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Overview 
 
This stormwater management report was prepared for the DMH2, LLC Proposed Residential Development project. The 
project site is located at 176-200 Bloomfield Avenue in the Township of Verona, Essex County, NJ. It is designated as 
Block 202, Lots 1 & 23 on the Township of Verona Tax Map Sheet #2. The 1.64-acre site is currently wooded with 
concrete foundation remains. Existing access to the site consists of one driveway fronting Westview Road. The project 
proposes to demolish the existing site features and construct a 11,821 SF, 3-story residential apartment building with 
associated parking and sidewalk areas. Additional improvements include grading, drainage, utilities, lighting, and 
landscaping. Two new driveways are proposed for site access, one (1) on Bloomfield Avenue and one (1) on Westview 
Road. 
 
As the project disturbs more than 0.5 acres, creates more than 5,000 square feet of “regulated impervious surface”, and 
creates more than 5,000 square feet of “regulated motor vehicle surface”, it is classified as a Major Development under 
§ 150-25.2 of the Township of Verona Stormwater Management Controls and Requirements Ordinance. As such, 
stormwater management measures are required to offset the increase in runoff from the project.  
 
A stormwater analysis using the 2-, 10-, and 100-year storm events for the current and future pre- and post-construction 
conditions was performed to identify the existing and proposed peak runoff flows and volumes of the project site. The 
analysis was performed for the pre-construction areas identified as Existing Drainage Areas 1 and 2 (EDA-1 & EDA-2) 
and the post-construction areas identified as Proposed Drainage Areas 1 and 2 (PDA-1 and PDA-2).  
 
To provide onsite stormwater management and offset the increase in runoff caused by the increase in impervious 
surface coverage for the post-construction condition, four (4) pervious pavement basins with ADS Detention Systems 
are proposed. The new pervious pavement systems were designed in accordance with the NJ BMP Manual to meet the 
standards for Green Infrastructure as required by NJAC 7:8. The post-construction stormwater management measures 
were designed to meet the peak flow reduction factors as required by NJAC 7:8-5.6(b)3. Tables 1 and 2 below provide 
a summary of the pre- and post-construction peak flows.  
 

Table 1: Pre-Construction vs Post-Construction Peak Flows 
 EDA-1 PDA-1 Delta 

Storm Current 
(cfs) 

Future 
(cfs) 

Current 
(cfs) 

Future 
(cfs) 

Q Current 
(%) 

Q Future 
(%) 

2 1.02 1.50 0.51 0.64 50% 57% 
10 2.45 3.40 0.90 1.12 63% 67% 

100 5.74 8.14 1.89 3.30 67% 59% 
 

Table 2: Pre-Construction vs Post-Construction Peak Flows 
 EDA-2 PDA-2 Delta 

Storm Current 
(cfs) 

Future 
(cfs) 

Current 
(cfs) 

Future 
(cfs) 

Q Current 
(%) 

Q Future 
(%) 

2 0.31 0.47 0.30 0.45 3.2% 4.3% 
10 0.79 1.09 0.76 1.05 3.8% 3.7% 

100 1.87 2.64 1.80 2.54 3.7% 3.8% 
 
As demonstrated in Tables 1 and 2, the proposed project does not increase peak flows from their pre-construction 
condition and does not negatively affect downstream conditions. The project proposes an increase of 0.70 acres in 
regulated impervious surface and proposes an increase of 0.33 acres in regulated motor vehicle surface. In addition, 
the project is located in the Metropolitan Planning Area (PA-1) on NJ State Planning Maps. As such, the project is 
required to meet the quantity and quality reduction standards but is exempt from the groundwater recharge standards 
of a Major Development. 
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Methodology 
 

Survey and Existing Background Information 
The following survey and plans were referenced for this stormwater management report: 

 Boundary and Topographic Survey prepared by Kennon Surveying Services, Inc. dated April 23, 2026, last 
revised May 15, 2026. 

 Plans entitled, “Proposed Residential Development Preliminary and Final Major Site Plan” prepared by Pennoni 
Associates, Inc. dated August 17, 2026. 
 

Existing and proposed drainage area maps were generated using the topographic survey and the proposed grading plan 
to determine and compare the stormwater runoff from the project area for the pre- and post-development conditions. 
These maps can be found under Appendix H.  
 
Calculations 
Calculations for stormwater runoff rates and volumes were completed in accordance with the latest edition of NJAC 
7:8 that incorporates the Inland Flood Protection Rules, Stormwater Management Rules, and Chapter 5 of the NJDEP 
Best Management Practices (NJ BMP) Manual. The design of the stormwater collection and management systems for 
this project has been directed by the guidelines set forth by the Township of Verona and by generally accepted industry 
standards. 
 
The stormwater analysis was based upon the Natural Resources Conservation Service (NRCS) Part 630 Hydrology, 
National Engineering Handbook using a NOAA Type D Distribution. Precipitation depth estimated values used were 
provided by NOAA’s National Weather Service Precipitation Frequency Data Server website specifically for the site (see 
Appendix G). The precipitation depths are listed under Table 3.  
 
As required by NJAC 7:8-5.7(c), adjustment factors for the current and future storm events were applied to the 
precipitation depths for the calculation of stormwater runoff. The adjustment factors for Essex County as per NJAC 7:8 
Table 5-5 and Table 5-6 were applied. A summary of values is included in Table 3. 
 
Table 3: NOAA Atlas Precipitation Depths for Essex County 

Storm Precipitation Depth (inches) Change Factor Precipitation Depth (inches) 
Year NOAA Atlas 14 Current Future Current Future 

2 3.44 1.01 1.19 3.47 4.09 
10 5.22 1.03 1.22 5.38 6.37 

100 8.66 1.06 1.33 9.18 11.52 
 
Computations were performed utilizing HydroCAD. Time of concentration was calculated using HydroCAD. In 
accordance with Chapter 5 of the NJ BMP Manual, the sheet flow length used was 100 LF for the pre-construction 
condition. Sheet flow length was calculated using the McCuen-Spiess Limitation for post-construction condition or 
100LF, whichever was less. Sheet flow calculations can be found in Appendix F. 
 
The runoff curve numbers taken from SCS TR-55 were based on the soil types using the USDA NRCS Web Soil Survey. 
In accordance with NJAC 7:8, runoff calculations were performed for pervious and impervious surface coverage 
separately.  
 
Soils and Geotechnical Testing 
 
Per the USDA Soil Survey, soils at the site are classified as BouB – Boonton – Urban Land.  
 
No geotechnical testing or soil testing was performed as part of this project. Infiltration testing was not performed to 
determine the suitability of subsoils for infiltration. Per Chapter 12 of the NJ Stormwater Best Management Practices 
(BMP) Manual, Figure 12-1b was used to determine the hydrologic soil group for BouB – Boonton – Urban Land. 
Hydrologic Soil Group C was the group identified for the soils at the site and used for the analysis. 
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Existing Conditions 
 
The existing site entirely consists of wooded areas with concrete foundation remains which previously appeared to be 
for a one-family dwelling at 176-200 Bloomfield Avenue in Verona, NJ. Site features consist of a block wall along the 
Bloomfield Avenue frontage, and an asphalt driveway on Westview Road. Additionally, chain-link fence runs along the 
rear of the property. The immediate and surrounding area is currently developed as commercial and residential uses, 
with a little league baseball field known as Everett Field to the west of the site on the other side of Westview Road. The 
site slopes down from the northwest corner of the property towards Bloomfield Avenue and Westview Road. Slopes 
within the project vary as low as about 1% within the highest point of the site at the northwestern corner of the property 
to as high as 50% on the eastern side of the property. The highest point of the site is at elevation 497 and the lowest 
point is at 448 so there is a 59’ drop throughout site. There is an existing underground storm sewer network within 
Bloomfield Ave in front of Everett Field that flows to the west. Based on these existing conditions, the point of study 
was identified where the runoff drains off the lawn space and onto Bloomfield Avenue, where it is eventually collected 
and enters the existing storm sewer system. The drainage area was defined as the project areas that are to be 
permanently disturbed and converted by the project and is identified as Existing Drainage Area 1 (EDA-1) on the drainage 
area map included in Appendix H. Existing Drainage Area 2 (EDA-2) drains to the eastern side of the site. Per FEMA 
mapping, the project is located at Zone X, an area outside of the 100-year flood zone. 
 
Existing Drainage Areas 
EDA-1 
Drainage area EDA-1 consists of 1.21 acres of project area, of which the majority is to be disturbed and changed. 
Pervious surface coverage is 1.17 acres and consists of a wooded area with a CN of 70. Impervious surface coverage 
is 0.04 acres and is a mix of asphalt pavement and concrete foundation remains with a CN of 98. Total existing 
regulated motor vehicle surface area is 0.00 acres. EDA-1 sheet flows to Bloomfield Avenue, where it is collected and 
enters the existing municipal storm sewer system in front of the neighboring property to the west (Everett Field). 
 
Table 4: Peak Flows from EDA-1 

Storm EDA-1 Factor Allowable Peak Flow 
 (1) (2) (3) (4) (5) 

Year Q Current (cfs) Q Future (cfs) % Q Current (cfs) Q Future (cfs) 
2 1.02 1.50 50% 0.51 0.75 

10 2.45 3.40 75% 1.84 2.55 
100 5.74 8.14 80% 4.59 6.51 

 
Columns (1) and (2) are the current and future flows for EDA-1, (3) is the required reduction factor per NJAC 7:8-5.6(b)3, 
and the allowable peak runoffs are listed under columns (4) and (5). 
 
EDA-2 
Drainage area EDA-2 consists of 0.39 acres of project area, of which the majority is to remain wooded. Pervious surface 
coverage is 0.39 acres with a CN of 70. EDA-2 sheet flows offsite towards the northeastern side of the property. 
 
Table 5: Peak Flows from EDA-2 
Storm EDA-2 Allowable Peak Flow 

 (1) (2) (3) (4) 
Year Q Current (cfs) Q Future (cfs) Q Current (cfs) Q Future (cfs) 

2 0.31 0.47 0.31 0.47 
10 0.79 1.09 0.79 1.09 

100 1.87 2.64 1.87 2.64 
 
Columns (1) and (2) are the current and future flows for EDA-2, and the allowable peak runoffs per NJAC 7:8-5.6(b)2 
are listed under columns (3) and (4). 
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Proposed Conditions 
 
The project proposes a 3-story residential apartment complex and thirty-six (36) parking spaces in front of the building. 
Additional site improvements include sidewalks, curbing, grading and drainage, landscaping, and lighting. The new 
parking spaces consist of pervious pavement to capture runoff within the areas of disturbance and ADS Detention 
systems below to capture and attenuate stormwater runoff.  
 
As the project increases regulated impervious surface coverage by 0.71 acres, and regulated motor vehicle surface by 
0.33 acres, it is classified as a Major Development under NJAC 7:8 and the Township of Verona Stormwater 
Management Controls and Requirements Ordinance. As such, stormwater quantity management measures are required 
to offset the increase in runoff from the project.  
 
Proposed Drainage Areas 
PDA-1 
Drainage area PDA-1 consists of 1.25 acres of total post-construction area permanently disturbed and altered by the 
project. It is divided into ten drainage areas, with nine areas captured by stormwater management systems and one 
area bypassing the proposed systems. Total impervious area within PDA-1 is 0.77 acres and pervious area is 0.83 acres. 
Total motor vehicle surface within PDA-1 is 0.33 acres. 
 
The stormwater management improvements for PDA-1 are designed so that the post-construction peak runoff rates of 
the areas disturbed by this project for the current and future 2-, 10-, and 100-year storm events, respectively, are less 
than 50, 75, and 80 percent, respectively, of the pre-construction peak runoff rates. 
 

PDA-1A 
PDA-1A consists of 0.17 acres of total areas, with 0.09 acres pervious and 0.08 acres impervious (including 0.05 
acres motor vehicle surface). Runoff within this area is captured by pervious pavement identified as Pervious 
Pavement Basin #1. The basin is designed in accordance with Chapter 9 of the NJ BMP Manual. Below the pervious 
pavement we propose an ADS N-12 48” detention system with a system size of 117.00’ X 18.00’ X 6.29’. A 15” HDPE 
pipe then conveys outflow to Basin #2. 
 
Table 6 provides a summary of the peak flows that enter the basin and the attenuated peak flows discharged from 
the pervious pavement basin from the outlet control structure. 

 

Table 6: PDA-1A Peak Flows and Basin Elevations 
Storm Current (cfs) Future (cfs) Current (cfs) Future (cfs) Current (ft) Future (ft) 

 Unattenuated Attenuated Basin Elevations 
2 0.69 0.83 0.18 0.20 446.73 446.99 

10 1.12 1.54 0.22 0.23 447.60 448.14 
100 2.42 3.09 0.27 0.60 449.56 450.34 

 
PDA-1B 
PDA-1B consists of 0.12 acres of total areas, with 0.00 acres pervious and 0.12 acres impervious (including 0.12 
acres motor vehicle surface). Runoff within this area is captured by pervious pavement identified as Pervious 
Pavement Basin #2. The basin is designed in accordance with Chapter 9 of the NJ BMP Manual. Below the pervious 
pavement, we propose an ADS N-12 60” detention system with a system size of 116.17’ X 18.00’ X 8.17’. A 15” 
HDPE pipe then conveys outflow from the basin to the existing municipal storm sewer system in Bloomfield Avenue. 
 
Table 7 provides a summary of the peak flows that enter the basin and the attenuated peak flows discharged from 
the pervious pavement basin from the outlet control structure. 
 

Table 7: PDA-1B Peak Flows and Basin Elevations 
Storm Current (cfs) Future (cfs) Current (cfs) Future (cfs) Current (ft) Future (ft) 

 Unattenuated Attenuated Basin Elevations 
2 0.81 0.93 0.27 0.29 445.74 446.12 

10 1.18 1.36 0.34 0.50 446.81 446.92 
100 2.73 4.15 1.62 2.51 447.45 448.28 
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PDA-1C 
PDA-1C consists of 0.06 acres of total areas, with 0.00 acres pervious and 0.06 acres impervious (including 0.06 
acres motor vehicle surface). Runoff within this area is captured by pervious pavement identified as Pervious 
Pavement Basin #3. The basin is designed in accordance with Chapter 9 of the NJ BMP Manual. Below the pervious 
pavement, we propose an ADS N-12 60” detention system with a system size of 62.17’ X 18.00’ X 10.08’. A 15” 
HDPE pipe then conveys outflow from Basin #3 into Basin #2. 
 
Table 8 provides a summary of the peak flows that enter the basin and the attenuated peak flows discharged from 
the pervious pavement basin from the outlet control structure. 
 

Table 8: PDA-1C Peak Flows and Basin Elevations 
Storm Current (cfs) Future (cfs) Current (cfs) Future (cfs) Current (ft) Future (ft) 

 Unattenuated Attenuated Basin Elevations 
2 1.43 1.76 0.26 0.29 448.10 448.64 

10 2.40 2.94 0.34 0.58 449.84 450.65 
100 4.37 5.67 2.04 2.91 452.23 454.22 

 

PDA-1D 
PDA-1D consists of 0.05 acres of total areas, with 0.01 acres pervious and 0.04 acres impervious (including 0.01 
acres motor vehicle surface). Runoff within this area is captured by pervious pavement identified as Pervious 
Pavement Basin #4. The basin is designed in accordance with Chapter 9 of the NJ BMP Manual. Below the pervious 
pavement, we propose an ADS N-12 48” detention system with a system size of 33.00’ X 18.00’ X 5.83’. A 15” HDPE 
pipe then conveys outflow from Basin #4 into Basin #1. 
 
Table 9 provides a summary of the peak flows that enter the basin and the attenuated peak flows discharged from 
the pervious pavement basin from the outlet control structure. 
 

Table 9: PDA-1D Peak Flows and Basin Elevations 
Storm Current (cfs) Future (cfs) Current (cfs) Future (cfs) Current (ft) Future (ft) 

 Unattenuated Attenuated Basin Elevations 
2 0.67 0.80 0.20 0.22 453.59 453.90 

10 1.06 1.27 0.45 0.58 454.35 454.68 
100 1.85 2.35 0.84 1.04 455.69 456.74 

 

PDA-1E 
PDA-1E consists of 0.16 acres of total areas, with 0.00 acres pervious and 0.16 acres impervious (including 0.00 
acres motor vehicle surface). Runoff in this area is conveyed into Basin #4 using roof drains connected directly to 
the basin. This runoff is captured by the basin and detained until it is released into the municipal storm sewer 
system in Bloomfield Avenue. 
 

Table 10: PDA-1E Peak Flows 
Storm Current (cfs) Future (cfs) 

2 0.47 0.56 
10 0.73 0.87 

100 1.25 1.58 
 

PDA-1F 
PDA-1F consists of 0.32 acres of total areas, with 0.08 acres pervious and 0.24 acres impervious (including 0.05 
acres motor vehicle surface). Runoff in this area is captured using a heavy-duty trench drain and type E inlets along 
the eastern side of the building. Runoff is then conveyed into Basin #3 until it is released into the municipal storm 
sewer system in Bloomfield Avenue. 
 

Table 11: PDA-1F Peak Flows 
Storm Current (cfs) Future (cfs) 

2 0.96 1.16 
10 1.56 1.89 

100 2.79 3.57 
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PDA-1G 
PDA-1G consists of 0.13 acres of total areas, with 0.13 acres pervious and 0.00 acres impervious (including 0.00 
acres motor vehicle surface). Runoff in this area is captured within the type E inlet in the rear of the building and 
conveyed into Basin #3. Runoff is then detained until it is released into the municipal storm sewer system in 
Bloomfield Avenue.  
 

Table 12: PDA-1G Peak Flows 
Storm Current (cfs) Future (cfs) 

2 0.15 0.22 
10 0.34 0.46 

100 0.76 1.05 
 

PDA-1H 
PDA-1H consists of 0.02 acres of total areas, with 0.01 acres pervious and 0.01 acres impervious (including 0.01 
acres motor vehicle surface). Runoff in this area is captured using a heavy-duty trench drain. This runoff is conveyed 
directly to the existing municipal storm sewer system in Bloomfield Avenue using 15” HDPE pipe. 
 
 

Table 13: PDA-1H Peak Flows 
Storm Current (cfs) Future (cfs) 

2 0.05 0.06 
10 0.09 0.11 

100 0.17 0.22 
 
PDA-1I 
PDA-1I consists of 0.17 acres of total areas, with 0.16 acres pervious and 0.01 acres impervious (including 0.00 
acres motor vehicle surface). Runoff in this area bypasses all catchment systems. This area flows off site onto 
Bloomfield Avenue before being captured by existing inlets to the west near Everett Field. Runoff enters here and 
is conveyed through the existing municipal storm sewer system. 
 

Table 14: PDA-1I Peak Flows 
Storm Current (cfs) Future (cfs) 

2 0.27 0.37 
10 0.59 0.77 

100 1.26 1.70 
 

PDA-1J 
PDA-1J consists of 0.05 acres of total areas, with 0.01 acres pervious and 0.04 acres impervious (including 0.03 
acres motor vehicle surface). Runoff in this area is captured by a Type B inlet which is then conveyed into Basin #3 
using 15” HDPE pipe. Runoff is detained here until it is released into the existing municipal storm system in 
Bloomfield Avenue.  
 

Table 15: PDA-1J Peak Flows 
Storm Current (cfs) Future (cfs) 

2 0.17 0.20 
10 0.27 0.33 

100 0.49 0.62 
 

PDA-2 
Drainage area PDA-2 consists of 0.35 acres of total post-construction area undisturbed or altered by the project. It is 
comprised of a single drainage area and is entirely pervious. PDA-2 flows off-site, where the runoff combines into Lot 
25 and then flows back to Bloomfield Avenue and is collected within the existing municipal storm sewer system, 
combining with PDA-1. 
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Table 16: PDA-2 Peak Flows 
Storm Current (cfs) Future (cfs) 

2 0.30 0.45 
10 0.76 1.05 

100 1.80 2.54 
 

A summary of the peak flow runoff for the post-construction condition of each PDA is provided. Table 17 compares the 
post-construction peak flows versus the existing and allowable peak flow in PDA-1, and Table 18 compares the post-
construction peak flows versus the existing and allowable peak flow in PDA-2. 
 
For Table 17, columns (1) and (2) are the total pre-construction flows from EDA-1. Columns (3) and (4) are the allowable 
design flows while columns (5) and (6) are the actual proposed post-construction flows. Columns (7) and (8) represent 
the delta in peak flow from the pre- to post-construction condition. Since the reduced post-construction flows meet or 
exceed the 50%, 75%, and 80% required for the 2-, 10-, and 100-year current and future storms, respectively, the project 
meets the reduction requirements of NJAC 7:8-5.6(b)3 for PDA-1. Since the reduced post-construction flows 
demonstrate that there are is no increase, as compared to the pre-construction condition, in the peak runoff rates of 
stormwater leaving the site, the project meets the requirements of NJAC7:8-5.6(b)2 for PDA-2. 
 
Table 17: EDA-1 vs PDA-1, Pre- vs Post-Construction Peak Flow Comparison 

Storm EDA-1 EDA-1 Allowable PDA-1 Proposed Delta 
 (1) (2) (3) (4) (5) (6) (7) (8) 

Year Q Current 
(cfs) 

Q Future 
(cfs) 

Q Current 
(cfs) 

Q Future 
(cfs) 

Q Current 
(cfs) 

Q Future 
(cfs) 

Q Current 
(%) 

Q Future 
(%) 

2 1.02 1.50 0.51 0.75 0.51 0.64 50% 57% 
10 2.45 3.40 1.84 2.55 0.90 1.12 63% 67% 

100 5.74 8.14 4.59 6.51 1.89 3.30 67% 59% 
 
Table 18: EDA-2 vs PDA-2, Pre- vs Post-Construction Peak Flow Comparison 

Storm EDA EDA Allowable PDA Proposed Delta 
 (1) (2) (3) (4) (5) (6) (7) (8) 

Year Q Current 
(cfs) 

Q Future 
(cfs) 

Q Current 
(cfs) 

Q Future 
(cfs) 

Q Current 
(cfs) 

Q Future 
(cfs) 

Q Current 
(%) 

Q Future 
(%) 

2 0.31 0.47 0.31 0.47 0.30 0.45 3.2% 4.3% 
10 0.79 1.09 0.79 1.09 0.76 1.05 3.8% 3.7% 

100 1.87 2.64 1.87 2.64 1.80 2.54 3.7% 3.8% 
 
Stormwater Conveyance 
The stormwater conveyance system was designed per the Township of Verona ordinance section §150-25 and the 
NJDOT Drainage Manual to convey on-site stormwater runoff from the 25-year storm event at a minimum of 2 feet per 
second (fps). Sizing was done using the Rational Method for inlet drainage areas and Manning’s Formula for pipe 
capacity. Calculations can be found in Appendix D.  
 

Stormwater Quality 
As per NJAC 7:8-5.5(a), water quality treatment is required if a project proposes a net increase in regulated motor 
vehicle surface by 0.25 acres. The total pre- and post-construction regulated motor vehicle surface area is 0.00 and 
0.33 acres, respectively, which is a net increase of 0.33 acres. As the project proposes an increase in regulated motor 
vehicle surface greater than 0.25-acres, the project is considered a “major development”, and water quality treatment 
is required. The increase in motor vehicle surface coverage is from the proposed parking areas in front of the building. 
Per NJAC 7:8-5.5(b)1, we are responsible for 80% TSS removal for the net increase of motor vehicle surface and 50% 
for the existing motor vehicle surface being “repaved”. The weighted TSS removal required is 80% since there are no 
existing motor vehicle surfaces (See Calculation Below). 
 
[(0.33 acres)*(80%) + (0.00 acres)*(50%)] / 0.33 acres = 80% 
 
Table 19 below summarizes the proposed stormwater best management practices (BMPs) and their TSS removal rates 
in accordance with NJAC 7:8 Table 5-1. Refer to Appendix E for compliance with NJAC 7:8-5.3(b). 
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     Table 19: Proposed BMP Summary 
   

BMP BMP Type TSS Removal Rate Basin Size Drainage Area 
Basin #1 Pervious Pavement System 80% 2,106 SF 8,081 SF 
Basin #2 Pervious Pavement System 80% 2,106 SF 3,001 SF 
Basin #3 Pervious Pavement System 80% 1,134 SF 2,808 SF 
Basin #4 Pervious Pavement System 80% 594 SF 3,003 SF 

 
As per Chapter 4 of the NJDEP Best Management Practices (NJ BMP) Manual, a “major development” project must 
include stormwater management measures that reduce the average total suspended solids (TSS) load in the 
development site’s post construction runoff by 80%. The weighted TSS removal required for this project is 80%. Since 
runoff is discharged from the site at multiple points, 80 percent TSS removal requirements will have to be applied at 
each discharge point using example 4-2 from Chapter 4 to determine the total TSS removal rate. The total TSS removal 
rate is 80%, which complies because it is equal to the weighted TSS removal required which is 80% (See Calculation 
Below). 
 
PDA-1A Motor Vehicle Surface: 0.05 acres 
PDA-1B Motor Vehicle Surface: 0.12 acres 
PDA-1C Motor Vehicle Surface: 0.06 acres 
PDA-1D Motor Vehicle Surface: 0.01 acres 
PDA-1F Motor Vehicle Surface: 0.05 acres 
PDA-1G Motor Vehicle Surface: 0.00 acres 
PDA-1H Motor Vehicle Surface: 0.01 acres 
PDA-1I Motor Vehicle Surface: 0.00 acres 
PDA-1J Motor Vehicle Surface: 0.03 acres 
PDA-2 Motor Vehicle Surface: 0.00 acres 
Total Motor Vehicle Surface: 0.33 acres 
 
[(0.05)*(80%) + (0.12)*(80%) + (0.06)*(80%) + (0.01)*(80%) + (0.05)*(80%)+ (0.00)*(80%)+ (0.01)*(80%)+ (0.00)*(80%) 
+ (0.03)*(80%) +  (0.00)*(80%)] / 0.33 = 80% Total TSS Removal Rate 
 

Groundwater Recharge 
The project site is located within an area delineated as part of the Metropolitan Planning Area (PA-1) on the NJ State 
Plan Policy Map. Areas within zone PA-1 are considered urban redevelopment areas and are exempt from groundwater 
recharge requirements per NJAC 7:8-5.4(b)2. 
 
The proposed BMPs are not designed to infiltrate runoff to the subsoil, therefore no stormwater mounding analysis is 
required. 
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FIGURE 1 – AERIAL LOCATION MAP

PENNONI ASSOCIATES INC.
1085 RAYMOND BOULEVARD, SUITE 2102
NEWARK, NJ 07102

Job No.

176-200 Bloomfield Avenue
Township of Verona, Essex County, NJ

Block 202, Lots 1 & 23
Scale:NTSDMH2C26001

SOURCE: EagleView
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FIGURE 2 – TAX MAPJob No. Scale:NTS

SOURCE: Township of Verona Tax Map Sheet 2 
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1085 RAYMOND BOULEVARD, SUITE 2102
NEWARK, NJ 07102

176-200 Bloomfield Avenue
Township of Verona, Essex County, NJ

Block 202, Lots 1 & 23
DMH2C26001
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FIGURE 3 – TOWNSHIP OF VERONA ZONING MAP Job No. Scale:NTS

SOURCE: Zoning Map of the Township of Verona

PENNONI ASSOCIATES INC.
1085 RAYMOND BOULEVARD, SUITE 2102
NEWARK, NJ 07102

176-200 Bloomfield Avenue
Township of Verona, Essex County, NJ

Block 202, Lots 1 & 23
DMH2C26001
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FIGURE 4 – USGS QUAD MAPJob No. Scale:NTS

SOURCE: USGS 7.5-minute topographic quadrangles for New Brunswick, NJ

PENNONI ASSOCIATES INC.
1085 RAYMOND BOULEVARD, SUITE 2102
NEWARK, NJ 07102

176-200 Bloomfield Avenue
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Block 202, Lots 1 & 23
DMH2C26001
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FIGURE 5 – FEMA MAPJob No. Scale:NTS

SOURCE: FEMA Map Number 34013C0103F

PENNONI ASSOCIATES INC.
1085 RAYMOND BOULEVARD, SUITE 2102
NEWARK, NJ 07102

176-200 Bloomfield Avenue
Township of Verona, Essex County, NJ

Block 202, Lots 1 & 23
DMH2C26001



FIGURE 6 – USDA SOIL MAPJob No. Scale:NTS

SOURCE: USDA Web Soil Survey

PENNONI ASSOCIATES INC.
1085 RAYMOND BOULEVARD, SUITE 2102
NEWARK, NJ 07102

176-200 Bloomfield Avenue
Township of Verona, Essex County, NJ

Block 202, Lots 1 & 23
DMH2C26001



FIGURE 7 – NJDEP GeoWeb MAPJob No. Scale:NTS

SOURCE: NJDEP GeoWeb

PENNONI ASSOCIATES INC.
1085 RAYMOND BOULEVARD, SUITE 2102
NEWARK, NJ 07102
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Block 202, Lots 1 & 23
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FIGURE 8 – NJDEP GeoWeb Mapping – Endangered SpeciesJob No. Scale:NTS

PENNONI ASSOCIATES INC.
1085 RAYMOND BOULEVARD, SUITE 2102
NEWARK, NJ 07102

SOURCE: NJDEP GeoWeb
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DMH2C26001
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FIGURE 8A – NJDEP GeoWeb Mapping – Endangered SpeciesJob No. Scale:NTS

PENNONI ASSOCIATES INC.
1085 RAYMOND BOULEVARD, SUITE 2102
NEWARK, NJ 07102

SOURCE: NJDEP GeoWeb

176-200 Bloomfield Avenue
Township of Verona, Essex County, NJ

Block 202, Lots 1 & 23
DMH2C26001



FIGURE 9 – NJDOT Straight Line Diagram ViewerJob No. Scale:NTS

PENNONI ASSOCIATES INC.
1085 RAYMOND BOULEVARD, SUITE 2102
NEWARK, NJ 07102

SOURCE: NJDOT Straight Line Diagram Viewer

176-200 Bloomfield Avenue
Township of Verona, Essex County, NJ

Block 202, Lots 1 & 23
DMH2C26001



Appendix B:
Hydrologic and Hydraulic Calculations (Current)

































































































































































































































































































































































































































Appendix C:
Hydrologic and Hydraulic Calculations (Future)

































































































































































































































































































































































































































Appendix D:
Storm Sewer Conveyance
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Appendix E:
Water Quality Calculations



2,106
8,081
5,975
6,318

UNIT/DESCRIPAREA

594
1,304
710

1,782

UNIT/DESCRIPAREA

1,134
2,808
1,674
3,402

UNIT/DESCRIPAREA

2,106
5,362
3,256
6,318

UNIT/DESCRIPAREA

Stormwater Management Report 
Water Quality Criteria per NJAC 7:8-5.3(b)

200 Bloomfield Ave
DMH2C26001

WATER QUALITY CRITERIA PER NJAC 7:8-5.3(b)
The maximum area of additional inflow within a contributory drainage area cannot exceed three 
times the area occupied by the BMP for Pervious Paving Systems.

Drainage Area PDA-1A

Drainage Area PDA-1B

Drainage Area PDA-1C

Drainage Area PDA-1D

SF
SF
SF
SF

Area of Basin #1
Area of PDA-1A

Max Inflow Area to Basin #1
3 X Area of Basin #1

CALCULATION
NA
NA

8,081 – 2,106 = 5,975
2,106 X 3 = 6,318

Max Inflow Area to Basin #1 = 5,975 SF ≤ 6,318 SF (3 times the area of Basin #1)

SF
SF
SF
SF

Area of Basin #4
Area of PDA-1D

Max Inflow Area to Basin #4
3 X Area of Basin #4

CALCULATION
NA
NA

1,304– 594 = 710
594 X 3 = 1,782

Max Inflow Area to Basin #4 = 710 SF ≤ 1,782 SF (3 times the area of Basin #4)

SF
SF
SF
SF

Area of Basin #3
Area of PDA-1C

Max Inflow Area to Basin #3
3 X Area of Basin #3

CALCULATION
NA
NA

2,808 – 1,134 = 1,674
1,134 X 3 = 3,402

Max Inflow Area to Basin #3 = 1,674 SF ≤ 3,402 SF (3 times the area of Basin #3)

SF
SF
SF
SF

Area of Basin #2
Area of PDA-1B

Max Inflow Area to Basin #2
3 X Area of Basin #2

CALCULATION
NA
NA

5,362 – 2,106 = 3,256
2,106 X 3 = 6,318

Max Inflow Area to Basin #2 = 3,256 SF ≤ 6,318 SF (3 times the area of Basin #2)



Appendix F:
Post Construction Sheet Flow Calculations



Stormwater Management Report
Additional Calculations - Sheet Flow

176-200 Bloomfield Ave, Verona
DMH2C26001

POST CONSTRUCTION SHEET FLOW CALCULATIONS
McCuen-Spiess Limitation

Post-Construction Drainage Areas
INPUT UNIT/DESCRIP SHEET FLOW LENGTH CHECK

Drainage Area
Slope (S ) 

Manning's Coefficient (n) 
Sheet Flow Length (L)

PDA-1-A Sheet Flow Length (L)

  PDA-1A
ft/ft 

Grass (Short) 
ft

Is (L) greater than or Yes
equal to 100 feet?

1,701
100 ft

0.035
0.011



Stormwater Management Report
Additional Calculations - Sheet Flow

176-200 Bloomfield Ave, Verona
DMH2C26001

POST CONSTRUCTION SHEET FLOW CALCULATIONS
McCuen-Spiess Limitation

Post-Construction Drainage Areas
INPUT UNIT/DESCRIP SHEET FLOW LENGTH CHECK

Drainage Area
Slope (S ) 

Manning's Coefficient (n) 
Sheet Flow Length (L)

PDA-1-A Sheet Flow Length (L)

  PDA-1B
ft/ft 

Grass (Short) 
ft

Is (L) greater than or Yes
equal to 100 feet?

1,992
100 ft

0.048
0.011



Stormwater Management Report
Additional Calculations - Sheet Flow

176-200 Bloomfield Ave, Verona
DMH2C26001

POST CONSTRUCTION SHEET FLOW CALCULATIONS
McCuen-Spiess Limitation

Post-Construction Drainage Areas
INPUT UNIT/DESCRIP SHEET FLOW LENGTH CHECK

Drainage Area
Slope (S ) 

Manning's Coefficient (n) 
Sheet Flow Length (L)

PDA-1-A Sheet Flow Length (L)

  PDA-1E
ft/ft 

Grass (Short) 
ft

Is (L) greater than or Yes
equal to 100 feet?

643
100 ft

0.005
0.011



Stormwater Management Report
Additional Calculations - Sheet Flow

176-200 Bloomfield Ave, Verona
DMH2C26001

POST CONSTRUCTION SHEET FLOW CALCULATIONS
McCuen-Spiess Limitation

Post-Construction Drainage Areas
INPUT UNIT/DESCRIP SHEET FLOW LENGTH CHECK

Drainage Area
Slope (S ) 

Manning's Coefficient (n) 
Sheet Flow Length (L)

PDA-1-A Sheet Flow Length (L)

  PDA-1G
ft/ft 

Grass (Short) 
ft

Is (L) greater than or No
equal to 100 feet?

66
66 ft

0.069
0.40



Stormwater Management Report
Additional Calculations - Sheet Flow

176-200 Bloomfield Ave, Verona
DMH2C26001

POST CONSTRUCTION SHEET FLOW CALCULATIONS
McCuen-Spiess Limitation

Post-Construction Drainage Areas
INPUT UNIT/DESCRIP SHEET FLOW LENGTH CHECK

Drainage Area
Slope (S ) 

Manning's Coefficient (n) 
Sheet Flow Length (L)

PDA-1-A Sheet Flow Length (L)

  PDA-2
ft/ft 

Grass (Short) 
ft

Is (L) greater than or No
equal to 100 feet?

62
62 ft

0.061
0.40
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Reference Material



Chapter 2 Estimating Runoff and Peak 
Discharges 

Part 650 

  Engineering Field Handbook 
  NJ Supplement 

Page 1 of 2 August, 2012 

NEW JERSEY 24 HOUR RAINFALL FREQUENCY DATA

Rainfall amounts in Inches 

County 1 year 2 year 5 year 10 year 25 year 50 year 100 year 
        
Atlantic 2.72 3.31 4.30 5.16 6.46 7.61 8.90 
Bergen 2.75 3.34 4.27 5.07 6.28 7.32 8.47 
Burlington 2.77 3.36 4.34 5.18 6.45 7.56 8.81 
Camden 2.73 3.31 4.25 5.06 6.28 7.34 8.52 
Cape May 2.67 3.25 4.22 5.07 6.34 7.47 8.73 
Cumberland 2.69 3.27 4.25 5.09 6.37 7.49 8.76 
Essex 2.85 3.44 4.40 5.22 6.44 7.49 8.66 
Gloucester 2.71 3.29 4.24 5.05 6.29 7.36 8.55 
Hudson 2.73 3.31 4.23 5.02 6.19 7.20 8.31 
Hunterdon 2.80 3.38 4.26 5.00 6.09 7.02 8.03 
Mercer 2.74 3.31 4.23 5.01 6.19 7.20 8.33 
Middlesex 2.76 3.35 4.30 5.12 6.36 7.43 8.63 
Monmouth 2.79 3.38 4.38 5.23 6.53 7.66 8.94 
Morris 2.94 3.54 4.47 5.24 6.37 7.32 8.35 
Ocean 2.81 3.42 4.45 5.33 6.68 7.87 9.20 
Passaic 2.87 3.47 4.42 5.23 6.43 7.47 8.62 
Salem 2.69 3.26 4.20 5.00 6.22 7.28 8.45 
Somerset 2.76 3.34 4.25 5.01 6.15 7.13 8.21 
Sussex 2.68 3.22 4.02 4.70 5.72 6.60 7.58 
Union 2.80 3.39 4.35 5.17 6.42 7.49 8.69 
Warren 2.78 3.34 4.18 4.89 5.93 6.83 7.82 

Notes: The average point rainfall amounts listed above were developed from data contained in NOAA 
Atlas 14 Volume 2. 

 Point rainfall estimates for specific locations may be obtained from the Precipitation Frequency 
Data Server located at http://www.nws.noaa.gov/ohd/hdsc/

 For most hydrologic design procedures, the rainfall amounts listed above may be rounded to the 
nearest tenth of an inch. 

Essex 2.85 3.44 4.40 5.22 6.44 7.49 8.66



Chapter 2 Estimating Runoff and Peak 
Discharges 

Part 650 

  Engineering Field Handbook 
  NJ Supplement 

Page 2 of 2 August, 2012 
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b. N.J.A.C.7:8-5.7(c) requires the precipitation depths of the current 2-, 10- and 100-year storm 
events be determined by multiplying the NOAA rainfall data with the current precipitation 
adjustment factors in Table 5-5 at N.J.A.C.7:8-5.7(c)2.  N.J.A.C.7:8-5.7(d) requires the precipitation 
depths of the projected 2-, 10- and 100-year storm events be determined by multiplying the NOAA 
rainfall data with the future precipitation change factors in Table 5-6 at N.J.A.C.7:8-5.7(d).  Table 
5-5 and Table 5-6 from the Rules are reproduced below.

Current Precipitation Adjustment Factors at N.J.A.C. 7:8-5.7(c) as Table 5-5 

County

Current Precipitation Adjustment Factors

2-year
Design Storm

10-year
Design Storm

100-year
Design Storm

1.01 1.02 1.03
Bergen 1.01 1.03 1.06

Burlington 0.99 1.01 1.04
Camden 1.03 1.04 1.05

Cape May 1.03  1.03 1.04
Cumberland 1.03 1.03 1.01

Essex 1.01 1.03 1.06
Gloucester 1.05 1.06 1.06

Hudson 1.03 1.05 1.09
Hunterdon 1.02 1.05 1.13

Mercer 1.01 1.02 1.04
Middlesex 1.00 1.01 1.03
Monmouth 1.00 1.01 1.02

Morris 1.01 1.03 1.06
Ocean 1.00 1.01 1.03
Passaic 1.00 1.02 1.05
Salem 1.02 1.03 1.03

Somerset 1.00 1.03 1.09
Sussex 1.03 1.04 1.07
Union 1.01 1.03 1.06

Warren 1.02 1.07 1.15

Current 

Essex 1.01 1.03 1.06
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Future Precipitation Change Factors at N.J.A.C. 7:8-5.7(d) as Table 5-6 

County

Future Precipitation Change Factors

2-year
Design Storm

10-year
Design Storm

100-year
Design Storm

1.22 1.24 1.39
Bergen 1.20 1.23 1.37

Burlington 1.17 1.18 1.32
Camden 1.18 1.22 1.39

Cape May 1.21 1.24 1.32
Cumberland 1.20 1.21 1.39

Essex 1.19 1.22 1.33
Gloucester 1.19 1.23 1.41

Hudson 1.19 1.19 1.23
Hunterdon 1.19 1.23 1.42

Mercer 1.16 1.17 1.36
Middlesex 1.19 1.21 1.33
Monmouth 1.19 1.19 1.26

Morris 1.23 1.28 1.46
Ocean 1.18 1.19 1.24
Passaic 1.21 1.27 1.50
Salem 1.20 1.23 1.32

Somerset 1.19 1.24 1.48
Sussex 1.24 1.29 1.50
Union 1.20 1.23 1.35

Warren 1.20 1.25 1.37

Future

Essex 1.19 1.22 1.33







Chapter 2

2–5(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2a Runoff curve numbers for urban areas 1/

Curve numbers for
-------------------------------------------  Cover description  ----------------------------------------- -----------hydrologic soil group -------------

Average percent
Cover type and hydrologic condition impervious area 2/ A B C D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, etc.) 3/:
Poor condition (grass cover < 50%) .......................................... 68 79 86 89
Fair condition (grass cover 50% to 75%) .................................. 49 69 79 84
Good condition (grass cover > 75%) ......................................... 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) ............................................................. 98 98 98 98
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) ................................................................................ 98 98 98 98
Paved; open ditches (including right-of-way) .......................... 83 89 92 93
Gravel (including right-of-way) ................................................. 76 85 89 91
Dirt (including right-of-way) ...................................................... 72 82 87 89

Western desert urban areas:
Natural desert landscaping (pervious areas only)  4/ ..................... 63 77 85 88
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) ...................................................................... 96 96 96 96

Urban districts:
Commercial and business ................................................................. 85 89 92 94 95
Industrial ............................................................................................. 72 81 88 91 93

Residential districts by average lot size:
1/8 acre or less (town houses) .......................................................... 65 77 85 90 92
1/4 acre ................................................................................................ 38 61 75 83 87
1/3 acre ................................................................................................ 30 57 72 81 86
1/2 acre ................................................................................................ 25 54 70 80 85
1 acre ................................................................................................... 20 51 68 79 84
2 acres .................................................................................................. 12 46 65 77 82

Developing urban areas

Newly graded areas
(pervious areas only, no vegetation) 5/ ................................................................ 77 86 91 94

Idle lands (CN’s are determined using cover types
similar to those in table 2-2c).

1 Average runoff condition, and Ia = 0.2S.
2 The average percent impervious area shown was used to develop the composite CN’s. Other assumptions are as follows: impervious areas are

directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN’s for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other combinations of open space
cover type.

4 Composite CN’s for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN = 98) and the pervious area CN. The pervious area CN’s are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN’s to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the CN’s for the newly graded  pervious areas.



Technical Release 55
Urban Hydrology for Small Watersheds

Estimating RunoffChapter 2

2–6 (210-VI-TR-55, Second Ed., June 1986)

Table 2-2b Runoff curve numbers for cultivated agricultural lands 1/

                                                                                                                                                               Curve numbers for
------------------------------------------  Cover description  ---------------------------------------------               -------------  hydrologic soil group  ----------------

Hydrologic
Cover type Treatment 2/ condition 3/ A B C D

Fallow Bare soil — 77 86 91 94
Crop residue cover (CR) Poor 76 85 90 93

Good 74 83 88 90

Row crops Straight row (SR) Poor 72 81 88 91
Good 67 78 85 89

SR + CR Poor 71 80 87 90
Good 64 75 82 85

Contoured (C) Poor 70 79 84 88
Good 65 75 82 86

C + CR Poor 69 78 83 87
Good 64 74 81 85

Contoured & terraced (C&T) Poor 66 74 80 82
Good 62 71 78 81

C&T+ CR Poor 65 73 79 81
Good 61 70 77 80

Small grain SR Poor 65 76 84 88
Good 63 75 83 87

SR + CR Poor 64 75 83 86
Good 60 72 80 84

C Poor 63 74 82 85
Good 61 73 81 84

C + CR Poor 62 73 81 84
Good 60 72 80 83

C&T Poor 61 72 79 82
Good 59 70 78 81

C&T+ CR Poor 60 71 78 81
Good 58 69 77 80

Close-seeded SR Poor 66 77 85 89
or broadcast Good 58 72 81 85
legumes or C Poor 64 75 83 85
rotation Good 55 69 78 83
meadow C&T Poor 63 73 80 83

Good 51 67 76 80

1 Average runoff condition, and Ia=0.2S
2 Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.
3 Hydraulic condition is based on combination factors that affect infiltration and runoff, including (a) density and canopy of vegetative areas,

(b) amount of year-round cover, (c) amount of grass or close-seeded legumes, (d) percent of residue cover on the land surface (good ≥ 20%),
and (e) degree of surface roughness.

Poor: Factors impair infiltration and tend to increase runoff.

Good: Factors encourage average and better than average infiltration and tend to decrease runoff.
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Table 10.3-B 

Recommended Coefficient of Runoff Values for Various Selected Land Uses 

Land Use Description 
Hydrologic Soils Group 

A B C D 

Cultivated Land 
without conservation treatment with 
conservation treatment 

0.49 
0.27 

0.67 
0.43 

0.81 
0.67 

0.88 
0.67 

Pasture or Range Land 
Meadow 

poor condition  
good condition  
good condition 

0.38 
--- 
--- 

0.63 
0.25 
--- 

0.78 
0.51 
0.41 

0.84 
0.65 
0.61 

Wood or Forest Land thin stand, poor cover, no mulch 
good cover 

--- 
--- 

0.34 
--- 

0.59 
0.45 

0.70 
0.59 

Open Spaces, Lawns, Parks, 
Golf Courses, Cemeteries 
Good Condition 
Fair Condition 

 
 
grass cover on 75% or more 
grass cover on 50% to 75% 

 
 

--- 
--- 

 
 
0.25 
0.45 

 
 
0.51 
0.63 

 
 

0.65 
0.74 

Commercial and Business 
Area 85% impervious 0.84 0.90 0.93 0.96 

Industrial Districts 72% impervious 0.67 0.81 0.88 0.92 

Residential 
Average Lot Size 
(acres) 1/8 
1/4 
1/3 
1/2 
1 

average % impervious 
 
65 
38 
30 
25 
20 

 
 

0.59 
0.29 
--- 
--- 
--- 

 
 
0.76 
0.55 
0.49 
0.45 
0.41 

 
 
0.86 
0.70 
0.67 
0.65 
0.63 

 
 

0.90 
0.80 
0.78 
0.76 
0.74 

Paved Areas 
parking lots, roofs, driveways, 
etc. 0.99 0.99 0.99 0.96 

Streets and Roads 

paved with curbs & storm 
sewers 
gravel 
dirt 

0.99 
0.57 
0.49 
 

0.99 
0.76 
0.69 
 

0.99 
0.84 
0.80 
 

0.99 
0.88 
0.84 
 

NOTE: Values are based on NRCS definitions and are average values. Source: Technical Manual Flood 
Hazard Area Control Act Rules, Bureaus of Inland and Coastal Regulations, NJDEP Flood Hazard Area Permits, 
New Jersey Department of Environmental Protection 

10.3.4 US Natural Resources Conservation Service (NRCS) Methodology 

Techniques developed by the US Natural Resources Conservation Service (NRCS) for 
calculating rates of runoff require the same basic data as the Rational Method: drainage 
area, a runoff factor, Time of Concentration, and rainfall. The NRCS approach, however, 
is more sophisticated in that it also considers the time distribution of the rainfall, the 
initial rainfall losses to interception, and depression storage.  With the NRCS method, 
the direct runoff can be calculated for any storm, either real or fabricated, by subtracting 
infiltration and other losses from the rainfall to obtain the precipitation excess. Details 
of the methodology can be found in the NRCS National Engineering Handbook, 
Section 4. 









Appendix H:
Drainage Area Maps
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