the method presented in 
Appendix B. The temperature estimation procedure is approximate and is meant to provide familiar, 
relatable estimates of the solar load impacts; due to the many inherent assumptions in the method, the 
temperature values provide ballpark estimates and should not be taken literally. In isolated cases, the large 
concave reflective surface on the northwest side of the hotel causes solar focusing on the curve and 
Highland Ave. The after-image glare quantification metric, presented in Appendix C, is applied to assess 
the potential impact to motorist vision. 

Solar Loads Impact on the Parking Lots 

Over the course of the year, the north parking lot sees higher reflected solar loads increases compared to 
the west parking lot. As shown in Figure 3-3, the maximum reflected solar load augmentation on the 
north parking lot is 33%, whereas the west parking lot sees a maximum reflected load of 10%. 
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Figure 3-3. Solar load increases in on the north and west parking lots due to reflections from Caesars Republic. 

Figure 3-4 shows solar load difference contours corresponding to the increases indicated in Figure 3-3. 
During the spring, summer, and fall months, the sun’s latitude is sufficiently north to cause reflections 
from the northwest concave reflective surface to concentrate in localized areas in the north parking lot. 
An example of this is shown in Figure 3-4 (a), where a very localized region of the parking lot 
experiences an elevated heat load at 2:00 p.m. on April 9, 2019. The sun is never in a position where 
reflections from the concave surface impact the west parking lot. Therefore, maximum solar load 
increases are caused by reflections off the broad western windows, as shown in Figure 3-4 (b) at 4:00 
p.m. on July 2, 2019. 

  
(a) (b) 

Figure 3-4. Solar load modification on (a) the north parking lot at 2:00 p.m. on April 9, 2019, and (b) the west 
parking lot at 4:00 p.m. on July 2, 2019. 
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It is noted that solar load increases in the west parking lot are only experienced in the middle of summer, 
when the sun is high enough in the sky to reflect onto the parking lot in the late afternoon hours. 

Solar Loads Impact on Goldwater Blvd. and the Southern Driveway 

The increase heat loads experienced by both Goldwater Blvd. and the driveway on the southern side of 
Caesars Republic are minimal, as shown in Figure 3-5. The proximity of the driveway to the hotel is the 
primary cause of the increased solar load magnitudes over those experienced on Goldwater Blvd. 

 
Figure 3-5. Solar load increases in on Goldwater Blvd. and the southern driveway due to reflections from Caesars 

Republic. 

Figure 3-6 (a) shows the instance of the highest solar load increase on Goldwater Blvd. of 3.3% at 5:30 
p.m. on May 14, 2019. The solar glares are minimal, especially considering they are only slightly higher 
than the low solar loads of the early evening sun. The highest glares pose little threat to passing motorists 
as they are perpendicular to the flow of traffic. As shown in Figure 3-6 (b), the highest solar loads on the 
driveway are 4.5% and occur at 12:30 p.m. on June 18, 2019. The solar load increases are confined to a 
region very close to the hotel as they are reflected vertically from the midday sun. The reflection angle 
poses little to no glare threat to automobiles. 
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(a) (b) 

Figure 3-6. Solar load modification on (a) Goldwater Blvd. at 5:30 p.m. on March 14, 2019, and (b) the south 
driveway at 12:30 p.m. on June 18, 2019. 

Solar Loads Impact Park and Rooftop Patio Pedestrian Areas 

Figure 3-7 shows that, of the two areas in which pedestrians may be spending extended periods of time, 
the patio and the park, the patio experiences the largest increased solar loads. This is due to the patio’s 
proximity to the concave reflective surface on the northwest side of the hotel. The largest solar load 
increase on the patio is 40% on October 1, 2019, at 2:00 p.m., whereas the largest solar load increase in 
the park is only 7% and occurs at 9:00 a.m. on June 11, 2019. 

 
Figure 3-7. Solar load increases on the rooftop patio and park on the east side of Caesars Republic. 
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Figure 3-8 (a) shows that the largest solar load increases on the patio are confined to areas very close to 
the concave window while the majority of the patio surface is unaffected. The solar load increases in the 
park occur close to the hotel except in areas next to the tower, in which reflections stretch over across the 
width of the park area, as shown in Figure 3-8 (b). 

  
(a) (b) 

Figure 3-8. Solar load modification on (a) the rooftop patio at 2:00 p.m. on October 1, 2019, and (b) the east park at 
9:00 a.m. on June 11, 2019. 

To understand the solar loads impact on pedestrian comfort, the resulting temperatures are estimated in 
the park and patio areas following the procedure outlined in Appendix B. Figure 3-9 (a) shows that local 
heat flux augmentations seen at 2:00 p.m. on October 1 lead to an estimated 20 °F increase in patio 
surface temperatures in areas close to the concave window. Umbrellas or an awning may be used to 
ameliorate the temperature increases should it be a problem. The estimated park surface temperature 
increases in Figure 3-9 (b) are shown to be 2 °F and are unlikely to cause any discomfort. 

  
(a) (b) 

Figure 3-9. Equilibrium temperature predictions for (a) the rooftop patio on October 1, 2019, at 2:00 p.m. and (b) 
east park on June 11, 2019, at 9:00 a.m. 
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Solar Loads Impact on Highland Ave. and Highland/Goldwater Curve 

The maximum solar load increases on Highland Ave. and the Highland/Goldwater curve are shown in 
Figure 3-10. The solar load increases in these areas are relatively high, with a maximum of 59% on the 
curve on June 25, 2019, at 4:30 p.m. and maximum of 52% on July 16, 2019, at 4:30 p.m. Increases in 
both areas occur in the late afternoons during summer months, when the sun shines on the concave 
reflective surface on the northwest side of the hotel. 

 
Figure 3-10. Solar load increases on Highland Ave. and the Highland/Goldwater curve. 

Figure 3-11 shows that the maximum solar load increase is due to solar energy being focused by the 
concave surface onto the road. At times the very localized solar load focus falls on Highland Ave. (July 
16, 2019, at 4:30 p.m., as shown in Figure 3-11 (a), while at other times it occurs on the 
Highland/Goldwater curve (June 25, 2019, at 4:30 p.m., as shown in Figure 3-11 (b). 

  
(a) (b) 

Figure 3-11. Solar load modification on (a) the Highland/Goldwater curve at 4:30 p.m. on June 25, 2019, and (b) 
Highland Ave. at 4:30 p.m. on July 16, 2019. 
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To quantify the reflective glare on the roadways, the after-image metric is computed as described in 
Appendix C. The after-image index contours, shown in Figure 3-12, show that the glare attains a 
maximum index of around 1.055 in both cases. This can be interpreted as an observer having a 5.5% 
chance of an after-image after looking at the concave window from the location indicated in Figure 3-12. 
This poses a minimal threat to traffic safety, as the angle of the solar reflection is perpendicular to the 
direction of travel and is therefore out of a driver’s line of sight. 

  
(a) (b) 

 

 
Figure 3-12. After-image index contours on (a) the Highland/Goldwater curve at 4:30 p.m. on June 25, 2019 and (b) 

Highland Ave. at 4:30 p.m. on July 16, 2019. (c) The index location on the empirical ocular hazard plot.  
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CONCLUSION 

A solar loads impact analysis was performed to assess the effect of the planned reflective Caesars 
Republic hotel on pedestrian areas and nearby roadways in Scottsdale, Arizona. A convergence study on 
the spatial discretization of the surface mesh was performed to ensure that the model of Caesars Republic 
was sufficiently resolved to produce accurate solar loads predictions, and a validation effort was 
performed in which shadows of a nearby office building from satellite imagery were compared with 
computational predictions to instill confidence in the computational model. Solar loads were calculated 
over the daylight hours of one day a week for 52 weeks to identify outlying increases in solar loads 
around Caesars Republic due to the presence of the reflective hotel surfaces. It was found that, depending 
on the time of year, different areas would experience temporary increases in thermal loads due to 
reflections on the hotel’s reflective surfaces, especially the concave northwest window of Caesars 
Republic. Conservative temperature estimates predict modest local temperature increases in areas where 
pedestrians may spend extended lengths of time. A reflective glare analysis showed that on the nearby 
Highland Ave., there is a small potential for after-images, but the risk to traffic safety is minimal due to 
the angle of the reflected light being out of motorists’ line of sight. 
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Table Error! No text of specified style in document.-1. Solar loads impact on the west parking lot, north parking 
lot, Goldwater Blvd, and the south driveway. 

 

% Increase Time % Increase Time % Increase Time % Increase Time

1/1/2019 3% 1:00 PM 3% 12:30 PM 2% 3:30 PM 3% 12:00 PM

1/8/2019 3% 1:00 PM 3% 12:30 PM 2% 3:30 PM 3% 12:30 PM

1/15/2019 3% 1:00 PM 3% 12:30 PM 2% 3:30 PM 3% 12:30 PM

1/22/2019 3% 1:00 PM 3% 12:30 PM 2% 3:30 PM 3% 12:30 PM

1/29/2019 3% 1:00 PM 3% 12:30 PM 2% 4:00 PM 3% 12:30 PM

2/5/2019 3% 1:00 PM 3% 12:30 PM 2% 4:00 PM 4% 12:30 PM

2/12/2019 4% 1:00 PM 4% 12:30 PM 2% 4:00 PM 4% 12:30 PM

2/19/2019 4% 1:00 PM 4% 12:30 PM 2% 4:00 PM 4% 12:30 PM

2/26/2019 4% 1:00 PM 4% 12:30 PM 2% 4:00 PM 4% 12:30 PM

3/5/2019 4% 1:00 PM 7% 2:00 PM 2% 4:00 PM 4% 12:30 PM

3/12/2019 4% 1:00 PM 8% 1:30 PM 2% 4:30 PM 4% 12:30 PM

3/19/2019 4% 1:00 PM 15% 2:30 PM 2% 4:30 PM 4% 12:30 PM

3/26/2019 4% 1:00 PM 23% 2:30 PM 2% 4:30 PM 4% 12:30 PM

4/2/2019 4% 1:00 PM 27% 2:30 PM 2% 4:30 PM 4% 12:30 PM

4/9/2019 4% 1:00 PM 33% 3:00 PM 2% 4:30 PM 4% 12:30 PM

4/16/2019 4% 12:30 PM 30% 3:00 PM 3% 4:30 PM 4% 12:30 PM

4/23/2019 4% 12:30 PM 23% 3:00 PM 2% 5:00 PM 4% 12:30 PM

4/30/2019 4% 12:30 PM 15% 3:00 PM 3% 5:30 PM 4% 12:30 PM

5/7/2019 4% 12:30 PM 18% 3:30 PM 3% 5:30 PM 4% 12:30 PM

5/14/2019 4% 12:30 PM 18% 3:30 PM 3% 5:30 PM 4% 12:30 PM

5/21/2019 4% 12:30 PM 18% 3:30 PM 2% 5:00 PM 4% 12:30 PM

5/28/2019 5% 8:00 AM 13% 4:00 PM 2% 5:00 PM 4% 12:30 PM

6/4/2019 5% 8:00 AM 14% 4:00 PM 3% 6:00 PM 4% 12:30 PM

6/11/2019 10% 4:00 PM 15% 3:30 PM 3% 6:00 PM 4% 12:30 PM

6/18/2019 10% 4:00 PM 15% 3:30 PM 3% 6:00 PM 4% 12:30 PM

6/25/2019 10% 4:00 PM 16% 3:00 PM 3% 6:00 PM 4% 12:30 PM

7/2/2019 10% 4:00 PM 15% 3:30 PM 3% 6:00 PM 4% 12:30 PM

7/9/2019 5% 8:00 AM 15% 3:30 PM 3% 6:00 PM 4% 12:30 PM

7/16/2019 5% 8:00 AM 15% 3:30 PM 3% 6:00 PM 4% 12:30 PM

7/23/2019 5% 8:00 AM 15% 3:30 PM 3% 6:00 PM 4% 12:30 PM

7/30/2019 5% 8:00 AM 18% 3:30 PM 2% 5:00 PM 4% 12:30 PM

8/6/2019 4% 1:00 PM 18% 3:30 PM 2% 5:00 PM 4% 12:30 PM

8/13/2019 4% 1:00 PM 25% 3:30 PM 2% 5:00 PM 4% 12:30 PM

8/20/2019 4% 2:00 PM 23% 3:00 PM 3% 5:30 PM 4% 12:30 PM

8/27/2019 4% 1:00 PM 30% 3:00 PM 3% 4:30 PM 4% 12:30 PM

9/3/2019 4% 12:30 PM 29% 3:00 PM 2% 4:30 PM 4% 12:30 PM

9/10/2019 4% 12:30 PM 30% 2:30 PM 2% 4:30 PM 4% 12:30 PM

9/17/2019 4% 12:30 PM 19% 2:00 PM 2% 4:30 PM 4% 12:30 PM

9/24/2019 4% 12:30 PM 11% 2:00 PM 2% 4:00 PM 4% 12:30 PM

10/1/2019 4% 12:30 PM 8% 1:30 PM 2% 4:00 PM 4% 12:30 PM

10/8/2019 4% 12:30 PM 7% 1:30 PM 2% 4:00 PM 4% 12:30 PM

10/15/2019 4% 12:30 PM 4% 12:00 PM 2% 3:30 PM 4% 12:00 PM

10/22/2019 4% 12:30 PM 4% 12:00 PM 2% 3:30 PM 4% 12:00 PM

10/29/2019 3% 12:30 PM 3% 12:00 PM 2% 3:30 PM 3% 12:00 PM

11/5/2019 3% 12:30 PM 3% 12:00 PM 2% 3:30 PM 4% 12:00 PM

11/12/2019 3% 12:30 PM 3% 12:00 PM 2% 3:30 PM 3% 12:00 PM

11/19/2019 3% 12:30 PM 3% 12:00 PM 2% 3:00 PM 3% 12:00 PM

11/26/2019 3% 12:30 PM 3% 12:00 PM 2% 3:00 PM 3% 12:00 PM

12/3/2019 3% 12:30 PM 3% 12:30 PM 2% 3:00 PM 3% 12:00 PM

12/10/2019 3% 12:30 PM 3% 12:30 PM 2% 3:00 PM 3% 12:00 PM

12/17/2019 3% 12:30 PM 3% 12:30 PM 2% 3:00 PM 3% 12:00 PM

12/24/2019 3% 12:30 PM 3% 12:30 PM 1% 3:30 PM 3% 12:00 PM

West Parking Lot
Date

North Parking Lot Goldwater Blvd. South Driveway
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Table A 2. Solar loads impact on the park, rooftop patio, Highland Ave., and the Highland/Goldwater curve. 

 

% Increase Time % Increase Time % Increase Time % Increase Time

1/1/2019 3% 12:30 PM 26% 2:30 PM 3% 12:30 PM 3% 1:00 PM

1/8/2019 3% 12:30 PM 27% 2:30 PM 3% 12:30 PM 3% 1:00 PM

1/15/2019 3% 12:30 PM 28% 2:30 PM 3% 12:30 PM 3% 1:00 PM

1/22/2019 3% 12:30 PM 32% 2:30 PM 3% 12:30 PM 3% 1:00 PM

1/29/2019 3% 12:30 PM 30% 3:00 PM 3% 12:30 PM 3% 1:30 PM

2/5/2019 3% 12:30 PM 33% 2:30 PM 6% 2:30 PM 3% 2:00 PM

2/12/2019 4% 12:30 PM 34% 2:30 PM 7% 2:00 PM 3% 2:00 PM

2/19/2019 4% 12:30 PM 33% 3:00 PM 7% 2:00 PM 3% 2:30 PM

2/26/2019 4% 12:30 PM 37% 2:30 PM 7% 2:00 PM 3% 2:30 PM

3/5/2019 4% 12:30 PM 39% 3:00 PM 10% 3:00 PM 3% 3:00 PM

3/12/2019 4% 12:30 PM 38% 2:00 PM 13% 3:00 PM 3% 3:00 PM

3/19/2019 4% 12:30 PM 35% 2:00 PM 21% 3:00 PM 3% 3:30 PM

3/26/2019 4% 12:30 PM 31% 2:00 PM 25% 3:00 PM 3% 3:30 PM

4/2/2019 4% 12:30 PM 25% 1:30 PM 32% 3:00 PM 32% 3:00 PM

4/9/2019 4% 12:30 PM 25% 1:30 PM 37% 3:30 PM 33% 3:00 PM

4/16/2019 4% 12:30 PM 25% 1:30 PM 41% 3:30 PM 22% 3:00 PM

4/23/2019 4% 12:30 PM 21% 1:30 PM 41% 4:00 PM 31% 3:30 PM

4/30/2019 4% 12:30 PM 13% 1:00 PM 48% 4:00 PM 25% 3:30 PM

5/7/2019 5% 8:00 AM 13% 1:00 PM 52% 4:00 PM 42% 4:00 PM

5/14/2019 5% 8:00 AM 13% 1:00 PM 36% 4:00 PM 42% 4:00 PM

5/21/2019 6% 8:30 AM 13% 1:00 PM 35% 4:30 PM 40% 4:00 PM

5/28/2019 6% 8:30 AM 13% 1:00 PM 38% 4:30 PM 41% 4:30 PM

6/4/2019 6% 8:30 AM 13% 1:00 PM 30% 4:30 PM 51% 4:30 PM

6/11/2019 7% 9:00 AM 13% 1:00 PM 39% 4:30 PM 51% 4:30 PM

6/18/2019 7% 9:00 AM 13% 1:00 PM 33% 4:30 PM 52% 4:30 PM

6/25/2019 7% 9:00 AM 13% 1:00 PM 34% 4:30 PM 58% 4:30 PM

7/2/2019 7% 9:00 AM 13% 1:00 PM 34% 4:30 PM 55% 4:30 PM

7/9/2019 7% 9:00 AM 13% 1:00 PM 40% 4:30 PM 55% 4:30 PM

7/16/2019 6% 8:30 AM 13% 2:00 PM 52% 4:30 PM 52% 4:30 PM

7/23/2019 6% 8:30 AM 13% 1:30 PM 51% 4:30 PM 45% 4:30 PM

7/30/2019 6% 8:30 AM 13% 1:30 PM 41% 4:30 PM 40% 4:00 PM

8/6/2019 5% 5:00 PM 17% 1:30 PM 36% 4:00 PM 40% 4:00 PM

8/13/2019 5% 5:00 PM 17% 1:30 PM 45% 4:00 PM 29% 3:30 PM

8/20/2019 4% 12:30 PM 21% 1:30 PM 41% 4:00 PM 32% 3:30 PM

8/27/2019 4% 12:30 PM 21% 1:30 PM 41% 3:30 PM 26% 3:00 PM

9/3/2019 4% 12:30 PM 25% 1:30 PM 40% 3:30 PM 33% 3:00 PM

9/10/2019 4% 12:30 PM 28% 1:30 PM 35% 3:00 PM 19% 2:30 PM

9/17/2019 4% 12:30 PM 32% 1:30 PM 24% 3:00 PM 4% 2:30 PM

9/24/2019 4% 12:30 PM 31% 1:30 PM 20% 3:00 PM 3% 3:00 PM

10/1/2019 4% 12:30 PM 40% 2:00 PM 12% 3:00 PM 3% 3:00 PM

10/8/2019 4% 12:30 PM 39% 2:00 PM 10% 2:30 PM 3% 2:30 PM

10/15/2019 4% 12:00 PM 37% 2:00 PM 8% 3:00 PM 3% 2:30 PM

10/22/2019 4% 12:00 PM 32% 2:00 PM 7% 1:30 PM 3% 2:00 PM

10/29/2019 3% 12:00 PM 34% 2:00 PM 6% 2:00 PM 3% 1:30 PM

11/5/2019 3% 12:00 PM 32% 2:00 PM 3% 11:30 AM 3% 1:30 PM

11/12/2019 3% 12:00 PM 34% 2:00 PM 3% 12:00 PM 3% 1:00 PM

11/19/2019 3% 12:00 PM 27% 2:00 PM 3% 12:00 PM 3% 1:00 PM

11/26/2019 3% 12:00 PM 28% 2:30 PM 3% 12:00 PM 3% 12:30 PM

12/3/2019 3% 12:30 PM 25% 2:30 PM 3% 12:00 PM 3% 12:30 PM

12/10/2019 3% 12:30 PM 24% 2:30 PM 3% 12:00 PM 3% 12:30 PM

12/17/2019 3% 12:30 PM 22% 2:30 PM 3% 12:00 PM 3% 12:30 PM

12/24/2019 3% 12:30 PM 22% 2:30 PM 3% 12:00 PM 3% 12:30 PM

East Park Rooftop Patio Highland Ave. Curve
Date
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Appendix B 
 

Equilibrium Temperature Calculation Method 
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A method involving several approximations was used to estimate the surface temperature increases in the 
surrounding areas of Caesars Republic Hotel due to the presence of the hotel reflective surfaces. 
Conservative temperature estimates due to solar loads can be obtained by assuming that a given surface 
instantaneously reaches thermal equilibrium, i.e., the heat in balances with the heat out. The model, 
shown in Figure B-1 includes convection to ambient airflow over the surface and conduction into the 
underlying solid.  

 
Figure B-1. Equilibrium temperature model. 

Table B-1. Parameter values for equilibrium temperature model. 

 
The convection coefficient in Table B-1 is consistent with a 20 mph wind, and the ground resistance and 
temperature were taken from a derivation of the conduction through a grass surface provided in reference 
8. The conduction parameters were applied to all surfaces in the computational model to provide an 
estimate of surface temperatures. The conduction coefficient that is accurate for grass provided a 
conservative approximation for the more conductive surfaces in the model. The surface temperature 
estimates were found by solving the energy balance for temperature. 

𝜌𝐺 + ϵ𝜎𝑇4+ℎ𝑐(𝑇 − 𝑇∞) +
1

𝑅𝑔
(𝑇 − 𝑇𝑔) = 𝐺 (3) 
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The temperature was found by solving for the real positive root of Equation (3): 

𝑇 = −
1

2
√
𝑓1
𝑓2
+
𝑓2
𝑓3
+
1

2

(

 
2𝑎

√
𝑓1
𝑓2
+
𝑓2
𝑓3

−
𝑓1
𝑓2
−
𝑓2
𝑓3
)

 

1
2

 

Where 

𝑎 =

ℎ𝑐 +
1
𝑅𝑔

ϵ𝜎
 

 

𝑏 = −

𝐺(1 − 𝜌) + ℎ𝑐𝑇∞ +
𝑇𝑔
𝑅𝑔

ϵ𝜎
 

𝑓1 = 4𝑏 (
2

3
)

1
3
 

𝑓2 = (√3√27𝑎
4 − 256𝑏3 + 9𝑎2)

1
3 

𝑓3 = 2
1
33
2
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After-Image Reflective Glare Quantification 
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The effect on pedestrians from glare produced by reflections of visible light from the hotel was 
considered using the after-image metric defined by Ho et al. in 2011. The glare intensity is assessed by its 
potential to cause an after-image and is sorted into three empirically determined categories shown in the 
ocular hazard plot in Figure C-1 (a): “Low Potential for After-Image,” “Potential for After-Image,” and 
“Potential for Permanent Eye Damage.” These regions are parameterized by the retinal irradiance and 
subtended source angle as illustrated in Figure C-2 (b). 

 
 

(a) (b) 
Figure C-2. (a) Empirically defined ocular hazard plot and (b) an illustration of retinal irradiance and subtended 

source angle. 

The after-image metric is used in the Sandia National Laboratory Solar Glare Hazard Analysis Tool 
(SGHAT) and was endorsed by the Federal Aviation Administration in 2013 to be used for assessing glare 
risk to pilots from solar arrays in proximity to airports. 

The after-image metric was implemented through field functions in the software so that contours of the 
after-image index could be plotted to assess the risk of reflected glare on pedestrian surfaces. The after-
image index was assigned a value of 1 on the boundary between “Low Potential for After-Image” and 
“Potential for After-Image” and 2 on the boundary between “Potential for After-Image” and “Potential for 
Permanent Eye Damage” in Figure C-1 (a). To isolate visible reflections from total solar irradiations, the 
direct visible solar irradiation measured from a flat surface was subtracted from the irradiance in the 
visible frequency band. A conservative approximation of the subtended source angle from the hotel was 
implemented, which resulted in higher than actual subtended angle values. 
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BY DATE

Disclaimer: If approved; the approval is  granted under the
condition that the final construction documents submitted for
city review will match the information herein. Any subsequent
changes in the water or sewer design that materially impact
design criteria or standards will require re-analysis,
re-submittal, and approval of a revised basis of design report
prior to the plan review submission.; this approval is not a
guarantee of construction document acceptance. 
For questions or clarifications contact the Water Resources
Planning and Engineering Department at 480-312-5685.

APPROVED AS NOTED

REVISE AND RESUBMIT✔

ldillon 7/18/2019

      

      

      

      

      

07/18/2019

Address comments below and
herein and resubmit:
1) Little to no offsite sewer capacity
analysis was completed despite flow
monitoring completed. Address offsite
issues highlighted herein. DS&PM
7-1.200
2) Sewer capacity is limited to d/D of
0.65 for 12" and smaller lines not
d/D=1.0. The 2.5fps velocity
requirement is for a line with d/D =1.0.
DS&PM 7-1.404.
3) Install service line per MAG 440-3
with service line cleanout within ROW.
DS&PM 7-1.409 
4) Wall to wall horizontal clearance
between sewer pipe and all other
utilities and structures shall be 6feet.
Utility plan indicates less. DS&PM
7-1.407, part A
5) Water/sewer crossings shown on
utility plan should call out applicable
details per MAG 404-2 and COS detail
2401. DS&PM 7-1.407, part A
6) Why is sewer service line 12"?
7) Note: 2 office buildings and 2
restaurants shown as future master
planned structures. With the approval
of this case BOD sewer capacity will be
allocated for these building as shown
for a period of 1 year. If subsequent
case reviews for these are not
submitted within 1 year their allocated
sewer capacity may be reallocated. The
same 1 year period applies for the hotel
but with construction permits being the
deadline...unless continuous progress
towards construction phase can be
demonstrated and accepted by the City
and Water Resources.
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Dillon, Levi

From: Dillon, Levi

Sent: Wednesday, July 17, 2019 7:09 PM

To: Carr, Brad; Cluff, Bryan; Hayes, Eliana; Rahman, Rezaur; Mars, Scott; Cardell Andrews; Long, Justin; 

Goode, Cynthia; Nelson, Scott

Cc: Jeff Ford

Subject: RE: Discuss Goldwater sewer in relation to new hotel

Attachments: 30-DR-2019_V1_Final Basis of Design Report for Wastewater_offsiteanalysis.pdf

Cardell/All, 

 

My apologies for the delay in BOD reviews. I’m over 50% complete and hope to complete both tomorrow. The sewer 

BOD has no (or very limited) offsite sewer capacity analysis. For the purposes of getting you this information as soon as 

possible I took the liberty of analyzing offsite hydraulics and including it in the attached.  

 

There are 3 main issues highlighted: 

1. Flat section on Goldwater 12”, proposed flows cause surcharge condition (level over top of pipe and rising into 

manhole). This needs to be verified with survey and resolved/mitigated. 

2. Reverse slope section on Highland Ave 8” near Scottsdale Rd. This needs to be verified with survey and 

resolved. A dip in sewer will cause solids accumulation, odors, and potential for blockage. 

3. Large apparent d/D exceedance on southern extent of 10” Scottdale Rd (condition does not exist with proposed 

additional flows). This needs to be survey verified and resolved/mitigated.   

 

Possible solutions to issues above: 

1. Reduce flows to Goldwater to eliminate surcharge condition in the 12” flat line section. Office building B (west) 

would need to discharge to Scottsdale Rd line via a dedicated line to the east (this would be going downgrade, 

good) and connect to either the 10” or 15” in Scottsdale Rd. Additionally, either Office building A or B (but not 

both) would need to connect to the 15” line in Scottsdale Road due to the apparent capacity issues on the 10” 

Scottsdale Road line. Flow monitoring on the 15” would be required on Scottsdale Rd south of Highland at 

Coolidge to fully verify solution feasibility. 240gpm is only 15-20% of a 15” line capacity so it “should” be an 

acceptable strategy. 

2. Reverse slope section: requires analysis/discussion 

3. Large apparent d/D exceedance on southern extent of 10” Scottdale Rd line: line segment slopes need to be 

survey verified. If 0.4% is the minimum slope on the 10” then capacity is exceeded by 120gpm to about 200gpm 

with the proposed flows (the upper value depending on unknown southern fashion square discharges). The 

most logical solution would be to also route Office building A’s flows out the south side of the building and to 

the east and connect to the 15” Scottsdale Rd line (again pending flow monitoring evaluation of 15” line).  

a. Note that this modifies solution 1 above where only one of the office building is proposed to be routed 

to the 15” on Scottsdale Rd and the other would remain on the 10”. In this solution both office building 

would be connected to the 15” and 2 restaurants would stay on the 10”. 

 

Cardell/all, let me know if you have any feedback/thoughts on all this.  

 

Thanks, 

 

Levi C. Dillon, P.E. | Sr. Water Resources Engineer 
 

 
 



2

                  "Water Sustainability through  

              Stewardship, Innovation and People" 
 

                    Contact Info 

                    Direct: (480) 312-5319 

                    Main office: (480) 312-5685 

                    Fax: (480) 312-5615 

                    Mailing/Office Address 

                    Water Resources Administration 

                     9379 E. San Salvador Dr. 

                     Scottsdale, AZ. 85258 
 

                    Sending me an attachment over 5MB? Please use the link below: 

                    https://securemail.scottsdaleaz.gov/dropbox/ldillon@scottsdaleaz.gov 

 

 

 

From: Dillon, Levi  

Sent: Tuesday, July 2, 2019 9:01 AM 

To: Carr, Brad <bcarr@scottsdaleaz.gov>; Cluff, Bryan <BCluff@Scottsdaleaz.gov>; Hayes, Eliana 

<EHayes@Scottsdaleaz.gov>; Rahman, Rezaur <RRahman@Scottsdaleaz.gov>; Mars, Scott <SMars@Scottsdaleaz.gov>; 

Cardell Andrews <candrews@olsson.com>; Long, Justin <Justin.Long@macerich.com>; Goode, Cynthia 

<Cynthia.Goode@macerich.com>; Nelson, Scott <Scott.Nelson@macerich.com> 

Cc: Jeff Ford <jford@olsson.com> 

Subject: RE: Discuss Goldwater sewer in relation to new hotel 

 

All, as a follow-up the Water Resources Executive Director decided that this project is first in line for sewer capacity so 

there will be no shared impact/development agreement regarding this project and Southbridge for discharging sewer 

onto Goldwater. This was also communicated to Southbridge in a meeting last week. That being said, I will be looking at 

the feasibility of sending some of the planned Cesar’s Goldwater sewer flows to Scottsdale Rd and may make comments 

to such effect for the 30-DR-2019 case review that would need to be addressed. If not feasible/reasonable to do this 

then this will not be directed.  I’m hoping to finish this BOD review this week.  

 

Thank you,  

 

Levi C. Dillon, P.E. | Sr. Water Resources Engineer 
 

 
 

                  "Water Sustainability through  

              Stewardship, Innovation and People" 
 

                    Contact Info 

                    Direct: (480) 312-5319 

                    Main office: (480) 312-5685 

                    Fax: (480) 312-5615 

                    Mailing/Office Address 

                    Water Resources Administration 

                     9379 E. San Salvador Dr. 

                     Scottsdale, AZ. 85258 
 

                    Sending me an attachment over 5MB? Please use the link below: 

                    https://securemail.scottsdaleaz.gov/dropbox/ldillon@scottsdaleaz.gov 

 

 

 

 

-----Original Appointment----- 

From: Carr, Brad <bcarr@scottsdaleaz.gov>  

Sent: Wednesday, June 19, 2019 4:46 PM 
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To: Carr, Brad; Cluff, Bryan; Hayes, Eliana; Dillon, Levi; Rahman, Rezaur; Mars, Scott; Cardell Andrews; Long, Justin; 

Goode, Cynthia; Nelson, Scott 

Cc: Jeff Ford 

Subject: Discuss Goldwater sewer in relation to new hotel 

When: Monday, June 24, 2019 4:00 PM-5:00 PM (UTC-07:00) Arizona. 

Where: Plan Review 1 

 

 



FLOW TEST MANHOLE

FLOW TEST MANHOLE

FLOW TEST MANHOLE

Page added by
LDillon. Flow
monitoring location
information received
from Cardell
Andrews of Olsson
via email to LDillon
on 6/132019.

37
8'

-1
0"

12" @ 1%, ok

28
0'

-5
"

31
0'

-6
"

15" @
0.37%

66'-7"
150'-6"

1.5%,
Qallow=504gpm
Qprop=440gpm, ok

88'-5"

8" @ 0.5% 
Qallow=291gpm
Qprop=240gpm, ok

service 240gpm
peak

service 50gpm
peak

150gpm exist. peak

250gpm exist. peak

service 50gpm
peak

10" @ -2.3% (Reverse
slope! Is this real?
Address) 
Qallow=??gpm
Qprop=440gpm + flow to
north= ????

58
3'

-7
"

10" @ 0.4%,
Qallow=472gpm
Qprop=490gpm (490
 d/D exceeds
DS&PM), resultant
d/D=0.67, ok 40

0'
-2

"

10" @ 0.72%,
Qallow=633gpm
Qprop=590gpm, ok

12" @ 0.12%,
Qallow=420gpm
Qprop=660gpm (660
 d/D exceeds
DS&PM, resultant
d/D=surcharge
condition!

Remainder to north side
of canal (start of 24")
10" @ average slope of
0.44%, Qallow=495gpm
Qprop=590gpm+??,
resultant d/D=0.80+?,
need better resolution

need to define this
peak flow contribution

If public d/D max is
0.65 not 1.0
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I. INTRODUCTION  

A. Purpose of Report  
The purpose of this Final Sewer Basis of Design Report is to support the buildout of Scottsdale Fashion 

Square- Lot 2 (see Figure 1), which includes two (2) future buildings as well as the proposed Caesars 

Republic Scottsdale Hotel, hereinafter referred to as “The Project” (see Figure 2). The Project site is 

situated within the northeast quarter of Section 22, Township 2 North, Range 4 East of the Gila and Salt 

River Meridian, Maricopa County, Arizona, is zoned D/DRU-2 PBD DO; 25-ZN2015 & 1-II-2016, and covers 

approximately 7.04 acres after right-of-way dedications. More specifically The Project site is identified as 

Maricopa County assessor parcel number 173-37-010. 

 

The Project will be developed in multiple Phases, including buildings, and site improvements, and when 

completely buildout will be a part of the greater Scottsdale Fashion Square mall. As mentioned above, 

this Final Sewer Basis of Design Report is to support the complete buildout of Scottsdale Fashion Square- 

Lot 2 (see Figure 2). 

 

 
Scottsdale Fashion Square- Lot 2, Per BK 1201, PG 8 

Figure 1 – Location/Parcel Map 
 

 

 

 

 

 



 

  

 
Building A- Caesars Republic Scottsdale 

Building B- Future Office and Retail 

Building C- Future Office and Retail 

Figure 2 – Final Buildout Exhibit 
 

 

B. Contact Info  
Owner/Developer 

Macerich 

11411 N Tatum Boulevard 

Phoenix, AZ 85028 

Phone: (602) 953-6548 

Contact: Justin Long 

 

Developer 

HCW Hotels, LLC 

2398 E Camelback Road, Suite 690 

Phoenix, AZ 85016 

Phone: (602) 469-1226 

Contact: Rick Huffman 

 

Civil Engineer 

Olsson  

7250 N. 16th Street, Suite210 

Phoenix, AZ 85020 

Phone:  (602) 748-1000 

Contact: Cardell Andrews 

 

 



 

  

C. Existing Site Conditions  
In the year 2013, the site improvements included a Days Inn Hotel, Desert Stages Theater, and Coco’s 

Restaurant (see Figure 3). By the year 2014, all of the buildings onsite in 2013, with the exception of the 

Desert Stages Theater, were demolished, and remain in that state today (see Figure 4).  

 

The Project site area is bounded to the north by Highland Avenue (public street), to the east by Scottsdale 

Boulevard (public street), to the south by a Private Drive (private access road), and to the west by 

Goldwater Boulevard (public street). All public streets are fully improved, and contain both water and 

sewer utilities. The City of Scottsdale Sewer Quarter Section Map, which includes The Project area, is in 

Appendix A.  

 
Figure 3 – Existing Site Conditions (Year 2013) 

 

 



 

  

 
Figure 4 – Existing Site Conditions (Year 2019) 

 

 

D. Proposed Conditions  
The Project will be developed in multiple Phases, including buildings, and onsite/offsite site 

improvements, and when completely buildout will total an additional 840,175 SF Gross Floor Lease Area, 

that will be a part of the greater Scottsdale Fashion Square mall (see Table 1). 

 
Table 1— Final Buildout Breakout 

Building Use 
Gross Floor 
Lease Area  

(SF) 
Rooms 

Future Building A1 Office 287,500 N/A 

Future Building A2 Restaurant 10,000 N/A 

Future Building A3 Restaurant 10,000 N/A 

Future Building B Office 287,500 N/A 

Building C- Caesars Republic Scottsdale 
Resort 

Hotel (w/ 
Amenities) 

245,175 266 

    

Total Buildout Varies 840,175 266 

 

The sewer system will be served by a combination of 6-inch, 8-inch, and 12-inch private gravity flow 

sewer lines. Manholes and cleanouts, per City of Scottsdale – 2018 Design Standards & Policies Manual 

have been placed at each grade and alignment change. Refer to Appendix B for the Proposed Master 

Sewer Layout, which outlines the proposed tie-ins, sewer sizes, flow directions, and sewer structures 

proposed for current and future phases.  



 

  

II. General  Calculations  

A. Design Criteria 
In accordance with City of Scottsdale—2018 Design Standards & Policies Manual all sanitary sewer lines 

8-inches or smaller shall be designed and constructed to give mean velocities, when flowing full, of not 

less than 2.5 feet per second.  This calculation is determined by using the Manning’s equation, with a 

roughness coefficient, n, value of 0.013.  In addition, the mean velocity in a pipe flowing full shall not 

exceed 10 feet per second. 

 

Per City of Scottsdale—2018 Design Standards & Policies Manual, wastewater flows are calculated 

utilizing Figure 7-1.2 Average Day Sewer Demand in Gallons Per Day & Peaking Factors By Land Use. 

Wastewater flows for uses other than those listed in Figure 7-1.2 Average Day Sewer Demand in Gallons 

Per Day & Peaking Factors By Land Use, shall be based upon known regional or accepted engineering 

reference sources approved by the Water Resources Department. 

 

Figure 7-1.2 Average Day Sewer Demand in Gallons Per Day & Peaking Factors By Land Use  

Land Use 
Demand 
(GPD) 

Design Peaking Factor 

Office 0.4/SF 3 

Restaurant 1.2/SF 6 

Resort Hotel (includes site amenities) 380/Room 4.5 

**Hotel Pool Backwash 106,500 - 

**The pool backwash demand for the hotel was provided by the pool supply company, and is not a direct 

reflection of the City of Scottsdale—2018 Design Standards & Policies Manual, Figure 7-1.2 Average Day 

Sewer Demand in Gallons Per Day & Peaking Factors By Land Use. The breakdown for the pool backwash 

demand is outlined below. 

 

Pool Backwash Demand Breakdown 

15 FT x 40 FT = 600 SF Pool Area 

600 x 4FT = 2,400 CF 

2,400 CF * 7.5 GAL/CF = 18,000 GAL 

18,000 GAL / 360 MINS (Industry Standard, exceeds MCESD minimum) = 50 GPM 

  

A 50 GPM pool requires a 4.91 SF Sand Filter 

50 GPM / 4.91 SF = 10.18 GPM/SF Pool Filtration Rate 

4.91 SF x 15 GPM/SF = 73.65 GPM Backwash Rate 

  

The 74 GPM Backwash Rate can be guaranteed with the use for a Variable Speed pump, which 

recommend for this project.     

 

B. Design Flow 
Goldwater Boulevard Sewer Connection 

The proposed sewer connection at Goldwater Boulevard will been designed with a minimum slope of 

1.10%, and a minimum pipe size of 12-inches. Utilizing this design criteria along with the associated use 

demand, the following flow capacity was calculated as follows: 
 
 
 
 
 
 
 

74gpm, ok per calcs
provided

6hr turnover, ok

high rate sand, ok



 

  

Table 2. Proposed Wastewater Flow Demand  

Building  Land Use 

Gross Floor 
Lease Area 

(SF) 
Or  

Rooms 

Demand 
(GPD) 

Future Building B Office 287,500 SF 
287,500 SF x 0.4 GPD/SF=  

115,000 

Building C- Caesars 
Republic Scottsdale 

Resort 
Hotel (w/ 
Amenities 

266 Rooms 
266 Rooms x 380 GPD/Room= 

101,080  

Building C- Caesars 
Republic Scottsdale 

Resort 
Hotel 
Pool 

Backwash 

18,000 Gallons **106,500 

    

Total - - 322,580 

**See pool backwash demand breakdown in Figure 7-1.2 above. 

 

Total Proposed Flow Demand= 322,580 GPD or 224.10 GPM 

 

 
Table 3. Proposed Peak Wastewater Flow Demand  

Building  Land Use 
Demand 
(GPD) 

Peak Demand 
(GPD) 

Future Building B Office 115,000 115,000 GPD x 3= 345,000 

Building C- Caesars 
Republic Scottsdale 

Resort 
Hotel (w/ 
Amenities 

101,080 101,080 GPD x 4.5= 454,860 

Building C- Caesars 
Republic Scottsdale 

Resort 
Hotel 
Pool 

Backwash 

**106,500 **106,500 

    

Total - - 906,360 

**Pool backwash demand shown is for peak demand. See breakdown in Figure 7-1.2 above. 

 

Total Proposed Peak Flow Demand= 906,360 GPD or 629.50 GPM 

 

Flow capacity per Manning’s formula for uniform pipe flow: 

� =  1.49
� 	
�	��


�	���

 

 Where: 

 Q = pipe capacity (cfs) 

n = Manning’s roughness coefficient 

 A = Cross sectional area (ft2) 

R = Hydraulic radius (ft.) 

 S = Minimum slope (ft/ft)  

  

Capacity for a full flowing 12-inch Diameter pipe with a minimum slope of 0.011 ft/ft: 

1.49
0.013 ��

4 . 83
� �. 83
4 �



� 	. 011��


 = 3.74 ��� = 1,681 � ! 

new on-site, what about existing
off-site? Max 747gpm at min slope
0.3%. Max 1,272 at 1.1%.max 12" d/D is 0.65

per DS&PM



 

  

 

1,681 gpm capacity > 629.50 gpm peak wastewater flow demand 

 

Flow velocity per Manning’s formula for uniform pipe flow: 

  
" =  1.49

� 	��

�	���


 

 Where: 

 V = pipe velocity (ft/s) 

n = Manning’s roughness coefficient 

R = Hydraulic radius (ft.) 

 S = Minimum slope (ft/ft)  

 

Velocity for a full flowing 12-inch diameter pipe with a minimum slope of 0.011 ft/ft: 

1.49
0.013 �. 83

4 �


� 	. 011��


 = 4.77 �#/� 

 

4.77 fps >2.5 fps, <10 fps ==> O.K. per City of Scottsdale—2018 Design Standards & Policies Manual  

 

 

Highland Avenue Sewer Connection 

The proposed sewer connection at Highland Avenue will been designed with a minimum slope of 1.10%, 

and a minimum pipe size of 8-inches. Utilizing this design criteria along with the associated use demand, 

the following flow capacity was calculated as follows: 
 

Table 4. Proposed Wastewater Flow Demand  

Building  Land Use 

Gross Floor 
Lease Area 

(SF) 
Or  

Rooms 

Demand 
(GPD) 

Future Building A Office 287,500 SF 
287,500 SF x 0.4 GPD/SF=  

115,000 

Future Building A Restaurant 10,000 SF 
10,000 SF x 1.2 GPD/SF=  

12,000 

    

Total - - 127,000 

 

Total Proposed Flow Demand= 127,000 GPD or 88.20 GPM 

 

 
Table 5. Proposed Peak Wastewater Flow Demand  

Building  Land Use 
Demand 
(GPD) 

Peak Demand 
(GPD) 

Future Building A Office 115,000 115,000 GPD x 3= 345,000 

Future Building A Restaurant 12,000 12,000 GPD x 6= 72,000 

    

Total - - 417,000 

 

Total Proposed Peak Flow Demand= 417,000 GPD or 289.60 GPM 

 

Flow capacity per Manning’s formula for uniform pipe flow: 

see previous page
comments

need to also analyze
existing 8" sewers, no
offsite analysis
provided

240gpm



 

  

� =  1.49
� 	
�	��


�	���

 

 Where: 

 Q = pipe capacity (cfs) 

n = Manning’s roughness coefficient 

 A = Cross sectional area (ft2) 

R = Hydraulic radius (ft.) 

 S = Minimum slope (ft/ft)  

  

Capacity for a full flowing 8-inch Diameter pipe with a minimum slope of 0.011 ft/ft: 

1.49
0.013 ��

4 . 83
� �. 83
4 �



� 	. 011��


 = 3.74 ��� = 570 � ! 

 

570 gpm capacity > 289.60 gpm peak wastewater flow demand 

 

Flow velocity per Manning’s formula for uniform pipe flow: 

  
" =  1.49

� 	��

�	���


 

 Where: 

 V = pipe velocity (ft/s) 

n = Manning’s roughness coefficient 

R = Hydraulic radius (ft.) 

 S = Minimum slope (ft/ft)  

 

Velocity for a full flowing 8-inch diameter pipe with a minimum slope of 0.011 ft/ft: 

1.49
0.013 �. 83

4 �


� 	. 011��


 = 3.64 �#/� 

 

3.64 fps >2.5 fps, <10 fps ==> O.K. per City of Scottsdale—2018 Design Standards & Policies Manual  

 

 

Scottsdale Road Sewer Connection 

The proposed sewer connection at Scottsdale Road will been designed with a minimum slope of 1.10%, 

and a minimum pipe size of 6-inches. Utilizing this design criteria along with the associated use demand, 

the following flow capacity was calculated as follows: 
 

Table 6. Proposed Wastewater Flow Demand  

Building  Land Use 

Gross Floor 
Lease Area 

(SF) 
Or  

Rooms 

Demand 
(GPD) 

Future Building A Restaurant 10,000 SF 
10,000 SF x 1.2 GPD/SF=  

12,000 

    

Total - - 12,000 

 

Total Proposed Flow Demand= 12,000 GPD or 8.3 GPM 

 

 

d/D=0.65 is max
allowed, max capacity
is 297gpm



 

  

Table 7. Proposed Peak Wastewater Flow Demand  

Building  Land Use 
Demand 
(GPD) 

Peak Demand 
(GPD) 

Future Building A Restaurant 12,000 12,000 GPD x 6= 72,000 

    

Total - - 72,000 

 

Total Proposed Peak Flow Demand= 72,000 GPD or 50.00 GPM 

 

Flow capacity per Manning’s formula for uniform pipe flow: 

� =  1.49
� 	
�	��


�	���

 

 Where: 

 Q = pipe capacity (cfs) 

n = Manning’s roughness coefficient 

 A = Cross sectional area (ft2) 

R = Hydraulic radius (ft.) 

 S = Minimum slope (ft/ft)  

  

Capacity for a full flowing 6-inch Diameter pipe with a minimum slope of 0.011 ft/ft: 

1.49
0.013 ��

4 . 83
� �. 83
4 �



� 	. 011��


 = 0.59 ��� = 265 � ! 

 

265 gpm capacity > 50 gpm peak wastewater flow demand 

 

Flow velocity per Manning’s formula for uniform pipe flow: 

  
" =  1.49

� 	��

�	���


 

 Where: 

 V = pipe velocity (ft/s) 

n = Manning’s roughness coefficient 

R = Hydraulic radius (ft.) 

 S = Minimum slope (ft/ft)  

 

Velocity for a full flowing 6-inch diameter pipe with a minimum slope of 0.011 ft/ft: 

1.49
0.013 �. 83

4 �


� 	. 011��


 = 3.01 �#/� 

 

3.01 fps >2.5 fps, <10 fps ==> O.K. per City of Scottsdale—2018 Design Standards & Policies Manual  

 

III. Conclusions 

A. Summary 
This Final Sewer Basis of Design Report was prepared in accordance with City of Scottsdale—2018 Design 

Standards & Policies Manual. For The Project, sewer design described within this Final Sewer Basis of 

Design Report was designed to collect and convey the projects wastewater under Average Day and Peak 

flow conditions, while the proposed sewer lines provided have sufficient capacity and acceptable 

velocities using Manning’s equation for uniform pipe flow.  

 



 

  

B. Effect of Development on Adjacent Properties  
Based upon the Flow Data Results, taken over a 9-day period including 2 weekends (Appendix D), the 

additional demand creates no known capacity issues on the existing conditions downstream. In addition, 

the average required daily flows do not exceed the capacity of the minimum proposed pipe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

You did not evaluate
offsite sewer
hydraulic capacity,
refer to comments on
appended quarter
section map. Average
flows are not used for
determining sewer
adequecy. 



 

  

APPENDIX “A” 
(City of Scottsdale Sewer Quarter Section Map (18-44)) 
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Project:  Scottsdale Fashion Square Project No:  018-2377

Area Rooms Pools
Avg Daily 

Flow
Peaking Factor

(sf) (RM) (ea)
(gpsfd or 

gpud)
(People/Unit) (gpd) (gpm) (gpd) (gpm)

1
Resort Hotel 

(W/ Amentities)
266 380 4.5 101,080 70.2 454,860 315.9

2
Resort Hotel Pool 

Backwash
106,500 74.0 106,500 74.0

3 Office 287,500 0.4 3 115,000 79.9 345,000 239.6

4 Office 287,500 0.4 3 115,000 79.9 345,000 239.6

5 Restaurant 10,000 1.2 6 12,000 8.3 72,000 50.0

6 Restaurant 10,000 1.2 6 12,000 8.3 72,000 50.0

TOTAL 461,580 320.5 1,395,360 969.0

RM= Rooms GPD= Gallons per Day

gpsfd = Gallons per Square Foot per Day GPM= Gallons per Minute

gpud = Gallons per Unit per Day CFS= Cubic feet per Second

Lot ID
Area Description/ Land 

Use

Avg Daily Demand Peak Daily Demand

SEWER DEMAND CALCULATIONS -AREA 1

References: Values from City of Scottsdale Design Standards & Policies Manual Fig 7-1.2

C:\Users\candrews\Desktop\Reports\Old Days Inn\Sewer Report\sewer calcs_82377.xlsx, Demand - Area 1 5/30/2019



2

Let me know if the information below will address the city requirements or if you need anything further. 

 

Thanks 

David 

 

David Hess, AIA     I     VP of Architecture & Design     I     HCW 

D 417.332.3412     I     C 417.848.5278     I     F 417.332.3433 

 

 
 

From: David Hess  

Sent: Tuesday, January 8, 2019 2:53 PM 

To: Jeffrey Iverson <jeff@hydrocon.com> 

Cc: ageier@laytonconstruction.com; Curt Lonsdale <curt@hydrocon.com>; ben@brparc.com; adavis@cjd-eng.com 

Subject: Re: The Republic - Backwash Flow Rates 

 

Thanks-it was a pleasure meeting you as well and I appreciate all the assistance. 

 

David  

Sent from my iPhone 

 

On Jan 8, 2019, at 11:47 AM, Jeffrey Iverson <jeff@hydrocon.com> wrote: 

Good afternoon Andrew & David, 

  

It was good to meet you this morning.    Below I have outlined the process in determining the backwash 

rate for the pool we discussed. 

  

15 FT x 40 FT = 600 SF Pool Area 

600 x 4FT (Worst Case Depth) = 2,400 CF 

2,400 CF * 7.5 GAL/CF = 18,000 GAL 

18,000 GAL / 360 MINS (Industry Standard, exceeds MCESD minimum) = 50 GPM 

  

A 50 GPM pool requires a 4.91 SF Sand Filter 

50 GPM / 4.91 SF = 10.18 GPM/SF Pool Filtration Rate 

4.91 SF x 15 GPM/SF = 73.65 GPM Backwash Rate 

  

The 74 GPM Backwash Rate can be guaranteed with the use for a Variable Speed pump which is what I 

would recommend for this project.     

  

Hopefully this helps.  If you have any further questions, please don’t hesitate to reach out to us. 

  

Thanks! 

  

jeffrey iverson 

602.510.3394 mobile 

480.776.0155 office 



 

  

APPENDIX “C” 
(Preliminary Utility Plan- Phase I)  
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APPENDIX “D” 
(Flow Data Results, Per Western Environmental Equipment Co.)  
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I. INTRODUCTION  

A. Project  
The purpose of this Final Water Basis of Design Report is to support the buildout of Scottsdale Fashion 

Square- Lot 2 (see Figure 1), which includes two (2) future buildings as well as the proposed Caesars 

Republic Scottsdale Hotel, hereinafter referred to as “The Project” (see Figure 2). The Project site is 

situated within the northeast quarter of Section 22, Township 2 North, Range 4 East of the Gila and Salt 

River Meridian, Maricopa County, Arizona, is zoned D/DRU-2 PBD DO; 25-ZN2015 & 1-II-2016, and covers 

approximately 7.04 acres after right-of-way dedications. More specifically The Project site is identified as 

Maricopa County assessor parcel number 173-37-010. 

 

The Project will be developed in multiple Phases, including buildings, and site improvements, and when 

completely buildout will be a part of the greater Scottsdale Fashion Square mall. As mentioned above, 

this Final Sewer Basis of Design Report is to support the complete buildout of Scottsdale Fashion Square- 

Lot 2 (see Figure 2). 

 

 
Scottsdale Fashion Square- Lot 2, Per BK 1201, PG 8 

Figure 1 – Location/Parcel Map 
 

 

 

 

 

 

All analysis and necessary infrastructure
serving all phases  must be shown herein.
Utility plan for all phases and hydraulic
analysis must be provided.



 

  

 
Building A- Caesars Republic Scottsdale 

Building B- Future Office and Retail 

Building C- Future Office and Retail 

Figure 2 – Final Buildout Exhibit 
 

 

B. Contact Info  
Owner/Developer 

Macerich 

11411 N Tatum Boulevard 

Phoenix, AZ 85028 

Phone: (602) 953-6548 

Contact: Justin Long 

 

Developer 

HCW Hotels, LLC 

2398 E Camelback Road, Suite 690 

Phoenix, AZ 85016 

Phone: (602) 469-1226 

Contact: Rick Huffman 

 

Civil Engineer 

Olsson  

7250 N. 16th Street, Suite210 

Phoenix, AZ 85020 

Phone:  (602) 748-1000 

Contact: Cardell Andrews 

 

 



 

  

C. Existing Site Conditions 
In the year 2013, the site improvements included a Days Inn Hotel, Desert Stages Theater, and Coco’s 

Restaurant (see Figure 3). By the year 2014, all of the buildings onsite in 2013, with the exception of the 

Desert Stages Theater, were demolished, and remain in that state today (see Figure 4).  

 

The Project site area is bounded to the north by Highland Avenue (public street), to the east by Scottsdale 

Boulevard (public street), to the south by a Private Drive (private access road), and to the west by 

Goldwater Boulevard (public street). All public streets are fully improved, and contain both water and 

sewer utilities. The City of Scottsdale Water Quarter Section Map, which includes The Project area, is in 

Appendix A. As much as possible, the existing services will be utilized. 

 
Figure 3 – Existing Site Conditions (Year 2013) 

 

 



 

  

 
Figure 4 – Existing Site Conditions (Year 2019) 

 

 

D. Proposed Conditions  
The Project will be developed in multiple Phases, including buildings, and onsite/offsite site 

improvements, and when completely buildout will total an additional 840,175 SF Gross Floor Lease Area, 

that will be a part of the greater Scottsdale Fashion Square mall (see Table 1). 

 
Table 1— Final Buildout Breakout 

Building Use 
Gross Floor 
Lease Area  

(SF) 
Rooms 

Future Building A1 Office 287,500 N/A 

Future Building A2 Restaurant 10,000 N/A 

Future Building A3 Restaurant 10,000 N/A 

Future Building B Office 287,500 N/A 

Building C- Caesars Republic Scottsdale 
Resort 

Hotel (w/ 
Amenities) 

245,175 266 

    

Total Buildout Varies 840,175 266 

 

The water system will be served by the existing 8-inch APC waterline onsite, as well as some existing 

water services along Highland Avenue and Scottsdale Road. The water design will be in accordance with 

City of Scottsdale – 2018 Design Standards & Policies Manual.  

 

According to the jurisdictional standards and 2012 International Fire Code, a minimum system fire flow of 

why aren't these shown in hydraulic analysis?



 

  

1,500 gpm is required for fully sprinkled commercial development.  This fire flow must be available 

concurrent with maximum day demand conditions, while maintaining a minimum residual pressure of 20 

psi at the source.   

 

 

E. Fire Flow Tests  
Two hydrant flow tests were performed by Arizona Flow Testing, LLC, on November 8, 2018 @ 7:30 a.m 

(Appendix B).  The flow test map shows where the Fire Hydrant Flow Test was taken. 

 

In summary, Fire Flow Test #1 (Private Drive) demonstrated the following: 

Static Pressure =   72 psi 

Residual Pressure =   58 psi with 1,954 gpm 

Minimum Residual Pressure =  20 psi with 3,968 gpm 

 

In addition, Fire Flow Test 2 (Highland Avenue) demonstrated the following: 

Static Pressure =   72 psi 

Residual Pressure =   56 psi with 1,917 gpm 

Minimum Residual Pressure =  20 psi with 3,623 gpm 

 

II. Demand Calculations  

A. Design Criteria 
Design criteria for the water system is based on City of Scottsdale—2018 Design Standards & Policies 

Manual. Utilizing these standards for the design criteria, the following design requirements will be 

followed: 

• All new waterlines 6-inches through 12-inches shall be Class 350 ductile iron pipe. 

• Fire line services 4 inches and larger shall be constructed of DIP, class 350. Fire line services 3 

inches and smaller shall be constructed of type K, softcopper. 

• Design flows shall be based on the Average Day Water Demands, Figure 6-1.2 Average Day Water 

Demands 

• Maximum Day Demand scenario – 2 times the Average Day Demand 

• Maximum Day Demand + Fire Flow 

• Peak Hour Demand – 3.5 times the Average Day Demand. 

• Minimum Fire flow of 2,500 gpm for high rise structures to account for potential firefighting 

activities 

• Minimum Pressure: 20 psi @ max day + fire flow in accordance with uniform plumbing code. 

• Pipeline calculations verifying that head loss per 1,000 feet of any pipe is no greater than 10 

feet/feet. (The Hazen-Williams equation will be used to calculate head loss per 1,000 ft of pipe). 

 

Figure 6-1.2 Average Day Water  

Land Use 
Demand 
(GPD) 

Office 0.6 

Restaurant 1.3 

Resort Hotel (w/ 
Amenities) 

446.3 

 

B. Domestic Demand 
Utilizing the above mentioned design criteria, the below demands were calculated: 

 

At 11 stories and 150ft this building falls into the "high-rise" category i.e. over 75
feet. The minimum fire flow for high-rises per DS&PM 6-1.501 is 2,500gpm.
Provide calc of fire flow per IFC Appendix B and IBC building type.

COS requires 30psi
minimum, provide
flows at 30psi

Add units of per ft2
and per room

you are using gpd
values, the gpm
values in DS&PM
must be used for
capacity
analysis/modeling.
Revise per Ch 6 page
471 table.

30psi in COS

average day in gpm



 

  

 

Private Drive Connection- Phase I 

The proposed water services off the existing 8-inch ACP water line in the Private Drive will include a 4-

inch domestic water service and a 8-inch fire service line. Utilizing this design criteria along with the 

associated use demand, the following calculations were made: 

 
 

Table 2. Proposed Average Day Water Demands 

Building 
Land 
Use 

Gross Floor 
Lease Area (SF) 

Or  
Rooms 

Demand 
(GPD) 

Building C- Caesars 
Republic Scottsdale 

Resort 
Hotel (w/ 
Amenities 

266 Rooms 
266 Rooms x 446.30 GPD/Room= 

118,715.80 

    

Total - - 118,715.80 

 

Average =118,715.80 gpd = 82.46 gpm 

Max Day=118,715.80 gpd x 2 (peak factor) = 237,431.60 gpd = 164.92 gpm 

Peak Hour=118,715.80 gpd x 3.5 (peak factor) = 415,505.30 gpd = 288.60 gpm 

Maximum Day Demand + Fire Flow=164.92 gpm + 2,500 gpm= 2,664.92 gpm 

2,664.92 gpm < 3,968 gpm ==> O.K. 

 

The proposed system adequately provides peak hour demands and maximum day demand plus fire flow.  

Flow and pressures throughout the system during all design conditions meet or exceed minimum 

requirements.  Adequate flow and pressure are available for the domestic water service and fire 

protection for The Project.  

 

For the Hazen-Williams calculations for head loss per 1,000 ft of pipe, see Appendix D. 

 

C. Fire Flow Demand 
According to City of Goodyear Engineering Design Standards and Policies Manual, a minimum system fire 

flow of 2,500 gpm is required for high rise structures to account for potential firefighting activities.  This 

fire flow must be available concurrent with maximum day demand conditions, while maintaining a 

minimum residual pressure of 20 psi at the source.   

III. Conclusions 

A. Compliance with Manual  
This Final Water Basis of Design Report was prepared in accordance with City of Scottsdale—2018 Design 

Standards & Policies Manual. For The Project, water design described within this Final Water Basis of 

Design Report was designed to collect and convey the projects water under Average Day + Fire Flow.  

Flow and pressures throughout the system during all design conditions meet or exceed minimum 

pressure requirements.   

 

B. Ability to Provide Emergency All Weather Access  
All projects sites when developed, will provide emergency all weather access in accordance with City of 

Scottsdale—2018 Design Standards & Policies Manual. 

 

different from
previous section,
2,500gpm is a
minimum

wrong City
COS requires 30psi
minimum

missing office
buildings and
restaurants. Provide
design gpm
demands.

Revise using gpm
values from DS&PM
Ch 6 page 471

not applicable

vague, what/where
does this apply?



 

  

C. Effect of Development on Adjacent Properties  
Modification to the existing infrastructure are not proposed or required, since adequate flow and 

pressure are available for the domestic water service and fire protection for The Project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

 

APPENDIX “A” 
(City of Scottsdale Water Quarter Section Map (18-44)) 
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APPENDIX “B” 
(Fire Flow Test) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Arizona Flow Testing LLC 

Arizona Flow Testing LLC   480-250-8154   www.azflowtest.com    floyd@azflowtest.com 
 

HYDRANT FLOW TEST REPORT 1 
 
Project Name:      Scottsdale Hotel  
Project Address:                         Highland and Goldwater, Scottsdale, Arizona, 85251    
Client Project No.:   Not Provided 
Arizona Flow Testing Project No.:   18392 
Flow Test Permit No.:   C56653 
Date and time flow test conducted: November 8, 2018 at 7:30 AM 
Data is current and reliable until:   May 8, 2019 
Conducted by:     Floyd Vaughan – Arizona Flow Testing, LLC (480-250-8154) 
Witnessed by:      B. Dick/R. Padilla –City of Scottsdale-Inspector (602-228-2187) 
    

 
Raw Test Data      Data with 22 PSI Safety Factor  
  
Static Pressure:                      94.0 PSI                  Static Pressure:       72.0 PSI 
(Measured in pounds per square inch)   (Measured in pounds per square inch)  
 
Residual Pressure:    80.0 PSI              Residual Pressure:   58.0 PSI   
(Measured in pounds per square inch)     (Measured in pounds per square inch) 
          
Pitot Pressure:        27.0 PSI  
(Measured in pounds per square inch) 
    
       Distance between hydrants:   Approx. 450 Feet 
Diffuser Orifice Diameter: One 4-inch Hose Monster    
(Measured in inches)                   Main size:     Not Provided  
  
Coefficient of Diffuser:  .7875   
 
Flowing GPM:                                            1,954 GPM  Flowing GPM:    1,954 GPM   
(Measured in gallons per minute)             
 
                 
 
GPM @ 20 PSI:                                          4,801 GPM  GPM @ 20 PSI:        3,968 GPM                                                    
   

                                              
Flow Test Location    North  
         
 
 
 
   
 
 Project Site 

Highland and Goldwater 

Flow Fire Hydrant Pressure Fire Hydrant 

East Highland Avenue 
 

Scottsdale requires a 
maximum Static 

Pressure of 72 PSI for 
AFES Design. 

North Goldwater Blvd. 

http://www.azflowtest.com/


Arizona Flow Testing LLC 

Arizona Flow Testing LLC   480-250-8154   www.azflowtest.com    floyd@azflowtest.com 
 

HYDRANT FLOW TEST REPORT 2 
 
Project Name:      Scottsdale Hotel  
Project Address:                         Highland and Goldwater, Scottsdale, Arizona, 85251    
Client Project No.:   Not Provided 
Arizona Flow Testing Project No.:   18392 
Flow Test Permit No.:   C56653 
Date and time flow test conducted: November 8, 2018 at 7:45 AM 
Data is current and reliable until:   May 8, 2019 
Conducted by:     Floyd Vaughan – Arizona Flow Testing, LLC (480-250-8154) 
Witnessed by:      B. Dick/R. Padilla –City of Scottsdale-Inspector (602-228-2187) 
    

 
Raw Test Data      Data with 20 PSI Safety Factor  
  
Static Pressure:                      92.0 PSI                  Static Pressure:       72.0 PSI 
(Measured in pounds per square inch)   (Measured in pounds per square inch)  
 
Residual Pressure:    76.0 PSI              Residual Pressure:   56.0 PSI   
(Measured in pounds per square inch)     (Measured in pounds per square inch) 
          
Pitot Pressure:        26.0 PSI  
(Measured in pounds per square inch) 
    
       Distance between hydrants:   Approx. 510 Feet 
Diffuser Orifice Diameter: One 4-inch Hose Monster    
(Measured in inches)                   Main size:     Not Provided  
  
Coefficient of Diffuser:  .7875   
 
Flowing GPM:                                            1,917 GPM  Flowing GPM:    1,917 GPM   
(Measured in gallons per minute)             
 
                 
 
GPM @ 20 PSI:                                          4,319 GPM  GPM @ 20 PSI:        3,623 GPM                                                    
   

                                              
Flow Test Location    North  
         
 
 
 
   
00 
 

Project Site 
Highland and Goldwater 

Flow Fire Hydrant Pressure Fire Hydrant 

East Highland Avenue 
 

Scottsdale requires a 
maximum Static 

Pressure of 72 PSI for 
AFES Design. 

North Goldwater Blvd. 

http://www.azflowtest.com/


 

  

APPENDIX “C” 
(Preliminary Utility Plan- Phase I)  
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APPENDIX “D” 
(Hazen-Williams Calculations)  

  



Hazen-Williams Equation for Pressure Loss in Pipes (Maximum Daily Flow)

Specified Data

l  = length of pipe (ft) 1000

c = Hazen-Williams roughness constant 130

q = volume flow (gal/min) (Maximum Daily Flow) 165

dh = inside or hydraulic diameter (inches) 8

Calculated Pressure Loss

f = friction head loss in feet of water per 100 feet of pipe (ft H20 per 100 ft pipe) 0.07

f = friction head loss in psi of water per 100 feet of pipe (psi per 100 ft pipe) 0.03

Head loss (ft H20) 0.66

Head loss (psi) 0.28

Calculated Flow Velocity

v = flow velocity (ft/s) 1.05

Hazen-Williams Equation for Pressure Loss in Pipes (Peak Hourly Flow)

Specified Data

l  = length of pipe (ft) 1000

c = Hazen-Williams roughness constant 130

q = volume flow (gal/min) (Peak Hourly Flow) 289

dh = inside or hydraulic diameter (inches) 8

Calculated Pressure Loss

f = friction head loss in feet of water per 100 feet of pipe (ft H20 per 100 ft pipe) 0.19

f = friction head loss in psi of water per 100 feet of pipe (psi per 100 ft pipe) 0.08

Head loss (ft H20) 1.87

Head loss (psi) 0.80

Calculated Flow Velocity

v = flow velocity (ft/s) 1.85

Revise per gpm
demand values 
values in DS&PM
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I. Introduction 

A. Purpose of Report 

The purpose of this preliminary drainage report is to provide hydrologic and 
hydraulic documentation for the proposed Scottsdale Fashion Square HCW 
Caesars Republic commercial site (Lot 2).  More specifically, a design review of 
surface drainage, and offsite flows that impact the site. The project will be designed 
and developed in accordance with the City of Scottsdale and Maricopa County’s 
current development standards and client requirements.  
 
Per City of Scottsdale, Stormwater Management Division, Scottsdale 
Redevelopment Stormwater Storage Policy will apply to this site. 
 
This Report and associated plans are on the NAVD 88 vertical datum and has a 
project benchmark as follows: 
 
A stone in a hand hole at the intersection of Camelback Road & Miller Road, City 
of Scottsdale Benchmark #4234 NAVD 88 Elevation=1259.43’ 
    
 

 
 

Figure 1. Location Map 
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B. Project Location and Description 

The proposed Scottsdale Fashion Square Lot 2 Site (hereinafter referred to as the 
Project) consists of a commercial development with project zoning D/RCO-2 PBD 
DO covering approximately 7.04 acres.  The Project is located within a portion of 
the Northeast Quarter of Section 22, Township 2 North, Range 4 East of the Gila 
and Salt River Meridian, Maricopa County, Arizona.  More specifically, the project 
is located near the southeast corner of Highland Avenue and Goldwater Boulevard 
in Scottsdale Fashion Square (see Figure 1. Location Map above). 
 
The project will consist of construction of a new resort style hotel along with on-site 
infrastructure improvements on the mall property and off-site improvements to 
Highland Avenue and Scottsdale Road. The off-site improvements will include 
adding a right-turn-lane to both Highland Avenue and Scottsdale Road as well as 
new meandering eight-foot-wide sidewalk. This Project is considered the first 
phase of improvements on Lot 2. Future construction phases on this lot will 
possibly include office and retail space, restaurants, parking structures and open 
space areas.  

 

Table 1. Lot 2 Buildings Summary 

Area ID Use 
Gross Building 
Floor Area (sf) 

Building Cover (sf) 

New Resort Hotel Hotel 245,175 46,000 

     

C. Existing Site Conditions 

The existing ground slopes from the northwest to the southeast at a mild slope.  
Figure 2 in Appendix C presents the existing topographic conditions for the 
Project. Highland Avenue and Scottsdale Road have been fully improved with 
catch basin inlets for stormwater runoff. The on-site portion of the project is a 
combination of empty undeveloped pads and surrounding private drive aisles 
serving the existing SFS mall buildings directly south of the project site.  
 

D. FEMA Flood Insurance Rate Map 

The project is entirely located within Zone “X” according to Flood Insurance Rate 
Map (FIRM) Panel 04013C1770L which is effective October 16, 2013 (REF 1).  
Zone X is defined as: “Areas of 0.2% annual chance flood; areas of 1% annual 
chance flood with average depths of less than 1 foot or with drainage areas less 
than 1 square mile; and areas protected by levees from 1% annual chance flood.” 
(Please refer to the Figure 1A, Flood Insurance Rate Map in Appendix A). 

 

II. Offsite Drainage 

A. References to all Drainage Planning Studies Associated with or near the Project 

Major offsite watershed conditions have been detailed within the existing Master 
Drainage Report from Collar, Williams & White Engineering, and will not be 
modified by this project. 
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B. Existing Offsite Watershed 

Highland Avenue borders the project on the west and north sides and Scottsdale 
Road runs along the east side. The public streets are fully improved with catch 
basin inlets, but this Project is proposing to add an additional right turn lane on a 
portion of Highland Avenue and along Scottsdale Road. Analysis of street capacity 
and inlet capacity will be presented in the final version of the drainage report. 
Runoff from the west portion of Highland Avenue is collected in existing inlets and 
connects to a storm system in Goldwater Boulevard, which then drains south via 
storm sewer to Camelback Road. The northern portion of Highland Avenue drains 
into inlets that connect into the Scottsdale Road storm drain system.  
 
Based on the existing Master Drainage Report (REF 6) from Collar, Williams & 
White Engineering, date May 10, 1988 (Appendix D), the runoff collected from the 
site discharges into an existing 84-inch storm drain pipe in Camelback Road. This 
pipe connects to a 144-inch storm drain pipe which ultimately drains to Indian Bend 
Wash (See Existing Conditions Drainage Map in Appendix B for more details).  
The Project site has two outfalls in the southwest and southeast corners of the site 
onto Goldwater Boulevard and Camelback Road respectively and as it has been 
historically directed. The southwest outfall will not be affected by this project. 

 

III. Onsite Drainage 

A. Existing and Proposed Drainage Basin Boundaries 

The existing site can be divided into two major drainage boundaries with distinct 
discharge locations.  The first is denoted with a prefix of ‘A’ and contains a storm 
sewer system that collects runoff into a storm drain system that runs under the 
private road on the southern portion of the site flowing east. The storm sewer 
system discharges into the public storm system in Scottsdale Road (Location A) 
heading south. The rest of the site flows into Highland Avenue or Scottsdale Road, 
denoted with a prefix of ‘B’ and will ultimately end up in the storm system in 
Scottsdale Road (Location B1) or in the gutter at the southeast outfall (Location 
B2). Table 2. Point Summary shows the analysis of the existing and proposed 
areas heading to each location, as well as the difference to illustrate the effect of 
the project.  
 
Table 2.  Point Summary 

Location 
ID 

Point 
Description 

Existing 
Q100(cfs) 

Proposed 
Q100 (cfs) 

Difference (cfs) 

A 
Onsite 

Connection to 
Storm Sewer 

 
45.21 51.41 

 
6.20+ 

 

B1 
Offsite 

Connection to 
Storm Sewer 

 
3.48 2.62 

 
0.86- 

B2 
Southeast Site 

Outfall 

 
3.48 

 
2.62 

 
0.86- 
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B. Hydrology 

Hydrology Analysis for this site included calculating runoff generation using the 
Rational Method for the existing and proposed conditions. 
 
  Q = CiA 
 
The assumption made for calculated required retention are summarized below: 
 
  Q-Discharge (cubic ft per second) 
 
  C-Coefficient for Paved Streets, Parking Lots, Building Roof = 0.95 
  C-Coefficient for Lawns, Parks = 0.30 
  C-Coefficient for Desert Landscaping = 0.45 
 
  i-Intensity 10-yr (tc=5 min) (inches/hr) = 4.73 (inches) 
  i-Intensity 10-yr (tc=10 min) (inches/hr) = 3.59 (inches) 
  i-Intensity 10-yr (tc=15 min) (inches/hr) = 2.97 (inches) 
  i-Intensity 100-yr (tc=5 min) (inches/hr) = 7.48 (inches) 
  i-Intensity 100-yr (tc=10 min) (inches/hr) = 5.69 (inches) 
  i-Intensity 100-yr (tc=15 min) (inches/hr) = 4.70 (inches) 
 
  A-Drainage Area (acres) 
 
Area breakdowns for the existing and proposed conditions are shown on the 
Drainage Maps in Appendix C and runoff calculations are shown in Appendix B. 
For this report a C coefficient of 0.95 was used for the entire existing and proposed 
site to calculated runoff. 
 
As required by the City of Scottsdale this project will filter a substantial portion of the 
first flush runoff generated by the site per section 6.4 of Maricopa County Drainage 
Policies and Standards. This method for our site is shown in the section below. The 
runoff will pass through a pre-cast VortSentry HS or approved equivalent. A detail 
sheet and User Guide for the System can be found in Appendix A. The areas that 
will be treated are denoted on the drainage map as A06, A07 and A08 for a total of 
1.54 acres. 
 
Maricopa County Rational Rainfall Method for “First Flush” Flowrate (Hydrodynamic 
Separator) 
 
QFF = C IFF A (Assume ten-minute time of concentration for commercial site 
Where: 
  QFF-First Flush Discharge rate (cubic ft per sec) 
  C-Coefficient (See Above Assumptions) 
  IFF=First Flush Intensity 
   Where: IFF=0.5 inches/Time of Concentration (in hours) or 0.5 in / 0.17  
   hours = 2.94 in/hr 

  A-Drainage Area (acres) 
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QFF = 0.95 * 2.94 in/hr * 1.54 acres = 4.30 cfs 

 

C. Stormwater Storage Requirements 

This project will not provide additional stormwater storage. Instead the project will 
follow City of Scottsdale’s Redevelopment Policies and treat the First Flush flowrate 
as shown in the previous section. 

 

D. Hydraulics 

Hydraulic design for this report included sizing the new onsite storm sewer system, 
sizing new inlets for onsite and offsite modifications, street capacity calculations for 
the modified public roads and sizing the stormwater treatment system. Calculations 
can be found in Appendix B and will only be provided in the final version of this 
report. 
The on-site storm sewer systems and catch basins will be designed to capture the 
10-year storm. 
All offsite roads will be analyzed to verify that during the 10-year storm one 12-foot-
wide drive lane will be dry each direction and the 100-year storm will not overtop 
an 8” depth.  
  

E. Finished Floor Elevations 

The proposed finish floor elevation for all phases of the project will be greater than 
14” above the southeast site outfall. The southeast outfall for the site is at an 
elevation of 1278.55 located along Camelback Road in the southeast corner of the 
Project site. The minimum finished floor elevation for buildings on the lot will be set 
at 1279.72. 
 

F. Project Phasing 

The development of this entire lot will be completed in multiple phases. The first 
phase will include off-site improvements and the Hotel. The rest of the site will 
possibly be developed as retail and office space, restaurants, parking structures, 
and open landscaped areas. This report will act as an overall Preliminary Drainage 
Report for future phases as the project is built-out and addendums are added.  

 

G. Storm System Maintenance 

Ongoing maintenance of the designed drainage systems is required to preserve 
their design integrity.  Poor maintenance can prevent the system from performing 
to its intended design purpose and can result in reduced performance.  
Maintenance is the responsibility of the property owner for facilities on private 
property.  A regular maintenance program is required to ensure drainage systems 
perform to the level of protection or service as presented in this report and the 
project’s plans and specifications 

 

IV. Special Conditions 
The Project will follow City of Scottsdale’s Redevelopment Stormwater Storage Policy. 
There are no other special stipulations, 401 or 404 permits, or AZPDES applications 
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expected with this project.  
 

 

V. Conclusions 
The following conclusions have been reached as a result of this drainage investigation, 
in support of the proposed Scottsdale Fashion HCW Caesars Republic Project: 

 

• This drainage report was prepared in accordance with the 
recommendations and design parameters from the City of Scottsdale 
Design Standards & Policies Manual, Chapter 4 (REF 2), and MCFCD 
Drainage Design Manuals, Volume I and II (REF 4&5). 

 

• The proposed Drainage plan maintains the existing drainage patterns and 
flows. The proposed drainage will continue to drain to the existing storm 
system as outlined in the Master Drainage Plan for Scottsdale Fashion 
Square approved August 18, 1986, revised May 10, 1988, by Collar, 
Williams & White Engineering (Appendix D). 

 

• Per our discussion with the City of Scottsdale Stormwater Management 
Division, this project is required to meet City of Scottsdale Redevelopment 
Stormwater Storage Policy. 

 

• The project is entirely located within Zone “X” according to FIRM Panel 
04013C1770L. Zone X is defined as: “Areas of 0.2% annual chance flood; 
areas of 1% annual chance flood with average depths of less than 1 foot or 
with drainage areas less than 1 square mile; and areas protected by levees 
from 1% annual chance flood.” (Appendix A) 

 

• A Storm Water General Permit has been obtained through ADEQ, and is 
listed as AZPDES Stormwater Construction General Permit (CGP) ID #: 
AZCN69125 (Appendix D). 

 

• The manufacturers Operation, Design, Performance, and Maintenance 
Guidelines is provided in Appendix D. 

 

VI. Warning and Disclaimer of Liability 
The Project will follow City of Scottsdale’s Redevelopment Stormwater Storage Policy. 
There are no other special stipulations, 401 or 404 permits, or AZPDES applications 
expected with this project.  

 

VII. References 
1. Flood Insurance Rate Map, Maricopa County, Arizona, Map Number 04013C1770L, 

Federal Emergency Management Agency, Washington DC, October 16, 2013. 
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AZ, January 2010. 
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Governments, Phoenix, AZ, 2015 Revision.  

4. Drainage Design Manual for Maricopa County, Arizona – Hydrology, 4th Edition,  Flood 
Control District of Maricopa County,  Phoenix, AZ,  August 15, 2013. 

5. Drainage Design Manual for Maricopa County, Arizona – Hydraulics, 3rd Edition, Flood 
Control District of Maricopa County, Phoenix, AZ, August 15, 2013. 

6. Master Drainage Plan for Scottsdale Fashion Square, Collar, Williams & White 
Engineering, May 10, 1988. 

7. Maricopa County (2016, June 1). Standard 6.4.1 First Flush. Drainage Policies and 
Standards for Maricopa County, Arizona
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VortSentry® HS 
The VortSentry HS is a compact, below grade stormwater 
treatment system that employs helical flow technology to 
enhance gravitational separation of floating and settling 
pollutants from stormwater flows. With the ability to accept a 
wide range of pipe sizes, the VortSentry HS can treat and convey 
flows from small to large sites. A unique internal bypass design 
means higher flows can be diverted without the use of external 
bypass structures. The VortSentry HS is also available in a grate 
inlet configuration, which is ideal for retrofit installations.

Operation Overview
Low, frequently occurring storm flows are directed into the 
treatment chamber through the primary inlet. The tangentially 
oriented downward pipe induces a swirling motion in the 
treatment chamber that increases capture and containment 
abilities. Moderate storm flows are directed into the treatment 
chamber through the secondary inlet, which allows for capture 
of floating trash and debris. The secondary inlet also provides 
for treatment of higher flows without significantly increasing the 
velocity or turbulence in the treatment chamber. This allows for 
a more quiescent separation environment. Settleable solids and 
floating pollutants are captured and contained in the treatment 
chamber.

Flow exits the treatment chamber through the outlet flow 
control, which manages the amount of flow that is treated and 
helps maintain the helical flow patterns developed within the 
treatment chamber.

Flows exceeding the system’s rated treatment flow are diverted 
away from the treatment chamber by the flow partition. Internal 
diversion of high flows eliminates the need for external bypass 
structures. During bypass, the head equalizing baffle applies head 
on the outlet flow control to limit the flow through the treatment 
chamber. This helps prevent re-suspension of previously captured 
pollutants.

Design Basics
There are two primary methods of sizing a VortSentry HS system. 
The Water Quality Flow Rate Method determines which model 
size provides the desired removal efficiency at a given flow for 
a defined particle size. The summation process of the Rational 
Rainfall Method is used when a specific removal efficiency of the 
net annual sediment load is required.

Typically, VortSentry HS systems are designed to achieve an 80% 
annual solids load reduction based on lab generated performance 
curves for a particle gradation with an average particle size (d50) 
of 240-microns (µm).

Water Quality Flow Rate Method
In many cases, regulations require that a specific flow rate, often 
referred to as the water quality design flow (WQQ), be treated. 
This WQQ represents the peak flow rate from either an event 
with a specific recurrence interval (i.e. the six-month storm) or a 
water quality depth (i.e. 1/2-inch of rainfall).

The VortSentry HS is designed to treat all flows up to the WQQ. 
Due to its internal bypass weir configuration, flow rates in the 
treatment chamber only increase minimally once the WQQ is 
surpassed. At influent rates higher than the WQQ, the flow 
partition will allow most flow exceeding the treatment flow rate 
to bypass the treatment chamber. This allows removal efficiency 
to remain relatively constant in the treatment chamber and 
reduces the risk of washout during bypass flows regardless of 
influent flow rates.

Treatment flow rates are defined as the rate at which the 
VortSentry HS will remove a specific gradation of sediment at 
a specific removal efficiency. Therefore they are variable based 
on the gradation and removal efficiency specified by the design 
engineer and the unit size is scaled according to the project goal. 

Rational Rainfall Method™
Differences in local climate, topography and scale make every 
site hydraulically unique. The Rational Rainfall Method is a sizing 
program Contech uses to estimate a net annual sediment load 
reduction for a particular VortSentry HS model based on site 
size, site runoff coefficient, regional rainfall intensity distribution, 
and anticipated pollutant characteristics. For more information 
on the Rational Rainfall Method, see Vortechs Technical Bulletin 
4: Modeling Long Term Load Reduction: The Rational Rainfall 
Method, available at www.ContechES.com/stormwater

Treatment Flow Rate
The outlet flow control is sized to allow the WQQ to pass entirely 
through the treatment chamber at a water surface elevation 
equal to the crest of the flow partition. The head equalizing 
baffle applies head on the outlet flow control to limit the flow 
through the treatment chamber when bypass occurs, thus 
helping to prevent re-suspension or re-entrainment of previously 
captured particles.

Hydraulic Capacity
The VortSentry HS is available in three standard configurations: 
inline (with inlet and outlet pipes at 180º to each other), grated 
inlet, and a combination of grate and pipe inlets. All three 
configurations are available in 36-inch (900-mm) through        
96-inch (2400-mm) diameter manholes.
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The configuration of the system is determined by the suffix of the 
model name:

•	A model name without a suffix denotes a standard pipe inlet 
(Example HS48).

•	A “G” at the end of the model designation denotes a grate 
inlet (Example HS48G).

•	A “GP” at the end of the model designation denotes a 
combination of grate and pipe inlets (Example HS48GP).

Performance
Full-Scale Laboratory Test Results
Laboratory testing of the VortSentry HS was conducted         
using F-55 Silica, a commercially available sand product with 
an average particle size of 240-µm (Table 1). This material 
was metered into a model HS48 VortSentry HS at an average 
concentration of between 250-mg/L and 300-mg/L at flow rates 
ranging from 0.50-cfs to 1.5-cfs (14-L/s to 56-L/s). 

Removal efficiencies at each flow rate were calculated based on 
net sediment loads passing the influent and effluent sampling 
points. Results are illustrated in Figure 1.

Assuming that sediment in the inlet chamber is ideally mixed, 
removal rates through the system will decay according to the 
percentage of flow bypassed. This effect has been observed in 
the laboratory where the test system is designed to produce a 

thoroughly mixed inlet stream. All VortSentry HS models have 
the same aspect ratio regardless of system diameter (i.e. an 
increase in diameter results in a corresponding increase in depth).  
Operating rates are expressed volumetrically.

Removal efficiency at each operating rate is calculated according 
to the average of volumetric and Froude scaling methods and is 
described by Equation 1.

Equation 1 and actual laboratory test results were used to 
determine the flow rate which would be required for the various 
VortSentry HS models to remove 80% of solids.

View report at www.ContechES.com/stormwater

Maintenance
The VortSentry HS system should be inspected at regular 
intervals and maintained when necessary to ensure optimum 
performance. The rate at which the system collects pollutants 
will depend more heavily on site activities than the size of the 
unit, i.e., unstable soils or heavy winter sanding will cause the 
treatment chamber to fill more quickly, but regular sweeping will 
slow accumulation.

Inspection
Inspection is the key to effective maintenance and is easily 
performed. Pollutant deposition and transport may vary from 
year to year and regular inspections will help ensure that the 
system is cleaned out at the appropriate time. At a minimum, 
inspections should be performed twice per year (i.e. spring 
and fall) however more frequent inspections may be necessary 
in equipment washdown areas and in climates where winter 
sanding operations may lead to rapid accumulations of a large 
volume of sediment. It is useful and often required as part of a 
permit to keep a record of each inspection. A simple inspection 
and maintenance log form for doing so is available for download 
at www.ContechES.com/stormwater

The VortSentry HS should be cleaned when the sediment has 
accumulated to a depth of two feet in the treatment chamber. 
This determination can be made by taking two measurements 
with a stadia rod or similar measuring device; one measurement 
from the manhole opening to the top of the sediment pile and 
the other from the manhole opening to the water surface. If the 
difference between these measurements is less than the distance 
given in Table 2, the VortSentry HS should be maintained to 
ensure effective treatment.

Cleaning
Cleaning of the VortSentry HS should be done during dry weather 
conditions when no flow is entering the system. Cleanout of the 
VortSentry HS with a vacuum truck is generally the most effective 
and convenient method of excavating pollutants from the 
system. Simply remove the manhole cover and insert the vacuum 
hose into the sump. All pollutants can be removed from this one 
access point from the surface with no requirements for Confined 
Space Entry.

In installations where the risk of petroleum spills is small, liquid 
contaminants may not accumulate as quickly as sediment. 
However, an oil or gasoline spill should be cleaned out 
immediately. Motor oil and other hydrocarbons that accumulate 
on a more routine basis should be removed when an appreciable 
layer has been captured. To remove these pollutants, it may be 
preferable to use adsorbent pads, which solidify the oils. These 
are usually much easier to remove from the unit individually, and 
less expensive to dispose than the oil/water emulsion that may be 

	 30	 600	 99.7%

	 40	 425	 95.7%

	 50	 300	 74.7%

	 70	 212	 33.7%

	 100	 150	 6.7%

	 140	 106	 0.7%

Table 1 :  US Silica F-55 Particle Size Distribution

	US Standard	 Particle Size	 Cumulative
	 Sieve Size	 Micron (µm)	 Passing %
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Figure 1:  VortSentry HS Removal Efficiencies for 240-µm Particle 
Gradation
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Table 2: VortSentry HS Maintenance Indicators and Sediment Storage Capacities.

Note:  To avoid underestimating the 
volume of sediment in the chamber, 
the measuring device must be carefully 
lowered to the top of the sediment pile. 
Finer, silty particles at the top of the pile 
may be more difficult to feel with the 
measuring stick. These finer particles 
typically offer less resistance to the end 
of the rod than larger particles toward 
the bottom of the pile.

Logon to www.ContechES.com/stormwater to download 
the VortSentry HS Inspection and Maintenance Log.

For assistance with maintaining your VortSentry HS, 
contact us regarding the Contech Maintenance compliance 
certification program.

created by vacuuming the oily layer. Floating trash can be netted out if you wish to separate 
it from the other pollutants.

Manhole covers should be securely seated following cleaning activities to prevent leakage of 
runoff into the system from above and also to ensure proper safety precautions. If anyone 
physically enters the unit, Confined Space Entry procedures need to be followed.

Disposal of all material removed from the VortSentry HS should be done is accordance with 
local regulations. In many locations, disposal of evacuated sediments may be handled in the 
same manner as disposal of sediments removed from catch basins or deep sump manholes. 
Check your local regulations for specific requirements on disposal.

			   Distance

	 VortSentry HS	
Diameter

	 Between Water	 Sediment	 Oil Spill

	 Model		  Surface and Top	 Storage	 Storage

			   of Storage Sump

		  in.	 m	 ft.	 m	 yd3	 m3	 gal.	 liter

	 HS36	 36	 0.9	 3.6	 1.1	 0.5	 0.4	 83	 314

	 HS48	 48	 1.2	 4.7	 1.4	 0.9	 0.7	 158	 598

	 HS60	 60	 1.5	 6.0	 1.8	 1.5	 1.1	 258	 978

	 HS72	 72	 1.8	 7.1	 2.2	 2.1	 1.6	 372	 1409

	 HS84	 84	 2.1	 8.4	 2.6	 2.9	 2.2	 649	 2458

	 HS96	 96	 2.4	 9.5	 2.9	 3.7	 2.8	 845	 3199

Support
•	 Drawings and specifications are available at contechstormwater.com.
•	 Site-specific design support is available from our engineers.
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SCOTTSDALE FASHION SQUARE- HCW CAESARS REPUBLIC

Existing Runoff TotalsQ=ACi
Assume tc=5 min

Drainage Area 10-YR Intensity 100-YR Intensity 10-YR Runoff 100-YR Runoff Capture By-pass

Area A Weighted i i Q-10 Q-100 Q-100 Q-100

ID (ac) C (in/hr) (in/hr) (cfs) (cfs) (cfs) (cfs)

A01 0.93 0.95 4.73 7.48 4.19 6.63

EX CB-A1 4.19 6.63 5.00 1.63

A02 0.49 0.95 4.73 7.48 2.19 3.46

A03 0.27 0.95 4.73 7.48 1.20 1.90

EX CB-A2 3.39 5.36 5.00 0.36

A04 0.80 0.95 4.73 7.48 3.60 5.69

A05 0.31 0.95 4.73 7.48 1.41 2.23

EX CB-A3 5.01 7.93 5.00 2.93

A06 0.72 0.95 4.73 7.48 3.22 5.09

A07 0.67 0.95 4.73 7.48 3.00 4.74

A08 0.46 0.95 4.73 7.48 2.04 3.23

EX CB-A4 8.26 13.06 5.00 8.06

A09 0.39 0.95 4.73 7.48 1.76 2.78

A10 0.10 0.95 4.73 7.48 0.43 0.69

EX CB-A5 2.19 3.47 5.00 -1.53

A11 0.72 0.95 4.73 7.48 3.23 5.11

EX CB-A6 3.23 5.11 5.00 0.11

A12 0.06 0.95 4.73 7.48 0.25 0.40

EX CB-A7 0.25 0.40 5.00 -4.60

A13 0.26 0.95 4.73 7.48 1.16 1.83

A14 0.10 0.95 4.73 7.48 0.44 0.69

EX CB-A8 1.60 2.52 5.00 -2.48

A15 0.10 0.95 4.73 7.48 0.46 0.72

EX CB-A9 0.46 0.72 5.00 -4.28

TOTAL= 6.36 28.59 45.21

B01 1.01 0.95 4.73 7.48 4.52 7.14

B02 0.92 0.95 4.73 7.48 4.15 6.57

EX CB-B1 8.67 13.71 5.00 8.71

B03 0.24 0.95 4.73 7.48 1.09 1.72

B04 0.45 0.95 4.73 7.48 2.01 3.18

B05 0.44 0.95 4.73 7.48 1.99 3.14

B06 0.23 0.95 4.73 7.48 1.03 1.63

B07 0.19 0.95 4.73 7.48 0.86 1.36

EX CB-B2 6.97 11.03 5.00 6.03

   30-DR-2019
    8/22/2019



SCOTTSDALE FASHION SQUARE- HCW CAESARS REPUBLIC

Proposed Runoff TotalsQ=ACi
Assume tc=5 min

Drainage Area 10-YR Intensity 100-YR Intensity 10-YR Runoff 100-YR Runoff Capture By-pass

Area A Weighted i i Q-10 Q-100 Q-100 Q-100

ID (ac) C (in/hr) (in/hr) (cfs) (cfs) (cfs) (cfs)

A01 0.44 0.95 4.73 7.48 1.99 3.14

EX CB-A1 1.99 3.14 5.00 -1.86

A02 0.40 0.95 4.73 7.48 1.79 2.84

CB-A1 1.79 2.84 5.00 -2.16

A03 0.14 0.95 4.73 7.48 0.61 0.97

CB-A2 0.61 0.97 5.00 -4.03

A04 0.06 0.95 4.73 7.48 0.28 0.44

DB-0X 0.28 0.44 5.00 -4.56

A05 0.24 0.95 4.73 7.48 1.09 1.72

EX CB-A2 1.09 1.72 5.00 -3.28

A06 0.98 0.95 4.73 7.48 4.42 6.99

ROOF DRAIN 4.42 6.99 5.00 1.99

A07 0.37 0.95 4.73 7.48 1.65 2.61

DB-0X 1.65 2.61 5.00 -2.39

A08 0.19 0.95 4.73 7.48 0.84 1.34

CB-A4 0.84 1.34 5.00 -3.66

A09 0.36 0.95 4.73 7.48 1.60 2.53

EX CB-A3 1.60 2.53 5.00 -2.47

A10 0.90 0.95 4.73 7.48 4.03 6.37

A11 0.75 0.95 4.73 7.48 3.38 5.35

A12 0.44 0.95 4.73 7.48 1.99 3.15

EX CB-A4 9.40 14.86 5.00 9.86

A13 0.36 0.95 4.73 7.48 1.62 2.57

A14 0.10 0.95 4.73 7.48 0.43 0.69

EX CB-A5 2.06 3.25 5.00 -1.75

A15 0.37 0.95 4.73 7.48 1.64 2.60

A16 0.29 0.95 4.73 7.48 1.32 2.09

A17 0.33 0.95 4.73 7.48 1.49 2.36

EX CB-A6 4.46 7.06 5.00 2.06

A18 0.06 0.95 4.73 7.48 0.25 0.40

EX CB-A7 0.25 0.40 5.00 -4.60

A19 0.26 0.95 4.73 7.48 1.16 1.83

A20 0.10 0.95 4.73 7.48 0.44 0.69

EX CB-A8 1.60 2.52 5.00 -2.48

A21 0.10 0.95 4.73 7.48 0.46 0.72

EX CB-A9 0.46 0.72 5.00 -4.28

TOTAL= 7.23 32.51 51.41

B01 1.15 0.95 4.73 7.48 5.18 8.19

EX CB-B1 5.18 8.19 5.00 3.19

B02 0.58 0.95 4.73 7.48 2.62 4.15

B03 0.46 0.95 4.73 7.48 2.07 3.27

B04 0.23 0.95 4.73 7.48 1.03 1.63

B05 0.19 0.95 4.73 7.48 0.86 1.35
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EX CB-B2 6.58 10.40 5.00 5.40

2.62
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ABSTRACT 

This final report documents CDC, Inc.’s solar loads impact analysis performed to determine the impact of 
reflections from the proposed Caesars Republic hotel structure on solar exposure in the surrounding area. 
The focus of the work was on identifying any reflections and solar load concentrations that could be 
detrimental to area traffic and uncomfortable for hotel patrons on the property.  
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INTRODUCTION AND EXECUTIVE SUMMARY 

Curtain Wall Design and Consulting (CDC) provides consulting services for state-of-the-art building 
envelope systems. CDC has been providing consulting services for the design of Caesars Republic, an 
eleven-story, 266-room hotel in Scottsdale, Arizona, shown in Figure 1. HCW asked CDC to provide a 
computational solar loads impact analysis for the proposed structure. A CAD model of Caesars Republic 
was received from HCW and prepared for solar loads analysis. Necessary spatial discretization of the 
surface mesh was determined in a convergence study where the computational mesh was refined until the 
computed surface irradiation was sufficiently resolved. A validation effort was performed to ensure that 
the solar loads model and model geometries used adequately represented those present in the built 
environment being analyzed. This was accomplished by comparing satellite imagery of a nearby 
Scottsdale office building with computational model predictions of shadow locations to show qualitative 
agreement between predictions and reality. The solar irradiation of the built environment was calculated 
in thirty-minute increments spanning the daylight hours of one day a week over the course of a year to 
detect any problematic solar loading consequences due to the presence of the hotel. During times of 
increased solar loading, details of the solar load distributions were studied. Estimated temperature 
increases due to reflections off the specular surfaces of the hotel suggest that the impact to pedestrian 
areas of Caesars Republic will be minimal, and a reflective glare analysis performed using an after-image 
metric found that reflected visible light will pose little ocular hazard to pedestrians and passing traffic. 

 
Figure 1: A rendering of the Caesars Republic  

 

lcastro
Date



HCW Hotels LLC  May 1, 2019 
Caesars Republic Hotel  Curtain Wall Design & Consulting 
Solar Load Impact Report  Page 6 of 29 
 

TECHNICAL APPROACH 

The focus of the current work was to provide a solar loads analysis on Caesars Republic. The work involved 
the creation of a solar radiation model from a Revit model provided by HCW followed by a convergence 
study to determine the level of spatial refinement required for accurate solar loads calculations. A validation 
exercise was needed to ensure confidence in the solar loads model. The model was then used to assess the 
solar loads impacts of Caesars Republic on nearby roads and pedestrian areas and to identify any scenarios 
where large thermal or ocular impacts might exist. 

Optics 

When a radiation wave (visible or otherwise) travels in a medium and finds an obstacle such as a glass 
surface, part of the incident ray is reflected, part is absorbed, and the rest is transmitted to the other side of 
the obstacle. The reflectivity, ρ, absorptivity, α, and transmissivity, τ, sum to one such that the incident 
radiant energy, G, is distributed by one of those modes, 

𝐺 = 𝜌𝐺 + 𝛼𝐺 + 𝜏𝐺.     (1) 

Energy is also emitted from the surface of the obstacle at a rate proportional to the fourth power of the 
surface temperature, 𝜖𝜎𝑇4, where 𝜖 and σ are the emissivity and Stefan-Boltzmann constant, respectively. 
The radiative energy balance is illustrated in Figure 2. 

 
Figure 2. Radiative energy balance. 

The reflection produced by surfaces that are idealized as perfectly smooth is called specular reflection, 
where the incident and reflected angle are equal. In reality, all surfaces have some roughness and produce 
diffuse reflection. Figure 2 shows an example of specular reflection. 

This study focused only on the reflection from flat architectural glass, which is conservatively assumed to 
be completely specular. Since the details of the building interior are not modeled, transmissivity is neglected 
so that all incident radiant energy is either absorbed or reflected. A multiband radiative model is employed 
in which radiative properties are dependent on wavelength, and Kirchhoff’s radiation law is respected, 
which states that spectral emissivity and absorptivity are equal, i.e., 𝜖(𝜆) = 𝛼(𝜆), where 𝜆 represents the 
wavelength.  
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Sun Tracking 

The sun elevation, azimuthal angle, and solar intensity depend on the date, time, and geographical location, 
as shown in Figure 3. 

 
Figure 3: Altitude and azimuth of the sun. 

 

The Solar Calculator built into the software was used to provide the time-varying solar loads incident on 
Atlanta according to the astronomical relationship between the sun, earth, and atmosphere developed by 
the National Renewable Energy Laboratory (NREL). The required inputs are the longitude and latitude, 
33.8525° N, 84.3620° W for Atlanta, the date, and the time. An additional parameter, a sunshine factor by 
which the total solar flux is reduced to account for cloudy sky conditions, was set to zero to represent the 
worst-case scenario of a blue-sky day. All solar flux is assumed to be direct as opposed to diffuse.  

Glass Selection 

The architectural plans for Caesars Republic specified that all glass surfaces be assigned a frequency-
invariant reflectivity of 0.06, and all nonreflective surfaces were assigned an emissivity of 1.0 (and a 
reflectivity of 0.0). The layout of the reflective and nonreflective surfaces is shown in Figure 0-4. 
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Figure 0-4. Surfaces modeled in the Caesars Republic solar loads model. 

 

Model 

The geometric model of Caesars Republic was imported and discretized for the solar load analysis, and a 
convergence study was performed to ensure that the spatial discretization was sufficient to produce 
accurate solar load predictions. 

Computational Model and Geometry 

The computational model represents Caesars Republic and the surrounding roadways including 
Goldwater Blvd., Highland Ave., and the driveway to the south, as shown in Figure 0-4. The reflective 
surfaces in the Caesars Republic model reflect visible and solar radiation specularly with the reflectivity 
of 0.06, as discussed in section 0. In the absence of surface finish details for the surrounding areas, all 
regions of Caesars Republic not associated with reflective surfaces were assigned zero reflectivity so that 
they only absorbed and emitted radiant energy. 

Radiation was modeled using the S2S (Surface-to-Surface) Radiation model, in which radiative heat 
transfer can be modeled between spatially discretized surfaces separated by a nonparticipating medium. It 
is assumed that the space between the model surfaces does not absorb, emit, or scatter radiation, which 
offers the advantage that the air does not need to be modeled, reducing the computational cost 
significantly. All surfaces were assigned the Environmental boundary condition, which specifies that 
radiation emitted from a given surface that does not intersect another surface is then radiated to a virtual 
environmental surface that has been assigned a user-defined environmental temperature. For the analysis 
here, the environment was given a temperature of 80 °F. 

lcastro
Date



HCW Hotels LLC  May 1, 2019 
Caesars Republic Hotel  Curtain Wall Design & Consulting 
Solar Load Impact Report  Page 9 of 29 
 

Discretization 

For the solar loads analysis, the model was discretized so that the surface was represented by a large 
number of radiation patches, as shown in Figure 2-4. The majority of the computational cost of a solar 
loads analysis is related to the calculation of the view-factor matrix, which quantifies the radiant energy 
transferred between all of the patches in the model. The view factors are calculated using a deterministic 
ray-tracing algorithm in which a user-defined number of rays are cast from a patch to determine the 
number of rays that intersect other patches, including the virtual environment patch. A numerical 
experiment determined that 512 rays per patch was sufficient for this work.  

  
(a) (b) 

Figure 2-4. Surface patch distribution of (a) coarse (Δx = 20 m with Δx =4 m local to hotel) and (b) semi-fine (Δx = 
1 m Δx = 0.2 m local to hotel, .025 m on concave window and roads) discretizations used in the spatial convergence 

study. 

For all practical purposes, the physical world exists on a continuum, and numerical simulations divide 
that continuum into a finite number of discrete cells, such as the patches discussed above, at which to 
perform calculations. The accuracy of numerical simulations depends on how well the spatial 
discretization represents the relevant scales of the geometry and physics being simulated. A finer 
discretization will result in a more accurate prediction of the physics but will lead to a more 
computationally demanding model. A convergence study was performed to determine the minimum 
refinement required to accurately predict the impact of the reflective surfaces of the Caesars Republic 
hotel on the solar loads in surrounding areas, most importantly the nearby roads. The mesh was 
characterized by a base size defining the cell dimensions on the perimeter of the computational domain.  
The base size was refined by 20% in a circle surrounding the hotel, shown in Figure 2-4 (a). Later grid 
iterations were further refined on the convex window and roads, as shown in Figure 2-4 (b). The 
refinement levels ranged from a base size of Δx = 20 m to a base size of Δx = 5 m with Δx = 0.0125 m on 
the convex window and roads, as shown in Figure 2-4, with resulting overall patch counts of around 36 
thousand to 3 million patches, respectively. The time it took for twelve processors to calculate the view-
factor matrix was 26 seconds for the coarse discretization to over 2 hours for the fine discretization. 
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The metric for convergence was the maximum solar irradiation (solar heat flux) in the Caesars Republic  
area over the course of June 21, 2019, shown in Figure 2-5 This date is the summer solstice and was 
chosen because that is when the sun is reaches its northernmost point in the sky. 

 
Figure 2-5. Solar irradiation of Caesars Republic on June 21, 2019. 

Irradiation calculations were performed for every ten minutes from 5 a.m. to 8 p.m. The primary concern 
became a focused solar load from the concave window onto Highland Ave., the street north of Caesars 
Republic. The maximum instantaneous values of irradiation on the street over the course of the day for all 
discretizations are shown in Figure 2-6.  

 
Figure 2-6. Maximum solar irradiation on the streets over the course of June 21, 2019. 

It is seen that there is a spike in the solar load around 4:20 p.m. The spike is the result of the focused solar 
heat from the concave window. Figure 2-7 shows the evolution of the focused area with grid size. It is 
seen in Figure 2-6 and supported in Figure 2-7 that the spike in the heat load decreases in magnitude as 
the grid becomes more refined. The grid using a base size of Δx = 5 m was chosen for all further analysis 
to provide conservative solar loads calculations while keeping the computational cost low. 
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Figure 2-7. Solar irradiation focus at 4:20 p.m. on June 21, 2019, resolved on the (a) Δx = 5 m grid and (b) Δx = 5 m 

with Δx = 2.5 m on the concave window and streets. 

RESULTS 

Solar loads analyses were run over the course of one year to determine whether the presence of the 
Caesars Republic hotel would cause any unacceptable solar loads on nearby roadways. Additionally, the 
analysis considered the impact of reflective solar loads on patrons in different areas of the hotel premises. 
A validation exercise was performed to establish confidence in the solar loads predictions. 

Solar Loads Model Validation 

A validation effort was conducted to ensure that the solar loads model and model geometries used 
adequately represented those present in the built environment being analyzed. This was done by 
comparing solar data from a point in history with simulation predictions of a nearby Scottsdale office 
building. No existing features of the surrounding area were present in the HCW-provided Caesars 
Republic model, so a nearby building was used. The office building at 7150 E. Camelback Rd. was 
estimated with the Google Earth measurement tool to have an L-shape with side lengths of 68 m and 61 m 
on the south and east sides, respectively, a width of 27 m, and a height of 42.5 m. Satellite imagery 
obtained from Sanborn, through the United States Geological Society (USGS) Earth Explorer (4) 
qualitatively represented the solar loads in the Scottsdale area on some unspecified date and time in 
September 2012. By matching the predicted shadow patterns, the computational model determined that 
the image was taken within five minutes of 12:25 p.m. on September 1, 2012. The close match, shown in 
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Figure 3-1, serves as a qualitative validation of the solar loads model.

 
Figure 3-1. Qualitative comparison between satellite imagery and computational model predictions of the shadow 

cast by the office building at 7150 Camelback Rd. in Scottsdale. 

Solar Loads Impact Around Caesars Republic 

The solar loads impact of the reflective surfaces of the Caesars Republic hotel on pedestrian areas and 
surrounding roadways will vary throughout the year, and the times at which the most-severe impacts will 
be felt are not known a priori. Simulations were run to predict solar loads at thirty-minute intervals from 6 
a.m. to 7 p.m. every Tuesday for 52 weeks over the course of the year 2019. The solar loads impact of the 
proposed building was quantified by comparison of solar loads predictions including the presence of the 
hotel with the flat surface solar irradiation:  

𝐼𝑚𝑝𝑎𝑐𝑡 =
𝐺𝑅 − 𝐺0
𝐺0

 (2) 

where GR and G0 are the spatially averaged solar irradiation with the hotel and on a flat surface, 
respectively. Positive solar load impacts resulting from the hotel’s reflective surfaces were considered on 
eight areas of in and around Caesars Republic (Figure 3-2). The impacts to nearby roadways were 
assessed for the driveway, Goldwater Blvd., Highland Ave., and the curve between Goldwater and 
Highland. Impacts to pedestrian comfort on the hotel premises were assessed in the west parking lot, the 
north parking lot, the park area to the east, and the rooftop patio. Tabulated solar loads impact results are 
given in Appendix A. 
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Figure 3-2. Caesars Republic areas in the solar loads impact analysis. 

Instances of outlying positive solar load impacts were further investigated by plotting contours of solar 
load modification in terms of the normalized heat flux: 

𝑞𝑛𝑟𝑚 =
𝑞 − 𝑞𝑓𝑙𝑎𝑡

𝑞𝑓𝑙𝑎𝑡
, 

where qflat represents the instantaneous solar heat load on a flat surface. Cases with a positive solar loads 
impact in the pedestrian areas of the park rooftop patio were further investigated by estimating the 
resulting surface temperatures under the augmented heat loads following the method presented in 
Appendix B. The temperature estimation procedure is approximate and is meant to provide familiar, 
relatable estimates of the solar load impacts; due to the many inherent assumptions in the method, the 
temperature values provide ballpark estimates and should not be taken literally. In isolated cases, the large 
concave reflective surface on the northwest side of the hotel causes solar focusing on the curve and 
Highland Ave. The after-image glare quantification metric, presented in Appendix C, is applied to assess 
the potential impact to motorist vision. 

Solar Loads Impact on the Parking Lots 

Over the course of the year, the north parking lot sees higher reflected solar loads increases compared to 
the west parking lot. As shown in Figure 3-3, the maximum reflected solar load augmentation on the 
north parking lot is 33%, whereas the west parking lot sees a maximum reflected load of 10%. 
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Figure 3-3. Solar load increases in on the north and west parking lots due to reflections from Caesars Republic. 

Figure 3-4 shows solar load difference contours corresponding to the increases indicated in Figure 3-3. 
During the spring, summer, and fall months, the sun’s latitude is sufficiently north to cause reflections 
from the northwest concave reflective surface to concentrate in localized areas in the north parking lot. 
An example of this is shown in Figure 3-4 (a), where a very localized region of the parking lot 
experiences an elevated heat load at 2:00 p.m. on April 9, 2019. The sun is never in a position where 
reflections from the concave surface impact the west parking lot. Therefore, maximum solar load 
increases are caused by reflections off the broad western windows, as shown in Figure 3-4 (b) at 4:00 
p.m. on July 2, 2019. 

  
(a) (b) 

Figure 3-4. Solar load modification on (a) the north parking lot at 2:00 p.m. on April 9, 2019, and (b) the west 
parking lot at 4:00 p.m. on July 2, 2019. 
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It is noted that solar load increases in the west parking lot are only experienced in the middle of summer, 
when the sun is high enough in the sky to reflect onto the parking lot in the late afternoon hours. 

Solar Loads Impact on Goldwater Blvd. and the Southern Driveway 

The increase heat loads experienced by both Goldwater Blvd. and the driveway on the southern side of 
Caesars Republic are minimal, as shown in Figure 3-5. The proximity of the driveway to the hotel is the 
primary cause of the increased solar load magnitudes over those experienced on Goldwater Blvd. 

 
Figure 3-5. Solar load increases in on Goldwater Blvd. and the southern driveway due to reflections from Caesars 

Republic. 

Figure 3-6 (a) shows the instance of the highest solar load increase on Goldwater Blvd. of 3.3% at 5:30 
p.m. on May 14, 2019. The solar glares are minimal, especially considering they are only slightly higher 
than the low solar loads of the early evening sun. The highest glares pose little threat to passing motorists 
as they are perpendicular to the flow of traffic. As shown in Figure 3-6 (b), the highest solar loads on the 
driveway are 4.5% and occur at 12:30 p.m. on June 18, 2019. The solar load increases are confined to a 
region very close to the hotel as they are reflected vertically from the midday sun. The reflection angle 
poses little to no glare threat to automobiles. 
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(a) (b) 

Figure 3-6. Solar load modification on (a) Goldwater Blvd. at 5:30 p.m. on March 14, 2019, and (b) the south 
driveway at 12:30 p.m. on June 18, 2019. 

Solar Loads Impact Park and Rooftop Patio Pedestrian Areas 

Figure 3-7 shows that, of the two areas in which pedestrians may be spending extended periods of time, 
the patio and the park, the patio experiences the largest increased solar loads. This is due to the patio’s 
proximity to the concave reflective surface on the northwest side of the hotel. The largest solar load 
increase on the patio is 40% on October 1, 2019, at 2:00 p.m., whereas the largest solar load increase in 
the park is only 7% and occurs at 9:00 a.m. on June 11, 2019. 

 
Figure 3-7. Solar load increases on the rooftop patio and park on the east side of Caesars Republic. 
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Figure 3-8 (a) shows that the largest solar load increases on the patio are confined to areas very close to 
the concave window while the majority of the patio surface is unaffected. The solar load increases in the 
park occur close to the hotel except in areas next to the tower, in which reflections stretch over across the 
width of the park area, as shown in Figure 3-8 (b). 

  
(a) (b) 

Figure 3-8. Solar load modification on (a) the rooftop patio at 2:00 p.m. on October 1, 2019, and (b) the east park at 
9:00 a.m. on June 11, 2019. 

To understand the solar loads impact on pedestrian comfort, the resulting temperatures are estimated in 
the park and patio areas following the procedure outlined in Appendix B. Figure 3-9 (a) shows that local 
heat flux augmentations seen at 2:00 p.m. on October 1 lead to an estimated 20 °F increase in patio 
surface temperatures in areas close to the concave window. Umbrellas or an awning may be used to 
ameliorate the temperature increases should it be a problem. The estimated park surface temperature 
increases in Figure 3-9 (b) are shown to be 2 °F and are unlikely to cause any discomfort. 

  
(a) (b) 

Figure 3-9. Equilibrium temperature predictions for (a) the rooftop patio on October 1, 2019, at 2:00 p.m. and (b) 
east park on June 11, 2019, at 9:00 a.m. 

  

lcastro
Date



HCW Hotels LLC  May 1, 2019 
Caesars Republic Hotel  Curtain Wall Design & Consulting 
Solar Load Impact Report  Page 18 of 29 
 

Solar Loads Impact on Highland Ave. and Highland/Goldwater Curve 

The maximum solar load increases on Highland Ave. and the Highland/Goldwater curve are shown in 
Figure 3-10. The solar load increases in these areas are relatively high, with a maximum of 59% on the 
curve on June 25, 2019, at 4:30 p.m. and maximum of 52% on July 16, 2019, at 4:30 p.m. Increases in 
both areas occur in the late afternoons during summer months, when the sun shines on the concave 
reflective surface on the northwest side of the hotel. 

 
Figure 3-10. Solar load increases on Highland Ave. and the Highland/Goldwater curve. 

Figure 3-11 shows that the maximum solar load increase is due to solar energy being focused by the 
concave surface onto the road. At times the very localized solar load focus falls on Highland Ave. (July 
16, 2019, at 4:30 p.m., as shown in Figure 3-11 (a), while at other times it occurs on the 
Highland/Goldwater curve (June 25, 2019, at 4:30 p.m., as shown in Figure 3-11 (b). 

  
(a) (b) 

Figure 3-11. Solar load modification on (a) the Highland/Goldwater curve at 4:30 p.m. on June 25, 2019, and (b) 
Highland Ave. at 4:30 p.m. on July 16, 2019. 
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To quantify the reflective glare on the roadways, the after-image metric is computed as described in 
Appendix C. The after-image index contours, shown in Figure 3-12, show that the glare attains a 
maximum index of around 1.055 in both cases. This can be interpreted as an observer having a 5.5% 
chance of an after-image after looking at the concave window from the location indicated in Figure 3-12. 
This poses a minimal threat to traffic safety, as the angle of the solar reflection is perpendicular to the 
direction of travel and is therefore out of a driver’s line of sight. 

  
(a) (b) 

 

 
Figure 3-12. After-image index contours on (a) the Highland/Goldwater curve at 4:30 p.m. on June 25, 2019 and (b) 

Highland Ave. at 4:30 p.m. on July 16, 2019. (c) The index location on the empirical ocular hazard plot.  
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CONCLUSION 

A solar loads impact analysis was performed to assess the effect of the planned reflective Caesars 
Republic hotel on pedestrian areas and nearby roadways in Scottsdale, Arizona. A convergence study on 
the spatial discretization of the surface mesh was performed to ensure that the model of Caesars Republic 
was sufficiently resolved to produce accurate solar loads predictions, and a validation effort was 
performed in which shadows of a nearby office building from satellite imagery were compared with 
computational predictions to instill confidence in the computational model. Solar loads were calculated 
over the daylight hours of one day a week for 52 weeks to identify outlying increases in solar loads 
around Caesars Republic due to the presence of the reflective hotel surfaces. It was found that, depending 
on the time of year, different areas would experience temporary increases in thermal loads due to 
reflections on the hotel’s reflective surfaces, especially the concave northwest window of Caesars 
Republic. Conservative temperature estimates predict modest local temperature increases in areas where 
pedestrians may spend extended lengths of time. A reflective glare analysis showed that on the nearby 
Highland Ave., there is a small potential for after-images, but the risk to traffic safety is minimal due to 
the angle of the reflected light being out of motorists’ line of sight. 
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Appendix A 

Solar Loads Impact Over the 2019 Year 
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Table Error! No text of specified style in document.-1. Solar loads impact on the west parking lot, north parking 
lot, Goldwater Blvd, and the south driveway. 

 

% Increase Time % Increase Time % Increase Time % Increase Time

1/1/2019 3% 1:00 PM 3% 12:30 PM 2% 3:30 PM 3% 12:00 PM

1/8/2019 3% 1:00 PM 3% 12:30 PM 2% 3:30 PM 3% 12:30 PM

1/15/2019 3% 1:00 PM 3% 12:30 PM 2% 3:30 PM 3% 12:30 PM

1/22/2019 3% 1:00 PM 3% 12:30 PM 2% 3:30 PM 3% 12:30 PM

1/29/2019 3% 1:00 PM 3% 12:30 PM 2% 4:00 PM 3% 12:30 PM

2/5/2019 3% 1:00 PM 3% 12:30 PM 2% 4:00 PM 4% 12:30 PM

2/12/2019 4% 1:00 PM 4% 12:30 PM 2% 4:00 PM 4% 12:30 PM

2/19/2019 4% 1:00 PM 4% 12:30 PM 2% 4:00 PM 4% 12:30 PM

2/26/2019 4% 1:00 PM 4% 12:30 PM 2% 4:00 PM 4% 12:30 PM

3/5/2019 4% 1:00 PM 7% 2:00 PM 2% 4:00 PM 4% 12:30 PM

3/12/2019 4% 1:00 PM 8% 1:30 PM 2% 4:30 PM 4% 12:30 PM

3/19/2019 4% 1:00 PM 15% 2:30 PM 2% 4:30 PM 4% 12:30 PM

3/26/2019 4% 1:00 PM 23% 2:30 PM 2% 4:30 PM 4% 12:30 PM

4/2/2019 4% 1:00 PM 27% 2:30 PM 2% 4:30 PM 4% 12:30 PM

4/9/2019 4% 1:00 PM 33% 3:00 PM 2% 4:30 PM 4% 12:30 PM

4/16/2019 4% 12:30 PM 30% 3:00 PM 3% 4:30 PM 4% 12:30 PM

4/23/2019 4% 12:30 PM 23% 3:00 PM 2% 5:00 PM 4% 12:30 PM

4/30/2019 4% 12:30 PM 15% 3:00 PM 3% 5:30 PM 4% 12:30 PM

5/7/2019 4% 12:30 PM 18% 3:30 PM 3% 5:30 PM 4% 12:30 PM

5/14/2019 4% 12:30 PM 18% 3:30 PM 3% 5:30 PM 4% 12:30 PM

5/21/2019 4% 12:30 PM 18% 3:30 PM 2% 5:00 PM 4% 12:30 PM

5/28/2019 5% 8:00 AM 13% 4:00 PM 2% 5:00 PM 4% 12:30 PM

6/4/2019 5% 8:00 AM 14% 4:00 PM 3% 6:00 PM 4% 12:30 PM

6/11/2019 10% 4:00 PM 15% 3:30 PM 3% 6:00 PM 4% 12:30 PM

6/18/2019 10% 4:00 PM 15% 3:30 PM 3% 6:00 PM 4% 12:30 PM

6/25/2019 10% 4:00 PM 16% 3:00 PM 3% 6:00 PM 4% 12:30 PM

7/2/2019 10% 4:00 PM 15% 3:30 PM 3% 6:00 PM 4% 12:30 PM

7/9/2019 5% 8:00 AM 15% 3:30 PM 3% 6:00 PM 4% 12:30 PM

7/16/2019 5% 8:00 AM 15% 3:30 PM 3% 6:00 PM 4% 12:30 PM

7/23/2019 5% 8:00 AM 15% 3:30 PM 3% 6:00 PM 4% 12:30 PM

7/30/2019 5% 8:00 AM 18% 3:30 PM 2% 5:00 PM 4% 12:30 PM

8/6/2019 4% 1:00 PM 18% 3:30 PM 2% 5:00 PM 4% 12:30 PM

8/13/2019 4% 1:00 PM 25% 3:30 PM 2% 5:00 PM 4% 12:30 PM

8/20/2019 4% 2:00 PM 23% 3:00 PM 3% 5:30 PM 4% 12:30 PM

8/27/2019 4% 1:00 PM 30% 3:00 PM 3% 4:30 PM 4% 12:30 PM

9/3/2019 4% 12:30 PM 29% 3:00 PM 2% 4:30 PM 4% 12:30 PM

9/10/2019 4% 12:30 PM 30% 2:30 PM 2% 4:30 PM 4% 12:30 PM

9/17/2019 4% 12:30 PM 19% 2:00 PM 2% 4:30 PM 4% 12:30 PM

9/24/2019 4% 12:30 PM 11% 2:00 PM 2% 4:00 PM 4% 12:30 PM

10/1/2019 4% 12:30 PM 8% 1:30 PM 2% 4:00 PM 4% 12:30 PM

10/8/2019 4% 12:30 PM 7% 1:30 PM 2% 4:00 PM 4% 12:30 PM

10/15/2019 4% 12:30 PM 4% 12:00 PM 2% 3:30 PM 4% 12:00 PM

10/22/2019 4% 12:30 PM 4% 12:00 PM 2% 3:30 PM 4% 12:00 PM

10/29/2019 3% 12:30 PM 3% 12:00 PM 2% 3:30 PM 3% 12:00 PM

11/5/2019 3% 12:30 PM 3% 12:00 PM 2% 3:30 PM 4% 12:00 PM

11/12/2019 3% 12:30 PM 3% 12:00 PM 2% 3:30 PM 3% 12:00 PM

11/19/2019 3% 12:30 PM 3% 12:00 PM 2% 3:00 PM 3% 12:00 PM

11/26/2019 3% 12:30 PM 3% 12:00 PM 2% 3:00 PM 3% 12:00 PM

12/3/2019 3% 12:30 PM 3% 12:30 PM 2% 3:00 PM 3% 12:00 PM

12/10/2019 3% 12:30 PM 3% 12:30 PM 2% 3:00 PM 3% 12:00 PM

12/17/2019 3% 12:30 PM 3% 12:30 PM 2% 3:00 PM 3% 12:00 PM

12/24/2019 3% 12:30 PM 3% 12:30 PM 1% 3:30 PM 3% 12:00 PM

West Parking Lot
Date

North Parking Lot Goldwater Blvd. South Driveway
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Table A 2. Solar loads impact on the park, rooftop patio, Highland Ave., and the Highland/Goldwater curve. 

 

% Increase Time % Increase Time % Increase Time % Increase Time

1/1/2019 3% 12:30 PM 26% 2:30 PM 3% 12:30 PM 3% 1:00 PM

1/8/2019 3% 12:30 PM 27% 2:30 PM 3% 12:30 PM 3% 1:00 PM

1/15/2019 3% 12:30 PM 28% 2:30 PM 3% 12:30 PM 3% 1:00 PM

1/22/2019 3% 12:30 PM 32% 2:30 PM 3% 12:30 PM 3% 1:00 PM

1/29/2019 3% 12:30 PM 30% 3:00 PM 3% 12:30 PM 3% 1:30 PM

2/5/2019 3% 12:30 PM 33% 2:30 PM 6% 2:30 PM 3% 2:00 PM

2/12/2019 4% 12:30 PM 34% 2:30 PM 7% 2:00 PM 3% 2:00 PM

2/19/2019 4% 12:30 PM 33% 3:00 PM 7% 2:00 PM 3% 2:30 PM

2/26/2019 4% 12:30 PM 37% 2:30 PM 7% 2:00 PM 3% 2:30 PM

3/5/2019 4% 12:30 PM 39% 3:00 PM 10% 3:00 PM 3% 3:00 PM

3/12/2019 4% 12:30 PM 38% 2:00 PM 13% 3:00 PM 3% 3:00 PM

3/19/2019 4% 12:30 PM 35% 2:00 PM 21% 3:00 PM 3% 3:30 PM

3/26/2019 4% 12:30 PM 31% 2:00 PM 25% 3:00 PM 3% 3:30 PM

4/2/2019 4% 12:30 PM 25% 1:30 PM 32% 3:00 PM 32% 3:00 PM

4/9/2019 4% 12:30 PM 25% 1:30 PM 37% 3:30 PM 33% 3:00 PM

4/16/2019 4% 12:30 PM 25% 1:30 PM 41% 3:30 PM 22% 3:00 PM

4/23/2019 4% 12:30 PM 21% 1:30 PM 41% 4:00 PM 31% 3:30 PM

4/30/2019 4% 12:30 PM 13% 1:00 PM 48% 4:00 PM 25% 3:30 PM

5/7/2019 5% 8:00 AM 13% 1:00 PM 52% 4:00 PM 42% 4:00 PM

5/14/2019 5% 8:00 AM 13% 1:00 PM 36% 4:00 PM 42% 4:00 PM

5/21/2019 6% 8:30 AM 13% 1:00 PM 35% 4:30 PM 40% 4:00 PM

5/28/2019 6% 8:30 AM 13% 1:00 PM 38% 4:30 PM 41% 4:30 PM

6/4/2019 6% 8:30 AM 13% 1:00 PM 30% 4:30 PM 51% 4:30 PM

6/11/2019 7% 9:00 AM 13% 1:00 PM 39% 4:30 PM 51% 4:30 PM

6/18/2019 7% 9:00 AM 13% 1:00 PM 33% 4:30 PM 52% 4:30 PM

6/25/2019 7% 9:00 AM 13% 1:00 PM 34% 4:30 PM 58% 4:30 PM

7/2/2019 7% 9:00 AM 13% 1:00 PM 34% 4:30 PM 55% 4:30 PM

7/9/2019 7% 9:00 AM 13% 1:00 PM 40% 4:30 PM 55% 4:30 PM

7/16/2019 6% 8:30 AM 13% 2:00 PM 52% 4:30 PM 52% 4:30 PM

7/23/2019 6% 8:30 AM 13% 1:30 PM 51% 4:30 PM 45% 4:30 PM

7/30/2019 6% 8:30 AM 13% 1:30 PM 41% 4:30 PM 40% 4:00 PM

8/6/2019 5% 5:00 PM 17% 1:30 PM 36% 4:00 PM 40% 4:00 PM

8/13/2019 5% 5:00 PM 17% 1:30 PM 45% 4:00 PM 29% 3:30 PM

8/20/2019 4% 12:30 PM 21% 1:30 PM 41% 4:00 PM 32% 3:30 PM

8/27/2019 4% 12:30 PM 21% 1:30 PM 41% 3:30 PM 26% 3:00 PM

9/3/2019 4% 12:30 PM 25% 1:30 PM 40% 3:30 PM 33% 3:00 PM

9/10/2019 4% 12:30 PM 28% 1:30 PM 35% 3:00 PM 19% 2:30 PM

9/17/2019 4% 12:30 PM 32% 1:30 PM 24% 3:00 PM 4% 2:30 PM

9/24/2019 4% 12:30 PM 31% 1:30 PM 20% 3:00 PM 3% 3:00 PM

10/1/2019 4% 12:30 PM 40% 2:00 PM 12% 3:00 PM 3% 3:00 PM

10/8/2019 4% 12:30 PM 39% 2:00 PM 10% 2:30 PM 3% 2:30 PM

10/15/2019 4% 12:00 PM 37% 2:00 PM 8% 3:00 PM 3% 2:30 PM

10/22/2019 4% 12:00 PM 32% 2:00 PM 7% 1:30 PM 3% 2:00 PM

10/29/2019 3% 12:00 PM 34% 2:00 PM 6% 2:00 PM 3% 1:30 PM

11/5/2019 3% 12:00 PM 32% 2:00 PM 3% 11:30 AM 3% 1:30 PM

11/12/2019 3% 12:00 PM 34% 2:00 PM 3% 12:00 PM 3% 1:00 PM

11/19/2019 3% 12:00 PM 27% 2:00 PM 3% 12:00 PM 3% 1:00 PM

11/26/2019 3% 12:00 PM 28% 2:30 PM 3% 12:00 PM 3% 12:30 PM

12/3/2019 3% 12:30 PM 25% 2:30 PM 3% 12:00 PM 3% 12:30 PM

12/10/2019 3% 12:30 PM 24% 2:30 PM 3% 12:00 PM 3% 12:30 PM

12/17/2019 3% 12:30 PM 22% 2:30 PM 3% 12:00 PM 3% 12:30 PM

12/24/2019 3% 12:30 PM 22% 2:30 PM 3% 12:00 PM 3% 12:30 PM

East Park Rooftop Patio Highland Ave. Curve
Date
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Appendix B 
 

Equilibrium Temperature Calculation Method 
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A method involving several approximations was used to estimate the surface temperature increases in the 
surrounding areas of Caesars Republic Hotel due to the presence of the hotel reflective surfaces. 
Conservative temperature estimates due to solar loads can be obtained by assuming that a given surface 
instantaneously reaches thermal equilibrium, i.e., the heat in balances with the heat out. The model, 
shown in Figure B-1 includes convection to ambient airflow over the surface and conduction into the 
underlying solid.  

 
Figure B-1. Equilibrium temperature model. 

Table B-1. Parameter values for equilibrium temperature model. 

 
The convection coefficient in Table B-1 is consistent with a 20 mph wind, and the ground resistance and 
temperature were taken from a derivation of the conduction through a grass surface provided in reference 
8. The conduction parameters were applied to all surfaces in the computational model to provide an 
estimate of surface temperatures. The conduction coefficient that is accurate for grass provided a 
conservative approximation for the more conductive surfaces in the model. The surface temperature 
estimates were found by solving the energy balance for temperature. 

𝜌𝐺 + ϵ𝜎𝑇4+ℎ𝑐(𝑇 − 𝑇∞) +
1

𝑅𝑔
(𝑇 − 𝑇𝑔) = 𝐺 (3) 
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The temperature was found by solving for the real positive root of Equation (3): 

𝑇 = −
1

2
√
𝑓1
𝑓2
+
𝑓2
𝑓3
+
1

2

(

 
2𝑎

√
𝑓1
𝑓2
+
𝑓2
𝑓3

−
𝑓1
𝑓2
−
𝑓2
𝑓3
)

 

1
2

 

Where 

𝑎 =

ℎ𝑐 +
1
𝑅𝑔

ϵ𝜎
 

 

𝑏 = −

𝐺(1 − 𝜌) + ℎ𝑐𝑇∞ +
𝑇𝑔
𝑅𝑔

ϵ𝜎
 

𝑓1 = 4𝑏 (
2

3
)

1
3
 

𝑓2 = (√3√27𝑎
4 − 256𝑏3 + 9𝑎2)

1
3 

𝑓3 = 2
1
33
2
3 
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Appendix C  
 

After-Image Reflective Glare Quantification 
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The effect on pedestrians from glare produced by reflections of visible light from the hotel was 
considered using the after-image metric defined by Ho et al. in 2011. The glare intensity is assessed by its 
potential to cause an after-image and is sorted into three empirically determined categories shown in the 
ocular hazard plot in Figure C-1 (a): “Low Potential for After-Image,” “Potential for After-Image,” and 
“Potential for Permanent Eye Damage.” These regions are parameterized by the retinal irradiance and 
subtended source angle as illustrated in Figure C-2 (b). 

 
 

(a) (b) 
Figure C-2. (a) Empirically defined ocular hazard plot and (b) an illustration of retinal irradiance and subtended 

source angle. 

The after-image metric is used in the Sandia National Laboratory Solar Glare Hazard Analysis Tool 
(SGHAT) and was endorsed by the Federal Aviation Administration in 2013 to be used for assessing glare 
risk to pilots from solar arrays in proximity to airports. 

The after-image metric was implemented through field functions in the software so that contours of the 
after-image index could be plotted to assess the risk of reflected glare on pedestrian surfaces. The after-
image index was assigned a value of 1 on the boundary between “Low Potential for After-Image” and 
“Potential for After-Image” and 2 on the boundary between “Potential for After-Image” and “Potential for 
Permanent Eye Damage” in Figure C-1 (a). To isolate visible reflections from total solar irradiations, the 
direct visible solar irradiation measured from a flat surface was subtracted from the irradiance in the 
visible frequency band. A conservative approximation of the subtended source angle from the hotel was 
implemented, which resulted in higher than actual subtended angle values. 
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