APPENDIX "E" - STORMWATER MANAGEMENT-INFILTRATION TECHNIQUES

L.
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INTRODUCTION

Infiltration techniques are used to encourage groundwater recharge by capturing runoff
generated by development with the addition of impervious, or less pervious surfaces to a

site. Where soil conditions allow, runoff is routed into the structure to permit movement
down through the soil body to eventually reenter the groundwater system. The soil filters
out certain pollutants through contact with the runoff by chemical, biological, and
physical separation properties.

Runoff from impervious surfaces may carry a high pollutant loading in the form of
hydrocarbons, heavy metals, and sediments. . Less pervious surfaces (lawns) carry
sediments, phosphorus, and nitrogen from applications of fertilizers and pesticides. Both
types of runoff can degrade water quality seriously if allowed to move directly into

streams and waterways, particularly in the impoundment areas. By capturing these

elements before they enter the water system, and providing the means 10 remove some or
all of them, improves water quality in the watershed.

GENERAL DESIGN CONSIDERATIONS

A, Sails
Soils must have a minimum infiltration rate (f) of 0.20 inches per hour and may
not exceed 5 inches per hour. Soils with an infiltration rate of less than 0.20
in/hr, are excluded from use.

~ Hyvdrologic Groups

Soil hydrologic grouping is an indicator of probable soil conditions prior to
testing. Soils are categorized in classifications of A, B, C, or D according to their
drainage potential. Soil hydrologic grouping shall be as identified by TR-55
Urban Hydrology for small watersheds. (Refer Table E-1 for typical infiltration
rates of various soil textures and hydrologic groupings)

1. Groups A and B can be expected to be well drained and suited to
infiltration techniques. .

2. Soils found in hydrologic group C usually reflect adequate permeability
and infiltration potential, but are often considered marginal due to limiting
factors such as seasonally high water table, or shallow depth to bedrock.

Soils in the D hydrologic group are generally wet soils and cannot
accommodate any type of infiltration.

LIPS

B. Site Evaluation

1. Drainage Characteristics

Soils must be capable of demonstrating a minimum infiltration rate of
0.20 inches per hour. Hydric, or wet soils cannot be used for infiltration.
Infiltration practices must be located on-site within the patural
drainageway to intercept initial runoff from the entire developing area to
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insure the highest possible benefit. If the site cannot be developed to
allow for this, an alternative system may let some runoff enter a smaller
scale infiltration device.

2. Soil Testing

Feasibility must be determined on a site specific basis in the applicability
of infiltration in that area. Selected representative soil borings to an
anticipated depth of 5 feet (60 inches) below the final design grade of the
device must be made. Careful examination of soil textures and location of
static groundwater table must be noted to determine the feasibility of
infiltration. There must be at least one deep test pit with a minimum
depth of 10 feet (120 inches) to accurately determine strata present. The
minimum required separation distance (buffer) between the ultimate
bottom of the device and the limiting factor is 4 feet (48 inches) of clear
soil layer separating the two parameters. Anything less than 4 feet is
unacceptable for infiltration facilities.

3. Gradient
Infiltration devices may not be used in areas with greater than 20 percent
slopes.
C. - Design Considerations

1. Hydraulic¢ and Hydrologic Design

Infiltration devices are volume controls and may not totally attenuate peak
flows. The exception to this would be an adequately designed and
maintained infiltration basin, which can store additional runoff and release
larger flows through a riser outlet.

2.  Ponding Time

Ponding time refers to the amount of time necessary to completely drain
the facility following a storm event. The infiliration device must drain
completely within a maximum 3 days (72 hours) following a storm event.

After determination through modeling based on the prescribed design
storm, the design engineer will know the approximate volume of runoff
the facility must contain. This, together with the understanding of the
maximum time runoff can be stored in the device, enables calculation of
the maximum depth of the facility.

a. Above ground systems (i.e., infiltration basins and vegetated

swales) are fairly straightforward in their approach and the
maximum design depth can be found through the equation;

d mex = (£)(Tp max)
where:

d max = max. permissible design depth of structure
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f = infiltration rate
Tp max = max. ponding time

This equation sizes the depth of the facility needed to
accommodate only the volume of runoff the soil is capable of
draining within the maximum allowable ponding time. Larger
storms will be routed to emergency spillways, or overflow
containment devices with non-erosive design outlets.

Underground structures must account for additional volume if

“aggregate fili is used (trenches, french drains, recharge beds). The

void ratio for aggregate fill may be assumed to be 40 percent, or
2.5 times the volume of water anticipated. The maximum design
depth for infiltration facilities is found through the equation:

d max = (f)(Ts}
Vr
where:
d max = max. design depth of the structure
f = infiltration rate
Ts = max. storage time in structure (72 hrs.)
Vr = void ratio of aggregate

Ponding time can be used as a modification factor when
implementing an infiltration device on soils that may be
considered marginal. A conservative measure to insure adequate
draining time for a marginal soil would be to adjust the design
depth of the facility to allow only a 2 day (48 hour) ponding time
within the device. This may prevent over-stressing the system and
reduce possible subsequent failure of the device. This would apply
to those soils that have minimum infiltration rates, but are limited
by a possible slow draining subsurface horizon.

Inlet/Qutlet

Infiltration in theory would not need an outlet device other than an
emergency outlet for Jarge storms, because all runoff would be contained
and moved naturally downward through the soil. This theory often
becomes impractical when actual site conditions are assessed. Many soils
are too limited to drain the complete volumetric amount of runoff
generated by new development . Therefore, good quality inlet and outlet
devices are necessary elements of an infiltration system.

a.

Inlets

Adequately designed inlets must be provided for infiltration
devices.  Inlets reduce frequency, and thereby costs, of
maintenance by filtering pore sealing sediments before they can
enter the device. Sediment bays, or chambered inlets along with a
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velocity reducing rip-rap apron reduce potential for many types of
damage like erosion, sedimentation, or bare spots due to loss of
vegetation.

b. Qutlets

Qutlet design will depend on the overall design specifications of
the device itself. With an infiltration basin used as a dual purpose
device, (i.e., extended detention), a muitiple stage outlet riser is
incorporated to release flow above the design capacity. For
trenches or french drains, a positive outlet must be designed near
the top of the device to drain flow greater than the design
volumetric capacity.

All outlets must be designed to release flow at a non-erosive
velocity. Emergency spillways or overflow areas must be present
to control large infrequent storms that would be routed through the
device. A protective rip-rap lined area leading to a maintained
well vegetated area will encourage non-erosive flows from the
device.

4.  Yegetation

a All types of infiltration devices must be protected by a minimum
20 feet wide grassed filter strip. This will increase control of
sediment which would flow into the device, particularly from
overland flow that does not pass through the inlet first.

Above ground systems depend on healthy dense turf in the device
to filter sediment on the floor of the facility. Grass roots break up
soil and create larger pore spaces, and blades prevent surface
sediment from sealing the top of the soil. Loss of porosity is the
most common form of infiltration failure. Any type of dense,
water tolerant turf may be used.

b. Permitted plantings within stormwater areas at minimum shall be
as identified by Figure E-1.
ILTRATION BASIN
A. Description/Function

Infiltration basins detain large amounts of runoff, while providing speciﬁc design
characteristics to encourage the movement of collected runoff through the sides
and bottom of the facility. (Refer Figure E-2 and E-3)

Effectiveness

Under correct conditions, pollutant removal capabilities of infiltration basins are
very high (Schueler 1987). For the 2 year design storm:
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1.

3.

Polhutant Removal Rate
sediment 99%
total phosphorus 65-75%
total nitrogen 60-70%
trace metals 95-99%
BOD 90%

bacteria 08%

C. Site Considerations

Size

Small drainage areas of 1 acre or less are better suited for an infiltration
trench. All infiitration basins should be designed to completely drain all
stored runoff within 3 days after a storm event.

Soils

Soils in hydrologic groups A or B will provide best opportunity for basin
placement. Groups C, C/D, or D may be too limited to apply infiltration
techniques. :

a

Permeability and Infiltration Rate

Table E-2 provides the maximum allowable depth of ponding for
the various soil textures for a range of allowable ponding times.
The table indicates that soil textural classes with final infiltration
rates (f) of 0.52 in/hr and larger allow for the design of basins with
a ponding depth of approximately 3 feet and deeper, provided that
the criteria for depth to high water table and bedrock are satisfled.

The soil textural class with an (f) value of 0.27 inches per hour
(silt loam) may have limited suitability for a very shallow
infiltration basin. A shallow basin will contro] a smallér drainage
area than the deeper basins and thus will require more surface area
to provide an equivalent level of control. The infiltration
capacities of soils which allow them to infiltrate 36 inches of
stored runoff over a 3 day period make them well suited for an
infiltration basin (Maryland Water Res. Admin., 1984).

Sediment

Runoff entering the basin during site construction must be filtered by use of
vegetation and/or sediment traps. Sediment allowed to flow directly into the
basin will cause loss of storage capacity and a reduction in infiltration rates.
Basin sides can accommodate part of the increase in volume due to their
permeable nature, but un-filtered runofl will shorten the life span of the basin and
increase the frequency of maintenance. Areas immediately adjoining inflow
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IV.

pipes can be graded down to capture initial sediment and debris, thus trapping
these elements to leave the main bed and outlet device clear.

4, Construction Schedule

Final excavation of infiltration basins must be scheduled at the end of the
construction process. Initial excavation can proceed earlier, and the basin can be
used for sediment control during the main construction phase, as long as the
excavation is no less than 1 foot above the final basin grade. Compaction of
subsoils must be avoided to preserve the soil infiltration characteristics. Light
tracking machinery must be used when working inside the basin boundaries.
Final grading must establish a level bed surface, disking or rough tilling is the last
preparatory step. This will encourdge movement of water and reduce any
compaction to the bed caused by macbinery.

INFILTRATION TRENCH

A.

Description/Function

Infiltration trenches consist of a long narrow excavation, from 3 to 12 feet in
depth, filled with stone aggregate. Infiltration trenches may be designed for
complete or partial ex-filtration and may exist directly on the surface (e.g., a
median strip. parking lot perimeter design, or swale design) or be located below
the ground (e.g., an over sized pipe trench, an under swale design) (Refer Figures
E-4 and E-12})

Site Considerations

1. Size

Infiltration trenches are designed to accommodate sheet flow runoff from
areas ranging in size up to 5 acres. Infiltration trenches are primarily
designed for use around perimeter of residential and non-residential
parking facilities. (Refer Figure E-4) Trenches must be located at least 10
feet from any foundations, and 100 feet from any wells in the area.
Layout is in a linear fashion, allowing flexibility in placement as long as
depth considerations are met. Minimum recommended depth is 3 feet,
and depending on volumetric needs can run as deep as 12 feet or greater.

2. Soil Permeability

Soils must have a minimum infiltration rate of 0.27 inches per hour.

3. Limiting Factors

Aggregate fill within the trench will be anywhere from 2-10 feet deep.
The 4 feet limiting buffer between bottom of the device and bedrock or
water table is then added on to this.

4. Sediment
Trenches must be buffered by areas of natural vegetation. Various

measures must be taken to guarantee that the trench inlet(s) do not become
filled with sediment during and after construction and that debris is kept
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free of the wench so that clogging does not occur. Runoff from
unstabilized areas must be diverted from the work area prior to beginning
any excavation work for the trench.

5. Construction Measures

All disturbed area upgrade of trench locations must be stabilized prior to
trench excavation. Location of trench must be roped off before any
excavation or construction begins. Front-end loaders, or bull dozers shail
not be used to excavate trenches.

All large rocks or boulders must be removed from the walls and bed of the
trench to provide infiltration space and to avoid damaging filter fabric

- used to line it. Soil fill of 2 similar type to in-situ material must be used
to create a smooth, even surface. Tree roots encountered while excavating
must be cut back flush with the walls.

6. Agaregate/Filter Material

Aggregate fill must be clean stone between 1.5" - 3" diameter. Larger
stone can be placed towards the bottom of the trench, smaller towards the
top. An appropriate geotextile filter fabric must line the bottom and sides,
with enough excess left at the top to fold over the aggregate fill when
placed, and prior to placement of soil layer. '

Aggregate' must not be dumped into the trench directly from the truck.
Placement of aggregate must be in loose 12 inch lifts, followed by
compaction with plate compactors.

C.  Maintenance

1. Observation Wells

An observation well must be placed in the aggregate to allow visual
observation of ponding time within the facility. The well must be capped
and level with the surface of the trench.

2. Vegetated vs. Non-vegetated

Vegetated trenches must have a level soil surface, 1 foot deep above the
aggregate, seeded with a dense, healthy covering of turf. Inlet structures
must be at the beginning of the trench, with a perforated drain along the
bed bottom. Inlet must be level with the surface of the trench.

Non-vegetated trenches will have a 1 foot layer of aggregate above the
filter fabric surface. The aggregate should present a level top to the
trench, with inlets leading directly into the stone.

Trenches, whether vegetated or not, must be protected by a grass buffer
strip to filter as much sediment naturally from runoff before it reaches the
device. This turf must be dense and healthy, even around non-vegetated
trenches.

E-7
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E-8

VEGETATED INFILTRATION SWALES

A.

Description/Function

Vegetated infiltration swales are used with check dams to contain runoff and
provide runoff lag time for infiltration and settling of pollutants. They can be
used with trenches, or French drains to provide an underground conduit for
runoff. (Refer Figure E-5, E-6 and E-7)

Infiltration swales are densely vegetated with grasses on gentle slopes to create
low velocity flow. The check dams pool collected stormwater to induce
opportunity for infiltration. Use of check dams within vegetated infiltration
swales will only be permitted within non-residential developments outside of
public rights-of-way and easements when design flows will not exceed 3 feet per
second. '

Efficiency

The efficiency of this practice is dependant on the design of the infiltration swale.
If designed simply as a conveyance facility, the vegetation and check dams will
slow erosive flow velocities.

If designed jointly with underground facilities, i.e., trenches and French drains,
dams must contain ponded water to encourage movement into these devices. The
potential for removal of the pollutants becomes greater as the runoff moves
through the soil. Because of their limited size, infiltration swales are not usually
used for infiltration purposes alone, and therefore are not the best choice for use
in large drainage areas.

Site Construction

I.  Size
Infiltration swales are a linear system which must follow the natural
drainage pattern of the site, and are usually found at the back or side

- ‘property lines. Infiltration swale slopes must be gentle, and design

velocities must be 3 feet per second or less. Check dams must be fill
material 6 to 24 inches high.
Infiltration swales are designed for a sufficient capacity to pass the peak
discharge rate of the design storm above the check dam. Channels above

the check dam must be designed using the Manning Formula to assure
accurate flow capacity. Manning Formula is:

Q=149 Ag?? 51
n

Q = flow rate (cfs)

n = roughness coefficient

R =hydraulic radius (ft.)

S = hydraulic gradient (fL/R.)
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A = cross sectional area (ftz)

Channel Shape

Swales can be designed in one of three ways: v-shaped, parabolic, or
trapezoidal. The volume of runoff to be handled will normally determine
the shape of the device. Smaller quantities of water such as those draining
from roadways can be collected in v-shaped ditches. Parabolic ditches
handle larger quantities of water, but are more land intensive to
accommodate wider, shallower channels to keep velocities low. A
trapezoidal channel will contain large volumes of runoff and allow for a
faster flow velocity if necessary.

Soil

Minimum infiltration rates of 0.20 inches per hour apply to infiltration
swales as to all potential infiltration devices. If the device is intended to
be strictly a conveyance facility, soils with a lesser infiltration rate may be
used, but it is important to note that maximum ponding time with
vegetated swales is 24 hours. This coupled with the relatively gentle
gradient of the swale should be considered prior to choice of this method.
Areas of clayey soil with little slope will result in longer ponding times,
and is not an acceptable approach to infiltration swale design.

a Future Street Plannin.

When designing infiltration swales as roadside conveyances, it is
important to carefully assess future street drainage placement.
Infiltration swales are not for use with curb and gutter systems,
consideration to which type of facility will be most effective in a
given situation must be decided prior to site plan submission.
Eight considerations that should be given to planning issues when
contemplating the use of vegetated swales:

(1)  Vegetated swales are generally less expensive to install
than curb and gutter systems.

(2) Roadside swales keep flow away from the street surface
during rainstorms, reducing the potential for hydroplaning
of auto tires and wet brake linings.

(3)  Vegetated swales require more maintenance than curb and
- gutter systems {mowing, seeding, debris removal, etc.).

(4) Roadside swales are subject to damage due to smow
plowing and off-street parking.

(5)  Streets with swales may require more right-of-way and are
less compatible with sidewalk systems.

%) Roadside swales become less feasible as the pumber of
driveway entrances (requiring culverts) increases.
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(7'  Roadside swales may be used in conjunction with
infiltration trenches and basins to further improve runoff
quality.

(8)  Infiltration swales are not usable in all cases where poorly
drained soils, extreme slope conditions, or the lack of
positive outfalls exists. .

4, Construction Measures

Care must be taken to avoid compaction of the infiltration swale area by
heavy machinery to preserve the natural infiltration properties of the soil.
Roping off of the area prior to construction can avoid accidental intrusion
by equipment, scheduling of excavation to coincide with completed
stabilization of the surrounding site will help prevent heavy sediment
entrance to the area of the swale. All sediment laden runoff from the
adjacent unstabilized areas must be diverted to maintain soil porosity
within the swale.

Check dams (when permitted) vary in size depending on the anticipated
volume of water expected to enter the swale, and the amount of control
desired. They range in height from 6-24 inches. Thickness can be varied,
but the top of the structure should be no less than 2 feet wide. Fill
material used for the dam must be well compacted to lessen the amount of
seepage through the dam. .

. The swale must be seeded immediately upon completion with a dense
grass mixture, preferably a variety that can withstand brief periods of
inundation.

- VI.  WETPONDS

E-10

A.

Introduction

Wet ponds, also known as retention basins, will be used for controlling runoff
from addition of impervious area while maintaining a permanent impoundment of
water. (Refer Figure E-8, E-9)

Site Consideration

Soils

Because wet ponds must retain a permanent pool area to function properly, soils
with a hydrologic grouping of A or B may not be used. Infiltration techniques in
these soils are more appropriate. Even some hydrologic C soils will exhibit good
infiltration and rapid permeability characteristics. All soils for potential site
placement with a wet pond must be tested to determine if that is the best
management altemative.  Modifications can be made 10 soils to slow
permeability; a silt or plastic liner in the bottom, and possibly clay fill on the
sides will encourage retention. _
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C.

Sizing

If the pond is not intended for complete control of the 2, 5, 10, 25, 50 and 100
year storm events, the minimum required control would be a facility designed to
capture the first flush, or 1-year 24-hour design storm. When complete control is
not intended by the wet pond, then supplement facilities must be designed and
installed to meet requirements of Section 516.

Minimum drainage area directed to the wet pond shall not be less than 10 acreé,
unless a consistent water source, such as a natural spring, is present. For each
acre-foot of storage area there shall be 2 minimum of 4 contributing watershed
acres.

Design

1. Shape

Basin shall be designed to avoid “"short-circuiting”; where runoff enters
the facility and is not allowed to settle or circulate, but moves directly into
the outlet area.

To avoid the short-circuiting effect, separation distance between the inlet
and outlet devices must be maximized, thereby encouraging displacement
of standing water with incoming runoff. This allows the incoming runoff
to remain in the pond a2 maximum amount of time to encourage settling
out of pollutants,

The outlet for the pond must be located in the deep-water area, which will
lessen thermal impacts when water is released into streams (Schueler,
1987). Inlets must be placed in the shallower area to concentrate sediment
accumulation and provide easier access for removal during rmaintenance.

2. Depth of Permanent Pool

Wet ponds shall have a minimum depth of 4 feet. A shallow aquatic
bench must surround the deep-water area. Water along the aquatic bench
shall not exceed 1 foot in depth for a minimum width of 5 feet. Side slope
from the aquatic bench into the basin shall not be more than 3:1.

Minimum Reguirements
L Side slopes shall be no steeper than 3:1 and no flatter than 20:1.

b

Hoods or trash racks must be installed on both the low flow and design
storm orifices to prevent clogging.

Reinforced concrete pipes, barrels and risers must be utilized because of
their greater longevity.

L)

4, The riser shall be located within or on the face of the embankment rather
than out in the middle of the pool.

5. All ponds shall have an emergency drain and readily accessible valve
(with the pipe sized to completely drain the pond in less than 24 hours).
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6. Maintenance access must be provided to the pond from public or private
nght-of-way with a mimimum width of 20 feet and maximum slope of 5:1
(h:v). Access road may not cross the emergency spillway.

7. Extra storage, in the form of a sediment forebay, shall be provided near
the inlet to trap incoming sediments.

VII. DUAL PURPOSE/FIRST FLUSH DETENTION BASINS AND EXTENDED BASINS

A.

E-12

Description/Function

In situations where stormwater runoff control is required but a wet pond is not
permitted, the facility shall be designed to capture the first flush, or 1-year 24-
hour design storm inaddition to meeting stormwater management control
requirements of Section (Refer Figures E-10 and E-11)

Advantaces Over Standard Detention

The water quality dcsign (e.g., the 1-year 24-hour storm) or "settleability” storm
must be detained for at least 18 hours, if the development is residential, and for
36 hours, if the development is non-residential.

Design Requirements

First flush facilities must be 2 two-stage pond design, with the lower part of the
pond graded so as to detain water from the smaller settleability design storms and
the remainder of the pond graded as an overbank area, providing storage for the
larger storm events to mitigate peak impacts. If the lower section were to be
designed as a marsh-like environment, some biological uptake of soluble
pollutants (i.e., nitrogen and phosphorus) could occur. Plus, this vegetation
would promote sedimentation of particulates through additional filtering and
slowing of stormwaters (NVPDC, 1987). Extended detention basins must be
designed to be as long as possible with distance from inlet to outlet maximized to
promote settling. Incorporation of baffles or other techniques which serve to
reduce stormwater velocity is essential. Extended detention basins are limited in
application to sites greater than 20 acres but do not exceed 75 acres. Detention
time is recommended to be 40 hours.

Minimum volume of lower stage must be equivalent to:
Volb = [(Rm)Rv)/12](A)
where:
Volb = volume of lower stage (acre-feet)
Rm = volume of mean storm (0.5 inches)
Rv = rainfall/runoff coefficient

A = area of contributing watershed (acres)



TABLE E-1

HYDROLOGIC SOIL PROPERTIES CLASSIFIED 8Y SOIL TEXTURE®

Effective Minimum _
Water Infilrration Hydrologic
Texture Class Capacity (Cy) Rate (f) Soil Grouping

(inch per inch}) (inches per hour)

Sand - 0.35 ¢ 8.27 A
Loamy Sand 0.31 2.41. CA
Sandy lLoam 0.25 1.02 _ B
Loam 0.19 52 B
Silt Loam 0.1? .27 C
Sandy Clay Loanm . 0.14 .17 o
Clay Loanm 0.14 .09 D
Silty Clay Loam 0.11 | .06 | D
Sandy Clay 0.09 .05 D
Silty Clay 0.09 .04 9]
Clay .08 - .02 D

* Source: Rawls, Brakensiek and Saxton, 1982
Md. WRAs 1984

E-13



FIGURE E-1
Key to Landscaping Zones in Stormwater Areas
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FIGORE E-2

Schematic of an Infiltration Basin
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FIGURE E-3

Combined infiltration/Detention Basin Design
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FIGURE E-4

Parking Lot Perimeter Trench Design
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FIGURE E-5
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{b) Dimensional View of Swale Impoundment Area

Notation

L = length of swale impoundment area per check dam {£fr)
ds; = depth of check dam {ft)
S, = bocgom slope of swale (fr/fr}

L top width of check dam (ft)
Wy = bottom widch of check dam (ft)

Zy & 23 = catio of horizoncral to vertical change in swale side slopC

Socurce, MdWRA, 1984
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FIGURE E-6

Swale/Trench Design

Top View
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