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1.0

Introduction

A cascading system of floodway storm water containment basins (cascading system of basins or
simply, cascading system) consists of a series of shallow basins located in a properly designed
and constructed grassed waterway. The cascading system of basins should be located in an
existing or planned grassed waterway that meets U.S. Department of Agriculture Natural
Resource Conservation Service (NRCS) design criteria. The cascading system can be used in
agricultural landscapes or open space landscapes to store and treat surface water runoff. The
storage provided by the system of basins can improve wildlife habitat, reduce peak flows of
smaller storms and reduce sediment and nutrients in surface water runoff.
Basins are constructed within the grassed waterway by excavating below existing grade and/or
installing small embankment berms. The first basin in the cascading system is located at a higher
elevation in the waterway with additional basins located at lower elevations. The basins are
designed and built along the waterway at consecutively
The first prototype system of
lower elevations from upstream to downstream such that
cascading basins was
each basin fills consecutively with surface water runoff
developed, financed and
cascading down-gradient through the system.
implemented by High Impact
Environmental, a 501 (c)(3)
The cascading system may provide semi-permanent or
corporation located near
permanent pools of stored water depending on site and soil
Chestertown, Maryland.
conditions, design criteria and variable weather conditions.
In some instances where semi-permanent to permanent pools
develop, conditions may result in wetland creation. The cascading system can also help to
preserve capacity of down-stream waterways, wetlands, reservoirs, ponds, floodways and
streams.

(a)

Background

The first prototype system of cascading basins was developed, financed and implemented, at
Hambleton Creek Farm in Queen Anne’s County, Maryland (Figures 1 and 2), by Mr. Sam
Owings, President of High Impact Environmental Incorporated (HIE), a 501(c)(3) not for profit
corporation located in Chestertown, Maryland. The primary goal of the project was to reduce
sediment, nitrogen and phosphorus flowing into a 10 acre pond on the farm and eventually into
Hambleton Creek, the Chester River and the Chesapeake Bay. The construction of the prototype
system at Hambleton Creek Farm was completed in 2011. The system consists of four basins
arranged linearly along a grassed waterway up-gradient of a 10-acre farm pond and Hambleton
Creek. Basin widths at the land surface range from 45 to 55 feet, with lengths ranging from 140
to 185 feet and storage depths ranging between 2.0 and 2.5 feet. The watershed draining to the
cascading system is approximately 112 acres, with approximately 90 acres draining into the first
up-gradient basin (Basin 1) and the remainder draining directly into the subsequent downgradient basins (Basins 2 through 4). Approximately 92 percent of the watershed is agricultural
cropland with about 4 percent woodlands, 1 percent residential land and 3 percent public roads.
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Over 80 percent of the watershed that potentially contributes surface water runoff flowing onto
Hambleton Farm is from off-site properties.

Prototype
System

Figure 1- Aerial view of two cascading systems installed at Hambleton Creek Farm
in Queen Anne's County, Maryland

The total storage volume of storm water for the four-basin system is approximately 58,000 cubic
feet (433,840 gallons). This storage volume is approximately equivalent to 0.14 inches per acre
of rainfall or runoff from the 112-acre watershed.
The farthest down-gradient basin in the system (Basin 4) drains from the grassed waterway into
an adjacent wetland and from there to the 10-acre farm pond with an outlet that drains into
Hambleton Creek. Hambleton Creek drains into the Chester River which flows into the
Chesapeake Bay. A second system of cascading basins was installed on the farm at a later date.
Both systems are shown in Figures 1 and 2. The first system (prototype system) is located on the
left side of the figures and the second system is shown on the right side.
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Figure 2 - Aerial view showing a portion of Hambleton Creek Farm,
the 10-acre farm pond, and the surrounding watershed

After the prototype system was installed, the University of Maryland, Department of Civil and
Environmental Engineering, conducted a research study of the initial system that extended from
July 2013 through April 2015 (22 months). The study was funded by HIE, the Maryland
Industrial Partnerships (MIPS) and the Maryland Department of Natural Resources (MDNR)
Innovative Technology Fund. The principal researchers were Ms. Rosemary Myers and Dr.
Allen Davis (Myers and Davis, 2015).
The primary objective of the research study was to analyze the efficiency of the prototype
cascading system for treatment and removal of sediment (suspended solids), nitrogen and
phosphorus. Secondary objectives included understanding the potential mechanisms for
treatment and removal of sediment and nutrients in the cascading system and providing potential
recommendations for improving the efficiency of the
The study concluded that the system
system. Sampling stations were located at the inlet of
provided a runoff volume reduction
Basin 1 (highest elevation) and the outlet of Basin 4
of 56 percent during 27 measured
(lowest elevation). Over the 22-month monitoring
storm events over a 22-month
period, 27 storm events were successfully sampled.
period.
The study concluded that the system provided a runoff
volume reduction of 56 percent and total mass
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reductions of suspended solids of 65 percent (25,794 lbs.), total nitrogen 64 percent (216 lbs.)
and total phosphorus 59 percent (85 lbs.).
Volume reduction/storage appears to be the main mechanism for the measured removals.
Assumed volume reduction mechanisms included evaporation and infiltration within the basins.
There was evidence to support sedimentation during and between storm events and some
seasonal effects with more nutrient removals during
Prototype System Reductions:
the summer. Nitrate–nitrogen removals were higher
than volume reductions and suggested mechanisms
Suspended solids- 65% (25,794 lbs.)
other than volume reductions were occurring, such
Total nitrogen- 64% (216 lbs.)
as denitrification and/or plant uptake. Dissolved
inorganic phosphorus exhibited the highest removal
Total phosphorus- 59% (85 lbs.)
of all types of phosphorus. The research did not
include sampling to assess any potential impacts of
infiltration on groundwater. Definitive conclusions on mechanisms, other than volume
reduction/storage, that may be removing nutrients were not possible based on the available data
and will require more research.
The researcher’s recommendations for improving efficiency of the basin system included
increasing storage volumes by making basins larger in general, and increasing dimensions and
depths of the first basin in particular to better capture sediment. Other recommendations included
adding baffles to increase flow paths within basins and potentially adding measures that would
allow basins to drain more quickly or more evenly distribute stored runoff between basins and
retain water for extended time periods thereby enhancing the wetland qualities of the basins.

(b)

Purpose and Objectives

The main purpose of this guidance manual is to assist landowners, conservation planners and
engineers in selecting sites where cascading systems will likely provide the most benefit and
providing design guidance that will result in cascading systems being installed in agricultural
landscapes.
Since preliminary research data indicates cascading systems can remove significant amounts of
sediment, nitrogen and phosphorus from surface water runoff, these systems could potentially be
used as a best management practice in sensitive
The main purpose of the design guidance
watersheds such as the Chesapeake Bay.
manual is to assist landowners,
Consequently, a secondary objective of this
conservation planners and engineers in
manual is to provide a standardized but flexible
selecting sites where implementation of a
design approach based on the work to date, to
cascading system will likely provide the
optimize sediment and nutrient removal. Using
most benefit.
the standardized design guidance, further
research to include additional cascading system implementations should be completed to validate
the measured results of the prototype system and to assist in qualifying cascading systems as a
certified best management practice (BMP).
_____________________________________________________________________________________________
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Initial discussions with the Maryland NRCS State office indicated the cascading system’s ability
to create semi-permanent to permanent shallow water pools and provide habitat for fish and
wildlife may qualify for cost sharing under an existing conservation practice standard. Cost
sharing will provide more incentive for property owners to install cascading systems and
ultimately help to reduce sediments and nutrients in surface water runoff.

(c)

Regulatory Considerations

All applicable state laws and local ordinances and regulations must be observed in locating
cascading systems and their outlets.

2.0

Siting and Preliminary Design

Cascading systems should be located in an existing or planned grassed waterway that meets
current NRCS design criteria and standards. Waterways constructed to meet these standards are
typically planned and designed to fit the conditions of a particular site. Existing grassed
waterways that meet NRCS design criteria would most likely be found on farms that are
cooperators with local soil conservation districts.
The primary reason for locating basin systems in waterways that meet these standards is that the
waterway has already been designed to carry estimated flows from a 10-year 24-hour storm
without damage to the waterway or its lining. Other advantages of using existing waterways are:
they are typically the flattest grade in the
To achieve comparable sediment and nutrient
immediate area and tend to provide the
reductions to the prototype, a cascading
most stable erosion control within the
system should consist of four or more basins, if
waterway.
possible.
NRCS design guidance and criteria for
grassed waterways are outlined in NRCS conservation standard practice Grassed Waterway Code 412 (NRCS-Maryland, 2001) and in Chapter 7 of the NRCS Engineering Field Handbook
Part 650 (NRCS, 2007). Planners and engineers should be familiar with these documents before
they start the planning and design process.
Another reason for locating systems in existing waterways is to minimize impacts of taking land
out of agricultural production. Depending on the width of an existing waterway, area adjacent to
the waterway may need to be taken out of production to accommodate the construction of basins.
However, by locating systems in existing waterways additional land requirements will be
minimized.
By definition, cascading systems consist of two or more basins. To achieve sediment and nutrient
reduction comparable to that of the four-basin prototype system investigated by University of
Maryland researchers, a cascading system should consist of four or more basins, if possible, with
a total system volume objective ranging from 0.14 to 0.20 inches per acre of watershed area
draining to the system. A four-basin system may not be feasible in every waterway due to space
_____________________________________________________________________________________________
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limitations, however the design process should attempt to meet storage target goals and include
as many basins as possible in the system to maximize sediment and nutrient reductions.
A cascading system can be designed such that all basins in the system are excavated to obtain
storage volume or the system can be designed with a combination of excavated basins and
embankments (berms) to achieve storage volume.

(a)

Site Evaluation and Selection

Existing grass waterways and potential cascading system sites can be identified by landowners or
can be identified, evaluated and selected by conservation planners or engineers using available
resource data. Existing grassed waterways, that meet NRCS design criteria, may be found on
farms that are cooperators with local soil conservation districts. In these cases, conservation farm
plans and grass waterway design data in landowner files, when available, would also be useful in
the site evaluation and selection process.
SITE CHARACTERISTICS

REMARKS

Drainage Area

Estimate total acres and agriculture cropland acres
draining to the waterway. Use best available county
topographic or LiDAR data

Soil

Determine soil map unit series, slope class and
drainage class in the waterway. Estimate acres and %
of each drainage class. Waterways with moderately
well-drained (MWD) to well-drained (WD) soils
should have depths to water ≥ 1.5 feet most of year
and should maximize basin depths and available yearround storage volumes

Length

Measure usable length of waterway.

Width

Measure average width of waterway

Channel Slope

Measure channel slope (%) of waterway. Use best
available county topographic or LiDAR data

Wetland Proximity

Measure distance from lowest relative elevation of
waterway usable length to closest mapped wetlands

Floodplain Proximity

Locate basins outside 100-yr floodplain

Outlet Conditions

Locate potential basin system outlet, measure outlet
distance to property line(s) and assess conditions of
land in vicinity of outlet and downstream properties

Construction Conditions

Locate and measure distance of practical construction
access/haul road. Locate and measure acres of staging
area and potential onsite stockpile location(s)

Table 1- Summary of site characteristics used in the cascading basin system evaluation
and selection process.

Resource data for
site identification,
evaluation and
selection may
include: aerial
photography,
NRCS soil maps,
U.S. Geological
Survey (USGS)
topographic maps,
local county
topographic maps
and LiDAR data,
U.S. Fish &
Wildlife Service
(USFWS)
National Wetland
Inventory maps,
State wetland
maps, and State
and local
geographic
information
system (GIS) data
and maps.

If local soil conservation district farm plan file data is not readily available, planners and
engineers can review available aerial photography to identify existing grass waterways and
_____________________________________________________________________________________________
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potential basin sites. Other resource data can then be used to determine waterway site
characteristics, surrounding land use, environmental resources and outlet and construction related
conditions.
Site characteristics used in this guidance manual to help identify, evaluate and select sites are
summarized in Table 1.
Planners and engineers are encouraged to use additional site characteristics, if needed, to
evaluate and select potential basin sites. If more than one existing or planned grassed waterway
is identified on a farm, or multiple farm properties are being evaluated, each waterway can be
evaluated and ranked to select the best overall site for a basin system that maximizes sediment
and nutrient reductions. Evaluation and ranking can be done by simple inspection and
comparison of site characteristics or by a numerical rating process that produces a ranking of
sites.
A potential cascading system site with the greatest drainage area of agricultural cropland and the
longest usable length will maximize the number of basins and runoff storage volume that can be
treated and should, based on available research, be the best overall site to maximize sediment
and nutrient reduction. Usable length is defined as the available length of grass waterway minus
the minimum 25 foot grass filter strip buffers above the first (up-gradient) basin inlet and the last
(down-gradient) basin outlet.
Site characteristics and ranking results can also be used to:
1) Prioritize the order for installing more than one cascading system on a farm;
2) Select a site that minimizes the requirement for land to be taken out of production to
accommodate the system design;
3) Maximize separation distances to wetlands or other environmentally sensitive areas; and
4) Select a site that is potentially the lowest cost to construct and maintain.
Detailed local county topographic maps and LiDAR data, will be the best source for the accurate
topographic data needed to delineate drainage areas
and for making accurate measurements of existing
LiDAR-- an acronym for Light
grass waterways. Where LiDAR data cannot be
Detection And Ranging-- is a
obtained state and county environmental resource
surveying technology that measures
databases can be used. For example, the Maryland
distance by illuminating a target
Department of Natural Resources (MDNR) MERLIN
with a laser light. LiDAR is often
Online (Maryland Environmental Resources and Land
used as a technology to make highInformation Network) can provide access to most of
resolution maps,
the resource data needed to identify and evaluate grass
waterways and the potential for a cascading system.
An example of a drainage area delineation and detailed topographic map, based on Queen
Anne’s County, Maryland LiDAR data, is shown in Figure 3 below.
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The local county
detailed topographic
data will also be
needed later in the
detailed design
process to develop
accurate base maps
and site plans.

Figure 3 - Drainage area delineation based on Queen Anne's County,
Maryland LiDAR data (Earth Data, 2015)

Figure 4 – Aerial photography from MERLIN GIS used to identify
five grassed waterways on the same property

As an example of
the site evaluation
and selection
process, MERLIN
GIS was used to
identify five
existing grass
waterways on one
waterfront property.
The waterways
designated 2A, 2B,
2C, 2D and 2E are
shown in Figure 4.

Wetland data layers
in MERLIN GIS
were added to the
base map of the
property as depicted
in Figures 5 and 6.
Two of the
identified grassed
waterways (2B and
2E) included linear
(blue-line) riverine
wetland delineations
along the centerlines
of the waterways.
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The areas shaded
in red indicate
estuarine
wetlands and the
areas shaded in
lime-green are
mapped as
palustrine
wetlands.

Figure 5 – Wetland data from MERLIN GIS showing mapped linear
riverine delineation in grass waterway 2B

Figure 6 – Wetland data from MERLIN GIS showing mapped linear
riverine delineation in grass waterway 2E

In this stage of
the basin system
evaluation and
selection process,
regulatory factors
may eliminate the
two waterways
with existing
riverine wetland
delineations (2B
and 2E on
Figures 5 and 6,
respectively)
from further
consideration
unless detailed
wetland
delineations are
conducted.
Detailed wetland
delineations will
increase planning
and preliminary
design costs and
may not be
justified at this
stage.
If other viable
basin system
sites are available
for evaluation
and selection,
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landowners, conservation planners and engineers should concentrate their efforts and financial
resources on sites without potential regulatory issues.
MERLIN GIS and local
county topographic data
were used for
preliminary evaluation
of the remaining three
waterways. Approximate
drainage areas of the
three remaining
waterways were outlined
and measurements of
each waterway’s usable
length and width were
made.

Site
Data
Drainage Area
Soil
Length

Width
Channel Slope
Wetlands
Floodplain
100-yr
Outlet
Conditions
Construction
Conditions

A summary of site
characteristics evaluated
for the remaining three
potential sites are shown
in Table 2.

(b)

2A

2C

2D

Ag acres 13.9

Ag acres 3.0

Ag acres 7.0

70.5 % WD +
MWD
454 feet
48 feet
1%
116 feet
Outside
floodplain267 feet
Upland woods.
Potential culvert
1385 feet haul road
along field border.
Limited staging
and stockpile areas

13.3 % WD+
MWD
366 feet
47 feet
1%
90 feet
Outside
floodplain356 feet
Upland shrub and
woods
360 feet haul road
along field border.
Limited staging
and stockpile areas

6.5 % WD+ MWD
452 feet
36 feet
0.5%
143 feet
Outside floodplain186 feet
Upland shrub and woods
598 feet haul road along
field border.
Limited staging and
stockpile areas

Table 2 - Summary of site identification, evaluation and
selection data for three potential basin sites

Site Investigation

Next, a site investigation should be conducted at this stage to help verify site characteristics
evaluated from the available resource data and collect additional site-specific data that can be
used in final selection and preliminary design of a cascading system. The site investigation team
should include the project conservation planner, engineer and soil scientist.
The project team should meet with the landowner and land manager during a site visit to discuss
the evaluation data (e.g. site data in Table 2). Based on the meeting, the landowner and the
project team may be able to eliminate potential sites from further evaluation and select a final
site, or the team may decide to collect additional information before selecting a final site. In
some cases, more than one basin system site may be selected for investigation and preliminary
design.
The investigation should include an inspection of the grass waterway(s) and the outlet location(s)
to document existing conditions. Photographs of existing conditions can be taken and may be
useful later in the design process. The channel slope of each waterway should be measured at
this time. The project engineer may want to collect sufficient information to develop conceptual
sketch plans for all potential sites being evaluated or more detailed information if a final site
selection has been made. An example of a relatively detailed conceptual sketch plan for potential
cascading system site 2A is provided in Figure 7.
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During the
investigation, soil
descriptions from hand
auger borings should be
made along the
centerline of the
waterway and selected
cross sections at
probable embankment
(berm) locations (if
known). Boring depths
should be deep enough
to verify soil survey
map units and assess
topsoil, subsoil and
substratum properties as
well as shallow
groundwater conditions
along the waterway. In
most cases boring
depths of 5 to 6 feet
below land surface
should be sufficient to
assess most basin
system sites with
drainage areas less than
100 acres.
At this stage, the
amount of soil data
collected and the level
of detail needed, will
Figure 7 - Conceptual system for the basin system 2A
depend on whether the
waterway being investigated has been selected by the project team as a final basin site or whether
potential sites are still being evaluated. If the waterway being investigated is a final basin site,
the data collected, during this visit, should be as detailed as possible to provide data for design.
Soil descriptions, at a minimum, should include:
1)
2)
3)
4)
5)

Horizon depths;
USDA soil textures and rock fragment contents;
Soil colors and depth to redoximorphic features;
Soil consistence; and
Depth to water, cemented layers and bedrock (if present).
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Sufficient data should be collected to estimate:
1)
2)
3)
4)

Depth to seasonal high water;
Soil hydrologic group classification;
Topsoil suitability and thickness for final grade;
Subsoil and substratum thickness and suitability for embankments, road-fill and small
building pads; and
5) Estimated hydraulic conductivity and seepage potential of subsoil and substratum
materials.
During the investigation, any locations of scour should be noted, either in the main channel, or
flowing in along the side slopes. It is recommended that the basins be located on top of these
areas of scour in order to eliminate them. The basin inlet points, as described in Section 2.0 (f),
will be designed to accommodate any high-velocity flows that created the observed scouring.
The project team should also obtain information from the landowner on maintenance practices in
the waterway and farm operations in the
Landowners, conservation planners and
waterway drainage area. Information on
engineers should consult Chapters 10, 12 and
maintenance practices should be collected
15 of the NRCS National Engineering
and include:
Handbook Part 630 Hydrology (NRCS, 2004;
1) Frequency of inspections and
NRCS 2000; and NRCS, 2010) and NRCS
mowing;
Small Watershed Hydrology (NRCS, 2009) for
2) Mowing heights;
additional information on computing runoff.
3) Fertilization schedule;
4) Erosion issues;
5) Weed issues; and
Conservation planners and engineers should
6) Any problems related to establishing and consult
maintaining
a vigorous
cover.
Chapters
10, 12grass
and 15
of the NRCS
National Engineering Handbook Part 630
Information on farming/land use should include: Hydrology (NRCS, 2004; NRCS 2000; and
NRCS, 2010) and NRCS Small Watershed
1) Crop rotations;
Hydrology (NRCS, 2009) for additional
2) Crop cover type;
information on computing runoff.
3) Plant density and crop residue;
4) Tillage practices; and
5) Conservation practices and any other information that may be relevant to computing
estimations of runoff from the waterway drainage area.

(c)

System Types and Dimensions

A cascading system can be designed such that all the containment basins in the system are
excavated to obtain storage volume. Alternately, the system can be designed with a combination
of excavated basins and embankments (hybrid system) to obtain the desired storage volume. A
combination of basin designs may be implemented if topographic conditions vary over the length
of the grassed waterway.
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One potential advantage of the hybrid basin
system are that excavated subsoil can be used for
construction of the embankments (if suitable)
requiring smaller stockpiles and reducing or
eliminating the need to haul subsoil offsite.
Potential advantages of the excavated system
include less complicated design and construction,
less maintenance and potential for failure
associated with washout of a berm during a larger storm event. Potential disadvantages of the
excavated system are greater volumes of subsoil that will need to be stockpiled onsite and/or
hauled offsite.
There are two basic types of cascading
systems: (1) excavated systems that are
designed such that all basins are
excavated to obtain storage volume and
(2) hybrid systems that use a combination
of excavation and embankment.

Storage volume target goals should range from 0.14 to 0.20 inches per acre of watershed area
draining to the system. Storage target goals for various drainage areas ranging from 5 to 100
acres are shown in Table 3.

Table 3 - Storage target goals for drainage areas ranging from 5 to 100 acres

Dimensions of the basins will be controlled by the usable length and to some extent the width of
the selected existing or planned grassed waterway. Existing grassed waterway widths will vary
from site to site with “typical” widths ranging from 25 to 50 feet. The basin widths should be
designed within the footprint of the existing waterway to minimize removal of cropland from
production. Waterway widths, however, may need to be increased in order to accommodate the
basin side slopes, embankments and spillways.
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Basin depths for calculating storage volumes typically should range from 2.0 to 2.5 feet to
replicate the prototype system. Deeper or shallower storage depths could be used depending on
site channel slopes, soil conditions and groundwater depths.
The separation between basins, referred to as basin spacing, is recommended to be a minimum of
approximately 50 feet to accommodate construction equipment and provide stable grassed
waterway transitions between basins. Grass filter strips (buffers) of a minimum of 25 feet are
recommended above elevations of the first (up-gradient) basin inlet and below elevations of the
last (down-gradient) basin outlet in the system.

(d)

System Cross Sections and Longitudinal Profiles

A sample cross section and longitudinal profile for an excavated basin are shown in Figures 8
and 9. The 2:1 and 4:1 slopes shown are maximums. Flatter slopes will reduce the likelihood of
erosion but will decrease the basin storage
Flatter slopes will reduce the likelihood of
volume for a given surface area. A sample crosserosion, but will decrease the basin storage
section, longitudinal profile and plan view for a
volume for a given surface area.
combination excavated-embankment (hybrid)
basin are shown in Figures 10, 11 and 12. The
4:1 and 8:1 slopes shown are maximums. Flatter slopes will reduce the likelihood of erosion but
will decrease the basin storage volume for a given surface area.

Figure 8 - Excavated basin cross-section

Figure 9 - Excavated basin longitudinal profile
_____________________________________________________________________________________________
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Figure 10 - Combination excavated-embankment (hybrid) basin cross section

Figure 11 - Combination excavated-embankment (hybrid) basin longitudinal profile

Figure 12 - Combination excavated-embankment (hybrid) plan view
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(e)

Vegetation

Select vegetation that is compatible with existing conditions in the waterway and that will
provide long-term uniform cover with the anticipated level of maintenance. Use NRCS Critical
Area Planting - Code 342 to select vegetation for grassed waterways and spillways.
Recommended permanent seeding mixtures used in Code 342 for cool-season grasses include
mix group 6, 7, 9 and11. Tall fescue is included in the majority of these groups and is
recommended in this manual for use when installing the cascading systems of floodway storm
water containment basins.

(f)

Inlets

With the basins being excavated within an existing grassed channel, the flow entering each basin
will naturally be concentrated, rather than diffuse. As a result, it will be necessary to armor the
inlet slope, typically graded at four units horizontal to one vertical, to
Preference should be
resist the erosive force of the inflow over this steeper slope. In
given to locating
virtually all cases, vegetation alone will not be sufficient, so refer to
basins upstream
Section 3.0(b)(3) for design standards.
and/or downstream of
intersecting flow
In some cases, additional overland flow may enter the cascading
channels.
basin system by way of a side channel. Preference should be given to
locating the basins upstream and/or downstream of the existing
intersection point for these two flow channels, whenever the junction is currently stable. If this is
not possible, it will be necessary to design a basin to accept the flow from the side channel. In
this case, the side slope of the basin should be flattened from 2:1 to 4:1 slope, with a stable inlet
designed as described in Section 3.0(b)(3).

(g)

Outlets

All basins shall have stable outlets with adequate capacity for the design flow. Special precautions
should be taken when waterways and basin system start or end near property lines. Care must be
taken to prevent sediment from damaging lower or downstream properties.

(h)

Seepage Control

If the basin excavations will intersect a well-drained soil layer, the possibility exists that the
cascading system could provide a pathway for nutrients such as dissolved nitrogen to be
introduced into groundwater. This possible result is contrary to the goal of the design to provide
nutrient removal and the associated environmental benefits, so the design should take steps to
minimize infiltration. Specific recommendations are beyond the scope of this manual, but the
local Soil Conservation Service can be an excellent resource. Possible solutions include, but are
not necessarily limited to:



Compaction by heavy equipment
Re-spread topsoil or other excavated clayey soil in the bottom of the basins.
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(i)

Lime-based sealant
Polymer-based sealant: some can be used after the pond is full if a “wait and see”
approach is taken during design.
Bentonite clay layer
In rare cases use of an impermeable membrane may be justified such as ethylene
propylene diene terpolymer (EPDM), poyethylene, or PVC.

Stockpile

At this stage in the preliminary design, some consideration should be given to the excavation
spoils.



Will the spoils be sold and trucked offsite, or will they be stockpiled onsite?
For an onsite stockpile, will the soil be moved via dump truck, dozer, or using a tractorscraper (pan grader)?

Each option has different considerations regarding the disturbance generated by the equipment,
and the area of the stockpile may vary. To begin the planning process, it is recommended that the
stockpile area be estimated to be one half of the
total basin surface area. Ease of access, proximity According to the Natural Resources
Conservation Service (NRCS),
to the site exit, and minimization of impacts to
cropland are all considerations when planning for Technical Release 55 (TR-55) presents
simplified procedures to calculate storm
the stockpile.
runoff volume, peak rate of discharge,
hydrographs, and storage volumes
(j)
Additional Data Collection
required for floodwater reservoirs.
(1)
Hydrologic Investigations
These procedures are applicable to
small watersheds in the United States.
Information on drainage area, design storm
frequency and duration, and runoff estimates are
important in correctly sizing the basins. The
project engineer should compute the peak runoff produced by the design storm using Technical
Release 55 (TR-55) or similar methodology that is acceptable to the local jurisdiction (NRCS,
2009).
(2)

Engineering Surveys

A field-run survey will need to be conducted for the detailed design. The survey should be done
by a licensed surveyor or other qualified professional. Surveys generally consist of a profile
along the waterway channel and along cross sections at the planned inlet and outlet of each
basin. If hybrid embankment/basins are called for in the design, additional cross sections should
be provided at the upstream and downstream ends of each embankment.
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3.0

Generalized Design Process

(a)

Steps

The seven general steps in the design process are as follows:
1) Review the available site, soil and field survey data to determine if additional information
is needed. If buried utilities cross the proposed alignment, contact utility companies to
determine the exact location and depth of underground services, and analyze
compatibility. Basins should not be located over utilities.
2) If restrictions exist downstream of the system outlet (e.g. culverts, weirs, etc.) the
engineer may want to re-visit preliminary design decisions and re-compute peak runoff of
design storm.
3) Finalize basin dimensions, including depths, spacing, embankment and spillway locations
and elevations. Check velocity calculations in channel, inlets, and outlets. Design
adequate erosion and scour protection in the form of grass seed, temporary matting,
permanent matting, or rip rap.
4) Finalize typical plan, profile, cross section in basin and (if used) cross section of
embankments and spillways.
5) Finalize stockpile and haul road locations and display on plan.
6) Develop sediment and erosion control plans. Plans to
The basins are typically
include: filter logs downslope of each basin, silt fence
designed to discharge peak
around stockpiles; inflow and outflow protection for
flow from a minimum 10-year,
each basin as called for in the design; vegetative
24-hour duration storm.
stabilization and matting (if necessary) in the
transition spacing between basins as needed; and riprap and geotextile as shown in the design locations. Show typical details and stabilization
notes as needed on plans and provide plan callouts that reference the standard details.
7) Finalize the location of equipment and materials staging area(s) and show on plans.

(b)
(1)

Design Parameters
Discharge

The basins are designed to discharge the peak flow expected from a minimum 10-year
frequency, 24-hour duration storm. Out-of-bank flow may be permitted on land slopes parallel to
the channel where the 10-year flow velocity is non-erosive and when no property damage will
result. In every case it is necessary to provide adequate capacity and limit velocities so there will
be no danger to humans, structures or animals in accordance with site conditions.
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(2)

Volume Calculations

The volume of storage and excavation required can be estimated relatively accurately by using
the prismoidal formula.
(3)

Channel Section, Bottom and Spillways

Areas of concentrated flow, such as the grass channel bottom and spillways (if designing an
embankment) need to be stabilized to resist the erosive forces caused by flowing water. In most
instances, the designer shall design the channel to accommodate for
Channel velocity
the peak 10-year frequency storm flow rate, with a minimum of 6
should be 6 feet per
inches of freeboard. Where local conditions dictate, such as floodprone areas or in areas with highly erosive soils, a 100-year frequency second or less, unless
permanent soil
storm shall be used.
stabilization matting
Channel velocity shall not exceed 6 feet per second in a grassed
is used, in which case
channel or spillway, and temporary soil stabilization matting is
velocities can be
required to protect the soil while the vegetation germinates and takes
increased to 8 feet
root. Velocities may be increased to 8 feet per second if permanent
per second.
soil stabilization matting is utilized. For higher velocities, the channel
must be stabilized with rip rap.
Design velocities shall be determined by using the procedures, "n" values, and recommendations
in Chapter 7 of the USDA Engineering Field Handbook, Part 650. Utilizing the methodology
described therein, Retardance D shall be used to determine
Rock Rip Rap shall be sized
the stability of the waterway. Retardance B (for waterways
using The Maryland Highway
which are not mowed) or Retardance C (for waterways
Drainage Manual, Part 1,
which are regularly mowed) shall be used to determine that
Chapter 3, Section A.
the design capacity is adequate.
Paragraph 2 using table SHA 61.1 - 405.1 "Limiting
Temporary Soil Stabilization Matting shall be installed in
Velocities for Rip-Rap Lining"
accordance with the 2011 Maryland Standards and
to determine the proper "n"
Specifications for Soil Erosion and Sediment Control,
value and rock size.
Detail B-4-6-A, "Temporary Soil Stabilization Matting
Channel Application" and in accordance with the
manufacturer's recommendations. Seeding stabilization shall be implemented per the NRCS
Critical Area Planting - Code 342.
Permanent Soil Stabilization Matting shall be installed in accordance with the 2011 Maryland
Standards and Specifications for Soil Erosion and Sediment Control, Detail B-4-6-C, "Permanent
Soil Stabilization Matting Channel Application" and in accordance with the manufacturer's
recommendations. Seeding stabilization shall be implemented per the NRCS Critical Area
Planting - Code 342.
Rock Rip Rap shall be sized using The Maryland Highway Drainage Manual, Part 1, Chapter 3,
Section A. Paragraph 2 using table SHA - 61.1 - 405.1 "Limiting Velocities for Rip-Rap Lining"
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to determine the proper "n" value and rock size. Construction shall be performed according to
the requirements of the Maryland Department of Transportation, State Highway Administration
Standard Specifications for Construction and Materials, Section 311.
Geotextile Fabric is required under the bottom and sides of all rip rap and shall be non-woven,
meeting the specifications as found in Table H.1 "Geotextile Fabric" in the 2011 Maryland
Standards and Specifications for Soil Erosion and Sediment Control Manual.
If buried utilities are known or assumed to cross the proposed alignment, the owner and/or
contractor should contact all applicable utility companies to verify utility presence and determine
the exact location of underground services. Once utility locations are identified, the basin layout
should be re-analyzed to ensure compatibility with the original design intentions.
Basins should be protected from excess sediment accumulation. If sediment is not controlled
before it reaches the waterway several different mitigation methods may be implemented. One
potential method is to install a vegetated filter strip on each side of the waterway where surface
water enters the basins.

4.0

Construction

(a)

Sequence

The following represents the typical steps involved in constructing a cascading system of
stormwater containment basins. This information should be examined and customized for the
specific site during the preconstruction process in cooperation with the landowner, contractor
and engineer.
1) Obtain permits. Permits are required by all applicable
local jurisdictions. In many cases no permits are
required because a cascading system is considered an
agricultural practice. In other jurisdictions a grading or
sediment control permit will be required in conjunction
with review and approval by local agencies.
2) Hold a preconstruction meeting to include the owner,
contractor, engineer, and other stakeholders as
applicable, including, but not necessarily limited to
local reviewers, permit agencies, construction
inspectors, etc.

These 15 easy-to-follow
construction sequence tips
are intended to help guide
owners, contractors and
designers to understand
and implement the typical
steps involved in
constructing a cascading
system of stormwater
containment basins.

3) Lay out the system in the field according to the detailed site plans.
4) Take all necessary steps to stabilize the construction access/haul road. In many cases,
existing farm fields have a compacted perimeter road to facilitate to the passage of farm
equipment. If an existing perimeter road is not present or sufficient to provide reliable
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access for the proposed construction equipment, certain site improvements may be
necessary, such as:






Installation of a wood chip road bed (12" deep minimum prior to compaction)
Gravel stabilization
Cross culverts
Wood/plastic tracking pads
Heavy Timbers

5) Begin construction of system at the highest (up-gradient) elevation and work down the
slope. This sequence of construction will help to provide stormwater and sedimentation
control as work continues down the slope.
6) Clear and grub the area of the first basin. In this construction sequence it assumed that
any earthen berms (if provided in the design) will be constructed at the same time as the
basin located immediately up-gradient. Precautions should be taken to minimize
disturbance to the existing grass channel up-gradient and down-gradient from the basin.
Tracking pads or heavy timbers may be helpful for crossing the channel.
7) Remove the existing topsoil and stockpile onsite for re-use.
8) Perform a rough excavation of the first basin (and berm, if applicable), placing
excavated materials in the stockpile location shown on the plans or directly into dump
trucks to facilitate the efficient removal of materials from the site.
9) Fine-grade the basin to match the design contours. In some cases minor adjustments may
be necessary to the controlling elevations. Avoid using fill material in high flow areas;
undisturbed (virgin) soil is much less likely to erode until stabilization occurs.
10) Install any inflow/outflow protection as indicated in the design, including erosion control
matting, rock aprons, etc.
11) Re-spread existing topsoil to a depth of at least 3 to 4 inches on any soil surface that is
not inundated by water in the basins. This will speed germination and allow any seed
stock within the topsoil to re-populate the construction area. If topsoil is not expected to
be used elsewhere, it may be spread in the inundated portions of the basins to avoid
having to remove it from the site or stockpile it permanently. Excavation depths should
take this into account so that the storage volume in the basin is not diminished by the
addition of the topsoil.
12) Install seed in the disturbed area as called out on the plans, with mulch, hydroseed, or
erosion control matting as applicable. Matting should be pinned down securely. If seed is
washed away, reseeding is possible on top of matting with good success.
13) Repeat steps 6-12 above for each subsequent basin.
14) Stabilize or remove the stockpile area with permanent seed once the construction process
is complete.
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15) Remove all temporary sediment and erosion control practices and stabilize all remaining
disturbed areas. If applicable, this step shall only occur after final project approval by the
local permitting agency and/or inspection department(s).

(b)

Tips






(c)

The property owner or contractor may have use for any topsoil or select fill generated
from the construction process either onsite or offsite. This should be considered in the bid
process.
If removing excess earth from site, a crawler loader or excavator for loading trucks
should be the equipment of choice.
When conditions permit, and onsite stockpiling is planned, a tractor-scraper (“Pan”)
should be used as the most efficient way to excavate basins. A dozer or similar equipment
can then be used to shape side slopes and fine grade.
Seed stabilization shall not contain fescues within 25 feet of a non-tidal wetland.
Erosion control matting located within high-flow areas should be pinned down securely
in accordance with the MDE standard details. If seed is washed away, reseeding is
possible on top of matting with good success or sod could be used.

Post-Construction

Inspections should occur after approximately 10-15 rain events (or sooner if the system is subject
to a significant storm) to check for any signs of potential erosion. The inspection(s) should also
include observations to check for adequate germination of permanent seeding. Any deficient
areas should be corrected as soon as possible.
MAINTENANCE TIP: Once
approximately 50% of the initial ponding
depth/storage volume has been displaced
by sediment, system owners should
initiate maintenance to restore the design
storage volume.

Over the life of the system it is recommended
that the basins be inspected after any storm event
of three inches or more to help ensure there have
been no blowouts or any other significant
erosion.

After the cascading system has been in operation
for approximately ten years, annual inspections
should be performed to determine the depth of
accumulated sediment. Once 50% of the available ponding depth has been displaced by
sediment, the Owner should schedule maintenance work to remove the accumulated sediment
and restore the design storage volumes.

5.0

Maintenance

(a)

General

Timely maintenance is important for keeping a waterway and cascading system of floodway
storm water containment basins in good working condition. Recommended maintenance
generally includes mowing of waterways and removing vegetation so as not to restrict water flow
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and cause excessive sedimentation in the channel. Timely mowing is critical for wildlife. The
cool-season grasses typically should be fertilized, while the native grasses may not need
fertilizer. Very often herbicides in field runoff can kill introduced grass species, while native
grasses may not be affected as much by this problem.
1) Landowners should expect to mow a minimum of twice annually, in the late spring and
again in the fall of each year.
2) Depending on land use within the drainage area, sediment removal from basins may be
required at 20 to 25 year or greater intervals. Sediment accumulation should be monitored
every 3 to 5 years, with removal occurring after sediment has accumulated to one half of
the storage depth of the basin.
3) The waterway channel above the system may also require maintenance to remove small
sediment deposits.
4) Basins should also be protected from sediment moving off adjacent fields. The grass
waterway width may need to be increased by installing a vegetated filter strip on each
side of the waterway where field surface water enters. A 10-foot minimum filter strip
width is recommended.
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Example Basin System Dimensions
Some of the first questions likely to come up when considering whether or not to build a
cascading system of floodway storm water containment basins (cascading system), are how
much space will it take up and how much treatment volume can be provided at any prospective
site. The tables provided in Appendix A are intended to give generalized answers to these
questions. This information does not replace a detailed design, but it should provide "ballpark"
answers to determine whether or not a cascading system is worth pursuing.
There are several variables that are explored in the tables:





Drainage area size: 10 acres to 100 acres
Basin top width: 20 to 35 feet wide
Number of basins: 3 to 4 basins
Channel Slope: 0.5% to 2.0%

How to use the tables:
The user should have already determined the approximate drainage area flowing to the
prospective site location as well as the available length and width of the grassed channel. The
latter information can quickly be determined using aerial images or online mapping tools that
allow for digital measurements.
Use the drainage area information to choose the appropriate table. For example, if the drainage
area is 18 acres, look at Table 2, which provides sizes for a 20-acre drainage area.
Once the appropriate table has been selected, narrow down the rows that correspond to the
longitudinal slope of the prospective grass channel. If the slope varies, use the average slope over
the area under consideration.
Next, consider the width of the existing grass channel. As a general rule, the width available for
the basins should be roughly 10 - 20 feet narrower than the grass channel to allow room for cut
slopes and construction access. Again, if the width varies, use the average width over the
available length of the existing channel. Ultimately, the designed basin width is up to the
discretion of the designer, and it is likely that each basin in the system will have a different width
to suit actual conditions.
Once the width has been determined there will be three options for the selected criteria for
drainage area, channel slope, and basin width that correspond to a system with either 3, 4 or 5
basins. Compare the calculated information in the tables to see which option makes the most
sense for the particular site. System length will be the most critical, since the system must fit
within the available and usable grassed waterway.
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The values for depth, length, and width provided in the tables mimic the proportions of the
basins built in the prototype system at Hambleton Creek Farm. The dimension shown in the
tables are calculated to achieve a minimum storage volume of 0.14 inches per acre, as discussed
in Section 2.0, Subsection (c). This is the minimum recommended storage volume to achieve a
reproducible and reliable level of water quality treatment.
Note: these tables assume an up-gradient and down-gradient minimum grass buffer of 25 feet, a
50 foot basin spacing (basin spacing is the distance between basins), a 10 inch topsoil depth and
excavation side slopes of two units horizontal to one (2:1) unit vertical on three sides with a 4:1
slope on the inflow of the basin. Excavation volumes are based on “in-pace” cubic yards. To
estimate “loose” cubic yards, multiply times 1.25.
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Table A-1
CSFSCB
DESIGN FOR 0.14 IN/ACRE STORAGE
DRAINAGE AREA – 10 ACRES
DRAINAGE
WAY
SLOPE
(%)
0.5

1

1.5

2

0.5

1

1.5

2

NO.

BASIN
DEPTH
TOP
TOP LENGTH
WIDTH LENGTH

SYSTEM
APPROXIMATE
TREATED VOLUME

APPROXIMATE EXCAVATION*
TOTAL
TOPSOIL SUBSOIL

(ft)
(ft)
(ft)
(ft)
(acre-in) (in/acre) (cu-ft) (acre-ft) (cu yd)
(cu yd)
(cu yd)
1
2.0
20
35
420
1.40
0.14
5082
0.12
207
105
102
2
2.5
20
50
3
2.5
20
35
4
2.5
20
50
1
2.0
20
35
420
1.40
0.14
5082
0.12
219
109
110
2
2.5
20
50
3
2.5
20
35
4
2.5
20
50
1
2.0
20
35
420
1.40
0.14
5082
0.12
233
114
119
2
2.5
20
50
3
2.5
20
35
4
2.5
20
50
1
2.0
20
35
420
1.40
0.14
5082
0.12
247
118
129
2
2.5
20
50
3
2.5
20
35
4
2.5
20
50
1
2.0
25
30
410
1.80
0.18
6534
0.15
254
123
131
2
2.5
25
50
3
2.5
25
30
4
2.5
25
50
1
2.0
25
30
410
1.80
0.18
6534
0.15
268
127
141
2
2.5
25
50
3
2.5
25
30
4
2.5
25
50
1
2.0
25
30
410
1.70
0.17
6171
0.14
282
132
150
2
2.5
25
50
3
2.5
25
30
4
2.5
25
50
1
2.0
25
30
410
1.70
0.17
6171
0.14
297
137
160
2
2.5
25
50
3
2.5
25
30
4
2.5
25
50
* Approximate excavation volumes based on "in-place" cubic yards. To estimate "loose" cubic yards for sizing stockpiles or
transport off-site multiply estimate in table by 1.25.
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Table A-2
CSFSCB
DESIGN FOR 0.14 IN/ACRE STORAGE
DRAINAGE AREA – 20 ACRES
DRAINAGE
WAY
SLOPE
(%)
0.5

1

1.5

2

0.5

1

1.5

2

NO.

BASIN
DEPTH
TOP
TOP LENGTH
WIDTH LENGTH

SYSTEM
APPROXIMATE
TREATED VOLUME

APPROXIMATE EXCAVATION*
TOTAL
TOPSOIL SUBSOIL

(ft)
(ft)
(ft)
(ft)
(acre-in) (in/acre) (cu-ft) (acre-ft) (cu yd)
(cu yd)
(cu yd)
1
2.0
20
60
560
2.90
0.15
10528
0.24
429
195
234
2
2.5
20
95
3
2.5
20
60
4
2.5
20
95
1
2.0
20
65
570
2.80
0.14
10165
0.23
496
214
282
2
2.5
20
95
3
2.5
20
65
4
2.5
20
95
1
2.0
20
65
570
2.90
0.15
10528
0.24
551
226
325
2
2.5
20
95
3
2.5
20
65
4
2.5
20
95
1
2.0
20
65
570
2.80
0.14
10165
0.23
611
239
372
2
2.5
20
65
3
2.5
20
65
4
2.5
20
95
1
2.0
25
40
490
2.84
0.14
10310
0.24
420
186
234
2
2.5
25
80
3
2.5
25
40
4
2.5
25
80
1
2.0
25
40
490
2.81
0.14
10201
0.23
456
195
261
2
2.5
25
80
3
2.5
25
40
4
2.5
25
80
1
2.0
25
45
495
2.84
0.14
10310
0.24
494
204
290
2
2.5
25
80
3
2.5
25
40
4
2.5
25
80
1
2.0
25
45
495
2.81
0.14
10201
0.23
535
212
323
2
2.5
25
80
3
2.5
25
40
4
2.5
25
80
* Approximate excavation volumes based on "in-place" cubic yards. To estimate "loose" cubic yards for sizing stockpiles or
transport off-site multiply estimate in table by 1.25.
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Table A-3
CSFSCB
DESIGN FOR 0.14 IN/ACRE STORAGE
DRAINAGE AREA – 50 ACRES
DRAINAGE
WAY
SLOPE
(%)
0.5

1

1.5

2

0.5

1

1.5

2

NO.

BASIN
DEPTH
TOP
TOP LENGTH
WIDTH LENGTH

SYSTEM
APPROXIMATE
TREATED VOLUME

APPROXIMATE EXCAVATION*
TOTAL
TOPSOIL SUBSOIL

(ft)
(ft)
(ft)
(ft)
(acre-in) (in/acre) (cu-ft) (acre-ft) (cu yd)
(cu yd)
(cu yd)
1
2.0
35
75
640
7.18
0.14
26065
0.60
1097
425
672
2
2.5
35
115
3
2.5
35
80
4
2.5
35
120
1
2.0
35
75
640
7.10
0.14
25775
0.59
1228
445
783
2
2.5
35
115
3
2.5
35
80
4
2.5
35
120
1
2.0
35
80
650
7.00
0.14
25411
0.58
1412
479
933
2
2.5
35
120
3
2.5
35
80
4
2.5
35
120
1
2.0
35
80
650
7.00
0.14
25411
0.58
1565
501
1064
2
2.5
35
120
3
2.5
35
80
4
2.5
35
120
1
2.0
25
120
810
7.00
0.14
25411
0.58
1141
447
694
2
2.5
25
160
3
2.5
25
120
4
2.5
25
160
1
2.0
25
120
810
7.00
0.14
25411
0.58
1350
481
869
2
2.5
25
160
3
2.5
25
120
4
2.5
25
160
1
2.0
25
120
810
7.00
0.14
25411
0.58
1580
515
1065
2
2.5
25
160
3
2.5
25
120
4
2.5
25
160
1
2.0
25
120
810
7.00
0.14
25411
0.58
1831
550
1281
2
2.5
25
160
3
2.5
25
120
4
2.5
25
160
* Approximate excavation volumes based on "in-place" cubic yards. To estimate "loose" cubic yards for sizing stockpiles or
transport off-site multiply estimate in table by 1.25.
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Table A-4
CSFSCB
DESIGN FOR 0.14 IN/ACRE STORAGE
DRAINAGE AREA – 100 ACRES
DRAINAGE
WAY
SLOPE
(%)
0.5

1

1.5

2

0.5

1

1.5

2

NO.

BASIN
DEPTH
TOP
TOP LENGTH
WIDTH LENGTH

SYSTEM
APPROXIMATE
TREATED VOLUME

APPROXIMATE EXCAVATION*
TOTAL
TOPSOIL SUBSOIL

(ft)
(ft)
(ft)
(ft)
(acre-in) (in/acre) (cu-ft) (acre-ft) (cu yd)
(cu yd)
(cu yd)
1
2.0
35
150
990
14.07
0.14
51077
1.17
2378
826
1552
2
2.5
35
220
3
2.5
35
150
4
2.5
35
220
1
2.0
35
150
990
13.93
0.14
50569
1.16
2897
885
2012
2
2.5
35
220
3
2.5
35
150
4
2.5
35
220
1
2.0
35
150
990
13.80
0.14
50097
1.15
3467
947
2520
2
2.5
35
220
3
2.5
35
150
4
2.5
35
220
1
2.0
35
150
990
13.66
0.14
49589
1.14
4090
1010
3080
2
2.5
35
220
3
2.5
35
150
4
2.5
35
220
1
2.0
25
200
1350
14.23
0.14
51658
1.19
2759
929
1830
2
2.5
25
350
3
2.5
25
200
4
2.5
25
350
1
2.0
25
200
1350
14.09
0.14
51150
1.17
3776
1048
2728
2
2.5
25
350
3
2.5
25
200
4
2.5
25
350
1
2.0
25
200
1350
13.95
0.14
50641
1.16
4981
1170
3811
2
2.5
25
350
3
2.5
25
200
4
2.5
25
350
1
2.0
25
200
1350
13.82
0.14
50170
1.15
6375
1296
5079
2
2.5
25
350
3
2.5
25
200
4
2.5
25
350
* Approximate excavation volumes based on "in-place" cubic yards. To estimate "loose" cubic yards for sizing stockpiles or
transport off-site multiply estimate in table by 1.25.
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Example Basin System 1
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Example 1: Excavated Basin System
This example describes the basic steps to create a preliminary design of a cascading system of
floodway storm water containment basins (cascading system). Example 1 uses an excavated
system, meaning that there are no berms proposed between basins. This is the simpler design
option, and it maintains sections of unaltered grass waterway between basin excavations.
Figure B-1 shows an aerial image of the two sites under consideration. Both flow channels
consist of established grassed waterways, and it is evident from the image that Site 1A is wider,
with a better establishment of grass stabilization. Site 1B is noted to contain a flow control
structure, which may constitute a particular design challenge.
Figure B-2 shows the topography of the two sites. Looking at the longitudinal channel slope, Site
1A appears to be slightly flatter. In addition, the side slopes are flatter, meaning Site 1B is more
like a gully than a gentle swale.
These conditions all point toward Site 1A as the better choice. At the time the Figure B-1 image
was taken, the grass waterway was approximately 30 feet wide. It will be demonstrated this
width is inadequate to accommodate an appropriately-sized cascading system. This is a relatively
minor concern since the width of the adjacent agricultural fields can be reduced slightly to
accommodate the cascading system. In this case, the grassed channel should be established at a
width of approximately 60-65 feet wide.
The next step is to define the drainage areas. As shown in Figure B-3, the drainage area to the
inlet end of the system is 90 acres, and the drainage area to the outlet of the entire system is 112
acres.
In preparation for the TR-55 flow calculations, the USDA soil maps were consulted to determine
the hydrologic soil groups for the underlying soils. Combining this information with the land use
(field, forest, road, etc.), Figure B-4 was created and the resulting information shown in Tables
B-1 and B-2.
Using the flow paths shown on the Drainage Area Map (Figure B-3), the time of concentration
was calculated, and all relevant information entered in to the TR-55 program (see Figure B-5).
The output shows the flow rates into the upstream and downstream ends of the system for
various storm frequencies. This information will be used by the engineer to design the inflow and
outflow protection to/from each basin during preparation of construction drawings. (This step is
beyond the scope of this project)
In order to prepare a conceptual layout of the cascading system the waterway was measured and
determined to be approximately 880 feet long. This provides adequate room upstream of the first
basin to be sure there is no impact to the upstream property, plus 50 to 100 feet of room below
the lowest basin to allow the outflow to smoothly transition into the downstream grass waterway.
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Calculating the average slope of Site 1A, the topography drops 7 feet over roughly 805 feet,
resulting in a longitudinal slope of 0.87%.
Based on the guidance provided in this manual it was decided that the proposed system should
have four separate basins if possible. Consulting Table A-4 in Appendix A for a 100-acre
drainage area, designers look at the rows for a 1% slope that contain four basins. The first option,
assuming a basin width of 35 feet, requires a system length of 990 feet, which is more than 100'
longer than the available length. The second option requires a system length of 1,350 feet, so this
configuration is certainly not viable.
Looking back at the 990-foot long system, one can reason that it is possible to make the system
shorter by shortening the basins. To compensate, the basins will need to be made wider.
Preliminary calculations are shown in Figure B-6, with basin widths at 45 feet, as shown
graphically in Figure B-7. With an approximate storage volume of 67,331 cubic feet, this
translates into a storage volume 0.166 inches per acre. Since this is slightly over the minimum
recommended value of 0.14 inches per acre, this configuration is generally acceptable.
The final step in the process is to refine the basin configurations to conform to the geometric
conditions within the existing grassed channel. Basins should be designed with the following in
mind:







Adjust the length and width of the basin to suit the topography and available grass
channel width
Mimic the relative proportions of the prototype system reasonably closely. This
means that length vs. width ratio for the basins should be similar for each basin, and
storage depth should range from 2.0 to 2.5 feet. In addition, the basin volumes should
mimic the prototype, with the first basin being the smallest, and the second and fourth
being largest. These guidelines should considered, but some flexibility in basin size
and spacing is reserved for designers.
In profile, the basins should be located in steeper sections of channel, with the flatter
sections of channel remaining undisturbed in the spacing between the basins. The
flatter grass channels will be less susceptible to erosion.
In profile, the channel elevation at the outlet point determines the permanent pool
elevation of each basin.

The result of these adjustments is shown in plan in Figure B-8 and in profile in Figure B-9.
Calculations on Figure 10 confirm that these geometric conditions still exceeds the minimum
treatment volumes.
Site 1A actually represents the prototype system that was installed at Hambleton Farm, and
which was studied by the University of Maryland. Figure B-11 shows the as-built plan and
profile for that system.
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Figure B-1 - Existing Grass Waterways Under Consideration

Figure B1
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Figure B2
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Figure B3
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Figure B-4 - Existing Land Uses, Soil Types and Drainage Area

Figure B4
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MAPPING
UNIT
CaA
HnA
HvA
IgB
Igc
MqA
OtA
UsA
UsA
TOTAL

HYDROLOGIC GROUP SURFACE USDA-NRCS PARTICLE
CLASS
UNDRAINED TEXTURE
SIZE FAMILY CLASS
C/D
D
L
Coarse-loamy
B
SL
Coarse-loamy
B
SL
Coarse-loamy
A
SL
Coarse-loamy
A
SL
Coarse-loamy
C
L
Fine-silty
C/D
D
L
Fine-silty
C
L
Coarse-loamy
C
L
Coarse-loamy
DRAINAGE
CLASS
PD
MWD
PD
WD
WD
MWD
PD
WD
WD

EXAMPLE 1A
DRAINAGE AREA SOIL SUMMARY

(1)Table B-1

PERCENT
8.7
8.8
12.2
29
0.9
13.5
0.1
0.1
26.9
100.00

9.59
9.67
13.37
31.92
0.94
14.81
0.06
0.09
29.55
110.00

DRAINAGE AREA SOIL SUMMARY

ACRES
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Table B-1

EXAMPLE 1A
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Table B-2
EXAMPLE 1A

SUBAREA CONDITION
Roads
Residential
Woods
Field 1 - L
Field 1 - U
Field 2

Field 3

Field 4

Field 5
Field 6 - U
Field 6 - U
TOTAL
WEIGHTED
AVE. CN

Paved
<=1 acre
Good Cover
SR+CR-Good
SR+CR-Good
SR+CR-Good
SR+CR-Good
SR - Poor
SR - Poor
SR - Poor
SR - Poor
SR - Poor
SR - Poor
SR - Poor
SR - Poor
SR - Poor
SR - Poor
SR - Poor
SR - Poor
SR - Poor
SR+CR-Good
SR+CR-Good

ACRES
3.75
1.01
4.45
9.32
1.47
1.46
1.40
6.93
1.27
11.39
3.69
1.51
11.11
9.37
11.46
20.27
0.01
0.14
3.96
0.14
6.12
1.27
111.50

HSG

CN

C
A
C
A
C
A
B
C
A
B
C
D
A
B
C
D
C
D
C
C

98
79
70
64
77
64
77
72
81
88
72
81
88
91
72
81
88
91
88
91
77
77

PRODUCT
(Acres x CN)
367.50
79.79
311.50
596.48
113.19
93.44
107.80
498.96
102.87
1002.32
265.68
122.31
977.68
852.67
825.12
1641.87
0.88
12.74
348.48
12.74
471.24
97.79
8903.05
80
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Figure B-5a
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Figure B-5b
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Figure B-5c

Time of Concentration – 90 Acres
0.7
1000
𝑙 0.8 [( 𝐶𝑁 ) − 9]
𝑇𝑐 =
1140 𝑥 𝑌 0.5

l = Flow Length (ft.) = 4000’
CN = Curve Number = 80
Y = Average Watershed Slope = 1.0%
0.7
1000
40000.8 [( 80 ) − 9]
𝑇𝑐 =
1140 𝑥 (1)0.5

=

761[3.5]0.7
1140

=

761[2.40]
1140

𝑇𝑐 = 1.61 𝐻𝑟.
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Figure B-5d
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Figure B-5e

______________________________________________________________________________
NFWF Grant 0600.15.048817
October 2016
Page 51

Cascading System of Floodway Storm Water Containment Basins
______________________________________________________________________________

Figure B-5f

Time of Concentration – 112 Acres
0.7
1000
𝑙 0.8 [( 𝐶𝑁 ) − 9]
𝑇𝑐 =
1140 𝑥 𝑌 0.5

l = Flow Length (ft.) = 4900’
CN = Curve Number = 80
Y = Average Watershed Slope = 1.0%
0.7
1000
49000.8 [( 80 ) − 9]
𝑇𝑐 =
1140 𝑥 (1)0.5

=

896 [3.5]0.7
1140

=

896 [2.40]
1140

𝑇𝑐 = 1.89 𝐻𝑟.
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Figure B-6

Basin Sizing – Conceptual Design

Sum of basin lengths:
145 + 170 + 170 + 180 = 665’

Spacing:
90 x 3 = 180’

Total system length:
845’

Assuming basin width at 45’, Depth = 2.5’

Storage volume

= 665 x 45 x 2.5
= 74,813 cu. ft.

Reduce 10% for side slopes
= 67,331 cu. ft.

Convert storage to in/ac
67,331 𝑐𝑓. 𝑥 (12 𝑖𝑛/𝑓𝑡)
807,927 𝑖𝑛
=
112 𝑎𝑐. 𝑥 (43,560 𝑠𝑓/𝑎𝑐) 4,878,720
= 0.166 in
0.166 > 0.14 in/ac, so ok
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Figure B7

Figure B8

FIGURE B-7
Example 1A – Conceptual
Sketch Scale 1” = 100’
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Figure B9
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Figure B-10
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Figure B-11 – Construction As-Built

Figure B11
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Appendix C
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Example Basin System 2
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Example 2: Bermed Basin System
This example describes the basic steps to create a preliminary design of a cascading system
of floodway storm water containment basins (cascading system). Example 2 uses a bermed
system, meaning that a portion of the soil that is excavated from each basin is placed in the
downstream channel to partially dam up the existing grassed waterway.
This technique has the advantage of lowering the volume of soil excavated for a given
treatment volume. It is most appropriate in areas were the side slope in the existing grassed
waterway is relatively steep, since that shortens the length of berm required to impound a
given basin depth.
Figure C-1 shows an aerial image of the five sites under consideration. All flow channels
consist of established grassed waterways, and it is evident from the image that each
prospective site has a different width available between the agricultural crops.
Figure C-2 shows mapped wetlands (orange and green) and mapped stream channels (blue).
This information is helpful in predicting the permitting requirements for a particular site,
since the Maryland Department of the Environment would need to authorize any disturbance
to a wetland resource. Because Sites 2B and 2E contain streams, those two sites were
eliminated from further consideration.
In choosing between the remaining three sites, no one site was the obvious first choice. Table
C-1 shows a ranking system to analyze various parameters such as channel slope, available
width, usable length, soil types, etc. As a result of this analysis, site 2A was selected as the
most appropriate for this example.
Having made this selection, topographic information was assembled and a drainage area map
prepared, as shown in Figure C-3. Because this drainage are is relatively small (13.89 acres)
the flow calculations were only performed for the outlet of the downstream basin. Unlike
Example 1, the smaller drainage area to the inlet of the upstream basin was omitted, and
future analysis of that point by will utilize the larger flow for the 13.89 acre drainage area.
This is conservative since the calculated flow at the inlet will be higher than actual flow.
In preparation for the TR-55 flow calculations, the USDA soil maps were consulted to
determine the hydrologic soil groups for the underlying soils. Combining this information
with the land use (field, forest, road, etc.), Table C-2 was created.
Using the flow paths shown on the Drainage Area Map (Figure C-3), the time of
concentration was calculated, and all relevant information entered in to the TR-55 program
(see Figure C-4). The resulting flow rates will be used by the engineer to design the inflow
and outflow protection to/from each basin during preparation of construction drawings. (This
step is beyond the scope of this project)
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In order to prepare a conceptual layout of the cascading system, the available length of
grassed waterway was measured to be approximately 380 feet long. In this case, the upstream
end of the existing grassed channel is located deep within the existing row crops so it is not
necessary to leave extra space upstream of the system. Calculating the average slope of Site
2A, the topography drops 3 feet over approximately 385 feet, resulting in a longitudinal slope
of 0.77%.
Based on the guidance provided in this manual the first iteration is to design a system with
four separate basins. Table A-1 in Appendix A is consulted, looking for a 10-acre drainage
area with a1% slope that contain four basins. The first option, assuming a basin width of 25
feet, requires a system length of 410 feet, which is slightly longer than the available length.
Design of the four-basin system could proceed from here. However, a closer look at the basin
lengths shown in Table A-1 reveals that the basins are only 30-50 feet long. This results in a
length-to-width ratio of 2:1 maximum, which is not desirable. Considering the prototype
system had ratios all greater than 3:1, it is worth examining a three-basin system. Reconsulting Table A-4 and subtracting one 30-foot long basin results in a three-basin system
length and 1% slope. This selection results in basins that are 25 feet wide and would be
approximately 380 feet long, which meets the preliminary selection criteria. Accordingly,
this option was selected.
Preliminary calculations are shown in Figure C-5, with basin widths at 25 feet, as shown
graphically in Figure C-6. With an approximate storage volume of 17,156 cubic feet, this
translates into a storage volume of 0.34 inches per acre--significantly higher than the
minimum value of 0.14. This allows the designer considerable flexibility. The system size
can be reduced, if desired. There may be incentives to leaving the system larger than
necessary, such as nutrient trading credits that may provide additional compensation. The
sale of topsoil and/or subsoil may also provide an immediate financial incentive.
The final step is to refine the basin configurations to conform to the geometric conditions
within the existing grassed channel. Basins should be designed with the following in mind:





Adjust the length and width of the basin to suit the topography and available grass
channel width
Mimic the relative proportions of the prototype system as closely as possible. That is,
the length vs. width ratio for the basins should be similar for each basin, and storage
depth should range from 2.0 to 2.5 feet. In addition, the basin volumes should mimic
the prototype, with the first basin being the smallest, and the second and fourth being
largest. These guidelines should considered, but some flexibility in basin size and
spacing is reserved for designers.
In profile, the basins should be located in steeper sections of channel, with the flatter
sections of channel remaining undisturbed in the spacing between the basins. The
flatter grass channels will be less susceptible to erosion.
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In profile, the permanent pool elevations will be determined by the spillway
elevations. As shown in Figure 20 within the main body of this Manual, the berm is
centered in the channel, creating a spillway on either side. The spillway should be
excavated, not filled, to minimize the likelihood of erosion.

For Site 2A, minimal horizontal adjustments were required, so the plan shown in Figure C-7
utilizes the same basin areas. The profile in Figure C-8 shows the basins, berms and spillway
elevations. For design purposes, three existing ground profiles are provided: centerline, and
offsets on both the left and right sides. The offset profiles assist in setting the spillway
elevations so they work with the existing grade elevations.
Hybrid Basins:
While Example 1 utilizes four excavated basins, and Example 2 utilizes three bermed basins,
there is nothing preventing the designer from creating a hybrid cascading system using both
basin types. This should be considered were topographic conditions vary over the length of
the existing grassed waterway. For example, if the upper reaches of the system exhibit
steeper side slopes, bermed basins can be designed here, whereas excavated basins can be
used in the flatter sections in the lower reaches.

Figure C1

Figure C2
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7.00

2C

2D

7.58

5.29

11.20

0.0101

0.0013

0.5477

TOTAL NUMERICAL
RATING POINTS
SUM PRODUCT

2

3

1

RANK

Note: Input site data shown in gray shaded cells. AG (agricultural) acres ranked from highest to lowest. Use upper range of soil map unit slope class (e.g. soil map unit 0-2%
class use 2% in rating; for 2-5% slope class use 5%). Numerical rating points for AG acres, soil drainage class (WD+MWD), usable length, average width, and distance
to mapped wetlands are based on maximum input data (e.g. maximum input data of 70.5 % for well-drained+moderately well-drained soils is assigned numerical rating
point of 1.00 with all other numerical rating points relative to maximum value). Numerical rating for onsite haul distance based on minimum data input. Numerical rating
points in soil map slope class and channel slope decrease when slopes exceed 2%.

MAX / MIN

3.00

2A

(Rank))
2
2.50
5
1.00
4
1.25
5

GRASS WATERWAY
ONSITE
SOIL MAP UNIT
SOIL DRAINAGE
USABLE AVERAGE CHANNEL WETLANDS HAUL DISTANCE
SLOPE CLASS WD+MWD PD+VPD LENGTH
WIDTH
SLOPE DISTANCE TO PUBLIC ROAD
(%)
(%)
(%)
(ft)
(ft)
(%)
(ft)
(ft)
2
70.5
29.5
454
48
1
116
1385
0.50
1.00
0.44
0.60
1.00
0.73
3.84
2
13.3
86.7
336
47
1
90
361
0.50
0.19
0.32
0.59
1.00
0.57
1.00
2
6.5
93.5
452
36
0.5
143
598
0.50
0.09
0.44
0.45
2.00
0.90
1.66
70.50
1038.00
80.00
2.00
159.00
361.00

SITE SELECTION

(acres)
13.90
0.60
3.00
0.13
7.00
0.30
23.30

DRAINAGE AREA
TOTAL
AG
AG

EXAMPLE 2

(acres)
13.90

SITE

Table C-1
EXAMPLE 2
SITE SELECTION
NUMERICAL RATING
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Figure C3
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Table C-2
EXAMPLE 2A
NRCS RUNOFF METHOD
WEIGHTED CN
SUBAREA
Roads
Residential
Woods
Ag Field 1

TOTAL
WEIGHTED
AVE. CN

CONDITION
Paved
<=1 acre
Good Cover
SR+CR-Good
SR+CR-Good

ACRES
0.00
0.00
0.00
9.50
4.40

13.90

HSG

CN

D
C

98
79
70
85
82

PRODUCT
(Acres x CN)
0.00
0.00
0.00
807.50
360.80

1168.30
84
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Figure C-4a
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Figure C-4b
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Figure C-4c

Time of Concentration
0.7
1000
𝑙 0.8 [( 𝐶𝑁 ) − 9]
𝑇𝑐 =
1140 𝑥 𝑌 0.5

l = Flow Length (ft.) = 1075’
CN = Curve Number = 84
Y = Watershed Slope (%) = 1.0%
0.7
1000
10750.8 [( 84 ) − 9]
𝑇𝑐 =
1140 𝑥 (1)0.5

=

=

266.2 [2.90]0.7
1140

(266.2)(2.11) 561.5
=
1140
1140
= 𝑇𝑐 = 0.49 𝐻𝑟.
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Figure C-5

Basin Sizing – Conceptual Design

Sum of basin lengths:
85’ + 100’ + 125’ = 305’

Spacing:
50’ x 2’ = 100’

Total system length:
405’

Assuming basin width at 25’, Depth = 2.5’

Storage volume

= 305’ x 25’ x 2.5 = 19,062 cu. ft.

Reduce 10% for side slopes = 17,156 cu. ft.

Convert storage to in./ac.
17,156 𝑐𝑓. 𝑥 (12 𝑖𝑛./𝑓𝑡. )
205,872 𝑖𝑛.
=
13.89 𝑎𝑐. 𝑥 (43,560 𝑠𝑓./𝑎𝑐. )
605,048
= 0.34 in.
0.34 > 0.14 in./ac. target, so ok.
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Figure C6
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Figure C7
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Figure C8
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