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Mulch Layer:
The mulch layer plays an important role in the performance of the bioretention system. The mulch layer
helps maintain soil moisture and avoids surface sealing which reduces permeability. Mulch helps prevent
erosion, and provides a microenvironment suitable for soil biota at the mulch/soil interface. It also serves as
a pretreatment layer, trapping the finer sediments which remain suspended after the primary pretreatment.
The mulch layer should be standard landscape style, single or double shredded hardwood mulch or chips.
The mulch layer should be well aged (stockpiled or stored for at least 6 months), uniform in color, and free
of other materials, such as weed seeds, soil, roots, etc. The mulch should be applied to a maximum depth of
three inches. Grass clippings should not be used as a mulch material.

2.Planting Soil

The soil shall be a uniform mix, free of stones, stumps, roots or other similar objects larger than two inches No other
materials or substances shall be mixed or dumped within the bioretention area that may be harmful to plant growth, or
prove a hindrance to the planting or maintenance operations. The planting soil shall be free of Bermuda grass,
Quackgrass, Johnson grass, or other noxious weeds as specified under COMAR 15.08.01.05.

The planting soil shall be tested and shall meet the following criteria:
pHrange 5.2-7.0
organic matter 1.5 - 4% (by weight)
magnesium 35 lb./ac
phosphorus (phosphate - P205) 75 lb./ac
potassium (potash - K20) 85 lb./ac
soluble salts not to exceed 500 ppm

All bioretention areas shall have a minimum of one test. Each test shall consist of both the standard soil test for pH,
phosphorus, and potassium and additional tests of organic matter, and soluble salts. A textural analysis is required from
the site stockpiled topsoil. If topsoil is imported, then a texture analysis shall be performed for each location where the
top soil was excavated.

Since different labs calibrate their testing equipment differently, all testing results shall come from the same testing
facility.

Should the pH fall out of the acceptable range, it may be modified (higher) with lime or (lower) with iron sulfate plus
sulfur.

3.    Compaction

It is very important to minimize compaction of both the base of the bioretention area and the required backfill.
When possible, use excavation hoes to remove original soil. If bioretention area is excavated using a loader, the
contractor should use wide track or marsh track equipment, or light equipment with turf type tires.  Use of
equipment with narrow tracks or narrow tires, rubber tires with large lugs, or high pressure tires will cause
excessive compaction resulting in reduced infiltration rates and is not acceptable.  Compaction will significantly
contribute to design failure.
Compaction can be alleviated at the base of the bioretention facility by using a primary tilling operation such as a
chisel plow, ripper, or sub-soiler These tilling operations are to refracture the soil profile through the 12 inch
compaction zone. Substitute methods must be approved by the engineer. Rototillers typically do not till deep
enough to reduce the effects of compaction from heavy equipment.

Rototill 2 to 3 inches of sand into the base of the bioretention facility before backfihling the optional sand layer.
Pump any ponded water before preparing (rototilling) base.

When backfllling the topsoil over the sand layer, first place 3 to 4 inches of topsoil over the sand, then rototill the
sand/topsoil to create a gradation zone Backfill the remainder of the topsoil to final grade.

When backfllling the bioretention facility, place soil in lifts 12" to 18". Do not use heavy equipment within the
bioretention basin. Heavy equipment can be used around the perimeter of the basin to supply soils and sand. Grade
bioretention materials with light equipment such as a compact loader or a dozer/loader with marsh tracks.

Acer rubrum 
Red Maple

Aesculus pariviflora 
Bottlebrush Buckeye

Andropogon virginicus 
Broomsedge

Berula nigra 
River Birch

Cephalanthus occidentalis 
Buttonbush

Eupatorium perpurea
Joe Pye Weed

Juniperus virginiana 
Eastern Red Cedar

Hamemelis virginiana 
Witch Hazel

Scirpus pungens 
Three Square Bulrush

Chionanthus virginicus 
Fringe-tree

Vaccinium corymbosum 
Highbush Blueberry

Iris versicolor
Blue Flag

Nyssa sylvatica 
Black Gum

hex glabra 
Inkberry

Lobelia cardinalis 
Cardinal Flower

Platanus occidentalis 
Sycamore

Viburnum dentatum 
Arrowwood

Dichanthelium scoparium 
Broom Panic Grass

Quercus palustris
Pin Oak

Lindera benzoin 
Spicebush

Rudbeckia laciniata 
Tall Coneflower

Quercus phellos 
Willow Oak

Myrica pennsylvanica 
Bayberry

Scirpus cyperinus
Woolgrass

SalLt nigra 
Black willow

Vernonia noveboracensis 
New York Ironweed

Trees Shrubs Herbaceous Species
Commonly Used Species for Bioretention Areas

Diospyros virginiana 
Persimmon

hex verticillata
Winterberry

Panicum virgatum 
Switchgrass

Note 1: For more options on plant selection for bioretention, consult Bioretention Manual (ETAB, 
1993) or the Design of Stormwater Filtering Systems (Claytor and Schueler, 1997).

5. Plant Installation

Mulch should be placed to a uniform thickness of 2" to 3". Shredded hardwood mulch is the only accepted
mulch. Pine mulch and wood chips will float and move to the perimeter of the bioretention area during a storm
event and are not acceptable. Shredded mulch must be well aged (6 to 12 months) for acceptance.
Root stock of the plant material shall be kept moist during transport and on-site storage. The plant root ball
should be planted so 1/8 of the ball is above final grade surface. The diameter of the planting pit shall be at
least six inches larger than the diameter of the planting ball. Set and maintain the plant straight during the entire
planting process. Thoroughly water ground bed cover after installation.
Trees shall be braced using 2" by 2" stakes only as necessary and for the first growing season only. Stakes are
to be equally spaced on the outside of the tree ball.
Grasses and legume seed should be drilled into the soil to a depth of at least one inch. Grass and legume plugs
shall be planted following the non-grass ground cover planting specifications.
The topsoil specifications provide enough organic material to adequately supply nutrients from natural cycling.
The primary function of the bioretention structure is to improve water quality. Adding fertilizers defeats, or at a
minimum, impedes this goal. Only add fertilizer if wood chips or mulch are used to amend the soil. Rototill
urea fertilizer at a rate of 2 pounds per 1000 square feet

6. Underdrains

Underdrains are to be placed on a 3'-0" wide section of filter cloth Pipe is placed next, followed by the gravel
bedding. The ends of underdrain pipes not terminating in an observation well shall be capped.
The main collector pipe for underdrain systems shall be constructed at a minimum slope of 0.5%. Observation
wells and/or clean-out pipes must be provided (one minimum per every 1000 square feet of surface area).

7. Miscellaneous

The bioretention facility may not be constructed until all contributing drainage areas have been stabilized.

8. Bioretention

Soil Bed Characteristics:
The characteristics of the soil for the bioretention facility are perhaps as important as the facility location, size,
and treatment volume. The soil must be permeable enough to allow runoff to filter through the media, while
having characteristics suitable to promote and sustain a robust vegetative cover crop. In addition, much of the
nutrient pollutant uptake (nitrogen and phosphorus) is accomplished through absorption and microbial activity
within the soil profile. Therefore, soils must balance their chemical and physical properties to support biotic
communities above and below ground. The planting soil should be a sandy loam, loamy sand, loam (USDA), or
a loamy sand mix (should contain a minimum 35 to 60% sand, by volume). The clay content for these soils
should be less than 25% by volume [Environmental Quality Resources (EQR), 1996; Engineering Technology
Inc. and Biohabitats, Inc. (ETAB), 1993]. Soils should fall within the SM, ML, SC classifications or the
Unified Soil Classification System (USCS). A permeability of at least 1.0 feet per day (0.5"/hr) is required (a
conservative value of 0.5 feet per day is used for design). The soil should be free of stones, stumps, roots, or
other woody material over 1" in diameter. Brush or seeds from noxious weeds (e.g., Johnson Grass, Mugwort,
Nutsedge, and Canada Thistle or other noxious weeds as specified under COMAR 15.08.01.05.) should not be
present in the soils. Placement of the planting soil should be in 12" to 18" lifts that are loosely compacted
(tamped lightly with a backhoe bucket or traversed by dozer tracks). The specific characteristics are presented
in Table: Planting Soil Characteristics (Adapted from EQR, 1996; ETAB, 1993).

Parameter Value
Planting Soil Characteristics

pH range 5.2 to 7.0

Organic matter 1.5% to 4.0% (by weight)

Magnesium 35 lbs. per acre, minimum

Phosphorus (phosphate - P205) 75 lbs. per acre, minimum

Potassium (potash - 1(20) 85 lbs. per acre, minimum

Soluble salts 0 to 500 ppm

Clay 10 to 25%

Silt 30 to 55%

Sand 35 to 60%

TYPICAL TREE PLANTING CONFIGURATION
SCALE: N.T.S.

TYPICAL STORM WATER TREATMENT FACILITY
SCALE: N.T.S.

BIO-RETENTION/CHANNEL PROTECTION BASIN PLAN
SCALE: 1"=10'

SECTION A
SCALE: N.T.S.

TOP VIEW
SCALE: N.T.S.

ISOMETRIC VIEW
SCALE: N.T.S.

OVERFLOW STRUCTURE #2
DETAIL

SECTION A-A
SCALE: HORIZ. 1"=30'

VERT. 1"=5'

SECTION B-B
SCALE: HORIZ. 1"=30'

VERT. 1"=5'

SECTION C-C
SCALE: HORIZ. 1"=30'

VERT. 1"=5'
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Rockwood
Typical Details
Classic 8
(Dimensions may vary by region)

Place geogrid in next layer of
block with the main
reinforcement running 90° to the
previous direction below.  Place
within curve only.

Place geogrid in next 8" layer of
block in a manner to reinforce
gaps left by previous layer of
geogrid.

Convex curve

Concave curve

Min. 3" of soil between
overlapped geogrid (typ.)

Inside
corner

Outside corner

H/4

Additional geogrid overlap
extend wall height / 4

Place geogrid in next layer of
block with the main
reinforcement running 90° to the
previous direction below.

Compacted aggregate
base or optional

concrete leveling pad

Drain fill between
and behind anchors

Embedment
varies*

Height
h'

varies

Optional trim cap with
continuos adhesive (as

per manufacturer's
recommendation)

* Minimum 6" embedment.
embedment increases with
increased wall heights,
sloping fills in front and
behind wall or poor
foundation soils.  contact
local engineer for
guidance.

12" min. cover
over drain fillFilter fabric

Provide for drainage
away from wall.

CUT UNIT TO FIT
PIPE

16" 16"

Leveling pad step detail

Finish
grade

*Non wind bearing fence.  If lateral loads will be applied,
fence should be designed by structural engineer.

* Min. depth is 24" or
1/2 heigth of fence,

which ever is greater

Universal cap step detail

Drawing Description:

Native Soil

Compacted Fill

Geogrid

Legend

Crushed Rock

Leveling Pad

2'

Run 4" perforated pvc pipe along backcut.
Exit non-perforated pipe through face of
wall at intervals of 30'. Wrap drainage
rock and pipe with filter fabric.

Size and location of Swales to be
determined by Site Engineer

Filter fabric

Leveling
pad

Finish grade

45°'
6"
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