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3.1 - Overview of Practice

3.1 Overview of Practice

An “enhanced” dry extended detention basin is a variation of a conventional dry
extended detention basin. The methods and calculations demonstrated in this example
should be used in conjunction with Chapter 2 — Dry Extended Detention Basin.  Like
dry detention basins, an enhanced basin is capable of temporarily detaining runoff and
releasing that runoff at a controlled rate over a specified period of time. However, unlike
dry facilities, enhanced facilities are equipped with an engineered permanent marsh
area. This marsh area functions to improve the pollutant removal performance of the
facility beyond that which is possible in a traditional dry detention basin. Enhanced
extended dry detention basins are capable of providing water quality improvement,
downstream flood control, channel erosion control, and mitigation of post-development
runoff to pre-development levels. Enhanced extended detention facilities improve runoff
guality through the gravitational settling of pollutants as well as through wetland uptake,
absorption, and decomposition. Also aiding in pollutant removal performance, the marsh
area of the basin helps to prevent the resuspension of captured pollutants.

Figure 3.1 presents the schematic layout of a dry extended detention basin — enhanced
presented in the Virginia Stormwater Management Handbook (DCR, 1999, Et seq.).
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Figure 3.1. Schematic Dry Extended Detention Basin — Enhanced Plan View

(Virginia Stormwater Management Handbook, 1999, Et seq.)

As evidenced in Figure 3.1, the marsh area is comprised of three distinct zones — “low
marsh,” “high marsh,” and “deep pool.” These varying-depth zones introduce
microtopography to the basin floor. Detailed surface area and depth requirements of the

various marsh zones are discussed later in this section.

3.2 Site Constraints and Siting of the Facility

In addition to the contributing drainage area’s impervious cover, a number of site
constraints must be considered when the implementation of an enhanced dry extended
detention basin is proposed. The marsh area requirements of an enhanced basin are
similar to those of a constructed stormwater wetland (Chapter Five), and introduce
planning considerations beyond those that must be considered for conventional dry

detention facility.
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3.2 - Site Constraints and Siting of the Facility

3.2.1 Minimum Drainage Area

The minimum drainage area contributing to an enhanced dry extended detention facility
is not restricted. However, careful attention must be given to the water quality volume
generated from this area. When this water quality volume is particularly low, the
computed orifice size required to achieve the desired drawdown time may be small (less
than three inches in diameter). These small openings are vulnerable to clogging by
debris. Generally, the minimum area contributing runoff to a dry extended detention
pond should be selected such that the desired water quality drawdown time is achieved
with an orifice of at least three inches in diameter. In instances when the use of a
smaller orifice is unavoidable, provisions must be made to prevent clogging. Figure
3.07-3 of the Virginia Stormwater Management Handbook (DCR, 1999, Et seq.)
illustrates recommended outlet configurations for the control of sediment, trash, and
debris. For convenience, these details are provided as Figures 3.2, 3.3, and 3.4. If the
required water quality orifice size is significantly less than three inches, the designer may
wish to examine alternative water quality BMPs, such as practices which treat the first
flush volume and bypass large runoff producing events.
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Figure 3.2. DCR Recommended Outlet Configuration 1 for the Control of Trash,
Sediment and Debris (Virginia Stormwater Management Handbook, 1999, Et seq.)
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3.2 - Site Constraints and Siting of the Facility
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Figure 3.3. DCR Recommended Outlet Configuration 2 for the Control of Trash,
Sediment and Debris (Virginia Stormwater Management Handbook, 1999, Et seq.)
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3.2 - Site Constraints and Siting of the Facility
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Figure 3.4. DCR Recommended Outlet Configuration 3 for the Control of Trash,
Sediment and Debris (Virginia Stormwater Management Handbook, 1999, Et seq.)

3.2.2 Maximum Drainage Area

The maximum drainage area to an enhanced extended dry detention facility is frequently
restricted to no more than 50 acres. When larger drainage areas are directed to a single
facility, often there is a need to accommodate base flow through the facility. The most
notable difficulty in accommodating base flow in the facility lies in sizing the low-
flow/water quality control orifice. Undersizing of the orifice will lead to the “choking” of
base flow conveyance such that a permanent pool volume accumulates and encroaches
upon the volume of dry storage dedicated to extended detention. The loss of this
volume will result in excessively low hydraulic residence times for the water quality
volume generated from significant rainfall events. Contrasting this problem is the
situation occurring when the orifice allocated to pass-through of the base flow is sized
too large to provide the desired minimum draw down time for the site’'s water quality
volume.

3.2.3 Separation Distances

Extended dry detention facilities should be kept a minimum of 20 feet from any
permanent structure or property line, and a minimum of 100 feet from any septic tank or
drainfield.

3.2.4 Site Slopes

Generally, extended detention basins should not be constructed within 50 feet of any
slope steeper than 15%. When this is unavoidable, a geotechnical report is required to
address the potential impact of the facility in the vicinity of such a slope.

3.2.5 Site Soils

The implementation of an enhanced extended detention basin can be successfully
accomplished in the presence of a variety of soil types. However, when such a facility is
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3.2 - Site Constraints and Siting of the Facility

proposed, a subsurface analysis and permeability test is required. This data must be
provided to the Materials Division early in the project planning stages to determine if an
enhanced basin is feasible on native site soils. Soils exhibiting excessively high
infiltration rates are not suited for the construction of extended detention facilities, as
they will behave as an infiltration facility until clogging occurs. Furthermore, enhanced
facilities must be constructed on soils capable of supporting the shallow marsh at the
time of stabilization and seeding. The designer should also keep in mind that as the
ponded depth within the basin increases, so does the hydraulic head. This increase in
hydraulic head results in increased pressure, which leads to a potential increase in the
observed rate of infiltration. To combat excessively high infiltration rates, a clay liner,
geosynthetic membrane, or other material (as approved by the Materials Division) may
be employed. The basin’'s embankment material must meet the specifications detailed
later in this section and/or be approved by the Materials Division.

3.2.6 Rock

The presence of rock within the proposed construction envelope of an enhanced
extended detention basin should be examined during the aforementioned subsurface
investigation. When blasting of rock is necessary to obtain the desired basin volume, a
liner (of material approved by the Materials Division) should be used to eliminate
unwanted losses through seams in the underlying rock.

3.2.7 Existing Utilities

Basins should not be constructed over existing utility rights-of-way or easements. When
this situation is unavoidable, permission to impound water over these easements must
be obtained from the utility owner prior to design of the basin. When it is proposed to
relocate existing utility lines, the costs associated with their relocation should be included
in the overall basin construction cost.

3.2.8 Karst

The presence of Karst topography places even greater importance on the subsurface
investigation. Implementation of extended detention facilities in Karst regions may
greatly impact the design and cost of the facility, and must be evaluated early in the
planning phases of a project. Construction of stormwater management facilities within a
sinkhole is prohibited. When the construction of such facilities is planned along the
periphery of a sinkhole, the facility design must comply with the guidelines found in
Instructional and Informational Memorandum [IM-LD-228 on “Sinkholes” and DCR’s
Technical Bulletin #2 “Hydrologic Modeling and Design in Karst” at:
http://dcr.cache.vi.virginia.gov/stormwater management/documents/tecbltn2.PDF .

3.2.9 Existing Wetlands

When the construction of an enhanced dry extended detention facility is planned in the
vicinity of known wetlands, the designer must coordinate with the appropriate local,
state, and federal agencies to identify the wetlands’ boundaries, their protected status,
and the feasibility of BMP implementation in their vicinity. In Virginia, the Department of
Environmental Quality (DEQ) and the U.S. Army Corps of Engineers (USACOE) should
be contacted when such a facility is proposed in the vicinity of known wetlands.

VDOT BMP Design Manual of Practice Chapter 3 — Enhanced Dry Extended
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3.2 - Site Constraints and Siting of the Facility

3.2.10 Upstream Sediment Considerations

Close examination should be given to the flow velocity at all basin inflow points. When
entering flows exhibit erosive velocities, they have the potential to greatly increase the
basin maintenance requirements by depositing large amounts of sediment. Additionally,
when a basin contributing drainage area is highly pervious, it may hinder basin
performance by the deposition of excessive sediment. Enhanced basins are even more
vulnerable to sediment loading than their dry counterparts, as excessive sediment
loading has the potential to greatly alter the microtopography of the basin floor. The
negative impacts associated with excessive sediment loading reinforce the need for
sediment forebays as discussed in Section 3.3.

3.2.11 Floodplains

The construction of extended detention facilities within floodplains is strongly
discouraged. When this situation is deemed unavoidable, critical examination must be
given to ensure that the proposed basin remains functioning effectively during the 10-
year flood event. The structural integrity and safety of the basin must also be evaluated
thoroughly under 100-year flood conditions as well as the basin’s impact on the
characteristics of the 100-year floodplain. When basin construction is proposed within a
floodplain, construction and permitting must comply with all applicable regulations under
FEMA'’s National Flood Insurance Program.

3.2.12 Basin Location

When possible, enhanced extended detention facilities should be placed in low profile
areas. When such a basin must be situated in a high profile area, care must be given to
ensure that the facility empties completely, save for the marsh area, within a 72 hour
maximum. The location of an extended detention basin in a high profile area places a
great emphasis on the facility’s ongoing maintenance.

3.2.13 Hydrology

The marsh area of an enhanced extended detention basin must support aquatic and
emergent plant species in order for the basin to support the pollutant removal
efficiencies expressed in Table 3.1. While a quantified volumetric flow rate is not
explicitly required, the basin’s contributing watershed should supply enough runoff to
ensure that the marsh pools of varying depth are maintained as intended.

VDOT BMP Design Manual of Practice Chapter 3 — Enhanced Dry Extended
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3.3 General Design Guidelines

The following presents a collection of broad design issues to be considered when
designing an enhanced extended detention basin.

3.3.1 Foundation and Embankment Material

Foundation data for the dam must be secured by the Materials Division to determine
whether or not the native material is capable of supporting the dam while not allowing
water to seep under the dam. Per Instructional and Informational Memorandum [IM-LD-
195 under “Post Development Stormwater Management,” Section 12.1.1:

“The foundation material under the dam and the material used for the
embankment of the dam should be an AASHTO Type A-4 or finer and/or
meet the approval of the Materials Division. If the native material is not
adequate, the foundation of the dam is to be excavated and backfilled a
minimum of 4 feet or the amount recommended by the VDOT Materials
Division. The backfill and embankment material must meet the soil
classification requirements identified herein or the design of the dam may
incorporate a trench lined with a membrane (such as bentonite
penetrated fabric or an HDPE or LDPE liner). Such designs shall be
reviewed and approved by the VDOT Materials Division before use.”

If the basin embankment height exceeds 15’, or if the basin includes a permanent pool
(excluding the shallow marsh area), the design of the dam should employ a
homogenous embankment with seepage controls or zoned embankments.

During the initial subsurface investigation, additional borings should be made near the
center of the proposed basin when:

0 Excavation from the basin will be used to construct the embankment
0 The likelihood of encountering rock during excavation is high
o0 A high or seasonally high water table, generally two feet or less, is suspected

3.3.2 Outfall Piping

The pipe culvert under or through the basin embankment shall be reinforced concrete
equipped with rubber gaskets. Pipe: Specifications Section 232 (AASHTO M170),
Gasket: Specification Section 212 (ASTM C443).

A concrete cradle shall be used under the pipe to prevent seepage through the dam.
The cradle shall begin at the riser or inlet end of the pipe, and extend the pipe’s full
length.

3.3.3 Embankment

The top width of the embankment should be a minimum of 10’ in width to provide ease of
construction and maintenance. Positive drainage should be provided along the
embankment top.

VDOT BMP Design Manual of Practice Chapter 3 — Enhanced Dry Extended
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3.3 - General Design Guidelines

The embankment slopes should be no steeper than 3H:1V to permit mowing and other
maintenance.

The designer is referenced to section 11.3.6 of the VDOT Drainage Manual for additional
embankment details and specifications.

3.3.4 Embankment Height

A detention basin embankment may be regulated under the Virginia Dam Safety Act,
Article 2, Chapter 6, Title 10.1 (10.1-604 Et seq.) of the Code of Virginia and Dam Safety
Regulations established by the Virginia Soil and Water Conservation Board (VS&WCB).
A detention basin embankment may be excluded from regulation if it meets any of the
following criteria:

o is less than six feet in height

0 has a capacity of less than 50 acre-feet and is less than 25 feet in height

0 has a capacity of less than 15 acre-feet and is more than 25 feet in height

o will be owned or licensed by the Federal Government

When an embankment is not regulated by the Virginia Dam Regulations, it must still be
evaluated for structural integrity when subjected to the 100-year flood event.

3.3.5 Prevention of Short-Circuiting

Short circuiting of inflow occurs when the basin floor slope is excessive and/or the
pond’s length to width ratio is not large enough. Short circuiting of flow can greatly
reduce the hydraulic residence time within the basin, thus negatively impacting the
observed water quality benefit.

To combat short-circuiting, and reduce erosion, the maximum longitudinal slope of the
basin floor shall be no more than 2%. To maintain minimal drainage within the facility,
the floor shall be no less that 0.5% slope from entrance to discharge point.

It is preferable to construct the basin such that the length to width ratio is 3:1 or greater,
with the widest point observed at the outlet end. If this is not possible, every effort
should be made to design the basin with no less than a 2:1 length to width ratio. When
this minimum ratio is not possible, consideration should be given to pervious baffles.

3.3.6 Ponded Depth

The basin depth, measured from basin floor to the principal spillway’s lowest discharge
outlet (excluding the water quality orifice) should not exceed three feet, if practical, to
reduce hazard potential and liability issues. This depth restriction necessarily excludes
deep pool zones, which range in depth between 1.5 and 4 feet.

3.3.7 Principal Spillway Design

The basin outlet should be designed in accordance with Minimum Standard 3.02 of the
Virginia_Stormwater Management Handbook, (DCR, 1999, Et seq.) The primary control
structure (riser or weir) should be designed to operate in weir flow conditions for the full
range of design flows. If this is not possible, and orifice flow regimes are anticipated, the

VDOT BMP Design Manual of Practice Chapter 3 — Enhanced Dry Extended
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3.3 - General Design Guidelines

outlet must be equipped with an anti-vortex device, consistent with that described in
Minimum Standard 3.02.

3.3.8 Fencing

Per Instructional and Informational Memorandum 1IM-LD-195 under “Post Development
Stormwater Management,”, Section 13.1.1, fencing is typically not required or
recommended on most VDOT detention facilities. However, exceptions do arise, and the
fencing of a dry extended detention facility may be needed. Such situations include:

0 Ponded depths greater than 3’ and/or excessively steep embankment slopes

0 The basin is situated in close proximity to schools or playgrounds, or other
areas where children are expected to frequent

o It is recommended by the VDOT Field Inspection Review Team, the VDOT
Residency Administrator, or a representative of the City or County who will
take over maintenance of the facility

“No Trespassing” signs should be considered for inclusion on all detention facilities,
whether fenced or unfenced.

3.3.9 Sediment Forebays

Each basin inflow point should be equipped with a sediment forebay. Individual forebay
volumes should range between 0.1 and 0.25 inches over the outfall’s contributing
impervious area with the sum of all forebay volumes not less than 10% of the total WQy,.
When properly constructed, the forebay volumes can be considered a portion of the
deep pool zone volume requirement.

3.3.10 Discharge Flows

All basin outfalls must discharge into an adequate receiving channel per the most
current Virginia Erosion and Sediment Control (ESC) laws and regulations. Existing
natural channels conveying pre-development flows may be considered receiving
channels if they satisfactorily meet the standards outlined in the VESCH MS-19. Unless
unique site conditions mandate otherwise, receiving channels should be analyzed for
overtopping during conveyance of the 10-year runoff producing event and for erosive
potential under the 2-year event.

VDOT BMP Design Manual of Practice Chapter 3 — Enhanced Dry Extended
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3.4 Design Process

Many of the design elements in an enhanced extended detention basin are identical to
those of a dry extended detention basin. For those design items, the reader is referred
to Chapter 2 — Dry Extended Detention Basin. The design items presented in detail in
this section are exclusive to enhanced extended detention basins.

This section presents the design process applicable to enhanced extended detention
basins serving as water quality BMPs. The pre and post-development runoff
characteristics are intended to replicate stormwater management needs routinely
encountered in linear development projects. The hydrologic calculations and
assumptions presented in this section serve only as input data for the detailed BMP
design steps. Full discussion of hydrologic principles is beyond the scope of this report,
and the user is referred to Chapter 4 of the Virginia Stormwater Management Handbook
(DCR, 1999, ET SEQ.) for expanded hydrologic methodology.

The following example basin design will provide the water quality and quantity needs
arising from the construction of a small interchange and new section of two lane divided
highway in Staunton. The total project site, including right-of-way and all permanent
easements, consists of 24.8 acres. Pre and post-development hydrologic characteristics
are summarized below in Table 3.1. Initial geotechnical investigations reveal a soil
infiltration rate of 0.01 inches per hour.

Pre-Development Post-Development
Project Area (acres) 24.8 24.8
Land Cover Unimproved Grass Cover 11.2 acres impervious cover
Impervious Percentage 0 45

Table 3.1. Hydrologic Characteristics of Example Project Site
Step 1. Compute the Required Water Quality Volume

The project site’s water quality volume is a function of the developed impervious area.
This basic water quality volume is computed as follows:

A x 1 in
WQV = |2n
12—
ft
IA=  Impervious Area (square feet)

An enhanced dry detention basin must be sized to provide an extended detention
volume of no less than twice the computed water quality volume. This volume should be
distributed equally between the permanent marsh area and a separate extended
detention volume.

When the proposed basin is to be implemented as a channel erosion control basin, the
extended draw down volume is computed as the volume of runoff generated from the
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3.4 - Design Process

basin’s contributing drainage area by the 1-year return frequency storm. This channel
protection volume must be detained and released over a period of not less than 24
hours.

Per Instructional and Informational Memorandum [IM-LD-195 under “Post Development
Stormwater Management,”, Section 5.4.6, when the 1l-year return frequency storm is
detained for a minimum of 24 hours there is no need to provide additional or separate
storage for the WQy, provided it can be demonstrated that the WQy, will be detained for
approximately 24 hours. It is noted that providing extended 24+ hour detention for the 1-
year runoff volume may require the basin size to be 1.5 to 2 times the volume required to
simply reduce the 2 and 10-year runoff events to pre-development levels.

The basis of this example lies in the design of Best Management Practices for water
quality improvement. Therefore, the example basin is sized as a water quality control
basin and not a channel erosion control basin.

The demonstration project site is comprised of a total drainage area of 24.8 acres. The
total impervious area within the project site is 11.2 acres. Therefore, the water quality
volume is computed as follows:

ft> 1.
11.2ac x 43,560 — x —in
WQV = _ac_2 )38

12'M
ft

The total volume provided by summing each of the three marsh zones must be at least
20,328 cubic feet, and an additional 20,328 cubic feet of storage must be provided for a
30 hour extended drawdown of storm inflow.

Step 2. Sizing the Marsh Area Zones

The marsh area of an extended detention basin is comprised of three distinct zones.
The surface area and storage volume allocated to each of the zones is very specific in
an effort to provide maximum water quality benefit within the basin. The three zones are
described as follows.

The Deep Pool Zone ranges in depth from 1.5 to 4 feet, and may be comprised of the
following three categories:

o sediment forebays
0 micro pools
0 deep water channels

A sediment forebay must be provided at any point in the basin that receives
concentrated discharge from a pipe, open channel, or other means of stormwater
conveyance. The inclusion of a sediment forebay in these locations assists
maintenance efforts by isolating the bulk of sediment deposition in well-defined, easily
accessible locations. The volume of storage provided at each forebay should range
between 0.1 and 0.25 inches of runoff over the individual outfall's contributing
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impervious area, with the sum of all forebay volumes not less than 10% of the total
extended detention volume.

A micro-pool should be provided near the basin outlet point (principal spillway). The
inclusion of a deep pool near the basin outlet will reduce the likelihood of the water
guality outlet becoming clogged by trash, debris, or floating plant matter.

Deep water channels may be employed to lengthen the flow path from pond inflow
points to the principal spillway.

The sum of all forebay, micro-pool, and deep channel volumes should be no less than
40% of the computed water quality volume.

Low Marsh Zones are those regions of the marsh ranging in depth between 6 and 18
inches. The sum of all low marsh zones should be no less than 40% of the computed
water quality volume.

High Marsh Zones are those regions of the marsh ranging in depth from 0 to 6 inches.
The high marsh zone is capable of supporting the most diverse mix of vegetation. The
sum of all high marsh zones should be no less than 20% of the computed water quality
volume.

In addition to the marsh zone volume requirements, surface area guidelines exist. At a
minimum, the surface area of all marsh zones should equal one percent of the basin’s
total contributing drainage area. Table 3.2 shows the recommended surface area
distribution among the three marsh zones.

Zone Percentage of Total Marsh Surface Area
Deep Pool 20
Low Marsh 40
High Marsh 40

Table 3.2. Marsh Zone Surface Area Allocation

When designing the marsh area of an enhanced detention basin, both surface area and
volume guidelines must be considered. The following steps illustrate this process for the
example project site.

Step 2B. Compute the Minimum Marsh Surface Area
The summation of all three marsh zone surface areas must not be less than one percent

of the basin’s total contributing drainage area. The minimum marsh surface area is
therefore computed as:

y 43560 ft?
ac

24.8ac x0.01=10,803 ft*
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Step 2C. Size the Deep Pool Zone

The deep pool zones must provide a minimum of 40% of the computed water quality
volume, and comprise at least 20% of the marsh'’s total surface area. These minimum
values are computed as follows:

V,,;, =0.40x 20,328 ft° =8132 ft®

SA,,, =0.20x10,803ft* = 2,161ft°

At this point, it is unknown which of these minimum values will govern the design. The
proposed basin will have two inflow points and a micro-pool located near the principal
spillway. At this point, we will assume each of these three deep water pools (two
sediment forebays and the micro-pool) will average four feet in depth. Accounting for
the side slopes of the deep pools, the effective depth is assumed to be two feet. The
surface area required, at this effective depth, to provide the minimum volume of 8,132 ft*
is therefore computed as:

3
A= 81821 ) a6 i
21t

This computed value is greater than the minimum surface area requirements previously
established. Therefore, the total deep water surface area is set at 4,066 ft°.

The total deep pool volume must be distributed across the two sediment forebays and
the micro-pool. The following calculations demonstrate this volume allocation.

The total forebay volume should be calculated as 0.10 — 0.25 inches of runoff over the
site’s impervious area, not to be less than 10 percent of the total water quality volume.
With the water quality volume previously computed as one half inch of runoff over the
impervious area, 0.10 inches over this same area will yield an acceptable forebay
volume equaling 20% of the total water quality volume.

43,560 ft*
ac

\Y

Forebays = |

x11.2acres><[ j: 4,066 ft*

At an effective depth of two feet, the surface area allocated to the sediment forebays is
calculated as:

4,066 ft?

Forebays 2 ft

SA =2,033ft?

The total computed forebay volume and surface area will be distributed equally across
the two required forebays (one at each inflow location).
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The remaining deep pool volume must be obtained in the basin’s micro-pool.

\Y; = 8,132 ft* — Forebay Volume = 8,132ft® — 4,066 ft* = 4,066 ft*

Micropool

At an effective depth of two feet, this volume is attained with a surface area computed as
follows:

3
SA _ 40661t° _ 2,033 ft?

Micropool 2 ft

The deep pool surface area and volume distribution is shown in Table 3.3.

Basin Location Volume (ft%) | Surface Area (ft?)
Forebay 1 2,033 1,017
Forebay 2 2,033 1,017
Micropool 4,066 2,033
Total 8,132 4,067

Table 3.3. Deep Pool Volume and Surface Area Allocation
Step 2D. Size the Low Marsh Area
The low marsh zone must provide a minimum of 40% of the computed water quality

volume, and comprise at least 40% of the marsh’s total surface area. These minimum
values are computed as follows:

V,,, =0.40x 20,328 ft* = 8132 ft?

SA,,;, = 0.40x10,803 ft? = 4,322 ft2

At this point, it is unknown which of these minimum values will govern the design. The
low marsh zone ranges in depth from 6” — 18”. The surface area required, at an average
depth of 127, to provide the minimum volume of 8,132 ft* is therefore computed as:

SA

3
B3 oo
11t

This computed value is greater than the minimum surface area requirements previously
established. Therefore, the total low marsh surface area is set at 8,132 ft°.
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Step 2E. Size the High Marsh Area
The high marsh zone must provide a minimum of 20% of the computed water quality

volume, and comprise at least 40% of the marsh’s total surface area. These minimum
values are computed as follows:

V,, = 0.20x 20,328 ft° = 4,066 ft*

SA,;, = 0.40x10,803 ft? = 4,322 ft?

At this point, it is unknown which of these minimum values will govern the design. The
high marsh zone exhibits a ponding depth of 6”. The surface area required, at a depth of
6", to provide the minimum volume of 4,066 ft® is therefore computed as:

3
A 4,066 ft

=8132 ft?
0.5ft

This computed value is greater than the minimum surface area requirements previously
established. Therefore, the total high marsh surface area is set at 8,132 ft%.
Step 2F. Verify Marsh Zone Surface Area and Volume Allocations

The marsh zone calculations must now be evaluated to ensure that the previously
determined minimum values are obtained. Table 3.4 illustrates this verification.

Volume (ft3)
Deep Pool* | Low Marsh High Marsh Total | Minimum Allowable
8,132 8,132 4,066 20,330 20,328

Surface Area (ft2)
Deep Pool* Low Marsh | High Marsh Total Minimum Allowable
4,067 8,132 8,132 20,331 10,803
* Includes sediment forebays and micro-pool
Table 3.4. Marsh Surface Area and Volume Verification

Step 3. Construction of Storage Versus Elevation Data

Having determined the required surface area and storage volume for each of the three
marsh zones, we turn to the next step of constructing a stage — storage relationship for
the marsh-pond system. Each site is unique, both in terms of constraints and required
storage volume. Because of this, the development of a proposed basin grading plan
may be an iterative process. The stage — storage relationship should provide not only
the required marsh volume, but also the 30 hour extended draw down volume, any
required flood control storage volume(s), and the volume necessary to meet minimum
freeboard requirements (see Chapter 2 — Dry Extended Detention Basin).
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When a detention basin is to be enhanced, the ponding depth of the extended detention
volume should not exceed three feet. Extended detention ponding depths greater than
three feet and the frequent inundation of those areas are not conducive to the
establishment of a dense, diverse mix of wetland vegetation. Typically, this restraint
does not present a design problem, as the required surface area of the marsh will offset
the limitation in ponding depth.

The required 30 hour draw down volume for this example is equal to the computed water
quality volume (20,328 ft°). This volume is “stacked” on top of the marsh, and must be
attained at an elevation of no more than three feet above the marsh’s permanent
surface. This occurs at an approximate elevation of 2104 as shown in Table 3.5 and
Figure 3.5.

Table 3.6 and Figure 3.5 present the stage — storage relationship for the computed
marsh area and extended detention volumes.

Elevation w(flijenr:;?ftt%)l Total Volume (ft3)
2100 0 0
2100.5 648 648
2101 648 1296
2101.5 864 2160
2102 864 3024
2102.5 1081 4105
2103 2301 6406
2103.5 5184 11590
2104 9250 20840
2104.5 10145 30985
2105 10160 41145

Table 3.5. Stage — Storage Relationship
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Figure 3.5. Graphical Elevation — Storage Relationship

Upon development of the marsh and extended detention stage — storage relationships,
the next step(s) are to design and evaluate the basin for mitigation of post-development
inflows (both in terms of water quality detention and flood peak reduction). The reader is
referred to Chapter 2 — Dry Extended Detention Basin, Steps 5 — 8 for detailed
methodology on these topics.
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Step 4. Water Balance Calculation

To ensure that the basin’'s permanent marsh volume does not become dry during
extended periods of low inflow, the designer must perform a water balance calculation.
The approach considers a 45 day period with no significant precipitation and thus no
significant surface runoff.

Table 3.6 presents potential evaporation rates for various locations in Virginia.

Station April | May June July August | Sept.
Charlottesville 224 384 3.16 6.04 345 387
Darralle 235 396 3.31 6.23 5.69 391
Fanmville 234 381 5.13 6.00 541 371
Fredericksburg 2.11 380 323 6.11 546 383
Hot Springs 1.94 341 450 314 4.69 333
Lynchburg 221 72 499 585 5331 370
Norfolk 220 380 337 6.34 379 414
Page County 1.68 3.06 4.09 471 426 3.05
Pennington Gap 2.14 359 472 545 497 3.60
Richmeond 228 389 331 6.23 5.64 392
Roancke 2.20 375 4.99 5.8 3.30 3.67
Staunton 2.00 352 477 532 495 347
Wash. National 213 387 3.50 6.51 584 4.06
Asrport

Wiliamsburg 227 386 323 6.14 3.61 3.97
Winchester 207 368 499 5.82 5.26 3.67
Witheville 201 343 446 317 471 339

Table 3.6. Potential Evaporation Rates (Inches)
Virginia Stormwater Management Handbook, (DCR, 1999, ET SEQ.)

The greatest potential evaporation for the project site (Staunton) occurs during the
months of July and August, 5.52 inches and 4.95 inches respectively. Therefore, the
total evaporation over a 45 day period is estimated as follows:

Average evaporation per month = >.52in er 4.95in =5.24in
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in
- _ ____month _ in
Average evaporation perday = ——————— =0.17——
3 9% day
month

The evaporation loss over a 45-day period is calculated as follows.

45 days X 0.17 1~ — 7.65in = 0.64 ft
day

The total surface area of the marsh is 20,331 ft>. Therefore, the total volume of water
lost to evaporation is computed as:

20,331 ft* x0.64 ft =13,012 ft*

The volume of water lost to evaporation must be added to that lost to infiltration. As
previously stated, the initial geotechnical tests revealed site soil infiltration rates to be
0.01 inches per hour. The infiltration is assumed to occur over the entire marsh area,
whose surface areas sum to 20,331 ft>. The volume of water lost to infiltration is
computed as:

20,331 t2 x 0,01 x 21 24 " 45days = 18,208 ft?
hr 12in  day

The total volume of water lost to evaporation and infiltration over the 45 day drought
period is therefore computed as:

18,298 ft* +13,012 ft* = 31,310 ft*

This value exceeds the total marsh volume of 20,328 ft®, implying that a 45 day drought
period will leave the marsh area in a completely dry state. Over time, it is quite likely
that the infiltration rate of the basin soil will decrease considerably due to clogging of the
soil pores. However, the aquatic and wetland plant species will likely not survive an
extended period of drought that occurs prior to this clogging. Therefore, at this point in
the design, it would be recommended to install a clay or synthetic basin liner as
approved by the Materials Division. A typical infiltration rate for synthetic liner may be on
the order of 3x107 in/sec. The calculation is repeated for this rate of infiltration.

20,3311t x3x107 L« 11 360032 « 24" 450iays = 1976
sec 12in hr day

The recalculated volume of water lost to evaporation and infiltration over the 45 day
drought period is therefore computed as:

18,298 ft* +1,976 ft* = 20,274 ft®
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While the extended drought period does impact the marsh area significantly, a minimal
volume of water is retained in the marsh.

The volume of runoff necessary to replenish the depleted marsh volume is computed as
follows:

Total contributing drainage area = 24.8 acres
Stored volume lost to evaporation and infiltration = 20,274 ft3
3
20,2741t >-=0.019 Watershed Feet = 0.23 Watershed Inches
43,560 ft
24.8acx ————

ac

A precipitation event yielding a total runoff of 0.23 inches or more across the contributing
watershed will replenish the depleted marsh volume.

Step 5. Landscaping

Generally, the non-marsh regions of an enhanced dry extended detention basin can be
landscaped in the same manner as a non-enhanced basin (reference Design Example
One — Dry Extended Detention Basin). However, careful attention must be given to the
types of vegetation selected for the basin marsh areas. For these regions, the
vegetative species must be selected based on their inundation tolerance and the
anticipated frequency and depth of inundation.

If appropriate vegetative species are selected, the entire marsh area should be
colonized within three years. Because of this rapid colonization, only one-half of the
total low and high marsh zone areas needs to be seeded initially. A total of five to seven
different emergent species should be planted in the basin marsh areas. Both the high
and low marsh areas should each be seeded with a minimum of two differing species.

The regions of varying depth within the basin are broadly categorized by zone as shown
in Figure 3.6.
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IONE 6

NOTE: ZONE 2 INCLUDES LO MARSH AND HI

ZONE 1 DEEP WATER ZONE MARSH DEPTH ZONES.
ZONE 2 SHALLOW WATER AREAS

ZONE 3 SHORELINE FRINGE

ZONE 4  RIPARIAN FRINGE

ZONE 5 FLOODPLAIN TERRACE

ZONE 6 UFLAND SLOPES

Figure 3.6. Planting Zones for Stormwater BMPs
Virginia Stormwater Management Handbook (DCR, 1999, ET SEQ.)

Suitable planting species for each of the zones identified in Figure 3.6 are recommended
in Chapter 3-05 of the Virginia Stormwater Management Handbook, (DCR, 1999, ET
SEQ.). Ultimately, the choice of planting species should be largely based on the project
site’s physiographic zone classification. Additionally, the selection of plant species
should match the native plant species as closely as possible. Surveying a project site’s
native vegetation will reveal which plants have adapted to the prevailing hydrology,
climate, soil, and other geographically-determined factors. Figure 3.05-4 of the Virginia
Stormwater Management Handbook provides guidance in plant selection based on
project location.

Generally, stormwater management basins should be permanently seeded within 7 days
of attaining final grade. This seeding should comply with Minimum Standard 3.32,
Permanent Seeding, of the Virginia Erosion and Sediment Control Handbook, (DCR,
1992). It must be noted, however, that permanent seeding is prohibited in Zones one
through four of Figure 3.6. The use of conventional permanent seeding in these zones
will result in the grasses competing with the requisite wetland emergent species.

When erosion of basin soil prior to the establishment of mature stand of wetland
vegetation is a concern, Temporary Seeding (Minimum Standard 3.31) of the Virginia
Erosion and Sediment Control Handbook, (DCR, 1992) may be considered. However,
the application rates specified should be reduced to as low as practically possible to
minimize the threat of the Temporary Seeding species competing with the chosen
emergent wetland species.

All chosen plant species should conform to the American Standard for Nursery Stock,
current issue, and be suited for USDA Plant Hardiness Zones 6 or 7, see Figure 3.7.
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Figure 3.7. USDA Plant Hardiness Zones

Under no circumstances should trees or shrubs be planted on the basin embankment.
The large root structure may compromise the structural integrity of the embankment.
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