
Page



Page i

City of Virginia Beach Review of Draft PWDSM

Contents
Section 1: Introduction ............................................................................................................................. 1

Section 2: Data Review Summary ............................................................................................................ 3

A. Draft Standards: Section 8 & Appendix J .................................................................................. 3

B. Stormwater Model Development Methodology (SWMDM) ......................................................... 3

C. EPA SWMM /CADD Integration ................................................................................................ 3

Section 3: Site Analysis – Site Selection .................................................................................................. 4

Section 3.1: Site Analysis – Hilltop Car Wash ....................................................................................... 7

A. Current Standards Design Summary ........................................................................................ 7

B. Draft Standards Design Summary – Hilltop Car Wash .............................................................. 7

C. Detailed Site Analysis Results – Hilltop Car Wash .................................................................. 10

Section 3.2: Site Analysis: Atlantic Eye Care ...................................................................................... 13

A. Current Standards Design Summary ...................................................................................... 13

B. Draft Standards Design Summary – Atlantic Eye Care ............................................................ 13

C. Detailed Site Analysis Results – Atlantic Eye Care ................................................................. 16

Section 3.3: Site Analysis: Virginia Aquarium Marsh Pavilion ............................................................. 17

A. Current Standards Design Summary ...................................................................................... 17

B. Draft Standards Design Summary – Virginia Aquarium ........................................................... 17

C. Detailed Site Analysis Results – Virginia Aquarium ................................................................. 20

Section 3.4: Site Analysis: Princess Anne Middle School (PAMS) ...................................................... 22

A. Current Standards Design Summary ...................................................................................... 22

B. Draft Standards Design Summary – PAMS ............................................................................. 22

C. Detailed Site Analysis Results - PAMS ................................................................................... 25

Section 4: Conclusion ............................................................................................................................ 27

Appendices
A. Initial Clarifications for Draft Public Works Design Standards Manual (PWDSM)



Page 1

City of Virginia Beach Review of Draft PWDSM

Section 1: Introduction
The City of Virginia Beach (City) is in the process of replacing the current Department of Public Works
Specifications and Standards Manual (PWS&S or “Current Standards”) with a newly created document
entitled Public Works Design Standards Manual (PWDSM). The Current Standards were first adopted by
City Council in 1994 and included several amendments, with the most recent being Amendment 9, from
May 7, 2015. The PWDSM includes revisions to multiple areas of the document, but the focus of this
report is on Section 8 and Appendix J, hereafter referred to as “Draft Standards”; which include new
requirements relative to stormwater management and flood control based upon data recently derived
specifically from studies on sea level rise and rainfall intensity. The most notable changes reflected in the
Draft Standards are summarized below:

· 20% increase to the current NOAA Atlas 14 (last updated 2006) 24-hour rainfall depths and
Rational Method rainfall intensities.

· The Environmental Protection Agency Stormwater Management Model (EPA SWMM) software
modeling tool is required to be used for all site and subdivision designs with two exceptions:

1. Projects with a total disturbed area less than 20,000 square feet; or,

2. Projects that provide a 10% or greater reduction in impervious area from the existing
impervious area.

· Projects subject to the exceptions noted above may use another drainage analysis program that
utilizes a 24-hour storm with a static tailwater provided by the City of Virginia Beach Development
Services Center (DSC) or Department of Public Works Stormwater Engineering Center (SWEC).
Similarly, these projects will not be required to comply with the requirements regarding downstream
and upstream flooding analysis.

· The City has (or will have in the near future) completed stormwater models for all (31) drainage
basins. Designers must use these dynamic models or obtain static tailwater information from the
SWEC. It should be noted that this report was initiated prior to the reduction from 31 drainage basin
models to 15 drainage basin models.  As a result, references to drainage basin numbers herein
assume 31 drainage basins.

· More specific requirements regarding Hydraulic Grade Line (HGL) and Tailwater criteria including:
o Per Section 8.3.F, no increase in flooding upstream, adjacent, and downstream of the

proposed project is permitted up to and including the 100-year storm.

o Per Section 8.3.C, all designs must address Sea Level Rise (SLR) if the development or
project drains to tidally influenced waters.

o Per Section 8.3.D, all designs must determine a controlling tailwater using the rain/tide
probability pairs, and check the design against each pair.

The Draft Standards were issued for public comment on May 1, 2019, and the City has reviewed the input
received during this period, and minor changes to the PWDSM have been made as reflected in the
current Draft Standards (March 2020). Prior to the adoption of the Draft Standards, the SWEC and DSC
requested a third-party review of the Draft Standards to accomplish the following objectives:

1. Review the Draft Standards and document comments and suggestions.

2. Review Stormwater Model Development Methodology (SWMDM) produced by CDM Smith that
provides background information and guidance to the development community on modifying
existing models in accordance with the City’s standards and requirements, and document
comments and suggestions.

3. Determine the extent of automated design integration capabilities between EPA SWMM and
Autodesk® and Bentley Systems® Computer-Aided Design and Drafting (CADD) software.
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4. Perform detailed site evaluations on four (4) recently approved site plans within the City to
quantify the design changes necessary to take a site compliant with the Current Standards for its
stormwater management design and make it compliant with the Draft Standards.

5. Provide a discussion of the additional effort required for stormwater management design to
comply with the Draft Standards, which will have an effect on the costs of professional services
“soft costs”.

6. Perform a high-level quantitative evaluation of the potential implications to the cost of construction
for the four (4) sites evaluated to comply with the Draft Standards. This evaluation will be limited
to stormwater infrastructure costs only.
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Section 2: Data Review Summary
A. Draft Standards: Section 8 & Appendix J
A detailed review of the Draft Standards was performed to accomplish the following objectives:

· Ensure the correct application of the Draft Standards to the site evaluations described above.
· Identify potential areas of ambiguity within the Draft Standards.
· Make recommendations for additions and exclusions to the Draft Standards, as well as general

formatting and organizational comments to assist with the interpretation and application of the Draft
Standards.

The following items should be noted:

· Prior to beginning the site analyses, a list of initial questions regarding the Draft Standards was
provided to the SWEC for clarification. These questions and associated responses are summarized
in Appendix A.

· The focus of the review did not include updating cross-references to other sections within Section
8 and Appendix J based on comments and suggestions. Upon resolution from the City as to which
modifications will be accepted, this effort should be completed. The Draft Standards were
reformatted by others.

· Based upon the comprehensive review of the Draft Standards, and subsequent application of these
requirements to the site analyses, several modifications/clarifications were proposed for the Draft
Standards.

B. Stormwater Model Development Methodology (SWMDM)
The City uses a guidance document, SWMDM or more commonly referred to as “Section 2”, as guidance
for maintaining the City Master Drainage models. However, it has also been provided to design
consultants as a reference when modifying existing models to maintain a level of consistency for
submittals. SWMM models are typically more complex than other stormwater management design
software that has historically been used on development projects in the City. With the understanding that
the intent of the SWMDM was not to provide guidance for development projects, a separate guidance or
“Best Practices” document is recommended to communicate City expectations for SWMM models and
minimize review times for City Staff.

If the proposed “Best Practices” document is kept separate from the Draft Standards, then official
revisions to the Draft Standards will not be necessary if City requirements and modeling standards evolve
as better technology and/or data becomes available.

C. EPA SWMM /CADD Integration
Various proprietary software design tools are commonly used to assist with the stormwater management
design of private development projects as well as public infrastructure projects. As part of this analysis,
the City was interested in understanding the design integration capabilities between SWMM and
commonly used Computer-Aided Design and Drafting (CADD) software’s such as Autodesk® AutoCAD
Civil 3D and Bentley Systems® MicroStation GeoPack and OpenRoads.

Data management in SWMM uses Geographic Information System (GIS) based shapefiles (.shp) that can
store multiple characteristics for each data object. The list below is not exhaustive, but summarizes the
primary data sets that are required to successfully run a SWMM-based program:

· Drainage areas are represented as “subcatchment” objects, which are stored as a shapefile
containing closed polygons with all pertinent characteristics (area, land cover data, soil
parameters, etc.).



Page 4

City of Virginia Beach Review of Draft PWDSM

· Pipes, channels, and overland flow links are represented as “conduit” objects, which are stored
as a shapefile containing polylines with all pertinent information (size, shape, slope, material, etc.)

· Inlets, manholes, and other convergence points are represented as “junction” objects, which are
stored as a shapefile containing points with all pertinent characteristics (invert, rim, area of
ponding, etc.)

While 3D versions of AutoCAD and MicroStation do incorporate much of the information noted above into
the project design files, the data is not stored in a single location that can be extracted such as a
shapefile. The data that can be extracted is generally limited to pipe design information and rational
method drainage area characteristics. For example, a simple drainage area drawn in CADD as a polygon
will generally not include information on soil parameters or landcover without further manipulation and will
only be stored inside that CADD file. While drainage area polygons can be exported from CADD into a
shapefile, which can then be imported into SWMM, characteristics such as land cover data and soil
parameters cannot be assigned to automatically populate in SWMM. Once the information is in SWMM as
a shapefile, there are various tools available that can aid the designer in populating the necessary fields
(i.e. area weighting tools).

Storm and Sanitary Analysis (SSA) has been included with AutoCAD Civil 3D since the 2013 release.
Before that release, SSA was available as a subscription service, which has since been cancelled and
rolled into the Civil 3D suite. SSA is unique in that it can open a Civil 3D pipe network and convert it into
an SSA project (.spf) file. Once in SSA, the pipe network can then be exported to a SWMM Version 5 file.
If the SSA file has any drainage area data (“subbasin” in SSA), then that data can also be included in the
exported SWMM Version 5 file. SSA only has the option to use Kinematic Wave hydraulic modeling,
which is not compatible with the current City Master Drainage Models, which use Dynamic Wave. The
type of hydraulic modeling used in SSA prevents a designer from using SSA to model their proposed
system in the City Master Drainage models. At a minimum, the SWMM 5 file created with SSA can be
imported into the City Master Drainage model with saved pipe design characteristics. This compatibility
streamlines moving pipe data from Civil 3D to SWMM. Once in SWMM, the design process is normally
iterative, and the ability to export changes from SWMM back into Civil 3D is limited.

MicroStation (GeoPack and OpenRoads) projects are typically influenced by the municipality’s digital file
management requirements. This is most applicable to public infrastructure projects wherein the City
and/or the Virginia Department of Transportation (VDOT) will dictate the specific version of software to be
used. Designers are then generally limited to the programs they can use for design. In general, the
compatibility between MicroStation and SWMM is limited, similar to AutoCAD.

In summary, automation and integration capabilities between SWMM and commonly used 3D CADD
programs are limited. It should be noted that two-dimensional (2D) versions of CADD software also have
limited design and/or integration capabilities and are not included in this analysis. As stated above, the
objective was to understand the integration capabilities between SWMM and commonly used CADD
software. A detailed comparison between CADD integration capabilities with SWMM versus CADD
integration capabilities with other commonly used proprietary stormwater management design software
was not evaluated. However, based on our experience, the limited integration capability between CADD
and SWMM is similar to the limitations between CADD and other commonly used stormwater
management design software.

Section 3: Site Analysis – Site Selection
To quantify the changes to stormwater management design between the Current Standards and Draft
Standards, a detailed site evaluation was performed on four (4) recently approved site plans within the
City. Sites were selected by the City to be representative (not inclusive of all types) of typical
development projects based on the following considerations:

· Sites were included from four (4) different drainage basins spread across the City.
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· Sites varied in their distance from major water bodies. Some sites were upstream in the
drainage basin and less susceptible to tidal influences, while others were further downstream
in the drainage basin and more susceptible to tidal influences.

· The lot size and site drainage area of the projects were also factors taken into consideration.
Two (2) smaller sites involve areas of two (2) acres or less, one (1) site is approximately five
(5) acres, and one (1) site is greater than twenty (20) acres.

· The selected sites included a mixture of new development and re-development projects.

The sites selected for further evaluation are summarized below in Table 1. Refer to Figure 1 for the
site locations.

Table 1. Site Summaries

Site Name DSC File #
(Date Approved)

Drainage
Basin

Lot
Size

Disturbed
Area

Existing
Use

Proposed
Use

Hilltop
Car Wash

J06-009104-SP
(08/2018)

DB 7 ± 2 AC ±1.3 AC Undeveloped Commercial
(Car Wash)

Atlantic
Eye Care

F07-6857-SP
(05/2018)

DB 4 ± 0.6
AC ±0.3 AC

Commercial/

Residential
Commercial

Virginia
Aquarium

Marsh
Pavilion

L08-006903-SP
(12/2018)

DB 29 ± 25.7
AC ±5.4 AC

Undeveloped/

Zoological
Garden

Zoological
Garden

Princess
Anne

Middle
School

J12-006798-SP
(07/2018)

DB 10 ± 24.3
AC ±25.6 AC* Commercial Commercial

*Area includes minor off-site work
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Section 3.1: Site Analysis – Hilltop Car Wash
A. Current Standards Design Summary

· DSC File #: J06-009104-SP
· Drainage Basin: 7
· Lot Size: +/- 2 Acres
· Disturbed Area: +/- 1.3 Acres
· Existing Use: Undeveloped
· Proposed Use: Commercial (+/- 4,600 SF Car Wash)
· FEMA Flood Zone: N/A
· Approved Plans FFE: 16.0 ft (NAVD 88)

The existing site was an undeveloped lot with managed turf land cover. The proposed site design
involves constructing a car wash with an underground stormwater detention facility. See Figure 2 for
further detail. The original stormwater design, compliant with the Current Standards, was conducted using
Computational Hydraulics International® Personal Computer Stormwater Management Model
(PCSWMM). Modifications to the existing City model for Drainage Basin 7, received from the SWEC,
were required based on site-specific information and to evaluate the proposed design for stormwater
compliance. The original stormwater design was approved in August 2019.

B. Draft Standards Design Summary – Hilltop Car Wash
· EPA SWMM required
· Design not influenced by 1.5’ SLR
· Initial increase in 100-yr flooding, but eliminated with model refinement
· Current underground detention provides excess capacity for Current Standards; increase to

underground detention otherwise required (60%)
· 45% increase in stormwater infrastructure costs

PCSWMM is required by the Draft Standards as the disturbed area is greater than 20,000 square feet
(SF) and a 10% reduction in impervious area is not achieved. It should be noted that the original
(approved plan) underground detention facility (24,700 cubic feet) appears to provide approximately
200% of the minimum volume required to comply with the Current Standards. When taking this into
consideration, and with the objective being to understand design changes required by the Draft
Standards, the original design was re-analyzed to determine the minimum amount of storage needed to
meet the Current Standards. It was determined that approximately 12,400 cubic feet of storage is
required to comply with the Current Standards and approximately 19,800 cubic feet of storage is required
to comply with the Draft Standards. For the purposes of this analysis, the Current Standards and Draft
Standards designs were compared, and the original design was not used in evaluating the impact of the
Draft Standards because it provided significantly more than the minimum required storage volume.

The Draft Standards were analyzed with and without 1.5 feet of sea level rise. The SLR changes does not
impact the site design for Hilltop Car Wash because the site is far enough upstream that the tailwater at
the site outfall is unaffected by the change in the elevation of the ultimate outfall for the Drainage Basin 7
model.

The on-site stormwater conveyance pipes were analyzed using StormCAD with the 20% increase to
rainfall depth, per the Draft Standards, and compared to the provided Autodesk Storm Sewers results,
which used the Current Standards. No increases in pipe sizes were necessary for this site due to the
small onsite drainage areas. The site design also met State channel protection requirements. Velocities in
channels and pipes downstream of the site were considered non-erosive.
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A summary of the original site design’s compliance with the Current and Draft Standards is shown in
Table 2. For more detailed analysis, refer to Section 3.1.C.

Table 2 Hilltop Car Wash Stormwater Management Design Compliance Summary - Original Design

Stormwater Management Design Criteria  Current Standards Draft Standards1

Critical infrastructure? N/A No
Direct discharge to major water body? No No
EPA-SWMM required? N/A Yes
Design storm? 10-year 10-year
Increase in off-site flooding in design storm? No No
Increase in flooding in 100-year check storm? N/A No
Erosive downstream velocities in 2-year storm? No No
1The data presented is true for both with and without 1.5’ SLR analyses.
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Item Current
Standards

Draft
Standards % Increase

SWMF/BMP 
Total Storage 

Volume (CF)
12360 19780 60%

SWMF/BMP 
Total Footprint 

(SF)
5107 8170 60%

STORMWATER MANAGEMENT DESIGN SUMMARY

Notes:
1. Pipe size increases are not required. 
2. Downstream improvements are not required.
3. Site grading/finished floor elevation (FFE) adjustments are not 
required. 
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C. Detailed Site Analysis Results – Hilltop Car Wash
The project outfalls into Wolfsnare Creek, which ultimately becomes the Eastern Branch of the
Lynnhaven River. The outfall is in Federal Emergency Management Agency (FEMA) Flood Zone AE with
a Base Flood Elevation (BFE) of 8.0’.

Tailwater elevations for the Draft Standards are based on Table J-12. Tailwater elevations for the Current
Standards, for the 10-year and 100-year storms, are based on a flood raster, which includes measured
King Tide elevations. It should be noted that this information differs from the values listed in Appendix E
of the Current Standards. The tidal information associated with the Eastern Branch of the Lynnhaven
River, as well as the Current and Draft Standard rainfall amounts, are provided below in Table 3.

Table 3: Hilltop Car Wash Design Storm and Tide Comparison Summary

Design Storm/Tide Current Standards Draft Standards

1-year rain N/A 3.60”
2-year rain 3.65” 4.38”
10-year rain 5.98” 6.77”
100-year rain 9.45” 11.34”
1-year tide/TW N/A 3.1’ (without 1.5’ SLR)/4.6’ (with 1.5’ SLR)
3-year tide/TW N/A 4.0’ (without 1.5’ SLR)/5.5’ (with 1.5’ SLR)
10-year tide/TW 2.7’ 5.2’ (without 1.5’ SLR)/6.7’ (with 1.5’ SLR)
100-year tide/TW 3.65’ 6.7’ (without 1.5’ SLR)/8.2’ (with 1.5’ SLR)

The project does not qualify for one of the SWMM exemptions, nor does the outfall discharge directly into
a major water body (tidal or non-tidal) as defined by the Draft Standards. As a result, the designer is
required to determine the HGL between the project discharge point and the downstream major water
body to provide an accurate tailwater control for the design. Given the proximity of the site’s point of
discharge to the extents of the Drainage Basin 7 model, the HGL connection can be demonstrated in
PCSWMM using the available model data. Similarly, while the site does not directly discharge to a tidal
water body, the impacts of SLR can be represented at the ultimate outfall into the Eastern Branch of the
Lynnhaven River.

The Draft Standards require that for a 10-year design storm, two different scenarios are run with the
proposed design to account for tidal influence. The 10-year storm is run with a 1-year tide and the 1-year
storm is paired with a 10-year tide. As the site does not include critical infrastructure, the tailwater for
each scenario accounts for 1.5’ of sea level rise as opposed to 3.0’. Additionally, these scenarios were
run without the 1.5’ SLR to analyze the impact of this requirement. For this site, the 1.5’ SLR requirement
did not impact the site design because the tailwater at the site outfall was unchanged.

Once it became apparent that the approved site design met the requirements of the Draft Standards in
both SLR scenarios, the original design was re-analyzed to determine the minimum amount of storage
required to meet the Current Standards. For the 10-year storm, the underground detention system could
be reduced by 50% and still comply with Current Standards. This equated to a reduction from
approximately 24,700 cubic feet of storage to 12,400 cubic feet of storage. Upstream and downstream
HGLs did not increase in the 10-year storm with the reduced volume. In the 100-year storm, the HGL was
contained in the underground detention system, and HGLs did not increase outside of the system
upstream or downstream of the project.

During initial efforts to evaluate the Draft Standards, minor HGL increases  were noted upstream of the
site, along Laskin Road, ranging from 0.01’ to 0.04’. The HGL increases, indicating increased flooding,
were mainly in the 1-year rain, 100-year tide storm and the 1-year rain, 10-year tide storm. However, even
when the original storage capacity (24,700 cubic feet) was increased by as much as 175%, the minor
increases remained in the system. It was therefore deemed that these increases were a result of
instabilities in the PCSWMM model and not due to insufficient storage in the proposed design.
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In order to correct the HGL increases which indicated flooding, minor changes were made in both the
existing and proposed models to eliminate some of the instabilities. The minor changes consisted of
modeling the manholes along Laskin Road as storage nodes rather than junctions. The storage nodes
were assigned a stage storage area of 12 square feet at every foot of depth, which is representative of an
average manhole. In PCSWMM, this is considered a “functional” storage curve because the available
storage is a function of the depth of the structure. Typically, in this situation, the SWEC recommends
building a storage curve representative of the sub catchment area draining to the inlet using DEM or
survey data. However, in this case, the structures being modeled with a functional storage curve were not
set as the direct outlet for the sub catchment they convey. These structures instead act as junctions in the
model, linking conduits together. So, there is no sub catchment to build a storage curve from without
breaking up the existing sub catchment areas further and redefining storage curves for each split sub
catchment. This proved to be unnecessary because the HGL did not exceed the rim elevation of the
junction being modeled in each case. Thus, converting the junctions to functional storage nodes is
accurately representing the available storage in each structure without double-counting storage in the
model.
Compliance with the Draft Standards can be achieved by increasing the previously reduced underground
detention volume from approximately 12,400 cubic feet to approximately 19,800 cubic feet, an increase of
approximately 60%. In both the 10-year and 100-year storms, the HGLs do not increase outside of the
system upstream or downstream of the project.

To determine the site’s compliance with State channel protection requirements, PCSWMM was used to
evaluate downstream velocities. PCSWMM was the preferred tool as it allows the user to easily access
channel and pipe velocities. A 2-year storm was created in PCSWMM, per the Draft Standards, and the
model outfall was set to minimize tailwater influence (i.e. a free outfall). Velocities were analyzed from the
site outfall downstream to the “one-percent” limits of analysis, where the site’s contributing drainage area
is less than one percent of the total drainage area. The model shows open channel velocities ranging
from 1.04 to 3.23 feet per second. The USDA Soil Resource Report indicates sandy loam and silt loam
soils in this area, which have maximum permissible velocities between 1.75 to 2.0 feet per second.
However, the channel section with the higher velocity (3.2 ft/s) appears to be lined with riprap, which can
withstand velocities of more than 18 feet per second. Pipe velocities downstream of the site peaked at
8.07 feet per second. These velocities are considered non-erosive for concrete pipe; therefore, channel
protection was met.
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Table 4. Hilltop Car Wash Stormwater Management Design Summary

Item Current
Standards

Draft
Standards
With 1.5’

SLR

Draft
Standards

Without
1.5’ SLR

% Increase

SWMF/BMP
Storage Volume
(CF)

12,360 19,780 19,780 60%

SWMF/BMP
Footprint (SF)

5,107 8,170 8,170 60%

Stormwater
Infrastructure Cost

$195K $283K $283K 45%

Notes:
1. Pipe size increases are not required.
2. Downstream improvements were not analyzed in detail.
3. Because the original design provided adequate storage volume to meet the

Current and Draft standards, there is no actual cost increase for this site.
4. Site grading/finished floor elevation (FFE) adjustments are not required.
5. Stormwater Infrastructure Costs represent an Opinion of Probable

Construction Cost (OPCC) using construction costs observed on recent
projects in the City of Virginia Beach. Percent cost increases are only
applicable to the specific sites represented herein and shall not be interpreted
as a typical representation for any other site or location within the City of
Virginia Beach.
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Section 3.2: Site Analysis: Atlantic Eye Care
A. Current Standards Design Summary
· DSC File #: F07-6857-SP
· Drainage Basin: 4
· Lot Size: +/- 0.6 Acres
· Disturbed Area: +/- 0.3 Acres
· Existing Use: Commercial/Residential
· Proposed Use: Commercial (+ 0.2 acres parking area)
· FEMA Flood Zone: N/A
· Approved Plans FFE: +/- 12.3 ft (NAVD 88) (existing)

The existing site area consists of a medical office with parking area, and an adjacent residential lot with
one single family home and a detached garage. In the proposed condition, the residential lot will be
redeveloped as an additional parking area for the medical office. See Figure 3 for further detail. The
stormwater management design, based on the Current Standards and approved in May 2018, involves
adding a grass channel and swales, and improving the existing stormwater conveyance system along
North Budding Avenue. The original stormwater management design was evaluated with HydroCAD®
and used a static tailwater elevation from the 10-year design storm for all model iterations (2, 10, and 100
year) based on the existing City model for Drainage Basin 4.

B. Draft Standards Design Summary – Atlantic Eye Care
· EPA SWMM not required
· Design not influenced by 1.5’ SLR
· Initial Draft Standards (May 2019) required loss of parking stalls; revised Draft Standards (March

2020) do not result in any lost parking stalls
· Initial Draft Standards (May 2019) required 80% increase in onsite storage, revised Draft Standards

(March 2020) require 0% increase in onsite storage
· 0% increase in stormwater infrastructure costs

The initial Draft Standards (May 2019) required analysis of upstream and downstream flooding for all
projects. The revised Draft Standards (March 2020) do not require analysis of upstream and downstream
flooding for this site as the total disturbed area is less than 20,000 SF. The Draft Standards have been
evaluated for this site by recreating the HydroCAD model and applying the higher tailwater elevation and
higher rainfall values. A summary of the design changes necessary to comply with the initial and revised
Draft Standards is included below.

The analysis for the site under the initial version of the Draft Standards was completed in PCSWMM, to
demonstrate compliance with the upstream and downstream HGL requirements. When evaluating the
initial Draft Standards, the original grass channel did not provide enough storage capacity to prevent HGL
increases from occurring during the 100-year check storm downstream of the site outfall in areas already
experiencing flooding. The volume of dry storage required an increase of 80%, or 1,350 cubic feet, to
ensure that no additional flooding occurred downstream in the 100-year storm. Grass channels are
primarily used for conveyance, not storage. Therefore, it was necessary to evaluate a different type of
SWMF/BMP that could provide additional dry storage. By incorporating a dry storage area, similar to a dry
pond, site layout adjustments were necessary, resulting in a loss of six (6) of the proposed parking stalls.
The loss of parking stalls may have been avoided by providing additional storage volume through
underground detention or permeable pavement. Those options were not evaluated, since they
significantly differed from the original design.
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The revised Draft Standards eliminate the requirement to analyze off-site flooding for this site because it
falls under the 20,000 SF land disturbance exception. The onsite stormwater design could be performed
utilizing a 24-hour storm with static tailwater provided by the SWEC. Thus, the site was revaluated using
the originally approved HydroCAD model parameters, with a revised static tailwater pulled from the
Drainage Basin 4 model and increased rainfall information. The results of the revised analysis show that
the Current Standards design does not need to be changed to accommodate the higher tailwaters and
rainfall amounts required with the Draft Standards. Thus, no loss of parking stalls is required.

There were no on-site pipes included in the original design, so no pipe size increases were required. The
site design also met State channel protection requirements. Velocities in pipes downstream of the site
were considered non-erosive.

A summary of the original design’s compliance with the Current and Draft standards is shown in Table 5.
For more detailed analysis, refer to Section 3.2.C.

Table 5: Atlantic Eye Care Stormwater Management Design Compliance Summary – Original Design

Stormwater Management Design Criteria Current Standards Draft Standards1

Critical infrastructure? N/A No
Direct discharge to major water body? No No
EPA-SWMM required? N/A No
Design storm? 10-year 10-year
Increase in off-site flooding in design storm? N/A N/A
Increase in flooding in 100-year check storm? N/A N/A
Erosive downstream velocities in 2-year storm? No No
1The data presented is true for both with and without 1.5’ SLR analyses.
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Item Current
Standards

Draft 
Standards % Increase

SWMF/BMP 
Total Storage 

Volume (CF)
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C. Detailed Site Analysis Results – Atlantic Eye Care
The site ultimately outfalls to the Western Branch of the Lynnhaven River. The outfall is in FEMA Flood
Zone AE with a BFE of 8.0’. Tailwater elevations for the Draft Standards are based on Table J-12.
Tailwater elevations for the Current Standards, for the 10-year and 100-year storms, are based on a flood
raster, which includes measured King Tide elevations. It should be noted that this information differs from
the values listed in Appendix E of the Current Standards. The tidal information associated with the
Western Branch, as well as the Current and Draft Standard rainfall amounts, are provided below in Table
6.

Table 6: Atlantic Eye Care Design Storm and Tide Comparison Summary

Design Storm/Tide Current Standards Draft Standards

1-year rain 3.00” 3.60”
10-year rain 5.98” 6.77”
100-year rain 9.45” 11.34”
1-year tide N/A 3.2’ (without 1.5’ SLR)/4.7’ (with 1.5’ SLR)
3-year tide N/A 4.3’ (without 1.5’ SLR)/5.8’ (with 1.5’ SLR)
10-year tide 2.7’ 5.5’ (without 1.5’ SLR)/7.0’ (with 1.5’ SLR)
100-year tide 3.67’ 7.4’ (without 1.5’ SLR)/8.9’ (with 1.5’ SLR)

For this site, PCSWMM was only used to generate a static tailwater for use in the updated HydroCAD
models at junction 04520-494 using the rainfall and tailwaters required in the Draft Standards. To
determine a more accurate tailwater condition, a modified existing condition model was created.
Modifications included subdividing one large subcatchment containing several parcels into six (6) smaller
basins based on available survey and Light Detection and Ranging (LiDAR) data to better evaluate pre-
and post-development conditions. Impervious percentages were also updated with each new
subcatchment due to the reconfiguration. The modifications were based on the City GIS layers of
impervious areas dated May 13, 2019 which included roads, parking lots, sidewalks, and building
footprints. In addition, the existing pipe and ditch system along North Budding Avenue was added to the
existing model, based on survey information obtained for the design of the project. Table 7 below
provides a summary of the change in static tailwater used in the HydroCAD models.

Table 7. Atlantic Eye Care Static Tailwater Elevation (Junction 04520-494)

Design Storm/HGL Approved Plan Draft Standards

2-year rain 3.65” 4.38”
10-year rain 5.63” 6.77”
100-year rain 9.43” 11.34”
1-year HGL N/A 8.68’ (w/out 1.5’ SLR)/8.69’ (w/ 1.5’ SLR)
2-year HGL 7.0’ N/A
3-year HGL N/A 8.82’ (w/out 1.5’ SLR)/8.82’ (w/ 1.5’ SLR)
10-year HGL 8.5’ 8.24’ (w/out 1.5’ SLR)/8.49’ (w/ 1.5’ SLR)
100-year HGL 8.7’ 8.55’ (w/out 1.5’ SLR)/8.95’ (w/ 1.5’ SLR)

The rainfall and HGL values above were used to recreate the HydroCAD model to analyze the approved
design using the Draft Standards requirements. The proposed conditions model was developed based on
the approved HydroCAD report provided by the City for this analysis. The proposed stormwater
conveyance system, designed to meet the Current Standards, contained a grass channel and swales,
and modifications to the stormwater conveyance system within the right-of-way of North Budding Avenue.
The modeling shows that no modifications to the design as approved were required for the site to remain
in compliance with State channel and flood protection requirements.
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Section 3.3: Site Analysis: Virginia Aquarium Marsh Pavilion
A. Current Standards Design Summary

· DSC File #: L08-006903-SP
· Drainage Basin: 29
· Lot Size: +/- 25.7 Acres
· Disturbed Area: +/- 5.4 Acres
· Existing Use: Zoological Garden (Virginia Aquarium & Marine Center)
· Proposed Use: Zoological Garden (+/- 15,000 SF Building Expansion, parking lot expansion)
· FEMA Flood Zone: Zone AE, BFE = 7.0
· Approved Plans FFE: 13.15 ft (NAVD 88)

The existing site includes the Virginia Aquarium & Marine Center. The proposed project consists of a
building expansion of the veterinary care center, a parking lot expansion and the construction of an
outdoor children’s play area and splash pad. See Figure 4 for further detail. The stormwater management
design utilizes a micro-bioretention basin, wet swale, dry swale, and manufactured BMPs for water quality
and quantity control. The original stormwater design was evaluated using a combination of software tools
typical to development projects, which included Autodesk® Hydraflow Hydrographs extension for pond
routing, Bentley Systems® StormCAD for pipe design, and HEC-RAS for outfall channel velocity and
capacity analysis. The stormwater management design, based on the Current Standards, was approved
in December 2018.

B. Draft Standards Design Summary – Virginia Aquarium
· EPA SWMM required
· Design is influenced by 1.5’ SLR
· Larger onsite stormwater conveyance pipes required
· 290% increase in onsite storage requirements with 1.5’ SLR
· 250% increase in onsite storage requirements without 1.5’ SLR
· 36-46% increase in stormwater infrastructure costs

The analysis for the Draft Standards was completed in PCSWMM, as the disturbed area is greater than
20,000 SF and a 10% reduction in impervious area is not achieved. The Draft Standards were analyzed
using a sub-model of Drainage Basin 29 provided by the SWEC. This project is a Public Works project but
is not considered “critical infrastructure” by the City.

Due to its proximity to Rudee Inlet, the site’s stormwater management design is heavily influenced by the
required design tidal elevation set at the outfall. There are notable differences between the two Draft
Standards scenarios (with and without 1.5’ SLR) which are described further below. In both cases, the
analysis resulted in a sizable increase (+/- 290% with 1.5’ SLR & +/- 250% without) in the on-site storage
volume required for this site to comply with the Draft Standards. This is due primarily to the requirement to
demonstrate no increase in flooding upstream or downstream of the site. Existing flooding already occurs
along General Booth Boulevard upstream of the site and could not be made worse. Off-site improvements
were briefly investigated, but it was determined that the scope of the improvements necessary to impact
the site design far exceeded what was proposed with the approved plans. Expanding the footprint of the
BMPs was determined to be a far more cost-effective solution than open cutting General Booth Boulevard
and making improvements to that system.

To prevent an increase in offsite flooding, onsite SWMFs had to drastically increase to accommodate the
additional volume of runoff from the increased rainfall paired with the higher tailwater conditions.
Additional volume was required both with and without 1.5’ SLR models. As this project involves a building
expansion, the finished floor elevation of the building was set based on the existing building. For this site,
it was not necessary to add fill and elevate the buildings because adequate space was available for the
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necessary SWMF expansions. Raising the proposed building pad could have been considered to help
minimize the SWMF footprints and gain storage volume vertically to comply with the Draft Standards. This
was not considered for the site at this time because the building addition was required to maintain
accessibility with the existing building.

With the increased 10-year rainfall, approximately 175 linear feet of on-site pipe needed to be increased
from 15” diameter to 18” diameter pipe. The increase was necessary to contain the slightly higher (0.1’)
10-year HGL within the conveyance system (i.e. no flooding). The current site design also met State
channel protection requirements without modifications. The velocity in the outfall channel was considered
non-erosive. A summary of the original design’s compliance with the Current and Draft Standards is
shown in Table 8. For more detailed analysis, refer to Section 3.3.C.

Table 8: Virginia Aquarium Stormwater Management Design Compliance Summary – Original Design

Stormwater Management Design Criteria Current Standards Draft Standards1

Critical infrastructure? N/A No
Direct discharge to major water body? No No
EPA-SWMM required? N/A Yes
Design storm? 10-year 10-year
Increase in off-site flooding in design storm? No No
Increase in flooding in 100-year check storm? N/A Yes1

Erosive downstream velocities in 2-year storm? No No
1The data presented is true for both with and without 1.5’ SLR analyses.
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C. Detailed Site Analysis Results – Virginia Aquarium
The site outfalls to a manmade channel which discharges to Owl Creek (ultimately Rudee Inlet). The site
and outfall are in Zone AE with a BFE of 7.0’. Tailwater elevations for the Draft Standards are based on
Table J-12. Tailwater elevations for the Current Standards, for the 10-year and 100-year storms, are
based on a flood raster, which includes measured King Tide elevations. It should be noted that this
information differs from the values listed in Appendix E of the Current Standards. The tidal information
associated with Rudee Inlet, as well as the Current and Draft Standard rainfall amounts, are provided
below in Table 9: Virginia Aquarium Design Storm and Tide Comparison Summary.

Table 9: Virginia Aquarium Design Storm and Tide Comparison Summary

Design Storm/Tide Current Standards Draft Standards

1-year rain N/A 3.60”
10-year rain 5.98” 6.77”
100-year rain 9.45” 11.34”
1-year tide N/A 3.6’ (without 1.5’ SLR)/5.1’ (with 1.5’ SLR)
3-year tide N/A 4.5’ (without 1.5’ SLR)/6.0’ (with 1.5’ SLR)
10-year tide 3.6’ 5.4’ (without 1.5’ SLR)/6.9’ (with 1.5’ SLR)
100-year tide 4.5’ 7.3’ (without 1.5’ SLR)/8.8’ (with 1.5’ SLR)

For evaluation of upstream and downstream flooding impacts, the critical storm/tide pair for this site was
the 100-year rain, 3-year tide combination. The existing offsite stormwater conveyance system was
designed to accommodate the Current Standard 10-year design storm and is therefore quickly
overloaded with the Draft Standard 100-year rainfall with both tailwater conditions (with and without 1.5’
SLR). The 100-year storm overtops the roadside ditch along General Booth Boulevard in the existing
conditions, represented by Storage Node 07100-16301. A culvert connects to the roadside ditch and
conveys drainage to the other side of General Booth Boulevard, ultimately draining to Owl Creek. At this
location, the proposed condition model could not show any HGL increase during the 100-year storm, to
comply with the Draft Standards. Off-site improvements were not analyzed in detail because they would
result in a significant expansion of the scope of work from what was in the approved plans. Preliminary
modeling showed that increasing the capacity of the culvert system under General Booth could relieve the
flooding modeled at Storage Node 07100-16301. This potentially provides enough capacity in the system
to remove some of the required storage volume from the site. However, improvements to the existing
system would require open-cutting General Booth Boulevard and the installation of over 300 LF of
additional large diameter storm sewer pipe, which is less cost effective than expanding the footprint of the
BMP.

To show no-rise in the 100-year model, the wet swale and dry swale footprints were increased by 250%
for the 1.5’ SLR tailwater condition and by 220% for no SLR. See Figure 4 for the change in storage
volume and overall footprint. These footprint increases required more land disturbance and more impacts
to wetlands. The primary reason for the increase is the proximity to a tidally influenced major water body
(Rudee Inlet). The site directly outfalls to Owl Creek and, as seen in Table 9, tailwater conditions increase
by 3-4’ from the Current Standards to the Draft Standards. It should be noted that for the Draft Standards,
an overall BMP footprint increase of 150% is necessary to reduce the HGLs within 0.01’ of the existing
conditions. With further model refinement, it was determined that the BMP footprints needed to increase
by a total of 250% to result in no HGL increases upstream or downstream.

The drastic increase in required storage volume was also due to more area being directed to the
stormwater conveyance system along General Booth Boulevard. As this was part of the original design
approach for the Current Standards, it should not be overlooked that modifying the existing drainage
patterns onsite likely had a significant impact on the original design’s ability to comply with the Draft
Standards, as well as the increased tidal and rainfall parameters. As stated previously, the objective of
the analysis was to understand the required increase to storage volume while maintaining the original
design approach as opposed to optimizing site design. However, this example emphasizes the
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importance of maintaining existing drainage patterns as much as possible for future designs when
required to analyze upstream and downstream HGLs for the 100-year storm.

To determine the site’s compliance with State channel protection requirements, PCSWMM was used to
evaluate downstream velocities. PCSWMM was the preferred tool as it allows the user to easily access
channel and pipe velocities. A 2-year storm was created in PCSWMM, per the Draft Standards, and the
model outfall was set to minimize tailwater influence (i.e. a free outfall). Velocities were analyzed from the
site outfall to Owl Creek. The model shows open channel velocities ranging from 1.54 to 2.27 feet per
second. The USDA Soil Resource Report indicates loam in this area, which has a maximum permissible
velocity of 3.0 feet per second.

Table 10. Virginia Aquarium Stormwater Management Design Summary

Item Current
Standards

Draft
Standards
With 1.5’

SLR

Draft
Standards

Without
1.5’ SLR

% Increase
(W/SLR / W/OUT)

SWMF/BMP
Storage Volume
(AC-FT)

0.55 2.15 1.95 290% / 250%

SWMF/BMP
Footprint (AC)

0.31 1.1 1.0 250% / 220%

Stormwater
Infrastructure Cost

$200,000 $292,000 $271,000 46% / 36%

Notes:
1. Downstream improvements were not analyzed in detail.
2. Site grading/finished floor elevation (FFE) adjustments are not required.
3. Stormwater Infrastructure Costs represent an Opinion of Probable Construction

Cost (OPCC) using construction costs observed on recent projects in the City of
Virginia Beach. Percent cost increases are only applicable to the specific sites
represented herein and shall not be interpreted as a typical representation for any
other site or location within the City of Virginia Beach.

4. No additional wetland permitting, nor mitigation costs were considered.
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Section 3.4: Site Analysis: Princess Anne Middle School (PAMS)
A. Current Standards Design Summary

· DSC File #:J12-006798-SP
· Drainage Basin: 10
· Lot Size: +/- 24.3 Acres
· Disturbed Area: +/- 25.6 Acres (includes minor off-site work)
· Existing Use: Public (Middle School Campus)
· Proposed Use: Public (Middle School Campus)
· FEMA Flood Zone: N/A
· Approved Plans FFE: 11.0 ft (NAVD 88)

The original site design involves redeveloping the recently demolished Princess Anne Middle School
Campus. The proposed stormwater management design, based on the Current Standards and approved
in June 2018, includes underground detention basins, dry swales and infiltration basins to meet water
quality and quantity requirements. See Figure 5 for further detail. The original stormwater design used
PCSWMM primarily because of the large site configuration, the recognition that multiple SWMF/BMPs
would be required, and the ability to design on-site pipes and SWMF/BMPs in one program.

B. Draft Standards Design Summary – PAMS
· EPA SWMM required
· Design not influenced by 1.5’ SLR
· 26% increase in onsite storage required
· 12% increase in stormwater infrastructure costs

The original stormwater design did not need additional storage to meet the Draft Standards. However,
Virginia Beach City Public Schools (VBCPS) desires to provide a more stringent stormwater solution than
the Current Standards. VBCPS desires (where feasible) that the entire 10-year storm be retained and
infiltrated on site. As a result, the original stormwater management system met the Draft Standards. It
was assumed that VBCPS will continue to desire more stringent stormwater solutions for the 10-year
storm. Therefore, to continue to retain the 10-year storm (with a 20% increase in rainfall depth) on site, a
26% increase (30,500 cubic feet) in storage volume was required. The storage was added to the three (3)
underground detention basins. No additional volume was required for the infiltration basin. Since storage
was provided underground, there was no effect on the site layout. This site was not analyzed as “critical
infrastructure” because the school was not designed as a shelter due to the proximity of existing shelters
in this area of the City.

The Draft Standards were analyzed with and without 1.5 feet of sea level rise. The requirement to
account for 1.5’ SLR does not impact the site design for Princess Anne Middle School because the site is
far enough upstream that the tailwater at the site outfall is unaffected by the change in the elevation of the
ultimate outfall for the Drainage Basin 10 model.
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A summary of the original design’s compliance with the Current and Draft standards is shown in Table 11.
For more detailed analysis, refer to Section 3.4.C.

Table 11: PAMS Stormwater Management Design Compliance Summary – Original Design

Stormwater Management Design Criteria Current Standards Draft Standards1

Critical infrastructure? N/A No
Direct discharge to major water body? No No
EPA-SWMM required? N/A Yes
Design storm? 10-year 10-year
Increase in off-site flooding in design storm? No No
Increase in flooding in 100-year check storm? N/A No
Erosive downstream velocities in 2-year storm? No No
1The data presented is true for both with and without 1.5’ SLR analyses.
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C. Detailed Site Analysis Results - PAMS
The site ultimately outfalls to the North Landing River. To incorporate the wind driven tide-effect, the Draft
Standards require the designer to pair the 25-year tailwater conditions with all design storms less than the
25-year. Therefore, the same tailwater is used for the 1-year, 3-year, and 10-year tide as seen in Table
12 below. It should be noted that because the original design was approved prior to the completion of the
Drainage Basin 10 model, the tailwater conditions used as part of the approved plans in 2018 were
determined based on the FEMA FIS study (2009). This differs from the flood raster that has been
discussed for application of the Current Standards for other sites.

Table 12: PAMS Design Storm and Tide Comparison Summary

Design Storm/Tide Current Standards Draft Standards

1-year rain N/A 3.60”
10-year rain 5.98” 6.77”
100-year rain 9.45” 11.34”
1-year tide N/A 2.8’ (without 1.5’ SLR)/4.3’ (with 1.5’ SLR)
3-year tide N/A 2.8’ (without 1.5’ SLR)/4.3’ (with 1.5’ SLR)
10-year tide 4.0’ 2.8’ (without 1.5’ SLR)/4.3’ (with 1.5’ SLR)
100-year tide 5.0’ 3.9’ (without 1.5’ SLR)/5.4’ (with 1.5’ SLR)

PCSWMM was chosen as the preferred software tool for PAMS even with the Current Standards in 2018.
It was used for the stormwater management design because of its capability to integrate the design of
multiple SWMF/BMPs in series and the sizing of stormwater conveyance pipes.

While the original stormwater management design did not need additional storage to comply with the
Draft Standards, this was a result of more stringent design criteria by the VBCPS. An assumption was
made to continue to meet the VBCPS standards to evaluate the additional requirements with the Draft
Standards. The increased rainfall resulted in stormwater leaving the underground detention basins in the
10-year storm. All three underground detention basins were upsized, which increased the total storage
volume by 26% (30,500 cubic feet).

The infiltration basin was connected to one of the underground detention basins. Therefore, providing
additional storage for the underground basin resulted in zero discharge from the combined infiltration
basin and underground detention system. There were no increases in the upstream and downstream
HGLs during the 100-year storm. See Figure 5 for the change in storage volume and overall footprint
needed to meet the VBCPS standard.

No pipe size increases were required after analyzing the Draft Standards 10-year storm in PCSWMM.
While the pipes were conveying higher peak flows, all HGLs were contained in the system. It should be
noted that the conventional method for sizing pipes generally leaves room for additional flow, as
designers must select pipe sizes based on industry standards. The site design also met State channel
protection requirements through the Energy Balance methodology. The site detains all storm events up to
and including the 10-year storm. Therefore, no runoff from the site is generated in the 1-year storm, which
is the basis for verifying compliance with Energy Balance.
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Table 13. PAMS Stormwater Management Design Summary

Item Current
Standards

Draft
Standards
With 1.5’

SLR

Draft
Standards

Without
1.5’ SLR

% Increase

SWMF/BMP
Storage Volume
(AC-FT)

2.7 3.4 3.4 26%

SWMF/BMP
Footprint (AC)

1.6 2.0 2.0 25%

Stormwater
Infrastructure Cost

$1,650,000 $1,870,000 $1,870,000 12%

Notes:
1. Pipe size increases are not required.
2. Downstream improvements were not analyzed in detail.
3. Site grading/finished floor elevation (FFE) adjustments are not required.
4. Stormwater Infrastructure Costs are based on the Princess Anne Middle School

SWMF Cost Estimate provided to the City during site plan review. Percent cost
increases are only applicable to the specific sites represented herein and shall
not be interpreted as a typical representation for any other site or location within
the City of Virginia Beach.
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Section 4: Conclusion
While broad conclusions cannot be drawn about the implications of the pending adoption of the Draft
Standards based on the assessment of only four (4) sites, the following observations should be noted
based on the site-specific evaluations performed:

1. It is reasonable to expect resistance to the Draft Standards as they are more stringent than the
Current Standards and will likely require use of a specific software that may be unfamiliar to many
in the design community.

2. The requirement to account for Sea Level Rise by increasing the tailwater by 1.5’ only impacted
one of the four sites analyzed (Virginia Aquarium). This site was closest to a tidal waterbody and
therefore more sensitive to changes to the tailwater condition.

3. The “soft” costs (design costs) of stormwater management design will increase with the adoption
of the Draft Standards, especially for sites that do not meet the two exemptions to using SWMM.
Even for sites that do not require the use of SWMM, it may still be advantageous to create a
modified existing model to ensure the most accurate static tailwater elevation is being used as
described for Atlantic Eye Care.

4. The limited integration capability between commonly used CADD software and SWMM is similar
to the limitations between CADD and other commonly used stormwater management design
software.

5. Based on the challenges facing the City, including SLR and increased rainfall, it is reasonable to
expect that new development should not increase upstream and downstream flooding. However,
it is a relatively common occurrence to find difficulties in demonstrating zero HGL increase in the
100-year storm. This can be due to instabilities in the available models or to design constraints
that limit a developer’s ability to provide the required storage capacity. Relevant examples of this
are documented for Hilltop Car Wash and Virginia Aquarium.

6. While SWMDM provides some useful information regarding fine-tuning City models for
development projects, the development of a separate, more comprehensive “Best Practices”
document is recommended to assist the design community. Refer to Section 2.B for additional
information.

7. Upon completion of the Draft Standards review, and application to the site analyses, the following
adjustments have been documented and should be viewed favorably by the development
community:

a. The initial Draft Standards (May 2019) only required the use of EPA SWMM for sites with
drainage areas equal to or less than 20 acres contributing to the project point of
discharge. However, the analysis of upstream and downstream flooding was required for
all projects that did not discharge directly to a major water body. Based on these
requirements, EPA SWMM is the only reasonable method to demonstrate compliance,
and would otherwise be required for most projects. The revised Draft Standards (March
2020) have been modified to allow for two (2) exceptions for when the use of EPA
SWMM is not required:

§ Projects with a total disturbed area less than 20,000 square feet; or,

§ Projects that provide a 10% or greater reduction in impervious area from the
existing impervious area.

b. Section 8.5.A – the requirement to evaluate extreme (more intense than 100-year
frequency and longer than 24-hour duration) has been removed. The design-year and/or
check storm will be limited to the 100-year storm.
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c. Appendix J, Section J.13 – The requirement assuming fully saturated soils when
computing site runoff has been removed.

d. Section 8.3.F – HGL increases are permitted upstream and/or downstream of the project
site if they are contained within the system (i.e. no flooding).
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Appendix A – Initial Clarifications for Draft Public Works Design
Standards Manual (PWDSM)



Section Comment City Response

8.3.1A

Does drainage area for the site outfall only apply to onsite areas, or does it
include the upstream and offsite areas contributing to the outfall system at the
point of discharge from the site? In other words, is the intent that onsite
stormwater conveyance for a 5-acre site would need to be designed for the 25-
year storm if it discharges to a system The requirement is for on-site drainage area only.

8.3.4.a.3D.1.c
Definition of critical infrastructure in Table VIII-2 should provide additional
clarity for what defines "Public Works" and "Public Utilities"

Actual section is 8.3.4.a.2.  We will have a discussion in the near future with
Public Utilities as to what they will consider to be critical infrastructure for
their facilities. For Public Works, the decision regarding whether a project is
critical is made by the City Engineer on a project by project basis. For your
analysis, unless PAMS was designed as a shelter (which I don't believe was the
case), none of the projects are considered critical infrastructure.

8.3.4.a.4D.1.d

Direction/distinction is needed for drainage systems design using the Rational
Method (less than 20 acres) that do not drain directly to major water body
similar to 8.3.4.a.b D.2

For projects of less than 20 acres which use the Rational Method, a static
tailwater, for each design storm, will be provided, to the design engineer, at
the closest node in the SWMM model. Should this node be, for example, 500-
feet from the project site, the design engineer will be responsible for
performing, as part of the Rational Method analysis, an HGL from the node to
their project site.

8.3.6F

Page 8-19, In nearly all development cases draining directly to a major water
body, the post-development runoff volume will exceed the pre-developed
condition. Demonstration of downstream adequacy by a comparison of HGLs
within the major water body is recommended for further consideration and the
associated revision of this requirement.

The paragraph will be revised. The requirement only applies if the major water
body (Thalia Creek, Stumpy Lake, London Bridge Creek, etc.) are included in the
model. Requirement will not apply to major water bodies (Atlantic Ocean,
Lynnhaven River, etc.) are not included in the models.

8.3.8H

Additional clarification is required to understand the intent of this requirement.
Does this pertain to only the project point of discharge or the ultimate outfall?
The Eastern Branch of the Elizabeth River drains through Norfolk to the
Chesapeake Bay. This Would any site in this watershed be required to meet
this requirement?

This would only apply to the project point of discharge. There are portions of
Basin 2 and the Elizabeth River where drainage passes through piped systems
in Chesapeake or Norfolk before reaching the ultimate outfall.

8.4.3C
Suggest adding NRCS (SCS) Win TR-55 to Figure VIII-3 for DA greater than 20
acres

Paragraph 8.4.3.b.3 will need to be revised to remove the Win TR-55 as
drainage areas over 20 acres will utilized the SWMM model and should not be
calculating time of concentrations with TR-55.

8.4.4.iD.9 Is there a distinction between Ditches (8.4.4.h) and swales?
Ditches are defined as greater than 18-inches in depth. Swales are defined as a
depth of up to 18-inches.

8.4.4.jD.10 What is the intent of this requirement? Consider in regards to Section 8.3.6.

Requirement is to prevent backyard drainage systems, within a subdivision,
from having only 1 outfall for a large number of lots. Backyard drainage
systems should only drain the lots on either side of the pipe to the street.

8.5.1A

Consideration for extreme storm: This is very loose guidance and seems to add
to the clearly defined 100-yr check/design storm. If this is intended to be a
uniform requirement as a design requirement, suggest considering providing
rainfall data for the five (5) referenced storms to be included as part of the
engineering analysis

Will forward this comment to Laurie Murphy for discussion of the modifications
being made for public comments.

8.5.3.gC.7 Is this a new requirement that needs to be included in Table J-101?
This is a new requirement and will be forwarded to Laurie Murphy for
discussion of the modifications being made for public comments.

8.5.3.nC.14
What is the definition of positive drainage for all SWMF/BMP discharges? Is
this referring to preventing backflow?

This has been a standard for a long time. It demands that runoff be directed
downstream. We do not want runoff flowing in some roundabout way to an
outfall. The problem is our region cannot store water, we need to remove it.

8.5.5E
What are the specific requirements of the access road around the BMPs (beyond
the paved access driveways)?

Maintenance easement requirements are defined in Section 8.4.4.L (capital
used to prevent confusion with number 1).

PRE-ANALYSIS CLARIFICATIONS


