Chapter 6 - Flow Control Design

This chapter presents methods, criteria, and details for design of flow control facilities and
dispersion controls, including onsite stormwater management. Flow control facilities are
detention or infiltration facilities engineered to meet the flow control standards specified in Core
Requirement #7 and the onsite stormwater management standards in Core Requirement #5.

Section 6.1, On-Site Stormwater Management, describes On-site Controls, which are techniques
and design methods intended to decrease the hydrologic impacts of new development, also
referred to as Low-Impact Development (LID).

A subset of On-site Controls is Dispersion Controls, infiltration or dispersion systems required
to be used to the maximum extent practical on individual lots, proposed plats, and short plats.
Dispersion Controls are used in conjunction with, and in addition to, any flow control facilities
that may be necessary. Implementation of dispersion controls may reduce the total effective
impervious area and result in less runoff from these surfaces. The Western Washington
Hydrology Model (WWHM) allows direct modeling of dispersion controls.

Roof downspout controls and small site BMPs should be applied to individual commercial lot
developments when the percent impervious area and pollutant characteristics are comparable to
those from residential lots.

Section 6.2 describes Detention Facilities, while Section 6.3 includes Infiltration Facilities and
criteria for site characterization and infiltration rate determination. Infiltration is the preferred
method of stormwater management and shall be used to the maximum extent feasible.

See Table 7-1 (Chapter 7) for a listing of all Lacey-standard BMPs for flow control and treatment.

6.1 ON-SITE STORMWATER MANAGEMENT:
LOW-IMPACT DEVELOPMENT

On-site low-impact development (LID) BMPs focus on minimization of impervious surface area,
the use of infiltration, and dispersion through on-site vegetation for stormwater runoff treatment
and flow control. LID emphasizes conservation and use of existing natural site features.

Some of the LID BMPs can be used to provide runoff treatment as well as flow control. Non-
pollution generating surfaces, such as rooftops and patios, may use the flow control infiltration
BMPs in Section 6.3. Pollution-generating surfaces, such as driveways, small parking lots, and
landscaping, must use on-site BMPs to provide water quality treatment.

The LID Site Design BMPs in Section 6.1.1, Roof Downspout Controls in Section 6.1.2 and Soil
Quality BMPs presented in Section 6.1.3 are required to be implemented to the maximum extent
feasible without causing flooding or erosion impacts.
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Additional LID measures are encouraged where appropriate, and in some cases may be necessary
to meet the Core Requirements.

Additional information on LID techniques is available in the Thurston County 2009 Drainage
Design and Erosion Control Manual and in the Low Impact Development Technical Guidance
Manual for Puget Sound, available on-line at http://psat.wa.gov/Publications/Publication.htm.
Measures described in those documents that are not listed in this Manual may be approved by the
City of Lacey on a case-by-case basis.

Modeling credits (reductions in stormwater management facility size) are available when these
techniques are used. Refer to the LID Flow Modeling Guidance referenced in Chapter 5.

6.1.1 LID Site Design BMPs

Reductions in impervious areas and maximizing on-site infiltration reduces the amount of
runoff generated by a project site, thereby reducing stormwater management facility costs.
The following BMPs are to be implemented to the maximum extent practicable:

BMP LID-01 Protect and Restore Native Vegetation
BMP LID-02 Reduce Effective Impervious Areas
BMP LID-03 Full Dispersion

BMP LID-09 Post-Construction Soil Quality and Depth

BMP LID-01 Protect and/or Restore Native Vegetation

Preserving native vegetation shall be the first priority wherever feasible. Native vegetation
preservation and restoration areas shall be incorporated to the maximum extent practical and
where most effective (i.e., where there is intact native vegetation and soils and/or unconcentrated
flows from developed areas).

The goals for native vegetation preservation/retention are as follows:

Large lot development: 65%

Low density residential (0-4 dwelling units/acre): 50%
Low-density residential (3-6 du/acre): 50%

Medium density (6-12 du/acre): maximum practical extent
High density (>6-20 du/acre): maximum practical extent.

At a minimum, requirements for native vegetation preservation and/or replacement as set forth
in applicable sections of the Lacey Municipal Code, including critical areas, zoning, and grading
shall be implemented.
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Native soil and vegetation retention is the single most effective strategy to reduce stormwater
impacts on-site, and has the added benefit of enhancing baseflow in streams and recharge of
aquifers.

Native vegetation retention areas may be required for any of the following conditions:

Avreas reserved for stormwater dispersion for flow control or treatment
Wetland or other critical area buffers required by the Lacey Municipal Code
Riparian areas and buffers and habitat areas

As required by the Lacey Municipal Code

Selection of areas for natural vegetation preservation shall be made in consultation with a
landscape architect. Native vegetation and soil protection areas should be prioritized by location
and type as follows:

1. Large tracts of riparian areas, that connect, create or maintain contiguous protected
riparian areas

2. Large tracts of critical and wildlife habitat area , that connect, create or maintain
contiguous protected areas

3. Tracts that create common open space areas among or within developed sites

4. Protection areas on individual lots

5. Protection areas on individual lots that connect to protection areas on adjacent lots

Design Criteria

During construction protect native tree preservation areas from disturbance.

Tree conservation areas should be designated for the site in areas not adjacent to or impacting
structures (one tree height separation) or sight distance/clear area for roadways and shall be
protected, or restored to follow natural successional patterns and to develop diverse multilayer
canopy structure, snags, large woody debris, understory vegetation, and forest duff.

Vegetation restoration and planting methods shall conform to published standards. The following
guidance documents are provided as an example:

For Riparian Areas

e Restoring the Watershed A Citizen’s Guide to Riparian Restoration in Western
Washington, Washington State Department of Fish and Wildlife, 1995

e Streamside Planting Guide for Western Washington, Cowlitz County Soil and Water
Conservation District, Plant It Right: Restoring Our Streams, WSU Cooperative
Extension, 2002

e Integrated Streambank Protection Guidelines, Washington State Department of Fish
and Wildlife, 2000.
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For Marine Bluffs

e Surface Water and Groundwater on Coastal Bluffs: A Guide for Ecology, Washington
State Department of Ecology, Shorelands and Coastal Zone Management Program
Publication No. 95-107, 1995

e Vegetation Management: A Guide for Puget Sound Bluff Property Owners, Washington
State Department of Ecology, Shorelands and Coastal Zone Management Program
Publication No. 93-31, 1993.

Conversion of Previously-Developed Surfaces to Native Vegetation

Conversion of a previously developed surface to native vegetated landscape or restoration of
disturbed areas required to be native vegetation requires the removal of impervious surface and
ornamental landscaping, de-compaction of soils, and the planting of native trees, shrubs,
and ground cover in compost-amended soil according to all of the following specifications:

1. Existing impervious surface and any underlying base course (e.g., crushed rock, gravel, etc.)
must be completely removed from the conversion area(s).

2. Underlying soils must be broken up to a depth of 18 inches. This can be accomplished
by excavation or ripping with either a backhoe equipped with a bucket with teeth, or a
ripper towed behind a tractor.

3. At least 4 inches of well-decomposed compost must be tilled into the broken up soil as
deeply as possible. The finished surface should be gently undulating and must be only
lightly compacted.

4. The area of native vegetated landscape must be planted with native species trees, shrubs,
and ground cover. Species must be selected as appropriate for the site shade and
moisture conditions, and in accordance with the following requirements:

a. Trees: a minimum of two species of trees must be planted, one of which is a conifer.
Conifer and other tree species must cover the entire landscape area.

b. Shrubs: a minimum of two species of shrubs shall be planted. Space plants to cover
the entire landscape area, excluding points where trees are planted.

c. Groundcover: a minimum of two species of ground cover shall be planted. Space
plants so as to cover the entire landscape area, excluding points where trees or
shrubs are planted.

Note: For landscape areas larger than 10,000 square feet, planting a greater variety
of species than the minimum suggested above is strongly encouraged. For example, an
acre could easily accommodate three tree species, three species of shrubs, and two or
three species of groundcover.
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5. At least 4 inches of hog fuel or other suitable mulch must be placed between plants
as mulch for weed control. It is also possible to mulch the entire area before
planting; however, an 18-inch diameter circle must be cleared for each plant when it is
planted in the underlying amended soil.

Note: Plants and their root systems that come in contact with hog fuel or raw bark
have a poor chance of survival.

6. Plantings must be watered consistently once per week during the dry season for the first
3 years.

7. The plantings must be well established on at least 80 percent of the converted area after 2
years in order to be considered a native vegetated surface.

Materials

Developments shall use native trees for replacement in areas separate from residential lots, or
storm drainage areas adjacent to roadway or parking lots. Species selection shall be based on
the underlying soils and the historic, native indigenous plant community type for the site, if
existing conditions can support the plant community.

Trees selected for replacement purposes must be free from injury, pests, diseases, and
nutritional disorders. Trees must be fully branched and have a healthy root system. Coniferous
and broad leaf evergreen trees shall be no less than 3 feet in height at time of planting.
Deciduous trees shall be a minimum of 5 feet in height or have a minimum caliper size of 1 inch
at time of planting.

Note: Avoid the use of a single species of tree for replacement purposes. No individual species
of replacement tree should exceed 50 percent of the total, and no individual species should be less
than 10 percent of the total.

Construction and Maintenance

Maintenance of native vegetation restoration areas shall include monitoring the survival of
planted species, weed control and soil amendment as necessary to ensure the establishment
of the native vegetation. A minimum 80 percent survival of all planted vegetation at the end
of two years is required. Ongoing maintenance shall include weeding and watering for a
minimum of three years from installation.

If during the 2-year period survival of planted vegetation falls below 80 percent, additional
vegetation shall be installed as necessary to achieve the required survival percentage. The likely
cause of the high rate of plant mortality shall also be determined and corrective actions taken to
ensure plant survival. If it is determined that the original plant choices are not well suited to
site conditions, these plants shall be replaced with plant species that are better suited to the site.

Native vegetation and soil protection areas serve as stormwater management facilities and
should be managed as are other stormwater facilities. The Maintenance Plan for the
stormwater facilities shall include a written vegetation management plan and protection
mechanisms as necessary to maintain the benefit of these areas over time.
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BMP LID-02 Reduce Effective Impervious Areas

Roads, shared accesses, alleys, sidewalk, driveways, and parking areas are a substantial portion
of total urban impervious area and often have highly efficient drainage systems. Reducing the
effective area of these surfaces (roofs excluded) is a key concept of LID.

The following design strategies are to be considered:
Roads
e Design using the minimum width permissible under applicable road design standards.

e Use of alternate paving materials, as described in BMP LID-11, is allowed adjacent to the
traveled lane of private roads (e.g., for pull-out parking, shoulders, and sidewalks)

e For a cul-de-sac, the turnaround area can be disconnected from the drainage system by,
for example, draining the cul-de-sac to a pervious area or bio-retention area.

Sidewalks

e Disconnected from road drainage systems where possible.

e Where feasible, sidewalks should be “reverse slope” or sloped away from the road and
onto adjacent vegetated areas.

e Sidewalks and trails for private developments and private roadways may be constructed
of porous materials. Porous materials must be ADA-compliant. See BMP LID-11 for
guidance on these materials.

Parking Lots

e Use minimum off-street parking requirements for non-residential uses.
e Consider use of pervious pavement (BMP LID-11)

e Disconnect drainage, drain to landscaped area/bioretention facility
Driveways

e Minimize driveway width
e Reduce driveway length, where possible
e Design “clusters” of homes with shared driveway

e Consider use of pervious pavement (BMP LID-11)
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BMP LID-03 Full Dispersion

Purpose and Definition

This BMP allows for “fully dispersing” runoff from impervious surfaces and cleared areas of
development sites that preserve the equivalent of at least 65 percent of the site (or a threshold
discharge area on the site) in a forest or native condition.

Fully dispersed runoff from impervious surfaces means that the area is “ineffective.” Ineffective
impervious areas are included in the Total Impervious Area thresholds when determining
applicable Core Requirements, but are not included in the thresholds specific to the applicability
of Core Requirement #6 (Runoff Treatment) and Core Requirement #7 (Flow Control).

Applicability

Full dispersion differs from other LID BMPs described previously in that if minimum native
area preservation is adhered to, the limitations on how impervious surfaces are modeled and how
concentrated flow can be dispersed are less restrictive. Additionally, if the minimum native
area preservation requirements are met, on-site landscape area soils are not required to meet the
minimum requirements of BMP LID-09 (Post-Construction Soil Quality and Depth) except as
noted in Table 6.1 for landscape area equaling or exceeding 50 percent of the site on till soils.

Full dispersion would be most applicable to developments that desire to or can retain large
portions of the site in native conditions such as for critical area buffers, or that concentrate
development in a smaller area of a larger site to obtain some benefit from zoning codes
(PRRD, Cluster Development, PRD, etc.).

Full dispersion can be used as long as the developed areas draining to the native vegetation do
not have effective impervious surfaces that exceed 10 percent of the entire site. Low-density
single-family residential developments should use this BMP wherever possible to minimize
effective impervious surface to less than 10 percent of the development site.

Other types of development that retain 65 percent of the site (or a threshold discharge area
on the site) in a forested or native condition may also use this BMP to avoid triggering the flow
control facility requirement.

Full Dispersion for All or Part of the Development Site

Developments that cannot preserve 65 percent or more of the site in a forested or native
condition may disperse runoff into a forested or native area in accordance with the elements
of this BMP if:

e The effective impervious surface of the area draining into the native vegetation
area is <10 percent; and
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e The development maintains ratios proportional to the 65 percent forested or native
condition and 10 percent effective impervious surface area. Examples of such ratios
are shown in Table 6.1. Thus, if a development can preserve only 50% of the site
on native vegetation, full dispersion can only be achieved if a maximum of 8%
effective impervious surface is created.

Table 6.1 - Full Dispersion Ratios

. . % Effective %
% Native Vegetation Ir;pervious Lawn/La;dscape
Preserved
(max allowed) (max allowed)
65 10 35
60 9 40
55 8.5 45
50 8 50*
45 7 55*
40 6 60*
35 5.5 65*

* Where lawn/landscape areas are established on till soils, and
exceed 50 percent of the total site, they shall be developed using
BMP LID.02 (Post- Construction Soil Quality and Depth).

Within the context of full dispersion for all or part of the development site the only
impervious surfaces that are ineffective are those that are routed into a system designed for
100% infiltration (e.g. an appropriately-sized infiltration basin) that meets the flow control
standard and does not overflow into the forested or native vegetation area.

Limitations

Runoff must be dispersed into native areas per the guidelines and limitations indicated in
this BMP.

Additional impervious areas are allowed that exceed the 10 percent threshold, but should not
drain to the native vegetation area and are subject to the thresholds, and treatment and flow
control requirements of the stormwater manual.

Native vegetation areas must be protected from future development. Protection must be
provided through legal documents on record with the local government. Examples of adequate
documentation include a conservation easement, conservation parcel, and deed restriction.

All trees within the preserved area at the time of permit application shall be retained, aside
from approved timber harvest activities and the removal of dangerous or diseased trees.
Removal of dangerous or diseased trees will require acceptance of the City of Lacey and may
require an arborist to make a written assessment of the trees’ condition.
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The preserved area may be used for passive recreation and related facilities, including
pedestrian and bicycle trails, nature viewing areas, fishing and camping areas, and other similar
activities that do not require permanent structures, provided that cleared areas and areas of
compacted soil associated with these areas and facilities do not exceed eight percent of the
preserved area.

Design Guidelines

Roof Downspouts

e Roof surfaces that comply with the downspout infiltration requirements of BMP LID-04
are considered to be "fully dispersed” (i.e., 0 percent effective imperviousness).

e All other roof surfaces are considered to be "fully dispersed™ only if they are within
a threshold discharge area that is or will be more than 65 percent forested (or native
vegetative cover) and less than 10 percent effective impervious surface, and if they
comply with the downspout dispersion requirements of BMP LID-05, and have
vegetated flow paths through native vegetation exceeding 100 feet.

Driveway Dispersion

e Driveway surfaces are considered to be "fully dispersed" if they are within a
threshold discharge area that is or will be more than 65 percent forested (or native
vegetative cover) and less than 10 percent effective impervious surface (or meet
the Full Dispersion Ratios in Table 6.1), and if they comply with the dispersion
BMPs (BMP LID-07 and BMP LID-08) and have flow paths through native
vegetation exceeding 100 feet.

e This also holds true for any driveway surfaces that comply with the roadway dispersion
BMPs described below.

Roadway Dispersion BMPs

Roadway surfaces are considered to be "fully dispersed” if they are within a threshold
discharge area that is or will be more than 65 percent forested (or native vegetative cover) and
less than 10 percent effective impervious surface (or meet the Full Dispersion Ratios in Table
6.1), and if they comply with the following dispersion requirements:

e Roadway runoff dispersion is allowed only on rural neighborhood collectors and local
access streets. To the extent feasible, disperse driveways to the same standards as
roadways to ensure adequate water quality protection of downstream resources.

e Design the road section to minimize collection and concentration of roadway
runoff. Use sheet flow over roadway fill slopes (i.e., where roadway subgrade is
above adjacent right-of-way) wherever possible to avoid concentration.
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e When it is necessary to collect and concentrate runoff from the roadway and
adjacent upstream areas (e.g., in a ditch on a cut slope), concentrated flows shall be
incrementally discharged from the ditch via cross culverts or at the ends of cut
sections. These incremental discharges of newly concentrated flows shall not
exceed 0.5 cfs at any one discharge point from a ditch for the 100-year runoff
event (using approved continuous simulation model).

e Where flows at a particular ditch discharge point were already concentrated under
existing site conditions (e.g., in a natural channel that crosses the roadway alignment),
the 0.5-cfs limit would be in addition to the existing concentrated peak flows.

e Ditch discharge points with up to 0.2 cfs discharge for the peak 100-year flow shall
use rock pads or dispersion trenches to disperse flows. Ditch discharge points
with between 0.2 and 0.5 cfs discharge for the 100-year peak flow shall use only
dispersion trenches to disperse flows.

e Dispersion trenches shall be designed to accept storm flows (free discharge) from a
pipe, culvert, or ditch end, shall be aligned perpendicular to the flow path, and shall
be minimum 2’ x 2 in section, 50 feet in length, filled with 3/4-inch to 1-1/2-inch
washed rock, and provided with a level notched anchor plate flow spreader (see
Chapter 7, Figure 7.1). Manifolds may be used to split flows up to 2 cfs discharge
for the 100-year peak flow between up to four trenches. Dispersion trenches shall
have a minimum spacing of 50 feet.

e After being dispersed with rock pads or trenches, flows from ditch discharge points
must traverse a minimum of 100 feet of undisturbed native vegetation before
leaving the project site, or entering an existing onsite channel carrying existing
concentrated flows across the road alignment.

e Flow paths from adjacent discharge points must not intersect within the 100-foot
flow path lengths, and dispersed flow from a discharge point must not be intercepted
by another discharge point. To enhance the flow control and water quality effects
of dispersion, the flow path shall not exceed 15 percent slope, and shall be located
within designated open space.

¢ Ditch discharge points shall be located a minimum of 100 feet upgradient of slopes
steeper than 40 percent, wetlands, and streams.

e Where the City determines there is a potential for significant adverse impacts
downstream (e.g., erosive steep slopes or existing downstream drainage problems),
dispersion of roadway runoff may not be allowed, or other measures may be required.
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Cleared Area Dispersion BMPs

The runoff from cleared areas that are comprised of bare soil, non-native landscaping, lawn,
and/or pasture is considered to be "fully dispersed” if it is dispersed through at least 25 feet of
native vegetation in accordance with the following criteria:

e  The contributing flow path of cleared area being dispersed must be no more than
150 feet.

e  Slopes within the 25-foot minimum flow path through native vegetation shall
be no steeper than 8 percent. If this criterion cannot be met due to site constraints,
the 25-foot flow path length must be increased 1.5 feet for each percent increase in
slope above 8 percent.

6.1.2 Roof Downspout Controls

Roof downspout controls are simple pre-engineered designs for infiltrating and/or dispersing
runoff from roof areas for the purposes of increasing opportunities for groundwater recharge and
reduction of runoff volumes from new developments. Even if full dispersion is not feasible, roof
downspout controls shall be used to provide partial flow control.

Infiltration (rather than dispersion) is the preferred method and must be used if feasible.

Roof downspout controls are not required if roof runoff is routed to a properly-sized infiltration
facility.

The following BMPs are described in this section:

BMP LID-04 Downspout Infiltration

BMP LID-05 Downspout Dispersion

BMP LID-06 Perforated Stub-Out Connections
BMP LID-07 Concentrated Flow Dispersion
BMP LID-08 Sheet Flow Dispersion

BMP LID-04 Downspout Infiltration Systems

Downspout infiltration systems are trench designs intended only for use in infiltrating runoff
from roof downspout drains. They are not designed to directly infiltrate runoff from pollutant-
generating surfaces.

On lots or sites with more than 3 feet of permeable soil from the proposed final grade to the
seasonal high groundwater table, downspout infiltration is considered feasible if the soils are
outwash type soils and the infiltration trench can be designed to meet the minimum design criteria
specified below. An engineer, soil scientist, or other licensed or certified professional with
appropriate training shall evaluate soils to determine if they are suitable for infiltration.
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Figure 6.1 shows a typical downspout infiltration trench system, and Figure 6.2 presents an
alternative infiltration trench system for sites with coarse sand and cobble soils. Alternative
designs and layouts may be acceptable if they meet the General Design Criteria below. In
particular, typical setbacks from buildings and between inlet structures and a trench may be
adjusted to fit a downspout infiltration system on a small lot, provided that an engineering report
establishes that building foundations will not be negatively impacted (see the setback criteria
described in Chapter 1).

General Design Criteria

1. The following minimum total infiltration trench lengths (linear feet), including rock backfill,
are required per 1,000 square feet of roof area based on soil type may be used for sizing
downspout infiltration trenches. For subdivisions, calculate sizes and provide a schedule, by
lot number, with the engineered plans:

Coarse sands and cobbles 20 LF
Medium sand 30 LF
Fine sand, loamy sand 75 LF
Sandy loam 125 LF
Loam 190 LF

Hydrologic Group D soils (silts, clays, till soils with Group C or D surface soils,
rock outcroppings, most fill materials) — infiltration trenches are generally prohibited.

Maximum length of trench should not exceed 100 feet from the inlet sump.

Minimum spacing between trench centerlines shall be 6 feet.

4. Filter fabric shall be placed over the drain rock as shown on Figure 6.1 prior to backfilling. Do
not place fabric on trench bottom.

5. Minimum infiltration trench setbacks are as follows:

Water supply wells, building crawl spaces, or basements shall be at least 10 feet
upgradient or 30 feet downgradient from the trench.

Infiltration trenches in till or layered soils must be located downgradient of crawl
spaces or basements.

Top of slopes over 15 percent, 25 feet. May be increased if landslide hazards present.
Septic systems, per Thurston County Environmental Health Department requirements.
In case of conflict among setback requirements, the more stringent shall apply.

Note: Setbacks from buildings may be adjusted to fit a downspout infiltration system on a small lot
provided an engineering report establishes that building foundations will not be negatively impacted.

6 Trenches may be located under pavement if a yard drain or catch basin with grate cover is
placed at the end of the trench pipe such that overflow would occur out of the catch basin at an
elevation at least one foot below that of the pavement, and in a location which can accommodate
the overflow without creating a significant adverse impact to downhill properties or drainage
systems. This is intended to prevent saturation of the pavement in the event of system failure.
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Figure 6.2 Alternative Downspout Infiltration Trench System (for coarse sand and gravel)

Source: King County

Sites that can fully disperse are not required to provide runoff treatment or flow control facilities.
Full dispersion credit is limited to sites with a maximum of 10% impervious area that is
dispersed through 65% of the site maintained in natural vegetation, and where maintenance
needs of the BMPs are defined and provided.

Additional flow controls are required if modeling indicates that there will be a 0.1 cfs or greater
increase in the 100-year return frequency flow. Also, a treatment facility is required if the
thresholds in the Core Requirements are exceeded. Residential roofs or other impervious
surfaces that are dispersed, modular grid pavements, and porous concrete and asphalt may be
allowed a flow credit at local permitting authority discretion.
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BMP LID-05 Downspout Dispersion — Trenches and Splash Blocks

Downspout dispersion BMPs are splashblocks or gravel-filled trenches that serve to spread roof
runoff over vegetated pervious areas.

Applications and Limitations

Downspout dispersion is required on all subdivision single family lots where roof downspout
infiltration is not feasible, and where the General Design Guidelines below can be met.

Downspout dispersion is not applicable to flat, poorly draining lawns subject to saturation.

General Design Guidelines

1. Dispersion trenches designed as shown in the Figures 6.3 and 6.4 shall be used for all
downspout dispersion applications except where splashblocks are allowed below. See Figure
6.5 for a typical splashblock.

2. Splashblocks may be used for downspouts discharging to a vegetated flowpath at least 50
feet in length as measured from the downspout to the downstream property line, structure,
sensitive steep slope, stream, wetland, or other impervious surface. Sensitive area buffers
may count toward flowpath lengths. The vegetated flowpath must be covered with well-
established lawn or pasture, landscaping with well-established groundcover, or native
vegetation with natural groundcover. The groundcover shall be dense enough to help
disperse and infiltrate flows and to prevent erosion.

3. If the vegetated flowpath is less than 25 feet on a subdivision single-family lot, a perforated
stub-out connection may be used in lieu of downspout dispersion. A perforated stub-out
may also be used where implementation of downspout dispersion might cause erosion or
flooding problems, either on site or on adjacent lots.

If roof runoff is dispersed according to the requirements of this section and the vegetative flow
path is 50 feet or longer through native landscape (including wetland buffers) and/or
lawn/landscape area that meets BMP 6.5, the roof area may be modeled in WWHM as *“grassed
surface.”
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Dispersion Trench Design Criteria

1. A vegetated flowpath of at least 25 feet in length must be maintained between the outlet of
the trench and any property line, structure, stream, wetland, or impervious surface. A
vegetated flowpath of at least 50 feet in length must be maintained between the outlet of the
trench and any steep slope. Sensitive area buffers may count towards flowpath lengths.
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2. Trenches serving up to 700 square feet of roof area may be simple 10-foot-long by 2-foot
wide gravel filled trenches as shown in Figure 6.3. For roof areas larger than 700 square feet,
a dispersion trench with notched grade board as shown in Figure 6.4 may be used subject to
approval by the City of Lacey. The total length of this design must provide at least 10 feet of
trench per 700 square feet of roof area and not exceed 50 feet.

3. A setback of at least 5 feet shall be maintained between any edge of the trench and any
structure or property line, except when trench is shared by parcels and approved by the
Drainage Manual Administrator. See Chapter 1 for standard setbacks.

4. No erosion or flooding of downstream properties may result.

5. Runoff discharged towards landslide hazard areas must be evaluated by a geotechnical
engineer or qualified geologist. The discharge point may not be placed on or above slopes
greater than 20% or above erosion hazard areas without evaluation by a geotechnical
engineer or qualified geologist and jurisdiction approval.

6. For sites with septic systems, the discharge point must be downgradient of the drainfield
primary and reserve areas. This requirement can be waived by the jurisdiction's permit
review staff if site topography will clearly prohibit flows from intersecting the drainfield.
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Figure 6.5 Typical Downspout
Splashblock Dispersion
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Splashblock Design Criteria

If the ground is sloped away from the foundation, and there is adequate vegetation and area for
effective dispersion, splashblocks will adequately disperse storm runoff. If the ground is level,
if the structure includes a basement, or if foundation drains are proposed, splashblocks with
downspout extensions may be used.

In addition to the general design criteria, the following conditions must be met to use
splashblocks, with or without extensions:

1. A maximum of 700 square feet of roof area may drain to each splashblock.

2. A splashblock or a pad of crushed rock (2 feet wide by 3 feet long by 6 inches deep) shall
be placed at each downspout discharge point.

3. Splashblocks may not be placed on or above slopes greater than 20% or above erosion
hazard areas without evaluation by a geotechnical engineer or qualified geologist.

4. For sites with septic systems, the discharge point must be downslope of the primary and
reserve drainfield areas. This requirement may be waived if site topography clearly
prohibits flows from intersecting the drainfield.

BMP LID-06 Perforated Stub-Out Connections

A perforated stub-out connection is a perforated pipe within a gravel-filled trench placed
between a roof downspout and a stub-out to the storm drain system.

Applications and Limitations

1. Only allowed when downspout infiltration or dispersion (BMP LID-04 and BMP LID-05)
is not feasible.

2. Used in poorly draining soils for limited flow control benefits.

3. Little or no flow control is expected during winter months.

4. Not allowed when seasonal water table is less than 1 foot below trench bottom.

Design Guidelines

Minimum 10 linear feet of trench for each 5,000 sf of contributing roof area.
Minimum 2-feet wide trench.

Backfill trench with %4 to 1%” washed drain rock, minimum 12" depth.

Drain rock extends a minimum of 8 inches below bottom of pipe, and covers pipe.
Minimum 4”-diameter perforated pipe, level within trench.

Trench Cover: filter fabric and at least six inches of fill.

Perforated pipe shall not be located under impervious areas.

Perforated pipe must be located downgradient of septic systems.

Setbacks are the same as for infiltration trenches.

CoNoUA~AWNE
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For flow control credit, pipe stub-out connections designed according to this section may be
modeled in WWHM by considering the trench(es) as a detention pond. The stage-storage relation
of the pond shall be computed using a void ratio of 0.3 (30%), with no infiltration and a single
oversized orifice/overflow. Roof drainage to multiple pipe stub-out connections may be modeled
as a single impervious basin to a single, combined detention pond.

BMP LID-07 Concentrated Flow Dispersion

Dispersion of concentrated flows from driveways or other pavement through a vegetated
pervious area attenuates peak flows by slowing entry of the runoff into the conveyance system,
allows for some infiltration, and provides some water quality benefits. See Figure 6.6.

Applications and Limitations

« Any situation where concentrated flow can be dispersed through vegetation.

o Applicable where driveway is at least 50 feet long.

« Dispersion for driveways will generally only be effective for single-family residences on
large lots and in rural short plats.

Design Guidelines

1. A vegetated flowpath of at least 50 feet should be maintained between the discharge point
and any property line, structure, steep slope, stream, lake, wetland, lake, or other
impervious surface.

2. A maximum of 700 square feet of impervious area may drain to each dispersion BMP.

3. A pad of crushed rock (2 feet wide by 3 feet long by 6 inches deep, minimum) shall be
placed at each discharge point.

4. Runoff discharged towards landslide hazard areas must be evaluated by a geotechnical
engineer or qualified geologist. The discharge point shall not be placed on or above
slopes greater than 20% or above erosion hazard areas without evaluation by a
geotechnical engineer or qualified geologist and approval by the City of Lacey.

5. For sites with septic systems, the discharge point should be downgradient of the
drainfield primary and reserve areas. Where BMP LID-03 is used to disperse runoff into
an undisturbed native landscape area or an area that meets BMP LID-01, and the
vegetated flow path is at least 50 feet, the impervious area may be modeled in WHMM as
landscaped area.
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BMP LID-08 Sheet Flow Dispersion

Sheet flow dispersion is the simplest method of runoff control. This BMP can be used for any
impervious or pervious surface that is graded so as to avoid concentrating flows. Because flows
are already dispersed as they leave the surface, they need only traverse a narrow band of adjacent
vegetation for effective attenuation and treatment.

Applications and Limitations

Flat or moderately sloping (<15% slope) impervious surfaces such as driveways, sport courts,
patios, and roofs without gutters; sloping cleared areas that are comprised of bare soil, non-native
landscaping, lawn, and/or pasture; or any situation where concentration of flows can be avoided.

Design Guidelines
1.  See Figure 6.7 for details for driveways.

2. A 2-foot-wide transition zone to discourage channeling shall be provided between the edge
of the driveway pavement and the downslope vegetation, or under building eaves. This
may be an extension of subgrade material (crushed rock), modular pavement, or drain rock.

3. A vegetated buffer width of 10 feet of vegetation must be provided for up to 20 feet of
width of paved or impervious surface. An additional 5 feet of width must be added for
each addition 20 feet of width or fraction thereof.

4. A vegetated buffer width of 25 feet of vegetation must be provided for up to 150 feet of
contributing cleared area (i.e., bare soil, non-native landscaping, lawn, and/or pasture).
Slopes within the 25-foot minimum flowpath through vegetation should be no steeper than
8 percent. If this criterion cannot be met due to site constraints, the 25-foot flowpath length
must be increased 1.5 feet for each percent increase in slope above 8%.

5. Runoff discharge toward landslide hazard areas must be evaluated by a geotechnical engineer
or a qualified geologist. The discharge point may not be placed on or above slopes greater
than 20% or above erosion hazard areas without evaluation by a geotechnical engineer or
qualified geologist and approval by the City.

6.  For sites with septic systems, the discharge point must be downgradient of the drainfield
primary and reserve areas. This requirement may be waived by the City if site topography
clearly prohibits flows from intersecting the drainfield.

Flow Credits

Where BMP 6.4 is used to disperse runoff into an undisturbed native landscape area or an area
that meets BMP 6.5, the impervious area may be modeled as landscaped area.
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6.1.3 Soil Quality Enhancement

BMP LID-09 Post-Construction Soil Quality and Depth

Naturally occurring (undisturbed) soil and vegetation provide important stormwater functions.
These functions are largely lost when development strips away native soil and vegetation and
replaces it with minimal topsoil and sod.

Establishing minimum soil quality and depth requirements retains some stormwater infiltration
functions in the post development landscape, provides increased treatment of pollutants and
sediments that result from development and habitation, and minimizes the need for some
landscaping chemicals.

Applicability

This BMP is required in projects subject to Core Requirement #5, On-site Stormwater
Management. The following surfaces of a project site shall be required to implement this
BMP:

e Areas that are to be incorporated into the stormwater drainage system such as surface
BMPs. Note that BMP LID-10 (Bioretention) has alternate soil requirements.

e All new lawn and landscape areas. Except that the areas of the project
implementing BMP LID-03, “Full Dispersion” are not required to implement this
BMP, however, it is still recommended.

e Disturbed areas that are to be restored to native vegetation (See BMP LID-01).

e Existing lawn and landscape areas of a redevelopment project where the project is
required to retrofit the entire site to current stormwater standards. Establishing
minimum soil quality and depth is not the same as preservation of naturally
occurring soil and vegetation. However, establishing a minimum soil quality and
depth will provide improved onsite management of stormwater flow and water

quality.

If soils must be amended to increase the organic content, several sources of organic matter
(e.g., compost, composted woody material, biosolids, and forest product residuals) can be used.
It is important that the materials used to meet the soil quality and depth requirements be
appropriate and beneficial to the plant cover being established. It is also important that imported
topsoils improve soil conditions and do not have an excessive percent of clay fines.

Limitations

Native soils with robust native landscapes must be protected from disturbance whenever
possible, especially where no post-construction soil rehabilitation is planned.
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In designated Well Head Protection Areas (WHPA) for public water systems with over 1,000
connections, compost used within the site shall be comprised entirely of vegetative materials
only. Biosolids and animal manure components can result in large concentrations of nitrates
leaching into groundwater aquifers and are consequently prohibited within the WHPA.

Poorly Draining Sites

If the site being considered for turf establishment does not drain well, consider an alternative to
planting a lawn. If the site is not freely draining, and turf replacement is still being attempted,
compost amendment will still provide stormwater benefits but should be incorporated into the soil
at a reduced ratio of no more than 30 percent by volume. This upper limit is suggested in the
Pacific Northwest because the region’s extended saturated winter conditions may create
water logging of the lawn. The landscape professional should also provide a drainage route or
subsurface collection system as part of their design.

Existing Steep Slope Areas

Increasing soil moisture content may increase soil instability in areas with steep slopes.
However, the Washington State Department of Transportation (WSDOT) has incorporated
compost-amendment in almost all of its vegetated sites since 1992 without problems, even on the
steepest sites (33 percent slope), as a result of the increased moisture holding capacity within
the soils. (See design criteria below for requirements of steep slope soil amendment.)

e Onsite steep slope areas with native soils and robust native landscapes should
be protected from disturbance, which is preferable to re-grading and augmenting
the disturbed soil with soil amendment. Also, steep slope areas may be subject to
critical area protection per TCC 17.15, which outlines criteria for classification of
erosion and active landslide hazard areas.

e Where native soils and vegetation is sparse, steep slopes that remain on site that
are not constructed as part of the development, should be amended by planting deep
rooting vegetation. Soil amendments shall be applied with a pit application at least
twice as wide as the root ball of the vegetation being planted, using a mix of 50 percent
compost and 50 percent soil mixture.

Submittals and Approvals

A site specific Soil Management Plan (SMP) shall be submitted and must be approved as part
of the permitting process for the project. The SMP shall be prepared per the Soils for Salmon
guidance document (see Design Guidelines below) and includes:

e Ascale-drawing (11” x 17” or larger) identifying area where native soil and vegetation
will be retained undisturbed, and which soil treatments will be applied in landscape
areas.

¢ Identified treatments and products to be used to meet the soil depth and organic
content requirements for each area.
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e Computations of compost or topsoil volumes to be imported (and/or site soil to
be stockpiled) to meet “pre-approved” amendment rates; or calculations by a
qualified professional to meet organic content requirements if using custom calculated
rates. Qualified professionals include certified Agronomists, Soil Scientists or Crop
Advisors; and licensed Landscape Architects, Civil Engineers or Geologists.

e Copies of laboratory analyses for compost and topsoil products to be used,
documenting organic matter contents and carbon to nitrogen ratios.

The steps involved in preparing the SMP include the following:
Step 1. Review Site Landscape Plans and Grading Plans
e  Assess how grading and construction will impact soil conditions

° Identify which areas are to receive which type of soil treatment options (1
through 4).

Step 2: Visit Site to Determine Soil Conditions

. Identify compaction of subgrade by digging down to a level 12
inches below finished grade and use a shovel or penetrometer to
determine compaction.

° Assess condition of native areas that are to remain undisturbed.

° Assess soil conditions in each area to be cut, filled, or otherwise
disturbed and establish scarification and amendment recommendations for
each area.

Step 3: Select Amendment Options

. Identify areas where each amendment option will be applied and
outline these areas on the SMP site plan and on the SMP form.

e  Assign each area an identifying number or letter on the SMP site
plan and on the SMP form

Step 4:  Identify Compost, Topsoils, and Other Organic Materials for Amendment and
Mulch.

e  Products for soil amendment must be identified on the SMP form and
recent product test results provided showing they meet the
requirements of the Soil for Salmon guidance document (see Design
Guidelines below).

. Compost shall meet requirements of WAC 173-3 50, Section
220 “Composted Materials”.
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Step 5: Calculate Amendment, Topsoil and Mulch VVolumes on SMP Form

e  Calculate required cubic yards of amendment for the pre- approved
amendment areas.

e  Compute custom calculated amendment rates to achieve the target Soil
Organic Matter content (10 percent for landscape beds, 5 % for turf areas)

Design Guidelines

An applicant can demonstrate compliance with this BMP by following the guidance provided in
the most current edition of “Guidelines and Resources for Implementing Soil Quality and Depth,”
BMP T5.13 in Ecology’s 2005 Stormwater Management Manual for Western Washington.
This document is available at no charge from the following web sites:
www.SoilsforSalmon.org and www.BuildingSoil.org

Soil retention. The duff layer and native topsoil shall be retained in an undisturbed state to
the maximum extent practicable. In any areas requiring grading, remove and stockpile the
duff layer and topsoil on site in a designated, controlled area, not adjacent to public resources
and critical areas, to be reapplied to other portions of the site where feasible.

Soil quality. All areas subject to clearing and grading that have not been covered by
impervious surface, incorporated into a drainage facility or engineered as structural fill or
slope shall, at project completion, demonstrate the following:

1.

A topsoil layer with a minimum organic matter content of ten percent dry weight
in planting beds, and 5% organic matter content in turf areas, and a pH from 6.0
to 8.0 or matching the pH of the original undisturbed soil. The topsoil layer shall
have a minimum depth of eight inches except where tree roots limit the depth of
incorporation of amendments needed to meet the criteria. Subsoils below the
topsoil layer should be scarified at least 4 inches with some incorporation of the
upper material to avoid stratified layers, where feasible.

Planting beds must be mulched with 2 inches of organic material.

Quality of compost and other materials used to meet the organic content
requirements:

a. The organic content for “pre-approved” amendment rates can be met only
using compost that meets the definition of “composted materials” in WAC
173-350-220. This code is available online at:
http://www.ecy.wa.gov/programs/swfa/facilities/350.html

The compost must also have an organic matter content of 35% to 65%, and a
carbon to nitrogen ratio below 25:1. The carbon to nitrogen ratio may be as
high as 35:1 for plantings composed entirely of plants native to the Puget
Sound Lowlands region.

b. Calculated amendment rates may be met through use of composted materials
as defined above; or other organic materials amended to meet the carbon to
nitrogen ratio requirements, and meeting the contaminant standards of
Grade A Compost.
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. Implementation Options: The soil quality design guidelines listed above can be met by
using one, or a combination, of the methods listed below

1.  Leave undisturbed native vegetation and soil, and protect from compaction during
construction.

2. Amend existing site topsoil or subsoil either at default “pre-approved” rates, or at
custom calculated rates based on tests of the soil and amendment.

3. Stockpile existing topsoil during grading, and replace it prior to planting.
Stockpiled topsoil must also be amended if needed to meet the organic matter or
depth requirements, either at a default “pre-approved” rate or at a custom
calculated rate.

4. Import topsoil mix of sufficient organic content and depth to meet the
requirements.

Soil that already meets the depth and organic matter quality standards, and is not compacted,
need not be amended.

Flow Modeling Credit

While hydrologic modeling credits cannot be applied for application of this BMP, credits can
be taken in runoff modeling when the BMP is applied as part of a dispersion design under
the conditions described in Section 5.1.1.

6.1.4 Additional LID Measures

The LID measures described in this section are encouraged, and may be required to meet the
Core Requirements.

Bioretention (BMP LID-10) is especially encouraged, and generally may be used to meet both
flow control and water quality requirements. Note that the design criteria for LID BMPs is
evolving and subject to revision; check with the Drainage Manual Administrator for updated
design criteria.

BMP LID-10 Bioretention Facilities

Bioretention facilities are shallow stormwater retention systems designed to mimic forested
systems by managing stormwater through detention, infiltration, and evapotranspiration.
Bioretention areas also provide water quality treatment through sedimentation, filtration,
adsorption, and phytoremediation. Compared to traditional stormwater pond designs,
these facilities are typically smaller in scale and integrated into the landscape to better mimic
natural hydrologic systems. They may be used for both flow control and water quality
treatment.
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Figure 6.8 illustrates a section view of a typical bioretention system.
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Figure 6.8 Typical Bioretention Facility
(courtesy of Thurston County)

Types of Bioretention Facilities

Bioretention facilities can be configured in many ways, including the following:

e Rain Gardens (Bioretention Cells): Shallow depressions with a designed planting
soil mix and variety of plant material, including trees, shrubs, grasses, and/or other
herbaceous plants. Bioretention cells may or may not have an under-drain and are not

designed as a conveyance system. Bioretention cells can be configured as

depressed landscape islands, larger basins, planters, or vegetated curb extensions.

They are most appropriate for small (10,000 sf or less) contributing areas.

e Vegetated Curb Extensions: Bulb out areas along a road right-of-way containing a

bioretention cell to accept roadway runoff.

e Bioretention Swales/In-line Bioretention: Long, linear facilities that incorporate the
same design features as bioretention cells. Bioretention swales have relatively gentle

side slopes and shallow flow depths.
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Many other configurations of bioretention facilities are possible, but require different design
methods than those described here. The following bioretention configurations require City
acceptance, and are described in the Low Impact Development: Technical Guidance Manual
for Puget Sound (PSAT 2005).

e Biodetention: a design that uses vegetative barriers arranged in hedgerows across a
slope to disperse, infiltrate, and treat stormwater.

e Sloped Biodetention: uses vegetative barriers designed for a specific hydraulic
capacity and placed along slope contours.

e Off-line Bioretention: the bioretention facility is placed next to a swale with a
common flow entrance and flow exit.

e Sloped or Weep Garden bioretention areas: used for steeper gradients where a
retaining wall is used for structural support and for allowing storm flows, directed
to the facility, to seep out.

e Tree Box Filters: street tree plantings with an enlarged planting pit for additional
storage, a storm flow inlet from the street or sidewalk, and an underdrain system.

Potential applications for bioretention facilities include the following:

e Inparking lots, as concave landscaped areas (i.e., lower than the parking lot surface,
so that stormwater runoff is directed as sheet flow into the bioretention area). This
application, combined with porous surfaces in the parking lot, can greatly attenuate
stormwater runoff.

e Areas within loop roads or cul-de-sacs, to collect runoff from adjacent areas and
portions of the roadway.

e Along roads (linear bioretention cells or swales, vegetated curb extensions & planters)

e Within apartment complexes or other multifamily housing designs, in landscaped
common areas.

e Shared facilities located in common areas within a subdivision.

e Onindividual lots, bioretention facilities should be used to receive rooftop runoff in
areas where downspout infiltration systems (BMP LID-04) are not feasible and in
preference to downspout dispersion systems (BMP LID-05), and may be integrated
into the landscaped areas of the lot.

e On individual lots bioretention facilities can also be used to receive driveway and
other on-lot impervious and pervious surfaces.
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Limitations

» The maximum contributing area for any single bioretention facility is one-half acre,
unless contributing area is 100% pervious, in which case contributing area may be up to
¥4 acre.

Bioretention facilities shall meet the same setback requirements as for infiltration facilities.
Provide adequate separation from utilities, sidewalks, etc. for mature plants and roots.
Situate the bioretention facility on slopes of less than 10% grade.

vV v. v Yy

Vertical separation from any restrictive layer (such as seasonally high groundwater
level or glacial till) to the base of the amended soil mixture shall be as follows:

A minimum clearance of 3 feet is necessary between the lowest elevation of the
bioretention facility (i.e. base of soil mixture, or any underlying gravel layer) and the
seasonal high groundwater elevation or other impermeable layer if the area tributary
to the facility meets or exceeds any of the following limitations:

e 5,000 square feet of pollution-generating impervious surface (PGIS)
e 10,000 square feet of impervious area
e Three-fourths of an acre (32,670 square feet) of lawn and landscape.

For bioretention systems and rain gardens with a contributing area that is less than
the above thresholds, or for a bioretention swale on a linear project (roadway) with
continuous sheet flow runoff from the roadway surface, a minimum of 1 foot of vertical
clearance above the seasonal high groundwater level or other impermeable layer
(whichever is highest) is acceptable.

Hydrologic and Hydraulic Design Considerations

Bioretention Facility Sizing

The size of a bioretention facility is based mainly upon the size of the area contributing flow to
the facility and the infiltration rate of the native soil below the facility. For hydrologic design,
use the latest version of the Western Washington Hydrology Model (WWHM). Direct modeling
of bioretention is available in the most recent version of WWHM (WWHM4). Note that a site
with rain gardens or other bioretention facilities may also need a supplemental pond, infiltration
trench and/or discharge system in lieu of other integrated L.I1.D. practices.

A basic bioretention facility is considered to provide basic water quality treatment. To be
considered an enhanced (metals) treatment BMP, the bioretention facility must infiltrate at
least 91 percent of the total volume of runoff in the WWHM inflow runoff file.
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Infiltration Rate Determination

The design infiltration rate for the bioretention facility must be the lower of:
(1) The estimated long-term rate of the imported soil, or
(2) The initial infiltration rate of the underlying soil profile.

Imported Soil

The infiltration rate of imported soils can be determined using ASTM D2434 Standard Test
Method for Permeability of Granular Soils (Constant Head) with a compaction rate of 80 percent
using ASTM D1557 Test Method for Laboratory Compaction Characteristics of Soil Using
Modified Effort. Alternately, the infiltration rate can be estimated from the proportion of
fines (percent passing #200 sieve) in the aggregate portion of the imported soil. Refer to
Figure 2.9 in Volume V of the Thurston County Drainage Design and Erosion Control
Manual (2009) for a relationship between measured hydraulic conductivity and percent fines.
If the design infiltration rate for the bioretention facility is determined by the imported soil, the
quantitative method of determining the soil infiltration rate must be used.

The design infiltration rate for imported bioretention soil mix is estimated by applying a
reduction factor to the measured value as discussed above. A reduction factor of 2 (multiply
measured infiltration rate by 0.5) is applied where contributing areas are <5,000 sq. ft. of
pollution generating surface, <10,000 sq. ft. of impervious area, and <3/4 acre of landscape
area. Above these thresholds an infiltration reduction factor of 4 is applied.

Underlying Soil

See Section 6.3 (“Infiltration Facilities”) for determination of the design infiltration rate of
the underlying soil.

Design Criteria

Cell Geometry

The surface of the bioretention facility must be lowest near the center to receive and contain
inflow. This ponding area provides surface storage for storm flows, particulate settling, and the
first stages of pollutant treatment within the facility. The bioretention cell ponding area shall
have a level bottom area minimum 2 feet wide. The total width of the bioretention cell should
be no less than 10 feet, with the length about two to three times the width.

Pretreatment

If the catchment area contains unvegetated exposed soils or steep slopes, a presettling system
(e.q., a filter strip, presettling basin, or vault) is required.
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Flow Entrance

Runoff water should flow slowly into the rain garden, to reduce the potential for erosion. Inflow
should be spread-out rather than concentrated, to disperse the flow into the facility. VVegetated
buffer strips are the preferred entrance type because they slow incoming flows and provide
initial settling of particulates.

Flow velocity at any facility entrance should be no more than 1 ft. per second to minimize
erosion potential. Where inflow is concentrated (from a pipe, channel or curb opening), provide
flow dispersion and erosion protection at the transition into the bioretention facility.

Flows entering via a pipe should originate at a catch basin to trap sediment, while overland flows
should pass through a vegetated buffer (e.g. a grass filter) and through a flow dissipater
bordering the rain garden.

Four primary types of flow entrances can be used for bioretention/rain gardens:

1. Dispersed, low velocity flow across a grass or landscape area; this is the preferred
method of delivering flows into the facility and can provide initial settling of
particulates.

2. Dispersed flow across pavement or gravel and past wheel stops for parking areas.

3. Drainage curb cuts for roadway, driveway or parking lot areas; curb cuts shall
include a concrete chute below the gutter grade to prevent material from building-up and
backing flows into the roadway. Rock or other erosion protection material shall be
installed at the outlet of the concrete gutter chute to dissipate energy.

4. Pipe flow entrance; piped entrances shall include rock or other erosion protection
material in the facility entrance to dissipate energy and/or provide flow
dispersion.

Woody plants should not be placed directly in the entrance flow path as they can restrict or
concentrate flows and can be damaged by erosion around the root ball.

Minimum requirements associated with the flow entrance/presettling design include the
following:

e If concentrated flows are entering the facility, engineered flow dissipation (e.g.,
rock pad or flow dispersion weir) must be incorporated.

e A minimum 2-inch grade change between the edge of a contributing
impervious surface and the vegetated flow entrance is required.

e Until the upstream catchment area is thoroughly stabilized, flow diversion and
erosion control measures must be installed to protect the bioretention area from
sedimentation.

e Dispersed flow should not be concentrated for presettling purposes.
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Slopes

Blend the rain garden slopes into the surrounding landscape for a smooth transition, and grade
the surrounding area such that flow into the rain garden is spread-out and slowed-down as much
as possible.

e The maximum interior side slopes within a bioretention cell shall be no steeper than
4H:1V. Steeper backslopes may be allowed for bioretention swales in roadway
projects with limited right-of-way width, subject to City acceptance of the design.

e Vertical walls are not permitted except in bioretention planters.

Ponding Depth

The design ponding depth shall be a minimum of 6 inches and a maximum of 12 inches (unless
optional detention storage is incorporated — see below), with a minimum freeboard of 6 inches
above the ponding depth to the lowest point on the rim of the facility.

Overflow

Bioretention and rain garden facilities must include an overflow (unless designed for 100%
infiltration of the entire continuous model runoff file). Facility overflow can be provided by an
inlet grate or drain pipe installed at the designed maximum ponding depth and connected to a
downstream BMP or an approved discharge point.

Overflow drainage facilities shall be designed to convey the 100-year recurrence interval
flow. This assumes the facility will be full due to runoff rates far in excess of soil infiltration
capacity. The design must provide controlled discharge directly into the downstream
conveyance system or another acceptable discharge point.

Drawdown Time

The rain garden should only hold surface water for brief periods if the facility infiltrates
properly. The surface pool drawdown time shall be a maximum of 24 hours. This can be estimated
by dividing the maximum ponded depth by the design (long-term) infiltration rate. Soils must be
allowed to dry out periodically in order to restore the hydraulic capacity of the system and to
maintain infiltration rates. Pooled water remaining for four days or longer may affect plant
health, may promote the breeding of mosquitoes and other insects, and may indicate the need for
rehabilitation of the facility.

The requirements for ponding depth and drawdown rate are intended to provide surface storage,
adequate infiltration capability, and appropriate soil moisture conditions.

Optional Detention Storage

It is possible to design additional detention storage above the design water surface (to a
maximum of 30 inches total) by including an orifice control system within the overflow
structure to help attenuate the flows. For example, a Type 1 Catch Basin with removable
down-turned elbow (using properly designed orifices) could be used. This would allow the
bioretention facility to meet the dewatering requirement of 24 hours, maximum.
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If using this design, the plant selection must clearly reflect the additional proposed storage
depth. This potential modified design is allowed only for large bioretention systems, not for
facilities on individual lots. Care must be taken to still blend these larger and deeper facilities
in with the surrounding landscape.

Bioretention Soil Mixture:

The planting soil mixture within the bioretention facility shall be a highly permeable, highly
organic mixture of sandy soil mixed thoroughly with compost amendment. The soil mixture
should never be compacted. The final Compost-Amended Soil Mixture shall be comprised of
approximately 2/3 loamy sand and 1/3 compost amendment. Alternatively, the final soil
mixture may be 30% sandy loam, 30% coarse sand, and 40% compost. The mixture should
have about 10% organic content, with less than 5% clay. Soil mixture shall be clean (ho man-
made debris) and free of rocks, roots or other woody debris greater than 1”-diameter. The final
bioretention soil mix shall have a CEC (cation exchange capacity) of at least 5 meq/100 grams of
dry soil, 8% to 10% organic matter content, 2% to 5% fines, and a maximum of 12”/hour initial
(measured) infiltration rate. A minimum of 18” soil depth shall have these properties.

Sandy Soil component:

The soil portion of amended soil mixtures for use in rain gardens shall consist of sand, loamy
sand or sandy loam (with very little clay) per the USDA Textural Triangle. If on-site excavated
soil is used to create the mixture, it must be tested and verified as suitable by the geotechnical
engineer.

Compost Amendment component:

The compost used to amend soils for use in rain gardens must comply with Chapter 173-350
WAC (see www.ecy.wa.gov/programs/swfa/facilities/350.html). To meet the definition of
composted material, it must be organic solid waste that has undergone biological degradation and
transformation under controlled conditions designed to promote aerobic decomposition.

The compost should be stable and mature, dark brown in color, and earthy-smelling, with a
crumbly texture. It should remain at a stable temperature (i.e. not heat-up when wetted), have
mixed particle sizes, and shall meet the following criteria:

* Organic content 45% - 65%

* pH between 5.5and 7.5

* Carbon to nitrogen ratio between 20:1 and 25:1 (30:1 to 35:1 preferred for native plants)
* Moisture content 35% to 50%

* No viable weed seeds present

* Less than 1% manufactured inert material (concrete, plastic, etc.)

Soil Testing shall be performed to verify that the soil mixture (or the sandy soil and compost
amendment components) meets specifications. At least one soil test shall be performed for

every 100 cubic yards of soil mixture, and all tests shall be certified by a testing laboratory or
geotechnical engineer for approval by the City of Lacey prior to placement on the project site.
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Soil Mixture Depth Requirements:

* For most applications (e.g. parking lots), amended soil mixture depth shall be 18” to 24”.

* For enhanced (metals and/or phosphorus) treatment and/or in sensitive locations, the soil
mixture may be modified and/or the depth may be increased per the determination of the
City of Lacey Public Works Department.

* For individual residential lots (e.g. roof drains), soil mixture depth shall be 18” min.

Note : The soil mixture depth and other potential requirements or restrictions for water resource
protection (particularly in surface water or groundwater sensitive areas) shall be as specified by
the City of Lacey. For nitrate removal, an underdrain system may be required to provide for
anaerobic denitrification. Requirements for underdrains, rain garden components, and other
factors are subject to revision at any time by the City of Lacey.

Mulch Layer

Cover the entire surface of the rain garden soil mixture with a layer of mulch. The mulch shall
be the compost used in the soil mixture or a similar material, but shall not be bark or grass
clippings within the bioretention facilities (compost is less likely to float and is a better source
for organic materials). The mulch shall be free of weed seeds, soil and roots.

The mulch serves to retain soil moisture, discourage weed growth, prevent erosion and provide
water quality improvement. The mulch layer filters pollutants and provides an environment
conducive to the growth of microorganisms, which degrade oil-based substances and other
organic materials. The compost mulch shall be maintained on the bottom and interior side slopes
of the rain garden.

e Provide and maintain a 2” to 3”-deep layer of compost mulch over the entire soil mix
surface.

e May use shredded or chipped hardwood or softwood in surrounding areas (beyond the rim
of the facility).

Underdrain

In the event that the downstream pathway of infiltration and interflow cannot be maintained, or
the infiltration capacity is insufficient to handle the contributing area flows (e.g., a facility
enclosed in a loop roadway system or a landscape island within a parking lot), an underdrain
system can be incorporated into the facility. The underdrain system can then be connected to a
nearby vegetated channel, another stormwater facility, or dispersed into a natural protection area.

Underdrain systems should be installed only if the bioretention facility or rain garden is:
e Located where infiltration is not permitted and a liner is used

e Insoils with infiltration rates that are not adequate to meet the maximum pool drawdown
time.
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Only the area below the underdrain invert and the bottom of the bioretention facility can be
used in the WWHM for flow control benefit. The area above an underdrain pipe in a bioretention
facility provides attenuation and pollutant filtering.

The underdrain can be connected to a downstream BMP such as another bioretention/rain
garden facility as part of a connected system, or to an approved discharge point.

Underdrain pipe shall be per WSDOT Standard Specifications Section 9-05.2 for Perforated PVC
Underdrain pipe, Perforated Corrugated Polyethylene Drainage Tubing Underdrain Pipe or
Perforated Corrugated Polyethylene Underdrain Pipe.

The underdrain pipe diameter will depend on hydraulic capacity required (4 to 8 inches is
common). Within the public right-of-way any underdrain shall have a minimum diameter of
12-inches with access to both ends. A geotextile fabric (see Appendix 6C) must be used
between the soil layer and underdrain.

The underdrain should be sloped at 0.5 percent unless otherwise specified by the project
engineer.

A minimum of 6 inches of granular filter material shall be placed over the top of the
underdrain pipe. Wrapping with geotextile is not recommended.

A 6-inch rigid non-perforated observation pipe or other maintenance access shall be connected to the
underdrain every 250 to 300 feet to provide a clean-out port, as well as an observation well to
monitor dewatering rates.

Note: If a bioretention facility is designed with an underdrain, its ability to meet the flow
control criteria of Minimum Requirement #7 is limited to that area beneath the underdrain
that has stormwater holding capacity.

Gravel Filter Material

Gravel blankets and filter fabrics buffer the under-drain system from sediment input and
clogging. Gravel Filter Material for underdrains shall be Gravel Backfill for Drains per
WSDOT Standard Specifications 9-03.12(4).

Filter Fabric

Filter fabric for lining the underdrain (separation between gravel filter and native soil) shall be a
non-woven geotextile fabric meeting WSDOT Standard Specifications Section 9-33
requirements for a “Separation” geotextile. See also Appendix 6C for geotextile specifications.

Alternative combinations of gravel filter material, underdrain pipe and filter fabric may be
proposed if evaluated by a geotechnical or civil engineer for compatibility and suitability
for the application.
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Plants

The plants selected for a bioretention facility should ideally be hardy, drought-tolerant native
species with good aesthetic qualities. Since this is more a functional garden than an ornamental
one, the predominant plantings should generally be species that are adaptable to the varying wet
and dry conditions that can be expected in a stormwater-receiving facility. The plants are a key
component of the rain garden, and must be carefully selected, planted and cared-for.

Soil moisture and locational factors are the primary considerations, with landscaping
considerations such as aesthetics, plant compatibility and blending into the adjacent setting also
playing a role. Locational factors include sun exposure (sun/shade) and existing features, such as
the presence of utilities. For example, the root systems of some plant species (such as willows)
can potentially damage pavement and/or underground structures and should be selected and
placed with consideration of this potential.

In terms of soil moisture, plants in a rain garden need to be tolerant of varying conditions
including fluctuating water levels, saturated soils during rainy periods and summer dry spells.
Plantings are arranged by zones within the rain garden, using appropriate plant varieties for the
various moisture conditions and exposure to sun/shade present. Other considerations include
such factors as plant growth, tree canopy, and tolerance of pollutants, insects and disease. A mix
of several compatible species of various sizes will tend to resist devastation by infestation or
disease, provide a healthy habitat, and provide functionality with a pleasing appearance. Weed
growth can be limited by planting grasses and groundcovers.

Rain gardens generally have three planting zones, based on typical moisture conditions:

Zone 1:  The low, wet zone at the bottom of the rain garden. Subject to periodic or frequent
inundation or soil saturation. Plants suitable for this zone will also tolerate seasonal
dry periods without additional watering, and may also survive in Zone 2 or 3.

Zone 2: Interior lower slopes, transitional between wet & dry zones, with periodic saturation.
Plants suitable for this zone should also tolerate dry periods, and may be suitable for
Zone 3.

Zone 3:  The upper zone of generally dry soil, rarely inundated, on the upper slopes near the
rim of the rain garden. Plants appropriate for this zone can survive with minimal
watering once established, and may blend well into the surrounding landscape.

The predominant plantings should generally be facultative species (i.e. plant species that are
equally likely to occur either in wetlands or non-wetlands) that are adapted to the stresses of
varying wet and dry conditions. Planting in autumn is generally preferred, allowing for plant
establishment before winter but without the higher watering needs of spring or summer plantings.
The end result should include a dense plant community of compatible combinations of species.

The tables in Appendix 6D list some plant varieties that may be suitable for planting in
bioretention facilities. The first table lists plants recommended for sunny sites, the second lists
plants that are OK in the shade. Most of the plant varieties listed are native to the Puget Sound
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region, so they should be generally available and perform well under our local conditions. The
lists are intended to provide some suggestions for potential plantings, and are not all-inclusive.

Planting Recommendations:

Planting is best in autumn; it can be OK in winter & spring, but requires watering in
summer.

The rain garden should be planted with a minimum of 3 tree species, 3 shrub species,
and 3 species from the emergent, herb and/or groundcover groups, in appropriate zones.

More numerous/smaller plants are preferable to fewer/larger plantings. For example,

in a span of 4 ft., five 6” pots spaced 12” on-center is preferable to three 2-gallon pots
at 24” O.C. Smaller plant material provides several advantages and is recommended.
Small plants require less careful handling and less initial irrigation, they experience
less transplant shock, are less expensive, adapt more quickly to a site, and transplant
more successfully than larger plants. Small trees or shrubs are generally supplied in
pots of 3 gallons or less.

Plants should conform to the standards of the current edition of American Standard for
Nursery Stock as approved by the American Standards Institute, Inc. All plant grades
shall be those established by said reference.

All plant materials should have normal, well-developed branches and vigorous root
systems, and be free from physical defects, plant diseases, and insect pests.

All plants shall be tagged for identification when delivered.

Planting of bioretention areas should be designed by a landscape architect or landscaper, with
reference to the plant recommendations in Appendix 6D and the detailed bioretention plant list in
Low Impact Development: Technical Guidance Manual for Puget Sound (PSAT 2005).

Primary design considerations in plant selection include:

e Soil moisture conditions: Plants should be tolerant of summer drought, ponding
fluctuations, and saturated soil conditions for the lengths of time anticipated by the
facility design.

e Expected pollutant loadings: Plants should tolerate the pollutants and loadings
anticipated from the surrounding land uses.

e Above and below ground infrastructure in and near the facility: Plant size and wind
firmness should be considered within the context of the surrounding infrastructure.
Rooting depths should be selected to not damage underground utilities if present.
Perforated pipe should be more than 5 feet from tree locations.

e Adjacent plant communities and potential invasive species control.
e Site distances and setbacks for roadway applications.

e Visual buffering: Plants can be used to buffer structures from roads, enhance
privacy among residences, and provide an aesthetic amenity for the site.
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e Aesthetics: Visually pleasing plant design adds value to the property and encourages
community and homeowner acceptance. Homeowner education and participation in
plant selection and design for residential projects should be encouraged to promote
greater involvement in long-term care.

Signage and Fencing

Bioretention facilities (e.g. Rain Gardens) are stormwater management facilities and shall be
identified as such with signage and fencing. Signs shall be installed identifying the facility and its
purpose and not to disturb. Fencing should be considered to reduce public access through the
facility, especially if located within a parking area or other area easily accessible to the public.

Maintenance

Regular maintenance is a basic necessity for any stormwater facility and for any landscaped area,
and bioretention facilities are both. They will require a level of care similar to that required for
any planting bed, plus attention to drainage features and structures such as overflow grates. They
require annual plant, soil, and mulch layer maintenance to ensure optimum infiltration, storage,
and pollutant removal capabilities. Plants will require watering, particularly during the first few
years after planting and during prolonged dry spells. Weeds must be removed, and occasional
pruning and removal of dead plant material may be necessary. Fertilizer and pesticide should be
avoided, and should not be needed with appropriate plant selection and conditions. Watch for
signs of erosion within and around the rain garden, particularly at the flow entrances and after
intense storms. Repair areas where the mulch, plants or soil are displaced, and provide a means
for flow dissipation and erosion protection to prevent damage from recurring. Replace or add
mulch as needed to maintain approximately 2”-3"depth, generally once every year or two. In
locations with potentially high pollutant loading, replace the mulch layer annually.

See the Stormwater Facility Maintenance Guide in Chapter 9 for bioretention maintenance
checklists (routine and non-routine). The Maintenance Plan prepared for the owner should
include suggestions such as those above, plus descriptions of the plants and other features of the
bioretention facility, to aid in inspection and maintenance.

Construction of Bioretention Facilities

Pre-construction

All areas draining to the rain garden location must be stabilized prior to initiating rain garden
excavation or construction. During site grading, direct flow away from the rain garden
location by using temporary diversion swales or similar methods.

Bioretention facilities, as with all types of infiltration facilities, should generally not be used
as temporary sediment traps during site work or construction. If a bioretention facility is to
be used as a sediment trap, do not excavate to final grade until after the upgradient drainage
area has been stabilized. Remove any accumulation of sediment from the facility before putting
the facility into service.
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Excavation

Minimizing compaction of native soils at the rain garden location is critical to avoid failure of
the finished facility, so preserve uncompacted soil during construction activities. Excavation,
soil placement, or soil amendment shall not be allowed during wet or saturated conditions.
Excavation should be performed by machinery operating adjacent to the facility and no
heavy equipment with narrow tracks, narrow tires, or large lugged, high pressure tires should be
allowed on the bottom of the facility. If machinery must operate in the facility for
excavation, light weight, low ground-contact pressure equipment should be used and the base
shall be scarified at completion to refracture soil to a minimum of 12 inches.

The excavated pit should be deep enough to allow for the prescribed depth of compost-amended
soil mixture, 2”-3” of mulch, and about one foot of surface depression to contain collected rain
water. The slopes of the exposed sidewalls above the soil mixture and mulch shall be no steeper
than 4:1 (horiz:vert). The base of the excavated pit should be flat, and both the base and
sidewalls of the excavation should be roughened where scraped smooth (and possibly sealed) by
the excavation process. If the base area becomes compacted, it should be ripped to a depth of at
least 12 below the base level to break-up the soil and restore permeability.

Soil Placement

The soil mixture should be placed when the excavated pit or trench is dry, by equipment
operating adjacent to, but not within, the rain garden excavation. Place the soil in layers of not
more than 12” per lift, and allow time for each lift to settle naturally. The soil mixture shall not
be mechanically compacted. The soil may be lightly sprayed with water to speed the settling
process, but do not saturate. The soil mixture must be approved by the City of Lacey prior to
placement (see Soil Testing). Rain garden construction shall be supervised by the design
engineer or landscape architect.

Submittals and Approval

The applicant should consult with the City at the pre-submittal meeting and the scoping
report/meeting for the project to discuss the suitability of and requirements for a bioretention
facility if one is proposed for the project.

Project submittal shall include the following in addition to the requirements of other sections:
e Source of bioretention soil mix and testing results of treatment soil.

e Description of method used and results of infiltration testing of base soils and
bioretention soil mix.

e Hydrologic modeling results for the bioretention facility demonstrating that the water
quality treatment design storm is handled by the facility and how volumes greater than
the water quality design flow are managed.

e Project drawings shall include a typical cross-section of the facility and
specifications for installation of treatment soils, seeding, sodding and other
construction requirements.
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Maintenance Plan shall include a discussion of maintenance requirements, a
planting plan and plant list, and plant care recommendations for the specific
plants of the bioretention facility.

The bioretention soils mix shall be tested for infiltration capacity using the following
test method:

O ASTM 2434 Standard Test Method for Permeability of Granular Soils
(Constant Head) with a compaction rate of 80 percent using ASTM 1557
(Modified Proctor).

Include in the Soils Management Plan prepared per BMP LID-09 the bioretention
soils mix for any proposed bioretention facilities included in the project.

BMP LID-11 Alternative (Permeable) Paving Surfaces

Alternative (permeable) paving surfaces are designed to accommodate pedestrian, bicycle, and
auto traffic while allowing infiltration and storage of stormwater. Alternative paving surfaces

include:

Permeable asphalt pavement
Permeable concrete

Grid or lattice rigid plastic or paving blocks where the holes are filled with soil, sand,
or gravel

Cast-in-place paver systems.

Alternative paving systems may be designed with an underdrain to collect stormwater or without
an underdrain as an infiltration facility.

Applicability

Appropriate applications for alternative paving surfaces include parking overflow areas, parking
stalls, low volume residential roads, alleys, driveways, sidewalks/pathways, patios, emergency
access, and facility maintenance roads.

Permeable paving surfaces can provide some attenuation and uptake of stormwater runoff even
on till soils while still providing the structural integrity required for a roadway surface to support
heavy truck loads.

Permeable paving surfaces can be designed with aggregate storage to function as an infiltration
facility with relatively low subgrade infiltration rates. Since the contributing flow is only the
incident rainfall, the hydraulic loading rate of the infiltration area is low.
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Limitations

The City of Lacey will not currently approve permeable pavement surfaces on City-maintained
roads.

Permeable pavement is not intended to receive “run-on” stormwater from other areas.

Permeable paving surfaces are not appropriate for roads subject to high sediment loadings
(such as roads that are sanded for deicing purposes in the winter). Application of sand and other
gritty substances can clog the pavement, impeding the infiltration of stormwater and resulting
in hazardous ponded water conditions.

Because of water quality concerns related to stormwater with high concentrations of oils or
other contaminants infiltrating through the surface and contaminating groundwater, permeable
pavement surfaces shall not be allowed with land uses that generate heavy loadings of these
pollutants. These include, but are not limited to, gas stations, commercial fueling stations, auto
body shops, automobile repair services, and automobile wash services.

Sidewalk designs incorporate scoring, or truncated domes, near the curb ramp to indicate an
approaching traffic area for the blind. The rougher surface of some types of permeable paving
may obscure this transition. Therefore standard concrete with scoring or truncated domes with
pavers may be required for curb ramps (check with the City of Lacey for current requirements).

The aggregate within the cells of permeable pavers can settle or be displaced from vehicle use.
As a result, paver installations for disabled parking spaces and walkways may require the use of
solid pavers or standard concrete or asphalt (check with City of Lacey for current requirements).

Permeable pavement surfaces are suitable for use in Type A through C soils, but are not
recommended for Type D soils. However, with adequate accommodation of potential runoff from
the permeable paving surface over Type D soils, the application can be beneficial for
encouraging infiltration.

Note: Permeable pavement is an evolving BMP with ongoing research and development. The
City of Lacey’s specifications for permeable pavement are subject to change at any time. All
proposed permeable pavements are subject to approval by the Lacey Public Works Department.

Hydrologic and Hydraulic Design Considerations

Permeable paving surfaces differ greatly in infiltration capacity. Base materials of permeable
pavement systems can be designed to infiltrate vertically into outwash soils.

Where cemented till layers of soil exist under a parking lot, a permeable pavement system can
potentially still be effective to attenuate peak flows. In small area applications, the subgrade of
the parking lot can be built up with permeable base material and graded to direct runoff through
this material to a controlled outfall, such as a bioretention area.
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Flow Credit/Modeling of Alternative (Permeable) Paving Surfaces

Permeable pavement surfaces designed in accordance with this section for infiltration should
be modeled as indicated in Table 5.3. Note that permeable paving surfaces should not be
receiving “run on” from other surfaces. Permeable paving surfaces are highly effective at
infiltrating runoff, even with relatively low infiltration rates because the BMP surface area is
the same as the contributing surface area. Installing an underdrain is typically unnecessary
and greatly reduces the flow control benefit of this BMP.

Design Criteria

Manufacturer’s recommendations on design, installation, and maintenance shall be followed for
each application.

Drainage Conveyance
Design roads with adequate drainage conveyance facilities as if the road surface was impermeable.

Design drainage flow paths to safely move water away from the road prism and into the roadside
drainage facility for roads with base courses that extend below the surrounding grade.

Runoff Treatment

The subgrade must have an infiltration rate of less than 2.4 inches per hour and a cation
exchange capacity of 5 milliequivalents CEC/100 grams dry soil or greater to provide water
quality treatment that satisfies Core Requirement #6. Runoff treatment does not apply to
alternative paving surface facilities with an underdrain.

Geometry

Positive surface drainage shall be provided to eliminate risk of ponding on pavement surface
(minimum surface slope of 1 percent).

e Unless approved in writing by the City of Lacey Department of Public Works, maximum
slopes for alternative paving surfaces are 5% for permeable asphalt, 6 % for permeable
concrete, 10% for interlocking pavers, and 5% to 6% for grid and lattice systems.

Materials

Figures 6.9 and 6.10 show examples of typical cross-sections of permeable paving sections.
They typically consist of a top layer (permeable wearing course), an aggregate subbase, an
optional leveling course and geo-textile fabric.

Porous Wearing Course

The wearing course or surface layer of the alternative paving surface may consist of permeable
asphalt, permeable concrete, interlocking concrete pavers, or open-celled paving grid with
vegetation or gravel. The wearing course must provide adequate porosity and permeability for
stormwater infiltration.
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Requirements for the wearing layer include the following:

A minimum infiltration rate of 10 inches/hour is required, although higher
infiltration rates are desirable.

For permeable asphalt, products must have adequate void space, commonly
12 to 20 percent.

For permeable concrete, products must have adequate void space, commonly
15 to 21 percent.

For grid/lattice systems filled with gravel, sand or a soil of finer particles with or
without grass, fill must be at least 2 inches. Fill shall be underlain with 6 inches
or more of sand or gravel to provide an adequate base. Locate fill at or slightly
below the top elevation of the grid/lattice structure. Modular grid openings must
be at least 40 percent of the total surface area.

For paving blocks, fill spaces between blocks with 6 inches of free draining sand or
aggregate material. Provide a minimum of 12 inches of free-draining surface
area.

For a vegetated open-celled paving grid, topsoil shall have 4 percent minimum
organic matter by dry weight.

Porous Asphait Unit Pavers

Gravel Pavers

~ Unit pavers
Porous asphalt
sufface course
Sand setting bed
Filter course

Open graded crushed
aggregate base

Filter fabeic
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Subgrade | — Open graded crushed
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Subgrade
minimal compaction
Fine Gravel Turf block
Turi block
Ringed fabric §
Sand
Filter {abric
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Figure 6.9 Typical Permeable Pavement Cross-Sections (source: Thurston County)
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Figure 6.10 Typical Permeable Pavement Details (source: Pierce County)

Leveling Course

Depending upon the type of permeable pavement installation, a leveling course (also called a
bedding or choker course) may be required (per manufacturer recommendations). A leveling
course is often required for open-celled paving grids and interlocking concrete pavers. This
course is a layer of aggregate that provides a more uniform surface for laying pavement or
pavers and consists of crushed aggregate smaller in size than the underlying aggregate
subbase. Course thickness will vary with permeable pavement type.

Aggregate Subbase

In a permeable paving surface, the aggregate subbase serves as the support base and must be
designed to support the expected loads and be free draining. The subbase shall meet the
following criteria:

o Material must be free draining.

o A 4 to 6-inch depth of aggregate subbase is recommended under the permeable
wearing course and leveling course (if any).
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o Aggregate subbase shall consist of larger rock at the bottom and smaller rock
directly under the top surface (e.g. a gradient from 2 inches to 5/8 inch).

o Below are examples of possible base material specifications. See Chapter 6 of
the “Low Impact Development: Technical Guidance Manual for Puget Sound” for
more detailed information.

o Driveway base material:

e > 4-inch layer of free-draining crushed rock, screened gravel, or
washed sand.

e < 5 percent fines (material passing the #200 sieve) based on fraction
passing the #4 sieve.

0 Roads and Parking Lots:

e Follow the standard material and quantities used for asphalt roads.

Geotextile Fabric

As part of the pavement section design, the designer should review the existing native soil or
subbase characteristics and determine if a nonwoven geotextile is needed for separation of subbase
from underlying soils.

Where necessary, the bottom and sides of the aggregate subbase should be contained by a
nonwoven geotextile. The fabric should allow water to infiltrate but restrict movement of other
particles into the gravel. See Appendix 6C for geotextile specifications.

Separation or Bottom Filter Layer

A layer of sand or crushed stone graded flat is recommended to promote infiltration across the
surface, stabilize the base layer, protect the underlying soil from compaction, and serve as a
transition between the base coarse and the underlying geotextile. This layer is optional but
recommended.

Subgrade

Compact the subgrade to the minimum necessary for structural stability. Use small static dual
wheel mechanical rollers or plate vibration machines for compaction. Do not allow heavy
compaction due to heavy equipment operation. The subgrade should not be subject to truck
traffic.
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Structural Design Considerations

Structural designs for permeable surfaces shall be per the manufacturer’s specifications. If any
deviations are made from the manufacturer’s recommendations or if the manufacturer’s
recommendations require engineering judgments, the design shall be stamped by a geotechnical
engineer.

Permeable systems that utilize pavers must be confined with a rigid edge system to prevent gradual
movement of the paving stones.

ADA compliance should be requested from the manufacturer and is a consideration in determining
where to use alternative paving surfaces.

Construction and Maintenance

Installation Criteria

Proper installation is key to the success of permeable paving surfaces. As with any pavement
system, permeable pavement systems require careful preparation of the subgrade and base course
to ensure success in terms of strength and permeability. The compressive strength of a permeable
paver system relies mainly on the strength of the underlying soils, particularly when using
modular or plastic units where the pavement itself lacks rigidity. Alternative paving surfaces
shall be designed and installed according to manufacturer recommendations.

Install appropriate source and erosion control BMPs to prevent sediment transport from
construction activities onto the base material or top course when the permeable surface is applied
prior to the completion of construction and stabilization of the entire site.

If possible, temporary roads should be used during construction and final construction of the base
material, and the permeable surfacing completed after building construction is complete.

Acceptance Test

Test all permeable surfaces by throwing a bucket of water on the surface. If anything runs off
the surface or puddles, additional testing is necessary prior to accepting the construction.

As directed by the Administrator or designee, test with a 6—inch ring Infiltrometer or sprinkle
Infiltrometer. Wet the road surface continuously for 10 minutes. Test to determine compliance
with the 10 inches per hour minimum infiltration rate.

For facilities designed to infiltrate, the bucket test shall be completed annually.

Test documentation shall be retained with maintenance records and submitted with the
engineer’s inspection report at project completion.
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Maintenance Criteria

Some general maintenance considerations for alternative paving surfaces are as follows:

o Clogging is the primary mechanism that degrades infiltration rates. However, as
discussed above, the surface design can have a significant influence on clogging
of void space.

o Studies have indicated that infiltration rates on moderately degraded
permeable asphalts and concrete can be partially restored by suctioning and sweeping
of the surface. Highly degraded permeable asphalts and concrete require high
pressure washing with suction.

o Maintenance frequencies of suctioning and sweeping shall be specified by the design
engineer and included in the Stormwater Facilities Maintenance Plan.

o Permeable pavement systems designed with pavers have advantages of ease of
disassembly when repairs or utility work is necessary. However, it is important
to note that the paver removal area should be no greater than the area that can be
replaced at the end of the day. If an area of pavers is removed, leaving
remaining edges unconfined, it is likely that loading in nearby areas will create
movement of the remaining pavers thereby unraveling significantly more area than
intended.

BMP LID-12 Vegetated (“Green’”) Roofs

A vegetated roof, also known as a green roof, ecoroof or roof garden, is an area of living
vegetation installed on top of a building. A vegetated roof can provide flow control via
detention, attenuation, and soil storage, and can control losses to interception, evaporation and
transpiration. It can also provide habitat, enhance aesthetics, reduce the urban heat island effect,
and reduce rooftop degradation from UV exposure.

Vegetated roofs generally consist of a layered system on a flat or nearly-flat rooftop, designed to
provide for plant growth and drainage characteristics. The layered system typically includes a
waterproof membrane, a root barrier, a drainage system, a soil layer and the vegetation.

Criteria for vegetated rooftops is not provided in this manual. Refer to the publication “Low
Impact Development: Technical Guidance Manual for Puget Sound” or other appropriate
references for design information.

Approval of vegetated rooftops will be on a case-by-case basis, and may be subject to specific
requirements of the City of Lacey Building Department and Fire Marshal.

City of Lacey 2010 Stormwater Design Manual Page 6-49



6.2 DETENTION FACILITIES

Detention facilities provide for the temporary storage of increased surface water runoff resulting
from development pursuant to the performance standards set forth in Core Requirement #7 for
flow control.

Three categories of detention facilities are presented in this section: detention ponds, tanks, and
vaults.

6.2.1 Detention Ponds

The design criteria in this section are for detention ponds. However, many of the criteria also
apply to other pond-type BMPs (e.qg., infiltration ponds and water quality wetponds).

Any stormwater facilities that can impound 10 acre-feet or more with the water level at the
embankment crest are subject to the state’s dam safety requirements, even if water storage is
intermittent and infrequent (WAC 173-175-020(1)).

BMP D-01 Detention Ponds
Design Criteria
Standard details for detention ponds are shown in Figure 6.11 through Figure 6.13.

General

1. Ponds must be designed as flow-through systems (however, parking lot storage may be
utilized through a back-up system). Developed flows must enter through a conveyance
system separate from the control structure and outflow conveyance system. Place inlets
and outlets the maximum practicable distance apart.

Pond bottoms shall be level and include one foot of dead storage below the outlet.

A geotechnical analysis and report must be prepared for steep slopes (i.e., slopes over
15%), or if the pond is located within 200 feet of the top of a steep slope or landslide
hazard area.

Side Slopes
1. Interior side slopes up to the emergency overflow water surface shall not be steeper than
3H:1V unless a retaining wall is used and a fence is provided in those areas..

2. Exterior side slopes shall not be steeper than 3H:1V unless analyzed for stability and
erosion resistance by a geotechnical engineer.
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3. Ponds may have vertical retaining walls, provided: (a) they are constructed of reinforced
concrete per Section 6.2.3, Materials; (b) a safety fence is provided along the top of wall;
(c) at least 25 percent of the pond perimeter is a vegetated soil slope not steeper than
3H:1V; and (d) the design is stamped by a licensed civil engineer with structural expertise.

Other retaining walls such as rockeries, concrete, masonry unit walls, and keystone type
walls may be used if designed by a geotechnical engineer or a civil engineer with structural
expertise. If more than 50 percent of the pond perimeter is to be retaining walls, ladders
shall be provided on the walls for safety reasons.

Embankments

1. Pond berm embankments higher than 6 feet must be designed by a professional engineer
with geotechnical expertise.

2. Pond berm embankments must be constructed on native consolidated soil (or adequately
compacted and stable fill soils analyzed by a geotechnical engineer) free of seepage plains,
loose surface soil materials, roots, and other organic debris.

3. Pond berm embankments greater than 4 feet in height must be constructed by excavating a
key equal to 50 percent of the berm embankment cross-sectional height and top width
(minimum 3 feet) unless specified otherwise by a geotechnical engineer.

4. Embankment compaction shall be accomplished in such a manner as to produce a dense,
low permeability engineered fill that can tolerate post-construction settlements with a
minimum of cracking. The embankment fill shall be placed on a stable subgrade and
compacted to a minimum of 95% of the Standard Proctor Maximum Density, ASTM
Procedure D698. Placement moisture content should lie within 1% dry to 3% wet of the
optimum moisture content.

5. Anti-seepage filter-drain diaphragms must be placed on outflow pipes in berm embank-
ments impounding water with depths greater than 8 feet at the design water surface.

Overflow

1. In all ponds, tanks, and vaults, a primary overflow (usually a riser pipe within the control
structure must be provided to bypass the 100-year developed peak flow. The design must
provide controlled discharge directly into the downstream conveyance system or another
acceptable discharge point.

2. A secondary inlet to the control structure must be provided in ponds as additional
protection against overtopping. A “birdcage” or “beehive” inlet is required (Figure 6.13)
and a grated opening (“jailhouse window™) in the control structure manhole, which
functions as a weir may also be included as a secondary inlet.

Note: The maximum circumferential length of this grated opening must not exceed
one-half the control structure circumference.
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Emergency Overflow Spillway

1.

Access

1.

In addition to the above overflow provisions, ponds must have an emergency overflow
spillway. For impoundments under 10 acre-feet, ponds must have an emergency overflow
spillway that is sized to pass the 100-year developed peak flow.

Emergency overflow spillways must be provided for ponds with constructed berms over 2
feet in height, or for ponds located on grades in excess of 5 percent. As an option for
ponds with berms less than 2 feet in height and located at grades less than 5 percent,
emergency overflow may be provided by an emergency overflow structure, such as a
Type 1l manhole fitted with a birdcage as shown in Figure 6.13. The emergency overflow
structure must be designed to pass the 100-year developed peak flow, with a minimum
10% overvolume (and in no case less than 6 inches of freeboard), directly to the
downstream conveyance system or another acceptable discharge point.

The emergency overflow spillway must be armored.. The spillway must be armored full
width, beginning at a point midway across the berm embankment and extending
downstream to where emergency overflows re-enter the conveyance system.

Emergency overflow spillway designs must be analyzed as broad-crested trapezoidal weirs.
Either one of the weir sections shown in Figure 6.13 may be used.

Maintenance access road(s) shall be provided to the control structure and other drainage
structures associated with the pond (e.g., inlet or bypass structures).

If a fence is required, access shall be limited by a double-posted gate or by bollards — that
is, two fixed bollards on each side of the access road and two removable bollards equally
located between the fixed bollards.

Design of Access Roads

Access road design requirements are given below:

o s~ w Db

Maximum grade is 15 percent.

Outside turning radius minimum 40 feet.

Fence gates located only on straight sections of road.

Access roads 15 feet wide on curves and 12 feet wide on straight sections.
A paved apron where access roads connect to paved public roadways.

Construction of Access Roads

Access roads may be constructed with an asphalt or gravel surface, or modular grid pavement.
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Fencing

1. A fence is needed at the emergency overflow water surface elevation, or higher, where a
pond interior side slope is steeper than 3H:1V, or where the impoundment is a wall greater
than 24 inches in height.

2. Fences shall be a minimum of 42 inches high, of such materials that would effectively
prevent entry by small children, and complying with City of Lacey permitting requirements
(such as building codes).

3. Access road gates shall be a minimum of 16 feet wide, consisting of two swinging sections
8 feet in width. Additional vehicular access gates may be needed to facilitate maintenance
access.

4. Pedestrian access gates (if needed) should be 4 feet in width.

5. Vertical metal balusters or 9 gauge galvanized ste