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1.0 INTRODUCTION/PROJECT DESCRIPTION 

Gentry on the Green (“Project”) is a proposed Mixed-Use development within the 
jurisdiction of Scottsdale, Arizona. The Project lies within the southeast quarter of 
Section 23, Township 2 North, Range 4 East, of the Gila and Salt River Base and 
Meridian, Maricopa County, Arizona. More specifically the Project is located on 
the southwest corner of Camelback Road and Hayden Road. The current zoning 
is “R-5” and the current Land Use is “Urban Neighborhood”. The Project is 
proposing to demolish the existing structures on the property and construct new 
structures consisting of Mulit-Family Residential, Commercial, Office and Retail 
uses. 

1.1 PROJECT ADDRESS 

The Project area is currently the site of the Visconti at Camelback (7979 E 
Camelback Road) east of 78th Street and Cortesian Apartments (7749 E 
Camelback Road) west of 78th Street. A portion of the Visconti at Camelback 
Apartments has been recorded as “Indian Bend” (Book 248, Page 13, MCR). The 
Cortesian Apartment has been recorded as “Madeira Condominiums” (Book 223, 
Page 16, MCR). 

1.2 GENERAL TOPOGRAPHY 

This area is an existing developed multi-family community. The area generally 
slopes to the east. Directly adjacent and defining the eastern boundary is Indian 
Bend Wash. The existing property east of 78th Street currently slopes toward and 
discharges directly into Indian Bend Wash. Property that lies west of 78th Street 
slopes toward and discharges directly into 78th street. These flows are conveyed 
to the south toward Glenrosa Avenue. These flows then follow Glenrosa Avenue 
to the east and ultimately discharge into Indian Bend Wash.  

1.3 PURPOSE 

The purpose of this Preliminary Drainage Report is to support a re-zoning 
application that is required to support the proposed land plan. Preliminary 
drainage concepts are presented herein to provide sufficient information to 
indicate that the proposed improvement complies with the current City of 
Scottsdale requirements. This document has been prepared in accordance with 
Chapter 4 of the City of Scottsdale Design Standards and Policies Manual 
(DSPM) and the Flood Control District of Maricopa County Drainage Design 
Manuals. 
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1.4 EXISTING/ON-GOING STUDIES 

To the east of the Project is Indian Bend Wash. Indian Bend Wash is a 
conveyance system that drains significant portions of the North Scottsdale and 
North Phoenix area. Due to the significance of this wash, multiple studies have 
been conducted on this wash. Per the City of Scottsdale Code, Section 37-22, 
developments in the Indian Bend Wash area are required to consider a study by 
the U.S. Army Corps of Engineers (USACOE) entitled, in part, General Design 
Memorandum – Phase 1, Plan Formulation for Indian Bend Wash, dated October 
1973. More recently, the City of Scottsdale, in conjunction with the Flood Control 
District of Maricopa County (FCD) have updated the Lower Indian Bend Wash 
Area Drainage Master Study (LIBW ADMS). This study utilized a modeling 
program named FLO-2D. Results from the FLO-2D program have been 
published by the FCD through their GIS based FLO-2D Web Tool. This study 
generally quantifies the flows in the area of Indian Bend Wash.  

2.0 FEMA FLOOD HAZARD ZONES 

The Project is located on Federal Emergency Management Agency (FEMA) 
National Flood Insurance Program (NFIP), Flood Insurance Rate Map (FIRM) 
No. 04013C1770L and 04013C2235L (See Exhibit 1), revised October 16, 2013. 
The Project is located in Flood Hazard Zone “X” and Zone “X” Shaded. Flood 
Zone “X” is defined as follows: 

Area of Minimal Flooding 

Flood Zone “X” Shaded is defined as follows: 

0.2% Annual Change Flood Hazard, Areas of 1% annual 
chance flood with average depth less than one foot or with 
drainage areas of less than one square mile. 

Indian Bend Wash lies within a Flood Hazard Zone AE which is defined as areas 
subject to inundation by the 1-percent-annual-chance flood event determined by 
detailed methods. Base Flood Elevations (BFEs) are shown. 

Proposed finished floors are designed to maintain at least 1-foot freeboard above 
these BFE’s. 
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3.0 OFF-SITE ANALYSIS 

3.1 EXISTING OFF-SITE FLOW CHARACTERISTICS 

Detailed studies have been conducted in the vicinity of this project. Results from 
previous studies were used to determine offsite flows. The LIBW ADMS 
describes in detail the flow characteristics surrounding the Project. The Project 
area and the surrounding properties generally slope toward Indian Bend Wash, 
to the east. Camelback Road is fully developed with curb and gutter. There is a 
storm drain system on the south side of Camelback Road that conveys storm 
water from the west to Indian Bend Wash. 

According to the LIBW ADMS, Indian Bend Wash conveys approximately 19,000 
cfs. The majority of these flows are conveyed east of Hayden Road in the Indian 
Bend Wash Overflow Channel. The portion of Indian Bend Wash adjacent to the 
Project is considered the Indian Bend Wash Low Flow channel and conveys 
approximately 3,000 cfs. The LIBW ADMS determined the 100-year, 6-hour 
storm High Water Elevation (HWE) though the wash. These elevations are 
shown on Exhibit 3 in the Appendix of this report.  

The LIBW ADMS FLO-2D analysis indicates that a portion of the flows on 
Camelback Road are diverted and conveyed south along 78th Street. These 
diverted flows are estimated to be approximately 53 cfs. These flows are 
conveyed within 78th Street toward Glenrosa Avenue, where they eventually 
enter into the Indian Bend Wash. Excerpts from the Flood Control District of 
Maricopa County FLO-2D Web Tool program is included in Appendix C of this 
report. 

In 1973 the United States Army Corps of Engineers (USACOE) prepared a 
document entitled, in part, General Design Memorandum – Phase 1, Plan 
Formulation for Indian Bend Wash, dated October 1973 (ACOE Report). In this 
document Indian Bend Wash was studied and high water elevations were 
estimated. Peak flows in Indian Bend Wash (low flow channel and Overflow 
channel) are estimated to be 27,000 cfs with 30,000 cfs as a design value used 
by Scottsdale as part of the flood plain management criteria. See Appendix C for 
the water surface profile that was determined in the ACOE Report.  

In evaluation of the results of the FLO-2D model and the ACOE results a few 
items should be noted. The FLO-2D results indicate an approximate flow of 
19,000cfs in the Indian Bend Wash system, significantly lower than that of the 
ACOE study. The FLO-2D results indicate that Hayden Road creates a split flow 
system, with excess from the Indian Bend Low Flow channel overtopping Hayden 
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Road and combining with the flows in the Indian Bend Overflow Channel. In the 
FLO-2D model the overflow channel ranges from 1.25 feet to 1.45 feet below the 
low flow channel. With these observations noted, a cross section was analyzed 
using the design value of 30,000cfs. The FlowMaster V8i program was used to 
determine the estimated water surface elevation. FlowMaster assumed a 
constant water surface elevation across the section. Results of the FlowMaster 
program are included in Appendix B of this report. As these results indicate an 
estimated water surface elevation lower than the FLO-2D study, the proposed 
buildings finished floors will be placed well above this estimated water surface 
elevation. 

No offsite flows are anticipated to impact this site.  

3.2 PROPOSED OFF-SITE IMPROVEMENTS 

This project does not propose any improvements to the current off-site drainage 
characteristics. Reasonable care will be taken during final design to maintain 
existing flow patterns in and around the project site. 

4.0 ON-SITE ANALYSIS 

4.1 EXISTING ON-SITE FLOW CHARACTERISTICS 

The current site does not provide for any on-site retention. Flows from the Project 
site are conveyed to adjacent streets or directly into Indian Bend Wash. Exhibit 3 
– Pre-Development Drainage Map illustrates the estimated drainage patterns 
found within the development area.  

4.2 METHODOLOGY AND CRITERIA 

Runoff from the proposed improvements will maintain similar flow patterns as 
compared to the pre-development conditions. Runoff will be directed to adjacent 
streets or into Indian Bend Wash. Areas exposed to vehicular traffic and other 
sources of possible contaminants will have water quality measures in-line to 
ensure runoff is treated prior to exiting the site. Runoff from areas not exposed to 
contaminants (ie. roof drains, interior courtyards etc.) will be allowed to convey 
directly into adjacent streets or Indian Bend Wash without being treated. 

For Phase 1 of the Project, the proposed improvements include a storm drain 
system that will collect runoff from around the Project and convey the flows 
toward Indian Bend Wash. The Rational Method will be used to calculate 10-year 
and 100-year peak flows for each inlet. The storm drain system will be designed 
to convey the peak 100-year flows below the inlet grade. Peak flow calculation 
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and storm drain analysis will be included in subsequent reports. Exhibit 4 – Post-
Development Drainage Map illustrates the conceptual drainage patterns for the 
improvements. 

Phase 2 of the Project will follow similar drainage criteria, with the exception of a 
storm drain system connection to Indian Bend Wash. It is anticipated that surface 
flow will be treated via surface basins or similar prior to entering the adjacent 
streets. In the existing conditions, the area west of 78th Street flows directly into 
78th Street. This same discharge location will be utilized with the Phase 2 
development.  

4.3 RETENTION REQUIREMENTS 

Both Visconti at Camelback and Cortesian Apartments were constructed prior to 
1987. As such, the City of Scottsdale DSPM requires these sites to retain the 
difference between the Pre-Development condition and the Post-Development 
condition. The Project site was analyzed in the Pre-Development condition and 
the Post-Development condition to determine a weighted average runoff 
coefficient for each. Runoff coefficients were selected for Rooftops (C10yr=0.85), 
Asphalt/Concrete (C10yr=0.85),  and Openspace (C10yr=0.50), in accordance with 
Table 3.2 – Runoff Coefficients for Maricopa County from the Drainage Design 
Manual for Maricopa County – Hydrology (DDM – Hydrology). Areas for the Pre-
Development condition were developed from aerial imagery, ground survey and 
site visits. Areas for the Post-Developed condition were taken from the most 
recent version of the proposed site plan. Runoff coefficients for each land use 
category were held constant between Pre and Post conditions. Land Use area 
maps and Weighted Average Runoff Coefficient calculations can be found in 
Appendix B of this report. The total runoff volume for the site is calculated 
according to the following equation: 

V = ∆C x (P/12) x A 

Where: V = Total Runoff Volume (cubic feet) 
∆C = Increase in Weighted Runoff coefficient (Cpost – Cpre) 
P = 100-year 2-hour precipitation depth (inches) 
A = Drainage Area (sf).  
 

For determining the precipitation depth, the NOAA Atlas 14 Data Sever was 
used. The precipitation for the Project for a 100-year, 2-hour storm is 2.17 
inches. (See the Appendix B for NOAA 14 information). 
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It was found in the pre vs. post development condition comparison that the post 
development will produce a lower volume of runoff than the current conditions. 
Therefore, this site will not be required to retain any storm water. 

4.3.1 DISSIPATION OF STORED RUNOFF 

The City of Scottsdale requires that any retained/detained storm water be 
drained within 36-hours. It is not anticipated that this site will incorporate any 
retention/detention facilities, as discussed previously. However, it is anticipated 
that any retained/detained storm water will be drained into Indian Bend Wash via 
orifice plates. Further detail will be developed in subsequent reports. 

4.4 SITE ULTIMATE OUTFALL 

During greater-than-design or back-to-back storm events, excess storm water will 
overflow to adjacent streets or Indian Bend Wash. Excess water will leave the 
site at different locations where it will discharge into the Camelback Road, 78th 
Street, Parkway Avenue or Indian Bend Wash, in accordance with the historical 
flow patterns. The site ultimate outfall for Phase 1 is located in the southeast 
corner of the site along Indian Bend Wash at an elevation of 1244 (NAVD 88). 
The site ultimate outfall for Phase 2 is located in the southeast corner of the site 
along 78th Street at an elevation of 1247 (NAVD 88). See Exhibit 4 – Post-
Development Drainage Exhibit in Appendix A for outfall elevations and locations. 

4.5 FINISHED FLOOR ELEVATIONS 

The proposed finished floors were set in consideration of the site ultimate outfall 
elevation and the 100-year high water elevation within Indian Bend Wash. 
Finished floors are set to ensure at least 1-foot of freeboard above the LIBW 
ADMS WSE in Indian Bend Wash and at least 1-foot above the site ultimate 
outfall. Furthermore, finished floors are set to ensure they are above the water 
surface elevation established in the Phase 1, Plan Formulation for Indian Bend 
Wash, prepared by the USACOE, dated October 1973. 

4.6 STORM WATER QUALITY 

Portions of the site exposed to vehicular traffic or other sources of possible 
surface run-off pollutants will incorporate some type of in-line water quality 
device. Low impact development measures are anticipated to be utilized 
throughout the site, where ever practical. Some of these measures may include 
permeable pavements (pavers and/or concrete), vegetated or rock bioswales, 
shallow bioretention systems, bioretention planters, sediment traps, inlet liners 
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and in-line storm water quality units. Examples of these measures are provided 
in Appendix D of this report. 

5.0 STORM WATER POLLUTION PREVENTION PLAN (SWPPP) 

It is the responsibility of the contractor to remain compliant with all NPDES 
regulations during the construction period. A SWPPP is provided with the final 
construction documents. 
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6.0 SUMMARY AND CONCLUSION 

This preliminary drainage report provides sufficient information to conclude that 
the proposed development complies with City of Scottsdale Design Standards 
and Policies Manual and the Flood Control District of Maricopa County drainage 
design standards. This study has determined the following: 

 No off-site flows impact this site 

 The proposed improvements will maintain the historical discharge 
locations 

 This site will not increase storm water runoff, therefore this site is not 
responsible for any storm water storage 

 The proposed project will not increase peak flows exiting the site 

 Storm water discharges will be treated to ensure current storm water 
quality standards 

 All finished floor elevations are set a minimum of 1-foot above the 
adjacent 100-year water surface elevation and/or the site ultimate outfall 

 Phase 2 (West of 78th Ave) will be designed to maintain these same 
design criteria. 
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WEIGHTED RUNOFF COEFFICIENT
Project: Gentry on the Green - Phase 1

Description: City of Scottsdale Date: 5/30/2019

Prepared by: Jared G. Atwell Project #: 19001704

Objective:

Equations:

100-yr Weighted Coefficient
     Phase 1 Pre-Development Conditions

Sub Area        
Type

Area          
(Sq. Ft.)

100-yr Runoff  
Coefficient AC

Rooftop 326,667 0.95 310,334

Asphalt/Concrete 409,116 0.95 388,660

Openspace 341,510 0.50 170,755

Totals 1,077,293 869,749

Cw = ƩAC/ƩA = 0.81

100-yr Weighted Coefficient
     Phase 1 Post-Development Conditions

Sub Area        
Type

Area          
(Sq. Ft.)

100-yr Runoff  
Coefficient AC

Rooftop 523,424 0.95 497,253

Asphalt/Concrete 172,846 0.95 164,204

Permeable Pvmt* 94,837 0.30 28,451

Openspace 286,186 0.50 143,093

Totals 1,077,293 833,001
Cw = ƩAC/ƩA = 0.77

 

Compute weighted Average Runoff Coefficient. 

*See Permeable Interlocking Concrete Pavement (PICP) Design 
Professionals Fact Sheet (Attached)

௪ܥ ൌ
ଵܥଵܣ ൅ .ଶ൅ܥଶܣ . . ൅ܣ௡ܥ௡

ଵܣ ൅ .ଶ൅ܣ . . ௡ܣ

19001704 Final Retention Basin.xlsx Ph1 Runoff Coefficient 1 of 1
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NOAA Atlas 14, Volume 1, Version 5 
Location name: Scottsdale, Arizona, USA* 
Latitude: 33.5008°, Longitude: -111.9114° 

Elevation: 1242.49 ft**
* source: ESRI Maps 

** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Sarah Dietz, Sarah Heim, Lillian Hiner, Kazungu Maitaria, Deborah Martin, Sandra
Pavlovic, Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey

Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.184
(0.154‑0.225)

0.241
(0.202‑0.294)

0.327
(0.273‑0.398)

0.393
(0.326‑0.475)

0.483
(0.394‑0.581)

0.552
(0.445‑0.661)

0.623
(0.492‑0.744)

0.695
(0.540‑0.829)

0.792
(0.599‑0.945)

0.865
(0.642‑1.03)

10-min 0.280
(0.235‑0.342)

0.366
(0.308‑0.447)

0.498
(0.415‑0.605)

0.599
(0.496‑0.724)

0.735
(0.599‑0.884)

0.840
(0.677‑1.01)

0.948
(0.749‑1.13)

1.06
(0.822‑1.26)

1.21
(0.911‑1.44)

1.32
(0.977‑1.58)

15-min 0.347
(0.291‑0.424)

0.454
(0.382‑0.554)

0.617
(0.515‑0.750)

0.742
(0.615‑0.897)

0.911
(0.743‑1.10)

1.04
(0.839‑1.25)

1.18
(0.928‑1.40)

1.31
(1.02‑1.56)

1.49
(1.13‑1.78)

1.63
(1.21‑1.95)

30-min 0.467
(0.392‑0.571)

0.611
(0.514‑0.746)

0.831
(0.693‑1.01)

0.999
(0.828‑1.21)

1.23
(1.00‑1.48)

1.40
(1.13‑1.68)

1.58
(1.25‑1.89)

1.77
(1.37‑2.11)

2.01
(1.52‑2.40)

2.20
(1.63‑2.63)

60-min 0.578
(0.485‑0.706)

0.757
(0.636‑0.923)

1.03
(0.858‑1.25)

1.24
(1.02‑1.50)

1.52
(1.24‑1.83)

1.74
(1.40‑2.08)

1.96
(1.55‑2.34)

2.19
(1.70‑2.61)

2.49
(1.88‑2.97)

2.72
(2.02‑3.26)

2-hr 0.671
(0.571‑0.802)

0.868
(0.738‑1.04)

1.16
(0.984‑1.39)

1.39
(1.16‑1.65)

1.69
(1.40‑2.00)

1.93
(1.58‑2.27)

2.17
(1.75‑2.56)

2.41
(1.91‑2.84)

2.74
(2.12‑3.24)

3.00
(2.27‑3.56)

3-hr 0.732
(0.620‑0.884)

0.940
(0.799‑1.14)

1.23
(1.04‑1.49)

1.47
(1.23‑1.76)

1.79
(1.48‑2.14)

2.05
(1.67‑2.44)

2.33
(1.86‑2.76)

2.61
(2.05‑3.09)

3.00
(2.29‑3.56)

3.32
(2.47‑3.95)

6-hr 0.881
(0.761‑1.04)

1.11
(0.969‑1.32)

1.43
(1.23‑1.68)

1.68
(1.44‑1.96)

2.02
(1.71‑2.35)

2.29
(1.90‑2.65)

2.57
(2.10‑2.98)

2.85
(2.29‑3.31)

3.24
(2.54‑3.77)

3.55
(2.72‑4.14)

12-hr 0.981
(0.858‑1.14)

1.24
(1.08‑1.44)

1.57
(1.37‑1.82)

1.83
(1.58‑2.11)

2.18
(1.87‑2.51)

2.45
(2.07‑2.81)

2.73
(2.27‑3.14)

3.01
(2.47‑3.46)

3.39
(2.71‑3.91)

3.68
(2.89‑4.28)

24-hr 1.16
(1.04‑1.31)

1.48
(1.32‑1.67)

1.91
(1.70‑2.16)

2.26
(2.01‑2.54)

2.74
(2.41‑3.08)

3.11
(2.73‑3.50)

3.51
(3.05‑3.94)

3.92
(3.38‑4.40)

4.48
(3.82‑5.03)

4.92
(4.16‑5.55)

2-day 1.26
(1.12‑1.42)

1.61
(1.44‑1.81)

2.11
(1.88‑2.38)

2.51
(2.23‑2.83)

3.07
(2.71‑3.45)

3.51
(3.08‑3.95)

3.98
(3.47‑4.49)

4.47
(3.87‑5.04)

5.16
(4.41‑5.82)

5.70
(4.83‑6.46)

3-day 1.33
(1.19‑1.50)

1.70
(1.52‑1.92)

2.24
(1.99‑2.52)

2.67
(2.37‑3.00)

3.27
(2.89‑3.68)

3.76
(3.30‑4.22)

4.28
(3.72‑4.81)

4.82
(4.16‑5.43)

5.59
(4.76‑6.29)

6.20
(5.24‑7.00)

4-day 1.40
(1.25‑1.58)

1.79
(1.60‑2.02)

2.36
(2.10‑2.66)

2.83
(2.50‑3.18)

3.48
(3.07‑3.91)

4.01
(3.51‑4.50)

4.57
(3.98‑5.13)

5.17
(4.45‑5.81)

6.02
(5.12‑6.76)

6.70
(5.64‑7.55)

7-day 1.56
(1.39‑1.76)

1.99
(1.77‑2.25)

2.63
(2.33‑2.96)

3.14
(2.78‑3.54)

3.87
(3.40‑4.35)

4.45
(3.90‑5.00)

5.08
(4.41‑5.70)

5.74
(4.94‑6.45)

6.67
(5.67‑7.50)

7.42
(6.24‑8.37)

10-day 1.69
(1.51‑1.91)

2.17
(1.93‑2.44)

2.86
(2.54‑3.21)

3.41
(3.02‑3.83)

4.19
(3.69‑4.69)

4.81
(4.21‑5.38)

5.47
(4.76‑6.12)

6.17
(5.33‑6.91)

7.14
(6.09‑8.00)

7.93
(6.69‑8.89)

20-day 2.08
(1.86‑2.33)

2.67
(2.39‑3.00)

3.53
(3.15‑3.95)

4.18
(3.71‑4.67)

5.05
(4.47‑5.64)

5.72
(5.04‑6.38)

6.40
(5.61‑7.15)

7.09
(6.19‑7.93)

8.02
(6.94‑8.99)

8.73
(7.50‑9.81)

30-day 2.43
(2.16‑2.72)

3.12
(2.79‑3.50)

4.12
(3.66‑4.60)

4.87
(4.32‑5.43)

5.88
(5.20‑6.55)

6.65
(5.86‑7.41)

7.45
(6.53‑8.29)

8.26
(7.20‑9.19)

9.34
(8.09‑10.4)

10.2
(8.74‑11.4)

45-day 2.81
(2.52‑3.15)

3.62
(3.24‑4.05)

4.77
(4.27‑5.33)

5.62
(5.01‑6.27)

6.74
(5.99‑7.52)

7.58
(6.72‑8.45)

8.43
(7.43‑9.40)

9.27
(8.14‑10.4)

10.4
(9.05‑11.6)

11.2
(9.73‑12.6)

60-day 3.11
(2.79‑3.47)

4.01
(3.60‑4.47)

5.28
(4.73‑5.87)

6.19
(5.54‑6.90)

7.39
(6.59‑8.22)

8.27
(7.35‑9.20)

9.15
(8.11‑10.2)

10.0
(8.84‑11.2)

11.1
(9.78‑12.5)

12.0
(10.4‑13.4)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for
a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are
not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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Large scale terrain
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00420 ft/ft

Normal Depth 7.33 ft

Discharge 30000.00 ft³/s

Cross Section Image

Cross Section for Section A-A

5/30/2019 4:12:09 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Channel Slope 0.00420 ft/ft

Discharge 30000.00 ft³/s

Section Definitions

Station (ft) Elevation (ft)

0+00 1239.69

0+10 1239.55

0+20 1238.30

0+31 1235.02

0+98 1235.07

2+05 1234.75

3+71 1235.56

4+07 1235.58

4+15 1235.11

4+22 1234.13

4+35 1234.30

4+37 1234.81

4+39 1234.76

4+40 1234.84

4+53 1237.15

4+67 1240.46

4+78 1242.50

4+85 1242.70

4+85 1242.20

5+73 1240.88

5+74 1241.38

5+88 1241.54

6+15 1243.71

6+24 1243.58

6+46 1238.82

6+84 1238.87

7+04 1238.44

Worksheet for Section A-A

5/30/2019 4:12:37 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 3of1Page
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Input Data

Station (ft) Elevation (ft)

7+11 1238.20

7+17 1237.69

7+19 1237.04

7+20 1236.95

7+22 1236.56

7+27 1236.60

7+31 1237.91

7+36 1238.63

7+42 1239.16

7+53 1240.92

7+64 1244.73

7+68 1245.17

7+70 1245.70

7+71 1246.94

Options

Current Roughness Weighted 
Method

Pavlovskii's Method

Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Normal Depth 7.33 ft

Elevation Range 1234.13 to 1246.94 ft

Flow Area 3161.92 ft²

Wetted Perimeter 644.71 ft

Hydraulic Radius 4.90 ft

Top Width 640.15 ft

Normal Depth 7.33 ft

Critical Depth 6.27 ft

Critical Slope 0.00770 ft/ft

Velocity 9.49 ft/s

Velocity Head 1.40 ft

Worksheet for Section A-A

5/30/2019 4:12:37 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 3of2Page
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Results

Specific Energy 8.73 ft

Froude Number 0.75

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 7.33 ft

Critical Depth 6.27 ft

Channel Slope 0.00420 ft/ft

Critical Slope 0.00770 ft/ft

Worksheet for Section A-A

5/30/2019 4:12:37 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 3of3Page
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APPENDIX C 

EXCERPTS FROM FLO-2D WEB TOOL 
EXCERPTS FROM GENERAL DESIGN MEMORANDUM – PHASE 1, PLAN FORMULATION 

FOR INDIAN BEND WASH 
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Permeable Interlocking Concrete Pavement (PICP)

Design Professionals Fact Sheet
    PICP Stormwater Benefi ts

• Infi ltrates, fi lters and decreases stormwater 
runoff rate and reduces Total Maximum 
Daily Load (TMDL)

• LEED® point eligible for Sustainable Sites, 
Water Effi ciency, Materials & Resources 
and /or Innovative Design; Contributes to 
Green Globe points

• Meets U.S.Environmental Protection Agency 
(EPA) stormwater performance criteria as 
a structural best management practice 
(BMP) while providing parking, road and 
pedestrian surfaces

• Helps meet local, state and provincial 
stormwater drainage design criteria and 
provides compliance with the U.S. National 
Pollutant Discharge Elimination System 
(NPDES) regulations 

• Provides 100% pervious surface by runoff 
passing through small, aggregate-fi lled 
openings between solid high-strength 
durable concrete pavers

• Reduces or eliminates stormwater 
detention and retention ponds, storm 
sewers, drainage appurtenances and 
related costs

• May be used on sloped sites with proper 
design 

• The modular concrete units allow for 
project phasing; open-graded base and 
subbase materials are typically available 
locally.

• Rain water harvesting: capable of storing 
water for on-site irrigation or building grey 
water use

• May be designed with underground 
stormwater storage systems, over many 
slower-draining clay soils and in cold 
climates

• Processes and reduces pollutants from 
vehicular oil drippings

    APPLICATION OPPORTUNITIES
 • Urban: Offi ce plazas, sidewalk replacement, 

street tree planting areas, parking lots, parks and 
outdoor seating areas

 • Suburban: Parking lots, parks, driveways, park-
ing bays on roadways, subdivision roads and 
sidewalks

 • Redevelopment Sites: Parking areas, plazas 
and public spaces, sidewalks and brownfi elds

PICP and bioswales work together as LID tools 
to increase infi ltration at Morton Arboretum in 
Lisle, IL.

Attractive             Durable              Environmentally Compliant

Permeable interlocking concrete pavement 
(PICP) with open-graded base and subbase for 
infi ltration and storage.

Pollutant removal effi ciencies
(Compared to impervious pavement runoff)
Zinc: 62-88%
Copper: 50-89%
Total Suspended Solids: 60-90%
Total Phosphorous: 65%

3 1/8 in. (80 mm) thick 
pavers with permeable 
joints

Open-graded bedding 
course

Open-graded base course 
(OGB)

Open-graded subbase 
on non-compacted  soil 
subgrade

PICP is a cost 
effective LID 
stormwater 
management 
tool
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 LID Design Application

By eliminating detention pond, the subdivision lay-
out conserves trees while 15,000 sf (1500 m²) PICP 
in the cul-de-sac returns rainfall to the water table 
in Glen Brook Green subdivision in Waterford, CT.

Permeable Interlocking Concrete 
Pavement: 
A Low Impact Development Tool 

PICP supports LID Principles

1. Conserve vital ecological and natural resources: 
trees, streams, wetlands and drainage courses

2. Minimize hydrologic impacts by reducing 
imperviousness, conserving natural drainage courses, 
reducing clearing, grading and pipes

3. Maintain pre-development time of concentration for 
runoff by routing fl ows to maintain travel times and 
discharge control

4. Provide runoff storage and infi ltration uniformly 
throughout the landscape with small, on-site 
decentralized infi ltration, detention and retention 
practices such as permeable pavement, bioretention, 
rain gardens, open swales and roof gardens

5. Educate the public and property owners on runoff 
and pollution prevention measures and benefi ts

Permeable Interlocking Concrete 
Pavement Meets Low Impact 

Development Goals

• Conserves on-site space: roads, parking, 
stormwater infi ltration and retention 
all combined into the same space 
creating more green space or building 
opportunities

• Preserves wooded areas that would 
otherwise be cleared for stormwater 
detention or retention ponds

• Increases site infi ltration that helps 
maintain pre-development runoff 
volumes, peak fl ows and time of 
concentration 

• Promotes tree survival and growth

• Contributes to urban heat island reduction 
through evaporation and refl ective, light 
colored pavers 

• Highly visible, cost effective exemplary 
demonstration of cornerstone LID 
technique for public and private 
development

350,000 sf (3.2 ha) of PICP at a Burnaby, 
BC shopping center infi ltrates runoff 
from roofs.

Typical PICP cross section

Design Software Available

New software from ICPI for permeable pavement 
incorporates research from a range of university 
research studies.  

Contact ICPI for further information.2
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Construction Checklist

• No compaction of native soil subgrade – 
excavate and trim native soil

• Geotextile, drainage pipes and overfl ow vary 
with design

• Ensure no sediment from equipment-borne 
mud on aggregates 

• Install and compact aggregate subbase and 
base with standard paving equipment

• Specialty equipment used for screeding 
bedding layer and for mechanical paver 
installation

• Mechanical installation equipment accelerates 
construction; minimum 5,000 sf (500 m2)/
machine/day

• Pavers, non-frozen bedding material & base/
subbase installable in freezing temperatures 
over non-frozen soil subgrade

• Paver joints fi lled with aggregate and 
compacted

• No curing time – ready to use upon 
installation; modular construction allows for 
project phasing

• Specify experienced ICPI contractors with 
PICP construction, inspection and detailing 
skills

Aggregate base and subbase are 
spread and compacted; pavers are 
delivered ready to install. After 
placement, joints and/or openings 
are fi lled with small aggregate. 
Then pavers are compacted.

Mechanical sweeping of fi ne 
aggregate into paver joints

Base construction uses locally 
available materials.

Technical Guidelines

• Pavers conform to ASTM C936 in the U.S. or 
CSA A231.2 in Canada

• Open-graded crushed stone recommended for 
all aggregates

• Joint fi lling stone gradation: 
ASTM No. 8, 87, 89 or 9

• Base gradation: ASTM No. 57
• Subbase gradation: ASTM No. 2, 3 or 4 

(railroad ballast)
• Optional geotextile: consult manufacturers for 

selection
• Soil subgrade: classifi ed per ASTM D2487; 

tested for permeability per ASTM D3385
• Structural design: ICPI design chart determines 

minimum base thickness to support pedestrian 
and vehicular traffi c  (see references)

Curve Number and Rational Method 
Runoff Coeffi cients

NRCS Curve Numbers (CN) and Rational Method 
runoff coeffi cients (‘C’ value) used depend on the soil 
infi ltration rate, base storage and design storm. In 
every case, PICP yields signifi cantly lower CN and C 
values than impervious pavement per the table below:

Land Cover Infi latration 
Rates 
in./hr (mm/hr)

Curve 
Number
CN

Runoff 
Co-
effi cient,
C

Permeable 
Interlocking 
Concrete 
Pavement

Up to 50 in./ hr 
(1270 mm/hr) 
with maintenance
3-4 in./hr (75-
100 mm/hr) with 
no maintenance

45 – 80   0.00 
– 0.30

Impervious 
Asphalt or 
Concrete 
Pavement

0 in./hr (0 mm/
hr)

95 – 98   0.90 
– 0.95

Pavers are delivered 
ready to place, joints 
fi lled, compacted and 
then are ready for traffi c.

Construction Guidelines

3

jgardner
Rectangle
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Water Quality Improvement

PICP treats stormwater by slowing runoff velocities to 
allow for sedimentation and fi ltering by aggregates in 
the surface openings and base. Oils adhere to small 
soil particles and aggregates and then are digested by 
bacteria.

Peak Flow Reduction and Delay

PICP can reduce peak fl ow by as much as 
89%, producing a hydrograph nearer to 
pre-development conditions. Peak fl ow is 
generally proportional to rainfall intensity.  
Permeable pavers delay the timing of peak 
fl ow runoff from several hours to several 
days.

Additional Benefi ts

• ADA compliant for slip resistance

• Concrete pavers available in various 
shapes and colors from local ICPI 
members; colored pavers mark lanes 
and parking spaces

• Simplifi es surface and subsurface 
repairs by reinstating the same 
paving units; no unsightly patches or 
weakened pavement cuts

561 Brant Street
P.O. Box 85040
Burlington, Ontario, Canada
L7R 4K2

Copyright © 2008 Interlocking Concrete Pavement Institute. All Rights Reserved.

Disclaimer: The content of this brochure is intended for use only as a guideline. It is not intended 
for use or reliance upon as an industry standard, certifi cation or specifi cation.  ICPI & LIDC make 
no promises, representations or warranties of any kind, express or implied, as to the content of this 
brochure.  Professional assistance should be sought with respect to the design, specifi cations and 
construction of each permeable interlocking concrete pavement project.

Volume Reduction

Research has demonstrated that PICP can 
reduce runoff as much as 100% from a 3 
in. (75 mm) rain event with sandy soil and 
a minimum 12 in. (300 mm) thick open-
graded aggregate base. 

Given regional variations in annual 
rainstorms and PICP base storage capacities, 
PICP can reduce annual runoff between 30% 
and 80%. Well-maintained PICP can reduce 
fl ows by 70% to 90% from intense rain 
events and up to 100% for many storms. 
This yields a corresponding reduction in 
runoff pollution.

Performance

Ferguson, B. K. Porous Pavements. Boca Raton, FL:CRC 
Press, 2005. 

Smith, David R.  Permeable Interlocking Concrete 
Pavements: Selection • Design • Construction • Mainte-
nance, Washington,DC:ICPI 3rd ed., 2006. www.icpi.org.

For more information pertaining to permeable interlocking 
concrete pavement, please visit the Interlocking Concrete 
Pavement Institute (icpi.org) or the Low Impact 
Development Center (lowimpactdevelopment.org).

Other Fact Sheets available for Developers, 
Municpal Offi cials and Schools/Universities

FAQs
Can PICP be used on clay soils?  Yes.  Even in clay 
soils, PICP reduces runoff and helps to capture “fi rst 
fl ush” runoff and reduce pollution. 

Can PICP be used  to replace convential stormwater 
management tools such as detention basins ?  Yes.  
In both colder and warmer climates, PICP has been used 
to reduce or eliminate the need for conventional stormwa-
ter pipe infrastructure, detention basins and drop inlets.

Is Maintaining PICP diffi cult?  No.  PICP can be main-
tained through street sweeping and vacuuming based on 
a periodic inspection.

Can PICP be used in cold climates? Yes, PICP has 
been very successful in many Canadian and northern 
United States applications. It remains stable through 
freezing and thawing cycles.

References

4

13291 Park Center Road
Suite 270
Herndon, VA 20171
Tel: 703-657-6900 
Fax:703-657-6901
Email: icpi@icpi.org
Web: www.icpi.org
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Introduction 
 

For the last 20 years storm water management has become an increasingly important issue in the United States.  
This has affected not only the larger metropolitan communities but has begun to become important in smaller rural 
communities around the country.  The areas of interest for these projects are not only storm water quantity but also 
storm water quality.  The ADS Storm Water Quality Unit (SWQU) provides the first step in the treatment train: 
removal of floating debris, suspended solids, and contaminants. 

 

Development 
 

The ADS SWQU was developed to provide a simple, effective method for the control of storm water quality.  The 
basic design of the unit is an oil grit separator.  The unit consists of an upright weir for trapping sediment and an 
additional inverted weir for trapping the floatable particles such as oils, grease, and debris.  This technology has 
been around for several years and is very effective until higher event storms.  During intense storm events, oil grit 
separators are subject to resuspension of solids and washout of floating particles.  Although the efficiency of the 
early units was fairly high, they had difficulty retaining the particles that were trapped during high volume storm 
events. 
 
The ADS SWQU utilizes the same technology but improves upon it to provide a more efficient yet still simple 
method of controlling water quality.  The addition of an external bypass allows higher storm volumes to be 
bypassed around the unit without passing through the unit and causing turbulent flow.  This allows the lower 
volume storms — where most contaminants are flushed off of the pavement — to be trapped by the unit and 
remain there until the unit is cleaned out.  In addition, the ADS SWQU is constructed of High Density Polyethylene 
(HDPE) which is inert and much more chemical resistant than the standard concrete Oil Grit Separators previously 
used for these applications. 

 

Design 
 

A full discussion of the SWQU design methodology is available in Technical Note 1.01: Water Quality Units -  EPA 
Phase II, Best Management Practices.  In summary, the SWQU utilizes Stoke’s law in order to predict removal 
efficiencies based on particle size.  The units are designed with a sediment chamber, a floatable chamber, and an 
outlet chamber to provide the stormwater treatment ability of the unit.  All flows above the velocity required are 
routed through the bypass line to prevent the resuspension and removal of trapped materials from the unit.  See 
Figure 1 for a layout of a typical SWQU. 
 

TECHNICAL NOTE 
Testing of Storm Water Quality Units 

TN 1.04
July 2007
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Figure 1 
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24
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Laboratory Testing and Research 
 

As with any device designed to treat water quality, testing should be performed to determine the removal rates and 
efficiencies of the device.  The ADS SWQU has been subjected to of several different testing protocols to 
determine the removal rates for both total suspended solids (TSS) and oil and hydrocarbons.  Testing has been 
conducted in both the laboratory and the field.  The following summarizes the testing which has been initiated or 
completed on the ADS SWQU: 

 
Ohio University Scale Model Lab Testing 

 
Testing consists of a scale model test loop including the Water Quality Unit and the bypass line.  The model 
tested was a 12" diameter Water Quality Unit with appropriate scaled appurtenances.  This testing was 
completed in September of 2003.  The model was tested for both sediment and oil removal during the 
evaluation.  A layout of the test loop is shown below in Figure 2. 
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Figure 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Two different soils were used for the evaluation in the Ohio University Lab study.  The soils are shown as Type 
1 and Type 2.  The Type 1 soil contains particles which are generally smaller than the 200 sieve or 75 micron 
size.  The Type 2 soil contains particles which are generally larger than the 200 sieve or 75 micron size.  Sieve 
analyses for both soil types are shown below in Figure 3 and 4.  The vertical lines represent the 140 sieve and 
200 sieve particle sizes. 
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Figure 3 
 

 
 
Soil Type 1 showed removal rates of 50 – 60% in the higher flow regimes.  This would be expected for this soil 
type, given the smaller particle sizes and the flow rates used in the experiment.  In tests with lower flow rates, 
the removal rates increased as the residence time increased.  This again would be expected with any soil 
distribution which might be used in the system.  Soil Type 1, for the most part, consisted of very fine particles 
such as silts and clays.  The performance of the SWQU using these particle sizes was excellent considering 
they were outside the design of the unit.  A graph of the removal rates for both soil types can be seen in Figure 
4. 

 
Figure 4 
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Soil Type 2 consisted of particles which generally were larger than the 200 sieve and larger than the soils in 
Type 1.  These soils, because of their larger size, allowed for less residence time in the unit and still maintained 
high removal rates.  The removal rates for these particle sizes were over 90% for the flow regimes tested.  The 
soils which were present in this classification range were particles which are targeted for removal in the ADS 
Water Quality Unit. 
 

Scaling of Lab Data 
 
Laboratory testing is a convenient method for testing practical theories and design principles.  It provides a 
method to use a controlled environment and change the appropriate variables to try and achieve the desired 
results.  This is especially true when scale models can be used to reduce the cost and logistics of testing large 
devices.  Once the testing is complete it must be scaled to the appropriate standard to produce results which 
can be predicted in the real world.  In the case of the ADS SWQU it requires that the unit be scaled up in order 
for flow rates and SWQU sizes to be appropriate for application.   
 
Two methods for scaling the laboratory data are discussed here.  They are the “surface load method” and the 
“horizontal flow velocity” method. 
 
The surface flow method is defined by the following equation: 
 

Surface load = overflow rate = flow rate / surface area 
(Tchobanoglous and Franklin, 1991) 

 
The horizontal flow velocity simply takes the runoff rate and converts it to a flow based on pipe diameter to get 
a flow velocity.  If both of these methods are used, a chart comparing field rainfall intensity to laboratory flow 
date can be developed, as shown below in Figure 5.  

Figure 5 
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Alden Labs Maine DEP Laboratory Testing Protocol: 
 

In addition to the scale model testing which was performed at Ohio University, full scale laboratory testing was 
performed at Alden Laboratories in Holden, Mass.  Alden Labs tested the SWQU for conformance with the 
Maine Department of Environmental Protection Protocol for total suspended solids (TSS) removal.  The Maine 
DEP protocol was put in place to provide a fair and unbiased mechanism for the evaluation of competitive 
manufactured water quality treatment devices.  The protocol calls for the injection of a test media into the 
treatment flow at a predetermined concentration.  The concentration is held at these levels and required 
residence time is computed.  Samples are taken for background levels, influent levels, and effluent levels.  The 
material collected in each sample is then filtered out and appropriately dried.  Once the material is dried, it is 
weighed and the concentration of the total suspended solids is determined. 
 
For the ADS SWQU, a 60-inch diameter, full scale unit was used.  The unit was placed in a test loop at Alden 
Labs which consisted of the SWQU and the necessary support structure to run the tests.  The testing was 
conducted on a standard 60" unit with a few small modifications to provide for accessibility and conformance to 
the requirements of the system loop.  The modifications included an increase in the size of the risers to 36", the 
introduction of flanges on the inlet and outlet sides of the unit, and the insertion of small diameter pipe at the 
invert on the inlet and outlet side.  The 36" risers were added primarily as inspection risers and for access into 
the system in case modifications or changes in the monitoring and testing procedure were required.  In 
addition, the large risers provided easier access for the system to be cleaned out between tests. The flanges 
were provided on the inlet and outlet side of the unit to allow the SWQU to be inserted into the test loop, and to 
provide a watertight connection for the testing procedure.  The small diameter pipe at the invert was put in 
place to allow the unit to be easily drained and cleaned out for subsequent tests at differing flow rates.  In all 
other regards the unit tested was a standard ADS SWQU with appropriate weir spacing and weir heights.  A 
drawing of the unit is shown in Figures 6A & B. 

Figure 6A 
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Figure 6B 

   
 

 
The testing of the unit was run at various flow rates in order to determine the variance in the levels of efficiency 
for the SWQU based on flow rate and residence time.  The concentration of sediment was approximately 250 
mg/L.  Each test run consisted of 5 inlet and outlet sample pairs to provide an adequate data set for the testing 
on the unit.  The timing of the samples was such that the residence time in the unit was taken into account to 
provide samples which were coordinated with each other.  A picture of the test unit in the testing loop is shown 
in Figure 7. 
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Figure 7 

 
 
The test media used consisted of two different sands manufactured by U.S. Silica.  The F-95 sand has a larger 
particle size and the OK-110 sand has a smaller particle size.  The sieve analysis for each product is shown 
Table 1. 

 

Table 1 
 

U.S Silica Test Media

% Retained
US Std. Sieve F-95 OK-110

30  0
40 <1 0
50 1 0
70 9 0
100 60 1
120 15
140 42 48
170 24.2
200 15 9.7
270 3 1.9
Pan <1 0.2  

 
Multiple tests were conducted on the unit to provide a comprehensive analysis of the performance of the unit at 
various flow rates.  The targeted flow rate based on Stoke’s Law for the 60-inch Water Quality Unit is 1.47 cfs.  
Tests were conducted on the unit above and below the unit’s anticipated flow rate to determine the 
performance limitations.  For the 1.5 cfs. test, the average removal rate for the OK-110 sand was 88.3%.  As a 
result of this testing, a scaling factor can be used to correlate the results with different size SWQU’s and 
indicates that the design for the units is accurate.  Scaling to other size units is accomplished by the following 
equation: 
 

))(/016949.0( 2 areaftcfsQtreatment =  
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As a result, the treatment rates from testing at Alden Labs compare favorably to our recommendations for flow 
rates through the unit based on the theoretical design.  Table 2 shows the tested flow rates compared to the 
recommended rate. 

 
Table 2 

 
Product No. Minimum Treatment Maximum Design

Chamber Area (sf) treated flow (cfs) Treated Flow (cfs)

3620WQB 55.50 0.94 0.7
3640WQB 111.00 1.88 1.6
4220WQB 64.43 1.09 0.86
4240WQB 128.86 2.18 1.83
4820WQB 71.40 1.21 1.13
4840WQB 142.80 2.42 2.39
6020WQB 88.50 1.50 1.47
6040WQB 177.00 3.00 3.12  

 
 
For design purposes the Design Treated Flow rate should be used.  As a follow up to the total suspended 
solids testing, further study of the Water Quality Unit was conducted to determine the oil removal efficiency of 
the unit. 
 

Alden Labs Oil Removal Testing 
 

The same 60-inch diameter SWQU that was used in the total suspended solids removal testing at Alden Labs 
was also used for the oil removal study.  The unit was again slightly modified to provide for an accurate 
determination of the oil removal efficiency of the unit.  A skimmer wall, retraction assembly, and sidewall 
blockage areas were added to confine the oil collected so that it could be easily identified 
 
Soybean based vegetable oil was used as the test medium.  The density of the oil was approximately 0.92 
g/ml.  Oil was introduced into the system by use of a pump, which was calibrated prior to testing to determine 
the relationship between pump speed and the oil feed rate.  Once again, the background levels were recorded 
to determine any influence from the water used in the system.  The SWQU was tested with flow rates ranging 
from 0.5 cfs. to 2 cfs. The oil injection concentration ranged from 50 to 100mg/L.  The tests were run for a 
period of 1 to 2 hours, depending on the influent flow, until approximately 10 liters of oil were injected into the 
unit. After the flow oil was discontinued, the unit was allowed to operate for a period of time to make sure that 
all of the oil had been injected into the unit and that the water volume carrying the oil had passed through.  
Flow rates and removal efficiencies are shown in Table 3. 

(tested) (recommended)
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Table 3 

Oil Removal Efficiencies 

Flow Rate Removal Efficiency
(cfs) (%)

0.5 95
1 87

1.5 80
2 57  

 
Once again the flow rate targeted for design purposes is 1.5 cfs for the 60" unit.  This would show an 80% 
removal rate.  The scaling of this information remains the same as shown in the previous section. 

 

Field Testing and Research 
 

Due to the complexities of field research and the dependence on the weather for cooperation, field testing requires 
more time and resources.  Also, because of the lack of control on all of the variables, the results can be somewhat 
inconsistent and often require more analysis when completed.  However, the field data and testing when 
approached correctly, can provide valuable information for further enhancements and improvements.  The SWQU 
is being tested in several field installations.  Because of the time required to complete these studies none of the 
current field studies have been completed, but some of them are yielding preliminary information.  The studies 
currently underway are as follows: 
 

University of New Hampshire Center for Stormwater Technology 

Nashville Study of Eight Water Quality Units 
Mississippi Testing of Water Quality Units 

 
The status of each study is summarized below. 
 
University of New Hampshire Center for Stormwater Technology 

 
This study consists of a Water Quality Unit and a perforated retention system in series on the site.  The site is a 
study area for several different manufactured and natural stormwater treatment and control devices.  The entire 
8 acres that the property is located on is the drainage area from a parking lot for the University.  The runoff 
collected from the site is urban and generates sediment, oil and grease.  The storm water is metered to all the 
different devices on the site so that each treatment device receives 1 cfs.  The stormwater is sampled on the 
influent and effluent sides to provide TSS and Floatable Removal Rate.  Several other parameters are also 
tested at this site, including heavy metals, organics, and nutrients.  The samplers used are automatic and the 
information is collected centrally for ease of access. 
 
In addition, the site has been studied from a hydrologic standpoint to provide detailed data on rainfall and runoff 
rates.  From this data, storms which provide adequate parameters are selected to provide the sample data set.  
A full set of data and the parameters for testing are available upon request.  Preliminary results are not publicly 
available at this time. 
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Nashville Study of Eight Water Quality Units 
 

This study consists of eight Water Quality Units located at various sites around the metro Nashville area.  The 
testing was conducted by Qore Property Sciences and the final report was issued on June 23, 2005.  The eight 
units were each tested for one storm event within each unit’s treatment capacity.  The samples were collected 
in accordance with the Technology Acceptance Reciprocity Partnership (TARP) Protocol for Stormwater BMP 
demonstrations.  The testing was done in accordance with ASTM 3977-97, Standard Test Method for 
Determining Sediment Concentration in Water Samples, for the range of particles specified by Nashville using 
the No.10 to the No.140 sieve.  Results from the testing are shown in the Table 4.  

Table 4 

 
 
In addition to the results summarized in Table 4, an analysis of particle sizes ranging from the No.10 to the 
No.200 sieve was also conducted.  The samples taken were in accordance with TARP protocol and ASTM 
3977-97 was used to determine the resulting efficiencies.  A summary of the results is shown in Table 5.  
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Table 5 
 

 
 
 

Mississippi Testing of Water Quality Units 
 

The Mississippi testing consists of 5 individual Water Quality Units on a single site in Mississippi.  The units are 
located on a Lowes commercial building site.  The units have been installed, have been cleaned out from 
construction operations, and are ready to begin testing.  No results are available at this time. 

 

Conclusions 
 

The ADS SWQU can provide significant treatment for stormwater quality on a variety of stormwater projects.  The 
treatment of both settling and floating pollutants provides a good first level management technique.  This provides 
the opportunity to use the device in both a stand-alone configuration or as the first step in a treatment train. 
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NOTICE:

THE LOCATIONS OF EXISTING

UNDERGROUND UTILITIES ARE  SHOWN

IN AN APPROXIMATE WAY ONLY AND

HAVE NOT BEEN  INDEPENDENTLY

VERIFIED BY THE OWNER OR ITS

REPRESENTATIVE.  THE CONTRACTOR

SHALL DETERMINE THE  EXACT

LOCATION OF ALL EXISTING UTILITIES

BEFORE  COMMENCING WORK, AND

AGREES TO BE FULLY  RESPONSIBLE

FOR ANY AND ALL DAMAGES WHICH

MIGHT BE  OCCASIONED BY THE

CONTRACTOR'S FAILURE TO EXACTLY

LOCATE AND PRESERVE ANY AND ALL

UNDERGROUND  UTILITIES.

CONSTRUCTION SITE SAFETY IS THE

SOLE RESPONSIBILITY OF THE

CONTRACTOR; NEITHER THE OWNER

NOR THE ENGINEER SHALL BE

EXPECTED TO ASSUME ANY

RESPONSIBILITY FOR SAFETY OF THE

WORK, OF PERSONS ENGAGED IN THE

WORK, OF ANY NEARBY STRUCTURES,

OR OF ANY OTHER PERSONS.
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NOTICE:

THE LOCATIONS OF EXISTING

UNDERGROUND UTILITIES ARE  SHOWN

IN AN APPROXIMATE WAY ONLY AND

HAVE NOT BEEN  INDEPENDENTLY

VERIFIED BY THE OWNER OR ITS

REPRESENTATIVE.  THE CONTRACTOR

SHALL DETERMINE THE  EXACT

LOCATION OF ALL EXISTING UTILITIES

BEFORE  COMMENCING WORK, AND

AGREES TO BE FULLY  RESPONSIBLE

FOR ANY AND ALL DAMAGES WHICH

MIGHT BE  OCCASIONED BY THE

CONTRACTOR'S FAILURE TO EXACTLY

LOCATE AND PRESERVE ANY AND ALL

UNDERGROUND  UTILITIES.

CONSTRUCTION SITE SAFETY IS THE

SOLE RESPONSIBILITY OF THE

CONTRACTOR; NEITHER THE OWNER

NOR THE ENGINEER SHALL BE

EXPECTED TO ASSUME ANY

RESPONSIBILITY FOR SAFETY OF THE

WORK, OF PERSONS ENGAGED IN THE

WORK, OF ANY NEARBY STRUCTURES,

OR OF ANY OTHER PERSONS.
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NOTICE:

THE LOCATIONS OF EXISTING

UNDERGROUND UTILITIES ARE  SHOWN

IN AN APPROXIMATE WAY ONLY AND

HAVE NOT BEEN  INDEPENDENTLY

VERIFIED BY THE OWNER OR ITS

REPRESENTATIVE.  THE CONTRACTOR

SHALL DETERMINE THE  EXACT

LOCATION OF ALL EXISTING UTILITIES

BEFORE  COMMENCING WORK, AND

AGREES TO BE FULLY  RESPONSIBLE

FOR ANY AND ALL DAMAGES WHICH

MIGHT BE  OCCASIONED BY THE

CONTRACTOR'S FAILURE TO EXACTLY

LOCATE AND PRESERVE ANY AND ALL

UNDERGROUND  UTILITIES.

CONSTRUCTION SITE SAFETY IS THE

SOLE RESPONSIBILITY OF THE

CONTRACTOR; NEITHER THE OWNER

NOR THE ENGINEER SHALL BE

EXPECTED TO ASSUME ANY

RESPONSIBILITY FOR SAFETY OF THE

WORK, OF PERSONS ENGAGED IN THE

WORK, OF ANY NEARBY STRUCTURES,

OR OF ANY OTHER PERSONS.
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REVISIONS:

Know what's below.

      Call before you dig.
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Q=3,417 CFS

WSE=1244.86 FT

Q=15,519 CFS

WSE=1243.61 FT
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NOTICE:

THE LOCATIONS OF EXISTING

UNDERGROUND UTILITIES ARE  SHOWN

IN AN APPROXIMATE WAY ONLY AND

HAVE NOT BEEN  INDEPENDENTLY

VERIFIED BY THE OWNER OR ITS

REPRESENTATIVE.  THE CONTRACTOR

SHALL DETERMINE THE  EXACT

LOCATION OF ALL EXISTING UTILITIES

BEFORE  COMMENCING WORK, AND

AGREES TO BE FULLY  RESPONSIBLE

FOR ANY AND ALL DAMAGES WHICH

MIGHT BE  OCCASIONED BY THE

CONTRACTOR'S FAILURE TO EXACTLY

LOCATE AND PRESERVE ANY AND ALL

UNDERGROUND  UTILITIES.

CONSTRUCTION SITE SAFETY IS THE

SOLE RESPONSIBILITY OF THE

CONTRACTOR; NEITHER THE OWNER

NOR THE ENGINEER SHALL BE

EXPECTED TO ASSUME ANY

RESPONSIBILITY FOR SAFETY OF THE

WORK, OF PERSONS ENGAGED IN THE

WORK, OF ANY NEARBY STRUCTURES,

OR OF ANY OTHER PERSONS.

SHEET NO.

REVISIONS:

Know what's below.

      Call before you dig.
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NOTICE:

THE LOCATIONS OF EXISTING

UNDERGROUND UTILITIES ARE  SHOWN

IN AN APPROXIMATE WAY ONLY AND

HAVE NOT BEEN  INDEPENDENTLY

VERIFIED BY THE OWNER OR ITS

REPRESENTATIVE.  THE CONTRACTOR

SHALL DETERMINE THE  EXACT

LOCATION OF ALL EXISTING UTILITIES

BEFORE  COMMENCING WORK, AND

AGREES TO BE FULLY  RESPONSIBLE

FOR ANY AND ALL DAMAGES WHICH

MIGHT BE  OCCASIONED BY THE

CONTRACTOR'S FAILURE TO EXACTLY

LOCATE AND PRESERVE ANY AND ALL

UNDERGROUND  UTILITIES.

CONSTRUCTION SITE SAFETY IS THE

SOLE RESPONSIBILITY OF THE

CONTRACTOR; NEITHER THE OWNER

NOR THE ENGINEER SHALL BE

EXPECTED TO ASSUME ANY

RESPONSIBILITY FOR SAFETY OF THE

WORK, OF PERSONS ENGAGED IN THE

WORK, OF ANY NEARBY STRUCTURES,

OR OF ANY OTHER PERSONS.

SHEET NO.

REVISIONS:

Know what's below.

      Call before you dig.
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NOTICE:

THE LOCATIONS OF EXISTING

UNDERGROUND UTILITIES ARE  SHOWN

IN AN APPROXIMATE WAY ONLY AND

HAVE NOT BEEN  INDEPENDENTLY

VERIFIED BY THE OWNER OR ITS

REPRESENTATIVE.  THE CONTRACTOR

SHALL DETERMINE THE  EXACT

LOCATION OF ALL EXISTING UTILITIES

BEFORE  COMMENCING WORK, AND

AGREES TO BE FULLY  RESPONSIBLE

FOR ANY AND ALL DAMAGES WHICH

MIGHT BE  OCCASIONED BY THE

CONTRACTOR'S FAILURE TO EXACTLY

LOCATE AND PRESERVE ANY AND ALL

UNDERGROUND  UTILITIES.

CONSTRUCTION SITE SAFETY IS THE

SOLE RESPONSIBILITY OF THE

CONTRACTOR; NEITHER THE OWNER

NOR THE ENGINEER SHALL BE

EXPECTED TO ASSUME ANY

RESPONSIBILITY FOR SAFETY OF THE

WORK, OF PERSONS ENGAGED IN THE

WORK, OF ANY NEARBY STRUCTURES,

OR OF ANY OTHER PERSONS.
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NOTICE:

THE LOCATIONS OF EXISTING

UNDERGROUND UTILITIES ARE  SHOWN

IN AN APPROXIMATE WAY ONLY AND

HAVE NOT BEEN  INDEPENDENTLY

VERIFIED BY THE OWNER OR ITS

REPRESENTATIVE.  THE CONTRACTOR

SHALL DETERMINE THE  EXACT

LOCATION OF ALL EXISTING UTILITIES

BEFORE  COMMENCING WORK, AND

AGREES TO BE FULLY  RESPONSIBLE

FOR ANY AND ALL DAMAGES WHICH

MIGHT BE  OCCASIONED BY THE

CONTRACTOR'S FAILURE TO EXACTLY

LOCATE AND PRESERVE ANY AND ALL

UNDERGROUND  UTILITIES.

CONSTRUCTION SITE SAFETY IS THE

SOLE RESPONSIBILITY OF THE

CONTRACTOR; NEITHER THE OWNER

NOR THE ENGINEER SHALL BE

EXPECTED TO ASSUME ANY

RESPONSIBILITY FOR SAFETY OF THE

WORK, OF PERSONS ENGAGED IN THE

WORK, OF ANY NEARBY STRUCTURES,

OR OF ANY OTHER PERSONS.

SHEET NO.

REVISIONS:

Know what's below.

      Call before you dig.
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NOTICE:

THE LOCATIONS OF EXISTING

UNDERGROUND UTILITIES ARE  SHOWN

IN AN APPROXIMATE WAY ONLY AND

HAVE NOT BEEN  INDEPENDENTLY

VERIFIED BY THE OWNER OR ITS

REPRESENTATIVE.  THE CONTRACTOR

SHALL DETERMINE THE  EXACT

LOCATION OF ALL EXISTING UTILITIES

BEFORE  COMMENCING WORK, AND

AGREES TO BE FULLY  RESPONSIBLE

FOR ANY AND ALL DAMAGES WHICH

MIGHT BE  OCCASIONED BY THE

CONTRACTOR'S FAILURE TO EXACTLY

LOCATE AND PRESERVE ANY AND ALL

UNDERGROUND  UTILITIES.

CONSTRUCTION SITE SAFETY IS THE

SOLE RESPONSIBILITY OF THE

CONTRACTOR; NEITHER THE OWNER

NOR THE ENGINEER SHALL BE

EXPECTED TO ASSUME ANY

RESPONSIBILITY FOR SAFETY OF THE

WORK, OF PERSONS ENGAGED IN THE

WORK, OF ANY NEARBY STRUCTURES,

OR OF ANY OTHER PERSONS.
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NOTICE:

THE LOCATIONS OF EXISTING

UNDERGROUND UTILITIES ARE  SHOWN

IN AN APPROXIMATE WAY ONLY AND

HAVE NOT BEEN  INDEPENDENTLY

VERIFIED BY THE OWNER OR ITS

REPRESENTATIVE.  THE CONTRACTOR

SHALL DETERMINE THE  EXACT

LOCATION OF ALL EXISTING UTILITIES

BEFORE  COMMENCING WORK, AND

AGREES TO BE FULLY  RESPONSIBLE

FOR ANY AND ALL DAMAGES WHICH

MIGHT BE  OCCASIONED BY THE

CONTRACTOR'S FAILURE TO EXACTLY

LOCATE AND PRESERVE ANY AND ALL

UNDERGROUND  UTILITIES.

CONSTRUCTION SITE SAFETY IS THE

SOLE RESPONSIBILITY OF THE

CONTRACTOR; NEITHER THE OWNER

NOR THE ENGINEER SHALL BE

EXPECTED TO ASSUME ANY

RESPONSIBILITY FOR SAFETY OF THE

WORK, OF PERSONS ENGAGED IN THE

WORK, OF ANY NEARBY STRUCTURES,

OR OF ANY OTHER PERSONS.
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