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I. INTRODUCTION 

The intention of this study is to analyze the stormwater drainage conditions that will occur as a 

result of the proposed redevelopment of the subject site, located at 251 Grove Avenue in the 

Township of Verona, Essex County, New Jersey and identified as Block 1201, Lot 12 in the 

Township of Verona Tax Maps. Stormwater runoff generated within the subject site drains to two 

separate points of analysis via overland flow; the Grove Avenue right-of-way (identified as POA-

1) and the Peckman River (identified as POA-2). Under existing conditions, the subject site is 

presently developed consisting of an industrial outdoor storage yard, and five (5) one-story 

buildings. The parcel is approximately 241,164 SF (5.54 Acres) in area. 

 

Under proposed conditions, the existing improvements will be demolished for the construction of 

84 townhouse units with associated site improvements including parking areas, utilities, 

stormwater management facilities, and landscaping as shown on the accompanying site plans.  

 

The scope of this study focuses on the on-site drainage conditions, which will include a decrease 

of approximately 94,484 SF (2.17 acres) of impervious surface coverage.  

 

The on-site limit of disturbance for the project is greater than one acre and therefore the proposed 

redevelopment meets the definition of a “major development” under N.J.A.C. 7:8. The primary 

design constraints for this project are based on requirements established in N.J.A.C. 7:8, the New 

Jersey Soil Erosion and Sediment Control Standards, the 251 ½ Grove Avenue Redevelopment 

Plan, the Township of Verona Zoning Code, and Essex County requirements. More specifically, 

the stormwater management design will serve to maintain existing drainage patterns, post-

development runoff hydrographs will not exceed the pre-construction runoff hydrographs at any 

point in time, and the improvements will not have a negative impact on downstream facilities. 

II. EXISTING SITE CONDITIONS 

The subject site consists of 5.54 acres and is fully developed with five (5) existing structures with 

associated parking and industrial outdoor storage. The site consists of approximately 224,605 SF 

of impervious surface coverage, including building, asphalt parking and storage areas, & 

compacted gravel that acts as an impervious surface. This study will consider the entire area 

within the on-site limit of disturbance of the proposed development.  
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The study area is comprised of two (2) drainage areas, identified as Existing Drainage Area 1 

(EX-DA-1) and Existing Drainage Area 2 (EX-DA-2), detailed below. An Existing Drainage Area 

Map depicting this study area is included within the Appendix of this report. 

 

Study Area EX-DA-1: 

This area consists of the northernmost area of the subject site, including the existing access 

driveway, asphalt pavement area, compacted gravel areas acting as impervious coverage, 

associated sidewalks, and landscape area within the public right-of-way along the site’s street 

frontage. Under existing conditions, stormwater runoff generated within this study area flows 

overland and/or is collected by the existing on-site conveyance system and ultimately conveyed 

to the existing stormwater conveyance network within the Grove Avenue right-of-way, identified 

as Point of Analysis 1 (POA-1).  

 

Based on existing ground cover conditions and the Township of Verona definition for 

“redevelopment” within its Stormwater Management Controls and Requirements ordinance, a 

runoff curve number of 70, consistent with wooded land cover, was utilized for the pervious 

surfaces within this study area. Furthermore, times of concentration for pervious areas of 4.4 

minutes and 4.2 minutes were calculated for current and future storm events, respectively. For 

impervious areas, times of concentration of 3.5 minutes and 3.4 minutes were calculated for 

current and future storm events, respectively. 

 

Study Area EX-DA-2: 

This area consists of the remainder of Lot 12 including the remaining on-site structures and 

industrial storage areas which contain compacted gravel acting as impervious coverage. Under 

existing conditions, stormwater runoff generated within this study area is conveyed to the 

Peckman River via overland flow and the existing on-site conveyance network. The Peckman 

River is further identified as Point of Analysis 2 (POA-2).  

 

Based on existing ground cover conditions and the Township of Verona definition for 

“redevelopment” within its Stormwater Management Controls and Requirements ordinance, a 

runoff curve number of 70, consistent with wooded land cover, was utilized for the pervious 

surfaces within this study area. Furthermore, times of concentration for pervious areas of 9.4 

minutes and 8.8 minutes were calculated for current and future storm events, respectively. For 
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impervious areas, times of concentration of 5.3 minutes and 5.2 minutes were calculated for 

current and future storm events, respectively. 

III. PROPOSED SITE CONDITIONS 

The proposed site redevelopment includes the demolition of the existing structures and 

construction of six townhouse clusters consisting of 84 total units with associated site 

improvements including parking areas, utilities, stormwater management facilities, and 

landscaping as shown on the accompanying site plans. The proposed development will result in 

a decrease in impervious coverage of approximately 94,484 SF when comparing the existing site 

to the proposed site.  

 

The overall design of the proposed development has maintained existing on-site drainage 

patterns, with four (4) proposed drainage areas, identified and detailed below. A Proposed 

Drainage Area Map depicting this study area is included within the Appendix of this report. 

 

Study Area PR-DA-1: 

This area consists of 0.49 acres within the northern area of the subject site, including the proposed 

access driveway, sidewalks, landscape areas and the parking area located in the northeast corner 

of the site. Under proposed conditions, stormwater runoff generated within this study area is 

conveyed to the existing stormwater conveyance network within the Essex County Grove Avenue 

right-of-way previously identified as Point of Analysis 1 (POA-1) 

 

Based on proposed ground cover conditions, a runoff curve number of 74 was utilized for the 

pervious surfaces within this study area. Furthermore, times of concentration for pervious areas 

of 5.0 minutes and 4.7 minutes were calculated for current and future storm events, respectively. 

For impervious areas, times of concentration of 2.5 minutes and 2.4 minutes were calculated for 

current and future storm events, respectively. 

 

Study Area PR-DA-2.1: 

This area consists of approximately 2.25 acres within the central portion of the site, including 

proposed townhouses, driveways, drive aisles, patio areas, sidewalks, landscape areas and 

parking areas. Under proposed conditions, stormwater runoff generated within this study area is 

conveyed to the Bioretention Basin 2.1 via overland flow and the proposed stormwater 
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conveyance network for on-site retention of the “retention storm” as required by the Township of 

Verona Stormwater Management Controls and Requirements ordinance. Runoff is ultimately 

discharged to the Peckman River, previously identified as Point of Analysis 2 (POA-2). 

 

Based on proposed ground cover conditions, a runoff curve number of 74 was utilized for the 

pervious surfaces within this study area. Furthermore, times of concentration for pervious areas 

of 6.1 minutes and 5.8 minutes were calculated for current and future storm events, respectively. 

For impervious areas, times of concentration of 5.8 minutes and 5.4 minutes were calculated for 

current and future storm events, respectively. 

 

Study Area PR-DA-2.2: 

This area consists of approximately 1.57 acres within the southern portion of the site, including 

proposed townhouses, driveways, drive aisles, sidewalks, landscape areas and parking areas. 

Under proposed conditions, stormwater runoff generated within this study area is conveyed to the 

Bioretention Basin 2.2 via overland flow and the proposed stormwater conveyance network for 

on-site retention of the “retention storm” as required by the Township of Verona Stormwater 

Management Controls and Requirements ordinance. Runoff is ultimately discharged to the 

Peckman River, previously identified as Point of Analysis 2 (POA-2). 

 

Based on proposed ground cover conditions, a runoff curve number of 74 was utilized for the 

pervious surfaces within this study area. Furthermore, times of concentration for pervious areas 

of 4.8 minutes and 4.7 minutes were calculated for current and future storm events, respectively. 

For impervious areas, times of concentration of 5.0 minutes and 4.9 minutes were calculated for 

current and future storm events, respectively. 

 

Study Area PR-DA-2-UNDET: 

The majority of this area is located within the southern portion of the site and includes landscape 

and patio areas. The remaining portion of this area is located within a small area adjacent to the 

northern parking area and includes landscape area. In total, this drainage area consists of 

approximately 1.08 acres. Under proposed conditions, stormwater runoff generated within this 

study area is conveyed via overland flow and the proposed conveyance network to the Peckman 

River, previously identified as Point of Analysis 2 (POA-2). 
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Based on proposed ground cover conditions, a runoff curve number of 74 was utilized for the 

pervious surfaces within this study area. Furthermore, times of concentration for pervious areas 

of 4.3 minutes and 4.1 minutes were calculated for current and future storm events, respectively. 

For impervious areas, times of concentration of 5.5 minutes and 5.2 minutes were calculated for 

current and future storm events, respectively. 

IV. DESIGN METHODOLOGY 

The intent of the design for the proposed stormwater management facilities for this project is to 

provide measures as required to address applicable aspects of N.J.A.C. 7:8, the New Jersey Soil 

Erosion and Sediment Control Standards, the 251 ½ Grove Avenue Redevelopment Plan, the 

Township of Verona Zoning Code, and Essex County requirements. 

 

Based on our review of the existing site conditions and the Boundary, Location, & Topographic 

Survey prepared by Dynamic Survey, LLC, the Existing Drainage Area Map for current site 

conditions as defined within this summary was established. A Grading Plan was developed for 

the proposed site improvements with consideration to the existing drainage patterns and used in 

preparation of the proposed drainage area map. The Drainage Plan was designed to direct 

stormwater runoff from the proposed development to the existing points of analysis while 

providing compliance with the requirements mentioned above.   

 

Runoff rates for the site were modeled utilizing the HydroCAD computer software, using the Urban 

Hydrology for Small Watershed TR55 method for the applicable design storms. The 2-, 10-, and 

100-year design storms are based upon the Essex County 24 Hours Rainfall Frequency Data as 

published within the NOAA Atlas 14 with respective change factors applied for the current and 

projected storm events. All storm events utilize a Type D rainfall distribution.  

 

The Runoff Curve Numbers were chosen to most appropriately reflect the existing and proposed 

site conditions as outlined in the USDA’s “Urban Hydrology for Small Watersheds: TR-55”.  

V. NON-STRUCTURAL STORMWATER MANAGEMENT STRATEGIES 

The site design has been prepared to implement non-structural stormwater management 

strategies in accordance with N.J.A.C. 7:8-2.4g. Some of the strategies implemented at this site 

location include the following: 
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Minimize impervious surface coverage: The proposed site shown on the accompanying 

engineering drawings has been designed to decrease impervious coverage when compared to 

existing conditions.  

 

Minimize the decrease in the “time of concentration” from pre-construction to post-construction: 

The proposed stormwater management conveyance system has been designed such that the 

proposed time of concentration is not significantly decreased from pre-construction to post-

construction. 

 

Minimize soil compaction: The proposed development includes the creation of pervious coverage 

in areas on-site that are impervious under existing conditions, and an overall reduction in 

impervious coverage, thus decreasing the amount of compacted area on-site when compared to 

existing conditions. 

 

Provide low maintenance landscaping that encourages retention and planting of native vegetation 

and minimizes the use of lawn fertilizers and pesticides: The proposed landscaping design has 

been prepared to provide an aesthetic improvement to the interior and perimeter of the site 

through the use of native species. 

 

The New Jersey Best Management Practices (BMP) Manual was utilized in preparation of the 

design of this development. 

VI. WATER QUANTITY STANDARDS 

Due to the proposed reduction in impervious surface coverage and close alignment in the time of 

concentration for each drainage area between existing and proposed conditions, the post 

construction runoff hydrographs do not exceed the pre-construction runoff hydrographs at any 

point in time. This can be observed graphically and numerically via the Hydrograph Comparison 

Reports included within the Appendix of this Report, which shows compliance with the stormwater 

runoff quantity standards set forth in N.J.A.C. 7:8. 
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VII. WATER QUALITY STANDARDS 

The proposed development does not propose an increase of more than one-quarter (1/4) acre of 

motor vehicle surface (158,346 SF decrease). Refer to the tables below for a comparison between 

the on-site regulated motor vehicle surface areas under existing and proposed conditions. The 

regulated motor vehicle surface in each drainage area is further detailed in the Existing and 

Proposed Drainage Area Maps included within the Appendix of this report. 

 

Regulated Motor Vehicle Surface Coverage 
Existing 213,233 (4.90 Ac.) 

Proposed 54,887 SF (1.26 Ac.) 

TOTAL DECREASE 158,346 SF (3.64 Ac.) 

 

 

As a result, the stormwater runoff quality standards set forth by N.J.A.C. 7:8 are not applicable.  

 

However, the Township of Verona Stormwater Management Controls and Requirements 

Ordinance requires water quality treatment for the on-site regulated impervious surfaces. As such, 

stormwater runoff detained on-site that is ultimately discharged to POA-2, the Peckman River, will 

be treated for 80% TSS removal by one of the two (2) proposed green infrastructure small-scale 

bioretention basins. Bio-retention Basin 2.1 and Bio-retention Basin 2.2 have been designed in 

accordance with Chapter 9.7 of the NJ Stormwater Best Management Practices Manual. 

VIII. GROUNDWATER RECHARGE STANDARDS 

The subject site is a previously developed area within the Metropolitan Planning Area (PA1) of 

the State Plan Policy Map (SPPM). As such, it is classified as an “urban redevelopment area” per 

N.J.A.C. 7:8, and the groundwater recharge requirements therein are not applicable.  

IX. TOWNSHIP OF VERONA RETENTION STORM 

Section 150-25.2 defines the “retention storm” as one-half of the existing two-year rainfall for 

Essex County, multiplied by the projected two-year storm change factor. Per NOAA Atlas 14, the 

existing two-year rainfall is 3.44 inches. After applying the projected change factor of 1.19 and 

dividing by 2, depth of the retention storm is equal to 2.05 inches. In accordance with Section 
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150-25.4.S.2, the proposed redevelopment has been designed to manage the retention storm 

through on-site retention via the two (2) proposed green infrastructure bio-retention basins. 

 

In compliance with green infrastructure guidelines outlined within Chapter 9.7 of the NJ 

Stormwater Best Management Practices Manual, the lowest orifice of the outlet control structure 

within the proposed basin has been set at the elevation of the water quality design storm (WQDS). 

A 6” weir has been selected for feasible constructability while allowing for further retention of the 

retention storm above the WQDS elevation. Within each basin, overflow grates are set at the peak 

water elevation during the retention storm. This allows the entirety of the retention storm to be 

retained and temporarily stored within the proposed green infrastructure bio-retention basins 

before being discharged at a controlled rate via the proposed underdrain system to POA-2. 

Emergency spillways for the basins have been set at the peak water elevation during the 100-

year projected storm. 

X. CONCLUSION 

The proposed redevelopment of the subject site has been designed in a manner that will not 

adversely impact the existing drainage patterns, adjacent roadways or adjacent parcels. Per 

N.J.A.C. 7:8, the project is considered a “major development” and meets the requirements for 

stormwater runoff quantity therein. Due to the reduction of regulated motor vehicle surface, and 

the “urban redevelopment area” designation, the stormwater runoff quality and groundwater 

recharge standards, respectively, are not applicable. Therefore, the proposed development meets 

the regulatory requirements and will not have a negative impact on the existing stormwater 

management system on-site or within the vicinity of the subject parcel.   
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HYDROGRAPH COMPARISON REPORTS: 2-YR, 10-YR & 100-

YR DESIGN STORMS 

























































































































































































































 

 
 
 
 
 

 
 
 
 
 
 
 
 

HYDROGRAPH REPORTS: WATER QUALITY DESIGN 
STORM AND TOWNSHIP OF VERONA RETENTION STORM 

 
 





























 

 
 
 
 
 
 
 
 
 
 
 
 
 

EMERGENCY SPILLWAY CALCULATIONS 
 































 

 
 
 
 
 
 
 
 
 
 
 
 
 

PIPE SIZING CALCULATIONS 
 











 

 
 
 
 
 
 
 
 
 
 
 
 
 

CONDUIT OUTLET PROTECTION CALCULATIONS (RIP-RAPS 
AND RIP-RAP LINED CHUTES) 

 
 

 



Date:
Project:

Project No:

Calculated By: DMS
Checked By: NPL

Rip Rap Pad # 200

Design Parameters:
Design Storm Flow for 25 Year, Q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.98 cfs
Vertical Dimension of Outlet Pipe, Do  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 in
Horizontal Dimension of Outlet Pipe, Wo  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 in
Tailwater Depth, TW1  (In Basins: TW = (2-yr storm elevation) - (pipe invert); For others: TW=  0.2 x (pipe diameter)) . . . . . . . . . 0.25 ft

Apron Dimension Calculations:
Unit Dicharge, q  = Q/D o  =

Case I:   TW  < 1/2 D o

1.8q
D o

1/2

or W 1  = 4 ft
= 13.76 ft or W 2  = 14 ft

Case II:   TW  ≥ 1/2 D o

3q
D o

1/2

W 1  = 
= W 2  = 

Rip Rap Stone Size Calculations:

1.

2.
3.
4.
5.

6.

7.

8.
Footnote:
1. Tailwater depth shall be the 2-year storm if discharging into a detention basin. For areas where tailwater cannot be computed, use TW  = 0.2D o . 

The bottom grade shall be 0.0% (level).
There shall be no overfall at the end of the apron or at the end of the culvert.
Fifty (50) percent by weight of the rip-rap mixture shall be smaller than the median size stone designated as d50.

2. For multiple pipes, increase rip-rap sizes by 25% when pipe spacing is greater than or equal to 1/4Wo .

The largest stone size in the mixture shall be 1.5 times the d50 size. The rip-rap shall be reasonably well graded.
The thickness of the rip-rap apron may be two (2) times the median stone diameter provided that the apron is 
constructed on a bedding of four (4) inches of 3/4 inch clean stone on approved filter fabric material.
Rip-rap and filter fabric shall meet the standards of the governing Soil Conservation District as well as the
requirements of the local municipality.
No bends or curves at the intersection of the conduit and apron will be permitted.

Notes:
Where there is a well-defined channel downstream of the apron, the bottom width of the apron shall be at least
equal to the bottom width of the channel and the structural lining shall extend at least one foot above the
tailwater elevation, but no lower than two-thirds of the vertical conduit dimension above the conduit invert.
The side slopes shall be 2:1 or flatter.

d 50  = 6 in

Width, W2  = 3Wo  + 0.4L a

Median Stone, d 50  = 0.02q 1.33
= 0.69 in

TW

L a  = 

Width, W1  = 3Wo  =

Width, W2  = 3Wo  + L a

Apron Length, L a  = =

L a  = 11 ft

     Width, W1  = 3Wo  = 3.75 ft

Apron Length, L a  = + 7Do  = 10.01 ft or

10/1/2026
Grove Street Developers

0922 25-03663

Conduit Outlet Protection Calculations

0.78 cfs per foot

1



Date:
Project:

Project No:

Calculated By: DMS
Checked By: NPL

Rip Rap Pad # 207

Design Parameters:
Design Storm Flow for 25 Year, Q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.76 cfs
Vertical Dimension of Outlet Pipe, Do  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 in
Horizontal Dimension of Outlet Pipe, Wo  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 in
Tailwater Depth, TW1  (In Basins: TW = (2-yr storm elevation) - (pipe invert); For others: TW=  0.2 x (pipe diameter)) . . . . . . . . . 0.50 ft

Apron Dimension Calculations:
Unit Dicharge, q  = Q/D o  =

Case I:   TW  < 1/2 D o

1.8q
D o

1/2

or W 1  = 8 ft
= 34.91 ft or W 2  = 35 ft

Case II:   TW  ≥ 1/2 D o

3q
D o

1/2

W 1  = 
= W 2  = 

Rip Rap Stone Size Calculations:

1.

2.
3.
4.
5.

6.

7.

8.
Footnote:
1. Tailwater depth shall be the 2-year storm if discharging into a detention basin. For areas where tailwater cannot be computed, use TW  = 0.2D o . 

The bottom grade shall be 0.0% (level).
There shall be no overfall at the end of the apron or at the end of the culvert.
Fifty (50) percent by weight of the rip-rap mixture shall be smaller than the median size stone designated as d50.

2. For multiple pipes, increase rip-rap sizes by 25% when pipe spacing is greater than or equal to 1/4Wo .

The largest stone size in the mixture shall be 1.5 times the d50 size. The rip-rap shall be reasonably well graded.
The thickness of the rip-rap apron may be two (2) times the median stone diameter provided that the apron is 
constructed on a bedding of four (4) inches of 3/4 inch clean stone on approved filter fabric material.
Rip-rap and filter fabric shall meet the standards of the governing Soil Conservation District as well as the
requirements of the local municipality.
No bends or curves at the intersection of the conduit and apron will be permitted.

Notes:
Where there is a well-defined channel downstream of the apron, the bottom width of the apron shall be at least
equal to the bottom width of the channel and the structural lining shall extend at least one foot above the
tailwater elevation, but no lower than two-thirds of the vertical conduit dimension above the conduit invert.
The side slopes shall be 2:1 or flatter.

d 50  = 9 in

Width, W2  = 3Wo  + 0.4L a

Median Stone, d 50  = 0.02q 1.33
= 8.53 in

TW

L a  = 

Width, W1  = 3Wo  =

Width, W2  = 3Wo  + L a

Apron Length, L a  = =

L a  = 28 ft

     Width, W1  = 3Wo  = 7.5 ft

Apron Length, L a  = + 7Do  = 27.41 ft or

10/1/2026
Grove Street Developers

0922 25-03663

Conduit Outlet Protection Calculations

8.70 cfs per foot



Date:
Project:

Project No:

Calculated By: DMS
Checked By: NPL

Rip Rap Pad # 212

Design Parameters:
Design Storm Flow for 25 Year, Q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.31 cfs
Vertical Dimension of Outlet Pipe, Do  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 in
Horizontal Dimension of Outlet Pipe, Wo  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 in
Tailwater Depth, TW1  (In Basins: TW = (2-yr storm elevation) - (pipe invert); For others: TW=  0.2 x (pipe diameter)) . . . . . . . . . 1.06 ft

Apron Dimension Calculations:
Unit Dicharge, q  = Q/D o  =

Case I:   TW  < 1/2 D o

1.8q
D o

1/2

W 1  = 
= W 2  = 

Case II:   TW  ≥ 1/2 D o

3q
D o

1/2

or W 1  = 4 ft
= 5.73 ft or W 2  = 6 ft

Rip Rap Stone Size Calculations:

1.

2.
3.
4.
5.

6.

7.

8.
Footnote:
1. Tailwater depth shall be the 2-year storm if discharging into a detention basin. For areas where tailwater cannot be computed, use TW  = 0.2D o . 

The bottom grade shall be 0.0% (level).
There shall be no overfall at the end of the apron or at the end of the culvert.
Fifty (50) percent by weight of the rip-rap mixture shall be smaller than the median size stone designated as d50.

2. For multiple pipes, increase rip-rap sizes by 25% when pipe spacing is greater than or equal to 1/4Wo .

The largest stone size in the mixture shall be 1.5 times the d50 size. The rip-rap shall be reasonably well graded.
The thickness of the rip-rap apron may be two (2) times the median stone diameter provided that the apron is 
constructed on a bedding of four (4) inches of 3/4 inch clean stone on approved filter fabric material.
Rip-rap and filter fabric shall meet the standards of the governing Soil Conservation District as well as the
requirements of the local municipality.
No bends or curves at the intersection of the conduit and apron will be permitted.

Notes:
Where there is a well-defined channel downstream of the apron, the bottom width of the apron shall be at least
equal to the bottom width of the channel and the structural lining shall extend at least one foot above the
tailwater elevation, but no lower than two-thirds of the vertical conduit dimension above the conduit invert.
The side slopes shall be 2:1 or flatter.

d 50  = 6 in

Width, W2  = 3Wo  + 0.4L a

Median Stone, d 50  = 0.02q 1.33
= 0.51 in

TW

L a  = 6 ft

Width, W1  = 3Wo  = 3.75 ft

Width, W2  = 3Wo  + L a

Apron Length, L a  = = 4.96 ft or

L a  = 

     Width, W1  = 3Wo  =

Apron Length, L a  = + 7Do  =

10/1/2026
Grove Street Developers

0922 25-03663

Conduit Outlet Protection Calculations

1.85 cfs per foot



Date:
Project:

Project No:

Calculated By: DMS
Checked By: NPL

Rip Rap Pad # 216

Design Parameters:
Design Storm Flow for 25 Year, Q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.60 cfs
Vertical Dimension of Outlet Pipe, Do  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 in
Horizontal Dimension of Outlet Pipe, Wo  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 in
Tailwater Depth, TW1  (In Basins: TW = (2-yr storm elevation) - (pipe invert); For others: TW=  0.2 x (pipe diameter)) . . . . . . . . . 1.06 ft

Apron Dimension Calculations:
Unit Dicharge, q  = Q/D o  =

Case I:   TW  < 1/2 D o

1.8q
D o

1/2

W 1  = 
= W 2  = 

Case II:   TW  ≥ 1/2 D o

3q
D o

1/2

or W 1  = 4 ft
= 5.12 ft or W 2  = 6 ft

Rip Rap Stone Size Calculations:

1.

2.
3.
4.
5.

6.

7.

8.
Footnote:
1. Tailwater depth shall be the 2-year storm if discharging into a detention basin. For areas where tailwater cannot be computed, use TW  = 0.2D o . 

The bottom grade shall be 0.0% (level).
There shall be no overfall at the end of the apron or at the end of the culvert.
Fifty (50) percent by weight of the rip-rap mixture shall be smaller than the median size stone designated as d50.

2. For multiple pipes, increase rip-rap sizes by 25% when pipe spacing is greater than or equal to 1/4Wo .

The largest stone size in the mixture shall be 1.5 times the d50 size. The rip-rap shall be reasonably well graded.
The thickness of the rip-rap apron may be two (2) times the median stone diameter provided that the apron is 
constructed on a bedding of four (4) inches of 3/4 inch clean stone on approved filter fabric material.
Rip-rap and filter fabric shall meet the standards of the governing Soil Conservation District as well as the
requirements of the local municipality.
No bends or curves at the intersection of the conduit and apron will be permitted.

Notes:
Where there is a well-defined channel downstream of the apron, the bottom width of the apron shall be at least
equal to the bottom width of the channel and the structural lining shall extend at least one foot above the
tailwater elevation, but no lower than two-thirds of the vertical conduit dimension above the conduit invert.
The side slopes shall be 2:1 or flatter.

d 50  = 6 in

Width, W2  = 3Wo  + 0.4L a

Median Stone, d 50  = 0.02q 1.33
= 0.31 in

TW

L a  = 6 ft

Width, W1  = 3Wo  = 3.75 ft

Width, W2  = 3Wo  + L a

Apron Length, L a  = = 3.43 ft or

L a  = 

     Width, W1  = 3Wo  =

Apron Length, L a  = + 7Do  =

10/1/2026
Grove Street Developers

0922 25-03663

Conduit Outlet Protection Calculations

1.28 cfs per foot



Date:
Project:

Project No:

Calculated By: DMS
Checked By: NPL

Rip Rap Pad # 225

Design Parameters:
Design Storm Flow for 25 Year, Q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.84 cfs
Vertical Dimension of Outlet Pipe, D o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 in
Horizontal Dimension of Outlet Pipe, Wo  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 in
Tailwater Depth, TW1  (In Basins: TW = (2-yr storm elevation) - (pipe invert); For others: TW=  0.2 x (pipe diameter)) . . . . . . . . . 1.86 ft

7
Apron Dimension Calculations:
Unit Dicharge, q  = Q/D o  =

Case I:   TW  < 1/2 D o

1.8q
D o

1/2

W 1  = 
= W 2  = 

Case II:   TW  ≥ 1/2 D o

3q
D o

1/2

or W 1  = 4 ft
= 6.19 ft or W 2  = 7 ft

Rip Rap Stone Size Calculations:

1.

2.
3.
4.
5.

6.

7.

8.
Footnote:
1. Tailwater depth shall be the 2-year storm if discharging into a detention basin. For areas where tailwater cannot be computed, use TW  = 0.2D o . 

The bottom grade shall be 0.0% (level).
There shall be no overfall at the end of the apron or at the end of the culvert.
Fifty (50) percent by weight of the rip-rap mixture shall be smaller than the median size stone designated as d 50.

2. For multiple pipes, increase rip-rap sizes by 25% when pipe spacing is greater than or equal to 1/4Wo .

The largest stone size in the mixture shall be 1.5 times the d50 size. The rip-rap shall be reasonably well graded.
The thickness of the rip-rap apron may be two (2) times the median stone diameter provided that the apron is 
constructed on a bedding of four (4) inches of 3/4 inch clean stone on approved filter fabric material.
Rip-rap and filter fabric shall meet the standards of the governing Soil Conservation District as well as the
requirements of the local municipality.
No bends or curves at the intersection of the conduit and apron will be permitted.

Notes:
Where there is a well-defined channel downstream of the apron, the bottom width of the apron shall be at least
equal to the bottom width of the channel and the structural lining shall extend at least one foot above the
tailwater elevation, but no lower than two-thirds of the vertical conduit dimension above the conduit invert.
The side slopes shall be 2:1 or flatter.

d 50  = 6 in

Width, W2  = 3Wo  + 0.4L a

Median Stone, d 50  = 0.02q 1.33
= 0.38 in

TW

L a  = 7 ft

Width, W1  = 3Wo  = 3.75 ft

Width, W2  = 3Wo  + L a

Apron Length, L a  = = 6.1 ft or

L a  = 

     Width, W1  = 3Wo  =

Apron Length, L a  = + 7D o  =

10/1/2026
Grove Street Developers

0922 25-03663

Conduit Outlet Protection Calculations

2.27 cfs per foot



Date:
Project:

Project No:

Calculated By: DMS
Checked By: NPL

Rip Rap Pad # 228

Design Parameters:
Design Storm Flow for 25 Year, Q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.31 cfs
Vertical Dimension of Outlet Pipe, D o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 in
Horizontal Dimension of Outlet Pipe, Wo  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 in
Tailwater Depth, TW1  (In Basins: TW = (2-yr storm elevation) - (pipe invert); For others: TW=  0.2 x (pipe diameter)) . . . . . . . . . 1.86 ft

Apron Dimension Calculations:
Unit Dicharge, q  = Q/D o  =

Case I:   TW  < 1/2 D o

1.8q
D o

1/2

W 1  = 
= W 2  = 

Case II:   TW  ≥ 1/2 D o

3q
D o

1/2

or W 1  = 5 ft
= 11.89 ft or W 2  = 12 ft

Rip Rap Stone Size Calculations:

1.

2.
3.
4.
5.

6.

7.

8.
Footnote:
1. Tailwater depth shall be the 2-year storm if discharging into a detention basin. For areas where tailwater cannot be computed, use TW  = 0.2D o . 

The bottom grade shall be 0.0% (level).
There shall be no overfall at the end of the apron or at the end of the culvert.
Fifty (50) percent by weight of the rip-rap mixture shall be smaller than the median size stone designated as d 50.

2. For multiple pipes, increase rip-rap sizes by 25% when pipe spacing is greater than or equal to 1/4Wo .

The largest stone size in the mixture shall be 1.5 times the d50 size. The rip-rap shall be reasonably well graded.
The thickness of the rip-rap apron may be two (2) times the median stone diameter provided that the apron is 
constructed on a bedding of four (4) inches of 3/4 inch clean stone on approved filter fabric material.
Rip-rap and filter fabric shall meet the standards of the governing Soil Conservation District as well as the
requirements of the local municipality.
No bends or curves at the intersection of the conduit and apron will be permitted.

Notes:
Where there is a well-defined channel downstream of the apron, the bottom width of the apron shall be at least
equal to the bottom width of the channel and the structural lining shall extend at least one foot above the
tailwater elevation, but no lower than two-thirds of the vertical conduit dimension above the conduit invert.
The side slopes shall be 2:1 or flatter.

d 50  = 6 in

Width, W2  = 3Wo  + 0.4L a

Median Stone, d 50  = 0.02q 1.33
= 1.89 in

TW

L a  = 19 ft

Width, W1  = 3Wo  = 4.5 ft

Width, W2  = 3Wo  + L a

Apron Length, L a  = = 18.47 ft or

L a  = 

     Width, W1  = 3Wo  =

Apron Length, L a  = + 7D o  =

10/1/2026
Grove Street Developers

0922 25-03663

Conduit Outlet Protection Calculations

7.54 cfs per foot



Date:
Project:

Project No:

Calculated By: DMS
Checked By: NPL

Rip-Rap Lined Chute # 1

Design Parameters:
Design Storm Flow for 25-Year Storm, Q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . 2.77 cfs
Bed Slope, S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.33 ft/ft
Flow Depth, z . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.178 ft
Bottom Width, b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.00 ft
Unit discharge, q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.92 cfs/ft
Median Stone Size, D50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.00 in
Radius of Top of Slope Curve, 40D50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.00 ft
Rock Layer Thickness, 2D50  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.00 in
Horizontal Outlet Reach Length, 15D50  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.50 ft

Chute Dimension Calculations:
Median Stone Size, D50: For bed slopes between 2% and 10%: D50 = [q (S)1.5/4.75(10)-3]1/1.89

For bed slopes between 10% and 40%: D50 = [q (S)0.58/3.93(10)-2]1/1.89

Unit discharge, q = Q/b
Flow depth, z = [n(q)/1.486(S)0.50]3/5

where n = 0.047(D50S)0.147

1.

2.
3.
4.
5.

6.
7.
8.
9.

10.

Fifty (50) percent by weight of the rip-rap mixture shall be smaller than the median size stone designated as d50.

This method is suitable for channels having gradients between 2 percent and 40 percent.

The largest stone size in the mixture shall be 1.5 times the d50 size. The rip-rap shall be reasonably well graded.
The thickness of the rip-rap chute may be two (2) times the median stone diameter
The radius of the curve at the top of the chute may be forty (40) times the median stone diameter. 
The length of the horizontal outlet reach shall be fifteen (15) times the median stone diameter.
Rip-rap and filter fabric shall meet the standards of the governing Soil Conservation District as well as the
requirements of the local municipality.

Except for short transition sections, flow in the range of 0.7 to 1.3 the critical slope must be avoided unless the channel is straight.
Velocities exceeding critical velocity shall be restricted to straight reaches.
The side slopes shall be 2:1 or flatter.
The bottom grade shall be 0.0% (level).
There shall be no overfall at the end of the chute.

Notes:

10/1/2026
Grove Street Developers

0922 25-03663

Rip-Rap Lined Chute Slope Protection Calculations
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