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Letter of Transmittal 
  

Chesterfield Heights Senior Design Team 
Old Dominion University 
Civil & Environmental Engineering Department 
Kaufman Hall 
Norfolk, VA. 23529 
 
May 5th, 2015 
 
 
Mujde Erten-Unal, Ph.D. 
Associate Professor and Director of Sustainable Development Institute 
Old Dominion University 
Civil & Environmental Engineering Department 
Kaufman Hall, Room 135 
Norfolk, VA. 23529 
 

Our group of Civil and Environmental Engineering students at Old Dominion University 

with the assistance of Architecture students of Hampton University is pleased to present to you 

our preliminary engineering report for the historic neighborhood of Chesterfield Heights. The 

neighborhood is located in the City of Norfolk, south of Norfolk State University and along the 

shoreline of the Eastern Branch of the Elizabeth River.  

Our design will include three different aspects; the first one is a living shoreline design, the 

City of Norfolk has done several of these to date, and it would prove to be extremely beneficial 

to this neighborhood. The second design would be raising a low-lying road that is susceptible to 

tidal flooding. Being only one of two exit points in this neighborhood, it is a critical aspect to 

maintain community access. The third and final design would be a complete redesign of the 

neighborhood stormwater management practices. Many of the current flooding issues are a result 



Page 5 of 62 

 

of undersized and outdated infrastructure, as well as old stormwater management practices. 

Treads predict a rise in sea level; therefore, flooding will increase in intensity and duration due to 

these current conditions. 

The Chesterfield Heights Project has 3 main objectives: 

o Maintain the beauty and integrity of this historic Norfolk neighborhood, 

o Maintain access on Kimball Terrace,  

o To provide a plan to adapt to sea level rise allowing this amazing neighborhood to 

thrive for the next 50 to 100 years. 
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Abstract 
 

Our group of Civil and Environmental Engineering students at Old Dominion University 

with the assistance of Architecture students of Hampton University is pleased to present to you 

our preliminary engineering report for the historic neighborhood of Chesterfield Heights. The 

neighborhood is located in the City of Norfolk, south of Norfolk State University and along the 

shoreline of the Eastern Branch of the Elizabeth River.  

Our design will include three different aspects; the first one is a living shoreline design, the 

City of Norfolk has done several of these to date, and it would prove to be extremely beneficial 

to this neighborhood. The second design would be raising a low-lying road that is susceptible to 

tidal flooding. Being only one of two exit points in 

this neighborhood, it is a critical aspect to maintain 

community access. The third and final design would 

be a complete redesign of the neighborhood 

stormwater management practices. Many of the 

current flooding issues are a result of undersized and 

outdated infrastructure, as well as old stormwater 

management practices. Treads predict a rise in sea 

level; therefore, flooding will increase in intensity 

and duration due to these current conditions. 

 

Figure 1: Shoreline littered with asphalt and 

concrete. 
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  Background Information 
Site Conditions 

Existing site conditions were assessed by each design team separately. Overall findings show the 

neighborhood of Chesterfield Heights is in need of replacement or repair of existing 

infrastructure to adapt to sea level rise. 

Living Shoreline 

The initial site assessment revealed a few problems. First, the Elizabeth River is classified as an 

impaired body of water by the Virginia Department of Environmental Quality. Second, the 

shoreline is within close proximity to existing infrastructure. Third, at certain locations along the 

shoreline, the shoreline elevation is close to the flood elevation. Finally, there is evidence of 

bank erosion. To ensure a good design, we kept in mind the various challenges and obstacles of 

the existing site. 

Structural 

The portion of the site, we will reference throughout the structural section is located east of 

Forbes Street and approximately 300 feet west of Majestic Avenue. Our task encompassed 

analyzing various site-specific and unique problems along Kimball Terrace including tidal 

flooding, settlement, wetland preservation, and neighborhood protection while keeping in mind 

constructability and design standards. Kimball Terrace is currently a 2-lane road with mostly 
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residential traffic; therefore, any improvements must be made in a timely and efficient manner 

taking into consideration the commutes of the Chesterfield Heights residents. 

Due to the settlement of the road, there is a ‘wave-like’ effect of the pavement surface on 

Kimball Terrace. This effect causes flooding during abnormal high tides and heavy rainfall 

events. This can be an extremely serious condition during the winter season due to rapid ice 

accumulation on the road. Or in the case of sea-level rise, there is the potential for complete 

flooding of the road, making Chesterfield Heights inaccessible from Brambleton Avenue.  

The 100-year-old existing culvert under Kimball Terrace is a 72” x 36” rectangular pipe.  This 

culvert drains upstream wetlands and receives drainage from I-264 and a portion of the 

neighborhood. Currently, this culvert shows evidence of deterioration and at least 12” of 

sediment accumulation.  These conditions prohibit efficient flow through the culvert. This 

information on the culverts condition is referenced from the 2009 City of Norfolk’s Elizabeth 

River Outfall Inventory. 

As stated before, the existing conditions at Kimball Terrace cause street flooding during heavy 

rainfall events and abnormal high tidal conditions. This collection of water on top of Kimball 

Terrace leads to extra weight on the road causing further settlement and deterioration.  

The existing road condition only has a sidewalk on the northern side of the roadway. The 

existing sidewalk does not run the continuous 800 feet span of the roadway.  The sidewalk and 

the associated verge are both 4 feet wide.  The current road also lacks curb and gutter; potentially 

leading to ponding along the roadway during rainfall events. Currently, rainfall runoff is directed 

to curb inlet, structure #159, located at the center of the 800 feet span, as shown in Figure B-6. 

Inlet structure #159 is located at the lowest elevation point along the road span. A map of the 

surrounding elevations depicted by City of Norfolk GIS LiDar data  is shown in Figure B-7.  
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Stormwater 

To understand the potential issues and problems impacting stormwater management and flooding 

in Chesterfield Heights, as well as how sea level rise may cause additional problems going into 

the future, various City of Norfolk GIS maps and data relevant to stormwater were referenced. 

The existing stormwater pipe network and drainage area maps (Appendix C-1 through C-2) 

identified existing drainage outfalls, structures, and pipe. LiDar topography data (Appendix C-3) 

was also referenced to determine drainage areas, ground elevations near drainage structures, and 

ground slopes in the neighborhood. Site visits to the neighborhood were taken and photos 

(Appendix C-4) of existing infrastructure and stormwater runoff flows were taken during a 

rainfall event to help identify areas with poor drainage conditions. Hampton University 

Architecture students interviewed residents in 2014, and a map was produced (Appendix C- 5) 

that indicates areas that flood during high tides or heavy rainfall events.  

Stormwater infrastructure serving the neighborhood consists of two main stormwater trunk lines 

running north to south which include a 20” diameter clay pipe along Majestic Ave. and 24” 

diameter clay pipe along Norchester St. Stormwater runoff flows are directed to the existing curb 

and gutter which lines the roads in the neighborhood and enters the truck lines via drainage grate 

inlets and curb inlets located at the corners of the intersections along Majestic Ave. and 

Norchester St.  Small 10” to 12” diameter lateral pipes connect the inlets to the trunk lines. The 

stormwater trunk lines outfall into the Eastern Branch of the Elizabeth River approximately 40 to 

50 feet offshore. Stormwater runoff in areas along the shoreline sheet flows into the river and 

stormwater flows from eastern and western ends of Chesterfield Blvd. and Marlboro Ave. are 

conveyed to the end of the road by the curb and gutter system, where it then drains into the river 

via depressed swales and concentrated flow. There are no existing stormwater treatment 
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practices currently in use in the neighborhood. Soil information for the neighborhood was found 

using the USDA Soil Survey and a geotechnical report prepared for the City of Norfolk at 

Westminster St. showed that the majority of the neighborhood has Hydrologic Group Type B 

sandy soils with the groundwater table 4 to 5 feet below ground surface (Appendix C-6). 

Water Quality Existing Conditions  

Interviews of the Chesterfield Heights residents indicate that the Elizabeth River was once used 

for shell fishing and other recreational uses.   However, Virginia Department of Environmental 

Quality (DEQ) 2012 Reports identify the Elizabeth River as impaired water for aquatic life uses, 

open-water aquatic life uses, recreational use, and shell fishing use.   

The aquatic life and open-water aquatic life uses are impaired based on dissolved oxygen 

criteria.  The recreational use of the Elizabeth River is impaired due to the exceedance of 

Enterococcus bacteria. 

The Virginia DEQ also identified the following as sources of impairment for the Elizabeth River: 

x Agriculture 

x Atmospheric Deposition – Nitrogen 

x Industrial Point Source Discharge 

x Internal Nutrient Recycling 

x Loss of Riparian Habitat 

x Municipal Point Source Discharges 

x Sources Outside State Jurisdiction or Borders 

x Wet Weather Discharges (Non-Point Source) 
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Living Shoreline 
Design & Analysis 

The basic design includes Riparian, Wetland and Sill. Riparian area allows for heavy shrubbery 

and grass to grow. The wetland allows for tidal grasses to foster in Mean High Water or Mean 

Low Water events. The Sill safe guards the shoreline from erosion due to high wave energy. 

To determine boundaries between the three areas, the mean high water (MHW) and mean low 

water (MLW) values were used.  The upper limit of wetland (ULW) denotes the highest point 

wetlands should be planted. These values were given based on a 2011 City of Norfolk Study. 

These values include: MHW 1.12 FT, MLW -1.55 FT, ULW 2.46 FT, and these values given are 

based on the NAVD’88 datum. 

Selection of Wetland Placement 

Installing a living shoreline along the Chesterfield Heights neighborhood serves to provide an 

aesthetically pleasing and healthy addition to the environment. It will also provide protection to 

the existing bank from erosion. The extent of the Chesterfield Heights shoreline that our team 

considered for preliminary design is about 2550 feet in length. However, the entire shoreline 

does not require the addition of wetlands. Along the shoreline there are only two portions of the 

existing bank that lie relatively close to existing infrastructure. The first portion lies parallel to 

Chesterfield Boulevard and extends from the East end of Chesterfield Blvd. to about 500 feet 

West of Norchester Avenue. The second portion lies near the South West end of Chesterfield 

Blvd. Therefore, the living shoreline addition was designed to protect those two parts which are 

named Bank A and Bank B respectively.  
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Figure A-1 shows the project extent of the Chesterfield Heights shoreline as well as the 

placement of Bank A and Bank B.  

 

Figure A-1: Extent of the Chesterfield Heights Shoreline 

Data Collection 

The topography used in our design for the riverbed depths and bank heights were taken by the 

City of Norfolk in 2005 for a Moffatt & Nichol study of the Chesterfield Heights neighborhood. 

Please note that a new survey of the neighborhood and shoreline topography to verify or revise 

the 2005 elevations should be taken before implementing this design. Elevations are given in 

NAVD’88. See Appendix A, Section 3.1 for Moffatt & Nichol topography data. In order to meet 

our design goal of maintaining a safe distance from the shipping lane, we used the mapped 

shipping lane distance from Document A.1 in Appendix A, Section 4.1 and made a maximum 

living shoreline design extension of 50 feet into the Elizabeth River. 

Bank A: Wetland Design 

The existing Bank A experiences a sharp drop in elevation from 7 feet at the edge of the grass 

and tree area with topsoil to a shallow sloped sandy area with debris (Figure A-2). The sandy 

Bank A 

Bank B  



Page 14 of 62 

 

area is subject to erosion. This sharp drop is due to the rise of the tide and flooding stormwater 

events that cut into the bank. The 

existing conditions are unsafe for the 

neighborhood. 

Our design extends the riparian area of 

the shoreline about 14 feet into the river 

with a 4.5 foot drop in elevation which 

ends at the upper limits of wetlands. The 

riparian area is designed with a 3:1 (x:z) 

slope per recommendation of the Virginia 

Institute of Marine Science. Following the riparian area is the wetland. The wetland includes 

both the bank face and a mean high water (MHW) planting area which start at the upper limits of 

wetlands (2.46 foot elevation) and drops to midtide (-0.2 foot elevation). The wetland begins 

from the riparian area and extends an additional 14 feet into the Elizabeth River. The bank face is 

designed with a 3:1 (x:z) slope and the MHW planting area is designed with an 8:1 (x:z) slope. 

These slopes are common to living shoreline designs and are recommended by the Virginia 

Institute of Marine Science. 

 

Figure A-3: Bank A Design Cross Section 

Figure A-2: Existing Bank A 
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The wetlands are designed to meet the proposed marsh toe sill at midtide (Figure A-3) so that the 

marsh grass and other plants will be sustained. As sea level rises in future years, the midtide 

elevation (-0.2 feet) will also rise. With that, the designed wetland that lies below midtide has a 

greater chance of becoming a mud flat as the marsh grasses retreat upland.  The mud flat is still 

healthy and beneficial to the ecosystem, so our design accommodates for sea level rise as well as 

providing continuous benefits to the neighborhood. 

Bank B: Wetland Design 

The existing Bank B is mostly flat, grassy terrain with a sloped bank covered in rubble. This 

rubble is provided by the residents to provide a type of protection for the shoreline against 

erosion (Figure A-4). This mediocre protection is dangerous to residents walking in the area, 

neither aesthetically pleasing, nor complimentary to the historic Chesterfield Heights 

neighborhood. 

 

Figure A-4: Existing Bank B 

The existing uppermost part of Bank B starts at a 6 foot elevation and slopes down to a 2 foot 

elevation. This area down to the upper limits of wetlands (ULW) will provide the riparian area 
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for the living shoreline on Bank B and only require cleanup of rubble and debris. The wetland 

includes a bank face as well as a mean high water planting area which begins at the ULW and 

drops to midtide. Beginning from the existing bank, the wetland extends 18 feet into the 

Elizabeth River. The entire wetland area is designed with an 8:1 (x:z) slope. This slope is 

common to living shoreline designs in with similar conditions and is within the recommendation 

of the Virginia Institute of Marine Science. Our preliminary design for Banks A & B only 

require the addition of wetlands and a marsh toe sill to the existing bank, thus fulfilling another 

one of our design goals to not cut back into the existing bank. 

 

Figure A-5: Bank B Design Cross Section 

As with Bank A, the wetlands for Bank B are designed to meet the proposed marsh toe sill at 

midtide (Figure A-5) so that the marsh grass and other plants will be sustained.  

Sill Design 

Normally a south-facing shoreline without major issues concerning fetch like the Chesterfield 

Heights shore would not need protection as strong as a sill. However, since this shoreline 

experiences frequent boat wakes from the passing barges in the nearby shipping lane, a marsh toe 

sill was included in our design. 

Our design for the marsh toe sills for both Bank A and Bank B follow the recommendations of 

the Virginia Marine Institute of Marine Science. Both sills meet their respective wetland at 
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midtide elevation. Our design follows a 

1:1.5 front facing slope (sill area 

adjacent to the wetlands), a 3 foot wide 

crest, and a 1:2 back facing slope. The 

crest of both sills are 1 foot higher in 

elevation than the mean high water 

(MHW) elevation but lower than the 

upper limits of wetlands (ULW) to provide erosion protection from waves.  

Sill A (Figure A-6) is the final addition to the living shoreline along Bank A and extends the 

entire cross-section of Bank A to 45 feet into the Elizabeth River. 

Sill B (Figure A-7) is the final addition to the living shoreline along Bank B and extends the 

entire cross-section of Bank B to 33 feet into the Elizabeth River. 

To allow for free-flowing movement between the wetlands and the river, 10 feet wide breaks will 

be established at six 92 foot intervals for 

Bank A and at three 117 foot intervals for 

Bank B. Incoming wave action at the sill 

breaks may cause localized crest erosion in 

the wetlands. To reduce this affect, we 

propose all sill breaks to be angled 60˚ 

parallel to each other. 

Pier 

Per request from the residents, a pier was included in the design. The pier is located at Majestic 

Ave and Chesterfield Blvd. This pier will be manufactured by a company and assembled on site 

Figure A-6: Sill A Cross Section 

Figure A-7: Sill B Cross Section 
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by the contractor. The pier is designed in two sections, the standing portion and the floating 

portion. The standing portion of the pier will be constructed from pressure treated wood. It will 

have a length of 68 feet and a width of 20 feet. The floating portion of the pier will be 

constructed from  pressure treated wood. It  will have a length of 10 feet and a width of 10 feet.  

Stormwater Outfalls 

Two storm water outfalls coincide with the designed living shorelines. By taking discharge 

capacity into account, it is necessary to protect this area from storm water spilling at a higher 

discharge rate and potentially ruining the integrity of the proposed living shoreline. By 

integrating Class A1 stone around the outfall opening will provide outlet protection by reducing 

the flow rate of storm water flows. Also, the team decided that class A1 ( see material report for 

details) stone is efficient enough to withstand disintegrating or weathering due to exposure to 

storm water. Recycled concrete or existing stone debris on site can be used to minimize cost. 

Filter cloth will be required to prevent earth fill underneath from moving into the riprap. The 

design of the riprap protection will vary on site locations.   

Materials 

Bank A: Sand Fill 

Sand material should contain no more than 5 percent passing the number 200 sieve and no more 

than 10 percent passing the number 100 sieve. The material shall consist of rounded or semi-

rounded grains having a median diameter of 0.6 mm (+/-0.25 mm) Based on our calculations we 

will need 74,010 ft3 of sand fill volume. 

Bank A: Top Soil 
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Fill material should be taken from an approved, designated borrow area. It should be free of 

roots, stumps, wood, rubbish, stones greater than 6 inches, and other objectionable materials. The 

amount of top soil needed would be 99 ft2. 

Bank A: Sill 

We assumed a two stone band across the top of the sill. Using this assumption, we calculated that 

area (or volume) of that and subtracted it from total sill. The remaining area (or volume) consists 

of core material.  

Total sill volume is 44,274.15ft3. Outer armor stone volume is 28420.7ft3. Core stone volume is 

15853.5ft3 . 

Total sill area is 52.21ft2. The outer armor stone area is 33.513 ft2. Core stone area is 18.7ft2. 

The chinking stone must be installed to prevent the larger stones from moving and causing the 

structure to fail. The total sill area would be 52.21ft2, volume of the sill would be 44,274.15ft3, 

and sill length would be 848.05ft. 

Quarry stone or broken concrete may be used for core material if it is already in place on the 

shoreline within the marine environment. Concrete core must be capped with stone on the 

channel ward side of the sill. Concrete cannot include exposed re-bar or other demolition debris.  

Mixture of Class 1 and Class 2 armor stone will be used for the outer layer of the sill, stone in 

class 1 shall weigh between 50 and 150 pounds and class 2 stones will weigh between 150 and 

500 pounds.  

Bank A: Fabric Cloth 

Filter cloth will be added under the sill to help present settlement of the sill. Five feet of cloth 

will be added to the total with of the sill to accommodate settlement of the sill into the sand. 35’ 

wide will be the width of the cloth. 
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Bank A: Plants 

Plants were selected using a salinity factor of 19 ppt based on  Elizabeth River conditions 

x MHW -      Spartina patens = 2511 
x MHW -      Spartina alterniflora = 2511 
x Bankface - Spartina patens  = 1409 
x Riparian -   Tall fescue  = 99ft2 

Bank B: Sand Fill 

Sand material should contain no more than 5 percent passing the number 200 sieve and no more 

than 10 percent passing the number 100 sieve. The material shall consist of rounded or semi-

rounded grains having a median diameter of 0.6 mm (+/-0.25 mm) Based on our calculations we 

will need 7317.5ft3 of sand fill for the volume 

Bank B: Sill 

We assumed a two stone band across the top of the sill. Using this assumption, we calculated that 

area (or volume) of that and subtracted it from total sill. The remaining area (or volume) consists 

of core material.  

Total sill volume is 27920.8ft3. Outer armor stone volume is 15967.7ft3. Core stone volume is 

11953.2ft3  

Total sill area is 68.02ft2. The outer armor stone area is 39.9ft2. Core stone area is 29.12ft2  

 The chinking stone must be installed to prevent the larger stones from moving and causing the 

structure to fail. The total sill area would be 68.02ft2, volume of the sill would be 27,920.8ft3, 

and sill length would be 410.48ft. 

Quarry stone or broken concrete may be used for core material if it is already in place on the 

shoreline within the marine environment. Concrete core must be capped with stone on the 

channel ward side of the sill. Concrete cannot include exposed re-bar or other demolition debris.  

Mixture of Class 1 and Class 2 armor stone will be used for the outer layer of the sill, stone in 
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class 1 shall weigh between 50 and 150 pounds and class 2 stones will weigh between 150 and 

500 pounds.  

Bank B: Fabric Cloth 

Filter cloth will be added under 

the sill to help present 

settlement of the sill. Five feet 

of cloth will be added to the 

total with of the sill to 

accommodate sinking of the sill 

into the sand. 35’ wide will be 

the width of the cloth. 

Bank B: Plants 

Plants were selected using a salinity factor of 19 ppt based on  Elizabeth River conditions 

x MHW -      Spartina patens  = 539 
x MHW -      Spartina alterniflora = 539 
x Bankface - Spartina patens = 719 

Permits 

The proposed living shoreline must satisfy local, state, and federal regulations. Figure 1 shows 

different permits are required for different sections of the living shoreline. Before finalizing any 

design calculations, the team had to make sure full compliance to the local government: City of 

Norfolk. The designers will need to conform to The Chesapeake Bay Preservation Act which is 

designed to protect  and improve the water quality of the Elizabeth River. The team proposes to 

install silt fence and the City of Norfolk suggested to incorporate biodegradable coir fabric to 

prevent erosions and help with  vegetation establishments. The team will be required to fill out a 

Figure A-8: Cross Sections of Bank A and B showing plantings 
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complete Water Quality Impact Assessment (WQIA) as a requirement for The Chesapeake Bay 

Preservation Act. This assessment will identify potential impacts on water quality especially on 

the Elizabeth River. The team designed the shoreline to minimized land disturbance by building 

out to the water. Mitigation plantings were carefully determined to maximize the full capability 

of the design living shoreline. Land disturbance application will be needed to document land 

disturbance that will occur within Resource Protection Areas and 100 feet buffer zone.  The 

existing conditions on the eastside of chesterfield heights could be problematic due to a high 

volume of vegetation. The amount of shade it could produce could eventually hinder the survival 

of the proposed plants. The team will maintain and develop full compliance with the City of 

Norfolk to determine what vegetation could be removed and reestablished (Landscape 

Restoration Plan). Building permits and the Joint Permit Application will need to be submitted 

prior to beginning of constructions.   

The commonwealth of Virginia imposes the submerged land permits to promote the safety of 

aquatic habitats and to determine state owned submerged land to avoid unauthorized claims of 

state property. Federal agencies are also involved in the permit process. The U.S Army Corps of 

Engineers and U.S Fish and Wildlife Service will have their own permit requirements to 

administer the Endanger Species Act. The regional permit 08-RP-19  under the U.S Army Corps 

of Engineers requires low breakwaters and submerges sills to be designed accordingly and to 

meet all the requirements enforced by Virginia Marine Resource Commissions.    

Overall, the proposed living shoreline will improve the existing condition without any effect on 

marine resources, water quality, and adjacent resources while maintaining full compliance to 

permits on all sectors. 
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Structural 
 

Design 1: Bridge Superstructure Design 

Precast Concrete Slab 

Bridges support massive materials and thus require strong materials in order to sustain the 

tension and pressure exerted by these external forces, be it hydro or mechanical forces. 

Evidently, concrete flat slabs exhibit quite a range of flexure behavior that always occurs 

because of the accommodated range of elasticity and the ultimate load. 

All proposed flooring application can be executed utilizing a precast component, from residential 

lodging to bridge decks. In any case, every framework has its particular area of usefulness for 

which it identifies and where its preferences are best used. Precast slab structures have various 

points of interest over ordinary cast in situ concrete. The essential cost sparing is that of time. 

The utilization of precast concrete considers quick access to the floor beneath. (Barker & 

Puckett, n.d.) 

Bar and block framework slabs have an outline that assumes the "T" segments with an in situ 

cast solid concrete giving the compression a flange and precast beam the strain support it 

requires. The beams and the composite slab are intended for particular spans and stacks and are 

strengthened in a similar manner, (consenting to the extraordinary Code of Practice.) Two or 

more beams or pillars may be set together to suit concentrated line burdens parallel to the 

compass. If considered necessary, the squares may be overlooked to build and reinforce the shear 

capacity. 
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Conclusively, the tubular voids that extend through the full length of the piece of precast 

concrete slabs with their width of 2/3-3/4 of the section. Make the part much lighter than a 

monstrous stiff concrete floor slab of same thickness or quality. The decreased weight is critical 

since it brings down the expenses of transportation and material costs. 

Precast concrete slabs are made in a factory under a controllable environment. In the factory, 

engineers focus on the quality and technology of making the slabs. The concrete slabs can’t be 

removed to the working areas until they are fully solid.   

The precast concrete slab has high quality, safety factors and it designed based on American 

specifications, AASHTO and VDOT. It has many shapes, in our case it is 30 feet long 

rectangular precast, 4 feet wide and depth of 1 foot (B-26). Using precast concrete will reduce 

construction time. 

Topping slab 

The topping slab is made of plain concrete and minimum steel rebar to prevent cracking in the 

concrete (B-27). This slab is a one way slab designed based on AASHTO, VDOT and ACI 

Specification. It helps to protect the precast concrete slab from corrosion and should be 

maintained every 20 years.  

The proposed topping slab is 60 feet wide, 30 feet long, and 9 inch depth (B-27). This slab has a 

2:1 ratio making it a one-way slab. This topping slab will hold sidewalks and barrier walls. 

Design 1: Bridge Abutment Design 

Previously discussed was the bridge superstructure in the bridge system, known as the 

structure atop the bridge bearing elevation. Next, in this section we would like to focus in 

another essential portion of the bridge which is the bridge substructure. However, we would like 
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to pay close attention to the substructure, known as the abutment and the important role it plays 

in our bridge design. According to AASHTO LRFD 2012 Bridge Design Specification 6th 

Edition, the abutment is a bridge substructure that holds the ends of a bridge span, and provides 

lateral support for the fill material on which the roadway lies adjacent to the bridge. The 

abutment is able to withstand all loads applied overtop of bridge and serves to distribute loads 

from the ends of the bridge to the ground. Another important aspect of this structure, is that it 

provides access to and from the bridge for both vehicles and pedestrians.  

In Figure B-1, we can view a cross sectional portion of the retaining wall abutment. Here 

we have at the top portion, where the bridge superstructure is seated, followed by the abutment 

back wall with anchor rods to support the bridge superstructure and number 6 rebar in the back 

wall design. Finally, on the bottom portion, the pile cap is depicted at an elevation of -2.25 ft.  

For our design, the retaining wall abutment was considered and reinforced concrete was the 

selected material for this substructure. We determined that utilizing only plain concrete was an 

unfit choice mainly because of the weaker properties it presents, such as, its inability to simply 

withstand tensile and shear stresses triggered by wind, earthquakes, vibrations, and various other 

forces. Once again, the great advantage that comes with reinforced concrete is the tensile 

strength of steel and the compressive strength of concrete, collectively functioning to permit the 

member to tolerate stresses over considerable spans. 

In order to carry out design calculations with respect to earth pressure, the City of 

Norfolk provided us with geotechnical information from a previous bridge design that was 

conducted right on Kimball Terrace. We specifically used the testing boring records GB-1 to 

calculate lateral earth pressures. After proper calculations were made, we found that at rest-earth 
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pressure for the retaining wall abutment was 599.2 psf, Rankine active earth pressure was 1263.3 

psf, and Rankine passive earth pressure was 6137.82 psf. 

Furthermore, calculations for the abutment design were made with reference to a sample 

design calculation report provided by Virginia Department of Transportation. In Figure B-2, we 

have depicted a cross section of the entire abutment wall for the east and west side of the bridge. 

The entire length of the abutment back wall is 60 ft., a width of 3.5 ft. and a height of 8.4 ft. The 

wing wall length is 1.5ft, wing wall width of 3.5 feet and a slope grade of 1%.  We determined 

the back wall moments and shears which were 164.24 ft.-kips for the positive moments, 205.3 

ft.-kip for the max negative moment, and 114.37 kip for the maximum shear. Our calculations 

also determined that we use #6 bars at 10 inch spacing and to use 8 bars in each tension layer. 

We also found that we should use 8, 7/8” studs on each side of the beam web for a total of 16 

studs. As for the design over hang and wing wall, we found that the width of the section resisting 

flexure to be 100.8 inches. We also determined 8 #8 bars at 9 inch spacing would be applied and 

that no stirrups were required since the shear in wing is less than the allowable shear stress in 

concrete. For further details on calculation refer to Appendix B. 

Design 2: Raised Road Design 

In opposition to Design 1 of a bridge structure, Design 2 proposes to raise the existing road via 

fill. The proposed road will be raised 5 feet from its current lowest point in elevation of 4.75 ft.  

As shown in Figure B-4, this project focuses on Kimball Terrace, intersecting the two roads: 

Forbes Street and Majestic Avenue.  The roadway span of focus is approximately 800 ft.  

Stations are placed at every 100 feet, as shown in Figure B-5. This figure also depicts the 
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existing road conditions.  The cross section shown is located at station 2+00, which correlates 

with the lowest point elevation point of 4.75ft.   

Road Profile 

Using the GIS elevations map, a road profile was drawn, as shown in Figure B-8.   The dotted 

lines display the existing grade of the road and the solid lines display the proposed grade of the 

raised road. Filling STA 2+00 to meet an elevation of 10 feet. The elevation of 10 will give an 

approximate 2 ft freeboard over the 100 year flood elevation of 8.1 ft. From the high point at 

station 2+00, the road will slopes down 2% to meet the existing elevation of 6 feet at Forbes 

Street. In order to acquire a slope of 0.125%  for drainage, as noted in the figure B-8, the existing 

road grades must be cut between STA 5+00 and STA 6+00.  

Proposed Road Design Cross Section 

Figure B-9 shows the proposed road cross section and Figure B-10 depicts the proposed road 

design plan. The proposed roadway features include: a 5 foot sidewalk, a 3 foot verge strip, curb 

and gutter, and guardrails. These features will be provided on both sides of the road.  All the 

standards for these proposed features and roadway pavement cross sections are in compliance 

with VDOT standards, as presented in Figure B-11.  The embankments on both sides of the 

proposed roadway will be at a 3:1 slope after the clearance from the proposed guardrails.  Given 

the high cost of using retaining walls structures to support the added fill, this design utilizes a 

simple slope embankment as a more cost effective design. Taking into account the new proposed 

road cross section, as well as the 3:1 slope of the embankment, calculation of the required 

volume of the fill for this project, were taken at  road cross sections were taken for every 50 feet.  

These calculations are shown in Figure B-9. The approximate volume of fill is 4,000 cubic yards.  

The type of fill and fill compaction requirements are in accordance to the ASTM D-698, 
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Standard Proctor Method.  This method consists of the fill being placed in horizontal loose lifts, 

8 inches thick prior to compactions and moisture conditioned to permit compaction of at least 

95% of the maximum dry density.   

We also propose the replacement of the existing 6’ x 3’ culvert with a boxed, 6’ x 6’ concrete 

culvert with angled wing walls.  The calculations in figures B-10 and 11 show that the proposed 

6’x6’ box culvert will be able to pass the design flow a 100 year rainfall event in the upstream 

watershed per FHWA and VDOT standards, while keeping the headwater elevation below an 

elevation of 5 feet. Multiple pipe and culvert configurations were calculated. The box culvert 

was selected because it is  preferred over multiple pipe installations, according to the VDOT 

Culvert standard.  

We proposed a variable backflow tidal gate, as depicted in figure B-15 be installed on the 

downstream opening of the culvert. This tidal gate will prevent backflow through the culvert 

during an extreme high tide event.  The raised road will act as an embankment; protecting the 

houses and wetlands on the upstream side from tidal flooding.  It is necessary to install the tidal 

gate to prevent excessive backflow through the culvert from flooding the wetland area above the 

elevation of 5 feet. This is necessary due to the fact  that the existing homes along the wetland 

are at elevation of 5 feet. The type of tidal gate design, as well as the variable sequence of its 

operation, is shown in Figure B-15.  A tide gate that allows backflow of salt-water from the river 

into the wetlands upstream of the culvert during normal tide cycles is critical to the health of the 

wetland grasses, which require salt water. If only fresh was from stormwater runoff is entering 

the wetland area, invasive wetland plants will overtake the tidally influenced wetlands.  Variable 

backflow tidal gates can be set to close at a predefined tidal elevation and will open allowing the 

upstream wetland to drain once the tide recedes under the predefined elevation. More extensive 
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hydraulic modeling of the wetland area and culvert would need to be performed using a program 

such as HEC-HMS to determine the impact on the flood plain since this culvert within the 

FEMA 100 year flood plain. 

A proposed curb and gutter along the roadway will provide effective drainage of stormwater 

runoff. Referencing Figure B-6, there is a stormwater pipe at structure #193.  Keeping in mind of 

the existing pipe, we propose to locate two drop inlets in alignment with that pipe.  Figure B-16 

illustrates this proposed drainage pattern.  The new drop inlets will be a VDOT Type 3B 

specification (Figure B-17) due to the 2% slope of the proposed road.  Type 3B is used on grade, 

meaning the natural grade of the road will allow the water to flow into it from one side.   

Furthermore, we propose to keep the existing stormwater pipe between the two proposed inlets at 

15”, and proposing a new 21” stormwater pipe to replace the existing pipe.  To minimize cost 

due to excavation of roadway elements, we suggest that the 15” pipe under Kimball Terrace be 

reused. The remaining runoff from the other eastern side of the highpoint will flow into the 

existing inlets located along Majestic Avenue.  Erosion and sediment control plan features 

relevant to the construction of the proposed raised road can be found in Figures B-18 to B-20. 

Existing Manhole, Power Line, and Driveway Adjustments: 

Currently there are overhead power lines along this roadway.  Coordination with Virginia 

Dominion Power would be required to relocate this existing infrastructure. Additionally, there 

are two driveways along Kimball Terrace that will be affected with the proposed road fill.  These 

existing driveways should be adjusted to match the proposed grade of the road.  There are 

currently two sanitary sewer manholes that exist on Kimball Terrace, as shown in Figure B-22.  

It is necessary to coordinate with the City of Norfolk Public Utilities to if the addition of fill 

would hinder their utility.   
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Comparison & Recommendation 

It is our recommendation that we raise the road at Kimball Terrace in lieu of the bridge structure. 

This is due to the fact that not only is it the most cost-effective option, but it is also the most 

time-efficient option in regards to construction. Even though the bridge structure is designed for 

a 75-year life span, there is no reason to believe that the road fill design will not last as long, if 

not longer. Also the road fill design has an option for flood gates, where as the bridge structure 

will need a revised plan demonstrating the proposed gates, therefore adding cost.  
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Stormwater 
 

Modeling & Analysis 

Figure 1: EPA SWMM Model Map Inlet Node Flooding During SCS 10-Year Frequency Rainfall with City of Norfolk Standard 

Tailwater of 1.7’ NAVD 88 

Existing site conditions identified as important to the function of the stormwater drainage in the 

neighborhood include the following. The existing clay stormwater trunk lines were installed in 

the 1920’s and 1930’s, and EPA SWMM modeling results indicate that based on the pipe and 

drainage structure data from the city's GIS database, the lines are undersized to convey the City 

of Norfolk standard design storm of a 24 hour 5.53” SCS-Type II 10 year frequency rainfall 

event with a standard outfall tailwater elevation of 1.7 feet NAVD 88 set as the outfall boundary 

condition. The drainage area map associated with the EPA SWMM models is referenced in 

Appendix C-7. Model results show that flooding would occur at inlets along both the Majestic 

Ave. and Norchester Ave. trunk lines, with the worst flooding occurring in the most upstream 

inlets of the system along Kimball Terrace and Stanhope Ave. Figure 1 above shows the inlets in 
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red where flooding occurred in the model during the time of peak rainfall. The EPA SWMM 

model results depicting the existing conditions can be referenced in the Appendix C-8. All 

models for each scenario in this report are provided on the attached flash drive. Assumptions 

made during modeling for this project are listed below.  

Modeling assumptions for this preliminary report were as follows, pipe and structure data was 

taken from city GIS data, and full survey of the drainage system will be required to more 

accurately model the neighborhoods stormwater network. Drainage areas were determined by 

using the City of Norfolk Master Drainage Plan, and impervious area delineation was determined 

from aerial imagery. The model does not take into account the routing of excess stormwater 

runoff bypassing surcharging inlets. Flooding is represented only by the volume of water, which 

would pond at each inlet or manhole, based on the assigned assumed average ponded area of 

2,500 square feet per structure. This method depicts only the volume of flooding and does not 

show the extent of the area which would contain ponding on ground surface around the inlet. 

Future modeling will include detailed topographic survey of roads so that accurate ponding areas 

and determination of bypassing flow diverted to other inlets can be incorporated into the model. 

Calibration of the EPA SWMM model will be required to compare observed flooding from 

various historic storms to the flooding depicted in the models such that the model results can be 

verified. Pipe condition will need to be assessed during survey, for the model all pipes were 

depicted as having full capacity and standard Manning's n value of 0.013.  These values would 

require field verification. Groundwater was not modeled considering the preliminary and 

conceptual nature of this report.  
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The existing stormwater network outfalls into the Elizabeth River at elevations below mean tide, 

thus creating the situation that the outfalls are submerged a majority of the time. This creates a 

tailwater condition that impacts the overall capacity of the pipe system and allows for backflow 

into the stormwater trunk lines during high tide events. Figures 2 & 3 above show the outfalls 

partially submerged at low tide conditions. As sea levels rise, this impact will increase as the 

tailwater increases.  

 

Figure 2 & 3: Norchester and Majestic St, stormwater outfalls at low tide conditions. 

Figure 4: NOAA Historic Tide Gauge Data Sewells Point. 
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Estimations of sea level rise based off of historical tide gauge data from Sewells Point, 

Norfolk indicate a projected 1.5 foot rise in sea level over the next 50 to 75 years. See figure 4 

above for NOAA tide gauge chart. This sea level rise was taken into account  

 

during the modeling of existing conditions to assess how the system would perform under this 

added stress of sea level rise. Models indicate that this rise in tailwater to 3.2 feet NAVD 88, 

representing a 1.5 foot sea level rise, would increase flooding in the neighborhood during the 

standard 10 year frequency rainfall event when compared to the model with the current city 

standard tailwater conditions. It was shown that the increase of flooding volume is minimal when 

compared to the extent of the volume of flooding shown in the modeling of the existing pipe 

network with standard tailwater elevation set as the outfall condition. It was also shown that the 

Figure 5 & 6: Poor drainage patterns along Marlboro 
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duration of flooding would increase with the increase of tailwater. The model indicated that the 

drainage inlets flooding during the 10-year rainfall event would stay flooded for over an hour 

after the peak rainfall has past with the increased tailwater condition. This is a longer flooding 

duration than result from the model with current city standard tailwater condition.  

Other existing conditions noted as having potential impact on the drainage of stormwater include 

curb and gutter which are not in optimal condition to allow for the efficient flow of stormwater 

to the intersection containing drainage inlets. Figure 5 above represents these sags in the gutter 

that allow ponding in the street. Poor drainage patterns also exist at the end of Chesterfield Blvd. 

and Marlboro Ave., where ponding frequently occurs during rainfall events see figure 6 above 

for an example of this ponding. These photographs referenced in Figures 5 through 8 were taken 

during a 1.83 inch rainfall event the afternoon of April 14, 2015.  

 

  

Figure 7 & 8: Clogging of grate inlets during rainfall event. 
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Grate inlets at the intersections were also noted as a potential cause of drainage problems. These 

grate inlets can become easily clogged with trash and debris, see figures above for evidence of 

this clogging. In Figure 7, the debris is acting as a dam, preventing the flow from the gutter pan 

from entering the inlet. Where these grate inlets are in sag, Figure 8, this effect is intensified and 

localized flooding could potentially occur if the grate becomes completely blocked.  

To solve the issues of flooding from rainfall events in the neighborhood and provide treatment of 

the stormwater runoff in the neighborhood, low impact development stormwater (LID) practices 

were designed to limit the amount of stormwater flowing to the existing aged and undersized 

stormwater trunk lines. By slowing down runoff, allowing it to be infiltrated, and storing 

stormwater runoff in these practices, stress can be taken off of the existing stormwater network.  

This also allows for stormwater runoff treatment to Virginia Department of Environmental 

Quality (DEQ) standards for Phosphorus and Nitrogen removal via Runoff Reduction methods of 

stormwater management. The three main methods of LID proposed for the neighborhood are 

urban bioretention, pervious pavers, and rooftop disconnection. Along with these proposed 

improvements, the addition of backflow prevention on the stormwater outfalls in the form of 

TideFlex Check Valves is also recommended. Additionally, it is proposed that existing 10 and 12 

inch stormwater laterals that connect the stormwater inlet structures to the trunk lines are 

replaced with a minimum of 15 inch diameter pipes to allow for more flow during high intensity 

rainfall events and to lessen the potential for clogging of the stormwater lateral pipes from 

debris.  
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Figure 8: EPA SWMM Model Map showing reduction of flooding volume During SCS 10-Year Frequency Rainfall with 

3.2’ NAVD 88 Tailwater Condition at Outfalls 

These LID improvements were incorporated into the EPA SWMM model of the neighborhood to 

determine the reduction of flooding from the implementation of these practices. The EPA 

SWMM model results for the LID retrofits can be referenced in Appendix C–9. Figure 8 above 

shows the decrease in flooding at drainage inlets from the LID practices, which rely on storing 

and infiltrating the stormwater runoff. Rooftop disconnection was not modeled and all 

impervious areas were designated to the LID practices of Bioretention and Pervious Pavers to 

simulate infiltration of runoff from these areas. The LID stormwater practices would be 

implemented such that “treatment trains” would be created. This means that multiple practices 

would be used in series in a single drainage area to increase the amount of runoff being reduced 

before it enters the stormwater network and providing storage of stormwater during extreme high 

tide events where the pipe system is at full capacity. It will also allow for the maximum amount 

of phosphorus removal from the stormwater runoff, which is important to the health of the 

Elizabeth River and Chesapeake Bay. Decreasing the amount of phosphorus in stormwater 

runoff will also benefit the water quality of the Elizabeth River and the City of Norfolk as the 
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EPA moves to enforce strict Total Maximum Daily Loads on the amount of phosphorus being 

discharged into the Chesapeake Bay. This design will remove approximately 18 pounds of 

phosphorus per year discharging into the Elizabeth River.  

Modeling was also done of the 2009 Nor’easter Nor‘Ida to determine the impact of the LID’s on 

flooding during a historical storm event. The storm event consisted of over 7 inches of rain over 

a two day period and tide elevations over 6 feet NAVD 88. Flooding volumes were shown to be 

extreme under the existing conditions matching resident’s testimonies. Addition of LID’s in the 

model reduced flooding volumes during the storm in the neighborhood by over 90%. Model 

results for the 2009 Nor’easter simulation can be found in Appendix C-9.  

The main goal of flood reduction design of the LID’s is to keep ponding at intersections and 

roadways to a minimum and contain all ponding in the gutter pan and bioretention areas. This 

design can be effective due to the sandy type B soils which have a higher than 0.5 inch per hour 

infiltration rate. These soil conditions are found in the majority of the neighborhood as identified 

in the USDA soil survey. This design does not rely on underdrains in the pervious pavers or 

bioretention areas, but full geotechnical investigation and soil borings at each LID practice 

location would need to be performed to verify soil infiltration rates and groundwater levels 

before final design is completed. If infiltration rates were found to be less than DEQ standards of 

0.5 inches per hour from soil borings, then underdrain systems would be required for LID 

practices. These LID practices proposed for the neighborhoods have been broken down 

individually in regards to function, design and maintenance for future application to Chesterfield 

Heights. 
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Low Impact Development 

Bioretention Filtration Systems 

 

Bioretention areas, or more specifically micro bioretention cells, are tasked with providing more 

pervious space in highly impervious areas. These Bioretention areas are usually in a landscaped 

area in a slight depression where the water is influenced and then allowed to infiltrate. There is 

an area in our designed cells that allow the water to pond from 6” to 12” during storm events. 

The plants and filtration layer help filter many pollutants before the water is discharged back into 

the Elizabeth River. Having alternate places for the water to go helps with decrease flooding 

issues in Chesterfield Heights. Much of the water is filtered through the ground and never makes 

it into the stormwater system.  Most bioretention systems have an underdrain, but that is not 

required in this neighborhood due to the well-drained soil. Bioretention systems are comprised of 

vegetation in a layer of mulch or top soil, a filtration layer made of mainly sand soil and organic 

Figure 18: Typical Urban Bioretention at Neighborhood intersection. 

 

Figure 18: Typical Urban Bioretention at Neighborhood Intersection 
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material, an underlying stone aggregate reservoir layer, and a choking or small stone separation 

layer. 

Location 

The Bioretention cells are proposed to be at most intersections along Majestic Ave. and 

Norchester Ave. See Appendix C-17 for a map of LID locations.  We have identified these 

locations as appropriate for bioretention systems in the neighborhood because the soil is 

classified as type B. Figure 18 shows a typical application of the Bioretention practice at a low 

traffic volume intersection.  

A cross-section that depicts the bioretention cells on both sides of the road is shown in Figure 9.  

This figure also shows the pervious paver sidewalk which will run adjacent to the cells. Not 

pictured are the periodic curb cuts in the outer wall of the bioretention cell which will allow for 

flow into the cell.  The cell widths will be between 6 and 8 feet. This will allow for the minimum 

VDOT specified lane width of 9 feet to be met.  

 

Figure 9: Cross-Section of Bioretention Cells with road and sidewalk included. 

Design Specifications 

The preliminary design for the bioretention cells was created in reference to the Virginia 

Department of Environmental Quality (DEQ) Stormwater Design Specifications No. 9 

(Appendix C-10). All of the bioretention cells installed in the road were designed to the Level 1 

Standard, and the bioretention basin at the west end of Marlboro St. was designed to a Level 2 



Page 41 of 62 

 

design. Charts listing all of the design criteria can be seen below. A design spreadsheet with 

sizing and design calculations is located in Appendix C-11. 

 

 

Table 1: Design Criteria: VA DEQ Design specification No.9 
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Bioretention Cells 

Cross sections for the bioretention cells and the bioretention basin are in Figures 10 and 11. The 

proceeding sections will cover each individual layer for the bioretention in more detail. For all 

stormwater cross-sections refer to Appendix C-12.  

 

Figure 10: Bioretention cells at the intersections. 

 

Figure 11: Bioretention basin at the west end of Marlboro. 

Vegetation Layer 

The plants proposed in both bioretention filtration systems are going to be compromised of 

various shrubs and grasses. These plants must be semi resistant to salt water due to the 
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neighborhoods location adjacent to the Elizabeth River, a brackish body of water. Below is a 

chart, Table 2, with several Virginia DEQ recommended plants that are all native to the area. 

Plant spacing varies depending on the size of the plant. It is the goal to achieve 80% cover within 

the first 3 years of planting. For most of the plants the spacing will be 12 to 24 inches on center 

depending on plant size. 

 

Table 2: VA DEQ Suggested Plants: VA DEQ Design specification No.9. 

Mulch Layer 

There should be a 2 to 3 inch layer of mulch above the filtration layer; this will allow for a 

greater chance of plant survival and reduce the chances of weeds. The mulch will also act as a 

pre-treatment filter before the water reaches the filtration layer. 
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Filtration Layer   

The filtration layer is the key component in pollution removal, this layer is comprised of 85%-

90% Sand, 8%-12% fine soils, and 3%-5% organic leaf composite material. Design volume 

should have an extra 10% material to allow for settlement. The filtration media this layer should 

range from 24 to 28 inches, depending on the size of the contributing drainage area. 

Storage layer 

The storage layer acts as a reservoir that can store excess stormwater and allow it to infiltrate 

when the soil conditions allow. The recommendation for this layer is a 1-inch clean washed 

gravel. The most common would typically be ASTM D448 No. 57 stone. The void ration for No. 

57 stone is on average 0.4 providing a large storage volume. The storage layer will be between 

12 and 24 inches, depending on the size of the contributing drainage area and groundwater 

conditions.  

Choking Layer 

The choking layer is located near the bottom of the engineered trench and separates the sand 

layer from the storage layer. The void ratio in this layer is much smaller than that of the storage 

layer.  This prevents sediment from getting into the storage layer. This layer is made from clean 

washed ASTM D448 No. 8 or No. 89 stone.  This layer will be a constant 2 inches regardless of 

the bioretention system’s location. The choking layer also includes the sand layer which is the 

last layer in the engineered trench.  

Differences Between 2 Types 

The bioretention system that is located at the western end of Marlboro Ave. is only level 2 

system in our design. This system will include an outfall into the river as well as a catch basin to 

collect water higher than the staging height of 6 inches. The outer edges of the trench will be 



Page 45 of 62 

 

sloped 3:1 and the sloped area will have a geotextile liner with an infiltration rate >110 

gal/min/ft2. 

The Level 1 bioretention systems throughout the rest of the neighborhood will have a concrete 

wall lining about 6 inches thick on all sides except on the bottom to allow for infiltration. The 

roadside cells will have curb cuts to influence the water into the cell. Once the water has staged 

higher that the allowable staging height, the water will spill over a weir and will go directly into 

the nearest stormwater inlet structure. 

Construction Cost 

The total cost of the bioretention systems is just approximately $300,000. This estimate does not 

include the option or informative plaques around the bioretention areas. A detailed estimate is 

located in Cost Estimation Section. 

Maintenance  

For successful bioretention systems maintenance is critical. The first year should include an 

initial inspection after 6 months making sure that plants are successfully growing in the 

environment. Watering is required once a week for the first 2 months. Optional steps include 

once a year fertilization, removal and replacement of dead plants, and weeding. It is highly 

advised that spring maintenance and cleaning be done yearly along with regular cleaning. 

Periodic inspections for erosion in these systems should be performed. With a highly invested 

interest in their own neighborhood, the residents of Chesterfield Heights should easily be able to 

accomplish the regular maintenance needed for these systems to function.    

Performance 

Though there is no way to measure the exact flood mitigation capabilities, but the average annual 

runoff reduction is estimated to be 40%. These expected performance of these systems is 
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represented in the standard Virginia Runoff Reduction Spreadsheets provided in Appendix C-14. 

Annual Phosphorus and Nitrogen removal associated with this practice are approximately 55% 

and 40% respectively. The Pollutant removal increases for the Level 2 system with the annual 

Phosphorus and Nitrogen removal at approximately 90% and  60% respectively.  

Pervious Pavement Parking Areas and Sidewalks 

Description 

Pervious pavement, or permeable pavement, is an alternate paving surface that allows 

stormwater runoff to filter through voids in the pavement surface to a reservoir underneath.  It 

promotes a high degree of runoff volume reduction and treats runoff from impervious streets, 

sidewalks, and driveways.  The basic structure of pervious pavement consists of a surface 

pavement layer, an underlying stone aggregate reservoir layer, and a filter layer on the bottom. 

Location 

The pervious pavement parking areas and sidewalks are recommended to be located throughout 

the Chesterfield Heights neighborhood, see Appendix C-17.  A typical cross-section of the 

pervious parking areas and sidewalks is shown in Figure 12.  Pervious sidewalks on each side 

will be 4 feet wide per ADA Design Requirements.  Each side of the pervious parking areas will 

be 7 feet wide, allowing for 9 feet to 11 feet lane widths.  Lane width will depend on the location 

in the Chesterfield Heights neighborhood. 

 

Figure 12: Cross-section of pervious parking areas and sidewalks. 
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Design Specifications 

The preliminary design for pervious parking areas and sidewalks were made using the Virginia 

DEQ Stormwater Design Specification No. 7 (Appendix C-15).  The Level 1 baseline permeable 

pavement design was chosen for the preliminary design.  Criteria for Level 1 pavement design 

were as follows: 

1. The volume reduced by an upstream BMP,       
   

2. Soil infiltration is less than 0.5 in/hr 

3. CDA = the permeable pavement area plus upgradient parking, as long as the ratio of 

external contributing area to permeable pavement does not exceed 2:1 

A factor of safety of 3 was used in the pervious pavement parking areas and sidewalk 

preliminary design, allowing for the minimum vertical distance of 2 feet between the bottom of 

the pervious pavement section and the seasonal high water table.  Two assumptions were also 

made in the preliminary design of the pervious parking areas and sidewalks: 

1. All roof drainage is disconnected. 

2. All managed turf is not treated by the pervious pavement. 

Pervious Parking Areas and Sidewalk Design 

Cross-sections for pervious parking areas and sidewalks are shown in Figures 13 and 14, 

respectively.  The following sections will cover each layer of the pervious pavement design in 

more detail and additional cross-sections can be found in Appendix C-12. 
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Figure 13: Cross-section of pervious parking areas design. 

 

Figure 14: Cross-section of pervious sidewalk design. 

Pavement Layer 

There are three major pervious pavement types: porous concrete, porous asphalt, and pervious 

pavers.  Pervious pavement type is chosen by site-specific design factors and its intended use.  

For both applications of the parking areas and sidewalk, pervious pavers were selected.  

Specifically, pervious brick pavers were chosen for the pervious parking areas in order to 

coincide with the historic brick roads on Marlboro Avenue.  These pervious pavers can be used 

for micro-scale and small-scale paving applications such as sidewalks and small parking areas.  

The pavement thickness of pervious paver layer is 3 inches. 

Bedding  Layer 

A bedding layer is located underneath the pavement layer and above the reservoir layer.  It is 

recommended that ASTM D448 No. 8 stone, 3/8 inch to 3/16 inch in size, be used for the 
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bedding layer and should be free of all fines, allowing for void space.  The void space between 

the stones allow for stormwater runoff storage. 

Reservoir Layer 

The reservoir layer provides the main storage for stormwater runoff that has filtered through the 

pervious pavement surface.  It is recommended that ASTM D448 No. 57 stone, 1 ½ inch to ½ 

inch in size, be used for the reservoir layer.  The void ratio (  ) for No. 57 stone is 0.4, allowing 

for a significant amount of stormwater runoff to be stored in the layer. The thickness of the 

reservoir layer is determined by stormwater runoff storage needs. 

Equation 1 was used to determine the depth of the reservoir layer in feet, assuming runoff fully 

infiltrates into the underlying soil.  The depth of the reservoir layer varied between locations in 

the Chesterfield Heights.  Calculations for reservoir layer depth in each drainage area can be 

found in Appendix C-13. 

   
                  

  
 

Equation 1 

Although Level 1 Design requires an underdrain, the use of an underdrain is not included in this 

design due to the USDA Type B Soils located in Chesterfield Heights.  According to USDA 

surveys, the sandy soils in the area have a high infiltration rate of 45.36 inches per day or 1.89 

inches per hour.  This infiltration rate exceeds 0.5 inches per hour and allows for full infiltration 

of runoff.  Soil borings are recommended to affirm the need of an underdrain. 

Filter Layer 

The underlying native soil is to be separated from the reservoir layer with a choking layer and a 

coarse sand layer.  The 2-inch choking layer is made of ASTM D448 No. 8 stone.  The coarse 
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sand layer is 6 inches.  The filter layer serves as a boundary between the native soil and the 

reservoir layer and prevents sediments from coming back into the reservoir layer. 

Construction Cost 

The total construction cost for pervious parking areas and sidewalks is approximately $500,000.  

A detailed cost estimate can be found in Cost Estimation Section. 

Maintenance 

Maintenance is crucial for the long-term performance of pervious parking areas and sidewalks.  

The most frequent maintenance problem is surface clogging caused by sediment and organic 

matter.  It is recommended that periodic vacuum sweeping be done twice a year by the City of 

Norfolk.  The frequency should be adjusted according to the deposition rate on the pervious 

pavement surfaces. 

Performance 

Pervious pavement promotes runoff volume reduction and nutrient removal.  In a Level 1 

Design, pervious pavement is expected to reduce total phosphorous and total nitrogen mass loads 

by 59 percent. The performance of these systems will be represented in the standard Virginia 

Runoff Reduction Spreadsheets provided in Appendix C-14. 

Rooftop Disconnection 

Rooftop disconnection (RD) is a sustainable best management practice (BMP) that reduces 

stormwater from residential lots.  It directs runoff away from impervious streets, storm drains, 

and streams, and redirects it to pervious landscaped areas.  The redirected runoff gets infiltrated, 

filtered, treated, or reused prior to entering storm drains.  This strategy reduces runoff volume 

and controls pollutants near their source. 
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Figure 15: Diagram of water flow with simple rooftop disconnection. Source: “Urban Nutrient Management Handbook,” 

VCE publication 430-350. 

There are two types of rooftop disconnection.  This first is simple rooftop disconnection, which 

is accomplished by cutting the downspout and redirecting it to a pervious area, such as a lawn, to 

infiltrate.  The second type of rooftop disconnection is disconnection in which runoff is diverted 

into other best management practices, such as bioretention or cisterns.  Figure 16 shows both 

simple rooftop disconnection and disconnection with alternative runoff reduction options. 

Simple rooftop disconnection limits the contributing roofshed to a maximum of 1,000 square feet 

per downspout and the longest overland flow path after disconnection to 75 feet to allow 

infiltration.  Simple rooftop disconnection also requires the use of screens for pretreatment to 

prevent leaves and other organic material from entering gutters. 
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Figure 16: Rooftop Disconnection and alternative runoff reduction options 

Source: “VA DEQ Stormwater Design Specification No. 1” 

For the Chesterfield Heights neighborhood, it is recommended that the residents use simple 

rooftop disconnection on a lot-to-lot basis.  Specifications for this stormwater practice can be 

referenced in the VA DEQ Stormwater Design Specification No. 1 in Appendix C-16. 

Yard Cisterns 

Yard Cisterns that were developed by a Hampton University architect student, Willie Parks, can 

also be incorporated with rooftop disconnection.  Stormwater runoff can be piped directly into 

the yard cisterns.  The yard cisterns hold between 25 to 60 gallons of water.  Additionally, these 

cisterns can be fitted with plants.  The cisterns reduce the amount of runoff coming into the 

storm drain by holding back the stormwater and releasing it into the yard slowly. 
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Figure 17: Hampton University Architect Student yard cisterns model. Source: Willie Parks 2015 

Maintenance and Cost 

Maintenance for simple rooftop disconnection is relatively easy and can be done by the 

Chesterfield Heights residents.  Maintenance for rooftop disconnection includes periodic 

mowing, other landscaping, and periodic inspection for clogging. 

At less than $100 per downspout for materials and labor, the cost for simple rooftop 

disconnection is also relatively inexpensive. Those Chesterfield Heights residents that are unable 

to afford rooftop disconnection may be able to receive financial support from the Elizabeth River 

Project’s River Star Homes Program.  This program can provide up to $2000 for this type of 

residential project. 

Performance 

The proper design and maintenance of rooftop disconnection reduces stormwater runoff rates and 

reduces the amount of pollutant mass.  In the Chesterfield Heights neighborhood where soils are 

USDA Soil Type B, rooftop disconnection is expected to reduce annual runoff volume by 50 

percent.  The total phosphorous and total nitrogen mass loads are also expected to be reduced by 
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50 percent.  The performance of rooftop disconnection is represented in the Virginia Runoff 

Reduction Spreadsheets provided in Appendix C-13. 

Utilities 

With the major upgrades to the community’s stormwater management, comes the question of 

how to address the aging infrastructure of both sanitary and potable water lines; should it be 

replaced or rehabilitated?  Municipalities all over the world are plagued with these questions and 

the correct answer lies within the research that has been done on the particular line segments of 

study.   There are many factors that determine whether a sanitary line or water line is upgraded, 

replaced, or rehabilitated.  The pipes material plays an important factor  in determining  the most 

effective rehabilitation techniques. Pipes should be fully assessed before determining overall 

condition.  

The types of materials used for pipe rehabilitation can be categorized as being polymeric or 

cementitious.  Materials of the polymeric family include: polyester resin concrete (PRC), 

polyethylene (PE), polyvinylchloride (PVC), and glass reinforced plastic (GRP).  Materials of 

the cementitious family include: glass reinforced concrete (GRC), spray on concrete (commonly 

known as shotcrete), and ferrocement. When making the proper rehab decision based on these 

two categories, consideration of the service life, durability, cost, corrosion factor, and chemical-

microbiological resistance should be made. 

4” Cast Iron Pipe (Water) 

In 1929, a 4” cast iron pipe water line was put into service by the city along Marlboro Avenue. 

With the proposal of upgrading the current aging stormwater lines to increase the overall system 

capacity and adding low impact development stormwater practices, the cast iron pipe on Kimball 
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Terrace needs to be assessed.  As discussed earlier, age and pipe material play a major role in 

rehabilitation; before making any type of recommendation our group is suggesting that city look 

further into their historical records and assessments on the existing 4” cast iron pipe.  

Determining if the existing pipe has had any major problems prior to this study is vital because it 

will be the deciding factor on what type of assessment is chosen.  It is estimated that cast iron 

pipes can last up to 120 years.  Under the assumptions that the city has not found any type of 

major issues and concerns with the water line, it is our recommendation that this water line be re-

assessed by the year 2039,  approximately 10 years before the predicted end of service life. If the 

city does discover that the water line has had a number of issues, decisions must be made on 

whether  spot repairs, section repairs, or full pipe replacement is required.  

8” Inch PVC (Sanitary) 

Recently in 2013, the City of Norfolk installed an 8” PVC sanitary sewer line at the beginning of 

Majestic Avenue to Kimball Terrace. The sole purpose of this pipeline is to serve this section of 

the neighborhood as the main sanitary transmission line. Because this line serves as a sanitary 

line and is gravity, our group has to account for the possibility of current (if any) infiltration and 

inflow (I&I) that may create future hydraulic inefficiencies.  If it is discovered that there are 

reports of I&I we recommend that the city immediately look into controlling the source.  By 

doing this the root of the problem is contained from the beginning and any type of rehab chosen 

for the particular segment will prove to be more effective than if the possibility of I&I were not 

considered at all.   

We  propose that the city look into CCTV inspection to view the overall condition of the 8” PVC  

sanitary line. While we have no issues with the city’s choice of material, we are recommending 
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that the city look into gradually expanding the diameter of this line at each side street connection 

to increase the overall flow capacity. 

12” Cast Iron Pipe (Sanitary) 

In 1924, the City of Norfolk installed a 12” cast iron pipeline along Kimball Terrace that runs 

from Filer Street to Majestic Avenue.  Our group proposes that the city implement a plan similar 

to that of the 4” water transmission line that has been proposed previously. Additionally, the city 

should investigate the possibility of I&I along this line. Considering the date of installation, we 

can estimate that cast iron pipe should have a service life of about 120 years due to its 

construction.  In the event that there are no reports of major issues with the sanitary line we are 

suggesting that the line not be reassessed until 10 years prior to its suggested end of life date.  

Only then at that particular point in time are we suggesting the city implement a full pipe 

replacement for this segment.  On contrary, if the city discovers that there are major issues with 

this sanitary line a full replacement will be proposed since it will be the most economical and 

social solution.  
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Cost Estimate 
Living Shoreline 

 

Structures 

Design 1: Bridge 

Item Name VDOT Name Quantity Units $/Unit Cost
Core Stone (Recycled Concrete) 1,632.89 SY 0 0
Armor Stone Class 1 Dry Rip Rap Class I 6,148.01 Tons 25.00$       153,700.13$             
Armor Stone Class 2 Dry Rip Rap Class II 9,473.34 Tons 25.00$       236,833.54$             
Spartina Patens 3,769.00 EA 0.65$         2,449.85$                  
Spartina Alterniflora 3,050.00 EA 0.70$         2,135.00$                  
Fabric Cloth Geotextile Fabric 4,046.00 SY 1.85$         7,485.10$                  
Fine Course Grain Sand Topsoil Class B 952.52 CY 21.00$       20,002.92$                
Top Soil Topsoil Class A 1,841.70 CY 24.50$       45,121.65$                
Silt Fence Temporary Silt Fence 1,256.00 LF 0.24$         301.44$                      
Tall fescue Grass 11.00 SY 2.25$         24.75$                        
Concrete Hydraulic Cement Concrete Class A3 3.45 CY 90.00$       310.50$                      
Floating Pressure Treated Wood Pier 100.00 SF 28.50$       2,850.00$                  
Pressure Treated Wood Pier 1,360.00 SF 27.50$       37,400.00$                
Benches 4.00 EA 150.00$    600.00$                      
Trash Receptacles 4.00 EA 400.00$    1,600.00$                  

510,814.88$             
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Design 2: Raised Road Design 

Shown in Appendix B-23 is the cost estimate of project solution #2.  There are a few 

extra features, such as the street lights, that are allocated in the cost estimate that can be removed 

for additional savings.  Calculations for converting the amount of surface, base, and sub-base 

needed to tons are found in Figure B-24.  As shown, there’s also a 10% contingency in this cost 

estimate and inspection fee.  The cost of the culvert also allocated for pumping if needed.  

 

 

 

 

 

 

Quantity Unit Materials Rate Materials Cost Labor Rate Labor Cost
Piles 2340 VLF 40.50$              94,770.00$       5.25$                 12,285.00$        
Pile Caps 68.4 CY 350.00$            23,940.00$       390.00$             26,676.00$        
Abutment walls 1027 CY 298 306,046.00$     196.00$             201,292.00$      
Precast Slab 15 Ea 510.00$            7,650.00$         660.00$             9,900.00$          
Topping Slab / Deck 1740 SF 5.45$                9,483.00$         1.85$                 3,219.00$          
Sidewalk 750 SF 9.10$                6,825.00$         8.60$                 6,450.00$          
Railing 31 LF 300.00$            9,300.00$         25.00$               775.00$             

458,014.00$     260,597.00$      

Equipment Rate Equipment Cost Total Rate Total Cost Incl O&P Rate Incl O&P Cost
3.29$                          7,698.60$         49.04$        114,753.60$     50.50$              118,170.00$      

42.50$                        2,907.00$         782.50$      53,523.00$       1,025.00$         70,110.00$        
21.50$                        22,080.50$       515.50$      529,418.50$     655.00$            672,685.00$      

-$                  1,170.00$   17,550.00$       1,404.00$         21,060.00$        
0.47$                          817.80$            7.77$          13,519.80$       9.35$                16,269.00$        
2.20$                          1,650.00$         19.90$        14,925.00$       25.50$              19,125.00$        
1.10$                          34.10$              326.10$      10,109.10$       370.00$            11,470.00$        

35,188.00$       753,799.00$     928,889.00$      

Kimball Terrace Bridge Cost Estimate 
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Stormwater 
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Overall Conclusions & 
Recommendations 

 

Our designs for the Chesterfield Heights neighborhood included three aspects: building a living 

shoreline, raising the low-lying road, and redesigning the neighborhood stormwater management 

practices. Our recommendations for the Chesterfield Heights neighborhood are as follows: 

x It is our recommendation that the living shoreline be built. 

x Two solutions were presented in order to raise the low-lying road on Kimball Terrace: a 

bridge design and a fill and road raise design.  It is our recommendation that the fill and 

road raise design would be most suitable. 

x The designed low impact development stormwater management practices were compared 

to the complete pipe replacement.  It is our recommendation that the low impact develop 

stormwater management practices is installed. 

In conclusion, the Civil and Environmental Engineering students at Old Dominion University 

and Architecture students of Hampton University believe that our designs for the Chesterfield 

Heights area can successfully accomplish the three main objectives presented at the beginning of 

the report.  The living shoreline design and stormwater management practices can maintain the 

beauty and integrity of the historic Chesterfield Heights neighborhood.  The design to fill and  

raise the low-lying road on Kimball Terrace will maintain safe access into the neighborhood.  All 

three design aspects provide a plan to adapt to sea level rise allowing this amazing neighborhood 

to thrive for the next 50 to 100 years. 
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Appendix 




