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Executive Summary

The Eastern Branch Watershed Master Plan was developed to characterize the watershed and identify
structural best management practice (BMP) opportunities with the potential to decrease flooding, improve
water quality, and address resident complaints associated with stormwater.

To identify appropriate opportunities within the watershed, a structured GIS approach was taken that
focused on publicly owned parcels and the right-of-way. Beginning with 966 public parcels, a total of 38
sites were identified for field visits. The field verification looked at suitability factors including proximity
to existing infrastructure, favorable topography, distance to outfalls, proximity to known flooding areas,
and existing litter and debris problems. From this list, a total of 20 sites were chosen for the development
of concept designs.

The 20 concepts provide constructible opportunities at each site and are also meant to serve as a template
for future opportunities within the watershed and the City of Norfolk. To manage stormwater at the sites,
a total of 30 BMPs were chosen. These facility types include traditional practices such as dry swales,
grassed channels, hydrodynamic separators, and infiltration trenches. Other more innovative practices,
such as iceberg bioretention and subsurface gravel wetlands, are included which minimize maintenance
without sacrificing performance.

Through meetings with City staff, a prioritization calculator was developed to identify the priority
opportunities for design and construction. This spreadsheet is based on quantifiable characteristics
associated with a concept and the in-depth knowledge about a site provided by City staff.

The top five scoring concept designs in the Eastern Branch Watershed based on this prioritization are
provided in Table E-1.

Table E-1 Top Five Ranked Concept Designs

Rank Concept Design BMPs Included in Concept
1 Town and Country Day School Pipe Detention
2 Meadow Lake Riser Structure Retrofit; Actuated Controls
3 Seay Ave. Infiltration Basin
4 E. Princess Anne Rd. Stormwater Chamber
5 Fairlawn Recreational Center | Porous Concrete; Subsurface Detention; Soil Amendment

Hazen and Sawyer | Executive Summary 1
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1. Introduction

The Eastern Branch Watershed Master Plan has been developed to provide a characterization of the
watershed and identify opportunities for stormwater management. Through a structured desktop analysis
in geographic information systems (GIS), publicly owned parcels and right-of-ways (ROWSs) were
investigated for their suitability for stormwater best management practices (BMPs). After field
verification of site constraints, a total of twenty sites were chosen within the watershed for the
development of concept level designs. These concept plans provide a template for BMPs that can be
applied throughout the Eastern Branch Watershed as well as the greater City of Norfolk.

1.1 Background

The 11.6 square mile watershed evaluated as part of this project includes the majority of the Eastern
Branch Watershed and a small section of the Southern Branch Watershed. The area around Chesterfield
Heights, which is part of an on-going redevelopment program, is not be included in this plan.

The City of Norfolk is increasingly at risk from flooding related to coastal storms. With its relatively flat
topography, low elevation (nearly entire City below elevation of 15 ft) and tidal connections to the
Elizabeth River and Chesapeake Bay, the majority of the City is at risk of flooding, both from
precipitation events as well as from tidal/coastal conditions. Sea level rise and changing storm conditions
further exacerbate the flooding conditions throughout the City. As such, the City has taken a proactive
approach in evaluating opportunities to mitigate flooding impacts. This project was established to identify
opportunities to address localized flooding problems within the Eastern Branch Watershed.

The Eastern Branch Watershed includes residential, commercial and industrial land uses with a significant
portion of the area draining directly to Broad Creek before discharging into the Eastern Branch. The
waterways within the watershed are subject to both a bacteria (enterococcus) TMDL as well as the
Chesapeake Bay TMDL for total nitrogen (TN), total phosphorus (TP) and total suspended solids (TSS).
Both TMDLs, assign waste load allocations that limit discharge of specific pollutants to the impaired
waters.

The Elizabeth River provides direct economic benefits to the City of Norfolk through waterway access,

marine fisheries, tourism, and enhanced quality of life for residents. Over the past few decades, the City
of Norfolk has demonstrated a commitment to addressing both the water quantity and quality problems

associated with stormwater runoff, in keeping with state and federal regulations. This plan provides the

City with a prioritized list of alternative improvements which will provide both water quality and flood

mitigation, in keeping with the City’s commitment to environmental quality and flood risk reduction.

1.2 Objectives

This Master Plan evaluates alternative BMP concept designs in the Eastern Branch Watershed. Plan
objectives are two-fold:

1. Provide feasible concept designs that address water quantity, water quality, and other stormwater
issues as identified by City residents.

Hazen and Sawyer | Introduction 2
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2. Establish an approach to characterization, design, and prioritization that can serve as a template
for evaluation of projects within the watershed and the greater City of Norfolk.

Hazen and Sawyer | Introduction
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2. Watershed Characterization

2.1 Watershed Description

The Eastern Branch Watershed of the Elizabeth River is 11.6 square miles and is composed of residential,
commercial, and industrial land uses. Most of the drainage area flows to Broad Creek before discharging
into the Eastern Branch of the Elizabeth River. Broad Creek and the Elizabeth River are both subject to
TMDLs for enterococcus, nitrogen, phosphorus, and sediment impairments. Much of the coastal portion
of the Eastern Branch Watershed is low-lying and prone to tidal flooding as well as precipitation driven
floods.

2.2 GIS Analysis

The focus of the initial GIS analysis was on City-owned parcels with available open space to facilitate the
coordination and installation of a variety of concept practices. Additional considerations included the
slope, soils, land cover, floodplain, and citizen complaints. The analysis was conducted in a structured
manner with a model developed in ArcGIS Pro which served as the basis of the selection process. A
diagram of the model is included in Appendix A.

2.2.1  Available Data/Information
Multiple spatial datasets were used in the analysis, including:

Civic Leagues (Norfolk)

Flood Insurance Rate Map (Norfolk)

Flooded Street Complaints (Norfolk)

Landcover, 2014 base with 2107 updates (Norfolk)

Lidar DEM, 2013 (Norfolk)

Parcel Boundaries (Norfolk)

Parcel Ownership (Norfolk)

Parks (Norfolk)

Soils — Hydrologic Soil Group and Drainage (Natural Resources Conservation Service, US
Department of Agriculture)

2.2.2 Municipal Property

The City owns 966 properties, distributed throughout and covering more than 10% of the watershed. Of
those parcels, 62% are vacant or have schools, recreation centers, or parks, all of which could be
amenable to concept practices and retrofit projects. Vacant parcels owned by the Norfolk Redevelopment
and Housing Authority (NRHA) were also included in this analysis.

2.2.3 Landscape

Slope — A determining factor in the initial site selection was the slope. The City’s 2013 Lidar DEM was
used to create a slope layer and an average slope per aggregated parcel polygon was calculated.

Hazen and Sawyer | Watershed Characterization 4
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Soils - Of the rated soils within the watershed, there is roughly a 60/40 ratio between poorly and well-
draining soils. Depending on the soil type, a variety of practices can be implemented.

Land Cover — The watershed is largely urban and developed. Aggregated parcel land cover is seen in
Table 2-1.

Table 2-1 Land Cover Summary

Overall Aggregated Parcel
Land Cover Watershed Average
Tree canopy 19% 38%
Tree canopy over impervious 3% 1%
Pervious 23% 27%
Water 1% 23%
Impervious 49% 5%
Bare earth 1% 1%
Wetlands 4% 7%

Floodplain - With 71% of the watershed in or within 1,000 feet of the 100-year floodplain, the watershed
is largely flat and prone to flooding. A variety of practices can be implemented both within or outside of
the floodplain.

Drainage Issues — There have been 146 reported street flooding complaints within the watershed, 18 of
which are within 100 feet of aggregated parcel polygons.

2.3 Site Selection

Site selection began with all parcels in the Eastern Branch Watershed and was filtered by City ownership
down to 966. The City owned parcels were then filtered to vacant lots, schools, parks, and recreation
centers narrowing the parcel number to 670. Any parcels adjacent to each other were aggregated so they
could be evaluated as one opportunity narrowing the count to 580. Next, parcel polygons of greater than
1,000 square feet, less than a 5-degree average slope, and less than 100% tree canopy were selected for
consideration®. This selection produced a set of 195 aggregated parcel polygons. Of these, 36 sites were in
the Campostella neighborhood. The final list of sites for field investigation were selected based on a
manual review of imagery and Google/Bing Street View, favorable flow patterns, nearby infrastructure,
and distribution across the watershed. Specific, City-suggested opportunities outside of the structured
process, such as with the Salvation Army and sites with known flooding issues in the ROW, were also

! No filters were applied for floodplain proximity or soil type due to a high percentage of the watershed being within
the floodplain or buffer and the variety of practices that can be implemented to accommodate different soil types.
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selected for field analysis and review. The following map shows the selected sites. A complete list of field
sites is provided in Appendix B and seen spatially in Figure 2-1.

Hazen and Sawyer | Watershed Characterization 6
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3. Watershed Improvement Planning

3.1 Field Investigation

After completion of the desktop analysis, 38 sites were scheduled for field investigation. The sites were
chosen based on characteristics including open space opportunity, ROW opportunity, proximity to
existing infrastructure, favorable topography, potential retrofit opportunities, proximity to outfalls,
proximity to known flooding issues, and existing litter and debris problems. Field crews photographed the
sites, documented overall feasibility for varying features and potential alternatives, identified existing
infrastructure, and discussed potential community benefits. Appendix B provides the detailed list of field
notes for each site visited.

3.2 Summary of Improvement Opportunities

After field investigation and preliminary siting evaluations were completed, the final group of 20 sites
were selected for concept plan development. The refined list of sites, their addresses, and proposed
features are included in Table 3-1. These sites were selected to be a representative sample of green
infrastructure projects that could be piloted throughout the Eastern Branch Watershed. A total of 30
different BMPs were sited (Figure 3-1). The BMPs range in size from smaller stormwater controls that
manage immediate adjacent impervious areas to larger stormwater controls on undeveloped land that have
the capability to manage multiple connected drainage areas. Planning level costs, load reductions,
footprint sizing, and water quality storage volume for each proposed practice were quantified during the
concept design phase for prioritization. Concept plans detailing the existing site, proposed practices, site
photographs, plan view maps, standard details, and calculations for the 20 final sites are provided in
Appendix C.

Underground Actuated Controls, 1

Subsurface Gravel Detention, 1 Catch Basin, 1

Wetland, 2 Dry Swale, 2
Extended Detention
Subsurface Dry Pond, 1
Chamber/Detention, Grass Channel. 2
6 )

/ —— [
Soil Amendments, 1
Iceberg

Separator, 1
Bioretention, 4

Riser Rehabilitation, 1 Infiltration Basin, 1

Infiltration Trench, 2
Figure 3-1: BMP Types included in Concept Designs
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Table 2-1: Site Details
Site Address Features
Arlington Ave. Right-of-Way 2128 Arlington Ave. e Dry Swale
. Riser Rehabilitation

Meadow Lake 5398 River Edge Rd. Actuated Controls
Poplar Hall Park 101 N. Military Hwy. e Infiltration Trench
Princess Anne Park 1450 Kempsville Rd. * Right-of-Way Iceberg

Bioretention
Park Ave. 815 Park Ave. *  Right-of-Way Iceberg

Bioretention

e Extended Detention Dry
Azalea Little League 1147 Pineridge Rd. Pond
e Dry Swale

Open Space, Ballentine and Virginia . e  Subsurface Gravel
Beach BIvd. 985 Ballentine Blvd. Wetland

Grass Channel

Ballentine at NSU Entrance 801 Ballentine Blvd. « Iceberg Bioretention
Campostella Park 1501 Campostella Rd. * \?vuetiajnrgace Gravel
Lake Taylor Middle and High School 1380 Kempsville Rd. * E(r)]:joeurzgﬁzgreDt:tention
Corner Lot off Virginia Beach Blvd. 2900 E. Virginia Beach Blvd. e Iceberg Bioretention
Berkley Park 706 Walker Ave. Porous Concrete

e  Subsurface Detention

e Porous Concrete
Diggs Towne Recreation Center 1401 Melon St. e  Subsurface Chamber
e Grass Channel

e Porous Concrete
Fairlawn Recreation Center 1014 Kempsville Rd. e  Subsurface Detention
Soil Amendments

E. Berkley Ave. Median 307 E. Berkley Ave. e Median Pipe Detention
E. Princess Anne Rd. Median 3801 E. Princess Anne Rd. * Eﬂﬁ:?gesrtormwater
Majestic Ave. Right-of-Way 2630 Myrtle Ave. e Infiltration Trench
Seay Ave. Right-of-Way 3494 Seay Ave. e Infiltration Basin
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Town and Country Day School . e Right-of-Way Pipe
Right-of-Way 1421 Kempsville Rd. Detention
e Catch Basin
Virginia Beach Blvd. Right-of-Way 3777 E. Virginia Beach Blvd. e Hydrodynamic
Separator

Hazen and Sawyer | Watershed Improvement Planning 10



City of Norfolk
Eastern Branch Watershed Master Plan
Final Report

4. Prioritization

4.1 Prioritization Process

A prioritization calculator was developed to rank concept designs and assist the City of Norfolk with
future project selection. A proposed list of factors was presented to the City and refined during a
prioritization workshop to ensure alignment with municipal goals and objectives. Following completion
of the 20 final concept plans, a meeting was held with the City to review the prioritization and consider
appropriate weighting of the different factors.

411 Prioritization Factors

The factors that were considered for the prioritization are reflective of the City of Norfolk’s values and
goals for their stormwater program and also align with the City’s Stormwater Management Plan and
TMDL Action Plans. Each factor in the following list was quantified with planning level estimates by
Hazen or through knowledge of the watershed by the City. The criteria for each factor’s scoring can be
found in Appendix D.

Potential Flood Control — This factor includes proximity to flooding studies and trunk line analysis,
proximity to known flooding complaints, and practice water quality storage volume. Quantities were
assigned to these from the City’s knowledge, visual review in ArcGIS, and planning level design
calculations. For sites with multiple features, the sum of the water quality storage volume was used.

Water Quality Benefits — This factor accounts for the TN, TP, and TSS load reductions calculated for each
concept design. Load reductions were based on Virginia and Chesapeake Bay TMDL guidance. For sites
with multiple features, the sum of the load reductions was used.

Maintenance — The maintenance frequency for different features was referenced from DEQ recommended
maintenance. For sites with multiple features, the practice with the highest maintenance demand was
used.

Cost — Planning level costs were tabulated for each concept plan with a 30% contingency. Total cost for
all practices at a site were used in the prioritization.

Public Perception — This factor was used to gauge the level of public interest for each different concept
plan based on the neighborhood proposed sites were in. This was quantified through various identified
levels of positive public engagement within different parts of the City.

Known Infrastructure Improvement — This is a bonus factor which accounts for the potential of known
infrastructure condition problems.
41.2 Prioritization Weights

After a final set of factors was established, weights that properly addressed each factor were developed
through collaboration with City staff. The final weights for the prioritization calculator are provided in
Table 4-1.

Hazen and Sawyer | Prioritization 11
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Table 4-1 Prioritization Factor Weights
Category Global Populated
Factor Description Weights Weights Units By
Proximity to Flooding
Studies/Trunk Line 5% 0,1,0r2 City
Potential Analysis
I 0
Flood Number of Complaints 16% 36% 0,1, 0r2 Hazen
Controls Nearby
Practice WQ Storage 15% CE Hazen
Volume
TN Removed 3% Lbs/yr Hazen
Water anllty TP Removed 3% 9% Lbs/yr Hazen
Benefits
TSS Removed 3% Lbs/yr Hazen
Maintenance Maln.tengnce. gnd 25% 25% 1 through 5 Hazen
Maintainability
Concept Level o 0
Cost Construction Cost 15% 15% $ Hazen
Public Qualitative Evaluation of 0 o .
Interest Known Public Interests 5% 5% 1,3 0r5 City
Known
Infrastructure Does Nearby Infrastructure 10% 10% 0,1,0r2 City
- Need Improvement
Condition

4.2 Prioritization Results

After finalization of raw scores and factor weights, weighted scores were generated for all 20 concept
plans. The final ranking of concept plans is provided in Table 4.2, with the top prioritized project

represented by the rank of 1. The full prioritization calculator is included in Appendix D.

Hazen and Sawyer | Prioritization
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Table 4-2 Final Concept Plan Ranking

Rank

Concept Plan

Town and Country Day School

Meadow Lake

Seay Ave.

E. Princess Anne Rd.

Fairlawn Recreational Center

E. Berkley Ave.

Campostella Park

Berkley Park

Virginia Beach Blvd.

10

Ballentine Blvd. near Virginia Beach Blvd.

11

Lake Taylor Schools

12

Poplar Hall Park

13

Princess Anne Park

14

Arlington Ave.

15

Majestic Ave.

16

Corner Lot at E. Virginia Beach Blvd.

17

Diggs Town Recreation Center

18

Industrial Park Azalea Little League

19

Ballentine Blvd. at NSU Entrance

20

Hazen and Sawyer | Prioritization
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5. Conclusions and Recommendations

The 20 concepts plans provide a toolbox of potential BMPs that can be applied in the Eastern Branch
Watershed and the greater City of Norfolk. The practices have been selected to help reduce flooding and
improve water quality. Some BMPs, such as the subsurface gravel wetland and iceberg bioretention, also
offer storage benefits with a smaller footprint and reduced maintenance needs.

The prioritization calculator provides an ordered list of projects based on the City’s current objectives and
values. This prioritization can be re-run if City priorities change causing a re-shuffle in the highest
scoring project. The calculator is an adaptable tool which can be used to validate a decision process for
implementation.

As general practice, projects, which are identified as having immediate public safety concerns, should
receive top priority. The Meadow Lake project site is a good example. This site poses an immediate risk
to public safety as the riser structure at the dam is currently uncovered, clogged and non-functional.
Hazen recommends that the City conduct maintenance to remove debris and consider design and
construction of a replacement structure to improve control of storage volume in the lake.

The BMP opportunities included in this project were selected to include innovative design options. As
projects from this list are designed and constructed, Hazen recommends that the City consider post
construction monitoring. Through low cost monitoring options, it is possible to evaluate the benefits to
flood reduction and water quality improvement. These findings can also be used to enable the City to
adapt standard designs for improved function under future conditions related to Sea Level Rise and
changing storm conditions.

Hazen and Sawyer | Conclusions and Recommendations 14
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Appendix A. GIS Parcel Selection Model
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Appendix B. Field Investigation Sites and Addresses
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City of Norfolk
Eastern Branch Watershed Master Plan
Final Report

Appendix C. Concept Plans

Hazen and Sawyer | Appendix C



Arlington Avenue
Concept Overview

Existing Conditions
The east end of Arlington Ave. at the intersection of Decker St. has repeated reports of flooding issues after wet weather events. During the field visit there
was visible ponding off the roadside with drainage depressions in the grass areas indicating persistent ponding at the site. The existing grading of the
roadside has no definition for capturing wet weather flow for conveyance to the stormwater network. Existing stormwater piping runs under Decker St.
with structures near the area of ponding. The site captures drainage from 0.13 acres of 18% impervious that includes sheet flow directed towards the
right-of-way space. The next page provides additional site photographs.

Proposed Improvement

Dry Swale

Grass Covered

- — Ponding Area

Filter Fabric as Required

Engineered Soil

— — Choker Stone

Underdrain as Required

The proposed dry swale will run along the right-of-way on Decker St., starting at the intersection of Arlington Ave. The feature will consist of a grass top

dry swale with a subsurface layer of bioretention soils, as well as a stone storage layer with an underdrain tying into an existing stormwater structure. The

downstream end of the swale will have an outlet structure and discharge to the existing stormwater structure at its downstream end. The entire practice
will have the potential to manage at least 1” of runoff from up to 0.13 acres of drainage in the area, providing stormwater conveyance to relieve the
localized ponding issues on this site. Stormwater runoff routing may require subsurface utility relocation or coordination within the practice footprint

location.

Location Map / A

v~ N7 N
aMap
OAA — Arlington Ave.
Dry Swale

Type: Dry Swale
Address: 2128 Arlington Ave
Area Managed: 0.13 acres

Conceptual Level Estimates:

Construction Cost: $23,000
TN Load Reduction: 0.5 Ib/yr
TP Load Reduction: 0.1 lb/yr
TSS Load Reduction: 20 Ib/yr

WQ Treatment Volume:140 ft3
Cost/Storage Volume: $166/ft3

TN Reduction Cost: $46,000/Ib/yr
TP Reduction Cost: $233,000/lb/yr
TSS Reduction Cost: $1,200/Ib/yr

NOZRFOLK Hazen
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Arlington Avenue =opatIga NP /
Concept Overview

Facing northeast on Decl

i
e

OAA — Arlington Ave.
Dry Swale

ITY OF

NCRFOLK Hazen

See inset map on the right for photograph locations
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Arlington Avenue

Drainage Area Plan View

Alternative Design Options:

- Right-of-way infiltration trench in same location as the proposed swale

- Infiltration trench would allow for a higher subsurface storage volume

- Underdrain from infiltration trench would tie into an outlet structure and discharge back into the
existing system

LEGEND

e EXSTORM STRUCTURE

EXSTORM DITCH
—EXSTORM PIPE
= EXPROPERTY LINE
1t GENERAL WATERSHED BOUNDARY
AREPORTED FLOOD COMPLAINT
' DRAINAGE AREA
m PRACTICE SURFACE FOOTPRINT
zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.

A 0 25 50 100 Feet
| ] ] ] ]

Dry Swale

OAA — Arlington Ave.

NORFOLK Hazen
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Arlington Avenue
Dry Swale Standard Detail

EXISTING GRADE

; . AN S
1E?\ICIEVIIII\INE“\EAI;JI2ADSOILMIX \ \37"”/N \2 \//
SV
NESNENESNEARNNA G,
N = | |=l| =] I/\///\///\//
CHOKER STONE I=EIEEAN\Y
EEIEIEINYY
X
ASTM #57 BASE STONE T A T //

A R
SIS

PERFORATED PVC UNDERDRAIN

DRY SWALE
(NOT TO SCALE)

OAA — Arlington Ave.
Dry Swale

ITY OF

NORFOLK Hazen
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Arlington Avenue
Design Calculations

Calculate water quality volume

w
® WQV = —szepth X A

y %impervious = 18%
© WQpepen = (1.00 in X (.05 + %oimpervious(:9) ) = 0.21in

« A =5,633ft?
- WQ, = 100 ft3

Calculate full storage volume provided

¢ VOltreatment (Areapondmg +Areasubsurface) X
Dponding + Areasubsurface (Dsoil X POTOSLtYsoil + Dstone X

Porositysione)
*  Areayonging = 270ft?
*  Aredsypsurface = 80ft?

Dponding = 9 in
* Dsoir = 1.5 ft
* Porosityg,; = 0.25
* Dstone = 0.25 ft
* Porositygone = 0.4
* Volireatment = 140ft3

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Level 2 Reductions (TP: 76%, TN: 74%, TSS: 74%).

Estimate annual pollutant load reduction

Load jnpnyal = (A X Yoimpervious X Loading Rateimp) +
(A X Yopervious X Loading Rateye,)
. A=0.13ac

* Yoimpervious = 18%
¢ %pervious = 82%

1.76 Ibs/acrelyrt 0.5 Ibs/acre/yrt 0.1 Iblyr
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yrt 1.0 Ib/yr
TSS 676.94 Ibs/acrelyrt 101.08 Ibs/acre/yrt 26 Ib/yr

12009 EOS Loading Rate (Ibs/acrelyr) in Chesapeake Bay TMDL Special
Condition Guidance, May 18, 2015

Load Reduction = Load ;nnyuar X Pioad removal

TP 52%2 0.1 Ib/yr
TN 55%? 0.5 Ib/yr
TSS 74%3 20 Ib/yr

2 Load Removal from Virginia DCR Stormwater Clearinghouse, Dry Swale
Specification No. 10, Version 2.0 January 1, 2013

3 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal
Adjustor Curve for TSS in Chesapeake Bay TMDL Special Condition Guidance,
May 18, 2015

OAA — Arlington Ave.
Dry Swale
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Meadow Lake
Concept Overview

Existing Conditions
Meadow Lake, roughly 8 acres in size, captures stormwater runoff from a drainage area of approximately 180 acres. The outlet structure is directly
adjacent to the Lake dam. The riser opening has no trash rack or exclusion fencing. This creates a safety hazard and allows debris to build up and
reduce effective hydraulic capacity of the structure. Currently, properties adjacent to the lake are known to experience flooding.

Proposed Improvement

The proposed improvements include installing a trash rack/debris cage for safety and a continuous monitoring and adaptive control (CMAC) solution that

enables water levels of Meadow Lake to be drawn down before forecasted storms. The reduced water surface elevation will allow for additional storage
volume associated with storm runoff. The basic components consist of a new drawdown structure (or modified existing structure), valve, and weather

receiver connected to the National Weather Service. An instrumentation and controls (1&C) system would be developed to allow for automatic opening of

the valve prior to the beginning of a predicted storm event. The 1&C system will also control pumps, if required.

At the concept level, several assumptions were made regarding the existing broad-crested weir and tailwater conditions:
» Surface area of elevations below water surface assumed to equal the water surface.

Flap valve to prevent backflow.

+ Existing weir elevation at elevation 1.00 ft based on LiDAR topography of the water surface.

Existing 42” outlet pipe per Norfolk GIS; Inv -4.00’ per field observation (no visible pipe).

» Tailwater conditions are dictated by tidal Elizabeth River.

The design of the system is highly dependent on these assumptions. During detailed design, components will need to be confirmed to size the
drawdown structure and orifice/weir to maximize the available storage volume during a storm event. The design will support optimization of the timing for
valve opening relative to the start of a storm event. It is anticipated that a pump will be required due to the tailwater conditions in the Elizabeth River

during rising and high tide.

Location Map / A

e

OML — Meadow Lake
Riser Rehabilitation and Actuated Controls

Type: Riser Rehab and Actuated Controls

Address: 5398 River Edge Rd.

Area Managed: Lake Surface Area of 7.9 ac

Conceptual Level Estimates:

Construction Cost: $150,000 for retrofit of existing riser
Storage Volume: 490,000 ft3

Cost/Storage Volume: $3.27/ft3

Load Reduction: O lb/yr

ITY OF

NCRFOLK Hazen
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Meadow Lake
Concept Overview

See inset map on the right for photograph locations

Location Map / A

4 40 B LY

OML — Meadow Lake
Riser Rehabilitation and Actuated Controls

ITY OF

NORFOLK Hazen
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Meadow Lake
Drainage Area Plan View

Design Notes:

- Multiple manufactures provide continuous monitoring and adaptive control (CMAC) solutions. When options
are evaluated, the ability of a system to interact with existing City SCADA will be an important factor to

consider.

- Possible systems for evaluation include, but are not limited to, ACF smartPOND, ALERT Stormwater Control,

and OptiRTC.

LEGEND
e EXSTORM STRUCTURE
-~ EXSTORM DITCH
—EXSTORM PIPE
= EX PROPERTY LINE
1: GENERAL WATERSHED BOUNDARY
AREPORTED FLOOD COMPLAINT
~ DRAINAGE AREA
m PRACTICE SURFACE FOOTPRINT
zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.

A 0 125250 500 750 1,000 1,250 Feet
L | ] ] 1 J

OML — Meadow Lake

Riser Rehabilitation and Actuated Controls

NORFOLK Hazen
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Meadow Lake Lake Stage-Storage

DeS|g n Calculations Surfg(::(; aArea Inc. Vol (¢f) | cumul. vol (cf)

Composite Curve Number Calculation | 00 EEEEER ZL2 80 BN S
Assumed existing weir / water surface
1.0 7.9 279,655 493,535 elevation
Land Use 2 Area:) &) 9.7 383,546 877,081
105 439,520 1,316,601
Open Water (Lake - 08 11.4 476,111 1,792,712
C 83 12.2 512,701 2,305,413

7.9
Residential (1/4-acre lots 80.3
Approximate road elevation
5172 2,860,585
Residential (town houses 8.0 D 92 “ 13.3 2>
a Area obtained from LiDAR
Urban: Industrial 75.6 D 93 b Surface area below the water surface assumed to equal the water surface

180.8

a Source: Estimation from Google Earth 2019 Imagery
b Area delineated with AutoCAD Civil 3D 2018 Software
¢ Source: USDA Web Soil Survey

Peak Flow Data?

| 10-yr | 25-yr | 50-yr | 100-yr
690 800 1,070 1,240
140 150 220 410
130 140 150 280

Peak Reduction from

Drawdown 7%
a Assume Tailwater: -2.0 ft

b Assume existing weir elevation: 1.0 ft

d Source: NRCS TR-55, Table 2-2a

5% 54% 47%

¢ Proposed 24” orifice inv: -1.0 ft

Hydrologic and drainage data were modeled in HydroCAD software to Water Surface Elevations (WSE) were obtained from the HydroCAD.

determine the effect of drawdown on the lake storage volume. Peak Scenarios were computed for WSE based on three tailwater conditions:

flows were determined using the NRCS TR-20 method with SCS Type minimum, maximum, and average. Tidal data were obtained from the

Il 24-hour Storm Events. A time of concentration of 27 minutes was nearest USGS Gauge with at least 1 year of tidal data, USGS Gauge

calculated using the NRCS Part 630 Velocity Method. The calculated 0204288721 Elizabeth River at Route 165 at Virginia Beach, VA. The OML — Meadow Lake

curve number and time of concentration are consistent with a highly water surface elevation, as modeled, will draw down by approximately 2.0 Riser Rehabilitation and Actuated Controls

developed watershed such as this, however, a more precise analysis feet in 24 hours when modeled by gravity. However, because of the

of both is warranted as part of a more detailed feasibility study or full variable tidal levels reported at the USGS Gauge (-2.0 MSL to +4.0 MSL), THE CITY OF .

design project. a pump may be required to draw down the lake level during rising and high N RFéLK Hazen
tides. :

Sheet 4 0f5 03/22/19
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Meadow Lake
Design Calculations

Estimated Water Surface Elevation (WSE) Reductions

Min Avg Max
[-2.0 fi] [1.0 t] [4.0 t]
Lake Storage Gained (Gravity) (cf) 493,535 0 0
Lake Storage Gained (Pump) (cf) N/A 493,535 493,535

Results - 10-Year Storm

Existing Lake Peak WSE P
Proposed Lake Peak WSE ¢
Existing Lake Peak WSE P
Proposed Lake Peak WSE ¢

Results - 50-Year Storm

Existing Lake Peak WSE P
Proposed Lake Peak WSE ¢

Results - 100-Year Storm

Existing Lake Peak WSE P
Proposed Lake Peak WSE ¢ 5.4 5.6 5.8

& Tailwater from a range of Tidal data at Elizabeth River — minimum,

average, and maximum reported values from Mar 2018 — Mar 2019
b Assume existing weir elevation = 1.00 ft
¢ Proposed 24” orifice at inv = -1.00 ft

Estimated Annual Pollutant Load Reduction

. The primary focus of this retrofit is safety and flood reduction.

. There may be limited water quality benefits, but Chesapeake
Bay TMDL credits are not clearly established when CMAC
systems are added to a non-traditional BMPs such as Meadow
Lake.

Cost Estimation Notes

. The estimated costs for this project are based on a retrofit of
the existing riser structure.

. If a new riser is required, the construction cost may increase.

. The need and size of pump will also significantly impact cost
estimates for this project.

OML — Meadow Lake
Riser Rehabilitation and Actuated Controls

THE CITY OF

NORFOLK Hazen
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Poplar Hall Park
Concept Overview

Grass Covered

Engineered Soil

— Ponding Area

: " — Choker Stone
——{— Filter Fabric as Required

—1 _ Stone Storage

Underdrain as Required

Infiltration Trench

Existing Conditions

The west end of Seay Avenue has had repeated reports of flooding after intense wet weather events. The roadway currently has no existing infrastructure
for drainage relief. At the west end of the street there is open space in the right-of-way with signs of standing water. The sheet flow directed towards the
right-of-way space at the west end of the street has a drainage area of 0.94 acres with 60% impervious. The next page provides additional site

photographs.

Proposed Improvement

The proposed infiltration trench will be on the north side of the roadway and south of the parking lot at Poplar Hall Park. The feature will have a grass-
covered surface ponding area with 3:1 side slopes and below grade stone storage with an underdrain. During detailed design, an overflow structure that
connects to the existing stormwater network will be designed to maximize treatment and storage volumes of the feature. The practice will have the
potential to manage at least 1” of runoff from 0.94 acres of drainage in the area, providing stormwater storage capacity to relieve persistent flooding
issues that occur on this end of Seay Avenue. Subsurface utility relocation or coordination may be required within the practice footprint location.

Location Map / A

011 — Poplar Hall Park
Infiltration Trench

ITY OF .

Type: Infiltration Trench
Address: 101 N. Military Highway
Area Managed: 0.94 acres

Conceptual Level Estimates:

Construction Cost: $151,000
TN Load Reduction: 4.5 Ib/yr
TP Load Reduction: 0.7 lb/yr
TSS Load Reduction: 310 Ib/yr

WQ Treatment Volume:2,600 ft3
Cost/Storage Volume: $59/ft3

TN Reduction Cost: $33,000/lb/yr
TP Reduction Cost: $202,000/Ib/yr
TSS Reduction Cost: $490/Ib/yr

N RFOLK

Hazen
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Poplar Hall Park
Concept Overview

See inset map on the right for photograph locations

Location Map / A

011 — Poplar Hall Park
Infiltration Trench

ITY OF

NORFOLK Hazen
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Poplar Hall Park
Drainage Area Plan View

Alternative Design Options:

- Infiltration trench on parking lot median with culvert connection to a dry swale

- Dry swale would have an outlet structure that would tie back into the existing stormwater
network

LEGEND
e EXSTORM STRUCTURE
-~ EXSTORM DITCH
—EXSTORM PIPE
= EXPROPERTY LINE
1t GENERAL WATERSHED BOUNDARY
AREPORTED FLOOD COMPLAINT
' DRAINAGE AREA
m PRACTICE SURFACE FOOTPRINT
zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.

N
A 0 25 50 100 Feet
| ] ] ] ]

011 — Poplar Hall Park
Infiltration Trench

NORFOLK Hazen
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Poplar Hall Park
Infiltration Basin Standard Detail

TURF COVER
EXISTING GRADE

ENGINEERED SOIL MIX

/-ro A SO ‘6\(—

CHOKER STONE é&%@%&%@é
SEEBEEIIN
NSO,
K /\\\/\\/\\/\\/

N

UNDERGROUND STONE
STORAGE

PERFORATED PVC UNDERDRAIN

INFILTRATION TRENCH
(NOT TO SCALE)

011 — Poplar Hall Park
Infiltration Trench

ITY OF

NORFOLK Hazen
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Poplar Hall Park
Design Calculations

Calculate water quality volume

w
® WQV = —szepth X A

¢ %impervious = 60%

Estimate annual pollutant load reduction

Load gnnuar = (A X Yoimpervious X Loading Rate;y,,) +
(A X Yopervious X Loading Rateye,)

* WQpepen = (1.00 in X (.05 + %oimpervious(:9) ) = 0.59in * A=94ac
2 * Yoimpervious = 60%
« A=40971ft . 0 P
= 3 /Opervious 40%
« WQy = 2,014 ft
. 1.76 Ibs/acrelyrt 0.5 Ibs/acre/yrt 1.2 Ib/yr
Calculate full water quality treatment volume
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yrt 7.9 Iblyr
: Voltreatment = (Areapondmg +Area5ub5urf ace ) X TSS 676.94 Ibs/acre/yrt 101.08 Ibs/acre/yrt 419 Iblyr

Dponding + Areasubsurface (Dsoil X POTOSLtYsoil + Dstone X

Porositystone) + Volpretreatment
*  Areayonging = 2,520ft?

12009 EOS Loading Rate (Ibs/acrelyr) in Chesapeake Bay TMDL Special
Condition Guidance, May 18, 2015

B 2 . Load Reduction = Load ;nnuar X Proad removal
* Areasubsurface - 1:O8Oft )
-

* Dponding =9in
e Dy =2in TP 6392 0.3 Ib/yr
* Porosityg,; = 0.25 TN 57%? 1.2 Ib/yr
. D =3ft

stone f TSS 74%2 310 Ib/yr

* Porositygone = 0.4
y VOlpretreatment =.15 X WQy = 300ft3

¢ Volireatment = 2,600 ft3

2 Load Removal from Virginia DCR Stormwater Clearinghouse, Infiltration
Feature Specification No. 8, Version 2.0 January 1, 2013

3 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal
Adjustor Curve for TSS in Chesapeake Bay TMDL Special Condition Guidance,
May 18, 2015

011 — Poplar Hall Park
Infiltration Trench

THE CITY OF

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including N RF LK HaZen

increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due

to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints. Sheet 5o0f5 03/22/19
Level 2 Reductions (TP: 93%, TN: 92%, TSS: 74%).
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Princess Anne Park

N

QOverflow

Engineered
Soil

« ®
NS o
Concrete > ..
Apron Natural Pt ns
i soil SR
Infiltration Stormwater o IAC AR

Runoff

Right-of-Way Iceberg Bioretention

Existing Conditions

The site consists of a public park owned by the City of Norfolk, located across from and adjacent to residential lots. Existing stormwater
infrastructure is located on the north and south sides of the site and also runs through the middle of the site. The site captures drainage from a total
of 0.23 acres of 100% impervious sheet flow from the roadway. The right-of-way along the east side of the site consists of trees and power poles,
bordered by a fence. The next page provides additional site photographs.

Proposed Improvement

The proposed right-of-way iceberg bioretention will be located on the east side of the site parallel to USAA Dr. The feature will consist of a grass
top with a subsurface layer of bioretention soils as well as a stone storage layer with an underdrain reconnecting to the existing stormwater system
via a new drop inlet at the corner of USAA Dr. and Kempsville Rd. Additionally, 6 curb cuts and associated gravel flow spreaders will be included for
pretreatment. The practice will have the potential to manage at least 1” of runoff from up to 0.23 acres of drainage area, providing stormwater
storage, conveyance, and treatment for the sheet flow along USAA Dr. Stormwater runoff routing may require subsurface utility relocation or

coordination within the practice footprint location.

Location Map / A

038 — Princess Anne Park
ROW Iceberg Bioretention

Type: ROW Iceberg Bioretention Conceptual Level Estimates: WQ Treatment Volume:850 ft3
Address: 1450 Kempsville Rd Construction Cogt: $155,000 Cost/Storage Volume: $180/ft3
TN Load Reduction: 1.5 Ib/yr TN Reduction Cost: $105,000/Ib/yr
Area Managed: 0.23 acres TP Load Reduction: 0.2 Ib/yr TP Reduction Cost: $652,000/Ib/yr
TSS Load Reduction: 117 Ib/yr TSS Reduction Cost: $1,300/Ib/yr

ITY OF .

NORFOLK Hazen
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Princess Anne Park
Concept Overview

See inset map on the right for photograph locations

Location Map / A
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038 — Princess Anne Park
ROW Iceberg Bioretention
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Princess Anne Park
Drainage Area Plan View
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m PRACTICE SURFACE FOOTPRINT
zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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038 — Princess Anne Park
ROW Iceberg Bioretention
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038 — Princess Anne Park
ROW Iceberg Bioretention
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Princess Anne Park
Design Calculations — Iceberg Bioretention

Calculate water quality volume

w
® WQV = —Q;l;pth X A

* WQuepen = 1.00 in X (0.05 + Y%oimpervious X 0.9) =
0.64 in
« A=10,171 ft?
. WQy, = 805 ft3

Calculate water quality treatment volume

AfIOOTXApondmg
VOltreatment 2 X Dponding + Dsoil X Afloor X

POTOSltysoil + (Dstone - 1) X POTOSitYstone X Asubsurface +

Volyretreatment
* Afoor = 101 ftz
¢ Aponding = 1,031 ftz

Dponding =61in

* Dsou=15ft

* Porosityg,; = 0.25

* Dstone =75 ft

 Porositygone = 0.4

¢ Asubsurface = 2,062 ftz

° VOlpretreatment = 132 ft3
Volireatment = 850 ft°

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Level 2 Reductions (TP: 90%, TN: 90%, TSS: 74%).

Estimate annual pollutant load reduction
¢ Loadannual = (A X %impervious X
Loading Rateimp) + (A X Yopervious X
Loading Ratep,,)
e A=0.23ac
¢ %impervious = 100%
¢ %pervious = 0%

Pollutant Loading Rateimpervious | Loading Rateyeryious

1.76 Ibs/acrelyrt 0.5 Ibs/acre/yrt 0.4 Iblyr
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yr! 2.2 lblyr
TSS 676.94 Ibs/acrelyr! 101.08 Ibs/acre/yrt 158 Ib/yr

12009 EOS Loading Rate (Ibs/acre/yr) in Chesapeake Bay TMDL Special
Condition Guidance, May 18, 2015

. Load Reduction = Load ;nnyua1 X Yi0ad removal
TP 5502 0.2 Ib/yr
TN 64%?2 1.5 Ibl/yr
TSS 74%3 117 Iblyr

2 Load Removal from Virginia DCR Stormwater Design Specification No. 9
Bioretention, Version 2.0, January 1, 2013

3 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal
Adjustor Curve for TSS in Chesapeake Bay TMDL Special Condition Guidance,
May 18, 2015

038 — Princess Anne Park
ROW Iceberg Bioretention

THE CITY OF
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Park Avenue Corner Lot
Concept Overview
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Right-of-Way Iceberg Bioretention

Existing Conditions

The site consists of a large vacant corner parcel owned by the Norfolk Development and Housing Authority, located across from Norfolk State
University, and adjacent to residential lots. Existing stormwater infrastructure is located on the southeast side of the site—a manhole for
bioretention connectivity. This site captures drainage from 1.28 acres of 94% impervious sheet flow from the roadway and median space. The right-
of-ways along the northeastern and southeastern sides of the site consist of sidewalks, 4 driveway aprons, and 1 power pole. The next page
provides additional site photographs.

Proposed Improvement
The proposed right-of-way iceberg bioretention will be located on the southeast side of the site, parallel to Park Ave. The feature will consist of a

grass top with a subsurface layer of bioretention soils, as well as a stone storage layer with an underdrain reconnecting to the existing stormwater
system on Park Ave. Additionally, 4 curb cuts and associated gravel flow spreaders will be included for pretreatment. The surface footprint of the
feature has breaks to avoid interference with the existing above ground utilities and entrances to the parcel. There will be an outlet structure
towards the middle of the right-of-way iceberg bioretention, which will discharge to the existing stormwater system on Park Ave. The entire practice
will have the potential to manage at least 1” of runoff from up to 1.28 acres of drainage area, providing stormwater storage and conveyance to
relieve any localized ponding issues on this site. Stormwater runoff routing will require subsurface utility relocation or coordination within the
practice footprint location.

Location Map / A

045 — Park Avenue Corner Lot
ROW Iceberg Bioretention

Conceptual Level Estimates:

Construction Cost: $294,000
TN Load Reduction: 2.0 Ib/yr
TP Load Reduction: 0.3 Ib/yr
TSS Load Reduction: 164 Ib/yr

WQ Treatment Volume:1,600 ft3
Cost/Storage Volume: $190/ft3

TN Reduction Cost: $145,000/Ib/yr
TP Reduction Cost: $918,000/Ib/yr
TSS Reduction Cost: $1,800/Ib/yr

Type: ROW Iceberg Bioretention
Address: 829 Park Ave
Area Managed: 1.28 acres

NORFOLK Hazen
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Park Avenue Corner Lot
Concept Overview
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See inset map on the right for photograph locations
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Location Map / A

045 — Park Avenue Corner Lot
ROW Iceberg Bioretention

NORFOLK Hazen
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Park Avenue Corner Lot

Drainage Area Plan View
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zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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045 — Park Avenue Corner Lot
ROW Iceberg Bioretention
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Park Avenue Corner Lot
Right-of-Way Iceberg Bioretention Section
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045 — Park Avenue Corner Lot
ROW Iceberg Bioretention
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Park Avenue Corner Lot
Design Calculations

Calculate water quality volume

w
® WQV = —szepth X A

y %impervious = 96%
* WQpepen = (1.00 in X (.05 + %oimpervious(:9) ) = 0.91in

.« A=14852 ft?
. WQ, = 1,127 ft3

Calculate full storage volume provided

AfIOOTXApondmg
VOltreatment 2 X Dponding + Dsoil X Afloor X

POTOSltysoil + (Dstone - 1) X POTOSitYstone X Asubsurface +

VOlpretreatment

. Afro0r = 538 ftz

. Aponding = 1,640 ftz

¢ Dstone = 0.5 ft

. Porositygione = 0.4

¢ Asubsurface = 3,300 ftz

¢ VOlpretreatment = 88 ft3
Volireqtment = 1,566 ft°

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Level 2 Reductions (TP: 90%, TN: 90%, TSS: 74%).

Estimate annual pollutant load reduction

Loadannual - (A X %impervious X Loading Rateimp) +
(A X Y%pervious X Loading Rate,,,)
e A=128ac
%impervious = 94%

%pervious = 6%

Pollutant Loading Rateimpervious | Loading Rateperyious

1.76 Ibs/acrelyrt 0.5 Ibs/acre/yrt 0.6 Ib/yr
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yrt 3.2 Iblyr
TSS 676.94 Ibs/acre/yrt 101.08 Ibs/acre/yrt 222 Iblyr

12009 EOS Loading Rate (Ibs/acrelyr) in Chesapeake Bay TMDL Special
Condition Guidance, May 18, 2015

Load Reduction = Load ;nnyua1 X Pi0ad removal

TP 5592 0.3 lb/yr
TN 64%2 2.0 Ib/yr
TSS 74%3 164 Iblyr

2 Load Removal from Virginia DCR Stormwater Clearinghouse, Bioretention
Specification No. 9, Version 2.0 January 1, 2013

3 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal
Adjustor Curve for TSS in Chesapeake Bay TMDL Special Condition Guidance,
May 18, 2015

045 — Park Avenue Corner Lot
ROW Iceberg Bioretention
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Industrial Park Azalea Little League HOFRHgENdp 4 Tk
Concept Overview

Grass Covered

— 7 Ponding Area

Filter Fabric as Required

Engineered Soil
Catch Basin

— I Choker Stone

Underdrain as Required

Stormwater
Runoff

Extended Detention Dry Pond Dry Swale

Existing Conditions
The existing site consists of two large, developed parcels owned by the City of Norfolk, dedicated to open space and recreation. Existing stormwater

infrastructure runs along Pineridge Road and discharges into a tributary of the Elizabeth River. The site is occupied by recreational baseball fields and the
Norfolk Public Library. The next page provides additional site photographs.

Proposed Improvements
The recommended practices on this parcel for stormwater management are an extended detention dry pond and a dry swale. The extended detention dry

pond is located to the west of the existing parking lot, located just south of the library, and the dry swale is located between the library and the existing
parking lot. The existing parking lot will be repaved to ensure positive drainage towards the dry pond, with drainage swales installed to channelize the flow
from the parking lot and into the dry pond’s sediment forebay. A new manhole will be installed where the dry pond discharges into the existing stormwater

infrastructure that is running parallel to the library. The dry swale’s outfall pipe will connect to the existing catch basin adjacent to the facility. These
practices will have the potential to manage up to 3.29 acres of drainage in the area, providing stormwater storage capacity to relieve flooding along the 069 — Industrial Park Azalea Little League
fringes of the Elizabeth River just downstream of this site. Below grade utilities are unknown at this location. Extended Detention Dry Pond & Dry Swale
. Conceptual Level Estimates: WQ Treatment Volume: 9,200 ft3 THE CITY OF

; n Dry Pond / Dr : , d
Type: Extended Detention Dry Pond / Dry Construction Cost: $163,000 Cost/Storage Volume: $18/ ft2 NORFOLK Hazen
Swale TN Load Reduction: 4.9 Ib/yr TN Reduction Cost: $34,000/Ib/yr
Address: 1147 Pineridge Road TP Load Reduction: 1.1 Ib/yr TP Reduction Cost: $151,000/Ib/yr

: : _ Sheet 1o0f5 03/22/19

Area Managed: 3.29 acres TSS Load Reduction: 1,274 Iblyr TSS Reduction Cost: $130/Ib/yr
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Industrial Park Azalea Little League
Concept Overview

1l 2

See inset map on the right for photograph locations
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069 — Industrial Park Azalea Little League
Extended Detention Dry Pond & Dry Swale
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Industrial Park Azalea Little League
Drainage Area Plan View

LEGEND
e EXSTORM STRUCTURE
-~ EXSTORM DITCH
—EXSTORM PIPE
= EXPROPERTY LINE

1t GENERAL WATERSHED BOUNDARY

AREPORTED FLOOD COMPLAINT
~DRAINAGE AREA
m PRACTICE SURFACE FOOTPRINT

zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed

during detailed design.
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Extended Detention Dry Pond & Dry Swale
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Industrial Park Azalea Little League
Extended Detention Dry Pond and Dry Swale Details
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ASTM HOT BASE STONE 069 — Industrial Park Azalea Little League

Extended Detention Dry Pond & Dry Swale
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NORFOLK Hazen
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Industrial Park Azalea Little League

Design Calculations — Dry Pond

Estimate dry pond footprint
. 100% of treatment volume (6,191 ft3) = 3,912 ft?

Calculate water quality volume
« WQy = % X Areaimpervious
* WQpepen = 1.00 in
©  Aredimperious = 76,665 ft?
- WOQ, = 6,191 ft3
Calculate full water quality treatment volume
° Volireatment = Area X Dponding

Dponding =2"
¢ Volireatment = 6,191 ft3

Design Calculations — Dry Swale

Calculate water quality volume

WQDepth
« WQy = 12 X Areaimpervious

* WOQpeptn = 1.11in
*  Areaimpervious = 33,976 ft?
- WQ, = 2,975 ft3

Calculate full water quality treatment volume
¢ Voltreatment = Area X Dponding

Dponding = 12"
° Voltreatment = 2,975 ft3

Estimate annual pollutant load reduction

° Loadannual = (A X %impervious X Loading Rateimp) + (A X %pervious X * Load Reduction = Loada‘rmual X %load removal
Loading Ratepe,)
. d Pollutant
Dry Pon « Dry Swale Dry Pond Dry Swale Dry Pond Dry Swale
©oA=zdAdac - A=086ac P 15062 52062 0.5 Iblyr 0.6 Iblyr
Noimpervious = 72% Yoimpervious = 91% N 10%? 55963 2.1 b} 2.8 b/
° %pervious = 28% ° %pervious = 9% ° ° : yr : yr
TSS 70%* 74%? 879 Iblyr 396 Ib/yr

Pollutant | Loading Rateympervious Loading Rateyervious

Loadannual

2 Load Removal from Virginia DCR Stormwater Design Specification No. 15 Extended

Dry Pond Dry Swale Detention, Version 2.0, January 1, 2013
3 Load Removal from Virginia DCR Stormwater Design Specification No. 10 Dry Swale,
1 1 Version 2.0, January 1, 2013
U L.65 oty 0810 oty £ o L0 ol 4 Characterization for Nutrient Curves and Retrofit Pollutant Removal Adjustor Curve for
TN 9.39 Ib/ac/yrt 6.99 Ib/ac/yrt 21.2 Ib/yr 7.9 Iblyr TSS in Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015
TSS 676.94 Ibs/acre/yr* 101.08 Ibs/acrelyrt 1,256 Ib/yr 535 Ib/yr

12009 EOS Loading Rate (Ib/ac/yr) in Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015

069 — Industrial Park Azalea Little League
Extended Detention Dry Pond & Dry Swale

ITY OF

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Dry Pond — Extended Detention — Level 2 Reductions (TP: 31%, TN: 24%, TSS: 70%)

Dry Swale — Level 2 Reductions (TP: 76%, TN: 74%, TSS: 74%)

N RFO

LK

Hazen

Sheet 5o0f5

03/22/19

Conceptual Design — Not for Construction




Ballentine at Virginia Beach Blvd.
Concept Overview

Outlet
Control

Between Storms ' During a Storm

Outflow

Perforated Riser

Wetland Soil

Choker Stone

Aggrate Storage

Clay Liner

Subsurface Gravel Wetland

Existing Conditions

The site consists of a large vacant parcel owned by the Norfolk Redevelopment and Housing Authority. Existing stormwater infrastructure runs
along the perimeter of the site for roadway drainage. The site regularly experiences ponding on the east side near a local bus stop. The site
captures drainage from 1.70 acres that includes rooftop downspout drainage as well as roadway sheet flow, making the drainage area 84%
Impervious. The next page provides additional site photographs.

Proposed Improvement
The proposed subsurface gravel wetland practice will treat water from redirected building downspouts, as well as sheet flow from Ballentine Blvd.
During detailed design the inlet will be configured to maximize treatment and storage. Downspouts will be tied into a pipe that runs parallel to the

building south of the site with a connection to a manhole that will divert the flow to the gravel wetland. The feature will consist of aggregate storage,

a series of risers connected to an underdrain, and an outlet structure to reconnect to the existing stormwater system. The entire practice will have
the potential to manage at least 1” of runoff from up to 1.70 acres of drainage area, providing stormwater storage capacity to relieve the localized
ponding issues on this site. Stormwater runoff routing may require subsurface utility relocation or coordination within the practice footprint location.
Along with the subsurface gravel wetland practice, the parcel could be further retrofitted with green infrastructure practices near the bus stop to
provide a public amenity while keeping with the City of Norfolk’s resilience strategy to manage precipitation flooding in the City.

Location Map

070 — Ballentine at Virginia Beach Blvd.
Subsurface Gravel Wetland

Type: Subsurface Gravel Wetland Conceptual Level Estimates:  \wqQ Treatment Volume:5,000 ft3
Address: 985 Ballentine Blvd. Construction Cost: $231,000 Cost/Storage Volume: $47/ft3
TN Load Reduction: 3.8 Ib/yr TN Reduction Cost: $61,000/Ib/yr
Area Managed: 1.70 acres TP Load Reduction: 1.3 Ib/yr TP Reduction Cost: $175,000/Ib/yr
TSS Load Reduction: 694 Ib/yr TSS Reduction Cost: $330/Ib/yr
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Ballentine at Virginia Beach Blvd.
Concept Overview

See inset map on the right for photograph locations

Location Map

070 — Ballentine at Virginia Beach Blvd.
Subsurface Gravel Wetland
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Ballentine at Virginia Beach Blvd.
Drainage Area Plan |

e
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zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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Subsurface Gravel Wetland
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Ballentine at Virginia Beach Blvd.
Subsurface Gravel Wetland Section
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Subsurface Gravel Wetland
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Ballentine at Virginia Beach Blvd.
Design Calculations

Estimate subsurface gravel wetland footprint
. 3% of tributary area (535,000 ft?) = 16,000 ft2

Calculate water quality volume
WQpe
- WQy = 1D—2pth X Areaimpervious
* WQpepen = 1.00 in

* Areaimpervious = 1.70 ac
- WQy = 4,975 ft3

Calculate full water quality treatment volume
¢ VOltreatment = Area X (Dponding + Dsoil X PorOSitYSoil +
Dstone X PorOSityStOTle)

* Dpondmg 1 ft
¢ Dsont = 1 ft
. Porositysoil = 0.25

¢ stone 3 ft
. Porositygstone = 0.4

¢ Volireatment = 5,000 ft3

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Level 2 Reductions (TP: 75%, TN: 55%, TSS: 70%).

Estimate annual pollutant load reduction

* Loadannual - (A X %impervious X Loading Rateimp) +
(A X Y%pervious X Loading Rate,,,)
e A=1.70ac
%impervious = 84%
¢ %pervious = 16%

Pollutant Loading Rateimpervious Loading Ratepervious

1.76 Ibs/acrelyrt 0.5 Ibs/acre/yrt 2.7 Iblyr
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yrt 15.3 Ib/yr
TSS 676.94 Ibs/acrel/yrt 101.08 Ibs/acre/yrt 991 Ib/yr

12009 EOS Loading Rate (Ibs/acrel/yr) in Chesapeake Bay TMDL Special Condition
Guidance, May 18, 2015

. Load Reduction = Load ;nnyua1 X Pi0ad removal

TP 50%? 1.3 Iblyr
TN 25%? 3.8 Ib/yr
TSS 70%° 694 Ib/yr

2 Load Removal from Virginia DCR Stormwater Design Specification No. 13 Constructed
Wetlands, Version 2.0 January 1, 2013

3 Characterization for Nutrient Curves and Retrofit Pollutant Removal Adjustor Curve for TSS
in Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015

070 — Ballentine at Virginia Beach Blvd.
Subsurface Gravel Wetland

THE CITY OF

NORFOLK Hazen

Sheet 5o0f5 03/22/19

Conceptual Design — Not for Construction




Ballentine Blvd. at NSU Entrance
Concept Overview

Infiltration

Iceberg Bioretention

Existing Conditions

Grass Covered
- — Ponding Area

—— Engineered Soil

Grass Channel

The site consists of a large vacant corner parcel owned by the Norfolk Development and Housing Authority, located across from a Norfolk State
University entrance and residential lots. Existing stormwater infrastructure is located on the southeast and southwest sides of the site. The right-of-
way along the southeast and southwest sites of the site consist of sidewalks, trees, traffic signal, light poles, fire hydrants, street signage, and a

bus stop. The next page provides additional site photographs.
Proposed Improvements

The recommended practices on this site include a grassed channel to convey water from the center of the parcel in the low lying area with a pipe
connection to the existing catch basin to treat additional impervious runoff. The grassed channel will tie into an iceberg bioretention. The iceberg
bioretention will be located on the southwest corner of this site and will capture roadway runoff from Middle Town Crescent while treating flow from
the grassed channel. The ponding area will have native grasses for a low maintenance vegetation and extended subsurface storage into the parcel
for additional storage. The features will discharge back into the existing stormwater system with connection to a catch basin on Middle Towne
Crescent. Stormwater runoff routing may require subsurface utility relocation or coordination within the practice footprint location.

Location Map

073 — Ballentine Blvd. at NSU Entrance
Iceberg Bioretention & Grass Channel

Type: Grassed Channel & Iceberg Bioretention| Conceptual Level Estimates:

Addr - 801 Ballentine Blv Construction Cost: $216,000
ddress: 80 A d TN Load Reduction: 5.6 Ib/yr
Area Managed: 0.94 acres TP Load Reduction: 0.7 Ib/yr

TSS Load Reduction: 325 Ib/yr

Water Volume Storage:2,600 ft3
Cost/Storage Volume: $83/ft3

TN Reduction Cost: $39,000/Ib/yr
TP Reduction Cost: $309,000/lb/yr
TSS Reduction Cost: $670/Ib/yr
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Ballentine Blvd. at NSU Entrance
Concept Overview
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See inset map on the right for photograph locations
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073 — Ballentine Blvd. at NSU Entrance
Iceberg Bioretention & Grass Channel
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Ballentine Blvd. at NSU Entrance
Drainage Area Plan View
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Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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Ballentine Blvd. at NSU Entrance
Iceberg Bioretention & Grass Channel Sections
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073 — Ballentine Blvd. at NSU Entrance
Iceberg Bioretention & Grass Channel
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Ballentine Blvd. at NSU Entrance
Design Calculations — Grass Channel

Design Calculations — Iceberg Bioretention

1
1
. Calculate water quality volume : Calculate water quality volume
. WQV _ WQdepth X A I WQV _ WQdePth x A
12 1 12
* WQaepen = 1.00 in X (0.05 + %impervious X 0.9) = 0.62 in " * WOQaeptn = 1-020 in X (0.05 + %impervious X 0.9) = 0.53 in
«  A=30,932 ft? ! *  A=40840ft
— 3
*  WQy = 1590 ft> ] . WOQy = 1,794 ft
1
. Calculate channel sizing : . Calculate full water quality treatment volume
Grass Channel Sizing - 1 in storm Grass Channel Sizing - 2yr Grass Channel Sizing - 10yr _ AfloorXAponding .
: ° VOltreatment - 2 X Dponding + Dsoil X Afloor X POTOSltysoil +
Drainage Area (Ac) 0.71 Drainage Area (Ac) 0.71 Drainage Area (Ac) 0.71 .
Percent Imp 38% Percent Imp 38% Percent Imp 38% : (Dstone - 1) X POTOSltyStOTle X Asubsurface + VOlpTetreatment
"ct 0.39 "c" 0.39 c" 0.39 1 ° A — 615 ftz
Watershed Length (ft) 100 Watershed Length (ft) 100 Watershed Length (ft) 100 | floor
Rational Parameters Delta H (ft) 2 Rational Parameters pejta H (ft) 2  Rational Parameters pejta H (ft) 2] ° Aponding — 1’100 ftZ
Kirpich To 1.22 Kirpich Te 1.22 Kirpich Tc 1.22 : o Dponding =6Iin
Intensity (in/hr) 1 Intensity (in/hr) 3.58 Intensity (in/hr) 552 | . D _ 1 5 ft
| soil — +-
Flow (cfs) 0.28 Flow (cfs) 0.99 Flow (cfs) 154 1 ° 7 —
Top Width (ft) 55 Top Width (1) 55 Top Width (ft 55 | Porosityse; = 0.25
Bottom Width (ft 1 Bottom Widih (ft 1 Bottom Width (ft 1] e D =117 ft
Valley Gutter Valley Gutter Valley Gutter stone
ch s Depth (ft) 0.75 o Depth (ft) 0.75 - Depth (ft) 075 | .
aracteristics side Slope () . Characteristics e g Characteristics Side Slope (1) 3l (] POTOSltYstone = 04 ,
Long Slope (ft/ft) 0.01 Long Slope (ft/ft) 0.01 Long Slope (ft/ft) oo01 I ° A = 2250 ft
Mannings N 0.035 Mannings N 0.035 Mannings N 0.035 : Vm;bsurface ) 27/:) ;
L] =
Mannings Analysis  Flow in Ditch 0.28 Mannings Analysis Ejow in Ditch 0.99  Mannings Analysis Flow in Ditch 154 | 0 pretreatment 5 ft
I ¢ Volireatment = 1,900 ft
Normal Depth 0.17 Normal Depth 0.23 Normal Depth 0.28 |
Check Ditch Capacity OK Check Ditch Capacity OK Check Ditch Capacity OK 1
. . . _ 0
. Estimate annual pollutant load reduction . Load Reduction = Loadgnnuar X Yioad removal
. Load jnnyar = (A X Yoimpervious X Loading Rateimp) + (A X Yopervious X Loading Ratep,,) " Wioad removal Load Reduction (in series)
: : ollutant
Grass Channel *  lceberg Bioretention Grass Channel Iceberg Bioretention Grass Channel Iceberg Bioretention
e A=071ac * A=09%ac
042 0/3
* Yimpervious = 38% * Yimpervious = 53% TP 32% 55% 0.2 Iblyr 0.5 Iblyr
* Yopervious = 62% * Yopervious = 47% TN 36%2 64%3 2.0 Iblyr 3.6 Iblyr
Load snnyal TSS 74%* 74%* 167 Ib/yr 158 Ib/yr

Pollutant Loading Rateimpervious Loading Rateyervious

Grass Iceberg 2 | oad Removal from Virginia DCR Stormwater Design Specification No. 3 Grass Channels, Version 2.0, January 1, 2013
Channel Bioretention 3 Load Removal from Virginia DCR Stormwater Design Specification No. 9 Bioretention , Version 2.0 January 1, 2013
4 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal Adjustor Curve for TSS in Chesapeake Bay
TP 1.76 Ib/aclyrt 0.5 Ib/ac/yrt 0.7 Ib/yr 0.9 Ib/yr TMDL Special Condition Guidance, May 18, 2015
TN 9.39 Ib/ac/yr! 6.99 Ib/ac/yr! 5.6 Ib/yr 5.7 Iblyr
TSS 676.94 Ibs/acre/yrt 101.08 Ibs/acre/yrt 226 Ib/yr 213 Ib/yr

073 — Ballentine Blvd. at NSU Entrance

12009 EOS Loading Rate (Ib/ac/yr) in Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015 Iceberg Bioretention & Grass Channel

ITY OF

N RFOLK

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due

Hazen

to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Level 2 Reductions Iceberg Bioretention (TP: 90%, TN: 90%, TSS: 74%).
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Campostella Park
Concept Overview

Oulet
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Existing Conditions
The site consists of a large grassed vacant parcel owned by the Norfolk Redevelopment and Housing Authority. Existing stormwater infrastructure
runs through the center of the parcel and a drop inlet is located on the eastern edge. A City of Norfolk Wastewater Pump Station and Dominion
Energy joint building is located on the parcel. The existing stormwater infrastructure running through this site captures drainage from 43 acres of
50% impervious. The next page provides additional site photographs.

Proposed Improvement

GRATE INLET
(CAST IRON HOOD FOR
CURB INLET OPENING)

CLEAN OUT
(REQUIRED)

DEFLECTION PAN, 3 SIDED
(GRATE INLET DESIGN)

CREST OF BYPASS WEIR
(ONE EACH SIDE)
SEPARATION CYLINDER

INLET
(MULTIPLE PIPES POSSIBLE)

OIL BAFFLE

SUMP STORAGE

Hydrodynamic
Separator

*graphic from Contech
Engineered Solutions LLC

The proposed subsurface gravel wetland practice will be hydraulically connected to the existing stormwater infrastructure. The inlet connection to
the existing stormwater infrastructure should divert flow with a weir from the existing pipe network into a hydrodynamic separator to provide
pretreatment and trash removal. During detailed design, the inlet and hydrodynamic separator will be configured to maximize treatment and
storage. The feature will consist of a gravel subsurface, a series of risers connected to an underdrain, and an outlet structure. The entire practice
will have the potential to manage at least 1” of runoff from up to 12.25 acres of drainage in the area, providing stormwater storage capacity to

relieve upstream areas in the system with persistent flooding issues. Inlet stormwater runoff routing into the

practices may have conflicts with below

grade utilities and may require utility relocation. Along with the subsurface gravel wetland practice, the parcel could incorporate this green

Location Map

o

F

¥

infrastructure as a park amenity for the public in keeping with the City of Norfolk’s resilience strategy to design a coastal community with innovative 087 — Campostella Park
Subsurface Gravel Wetland

water management to manage precipitation flooding in the City.

Type: Subsurface Gravel Wetland
Address: 1550 Vernon Dr.

Conceptual Level Estimates:

Construction Cost: $760,000
TN Load Reduction: 25.0 Ib/yr
TP Load Reduction: 8.3 lb/yr

WQ Treatment Volume:47,000 ft3
Cost/Storage Volume: $16/ft3

TN Reduction Cost: $30,000/Ib/yr
TP Reduction Cost: $91,000/Ib/yr

7 a THE C
(A TFA
NRF

ITY OF

LK

Hazen

Sheet 1of5

03/22/19

Area Managed: 12.25 acres TSS Load Reduction: 4,325 Ib/yr

TSS Reduction Cost: $175/Ib/yr
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Campostella Park Location Map
Concept Overview

087 — Campostella Park
Subsurface Gravel Wetland

See inset map on the right for photograph locations

Sheet 2 of 5 03/22/19

Conceptual Design — Not for Construction




Campostella Park
Drainage Area Plan View _
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Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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087 — Campostella Park
Subsurface Gravel Wetland
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Campostella Park
Hydrodynamic Separator & Subsurface Gravel Wetland Standard Detail
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Campostella Park
Design Calculations

Estimate subsurface gravel wetland footprint
. 3% of tributary area (535,000 ft2) = 16,000 ft2

Calculate water quality volume

WQDepth
« WQy = 12 X Areaimpervious

+ WQpepen = 1.00 in
*  AreQumpervious = 223,240 ft?
.« WQy, = 16,755 ft3

Calculate full water quality treatment volume
¢ VOltreatment = Area X (Dponding + Dsoil X POTOSit:Vsoil +

Dstone X POTOSityStOTle)

¢ Dponding =1ft

¢ Dsoir =1 ft

. Porosityg,; = 0.25

¢ Dstone = 4 ft

) Porositygione = 0.4
Volireatment = 47,000 ft3

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Gravel Wetland — Level 2 Reductions (TP: 75%, TN: 55%, TSS: 70%).

Estimate annual pollutant load reduction

. Load gnpyar = (A X Yoimpervious X Loading Rateimp) + (A X
Yopervious X Loading Ratey,,)
. A=12.25ac

¢ %impervious = 50%
¢ %pervious = 50%
1.76 Ibs/acre/yrt 0.5 Ibs/acrel/yrt 13.8 Ib/yr
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yrt 100.1 Ib/yr
TSS 676.94 Ibs/acre/yr! 101.08 Ibs/acrelyrt 4,753 Ib/yr

12009 EOS Loading Rate (Ibs/acre/yr) in Chesapeake Bay TMDL Special Condition Guidance, May
18, 2015

. Load Reduction = Load ;nuar X Proad removal
TP 50%?2 & 20%? (in series removal) 8.3 Ib/yr
N 25%?2 25.0 Ib/yr
TSS 70%* & 70%* (in series removal) 4,325 Ib/yr

2 Load Removal from Virginia DCR Stormwater Design Specification No. 13 Constructed Wetlands,
Version 2.0 January 1, 2013

3 Load Removal from Virginia DCR Stormwater Clearinghouse, Hydrodynamic Separator, Design
Specification No. 16, Version 2.0 January 1, 2013

4BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal Adjustor Curve for TSS in
Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015

087 — Campostella Park
Subsurface Gravel Wetland
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Lake Taylor Middle and High School
Concept Overview

Porous Concrete

Open-grade Bedding Course

Open-grade Base Reservoir

Open-grade Subbase Reservoir

Underdrain (as required)

Optional Geotextile
Under Subbase

Uncompacted Subgrade Soil

Porous Concrete

Underground Detention

Existing Conditions

The existing site consists of a large, developed parcel owned by the City of Norfolk with mixed land use types. Existing stormwater infrastructure runs
throughout the parcel and discharges into Lake Taylor. The site is occupied by Lake Taylor Middle School and High School. The stormwater infrastructure
that runs through this site captures drainage from 32 acres of 46% impervious area. The next page provides additional site photographs.

Proposed Improvements

The two practices recommended on this parcel for stormwater management are porous concrete and an underground detention vault. The porous
concrete will be installed in the parking lot east of Lake Taylor Middle School. The entire parking lot will be replaced for grading and maintenance, but
porous concrete is only recommended on the south side of the lot. The parking lot will be regraded to slope at 1% to the south, and curb cuts will be
installed at various locations to act as emergency overflows to the south. The existing yard inlet at the edge of the parking lot will be left in place and will
not impact the proposed drainage area to the facility. The porous concrete sections are connected through a solid underdrain that will run from north to
south before discharging into the underground detention vault. The underground detention vault is sited south of the proposed porous pavement and will
capture and detain the flow from the existing stormwater network from the Middle School and High School. A diversion structure will be installed on each
of the discharge pipes to allow flow to bypass the facility during larger storm events. The two practices together will have the potential to manage at least
1” of runoff from up to 23.9 acres of drainage in the area, providing stormwater storage capacity to relieve flooding associated with Lake Taylor.
Subsurface utilities are not anticipated to be an issue.

Location Map / A
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099 — Lake Taylor Middle and High School
Underground Detention & Porous Concrete

Conceptual Level Estimates:

Type: Porous Concrete & Underground Detention
Address: 1380 Kempsville Rd
Area Managed: 23.9 acres

Construction Cost: $2,043,000
TN Load Reduction: 31.3 Ib/yr
TP Load Reduction: 6.1 lb/yr
TSS Load Reduction: 8,255 Ib/yr

WQ Treatment Volume:83,625 ft3
Cost/Storage Volume: $24/ft3

TN Reduction Cost: $65,000/Ib/yr
TP Reduction Cost: $335,000/Ib/yr
TSS Reduction Cost: $250/Ib/yr
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Lake Taylor Middle and High School
Concept Overview

See inset map on the right for photograph locations

Location Map
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099 — Lake Taylor Middle and High School
Underground Detention & Porous Concrete

ITY OF

N RFOLK

Hazen

Sheet 2 of 5

03/22/19

Conceptual Design — Not for Construction




Lake Taylor Middle and High School

LEGEND
e EXSTORM STRUCTURE
EXSTORM DITCH
—EXSTORM PIPE
= EXPROPERTY LINE
1t GENERAL WATERSHED BOUNDARY
AREPORTED FLOOD COMPLAINT
DRAINAGE AREA
m PRACTICE SURFACE FOOTPRINT
zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,

and existing storm drainage structure location

approximated from aerial imagery. Exact

locations must be field verified and surveyed

during detailed design.
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099 — Lake Taylor Middle and High School
Underground Detention & Porous Concrete
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Lake Taylor Middle and High School
Porous Concrete Standard Detall

PROPOSED CONCRETE
PAVING SLAB

PAVING SLAB (TYP) /

OPEN JOINT (TYP)
(SPACER PLATE PROVIDED)

PERMANENT LIFTINé /
POINTS (TYP.)

MODULAR POROUS CONCRETE PAVING SLAB
PLAN VIEW
(NOT TO SCALE)

099 — Lake Taylor Middle and High School
Underground Detention & Porous Concrete
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Lake Taylor Middle and High School
Design Calculations

. 0 I
Design Calculations — Porous Concrete !
Estimate porous concrete footprint !

. Treatment volume = 4,982 ft3 :

R CDA Ratio = Non —Porous Concrete Area _2rC I

] Porous Concrete Area :

Calculate water quality volume 1
1

- WQy = % X A :

¢ %impervious =91% E

* WQpepen = (1.00 in X (.05 + Yopmpervious(:9) ) = 0.87in !

- A =754885 ft? :

« WQy = 3,986 ft3 "
Calculate full water quality treatment volume "
¢ VOltreatment = Area X Dstone X PorOSityStOTle :

. Dgtone = 7 inches !

. Porositygsione = 0.4 !

° Volireatment = 43,960 ft3 !

Estimate annual pollutant load reduction

Design Calculations — Underground Detention

Estimate underground detention footprint
. 72% of treatment volume (46,448 ft3) = 15,500 ft?
Calculate water quality volume

- WQy = % X A — Volumeupstream RR
¢ %impervious =45%
¢ WQDepth = (1.00 in X (-05 + %impervious(-g)) = 0.46in
- A =1,323,000 ft>
*  Volumeyystream rr = 3,986 ft3

« WQy = 46,448 ft3

Calculate full water quality treatment volume
° Voltreatment = Area X Dponding

Dponding =22’
° Volireatment = 33,581 ft°

. Load Reduction = Load snnuar X Yroad removal

. Load gnnyal = (A X Yoimpervious X Loading Rateimp) + (A X Yopervious X Loading Ratepe,)
* Porous Concrete * Underground Detention Load Reduction
. ;4 = 1.26 ac ) : ;4 =30.37 @ . Pollutant Porous Underground Porous Underground
‘ OA’imperviouS ;091 % ’ (;’impe”’ious 5540/5/0 Concrete Detention Concrete Detention
. A) . — A) ° ) 3 — o
pervious pervions TP 5992 1593 1.2 Iblyr 4.9 Iblyr
Load
ooitutant | Loading Rat L oading Rat annual TSS 74%? 70%? 583 Ib/yr 7,672 Iblyr
ollutan oading Rate; ; oading Rate -
g HIPETUIOHS . PETPLOLS Porous Undergr(_)und 2 Load Removal from Virginia DCR Stormwater Design Specification No. 7 Permeable Pavement,
Concrete Detention Version 2.0, January 1, 2013
3 Load Removal from Virginia DCR Stormwater Design Specification No. 15 Extended Detention,
TP 1.76 Ib/ac/yrt 0.50 Ib/ac/yrt 2.1 1blyr 32.5Iblyr Version 2.0, January 1, 2013
Q a 4 Characterization for Nutrient Curves and Retrofit Pollutant Removal Adjustor Curve for TSS in
TN 9.39 Ib/ac/yr 6.99 Ib/ac/yr 11.5 Iblyr 2449 Iblyr Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015
TSS 676.94 Ibs/acre/yr* 101.08 Ibs/acrelyrt 787 Iblyr 10,960 Ib/yr

12009 EOS Loading Rate (Ib/ac/yr) in Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Porous Concrete — Level 2 Reductions (TP: 81%, TN: 81%, TSS: 74%)

Extended Detention — Level 2 Reductions (TP: 31%, TN: 24%, TSS: 70%)

099 — Lake Taylor Middle and High School
Underground Detention & Porous Concrete
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Corner Lot at E. Virginia Beach Blvd.
Concept Overview

\0
Overflow ’

Engineered
Soil

.
\
Concrete

Apron -‘ - Natural
soil

Stormther
Runoff

Infiltration

Iceberg Bioretention

Existing Conditions

The site consists of a large vacant parcel owned by the City of Norfolk and is located adjacent to an apartment building. Existing stormwater
infrastructure is located on the southwest corner of the site. The right-of-ways along the western and southern sides of the site have sidewalks, and
the southern side has a local bus stop. The roadway area that drains towards this site is 0.24 acres of 100% impervious. Adjacent to the bus stop is
a curb inlet catch basin for bioretention connectivity. The next page provides additional site photographs.

Proposed Improvement
The proposed iceberg bioretention will be located on the southwest corner of the site adjacent to E. Virginia Beach Blvd. and Merrimac Ave. The

feature will consist of a grass top with a subsurface layer of bioretention soils, as well as a stone storage layer with an underdrain reconnecting to
the existing stormwater system on E. Virginia Beach Blvd. The southwest corner of the iceberg bioretention will have an outlet structure and
discharge to a proposed manhole which will reconnect to the existing stormwater system on E. Virginia Beach Blvd. The entire practice will have
the potential to manage at least 1” of runoff from up to 0.24 acres of drainage in the area, providing stormwater storage and conveyance to relieve
the localized ponding issues on this site. Stormwater runoff routing may require subsurface utility relocation or coordination within the practice
footprint location.

Location Map / A

104 — Corner Lot at E. Virginia Beach Blvd.
Iceberg Bioretention

Type: Iceberg Bioretention

Address: 2900 E. VA Beach Blvd.

Area Managed: 0.24 acres

Conceptual Level Estimates:

Construction Cost: $69,000
TN Load Reduction: 1.4 Ib/yr
TP Load Reduction: 0.2 lb/yr
TSS Load Reduction: 119 Ib/yr

WQ Treatment Volume:839 ft3
Cost/Storage Volume: $82/ft3

TN Reduction Cost: $48,000/Ib/yr
TP Reduction Cost: $298,000/lb/yr
TSS Reduction Cost: $578/Ib/yr
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Corner Lot at E. Virginia Beach Blvd
Concept Overview

See inset map on the right for photograph locations

Location Map / A

104 — Corner Lot at E. Virginia Beach Blvd.
Iceberg Bioretention
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Corner Lot at E. Virginia Beach Blvd
Drainage Area Plan View
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zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,

and existing storm drainage structure location

approximated from aerial imagery. Exact

locations must be field verified and surveyed

during detailed design.
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Iceberg Bioretention
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Corner Lot at E. Virginia Beach Blvd
Iceberg Bioretention Section

STONE STRIP BED

CONCRETE HEADER (TYP.) NATIVE GRASS COVER

~POROUS CONCRETE

\ -CONCRETE HEADER \SIDEWALK

\ LOW POINT
\ o ﬁ\\
1 < \/\Q\/ ASCERES \ [}
& Jege, ,ENGINEEREDS
e
< \//\ N\ }\\1 ° oooooo co °cP°
LEVELING COURSE (TYP.) \ 09 °9’ %q,o 00;:9809"0 m‘oo °°0
) 5 ° = O o ° o °
BROKEN STONE LAYER WRAPPED INX = °°c0€3;°g° ce?‘-}%‘iquﬁ’ . ocb < Qo cb@
. og
GEOTEXTILE ALL SIDES < g O °q9 Loq, °° °C€ Qooooo c6>
[-d
L, o 0O, ), © °o°
GABION FILLED WITH OPEN-GRADED STONE—/ OQ cb ?5°§ 000. °°° o‘? cb o2 o ooceo
8°r3 . Qo. B0, 08 Pa LW a0
o oo °0 5o F o Te1e)
GEOTEXTILE WRAPPED AROUND GABION

RIGHT-OF-WAY BIORETENTION
(NOT TO SCALE)

104 — Corner Lot at E. Virginia Beach Blvd.
Iceberg Bioretention
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Corner Lot at E. Virginia Beach Blvd
Design Calculations

Calculate water quality volume

- WQy = —Wsze””‘ X A
y %impervious = 100%
o WQpepen = (1.00 in X (.05 + %impemous(.(a)) = 0.95in
e A=10412 ft

. WQ, = 824 ft3

Calculate full water quality treatment volume

AfloorXApondmg
VOltreatment > X Dponding + Dsoil X

Afloor X Porositysei; + (Dstone — 1) X PoT0Sitysione X

Asubsurface T VOlpretreatment

*  Afpor =400 ft?

* Aponding = 650 ftz

* Dstone = 1ft

* Porositygone = 0.4

*  Asubsurface = 1,110 ft?

* Volyretreatment = 124ft°
¢ Volireatment = 830 ft°

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Level 2 Reductions (TP: 90%, TN: 90%, TSS: 74%).

Estimate annual pollutant load reduction

Load gnnua = (A X Yoimpervious X Loading Rateimp) +
(A X Y%pervious X Loading Rate,,,)

e A=024ac
%impervious = 100%

¢ %pervious = 0%

Pollutant Loading Rateimpervious | Loading Rateyeryious

1.76 Ibs/acrelyrt 0.5 Ibs/acre/yrt 0.4 Iblyr
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yr! 2.2 lblyr
TSS 676.94 Ibs/acrelyr! 101.08 Ibs/acre/yrt 161 Ib/yr

12009 EOS Loading Rate (Ibs/acrelyr) in Chesapeake Bay TMDL Special
Condition Guidance, May 18, 2015

Load Reduction = Load ;nnyua1 X Pi0ad removal

TP 5592 0.2 lb/yr
TN 64%2 1.4 lblyr
TSS 74%3 119 Ib/yr

2 Load Removal from Virginia DCR Stormwater Clearinghouse, Bioretention
Specification No. 9, Version 2.0 January 1, 2013

3 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal
Adjustor Curve for TSS in Chesapeake Bay TMDL Special Condition Guidance,
May 18, 2015

104 — Corner Lot at E. Virginia Beach Blvd.
Iceberg Bioretention
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Berkley Park

Porous CGoncrete

Drop Inlet
Open-grade Bedding Course

Open-grade Base Reservoir Pavement Top

. +—— Filter Fabric as Required
Open-grade Subbase Reservoir

Stone Storage

Underdrain (as required)

Optional Geotextile
Under Subbase

Uncompacted Subgrade Soil

Underdrain as Required

Permeable Pavement Subsurface Chamber

Existing Conditions

The site consists of a public park owned by the City of Norfolk, located across from residential lots, apartments buildings, a church, and a Boys &
Girls Club. The existing volleyball/tennis court is in poor condition. Existing stormwater infrastructure is located on Berkley Ave. The playcourt area
and existing infrastructure on the adjacent roadway capture drainage from 0.52 acres of 78% impervious area. The right-of-way along Berkley Ave
consists of sidewalk, light poles, and trees. The next page provides additional site photographs.

Proposed Improvements

The recommended practices for this site include porous concrete around the perimeter of the volleyball/tennis court with underdrains connecting to
subsurface storage underneath the volleyball/tennis court. The practice will have the potential to manage at least 1” of runoff from up to 0.17 acres of
drainage area, providing stormwater storage and conveyance from the volleyball/tennis court. The subsurface detention will have the potential to
manage at least 1” of runoff from up to 0.52 acres of drainage by providing storage for the porous concrete as well as runoff from Berkley Ave. Two
additional catch basins would be added to the roadway to catch impervious area runoff to route to the subsurface detention. The subsurface
detention would have an outlet that would tie back into the existing infrastructure on Berkley Ave. Stormwater runoff routing may require subsurface
utility relocation or coordination within the practice footprint location.

Location Map / A

136 — Berkley Park
Porous Concrete & Subsurface Detention

Conceptual Level Estimates:

Construction Cost: $410,000
TN Load Reduction: 1.3 Ib/yr
TP Load Reduction: 0.3 Ib/yr
TSS Load Reduction: 233 Ib/yr

Type: Porous Concrete & Subsurface Chamber
Address: 706 Walker Ave.
Area Managed: 0.52 acres total

WQ Treatment Volume: 2,060 ft3
Cost/Storage Volume: $200/ft3

TN Reduction Cost: $315,000/Ib/yr
TP Reduction Cost: $1,366,000/Ib/yr
TSS Reduction Cost: $1,750/Ib/yr
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Location Map

Berkley Park
Concept Overview
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136 — Berkley Park
Porous Concrete & Subsurface Detention
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Berkley Park
Drainage Area Plan View
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Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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Porous Concrete & Subsurface Detention
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Berkley Park
Porous Concrete & Subsurface Detention Sections
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136 — Berkley Park
Porous Concrete & Subsurface Detention
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Berkley Park
Design Calculations — Porous Concrete

Calculate water quality volume

w
© o WQy =g

* WQaepen = 1.00 in X (0.05 + %impervious X 0.9) = 0.64 in
.« A=7.200ft?
. WQy, =570 ft3

Calculate full water quality volume treated

° VOltreatment = Aporous concrete X Dreservoir layer X POTOSitystone - VOlunderdrain
° Apermeable pavement — 2:160 ftz
° Dreservoir layer — 12in
*  Porositystone = 0.4
*  Volungerarain = 291ft°
¢ Volireatment = 570 ft3
Estimate annual pollutant load reduction
. Load gnnyal = (A X Yimpervious X Loading Rateimp) + (A X Yopervious X Loading Ratepe,)
* Permeable Pavement *  Subsurface Detention
e A=017ac e A=052ac
* Yimpervious = 100% * Yimpervious = 78%
* Yopervious = 0% * Yopervious = 22%

Loadannual

Pollutant Loading Rateimpervious Loading Ratepervious Permeable Subsurface
Pavement Detention
TP 1.76 Ib/ac/yrt 0.50 Ib/aclyrt 0.3 Iblyr 0.6 Ib/yr
TN 9.39 Ib/ac/yrt 6.99 Ib/ac/yrt 1.6 Iblyr 3.8 Ib/yr
TSS 676.94 Ibs/acre/yrt 101.08 Ibs/acre/yrt 112 Iblyr 203 Ib/yr

12009 EOS Loading Rate (Ib/ac/yr) in Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Porous Concrete Level 2 Reductions (TP: 81%, TN: 81%, TSS: 74%)

Extended Detention Level 2 Reductions (TP: 31%, TN: 24%, TSS: 74%)

Design Calculations — Subsurface Detention

Calculate water quality volume

w
.« WQ, = et g

* WQaepen = 1.00 in x (0.05 + %impervious X 0.9) = 0.75 in
. A=22860 ft?
. WQy = 1,429 ft3

Calculate full water quality volume treated
* VOltreatment = A X Dstone X PorOSitystone
« A =2400 ft?
*  Dgione = 181in
*  Porositysione = 0.4
° Volynaerdrain = 291ft3

‘ Volireatment = 1,490 ft3
. Load Reduction = Load gnnyar X Yroad removal
Load Reduction (in series)
Pollutant Permeable Subsurface Permeable Subsurface
Pavement Detention Pavement Detention
TP 5992 15%3 0.2 Ib/yr 0.1 Ib/yr
TN 599%2 10%3 0.9 Ib/yr 0.4 Iblyr
TSS 74%* 74%* 83 Iblyr 150 Ib/yr

2 Load Removal from Virginia DCR Stormwater Design Specification No. 7 Permeable Pavement,
Version 2.0, January 1, 2013

3 Load Removal from Virginia DCR Stormwater Design Specification No. 15 Extended Detention,
Version 2.0, January 1, 2013

4 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal Adjustor Curve for TSS
in Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015

136 — Berkley Park
Porous Concrete & Subsurface Detention
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Diggs Town Recreation Center
Concept Overview

Grass Covered

i Ponding Area
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Porous Concrete

Open-grade Bedding Course Drop Inlet

Open-grade Base R i
pen-grade Base Reservoir Pavement Top

Open-grade Subbase Reservoir - A Filter Fabric as Required

Underdrain (as required) — Stone Storage

Optional Geotextile . Stormwater Chamber
Under Subbase -

Uncompacted Subgrade Soil Underdrain as Required

Porous Concrete Subsurface Chamber

Existing Conditions

The site consists of a large green space on the Diggs Town Recreation Center property. The Recreation Center, owned by Norfolk Redevelopment and
Housing Authority, and Diggs Town Elementary School, owned by the City of Norfolk, share the play area for recreation space. During the site visit, there
were areas that visually had signs of extended periods of standing water due to poor drainage. The site captures drainage from 2.15 acres of 11%
impervious area. Existing stormwater infrastructure runs along the perimeter of the site on Melon St. with no piping or inlet structure directly connected to
the school or recreation center. The next page provides additional site photographs.

Proposed Improvements

Three features are proposed for this site. Porous concrete will be located around the perimeter of the basketball court with underdrains connecting to the
subsurface stormwater chamber. A subsurface stormwater chamber will be located below the basketball court around the perimeter. The permeable
pavement and the subsurface stormwater chamber combined will have the potential to manage at least 1” of runoff from up to 0.22 acres of drainage to
relieve any ponding issues on the basketball court. A grass channel will be located to the south of the basketball court and will convey flow down to an
existing drop inlet on the site. The feature will have the potential to manage at least 1” of runoff from up to 1.93 acres of drainage to relieve ponding issues
in the play area field. Subsurface utility relocation or coordination may be required within the practice footprint location.

Location Map / A

Porous Concrete, Chamber, & Grass Channel

Type: Porous Concrete, Subsurface Conceptual Level Estimates:  water Volume Storage: 2,300 f?
Chamber, & Grass Channel Construction Cost: $582,000 Cost/Storage Volume: $255/ft3
Address: 1401 Melon St. TN Load Reduction: 6.1 Ib/yr TN Reduction Cost: $8,598,000/Ib/yr
Area Managed: 2.15 acres TP Load Reductio.n: 0.5 Ib/yr TP Reduction Cost: $60,249,000/Ib/yr
TSS Load Reduction: 285 Ib/yr TSS Reduction Cost: $2,000/Ib/yr
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Diggs Town Recreation Center Location Map
Concept Overview

142 — Diggs Town Recreation Center
Porous Concrete, Chamber, & Grass Channel

See inset map on the right for photograph locations
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Diggs Town Recreation Center
Drainage Area Plan View

LEGEND
e EXSTORM STRUCTURE
-~ EXSTORM DITCH
—EXSTORM PIPE
= EXPROPERTY LINE

1t GENERAL WATERSHED BOUNDARY

AREPORTED FLOOD COMPLAINT
~DRAINAGE AREA
m PRACTICE SURFACE FOOTPRINT

zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed

during detailed design.

142 — Diggs Town Recreation Center
Porous Concrete, Chamber, & Grass Channel
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Diggs Town Recreation Center
Porous Concrete, Subsurface Chamber, & Grass Channel Sections

PAVING SLAB (TYP)

PROPOSED CONCRETE

/PAVING SLAB

OPEN JOINT (TYP)

(SPACER PLATE PROVIDED)

PERMANENT LIFTINé /
POINTS (TYP.)

MODULAR POROUS CONCRETE PAVING SLAB
PLAN VIEW
(NOT TO SCALE)

VARIES

GEOTEXTILE ON SLOPES,
SIDES, AND BOTTOM OF
FACILITY (TYP.)

BACKFILL
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STONE BASE OR {
_ BACKFILL __
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R R R R R R R e R R

PERFORATED STORMWATER CHAMBER
UNDISTURBED SOIL SIZED ON AN INDIVIDUAL SITE BASIS
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142 — Diggs Town Recreation Center
Porous Concrete, Chamber, & Grass Channel
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Diggs Town Recreation Center
Design Calculations — Porous Concrete & Subsurface
Detention

Calculate water quality volume

w
¢ WQ =g

* WQaepen = 1.00 in x (0.05 + %impervious X 0.9) = 0.78 in
«  A=09,500 ft?
«  WQy =620 ft3
Calculate full water quality treatment volume
Porous Concrete

VOltreatment = (Aporous concrete X Dreservoir layer X POTOSitystone) - VOlunderdrain)
— 2
¢ Aporous concrete — 2;600 ft

Dy eservoir layer — 12in
¢ Porositygione = 0.4
‘ Volynderarain = 365 ft3

¢ Volireatment = 675 ft3
Subsurface Detention
° Volyreatment = (A X Dgtone — VOlchamper) X Porositysione + Volcngmper

« A=2600ft?

*  Dgione = 121in

*  Porositysione = 0.4

* Volchamper = 225 ftg
° Volyregrment = 690 ftg

Design Calculations — Grass Channel

Calculate water quality volume

* WQaepen = 1.00 in x (0.05 + %impervious X 0.9) = 0.08 in
« A =84400 ft?
. WQy, =540 ft3

Calculate channel sizing

Grass Channel Sizing - 1 in storm Grass Channel Sizing - 2yr Grass Channel Sizing - 10yr
Drainage Area (Ac) 1.94 Drainage Area (Ac) 1.94 Drainage Area (Ac) 1.94
Percent Imp 3% Percent Imp 3% Percent Imp 3%
fct 0.08 et 0.08 'ct 0.08
Rational Watershed Length (ft) 100 Rational Watershed Length (ft) 100 Rational Watershed Length (ft) 100
Parameters Delta H (ft 2 Parameters Delta H (ft 2 Parameters Delta H (ft 2
Kirpich Tc 1.22 Kirpich Tc 1.22 Kirpich Tc 1.22
Intensity (in/hr) 1 Intensity (in/hr) 3.58 Intensity (in/hr) 5.52
Flow (cfs) 0.15 Flow (cfs) 0.53 Flow (cfs) 0.82
Top Width (ft) 55 Top Width (ft) 55 Top Width (ft) 5.5
Bottom Width (ft) 1 Bottom Width (ft) 1 Bottom Width (ft) 1
Channel Channel Channel

Characteristics Depth (ft) 0.75 Characteristics Depth (ft) 0.75 Characteristics Depth (ft) 0.75
Side Slope (ft/ft) 3 Side Slope (ft/ft) 3 Side Slope (ft/ft) 3
Long Slope (ft/ft) 0.01 Long Slope (ft/ft) 0.01 Long Slope (ft/ft) 0.01
Mannings N 0.035 Mannings N 0.035 . Mannings N 0.035

Mannings Mannings Mannings L
Analysis Flow in Ditch 0.15 Analysis  Flowin Ditch 0.53 Analysis Flow in Ditch 0.82
Normal Depth 0.12 Normal Depth 0.24 Normal Depth 0.30

Check Ditch Capacity OK Check Ditch Capacity OK Check Ditch Capacity OK

Estimate annual pollutant load reduction

. Load gnnyal = (A X Yoimpervious X Loading Rateimp) + (A X Yopervious X Loading Ratepe,)
*  Porous Pavement & Subsurface Detention «  Grass Channel
e A=022ac e A=194ac
¢ %impervious =81% * %impervious = 3%
* Yopervious = 19% * Ypervious = 97%

Pollutant | Loading Rateimpervious Loading Ratepervious Porous Concrete &
Subsurface Detention
TP 1.76 Ib/ac/yrt 0.5 Ib/ac/yr? 0.3 Ib/yr
TN 9.39 Ib/aclyrt 6.99 Ib/ac/yrt 1.9 Ib/yr
TSS 676.94 Ibs/acre/yr! 101.08 Ibs/acre/yrt 123 Ib/yr

12009 EOS Loading Rate (Ib/ac/yr) in Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015

Loadannual

1.0 Ib/yr
13.7 Iblyr
229 Iblyr

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including increased pollutant
load reductions; however, Level 2 designs may have slightly higher construction costs due to additional media depth or storage

volume requirements. Note that Level 2 designs are contingent upon site specific factors including (but not limited to) soil
infiltration rates, groundwater levels, and space constraints.

Porous Concrete Level 2 Reductions (TP: 81%, TN: 81%, TSS: 74%)

Extended Detention Level 2 Reductions (TP: 31%, TN: 24%, TSS: 74%)

*  Load Reduction = Load snnyai X Pioad removal

et e Load Reduction

Pollutant Porous Concrete & Grass Porous Concrete & Grass

Subsurface Detention Channel Subsurface Detention Channel
TP 59%?2 & 15%3 (in series) 32%* 0.2 Iblyr 0.3 Ib/yr
TN 59%?2 & 10%: (in series) 36%* 1.2 Ib/yr 4.9 Iblyr
TSS 74%° & 74%° (in series) 74%5 115 Ib/yr 170 Ib/yr

Grass Channel

2 | oad Removal from Virginia DCR Stormwater Design Specification No. 7 Permeable Pavement, Version 2.0, January 1, 2013

3 Load Removal from Virginia DCR Stormwater Design Specification No. 15 Extended Detention, Version 2.0, January 1, 2013

4 Load Removal from Virginia DCR Stormwater Design Specification No. 3 Grass Channels, Version 2.0, January 1, 2013

5 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal Adjustor Curve for TSS in Chesapeake Bay TMDL Special
Condition Guidance, May 18, 2015
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Porous Concrete, Chamber, & Grass Channel
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Fairlawn Recreation Center LOFRtIQUAIp % Tk
Concept Overview e

Porous Concrete

Drop Inlet
s Open-grade Bedding Course

Open-grade Base Reservoir Pavement Top

Open-grade Subbase Reservoir — Filter Fabric as Required

Stone Storage
Underdrain (as required)

Optional Geotextile
Under Subbase

Uncompacted Subgrade Soil

Underdrain as Required

Porous Concrete Subsurface Detention

Existing Conditions

Fairlawn Recreation Center is adjacent to Fairlawn Elementary School, both properties are owned by the City of Norfolk. During the site visit, there was
ponding water in the parking lot, on the hard top play area, and in the grassed area near the building downspouts. The sheet flow directed towards these
different ponding areas on site is from 0.70 acres of 51% impervious. The next page provides additional site photographs.

Proposed Improvements

The two practices recommended for this parcel for stormwater management are porous pavement with a subsurface detention basin in the parking lot and
amended soils for downspout runoff infiltration improvements. The porous concrete will be installed only in the parking spots of the lot and will have
underdrain connections into a subsurface detention basin running through the center of the parking lot with an overflow structure connected to an existing
stormwater structure downstream. During detailed design, drop inlets will be sized for a proper inlet connection into the basin along with the porous
concrete. The amended soils feature will be installed on the east side of the recreation building to encourage infiltration of the downspout connections
from the back half of the building. The two practices together will have the potential to manage at least 1” of runoff from up to 0.70 acres of drainage in the
area, providing stormwater storage capacity to relieve persistent ponding issues that occur. Subsurface utility relocation or coordination may be required
within the practice footprint location.

174R — Fairlawn Recreatlon Center
Porous Concrete, Subsurface Detention
& Soil Amendments

Type: Porous Concrete, Subsurface Detention,| Conceptual Level Estimates: WO Treatment Volume:3,620 ft3 N Rlifasnlr_vlo{ Hazen

& Amended Soils Construction Cost: $282,000 Cost/Storage Volume: $78/ft3 | —

Address: 1014 Kempsville Rd. TN Load Reduction: 3.6 Ib/yr TN Reduction Cost: $78,000/Ib/yr

Area Managed: 0.70 acres TP Load Reduction: 0.7 lb/yr TP Reduction Cost: $402,000/Ib/yr Sheet 1of5 03/22/19
TSS Load Reduction: 41 Ib/yr TSS Reduction Cost: $6,870/Ib/yr

Conceptual Design — Not for Construction



Fairlawn Recreation Center
Concept Overview

See inset map on the right for photograph locations
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174R — Fairlawn Recreation Center
Porous Concrete, Subsurface Detention
& Soil Amendments
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Fairlawn Recreation Center
Drainage Area Plan View

Alternative Design Options:

- Porous concrete around perimeter of multipurpose play court with subsurface detention

- Highlight feature to wrap around the building for roof drain connections and double as
landscaping improvement opportunity

LEGEND
e EXSTORM STRUCTURE
~ EXSTORM DITCH
—EXSTORM PIPE
= EXPROPERTY LINE
1t GENERAL WATERSHED BOUNDARY
AREPORTED FLOOD COMPLAINT
' DRAINAGE AREA
m PRACTICE SURFACE FOOTPRINT
zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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174R — Fairlawn Recreation Center
Porous Concrete, Subsurface Detention
& Soil Amendments

NORFOLK Hazen

Sheet 3 of 5

03/22/19

Conceptual Design — Not for Construction




Fairlawn Recreation Center
Porous Concrete & Subsurface Detention Standard Detalls
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PLAN VIEW (NOT TO SCALE)
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Fairlawn Recreation Center
Design Calculations — Porous Concrete & Subsurface
Detention

Calculate water quality volume

WQy = —WQfZepth X A

* WQaepen = 1.00 in x (0.05 + %impervious X 0.9) = 0.80 in
A = 21,075 ft?

WQ, = 1,400 ft3

Calculate full water quality treatment volume
Porous Concrete

VOltreatment = Aporous concrete X DTESBTUOiT layer X PorOSltyStOTle
— 2
Aporous concrete — 51800 ft

Dreservoir layer = 9in
Porositystone = 0.4

Volireatment = 1,540 ftg

Subsurface Detention

¢ Voltreatment = A X Dstone X POT0SitYstone
A= 2,600 ftz

Dstone = 24 in

Porositystone = 0.4

Voltreatment = 2,080 ft3

Estimate annual pollutant load reduction
Load gnnual = (A X Yoimpervious X Loading Rateimp) + (A X Yopervious X Loading Ratepe,)
Porous Pavement & Subsurface Detention

Soil Amendments
A=0.22ac
%impervious = 50%
%pervious = 50%

Loadannual

Porous Concrete &
Subsurface Detention

A =0.48ac
%impervious = 83%
%pervious =17%

Pollutant | Loading Rateimpervious Loading Ratepervious

Amended Soils

TP 1.76 Ib/ac/yrt 0.5 Ib/ac/yr? 0.8 Ib/yr 0.3 Ib/yr
TN 9.39 Ib/aclyrt 6.99 Ib/ac/yrt 4.3 Iblyr 1.8 Ib/yr
TSS 676.94 Ibs/acre/yr! 101.08 Ibs/acre/yrt 279 Iblyr 84 Iblyr

12009 EOS Loading Rate (Ib/ac/yr) in Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including increased pollutant
load reductions; however, Level 2 designs may have slightly higher construction costs due to additional media depth or storage
volume requirements. Note that Level 2 designs are contingent upon site specific factors including (but not limited to) soil
infiltration rates, groundwater levels, and space constraints.

Porous Concrete Level 2 Reductions (TP: 81%, TN: 81%, TSS: 74%)

Extended Detention Level 2 Reductions (TP: 31%, TN: 24%, TSS: 74%)

Soil Amendments Level 2 Reductions (TP: 50%, TN: 50%, TSS: 74%)

Design Calculations — Amended Soils

Calculate water quality volume
WQV — WQdepth x A

12
* WQaepen = 1.00 in x (0.05 + %impervious X 0.9) = 0.50 in
« A =09448 ft?
. WQ, =394 ft3

Calculate volume of compost needed
Compost depth needed

* ;_Z = A'mpervious/Asoil amendment
Aimpervious = 1,347 ftz
¢ Asoit amendment = 10 in

= =10

Volume of compost

VOlcompost = Asoil amendment X Dcompost % 0.0031
Dcompost =10in
Volcompost = 147 yd?

Load Reduction = Load snnuar X Yroad removal

et e Load Reduction

Pollutant Porous Concrete & Amended Porous Concrete & Amended
Subsurface Detention Soils Subsurface Detention Soils
TP 59%?2 & 15%3 (in series) 50%* 0.5 Iblyr 0.2 Iblyr
TN 59%?2 & 10%: (in series) 50%* 2.7 Iblyr 0.9 Ib/yr
TSS 74%° & 74%° (in series) 74%5 19 Iblyr 22 Iblyr

2 | oad Removal from Virginia DCR Stormwater Design Specification No. 7 Permeable Pavement, Version 2.0, January 1, 2013

3 Load Removal from Virginia DCR Stormwater Design Specification No. 15 Extended Detention, Version 2.0, January 1, 2013

4 Load Removal from Virginia DCR Stormwater Design Specification No. 4 Soil Amendment, Version 2.0, January 1, 2013

5 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal Adjustor Curve for TSS in Chesapeake Bay TMDL Special
Condition Guidance, May 18, 2015
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E. Berkley Avenue Median
Concept Overview

Drop Inlet

Grass Covered

+—— Filter Fabric as Required
——— Stone Sto rage

Perforated Pipe

Underdrain as Required

Median Pipe Detention

Existing Conditions

A median runs down the center of E. Berkley Ave. in the right-of-way. Dead grass in the median suggests extended periods of standing water. A
recurring flooding location is reported at the east side of this right-of-way space at the intersection of E. Berkley Avenue and Fauquier Street. The
drainage area surrounding this median location is 0.69 acres of 80% impervious. The next page provides additional site photographs.

Proposed Improvement

The proposed median pipe detention feature will act as storage for the sheet flow that comes to this median location along E. Berkley Avenue.
Curb cuts along the perimeter of the median will allow flow to enter a series of drop inlets that tie into the pipe detention. The feature will consist of
stone storage, perforated pipes for increased storage volume, and outlet structures to reconnect to the existing stormwater network. The entire
practice will have the potential to manage at least 1” of runoff from up to 0.69 acres of drainage in the area, providing stormwater storage capacity
to relieve persistent flooding issues that occur on E. Berkley Ave. Subsurface utility relocation or coordination may be required within the practice
footprint location.

Location Map

EBA — E. Berkley Ave.
Median Pipe Detention

Construction Cost: $353,000 Cost/Storage Volume: $170/ft3
Address: 307 E Berkley Ave TN Load Reduction: 3.5 Ib/yr TN Reduction Cost: $101,000/Ib/yr
) TP Load Reduction: 0.7 lb/yr TP Reduction Cost: $540,000/lb/yr
Area Managed' 0.69 acres TSS Load Reduction: 270 Ib/yr TSS Reduction Cost: $1,300/Ib/yr
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E. Berkley Ave. Median Location Map
Concept Overview
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EBA — E. Berkley Ave.
Median Pipe Detention

See inset map on the right for photograph locations
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E. Berkley Ave. Median
Drainage Area Plan View

LEGEND
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—EXSTORM PIPE

= EXPROPERTY LINE

1t GENERAL WATERSHED BOUNDARY
AREPORTED FLOOD COMPLAINT
~DRAINAGE AREA

m PRACTICE SURFACE FOOTPRINT
zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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EBA - E. Berkley Ave.
Median Pipe Detention
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E. Berkley Ave. Median

Median Pipe Detention Standard Detail
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E. Berkley Ave. Median
Design Calculations

« Calculate water quality volume

w

y %impervious = 80%
* WQDepth = (1-00 in X (-05 + %impervious(-g)) = 0.77in

.« A =29,990 ft2
. WQ, = 1,925 ft3

 Estimate median pipe detention footprint
e  Footprint = 1,250ft?

« Calculate full water quality treatment volume

¢ Volireatment = (Area X Dstone — VOlchamper) X

(PorOSitYStone) + VOlchamber
e Area = 1,250ft?

y Dstone = 4 ft
*  Porositygone = 0.4
¢ Volchamper = 328ft3

Volireatment = 2,200 ft3

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Level 2 Reductions (TP: 93%, TN: 92%, TSS: 70%).

Estimate annual pollutant load reduction
* Loadannual - (A X %impervious X LOCldiTlg Rateimp) +
(A X Yopervious X Loading Rateper)
c A=0.69ac
¢ %impervious = 80%
¢ %pervious = 20%

Pollutant Loading Rateimpervious Loading Rateyervious

1.76 Ibs/acrelyrt 0.5 Ibs/acre/yrt 1.0 Ib/yr
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yr! 6.1 Ib/yr
TSS 676.94 Ibs/acrel/yrt 101.08 Ibs/acre/yrt 386 Ib/yr

12009 EOS Loading Rate (Ibs/acre/yr) in Chesapeake Bay TMDL Special Condition
Guidance, May 18, 2015

Load Reduction = Load ;nnyuar X Proad removal

TP 63%?2 0.7 Iblyr
TN 57%? 3.51blyr
TSS 70%3 270 Ib/yr

2 Load Removal from Virginia DCR Stormwater Clearinghouse, Infiltration Practices, Design
Specification No. 8, Version 2.0 January 1, 2013

3 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal Adjustor Curve
for TSS in Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015

EBA — E. Berkley Ave.
Median Pipe Detention

CITY OF .

NORFOLK Hazen

Sheet 5o0f5 03/22/19

Conceptual Design — Not for Construction




E. Princess Anne Road Median
Concept Overview

7 )

Drop Inlet

Grass Covered

+— Filter Fabric as Required

— Stone Storage

—— Stormwater Chamber

Underdrain as Required

Median Stormwater Chamber

Existing Conditions

This site consists of a right-of-way median that runs down the center of E. Princess Anne Road. The existing median space has minor definition for
conveyance of water to a series of existing drop inlets that tie into the City’s stormwater network. A recurring flooding location is reported at this site
and, during the visit, standing water was visible in the median. The right-of-way captures sheet flow from a 0.98 acre drainage area with 80%
impervious area. The next page provides additional site photographs.

Proposed Green Infrastructure

The proposed median stormwater chamber will collect sheet flow from its drainage area. The feature will consist of a series of drop inlets that tie
into subsurface stone storage, a stormwater chamber for increased storage volume, and an outlet structure to reconnect to the existing stormwater
network. The entire practice will have the potential to manage at least 1” of runoff from up to 0.98 acres of drainage in the area, providing added
stormwater storage capacity to relieve persistent flooding issues that occur on Princess Anne Rd. Subsurface utility relocation or coordination may
be required within the practice footprint location.

Location Map / A

Sa O

£
....

EPA — E. Princess Anne Rd.
Median Stormwater Chamber

Type: Median Stormwater Chamber Conceptual Level Estimates: \wQ Treatment Volume:2,970 ft3
Address: 3801 E Princess Anne Rd. Construction Cost: $214,000 Cost/Storage Volume: $72/ft3
_ TN Load Reduction: 5.0 Ib/yr TN Reduction Cost: $43,000/lb/yr
Area Managed: 0.98 acres TP Load Reduction: 0.9 Ib/yr TP Reduction Cost: $228,000/Ib/yr
TSS Load Reduction: 388 Ib/yr TSS Reduction Cost: $550/Ib/yr
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E Princess Anne Road Median — Stormwater Chamber Location Map
Concept Overview

EPA — E. Princess Anne Rd.
Median Stormwater Chamber

See inset map on the right for photograph locations
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E Princess Anne Road Median — Stormwater Chamber
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AREPORTED FLOOD COMPLAINT
' DRAINAGE AREA
m PRACTICE SURFACE FOOTPRINT
zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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Median Stormwater Chamber
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E Princess Anne Road Median — Stormwater Chamber

Median Stormwater Chamber Section
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E Princess Anne Road Median — Stormwater Chamber

Design Calculations

« Calculate water quality volume

w

* %impervious = 80%

* WQpepen = (1.00 in x (.05 +

%impervious(-g)) = 0.77in
« A =143,065 ftz
« WQu = 2,763 ft3

footprint
e Footprint = 1,625ft?

* Calculate full water quality treatment

volume

* VOltreaijent = (Area X Dstone - VOlchamber) X
(POTOSltYStone) + VOlchamber
e Area = 1,625ft?
* Dstone = 4 ft
* Porositysione = 0.4
* Volchamper = 608 ft°
¢ Volireatment = 2,970 ft3

Estimate median stormwater chamber

Estimate annual pollutant load reduction
* Loadannual - (A X %impervious X LOCldiTlg Rateimp) +
(A X Y%pervious X Loading Rate,,,)
« A=098ac
%impervious = 80%
¢ %pervious = 20%

Pollutant Loading Ratempervious Loading Rateyervious

1.76 Ibs/acrelyr! 0.5 Ibs/acre/yrt 1.5 Ib/yr
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yr! 8.8 Iblyr
TSS 676.94 Ibs/acrel/yrt 101.08 Ibs/acre/yrt 554 lb/yr

12009 EOS Loading Rate (Ibs/acrelyr) in Chesapeake Bay TMDL Special Condition
Guidance, May 18, 2015

. Load Reduction = Load ;nnyua1 X Pi0ad removal

TP 63%?2 0.9 Ib/yr
TN 57%2 5.0 Ib/yr
TSS 70%3 388 Ib/yr

2 Load Removal from Virginia DCR Stormwater Clearinghouse, Infiltration Practices, Design
Specification No. 8, Version 2.0 January 1, 2013

3 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal Adjustor Curve
for TSS in Chesapeake Bay TMDL Special Condition Guidance, May 18, 2015

EPA — E. Princess Anne Rd.
Median Stormwater Chamber

CITY OF .

N RFOLK

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Level 2 Reductions (TP: 93%, TN: 92%, TSS: 70%).

Hazen
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Majestic Ave. Right-of-Way
Concept Overview

Grass Covered

Engineered Soil
—— Ponding Area

— Choker Stone
e ~— Filter Fabric as Required

—1 _ Stone Storage

Underdrain as Required

Infiltration Trench

Existing Conditions

The right-of-way site runs along the block of Majestic Ave. between Virginia Beach Blvd. and Myrtle Ave. There have been flooding complaints for
ponding in the roadway on both ends of the block. The right-of-way on this street has an undersized ditch that has no outlet into the stormwater
network. This site captures drainage from 0.76 acres of 70% impervious that includes sheet flow from the roadway, rooftops, and residential lots.
The right-of-way strip has two driveway entrances with culverts for ditch connectivity. The next page provides additional site photographs.

Proposed Improvement

The proposed right-of-way grassed infiltration trench will run along the block on Majestic Ave. from Virginia Beach Blvd. to Myrtle Ave. The feature
will consist of a grass top ponding area with 3:1 side slopes and a stone storage layer with an underdrain. The downstream end of the trench will
have an outlet structure and discharge to a proposed manhole and then will tie back into the existing stormwater system on Virginia Beach Blvd.
The entire practice will have the potential to manage at least 1” of runoff from up to 0.76 acres of drainage in the area, providing stormwater
conveyance to mitigate the localized ponding issues on this site. Stormwater runoff routing may require subsurface utility relocation or coordination
within the practice footprint location.

Location Map / A

MAJ — Majestic Ave. Right-of-Way
Infiltration Trench

Type: Infiltration Trench Concept.ual Level Estimates:  \wqQ Treatment Volume:1,900 ft3
Construction Cost: $179,000 Cost/Storage Volume: $95/ft3
Address: 2630 Myrtle Ave. TN Load Reduction: 3.8 Ib/yr TN Reduction Cost: $48,000/Ib/yr
) TP Load Reduction: 0.7 lb/yr TP Reduction Cost: $269,000/Ib/yr
Area Managed' 0.76 acres TSS Load Reduction: 284 Ib/yr TSS Reduction Cost: $631/Ib/yr

“RFOLK Hazen
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Majestic Ave. Right-of-Way
Concept Overview

See inset map on the right for photograph locations
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MAJ — Majestic Ave. Right-of-Way
Infiltration Trench
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Majestic Ave. Right-of-Way
Drainage Area Plan View
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- DRAINAGE AREA
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zPRACTICE SUBSURFACE FOOTPRINT

Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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MAJ — Majestic Ave. Right-of-Way
Infiltration Trench
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Majestic Ave. Right-of-Way
Infiltration Trench Section
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MAJ — Majestic Ave. Right-of-Way
Infiltration Trench
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Majestic Ave. Right-of-Way
Design Calculations

Calculate water quality volume

w
® WQV = —szepth X A

¢ %impervious = 70%
¢ WQDepth = (1-00 in X (-05 + %impervious(-g)) =
0.68in
A =33,207 ft2
« WQy, = 1,880 ft3

Calculate full water quality treatment volume

1
¢ VOltreatment = (Areaponding +Areasubsurface) E X
Dponding + Areasubsurface (Dsoil X POTOSit}’soil +

Dstone X PorOSitystone) + VOlPretreatment
*  Areayonging = 1,140ft?
*  Aredsypsurface = 6601t

Dponding = 6 in

° DSOil =2in

* Porositygy,; = 0.25

* Dstone = 4 ft

* Porositygone = 0.4

y VOlpretreatment 15 X WQV — 282ft3

*  Volgreatmen: = 1,900 ft3

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Level 2 Reductions (TP: 93%, TN: 92%, TSS: 70%).

Estimate annual pollutant load reduction

Load gnnuar = (A X Yoimpervious X Loading Rate;y,,) +
(A X Yopervious X Loading Rateye,)

. A=.76ac
* Yoimpervious = 70%
¢ %pervious = 30%

1.76 Ibs/acrelyrt 0.5 Ibs/acre/yrt 1.1 Ib/yr
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yrt 6.6 Ib/yr
TSS 676.94 Ibs/acrelyrt 101.08 Ibs/acre/yrt 383 Ib/yr

12009 EOS Loading Rate (Ibs/acrelyr) in Chesapeake Bay TMDL Special
Condition Guidance, May 18, 2015

Load Reduction = Load ;nnyuar X Pioad removal

TP 63%2 0.7 Iblyr
TN 57%? 3.8 Ib/yr
TSS 7093 284 Iblyr

2 Load Removal from Virginia DCR Stormwater Clearinghouse, Infiltration
Feature Specification No. 8, Version 2.0 January 1, 2013

3 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal
Adjustor Curve for TSS in Chesapeake Bay TMDL Special Condition Guidance,
May 18, 2015

MAJ — Majestic Ave. Right-of-Way
Infiltration Trench

THE CITY OF

NORFOLK Hazen
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Seay Ave. Location Map / A

Concept Overview 2L S

Qulet
Control

Between Storms ' During a Storm

Overflow to
Stream

Aggrate Storage

Filter Fabric as Required

Underdrain

Infiltration Basin

Proposed Site

Existing Conditions
The west end of Seay Ave. has had repeated reports of flooding after intense wet weather events. The roadway currently has no existing infrastructure for

ponding relief. At the west end of the street, there is open space in the right of way with signs of standing water. The sheet flow directed towards the right-
of-way space at the west end of the street has a drainage area of 0.49 acres with 60% impervious. The next page provides additional site photographs.

Proposed Improvement
The proposed infiltration basin will be on the west end of Seay Ave. beyond the east end of the street. The feature will have a pretreatment sediment

forebay for collection of sediment and trash to prevent clogging of the infiltration basin. The infiltration basin with a surface ponding area and below grade

stone storage with an underdrain. The practice will have the potential to manage 0.49 acres of drainage in the area, providing stormwater storage capacity _———— N,

to religve persjstent flooding issues that occur on this end of Seay Ave. Subsurface utility relocation or coordination may be required within the practice SA— Seay Ave

footprint location. Infiltration Basi|:1

Type: Infiltration Basin Conceptual Level Estimates:  \wqQ Treatment Volume:1,750 ft3 N ZREOLK Hazen

Address: 3494 Seay Ave. Construction Cogt: $35,000 Cost/Storage Volume: $20/ft3 - —
TN Load Reduction: 2.3 Ib/yr TN Reduction Cost: $15,000/Ib/yr

Area Managed: 0.49 acres TP Load Reduction: 0.4 Ib/yr TP Reduction Cost: $92,000/Ib/yr Sheet 1o0f5 03/22/19
TSS Load Reduction: 160 Ib/yr TSS Reduction Cost: $220/Ib/yr

Conceptual Design — Not for Construction



Seay Avenue Location Map K A
Concept Overview
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SA — Seay Ave.
Infiltration Basin
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See inset map on the right for photograph locations
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Seay Avenue
Drainage Area Plan View
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Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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SA — Seay Ave.
Infiltration Basin

Alternative Design Options: N@Rﬁﬁtﬁ Ha;en

- Right-of-way bioretention on the north side of Seay Avenue
- Grasses swale past the east end of the roadway with a stone pretreatment area
- Underdrain from bioretention would tie into the swale and sheet flow would also reach the swale feature Sheet 3 0of5 03/22/19
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Seay Avenue
Infiltration Basin Standard Detall
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Seay Avenue
Design Calculations

Calculate water quality volume

w
® WQV = —szepth X A

¢ %impervious = 60%

¢ WQDepth = (1-00 in X (-05 + %impervious(-g)) =
0.59in
e A=21,180ft2
e WQ, = 1,041 ft3

Calculate full water quality treatment volume

1
¢ VOltreatment = (Areaponding +Areasubsurface) E X

Dponding + Areasubsurface (Dstone X PorOSitystone)
*  Areayonging = 1,041ft?
* Areasubsurface = 520ft2
* Dponding =1ft
* Dstone =5 ft
* Porositygone = 0.4
¢ Voltreatment = 1,750 ftg

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Level 2 Reductions (TP: 93%, TN: 92%, TSS: 70%)

Estimate annual pollutant load reduction
*  Loadgnnuar = (A X Yoimpervious X Loading Rate;n,) +
(A X Yopervious X Loading Rateye,)

. A=.49ac
* Yoimpervious = 60%
¢ %pervious = 40%

1.76 Ibs/acrelyrt 0.5 Ibs/acre/yrt 0.6 Ib/yr
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yrt 4.1 Iblyr
TSS 676.94 Ibs/acrelyrt 101.08 Ibs/acre/yrt 217 Iblyr

12009 EOS Loading Rate (Ibs/acrelyr) in Chesapeake Bay TMDL Special
Condition Guidance, May 18, 2015

. Load Reduction = Load ;nnyuar X Pioad removal

TP 63%?2 0.4 Iblyr
TN 57%2 2.3 Iblyr
TSS 70%3 160 Ib/yr

2 Load Removal from Virginia DCR Stormwater Clearinghouse, Infiltration
Feature Specification No. 8, Version 2.0 January 1, 2013

3 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal
Adjustor Curve for TSS in Chesapeake Bay TMDL Special Condition Guidance,
May 18, 2015

SA — Seay Ave.
Infiltration Basin

THE CITY OF

NCRF Hazen
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Town and Country Day School Location Map / Ak
Concept Overview S

Drop Inlet

Pavement Top

.. +—— Filter Fabric as Required

———— Stone Storage

- —— Perforated Pipe

Underdrain as Required

Pipe Detention

Existing Conditions
This right-of-way space is off of Kempsville Rd. at the entrance of the Town and Country Day School. The roadway is prone to frequent flooding and
persistent ponding after intense rainfall. During the site visit, there was evidence of ponding issues in the entrance to the school’s parking lot with standing
water and water lines. The existing stormwater infrastructure is on the northeast side of the roadway and the grading of the road sheds water to settling in
the private parking lot of the school. The sheet flow directed towards the right-of-way space in front of the school is 0.49 acres which is 85% impervious.
The next page provides additional site photographs.

Proposed Improvement

The proposed right-of-way pipe detention will capture sheet flow from the drainage area with a series of drop inlets. The inlet will be sized during detailed
design. The pipe detention feature will consist of a stone storage, a perforated pipe for increased storage volume, and an outlet structure. Downstream of
the pipe detention will be a new run of conveyance pipe reconnecting to the existing stormwater network, just upstream of an outfall. The practice will
have the potential to manage at least 1”7 of runoff from up to 0.49 acres of drainage in the area, providing stormwater storage capacity to relieve persistent

flooding issues that occur on Kempsville Rd. Subsurface utility relocation or coordination may be required within the practice footprint location. TCD —Town and Country Day School
Right-of-Way Pipe Detention

Type: Pipe Detention Conceptual Level Estimates:  \q Treatment Volume:1,610 ft3 DR

Address: 3801 E. Princess Anne Rd. Construction Cost: $115,000 Cost/Storage Volume: $71/ft3 N@RFéLK Haéen
TN Load Reduction: 2.5 Ib/yr TN Reduction Cost: $45,000/Ib/yr

Area Managed: 0.49 acres TP Load Reduction: 0.5 Ib/yr TP Reduction Cost: $242,000/Ib/yr Sheet 1o0f5 03/22/19
TSS Load Reduction: 195 Ib/yr TSS Reduction Cost: $590/Ib/yr

Conceptual Design — Not for Construction



Town and Country Day School HoEatigiMgp % Xk
Concept Overview = o)
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TCD — Town and Country Day School
Right-of-Way Pipe Detention
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See inset map on the right for photograph locations
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Town and Country Day School

Drainage Area Plan View
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Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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Right-of-Way Pipe Detention
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Town and Country Day School
Pipe Detention Standard Details
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Town and Country Day School
Design Calculations

Calculate water quality volume

w
¢ WQ, =R g

%impervious = 80%
¢ WQDepth = (1.00 in X (-05 + %impervious(-g)) =
0.77in
e A=21,344 ftz
e WQy = 1,370 ft3

Estimate median stormwater chamber footprint
«  Footprint = 900ft>

Calculate full water quality treatment volume
¢ Volireatment = (Area X Dgtone — Volchamper) X

(POTOSitystone) + VOlchamber
«  Area = 900ft?
* Dstone = 4 ft
. Porositygione = 0.4
¢ Volcnamper = 283ft°
¢ Volirearment = 1,610 ft°

Calculations and footprints are based on Level 1 designs. Level 2 designs will have added benefits including
increased pollutant load reductions; however, Level 2 designs may have slightly higher construction costs due
to additional media depth or storage volume requirements. Note that Level 2 designs are contingent upon site
specific factors including (but not limited to) soil infiltration rates, groundwater levels, and space constraints.
Level 2 Reductions (TP: 93%, TN: 92%, TSS: 70%).

Estimate annual pollutant load reduction

Load gnnuar = (A X Yoimpervious X Loading Rate;y,,) +
(A X Yopervious X Loading Rateye,)

. A=.49ac
* Yoimpervious = 80%
¢ %pervious = 20%

1.76 Ibs/acrelyrt 0.5 Ibs/acre/yrt 0.8 Ib/yr
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yrt 4.4 Iblyr
TSS 676.94 Ibs/acrelyrt 101.08 Ibs/acre/yrt 279 lblyr

12009 EOS Loading Rate (Ibs/acrelyr) in Chesapeake Bay TMDL Special
Condition Guidance, May 18, 2015

Load Reduction = Load ;nnyuar X Pioad removal

TP 63%? 0.5 Ib/yr
TN 57%2 2.5 Iblyr
TSS 70%3 195 Ib/yr

2 Load Removal from Virginia DCR Stormwater Clearinghouse, Infiltration
Practices, Design Specification No. 8, Version 2.0 January 1, 2013

3 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal
Adjustor Curve for TSS in Chesapeake Bay TMDL Special Condition Guidance,
May 18, 2015

TCD — Town and Country Day School
Right-of-Way Pipe Detention
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NORFOLK Hazen
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Virginia Beach Blvd. Right-of-Way Location Map /S
Concept Overview L)
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*graphic from Contech Engineered Solutions LLC

Existing Conditions

This right-of-way space is on the corner of Virginia Beach Blvd. and Azalea Garden Rd. The roadway is prone to frequent flooding and persistent ponding
after intense rainfall. The existing grading of the roadway sheds water to the northeast corner of the intersection with no stormwater structure to capture
the flow. Existing stormwater piping runs along the north side of Virginia Beach Blvd. with no inlet at this ponding location. The sheet flow directed towards
the right-of-way space in front of the Fire Department is 0.37 acres with 80% impervious. The next page provides additional site photographs.

Proposed Improvement

The proposed catch basin will be on the northeast corner of the intersection in front of the Fire Department. The curb inlet will be sized during detailed
design. The catch basin will convey flow to an in-line hydrodynamic separator for pretreatment and trash removal before reconnecting to the existing
stormwater network with a manhole connection. The practice will have the potential to manage at least 1” of runoff from up to 0.37 acres of drainage in the
area, providing stormwater storage capacity to relieve persistent flooding issues that occur on this Virginia Beach Blvd. intersection. Subsurface utility
relocation or coordination may be required within the practice footprint location.

VBB — Vlrglnla Beach Blvd. Right-of-Way
Catch Basin & Hydrodynamic Separator

Type: Catch Basin & Hydrodynamic Separator | Conceptual Level Estimates:  \wq Treatment Volume:1,040 ft3 N RFé' N7¢ Hazen
Address: 3777 E. Virginia Beach Blvd. Construction Cost: $38,000 Cost/Storage Volume: $37/ft3 —
TN Load Reduction: 0.0 Ib/yr TN Reduction Cost: $0/Ib/yr
Area Managed: 0.37 acres TP Load Reduction: 0.1 Ib/yr TP Reduction Cost: $328,000/Ib/yr Sheet 1o0f5 03/22/19
TSS Load Reduction: 153 Ib/yr TSS Reduction Cost: $250/Ib/yr

Conceptual Design — Not for Construction



Virginia Beach Blvd. Right-of-Way HorRtigr AP % Tk
Concept Overview =

Catch Basin & Hydrodynamic Separator
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See inset map on the right for photograph locations
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Virginia Beach Blvd. Right-of-Way
Drainage Area Plan View
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Note: Landscaping, utility structures, signs,
and existing storm drainage structure location
approximated from aerial imagery. Exact
locations must be field verified and surveyed
during detailed design.
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Catch Basin & Hydrodynamic Separator
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Virginia Beach Blvd. Right-of-Way
Catch Basin and Hydrodynamic Separator Section

RAISED ORIFICE

INLET
DROP PIPE

OPTIONAL INLET PIPE
(OR MULTIPLE INLET PIPES)
76 mm DIFFERENCE

DI-2A, 2B, 2C I EXISTING OR PROPOSED
SIDEWALK. SEE NOTE 15

<—EXPANSION JOINT /—BACK OF SIDEWALK (EXPANSION JOINT

INLET FRAME COVER Aar e :
I—"A g‘éRé;_ CA-1 e c : OVER INLET DROP TES ONLY S

INLET / MH FRAME AND COVER

EID CKAMOU‘:’VCPO% GRADE ADJUSTERS TO SUIT
- C/W CAP - /— FINISHED GRADE ‘
: 3 Q S r“ . “ ¢ 203 [87)
S T U r
: ‘ &\\ FACE OF CURB L g, )
l. STr—J__ TT-CRACK CONTROL JOINT— PR j .
3._0.. ELEVATION ::::_:;:-5 -
2'-0" |8 2'-2 -=|8 L,_.c beewns | |4 B
6' MIN. 3= &' MIN. R e e o S R R S
16" MAX. | PLAN VIEW 10" MAX. N ] b
A 1524 . ! P BN 1
ootV ARABLE-MAX. 20' e \gnr e mam
2'-0“ " 21_2-1 " 8"l 30_0!0 REMOVA?LE g‘R GROUYEDJO CONCRETE
S e T i N 2 B oo o
: ‘ e — e G
—— \ < 0PS STANDARDS.
GALVANIZED MC 6 X 12 §
* d
B % —
3" DIAMETER BARS £ TION Vi
WEEP HOLE HYDRODYNAMIC SEPARATOR
SEE NOTE 8 (NOT TO SCALE)
CATCH BASIN . .
(NOT TO SCALE) VBB - Virginia Beach Blvd. Right-of-Way

Catch Basin & Hydrodynamic Separator
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Virginia Beach Blvd. Right-of-Way
Design Calculations

Calculate water quality volume
WQpe
« WQy = — 2P Areaimpervious
* WOQpeptnh = 1.00in
* Aredimpervious = 16,210 ft?
- WQy = 1,040 ft3

Hydrodynamic Separator
« Estimate treatment volume peak discharge

¢ CIpTv=CIuXAXQa
. A =0.37ac
ofs
* qu=1000(25)
«  Q,=0.77in
. qprv = 0.45¢fs*
*treatment volume peak discharge, drainage area, and %
impervious were given to manufacturer for sizing the structure

Estimate annual pollutant load reduction

Load gnnuar = (A X Yoimpervious X Loading Rateyy,,) +
(A X Yopervious X Loading Rateye,)

. A =.37ac
¢ Yoimpervious = 80%
¢ %pervious = 20%

1.76 Ibs/acrelyrt 0.5 Ibs/acre/yrt 0.6 Ib/yr
TN 9.39 Ibs/acre/yrt 6.99 Ibs/acre/yrt 3.4 Iblyr
TSS 676.94 Ibs/acrelyrt 101.08 Ibs/acre/yrt 219 Ib/yr

12009 EOS Loading Rate (Ibs/acrelyr) in Chesapeake Bay TMDL Special
Condition Guidance, May 18, 2015

Load Reduction = Load ;nnyuar X Proad removal

TP 20%? 0.1 Ib/yr
TN 0% 0.0 Ib/yr
TSS 70%:3 153 Iblyr

2 Load Removal from Virginia DCR Stormwater Clearinghouse, Hydrodynamic
Separator, Design Specification No. 16, Version 2.0 January 1, 2013

3 BMP Characterization for Nutrient Curves and Retrofit Pollutant Removal
Adjustor Curve for TSS in Chesapeake Bay TMDL Special Condition Guidance,
May 18, 2015

VBB - Virginia Beach Blvd. Right-of-Way
Catch Basin & Hydrodynamic Separator
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City of Norfolk
Eastern Branch Watershed Master Plan
Final Report

Appendix D. Final Prioritization Spreadsheet

Hazen and Sawyer | Appendix D



METRIC EVALUATION NOTES

#
Factor Proposed Metric
Flood Control:
Proximity to Flooding Studies/Trunk 0, 1, or 2
1 Line Analysis

Proximity to Known Flood Complaint 0, 1, or 2

2

3 Practice Storage Volume WQ Storage Volume (cf)
Water Quality Benefits:

4 TP Removed Lbs/Year Removed

5 TN Removed Lbs/Year Removed

6 TSS Removed Lbs/Year Removed

Maintenance and Maintainability
Based on City Experience:

1 through 5

Estimated Cost
Estimated Construction Cost (S)

Public Perception
1,3,0or5

Known Existing Infrastructure Condition

0,12
10 "

Explanation

0 = outside flooding area; 1 = marginally in or
close to flooding area; 2 = in critical capacity,
flood prone area

0 = No recorded flooding, 1 = Near flood
complaint, 2 = City recommended location

Larger storage volume is top score

Greatest Ib removal per pollutant is the top score

Routine Maintenance Frequency (times per year)

Lowest cost is top score

1 = No knowledge of neighborhood

3 = known, active and positive community
members

5 = More than one active community champion,
supporting flood control

Qualitative assessemnt of known nearby
infrastructure issues.

0 = no previous maintenance in area

1 =some maintenance in area

2 = frequent maintenance in area

+or-
Scoring

+

Scoring
Responsibility
City of Norfolk

Hazen Calculated

Hazen Calculated

Hazen Calculated

Hazen Populated

Hazen Calculated

City of Norfolk

City of Norfolk

Questions and Comments

City will score based on distance to flooding studies/
trunk line analysis. Score reflects level of flooding
within the DA.

This is similar to above but focuses on complaints
(public concern) in the immediate vicinity of the
practice.

Based on storage volume from concept design.

Weighting for the different pollutants can be varied
based on specific pollutants of concern, as appropriate.

Based on DEQ recommended maintenance frequency.

Can choose to use actual cost estimate, or categorize
estimated cost.

#1 < $500,000; $500,000 < #3 > S1M; #5 > S1M

Better public acceptance will receive a higher score.

This factor will act like a BONUS.

Based on infrastructure failures or repairs within the



THE CITY OF

Known

N R FOL K Potential Flood Control Water Quality Benefits Maintenance Cost Public Infrastructure
Condition
EASTERN BRANCH WATERSHED ASSESSMENT:
Prioritization Tool Proximi.ty to Numbe.r of Practice . Concept Level Qualit:.:\tive Does Nearby
Flooding Complaints TN TP TSS Maintenance and . Evaluation of | Infrastructure
. WQ Storage o . Construction ]
Hazen St.udles/Trur.1k Nearb.y Volume Removed | Removed | Removed | Maintainability Cost Known Public Need
A4 Line Analysis Complaints Interests Improvement?
Factor # 1 2 3 4 5 6 7 8 9 10
Category Weights 36% 9% 25% 15% 5% 10%
Global Weights 5% 16% 15% 3% 3% 3% 25% 15% 5% 10%
Units 0,1,or2 0,1,or2 cf Ibs/year Ibs/year Ibs/year 1 through 5 S 1,3,0r5 0,1,or2
i
WEIGHTED TOTAL FINAL RANKING
SCORE
Concept RAW SCORES
011 - Poplar Hall Park 0 0 2,600 4.5 0.7 310 2 $151,000 3 0 -0.072320909 12
070 - Ballentine Blvd Near Virginia Beach Blvd 2 0 5,000 3.8 1.3 694 2 $231,000 3 2 -0.024566665 10
087 - Campostella Park 0 1 47,000 25.0 8.3 4,325 2 $760,000 3 0 0.03826687 7
0AA - Arlington Avenue 0 2 140 0.5 0.1 20 5 $23,000 0 0 -0.090732474 14
174R - Fairlawn Recreational Center 0 0 3,620 3.6 0.7 41 1 $282,000 3 2 0.066532918 5
EBA - E Berkley Ave 0 1 2,200 3.5 0.7 270 1 $353,000 3 0 0.041621678 6
EPA - E Princess Anne Rd 2 1 2,970 5.0 0.9 388 1 $214,000 0 2 0.074652395 4
MAJ - Majestic Ave 2 2 1,900 3.8 0.7 284 5 $179,000 0 0 -0.14535641 15
SA - Seay Ave 2 2 1,750 2.3 0.4 160 1 $35,000 1 2 0.172197686
TCD - Town and Country Day School 0 2 1,610 2.5 0.5 195 1 $115,000 5 2 0.256961448
VBB - Virginia Beach Blvd 2 1 1,040 0.0 0.1 153 1 $38,000 0 0 -0.021554175
069 - Industrial Park Azalea Little League 0 0 9,200 4.9 1.1 1,274 5 $163,000 0 0 -0.245849058
099 - Lake Taylor Schools 0 0 83,600 31.3 6.1 8,255 1 $2,043,000 1 1 -0.03235997
038 - Princess Anne Park 1 1 850 1.5 0.2 117 5 $155,000 3 2 -0.073534331
104 - Corner Lot at E Virginia Beach Blvd 2 1 840 1.4 0.2 119 5 $69,000 0 0 -0.222311727
073 - Ballentine Blvd at NSU Entrance 0 0 2,600 5.6 0.7 3 5 $216,000 0 0 -0.257153769
136 - Berkley Park 0 0 2,060 13 0.3 233 1 $410,000 3 1 0.003704926| g
142 - Diggs Town Recreation Center 1 0 2,300 6.1 0.5 285 5 $582,000 3 1 -0.228337586
045 - Park Ave 2 0 1,600 2.0 0.3 164 5 $294,000 0 0 -0.317498834
ML - Meadow Lake 1 2 490,000 0.0 0.0 0 4 $150,000 5 2 0.223986784

Key

|<-- Update these cells to reflect the City of Norfolk's weighting




Concept

TCD - Town and Country Day School

WEIGHTED TOTAL SCORE

0.256961448

ML - Meadow Lake

0.223986784

SA - Seay Ave

0.172197686

EPA - E Princess Anne Rd

0.074652395

174R - Fairlawn Recreational Center

0.066532918

ETS

EBA - E Berkley Ave 0.041621678 6
087 - Campostella Park 0.03826687 7
136 - Berkley Park 0.003704926 8
VBB - Virginia Beach Blvd -0.021554175 9
070 - Ballentine Blvd Near Virginia Beach Blvd -0.024566665 10
099 - Lake Taylor Schools -0.03235997 11
011 - Poplar Hall Park -0.072320909 12
038 - Princess Anne Park -0.073534331 13
0AA - Arlington Avenue -0.090732474 14
MAJ - Majestic Ave -0.14535641

104 - Corner Lot at E Virginia Beach Blvd

-0.222311727

142 - Diggs Town Recreation Center

-0.228337586

069 - Industrial Park Azalea Little League

-0.245849058

073 - Ballentine Blvd at NSU Entrance

-0.257153769

045 - Park Ave

-0.317498834
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