











Runoff Treatment Control Measure Fact Sheet

Water Quality Detention Basins

Table DB-6. Design Data Summary Sheet for Water Quality Detention Basin

Designer:

Date:

Company:

Project:

Location:

1. Design Water Quality Volume

a. Tributary drainage area Area = acre
b. Water Quality Volume wQV = acre-ft
2. Basin Depths and Water Surface Areas ACTUAL DESIGN
a. For Wet and Combination Basins:
Permanent pool volume (Voly) Voly, = acre-ft
Average depth of permanent pool (Dayg) (4-8 ft) Davyg = ft
Water surface area of permanent pool (Ayp) App = ft
Water surface elevation of permanent pool (WS Elevy,) WS Elevy, = ft
b. Forebay
Depth range = 2-4 ft Depth = ft
Volume range = 5-10 % of WQV Volume = acre-ft
Water surface area range WS Area = ft?
4. Depth of WQV and Max WS Elevation
a. Maximum water surface area with WQV (Awov) Awgv = 2
c. Maximum water surface elevation with WQV (WS Elevyqy) WS Elevygy = ft
5. For Wet and Combo Basins: Determine Maximum dry season
inflow to maintain permanent pond in the dry season. Use table DB-2 _
. . Qep= acre-ftimo
and an evaporation rate of 0.45 in/day for the Sacramento area. -
Qseepage - acre-ft/mo
Qinflow =- QE—P + Qseepage
Qinflow = acre-ft/mo
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Runoff Treatment Control Measure Fact Sheet Water QU allty Detention Basins

Design Data Summary Sheet for Water Quality Detention Basin

Project:

6. Outlet
a. Outlet Type:

b. Drawdown Time: Time = Hours

7. Basin Shape

a. Length-Width Ratio (2:1 min.) Ratio = L:wW
8. Embankment Side Slope

a. Interior Side Slope (4:1or flatter) Int. Side Slope = L:wW

b. Exterior Side Slope (3:1or flatter) Ext. Side Slope = L:W
9. Maintenance Access Ramp

a. Slope (10% maximum) Slope = %

b. Width (15 to 20 feet) Width = ft

10.Vegetation (describe)

Native Grasses

Irrigated Turf

Emergent Aquatic Plants (specify type / density)*

Other

Notes:
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Technical Requirements Infiltration Basin

Description

An infiltration basin is a shallow earthen basin
constructed in naturally pervious soils (usually
Type A or B) and designed for infiltrating
stormwater. An infiltration basin functions by
retaining runoff and allowing it to percolate into the
underlying native soils and into the groundwater
table over a specified drawdown period. The
bottoms and side slopes of infiltration basins are
typically vegetated with dryland grasses or irrigated
turf grass.

Photo credit: Wisconsin DNR

Siting Considerations

e Tributary drainage area: Up to 50 acres. POLLUTANT REMOVAL
« Soil Infiltration Rate: 0.5-2.0 in/hr (permeability test required). EFFECTIVENESS
Soils with higher infiltration rates require pretreatment device. : :
» Depth to groundwater: >10 ft from basin bottom. f‘ed',ment :fg:
«  Existing groundwater contamination. T::;f nts H:gh
* Setback requirements: 100 ft from wells; 20 ft downslope and 100 Metals* High
ft upslope from foundations. Bacteria* High
»  Topography: Not appropriate on fill or steep slopes. Oil and Grease  High
Vector Considerations Organics™ High
» Potential for mosquitoes due to standing water will be greatly “The following are target pollutants for
reduced or eliminated if the basin is properly designed, ;S):gs;ir:od?;;o?pa%?(::I?:drpy:l?:s;ury
constructed, and operated to maintain its infiltration capacity and Source: CASQA California Stormwater
. BMP Handbook, January 2003
drawdown time.

Advantages

e Reduces or eliminates stormwater discharge to surface waters during most storm events

* Reduces peak flows during small storm events.

» Can be incorporated into site landscape features or multi-use facilities such as parks or athletic
fields.

Limitations

e Not appropriate for areas with slowly permeable soils, high groundwater or existing groundwater
contamination.

» Not appropriate for industrial sites or locations where spills may occur.

e Must be protected from high sediment loads. Once clogged with sediment, restoration of basin
infiltration capacity may be difficult.

General Maintenance Recommendations (Low to Moderate)

» Maintain vegetation as in any landscaped area.

» Periodically remove debris and sediment from basin floor.

» Repair/replace vegetation as necessary to maintain desired cover.

*  Check and record drawdown time during and after major storm events to document infiltration
rates.

* Remove sediment and/or scarify basin bottom to restore infiltration capacity when maximum
drawdown time for WQYV is exceeded.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements Infiltration Basin

How does an Infiltration Basin work?
Do not confuse an

An infiltration basin is designed to retain the stormwater quality design Infiltration Basin with
volume (WQV) within a basin and to allow that volume to infiltrate into an Ext(_-:‘nded Dry
the native soil profile over the design drawdown period. Infiltrated water Detention Basin, which

is designed to infiltrate
some runoff and
release the rest, as
described elsewhere in
this chapter.

typically reaches and recharges the underlying groundwater. Treatment of
the runoff occurs through a variety of natural mechanisms as the water
flows through the soil profile. To ensure adequate treatment, the depth of
unsaturated soil between the infiltration basin bottom and the seasonal
maximum groundwater surface level should be at least 10 feet. See Figure
IB-1 for a typical infiltration basin configuration.

Other Names: retention basin, percolation basin

Planning and Siting Considerations

» Soil permeability, depth to groundwater, and design safety factors should be determined by a
qualified geotechnical engineer or geologist to ensure that conditions conform to the criteria listed
in Table IB-1. A soil permeability test will be required by permitting agency to confirm
acceptable saturated permeability. Number of soil borings will depend on size of facility.

» Not suitable for areas with existing groundwater contamination.

» Integrate infiltration basins into open space buffers, undisturbed natural areas, and other
landscape areas when possible. Avoid placing features in open space and wetland preserves
where future maintenance of the water quality facility will be restricted or prohibited.

» Not suitable for active parkland/recreation use.

» Irrigation may be required to maintain vegetation on the slopes and bottom of the basin. If
irrigation is needed, coordinate its design with that of the general landscape irrigation system for
the project.

» Plan for setback requirements (see Table IB-1).

Design Criteria

Design criteria for infiltration basins are listed in Table IB-1. Use the Design Data Summary Sheet
provided at the end of this fact sheet (Table IB-3) to record design information for the permitting
agency’s review.

Table IB-1. Infiltration Basin Design Criteria

Design Parameter Criteria  Notes

Tributary Drainage Area <50
acres

Design volume WQV  See Appendix E in this Design Manual

Soil infiltration rate 0.5-2.0 To be confirmed by permeability test. Higher permeability allowed if
in/hr pretreatment provided.

Maximum drawdown time 48 hrs. Based on WQV (see Appendix E)

Minimum groundwater 10 ft Between basin bottom and top of seasonally high groundwater

separation

Freeboard (minimum) 1t

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements Infiltration Basin

Design Parameter Criteria  Notes

Setbacks 100 ft  From wells, tanks, fields, springs
20 ft Downslope from foundations
100 ft  Up slope from foundations

Inlet/outlet erosion control - Use energy dissipater to reduce inlet/outlet velocity

Forebay setting basin 5-10%/45 Based on WQV

volume/drain time min.

Embankment side slope =41 Inside

(H:V) > 3:1 Outside (without retaining walls)

Maintenance access ramp 10:1 Or flatter

slope (H:V)

Maintenance access ramp 151020 Check with permitting agency for their minimum width. Pave approach

width ft with concrete or porous pavement materials, subject to approval of
permitting agency.

Relief underdrain pipe 4in. Perforated plastic pipe

diameter

Vegetation - Side slopes and bottom (may require irrigation)

Design Procedure

Stgp 1- Calculgte \{Vatgr ngllty Volume (WQV) . Use the Design Data
Using the Appendix E in this Design Manual, determine the tributary Summary Sheet
drainage area and stormwater quality design volume (WQV) for 48-hour (Table 1B-3) to record
drawdown. design information for
the permitting agency’s
Step 2 — Calculate design depth of water surcharge in review.
infiltration basin (Dmax)
CtacX |
™ 12xs
where
tmax = Maximum drawdown time = 48 hrs
I = Site infiltration rate (soil permeability) (in/hr)
s = Safety factor

In the formula for maximum allowable depth, the safety factor accounts for the variability in soil
permeability at the site and the relative uncertainty in the infiltration rate measurements. The more
variable the soil conditions and the less certain the infiltration rate, the higher the safety factor should be.
Safety factors typically range between two (2) and ten (10) and should be determined by a qualified
geotechnical engineer or geologist based on field measurements of saturated vertical permeability at the
proposed site. Note that soils with permeability greater than two (2) inches per hour may be used if full
pretreatment is provided using one of the approved treatment controls from this manual.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements Infiltration Basin

Step 3 — Calculate minimum surface area of Infiltration Basin bottom (Amin)
Amin = WQV/Dmax

where

Apmin = minimum area required (ft?)
Dm.x = maximum allowable depth (ft)

Step 4 — Design forebay settling basin

The forebay provides a zone for removal of course sediment by sedimentation. Design the forebaye
volumeto be five (5) to ten (10) percent of the WQV. Separate the forebay from the basin by a berm or
similar feature. Provide an outlet pipe connecting the bottom of the forebay and the basin and size it to
allow the forebay volume to drain within 45 minutes.

Step 5 — Design embankments

Interior slopes (H:V) should be no steeper than 4:1 and exterior slopes no steeper than 3:1. Flatter slopes
are preferable.

Step 6 — Design Maintenance Access

Provide for all-weather access for maintenance vehicles to the bottom and outlet works. Maximum grades
of access ramps should be ten (10) percent and minimum width will vary according to local permitting
agency requirements, but usually between 15-20 feet. Pave ramps with concrete that is colored to blend
with surroundings.

Step 7 — Design Security Fencing

To protect habitat and for safety reasons, provide aesthetic security fencing approved by the permitting
agency around the infiltration basin, except when specifically waived by the permitting agency.

Step 8 — Design Bypass

Provide for bypass or overflow of runoff volumes in excess of the WQV. Provide spillway or overflow
structures, as applicable (see Figure IB-1).

Step 9 — Design Relief Drain

Provide 4-inch diameter perforated plastic relief underdrain with a valved outlet to allow removal of
standing water in the event of loss of soil infiltration capacity. Cutoff collars are recommended along
drain pipes running under the embankment at 10 to 20 feet intervals to prevent the water from piping
through the fill. The portion of the relief drain that is under the embankement should not be permeable.

Step 10 — Select Vegetation

Plant basin bottoms, berms, and side slopes with native grasses or with irrigated turf. Vegetation provides
erosion protection and filters sediment out of the runoff..

Step 11 — Design irrigation system
Provide an irrigation system to maintain viability of vegetation (short-term establishment and long-term needs).

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements Infiltration Basin

Construction Considerations

» Ifpossible, stabilize the entire tributary area to the infiltration basin before construction begins. If
this is not possible, divert flow around the basin to protect it from sediment loads during
construction. If sediment does enter the facility during construction, the contractor will be
required to remove soil from the basin floor after the entire site has been stabilized, to the
satisfaction of the permitting agency inspector.

¢ Construct basin using equipment with extra wide, low-pressure tires. Prevent construction traffic
from entering basin.

»  Ensure that final grading produces a level basin bottom without low spots or depressions.
» After final grading, deep till the basin bottom.

»  Once construction is complete, stabilize the entire tributary area to the basin and the vegetation
within the basin itself, before allowing runoff to enter the infiltration facility.

» Divert runoff (other than necessary irrigation) during the period of basin vegetation
establishment.

» Inspect frequently during vegetation establishment, and repair, seed, or re-plant damaged areas
immediately.

Embankment (if required)

Flat Basin Floor with Vegetation

A - e
- -
- f‘\/ Relief Underdrain W
i V' (Optional)
- -~ P
Ripra Py
Oﬁtfaﬁ - w
Protection i
— - ﬂ A\S) Emergency Spillway
~ = - J. 2
- 4 o=
~_ - ‘e -

Plan
_____________________ é -
Stormwater Storage ég_g
0205
\))\)))/))))/)))/)\)OQQ
5 L - ’ Llnlet
Y A
Section

Source: Schueler, 1987

Figure IB-1. Infiltration Basin
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Technical Requirements

Infiltration Basin

Long-Term Maintenance

The local permitting agencies in the Sacramento and South Placer areas require execution of a
maintenance agreement or permit with the property owner for projects including an infiltration basin.
Check with the local permitting agency about the timing for execution of the agreement. Such agreements
will typically include requirements such as those outlined in Table IB-2. The property owner or his/her
designee will be responsible for compliance. See Appendix B for additional information about

maintenance requirements and sample agreement language.

Table IB-2. Inspection and Maintenance Recommendations for Infiltration Basins

Activity

Schedule

Monitor infiltration rate in basin after storm events by recording the
drop in water depth versus time using a calibrated rod or staff gauge.

Several times during first year. Thereafter at
the beginning and end of the wet season.
Additional monitoring after periods of heavy
runoff is recommended.

If drawdown time is observed to have increased significantly over the
design drawdown time, clean, re-grade, and till basin bottom to
restore infiltrative capacity. This maintenance activity is expensive
and the need for it can be minimized by preventing upstream erosion.

As needed

Inspect basin to identify potential problems such as erosion of the
basin side slopes and invert, standing water, trash and debris, and
sediment accumulation.

At beginning and end of the wet season.
Additional inspections after periods of heavy
runoff are desirable.

If erosion is occurring within the basin, stabilize with erosion control
mulch or mat and seed or re-vegetate immediately.

As needed

Monitor health of vegetation and replace as needed.

Routinely monitor vegetation

Trim vegetation to prevent the establishment of woody vegetation and
for aesthetic and vector control reasons.

At the beginning and end of the wet season

Remove litter and debris from infiltration basin area.

As needed

Remove accumulated sediment and re-grade when the accumulated
sediment volume exceeds ten (10) percent of the basin volume. Note:
scarification or other activities creating disturbance should only be
performed when there are actual signs of clogging, rather than on a
routine basis.

As required for both forebay and basin

Reconstruct or replace the control measure when it is no longer
functioning properly.

See projected lifespan in Appendix B for
informational purposes.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements Infiltration Basin

Table IB-3. Design Data Summary Sheet for Infiltration Basin

Designer: Date:

Company:

Project:

Location:

1. Determine Design Water Quality Volume

a. Tributary drainage area Area = ft?

b. Water Quality Volume waQv = ft®

2. Determine Maximum Allowable Depth (Dmax < 10 ft)

a. Maximum drawdown time (t = 48 hrs) t= 48 hr
b. Site infiltration rate (1) | = in/hr
c. Safety factor (s) s=
toa X |
d. Dmax == Dmax = ft
12xs
3. Determine Minimum Allowable Basin Bottom Area
(Amin = WQV/Dmax) Anin = in/hr
4. Forebay Volume (VFB) VFB = ft®

5. Bypass/Outlet Control Structure (Check type)
O Overflow Structure O Spillway

6. Vegetation (Check type used or describe “Other”)
O Native grasses O Irrigated turf grass

[ Other

Notes:

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Runoff Treatment Control Measure Fact Sheet Infiltration Trench

Description

An infiltration trench is a long, narrow
trench constructed in naturally
pervious soils (types A or B) and filled
with gravel (and sand if desired).
Runoff is stored in the trench until it
infiltrates into the soil profile over a
specified drawdown period. Overflow
drains are often provided to allow
drainage if the infiltration trench
becomes clogged. Infiltration vaults
and infiltration leach fields are
subsurface variations of the infiltration
trench concept; runoff is distributed to
the upper zone of a subsurface gravel
bed by means of perforated pipes.

Photo credit: CASQA, 2003

Siting Considerations

*  Tributary Drainage area: Up to 5 acres. Tributary areas should
have a low potential for erosion. POLLUTANT REMOVAL
«  Soil Infiltration Rate: 0.5-2.0 in/hr (permeability test required). EFFECTIVENESS
Soils with higher permeability will require pretreatment device. : :
. Sediment High
»  Depth to groundwater: >10 ft from trench bottom required Nutrients High
» Setback requirements: 100 ft from wells; 20 ft downslope and Trash High
100 ft upslope from foundations. Metals* High
¢ Maximum contributing area slope: 5%, maximum downstream Bacteria* High
slope: 20% Oil and Grease ~ High
. . Organics* High
Vector Considerations 2 <
+ Potential for mosquitoes due to standing water will be greatly *The following are target pollutants for
.. . . . Sacramento area: copper; lead; mercury;
reduced or eliminated if the trench is properly des1gned, pathogens; diazinon; and chlorpyrifos
constructed, and' operated to maintain its infiltration capacity B e "
and drawdown time.

Advantages

* Reduces or eliminates stormwater discharge to surface waters during most storm events.
» Reduces peak flows during small storm events.
» Can be incorporated into site landscaping.

Limitations

» Not appropriate for areas with slowly permeable soil or high groundwater.
»  Must be protected from high sediment loads; difficult to restore functionality when clogged.
» Not appropriate for industrial sites or locations where spills may occur.

General Maintenance Recommendations (Low to Moderate)

» Repair/replace vegetation buffer as necessary to maintain full cover and prevent erosion.

» Periodically remove debris from trench surface.

*  Check and record infiltration rate during and after major storm events to document infiltration rates.

» Repair or replace trench material to restore infiltration capacity when infiltration rate falls below
design rate.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
May 2007 IT-1



Runoff Treatment Control Measure Fact Sheet

Infiltration Trench

How does an Infiltration Trench work?

An infiltration trench is designed to retain the stormwater quality design
volume (or WQYV) in the trench and allow that volume to infiltrate into
the native soil profile over the design drawdown period. Infiltrated water
typically reaches and can recharge the underlying groundwater.
Treatment of the runoff occurs through a variety of natural mechanisms
as the water flows through the trench media and the soil profile. To
ensure adequate treatment and protect groundwater, the depth of
unsaturated soil between the trench bottom and the highest seasonal
groundwater surface level should be at least 10 feet. See Figure IT-1 for
a typical infiltration trench configuration.

Infiltration vaults (Figure IT-2) and infiltration leach fields (Figure IT-3)
are similar to infiltration trenches except they are entirely below ground;
runoff is conveyed to the upper zone of the gravel bed media via
perforated pipes.

Other Names: Percolation trench

Planning and Siting Considerations

Prevent Clogging!

Infiltration trenches
need to be protected
from sediment loads
to prevent clogging;
a grass buffer is re-
quired. If sediment
deposition signifi-
cantly reduces soil
infiltration rates, the
cost of restoring the
trench can be high.

» Conduct an on-site permeability test to confirm suitable infiltration rate prior to beginning design.
At least one soil boring under in proposed trench location is recommended. Local permitting

agency will require results before accepting design.

» Integrate infiltration trenches into open space buffers, undisturbed natural areas, and other

landscape areas when possible.
» Plan for setback requirements as listed in Table IT-1.
» Do not locate trenches under tree drip lines.

» Install a pretreatment grass buffer strip to filter out sediment and protect the trench from high

sediment loads (see Figure IT-1).

Design Criteria

Design criteria for infiltration trenches are listed in Table IT-1. Use the Design Data Summary Sheet
provided at the end of this fact sheet (Table IT-3) to record design information for the permitting agency’s

review.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Runoff Treatment Control Measure Fact Sheet Infiltration Trench

Table IT-1. Infiltration Trench Design Criteria

Design Parameter Criteria Notes

Tributary Drainage Area <5 acres

Design volume waQv See Appendix E in this Design Manual.
Maximum drawdown time for WQV 48 hrs Based on WQV

Soil infiltration rate 0.5-2 in./hr  (soil permeability test required)

Minimum groundwater separation 10 ft Between trench bottom and top of seasonally

high groundwater table

Maximum trench surcharge depth (Dmax) 10 ft

Setbacks 100 ft From wells, tanks, fields, springs

20 ft Downslope from foundations

100 ft Upslope from foundations

- Do not locate under tree drip-lines
Trench media material size/type 3 in. diameter Washed gravel
6-12 in. deep sand (if desired)

Trench lining material - Geotextile fabric prevents clogging
Observation well size 4-6 in. Perforated PVC pipe with removable cap
Pretreatment grass buffer strip 10 ft/4% Minimum length/maximum slope in flow
length/slope direction

Design Procedure

Use the Design Data

Step 1 — Calculate Water Quality Volume (WQV) Summary Sheet (Table

Using the Appendix E in this Design Manual, determine the IT-3) to record design
tributary drainage area and stormwater quality design volume information for the
(WQYV) for 48-hour drawdown. permitting agency’s review.

Step 2 — Calculate design depth of water surcharge in
Infiltration Trench (Dpax)

Maximum depth should not exceed ten (10) feet.
x|
™ 12xsxP

where
tmax = Maximum drawdown time = 48 hrs
I = Site infiltration rate (soil permeability) (in/hr)
s = Safety factor
P = Porosity of Infiltration Trench gravel material (use 0.30)

In the formula for maximum allowable depth, the safety factor accounts for the variability in soil
permeability at the site and the relative uncertainty in the infiltration rate measurements. The more
variable the soil conditions and the less certain the infiltration rate, the higher the safety factor should be.
Safety factors typically range between two (2) and ten (10) and should be determined by a qualified
geotechnical engineer or geologist based on field measurements of saturated vertical permeability at the
proposed site. Note that soils with permeability greater than two (2) inches per hour may be used if full
pretreatment is provided using one of the approved treatment controls from this manual (e.g., vegetated
filter strip, vegetated swale).

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Runoff Treatment Control Measure Fact Sheet Infiltration Trench

Step 3 — Calculate minimum surface area of infiltration trench bottom (Amin)
Amin = WQV/Dmax

where

Amin = minimum area required (ft%)
Dmex = maximum allowable depth (ft)

Step 4 — Design Observation Well

Provide a vertical section of perforated PVC pipe, four (4) to six (6) inches in diameter, installed flush
with the top of the infiltration trench on a PVC footplate and with a locking, removable cap. The
observation well is needed to monitor the infiltration rate in the infiltration trench and is useful for
marking the location of the trench.

Step 5 — Design Bypass

Provide for bypass or overflow of runoff volumes in excess of the WQV by means of a screened overflow
pipe connected to the downstream storm drain system or a grated overflow outlet.

Construction Considerations

« Ifpossible, stabilize the entire tributary area to the infiltration trench before construction begins.
If this is not possible, divert flow around the trench site to protect it from sediment loads during
construction.

»  Once construction is complete, stabilize the entire tributary area to the trench before allowing
runoff to enter the trench facility.

» Install filter fabric on sides, bottom, and one foot below the surface of the trench (see Figure IT-
1). Provide generous overlap at all seams.

» Store excavated material at least 10 feet from the trench to avoid backsliding and cave-ins.

» Place clean, washed 1-3 inch gravel in the excavated trench in lifts and lightly compact it with a
plate compactor. Using unwashed gravel can result in clogging.

Long-Term Maintenance

The local permitting agencies in the Sacramento and South Placer areas will require execution of a
maintenance agreement or permit with the property owner for projects including an infiltration trench.
Check with the local permitting agency about the timing for execution of the agreement. Such agreements
will typically include requirements such as those outlined in Table IT-2. The property owner or his/her
designee will be responsible for compliance. See Appendix B for additional information about
maintenance requirements and sample agreement language.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Runoff Treatment Control Measure Fact Sheet

Infiltration Trench

Table IT-2. Inspection and Maintenance Recommendations for Infiltration Trenches

Activity

Schedule

Monitor the infiltration rate in the trench during and after storms by
recording the drop in water depth versus time using a calibrated rod
or staff gauge.

Several times during first year then
near the beginning and end of each
wet season. Additional monitoring
after periods of heavy runoff is
desirable.

Clean the trench when the infiltration rate decreases significantly
over the design rate. To clean it, remove the top layer of gravel and
clogged filter fabric, install a new layer of filter fabric, wash the
removed gravel, and place the washed gravel back into the trench.
This maintenance activity is expensive and can be avoided by
preventing upstream erosion and maintaining the pretreatment
buffer strip.

As required

Inspect grass buffer strip to identify potential channelization and
erosion problems.

At beginning and end of the wet
season. Additional inspections after
periods of heavy runoff are
desirable.

If channels are forming or erosion is occurring within the grass
buffer strip, add soil as needed and stabilize with erosion control
mulch or mat and re-seed or re-vegetate immediately. See the
Vegetated Filter Strip fact sheet elsewhere in this chapter for more
information.

As needed

Inspect trench to identify potential problems such as standing water,
trash and debris, and sediment accumulation.

At beginning and end of the wet
season. Additional inspections after
periods of heavy runoff are

desirable.
Remove pioneer trees that sprout in the trench vicinity so that roots  As needed
don’t puncture the filter fabric, allowing sediment to enter the trench.
Trim adjacent trees so the canopy doesn’t extend over the trench As needed
surface.
Remove litter and debris from trench area. As needed

Reconstruct or replace the control measure when it is no longer
functioning properly.

See projected lifespan in
Appendix B for informational
purposes.
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Runoff Treatment Control Measure Fact Sheet Infiltration Trench
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Figure IT-1. Infiltration Trench
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Runoff Treatment Control Measure Fact Sheet Infiltration Trench
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Runoff Treatment Control Measure Fact Sheet

Infiltration Trench
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Figure IT-3. Infiltration Leach Field
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Runoff Treatment Control Measure Fact Sheet Infiltration Trench

Table IT-3. Design Data Summary Sheet for Infiltration Trench

Designer: Date:

Company:

Project:

Location:

1. Determine Design Water Quality Volume

a. Tributary drainage area Area = ft2
b. Water Quality Volume wav = f
2. Determine Maximum Allowable Depth (Dpy ax < 10 ft)
a. Maximum drawdown time (t = 48 hrs) t= 48 hr
b. Site infiltration rate (1) | = in/hr
c. Safety factor (s) s=
d. Gravel porosity (P) P= 0.30
toa X
€. Dmax = e Dmax = ft
12xsxP
3. Determine Minimum Trench Bottom Surface Area Anmin = ft?
(Amin = WQV/Dmax)
4. Final Design Trench Dimensions
a. Trench length (L) = ft
b. Trench width (W) = ft
c. Trench depth (D) = ft
5. Observation well diameter Diam. = in.

Notes:
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Technical Requirements Sand Filter

Description

A sand filter is a two-stage constructed treatment
system including a pretreatment sedimentation
basin and a filtration basin containing sand'. The
filter bed is supported by a gravel base which
includes an underdrain. As stormwater flows into
and through the system, large particles settle out in
the first basin and finer particles and other pollutants
are removed in the second basin. Runoff from large
storm events in excess of the water quality design
volume (WQV) are bypassed around the system.

3 2 ‘ There are several variations of sand filters; this fact
Sand filter in parking lot, City of Sacramento Dept. of Utilities sheet discusses the Austin Sand Filter.

Siting Considerations
¢ Tributary drainage area: Up to 50 acres. POLLUTANT REMOVAL
* Sizing basis: Water quality volume (WQV) with 48-hour EFFECTIVENESS
drawdown. Storm volumes in excess of the WQV must be Sediment High
bypassed. Nutrients Low
¢ Hydraulic head: about four feet of hydraulic head is required to Trash High
achieve design flow through the Austin Sand Filter. Metals* High
e Total filtration basin depth (minimum): 36 inches. Bacteria*® Medium
Oil and High
Vector Considerations Grease
+  Potential for mosquitoes due to standing water will be greatly Organics* _ High
reduced or eliminated if the sand filter is properly designed, e following are target polltants
ConStrUCted, and maintained. for Sacramento area: copper; lead;
mercury; pathogens; dia zinon; and
Advantages ;TS:ZTISZSQA California
»  Provides effective water quality enhancement through settling Seornwater BMP Handbook, January
and filtering while requiring relatively small space.

* Can be placed above or below ground.

¢ Does not require irrigation or base flow.

e Suited for most soil conditions; permeable soils are not needed.
* Reduces peak flows during small storm events.

Limitations

*  Upstream treatment controls may be needed to pretreat and remove sediment from runoff before
it enters the sand filter. This will prevent or minimize clogging.

* Significant head loss through treatment units may limit use on flat sites.

*  More expensive to construct than other types of treatment control measures.

General Maintenance Recommendations (Moderate to High)

¢ Periodically remove debris and sediment from sedimentation basin and surface of filtration basin.
¢ Periodically replace sand layer in filtration basin when filtration capacity is diminished.

! Other absorptive filtering media, such as peat, may be used, but this fact sheet focuses on sand.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
May 2007 SF-1



Technical Requirements Sand Filter

How does a sand filter work?

A typical configuration of an Austin Sand Filter is shown in Figure SF-1. The principal components of
the unit include a sedimentation basin and a filtration basin. The sedimentation basin is designed to hold
the entire WQYV and to release that volume to the filtration basin over the design drawdown time of 40
hours. Large sediment is removed from the runoff through this process. Fine particles and other pollutants
are removed in the filtration basin as the runoff passes through the sand filter. Runoff in excess of the
WQV is bypassed around the treatment unit.

Variations of Sand Filters

This fact sheet focuses on the Austin Sand Filter. Other variations (also named after the area of the
country where they were developed) include the underground (DC) sand filter and the linear or perimeter
(Delaware) sand filter. The size of the drainage area and the facility location typically dictate what type of
filter is best. For large watersheds (i.e., up to 50 acres), an Austin Sand Filter is recommended. For small
catchments up to 1.5 acres requiring underground facilities, a DC Underground Sand Filter is
recommended. Delaware Linear Sand Filters are especially suitable for paved sites and industrial sites
(catchments up to five acres in size) because they can be situated to accept sheet flow from adjacent
pavement. The units also differ in hydraulic head requirements. Approximately four feet of hydraulic
head is required to achieve design flow through the Austin and DC Underground Sand Filters, whereas
Delaware Linear Sand Filters can operate with as little as two feet of head.

Planning and Siting Considerations

¢ Sand filters are generally suited for sites where there is no base flow and the influent sediment
load is relatively low.

e Sand filters are well suited for drier areas and/or urban areas because they do not require
vegetation or irrigation and require less space than most other treatment controls.

¢ Because the filter media is imported sand or engineered adsorptive material, sand filters are suited
for most soil conditions, and the presence of permeable soils is not a requirement.

¢ The Austin Sand Filter may be constructed inside a concrete shell, or built directly into the terrain
over an impermeable liner (e.g., clay), if site conditions allow. Figure SF-1 shows a unit within a
concrete shell, with an enclosed sedimentation basin and the filtration basin open at the surface.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements

Sand Filter

Design Criteria

Design criteria for the Austin Sand Filter are listed in Table SF-1. Use the Design Data Summary Sheet
provided at the end of this fact sheet (Table SF-3) to record design information for the permitting

agency’s review.

Table SF-1. Austin Sand Filter Design Criteria

Design Parameter Criteria Notes
Sedimentation Basin
Maximum tributary drainage area 50 acres The larger the tributary area, the larger the surface area
of filter required.
Minimum basin volume wQv See Appendix E in this Design Manual
Minimum/Maximum basin water depth (dss) 3ft/10 ft
Minimum length/width ratio 2:1
Maximum drawdown time 48 hrs Based on WQV (See Appendix E)
Freeboard 1ft Above maximum water surface elevation
Maximum inlet velocity 3 ft/sec Provide inlet energy dissipater as required to limit inlet
velocity to 3 ft/sec
Filtration Basin
Minimum gravel depth over sand filter (if 2in. See Figures SF-3 and 4
applicable)
Minimum storage volume above filter bed 20% Based on WQV
Minimum storage depth above filter bed (d;) 3t
Minimum sand depth in filter bed (dy) 18in. Place geotextile fabric between sand and gravel layers
Coefficient of permeability for sand filter (k) 3.5 ft/day 0.146 ft/hour
Sand size, diameter 0.02-0.04 in.
Slope of sand filter surface 0% flat
Minimum gravel cover over underdrain 2in. Gravel not required under the drain pipe
Underdrain gravel size, diameter 0.5-21in.
Minimum inside diameter of underdrain 6in.
Underdrain pipe type PVC Schedule 40 (or heavier)
Minimum slope of underdrain 1%
Minimum underdrain perforation, diameter 0.375in. 3/8 inch
Minimum perforations per row 6
Minimum space between perforation rows 6in.
Maximum drawdown time (t) 48 hrs
Minimum gravel bed depth, (dg) 16 in.
Liner (if required) Clay
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Technical Requirements Sand Filter
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Figure SF-1. Sand Filter Configuration (Austin Sand Filter)
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Technical Requirements Sand Filter

Design Procedure — Sedimentation Basin

The design procedure and application of design criteria for the Austin Sand Filter sedimentation basin are
outlined in the following steps. This procedure is for full sedimentation design. Partial sedimentation
devices are not recommended due to high maintenance concerns.

Step 1 — Determine Water Quality Volume (WQV)

Using the Appendix E in this Design Manual, determine the Use the Design Data
tributary drainage area and stormwater quality design volume Summary Sheet (Table
(WQV) for 48-hour drawdown. SF-5) to record design

information for the
Step 2 — Determine Sedimentation Basin Volume (Vsb) permitting agency’s review.

The volume of the sedimentation basin must be > WQV
Vsp = WQV (minimum)

Step 3 — Determine Sedimentation Basin Water Depth (dsp,)

The allowable water depth in the sedimentation basin will be governed by the available hydraulic head,
which will be based on the difference in elevation between the sedimentation basin inlet and the filltration
basin outlet. The design dg, value should be > 3 ft and < 10 ft. Select a design depth in the allowable range
that yields the required Vg, given any footprint area constraints.

Step 4 — Determine Sedimentation Basin Area (Asb)
Asb = vsb / dsb

Step 5 — Determine Sedimentation Basin Shape

Determine overall length (Lg,) and width (W,) dimensions to yield the Ay, for the basin, given any
footprint area constraints.

Asb = st X st

The length-to-width ratio should be at least 2:1. If necessary, provide internal baffling to achieve this ratio
and to mitigate short-circuiting and/or dead storage problems

If the basin is not rectangular, shape the basin with a gradual expansion from the inlet and a gradual
contraction toward the outlet. Design the basin to maximize the distance from the inlet (near where
heavier sediment will be deposited) to the outlet structure. This configuration improves basin performance
and reduces maintenance requirements.

Step 6 — Determine Inlet/Outlet Design

Design the inlet structure to convey the water quality volume to the unit and bypass flows in excess of
this volume directly to the downstream storm drain system. Provide energy dissipation at the inlet to
maintain quiescent conditions needed for effective sedimentation; keep inlet velocities at three (3) feet per
second or less.

The outlet structure conveys the water quality volume from the sedimentation basin to the filtration basin
and should be a perforated riser pipe equipped with a trash rack to prevent clogging. Trash racks allow
easy access for inspecting and cleaning outlet orifices. Size trash racks to prevent clogging of the outlet
without restricting the hydraulic capacity of the outlet control orifices.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements Sand Filter

A trash rack shall be provided for the outlet. Opening in the rack should not exceed 1/3 the diameter of
the vertical riser pipe. The rack should be made of durable material, resistant to rust and ultraviolet rays.
The bottom rows of perforations of the riser pipe should be protected from clogging. To prevent clogging
of the bottom perforations, it is recommended that geotextile fabric be wrapped over the pipe’s bottom
rows and that a cone of one (1) to three (3) inch diameter gravel be placed around the pipe. If a geotextile
fabric wrap is not used, the gravel must be large enough not to enter the riser piper perforations. An
alternative design, such as geocomposite drain, may also be approved by the local permitting agency.

Step 7 — Design the Basin to Avoid Short-Circuiting

Design the sedimentation basin with baffles as needed to avoid short-circuiting (i.e., flow reaching the
outlet before it passes through the sedimentation basin volume).

Step 8 — Design the Sediment Trap (Optional)

A sediment trap is a storage area that captures sediment and removes it from the basin flow regime,
thereby inhibiting resuspension of solids during subsequent runoff events and improving long-term
removal efficiency. The trap also helps the basin maintain adequate storage volume by reducing sediment
that would otherwise accumulate within it; this, in turn, can reduce maintenance needs. If a sediment trap
is provided, size the volume to be equal to 10 percent of the sedimentation basin volume and design it to
completely drain within 48 hours. Place the invert of the drain pipe above the surface of the sand bed of
the filtration basin and make sure the grading of the piping to the filtration basin is at least 1/4 inch per
foot (two percent slope). Provide access for cleaning the sediment trap drain system.

Figure SF-2. s

Example Sediment s

Trap Details Sediment Trap Drain Pipe > EE
oo ——— To
s T __ 9 Outlet
4 Structure

Section A-A
(Gravel Not Shown)

Bottom of
Drop Inlet Sedimentation
Basin

2" Gravel Layer Perforated PVC Pipe
Over Pipe Wrapped in Geotextile Fabric
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Technical Requirements Sand Filter

Step 9 — Determine Sedimentation Basin Liner Design

If the sedimentation basin is an earthen structure and an impermeable liner is required to protect
groundwater quality, the liner shall provide a maximum permeability of 1x10° cm/sec (ASTM Method
D-2434). If an impermeable liner is not required, then install a geotextile fabric liner that meets the
specifications listed in Table SF-3 unless the basin has been excavated to bedrock.

Design Procedure — Filtration Basin

The design procedure and application of design criteria for the Austin Sand Filter Filtration Basin are
outlined in the following steps.

Step 1 — Determine Minimum Filtration Basin Storage Volume

The storage capacity of the filtration basin above the surface of the sand filter bed should be greater than
or equal to 20 percent of the WQV. This capacity is necessary in order to account for backwater effects
resulting from partially clogged filter media.

Vis 2 0.2 x WQV

Step 2 — Determine Filter Bed Surface Area

Surface area is the primary design parameter for the filtration basin and is a function of sand permeability,
filter bed depth, hydraulic head, and filtration rate. The design filter bed area should be the larger of the
minimum area required for storage and the minimum area required for flow.

a. Determine minimum filter surface area required for storage (Ags)

Asps = Vibs 1 dibs
where
Vios = Storage volume above filter bed
Ags = Filter bed surface area based on storage, ft®
dps = Depth of storage above filter bed, ft (3 ft minimum)

b. Determine minimum filter surface area required for flow (Aff)

__(wav)(d,)
T (K)(dgs +di)(t)

where

WQV = Design Water Quality Volume, ft’

Ag = Filter surface area based on flow, ft*

ds = Filter bed depth, ft

k = Coefficient of permeability for sand filter, ft/h (0.146 ft/h)

dips = Depth of storage above filter bed, ft

t = Time required for runoff volume to pass through filter, hrs (48 hrs)

c. Use the larger of Afbs and Aff as design value for sand filter bed area

Step 3 — Design Inlet Structure

The inlet structure should spread the flow uniformly across the surface of the sand filter. Flow spreaders,
weirs, or multiple orifice openings are recommended. See Figure SF-1 for an example inlet structure
design.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements Sand Filter

Step 4 — Design Filter Bed

The sand filter bed may be either of the two configurations given below. Sand bed depths are final,
consolidated depths, so consolidation effects must be taken into account.

a. Sand Bed with Gravel Underdrain (Figure SF-3)

The sand layer shall be a minimum depth of 18 inches and shall consist of 0.02 to 0.04-inch
diameter sand. Below the sand is a layer of 0.5 to 2-inch diameter gravel that provides a
minimum of two (2) inches of cover over the top of the underdrain lateral pipes. No gravel is
required under the lateral pipes. A layer of geotextile fabric meeting the specifications in Table
SF-2 must separate the sand and gravel and must be wrapped around the lateral pipes.

Drainage matting meeting the specifications in Table SF-2 should be placed under the laterals to
provide for adequate vertical and horizontal hydraulic conductivity to the laterals.

In areas with expected high sediment loads (total suspended solids concentration > 200 mg/L),
the two-inch layer of gravel on top of the sand filter should be underlain with Enkadrain 9120™
filter fabric or equivalent meeting the specifications in Table SF-2.

b. Sand Bed with Trench Underdrain (Figure SF-4)

The top layer shall be 12-18 inches of 0.02 to 0.04-inch diameter sand. Laterals shall be placed in
trenches with a covering of 0.5 to 2-inch gravel and geotextile fabric (see Table SF-2). The
laterals shall be underlain by a layer of drainage matting (see Table SF-2).

In areas with expected high sediment loads, see the note above about use of Enkadrain filter
fabric or equivalent.

Step 5 — Design Underdrain Piping

The underdrain piping consists of the main collector pipe(s) and perforated lateral branch pipes (see plan
view in Figure SF-1). The piping should be reinforced to withstand the weight of the overburden. Internal
diameters of lateral branch pipes should be six inches or greater and perforations should be 3/8 inch. Each
row of perforations should contain at least six holes and the maximum spacing between rows of
perforations should not exceed six inches. All piping is to be Schedule 40 polyvinyl chloride (PVC) or
greater strength. The minimum slope of piping shall be 1/8 inch per foot (one (1) percent; slopes down to
one-half (0.5) percent may be acceptable to the permitting agency). Access for cleaning all underdrain
piping is needed.

Note: Unlike the sedimentation basin, the filtration basin does not require a drawdown time for release.
Thus, it is not necessary to have a specifically-designed orifice for the filtration basin outlet structure.

Step 6 — Design Filtration Basin Liner

If the filtration basin is an earthen structure and an impermeable liner is required to protect groundwater

quality, the liner shall provide a maximum permeability of 1x10°® cm/sec (ASTM Method D-2434). If an
impermeable liner is not required, then install a geotextile fabric liner that meets the specifications listed
in Table SF-3 unless the basin has been excavated to bedrock.
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Table SF-2. Geotextile Fabric and Drainage Matting Specifications for Sand Filters

Property Test Method Specifications

Geotextile Fabric
Material Non-woven geotextile fabric
Unit Weight 8 o0z./yd (minimum)
Filtration Rate 0.08 in./sec (minimum)
Puncture Strength ASTM D-751 (Modified) 125 Ibs (minimum)
Mullen Burst Strength ASTM D-751 400 psi (minimum)
Tensile Strength ASTM-D-1682 300 Ibs (minimum)
Equivalent Opening Size US Standard Sieve No. 80 (minimum)

Drainage Matting
Material Non-woven geotextile fabric
Unit Weight 20 oz./yd (minimum)
Flow Rate (fabric) 180 gpm/ft2 (minimum)
Permeability ASTM D-2434 12.4 x 10 cm/sec
Grab Strength ASTM D-1682 Dry: Lg 90/Wd 70; Wet: Lg 95/Wd 70
Puncture Strength COE CW-02215 42 Ibs (minimum)
Mullen Burst Strength ASTM-D-1117 400 psi (minimum)
Equivalent Opening Size ASTM-D-1682 No. 100 (70-120)
Flow Rate (Drainage Core) Drexel University 14 gpm/ft width

Filter Fabric
Material Non-woven geotextile fabric
Unit Weight 4.3 oz./yd (minimum)
Filtration Rate 120 gpm/ft? (minimum)
Puncture Strength ASTM D-751 (Modified) 60 Ibs (minimum)
Thickness 0.8 in. (minimum)

Construction Considerations

* Divert flow around the sand filter to protect it from sediment loads during construction. If
sediment does enter the facility during construction, the contractor will be required to remove soil
from the unit after the entire site has been stabilized, to the satisfaction of the permitting agency
inspector.

¢ Where underdrains are used, ensure that the minimum slope of the pipe is 0.5 (1/2) percent.
Where only gravel filtered water conveyance is provided, slope the filter floor towards the
weepholes at a minimum of 0.5 (1/2) percent.

¢ Ensure that the inverts of the notches, multiple orifices, or weirs dividing the sedimentation
chamber from the filtration basin are completely level. Otherwise, water will not arrive at the
filtration basin as sheet flow, and only the downgradient end of the filtration basin will function.

¢ Inflow grates or slotted curbs may conform to the grade of the completed pavement as long as the
filters, notches, multiple orifices, and weirs connecting the sedimentation and filter chambers are
completely level.

* Level the top of the sand filter bed in the filtration basin; no slope is allowed.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Sand Filter

Technical Requirements

e If precast concrete lids are used, provide lifting rings or threaded sockets to allow easy removal
with standard lifting equipment, considering the party that will be responsible for maintenance.

¢ Once construction is complete, stabilize the entire tributary area to the filter before allowing
runoff to enter the unit.
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Figure SF-3. Filter Bed with Gravel Underdrain
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Figure SF-4. Filter Bed with Trench Underdrain

Stormwater Quality Design Manual for the Sacramento and South Placer Regions

SF-10 May 2007



Technical Requirements

Sand Filter

Long-Term Maintenance

The local permitting agencies in the Sacramento and South Placer areas will require execution of a
maintenance agreement or permit with the property owner for projects including a sand filter. Check with
the local permitting agency about the timing for execution of the agreement. Such agreements will
typically include requirements such as those outlined in Table SF-3. The property owner or his/her
designee will be responsible for compliance. See Appendix B for additional information about

maintenance requirements and sample agreement language.

Table SF-3. Inspection and Maintenance Recommendations for Sand Filters

Activity

Schedule

Remove trash and debris collected in the sedimentation basin inlet area to maintain the
inflow capacity of the sand filter and avoid bypassing of the unit.

Remove cover grates or precast lids on the sedimentation basin and inspect to
determine if the system is functioning properly. Inspect for standing water, sediment,
grass/vegetative debris, and trash on the trash racks at the outlet pipe or elsewhere in
the unit. Schedule removal of observed materials and correct any other observed
problems. Sediment removal should be scheduled when the sediment occupies 10
percent of the basin volume.

Inspect sediment trap (if applicable) and clean when full.
Inspect the facility after large rain events to determine whether the facility is draining
completely within 48 hours. Look for discoloration of the filter, which may be an

indication of clogging.

If drawdown time exceeds 40 hours, remove top two inches of sand. Restore sand layer
depth to 18 inches when overall depth drops to 12 inches.

Add maintenance recommendations/methods for geotextile fabric, gravel bed,
underdrains, as needed.

Dispose of sand, gravel, or filter fabric contaminated with petroleum hydrocarbons in
accordance with all applicable laws.

Reconstruct or replace the control measure when it is no longer functioning properly.

Before significant storm events
during wet season (October 1 —
April 30)

Inspect quarterly during first year of

operation; semiannually after first
year of operation

Maintain as needed based on
observations

Same as above
At least once during the wet season
(October 1 — April 30)

As required.

As required

See projected lifespan in Appendix B
for informational purposes.

References

¢ California Stormwater Quality Association (CASQA). Stormwater Best Management Practice
Handbook — New Development and Redevelopment. January 2003.

¢ Urban Drainage and Flood Control District (UDFCD), Denver, Colorado. Urban Drainage

Criteria Manual, Volume 3 — Best Management Practices. 1999.
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Technical Requirements

Sand Filter

Table SF-4. Design Data Summary Sheet for Sand Filter

Designer:
Company:

Project:

Location:

Determine Design Water Quality Volume

a. Tributary drainage area Area = ft?

b. Water Quality Volume (based on 48 h drawdown) waQyv = ft®
2. Sedimentation Basin Volume (Vg, =2 WQV) Vsp = 3
3. Sedimentation Basin Depth (3 ft < dgp, < 10 ft) dsp = ft
4. Sedimentation Basin Area (Asp= Vsb / dsb) Asp = ft?
5. Sedimentation Basin Shape

a. Sedimentation Basin Length (Lsp) Leb = ft

b. Sedimentation Basin Width (Wsp) Wep = ft

c. Sedimentation Basin L:W Ratio (2:1 minimum) L:w=

6. Filtration Basin Storage Volume (Vs = 0.2 x WQV) Vios = ft®
7. Filter Bed Surface Area

a. Minimum filter surface area for storage (Amws)

Ats = Vibs / drbs Ans = ft?
where dis = Depth of storage above filter bed (3 ft min.)

b. Minimum filter surface area for flow (Ag) drps = ft
Sand Bed Depth (dr = 1.5 ft) dr = ft
Coefficient of permeability for sand (k = 0.146 ft/h) = ft/hr
Time required pass through filter (t = 40 h) tr = hr

__ (wav)(d,) p ”
ff =
(K)(dgy +dg)(t5)
c. Final design filter bed surface area (Ap) A = ft?
8. Filter Bed Design (Check Type Used)
O Sand Bed with Gravel Underdrain O Sand Bed with Trench Underdrain
Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Runoff Treatment Control Measure Fact Sheet Stormwater Planter

Siting Considerations EFFECTIVENESS

Photo Credit: City of Portland

Description

A stormwater planter is a low-lying vegetated planter
that receives runoff from roof drains or adjoining
paved areas. A shallow surcharge zone above the
vegetated surface temporarily stores stormwater (the
water quality volume, WQV). The accumulated runoff
gradually infiltrates into an underlying sand/peat bed
and then into a gravel layer. If the planter is a flow-
through stormwater planter, it has an impermeable
bottom liner and an underdrain pipe to collect the
treated water and discharge it to the municipal storm
drain. Planters without an impermeable bottom liner
(infiltration planters) will also require an underdrain
when the underlying soils are less permeable than the
planter’s sand/peat layer.

POLLUTANT REMOVAL

Tributary Drainage area: Typically < 1 acre.

Depth to Groundwater: > 10 ft from planter soil surface (only Sediment High

. . . . . Nutrients Low
applies to infiltration planter without underdrain). Trash Medium
Slope: Relatively flat. Metals* High
Soils: For soil types C and D, use a flow-through planter with a Bacteria* Medium
bottom liner and underdrain. For soil types A and B, an Oil and Grease  High
infiltration-type planter may be used, but an underdrain may be Organics* High
required if the underlying soils have lower permeability than the “The following are target pollutants for
planter’s sand/peat layer. pathogens: znon, and chioyos.
Setback: Flow-through planter is required if within 10 ft. of Source: GASQA California Stormwater

building foundation unless otherwise specified by local BMP Handbook, January 2003

permitting agency.

Vector Considerations

Potential for mosquitoes due to standing water will be greatly reduced or eliminated if the planter
is properly designed, constructed, and maintained.

Advantages

Relatively inexpensive when integrated into site landscaping.
Suitable for parking lots and sites with limited space.
Reduces peak flows during small storm events.

Attractive and relatively easy to maintain.

Limitations

Not appropriate for industrial sites or locations where spills may occur, unless infiltration is
prevented.
Not suitable for steeply sloping areas.

General Maintenance Recommendations (Low to Moderate)

Periodically remove debris and sediment from planter.
Repair/replace vegetation as necessary to maintain full cover.
See table SP-2 for additional vegetation maintenance recommendation.
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Runoff Treatment Control Measure Fact Sheet Stormwater Planter

How does a Stormwater Planter work?

A stormwater planter is designed to receive runoff from downspouts, piped inlets or sheet flow from
adjoining paved areas. A shallow surcharge zone above the vegetated surface temporarily stores runoff
(the water quality volume or WQYV). The runoff gradually infiltrates through the root zone of the
vegetation and into the underlying sand/peat bed where it fills the pore spaces. A variety of natural
mechanisms remove pollutants from the runoff as it infiltrates through the root zone and is detained in the
sand/peat bed before reaching a base layer of gravel.

If infiltration to the underlying soil is not possible or desired, a flow-through stormwater planter with an
impermeable bottom liner and underdrain should be used. The underdrain gradually dewaters the
sand/peat bed over the drawdown period and discharges the runoff to the downstream storm drain system.
If an infiltration planter is used, there is no impermeable bottom liner, and runoff percolates into the
ground. An underdrain may still be needed if the permeability of the underlying soils is lower than the
sand/peat layer, but at least a portion of the treated runoff will infiltrate into the underlying soil. See
Figures SP-1 and SP-2 for typical stormwater planter configurations.

Other Names: Bioretention, Infiltration Planter, Flow-through Planter, Biofilter, Porous Landscape
Detention, Rain Garden

Planning and Siting Considerations Early Design Is

» For infiltration type planters, consult a geotechnical Critical!

engineer about site suitability. St ter olant tb
ormwater planters must be

+  Select location Where.site topography is relatively flat located on the site plan at the
and allows runoff drainage to the stormwater planter. earliest possible design

» Integrate stormwater planters into other landscape areas phase when laying out the
when possible. building and parking

footprints and before the site

» Stormwater planters may be located within landscape grading plan is prepared.

areas as “rain gardens” and may have a non-rectangular
footprint to fit the site landscape design.

» Inexpansive (C, D) soils, locate stormwater planters far
enough from structures to avoid damage to foundations (as determined by a structural or
geotechnical engineer). 10 feet is given as a rule-of-thumb on the first page of this fact sheet.
Alternatively, use a flow-through stormwater planter.

Parking lot rain garden, Kansas City, MO Residential rain garden, Minnesota

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Runoff Treatment Control Measure Fact Sheet Stormwater Planter

Design Criteria

Design criteria for stormwater planters are listed in Table SP-1. A Design Data Summary Sheet (Table
SP-3) is provided at the end of this fact sheet.

Table SP-1. Stormwater Planter Design Criteria

Design Parameter Criteria Notes
Tributary drainage <1 acre Ideally suited for small areas such as parking lot islands, perimeter building
area planters, street medians, roadside swale features, and site entrance or

buffer features. Can be implemented on a larger scale, provided the WQV
and average depth requirements are met.

Design volume waQv See Appendix E in this Design Manual

Design drawdown time 12 hrs Period of time over which WQV drains from planter.

Design average 6-12in.

surcharge depth (ds)

Containment curb height >6 in. Design to deter skateboarding and satisfy ADA requirements

(if applicable)

Inlet curb cuts >12in. To prevent clogging and promote flow spreading. Pavement should be

(if applicable) wide slightly higher than swale. Include energy dissipaters.

Topsoil layer 6 in. Sandy loam topsoil. Deeper layer recommended for better vegetation
(minimum)  establishment

Sand-peat layer 18in. Design mix to achieve approx. 3-4 inches/hr infiltration rate and provide 12
(minimum)  hour drawdown; check with permitting agency for verification.

Gravel layer 9in. ASSHTO #8 Coarse Aggregate

Filter fabric Between sand/peat and gravel layers

Minimum width 30in.

Underdrain 3-4-inch For all flow-through planters, planters within 10 ft. of a building foundation,

(as required) perforated  and infiltration planters where underlying soils have lower permeability than

pipe the planter’'s sand/peat media layer
Overflow device Varies Connect to storm drain system. See Figures SP-1 and SP-2 for

recommended designs. Alternative designs may be allowed; check with
permitting agency.

Waterproofing Required for planters adjacent to building foundations.
membrane

Design Procedure

Step 1 — Calculate Water Quality Volume (WQV)

Using the calculations given in Appendix E, determine the contributing area and stormwater quality
design volume, WQV, based on a 12-hour drawdown period.

Step 2 — Design average surcharge depth (ds)

Select the average WQV depth between six (6) and twelve (12) inches. Average depth is defined as water
volume divided by the water surface area of the planter.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Runoff Treatment Control Measure Fact Sheet Stormwater Planter

Step 3 — Calculate planter surface area (As)
The design surface area of the planter is determined from the design WQYV and d; as follows:

As = WQV/d, (see Figures SP-1 and SP-2)

Step 4 — Design base courses
Bottom Gravel layer — Provide a 9-inch gravel layer (ASSHTO #8 Coarse Aggregate)

Sand/Peat layer — Provide an 18-inch (minimum) sand and peat layer over the gravel layer as shown in
Figures SP-1 and SP-2. Place filter fabric between sand/peat mixture and gravel layer.

Topsoil layer — Provide a sandy loam topsoil layer above the sand/peat mix layer. This layer should be a
minimum of six (6) inches deep, but a deeper layer is recommended to promote healthy vegetation.

Step 5 — Select subbase liner

If expansive soils or rocks are a concern, chemical or petroleum products are handled or stored within the
tributary catchment, or infiltration is not desired for any reason, use a flow-through stormwater planter
with an impermeable liner (see Figure SP-2). Otherwise, use an infiltration stormwater planter and install
a non-woven geotextile membrane below the gravel layer to allow infiltration.

Step 6 — Provide underdrain if needed

Provide a perforated underdrain pipe if the planter has an impermeable bottom liner or if the underlying
soils are less permeable than the sand/peat layer. Size the underdrain to ensure a 12-hour drawdown and
connect it to the downstream storm drain system.

Step 7 — Select vegetation
Select vegetation that:

» Is suited to well-drained soil but will withstand being inundated for periods of time;
»  Will be dense and strong enough to stay upright, even in flowing water;
» Has minimum need for fertilizers;

» Isnot prone to pests and is consistent with integrated pest management practices which promote
less use of chemical pesticides; and

» Is consistent with local water conservation requirements.

Avoid the use of bark or similar buoyant material that will tend to float when the vegetated area is
inundated. Check with the local agency’s Ordinance if the planter will be used to satisfy landscaping
requirements.

Step 8 — Design overflow device

Provide an overflow device with an inlet to the storm drain system. Set the overflow inlet elevation above
the WQYV surcharge water level. A drop inlet or an overflow standpipe with an inverted opening are
appropriate overflow devices (see Figures SP-1 and SP-2).

Construction Considerations

» Divert runoff (other than necessary irrigation) during the period of vegetation establishment.
Where runoff diversion is not possible, cover graded, seeded, and/or planted areas with suitable
erosion control materials.

e For planters flush with the surrounding landscape, install sediment controls (e.g., staked straw
wattles) around the planter to prevent high sediment loads from entering the planter during
construction activities.

» Repair, seed, or re-plant damaged areas immediately.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Runoff Treatment Control Measure Fact Sheet

Stormwater Planter

Long-Term Maintenance

The local permitting agencies in the Sacramento and South Placer areas will require execution of a
maintenance agreement or permit with the property owner for projects including a stormwater planter.
Check with the local permitting agency about the timing for execution of the agreement. Such agreements
will typically include requirements such as those outlined in Table SP-2. The property owner or his/her
designee will be responsible for compliance. See Appendix B for additional information about
maintenance requirements and sample agreement language.

Table SP-2. Inspection and Maintenance Recommendations for Stormwater Planter

Activity Schedule
Trim vegetation (as applicable) and remove weeds to limit ~ As needed
unwanted vegetation.

Remove litter and debris from landscape area. As needed

Use integrated pest management (IPM) techniques to
reduce use of chemical pesticides and herbicides.

Monitor for pests regularly and take other action as
needed

Inspect the planter to determine if runoff is infiltrating
properly.

At least twice per year during storm events. Additional
inspections after periods of heavy runoff are desirable.

If infiltration is significantly reduced, remove and replace
topsoil and sand/peat layer.

May be required every 5 to 10 years or more
frequently, depending on sediment loads

Reconstruct or replace the control measure when it is no
longer functioning properly.

See projected lifespan in Appendix B for informational
purposes.

IRRIGATED TURF GRASS,

DRYLAND GRASS AND OTHER

PLANTINGS

SLOTTED CURB

PAVEMENT

VWWQV WATER SURFACE

FILTER FABRIC

TOP SOIL LAYER

OVERFLOW INLET

AVERAGE DEPTH
68" MIN., 12" MAX

CONCRETE
SIDE WALLS \ =

9INCH ASSHTO #8 ks
GRAVELLAYER w N
GEOTEXTILE LINER / 3 OR 4 -INCH PERFORATED

PIPECONNECTED TO INLET
(MAY BE ELIMINATED FOR
INFILTRATION IN TYPE A AND B SOILS)

STORM =
DRAIN \
OUTLET

ADAPTED FROM UDFCD, 1999

Figure SP-1. Infiltration Stormwater Planter Configuration

(other media mix and overflow design options may be allowed; check with permitting agency for verification)
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Stormwater Planter

REVERSE BEND TRAP
OR HOODED OYERFLOW

CONCRETE

OR OTHER
STRUCTURAL
MATERIAL WITH
WATERPROOF
MEMBRANE

DISCHARGE TO =—__

STORM DRAIN

DOWNSPOUT
IRRIGATED TURF GRASS, (TYPICAL)
DRYLAND GRASS AND OTHER BUILDING
PLANTINGS EXTERIOR
WALL
WQV WATER SURFACE A

AVERAGE DEPTH

8" MIN., 12" MAX

SINCH ASSHTO #8
GRAVELLAYER

3 OR 4 -INCH PERFORATED PIPE

ADAFTED FROM CITY OF PORTLAND 2004

Figure SP-2. Flow-through Stormwater Planter Configuration

(other media mix and overflow design options may be allowed; check with permitting agency for verification)

SP-6
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Table SP-3. Design Data Summary Sheet for Stormwater Planter

Designer: Date:

Company:

Project:

Location:

1. Determine Design Water Quality Volume

a. Tributary drainage area Area = ft?

b. Water Quality Volume waQy = ft®
2. Design average surcharge depth (ds)

ds = 6-12 inches (0.5-1 foot) ds = ft
3. Design Planter Surface Area (As)

As = WQV/d A, = 2
4. Base Course Layers

a. Topsoil (6 in. minimum) in.

b. Sand/Peat Layer (18 in. minimum) in.

c. Gravel Layer (9 in. minimum) in.

5. Planter Type (check type used)

O Infiltration without underdraind Infiltration with underdrain
O Flow-through with impermeable liner

6. Vegetation (describe)

7. Overflow Device (check type used or describe “Other”)
O Drop inlet O Standpipe
O Other

Notes:
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Technical Requirements Veg etated Swale

Description

A vegetated swaleis awide, shallow, open channel
planted with dense, sod-forming vegetation and
designed to accept runoff from adjacent surfaces.
As the runoff slows and travels through the
vegetation and over the soil surface, pollutants are
removed by avariety of physical and chemical
mechanisms, including sedimentation, filtration,
adsorption, precipitation, and microbial degradation
and conversion.

Siting Considerations
. i . POLLUTANT REMOVAL
 Dra nage area 10 acres maximum per swale. EFFECTIVENESS
» Longitudinal Bottom Slope: 0.5%-2.5%
« Underdrains required for slopes less than 1%. For slopes up to Sediment Medium
5%, check dams can be used to reduce slopes to 2.5%. Nutrients Low
«  Minimum Bottom width: 2 ft. Trash Low
«  Sideslopes: 3:1 or flatter. '\B"e‘f's_ . t"ed'“m
« Liners may be required in areas where swales may be impacted oicaizaerease M°;’(V”um
by hazardous materials or where spills may occur (e.g., retail Organics* Medium
gasoline outlets, auto maintenance businesses,
prOC I’lg/manufBCturi ng areaS) . *The following are target pollutants for
« Surface flow into swale preferred instead of underground S ooy
conveyance. Source: CASQA California Stormwater
BMP Handbook, January 2003
Vector Considerations

» Potentia for mosquitoes due to standing water will be greatly.
reduced or eliminated if the swale is properly designed, constructed, and maintai ned.

Advantages

+ Relatively inexpensive when used to replace part of a conventional storm drainage system and
integrated into site landscaping.

»  Provides both stormwater treatment and conveyance.

« Reduces peak flows during small storm events.

« Attractive and easy to maintain.

Limitations

« May conflict with water conservation ordinances related to landscape irrigation needs.
»  May not be appropriate for industrial sites or locations where spills may occur unless liner is used
to prevent infiltration.

General Maintenance Recommendations (Low to Moderate)

« Periodically remove debris and sediment from inlets and swale.
» Repair/replace vegetation as necessary to maintain full cover and prevent erosion.
» Seetable VS-2 for additional vegetation maintenance recommendation.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements Veg etated Swale

How does a Vegetated Swale work?

A vegetated swale differs from a conventional drainage channel or roadside ditch due to the incorporation
of specific features that enhance stormwater pollutant removal. A vegetated swale is designed to control
flow velocities through the vegetation in the swale and to provide sufficient contact time to promote
settling and filtering of the runoff flowing through it. Greater surface area and contact time promote
greater runoff treatment efficiencies. The volume of runoff can also be reduced through infiltration into
underlying soils.

Runoff istreated asit flows through, not over, the vegetation in a
vegetated swale. Vegetation can cause considerable turbulence,
resulting in energy loss and retardance of flow. To provide
adequate treatment, the vegetation must be dense and strong.

Other Names: Grassy swale, bioswae

Planning and Siting Considerations

»  Select location where site topography allows for the design
of achannel with sufficiently mild slope (unless small drop
structures are used) and enough surface areato maintain
non-erosive velocitiesin the channel.

» Integrate swales into open space buffers, undisturbed
natural areas, and other |andscape areas when possible. Do
not place in open space or wetland preserve areas where
future maintenance could be prohibited.

Alternative vegetation is encouraged but is

«  For parking lot design, stalls can be shortened if tirecurbs ~ subject tg aF?(PFOVIa'tof 'OICa' Iterrlf;iging
. . agency. Parking lot swale a rove
are provided around the perimeter of the swaleand carsare  \jarketplace, Elk Grove, CA. Photo: CKB

allowed to overhang the swale (see Farm Bureau photo). Environmental

Vegetated Swale Planted with Native Clump Grasses (note that trees Roadside Swale. Photo: City of Spokane

as shown are now discouraged; locate outside of flowline), U.S. Farm
Bureau, Sacramento. Photo: City of Sacramento

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements

Vegetated Swale

« Inparking lots, plan areas for pedestrians to cross
swales without damaging vegetation.

« Therequired swale length to meet treatment criteria
for a 1-acre project siteistypically in the range of 75
to 100 feet. The length will vary depending on several
variables, including the geometry of the swale and the

runoff coefficient for the site.

Design Criteria

Early Design Is Critical!

Vegetated swales must be
located on the site plan at the
earliest possible design phase
when laying out the building
and parking footprints and
before the site grading plan is
prepared.

Design criteriafor vegetated swales are listed in Table VS-1.
Use the Design Data Summary Sheet provided at the end of
this fact sheet (Table VS-3) to record design information for the permitting agency’ s review.

Table VS-1. Vegetated Swale Design Criteria

Design Parameter Criteria Notes

Tributary drainage area <10 acres For larger areas, break up into sub-sheds of 10 acres or less, with a
swale for each

Water Quality design flow WQF See Appendix E in this Design Manual.

Roughness coefficient (n) for 0.2 Reflects the roughness associated with shallow flow through dense

treatment design vegetation.

Roughness coefficient (n) for 0.1 Reflects the roughness of swale when depth of flow is above the

conveyance design height of the grass. To be used to determine capacity of swale to
convey peak hydraulic flows

Minimum contact time for 7 minutes Provide sufficient length to yield minimum contact time for the WQF

treatment of the WQF

Minimum bottom width 2 ft

Maximum bottom width 10 ft Swales wider than 10 feet must meet additional flow spreading
requirements.

Maximum side slopes 3:1 Side slopes must allow for ease of mowing. Steeper slopes may be
allowed with adequate slope stabilization.

Longitudinal slope 0.5-2.5%

Check dams As required For longitudinal slope > 2.5% but less than 5%, and as a means of
promoting more infiltration. Spacing as required to maintain
maximum longitudinal bottom slope < 2.5%.

Underdrains As required For longitudinal slope < 1.0%

Maximum depth of flow 3-5in. 1 inch below top of vegetation

(treatment)

Maximum flow velocity 1 ft/sec Based on Manning’s n = 0.20. Concentrated inlet flow must be

(treatment) spread

Inlet Design/Curb cuts >12in. wide  To prevent clogging and promote flow spreading, pavement should

be slightly higher than swale. Include energy dissipaters/flow
spreaders such as cobble, porous concrete, or gravel at inlet.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements Vegetated Swale

Design Procedure

Step 1 — Determine the vegetated swale’s function

The vegetated swale can be designed to function as both a treatment control measure for the stormwater
quality design flow and as a conveyance system to pass the peak hydraulic design flows, if the swaleis
located “on-line”.

Step 2 — Calculate Water Quality Flow (WQF)

Using Appendix E in this Design Manual, determine the contributing area and stormwater quality design
flow, WQF.

Step 3 — Provide for peak hydraulic design flows

Using local hydrologic design criteria, calculate flows greater than WQF to be diverted around or flow
through the swale. Design the diversion structure, if needed.

Step 4 — Design the vegetated swale using Manning’s Equation

Swales can be trapezoidal or parabolic in shape, asillustrated in Figure VS-1. While trapezoidal channels
are the most efficient for conveying flows, parabolic configurations provide good water quality treatment
and may be easier to mow since they don’t have sharp breaksin slope.

Use aroughness coefficient (n) of 0.20 with Manning’s Equation to design the treatment area of aswale
to account for the flow through the vegetation. To determine the capacity of the swale to convey peak
hydraulic flows, use a roughness coefficient (n) of 0.10 with Manning’s Equation.

Manning's Equation

5/3
— 149 A gl/? Record all of your
p2/3 calculations on the
Vegetated Swale Design
where Data Summary Sheet (Table
Q = WQF, (cfs) VS-3) at the end of this

A = Cross sectional area of flow, (ft?) Eicé'ﬁgéé Zeb(;attﬁesggg;x"

P = Wetted perimeter of flow, (ft) | ; taff
s = Bottom slopein flow direction, (ft/ft) plan review statl.
n = Manning’s n (roughness coefficient)

For treatment design, solve Manning's equation by trial and error to determine a bottom width that yields
aflow depth of 3 to 5inches at the design WQF and the swale geometry (i.e., side slope and s value) for
the site under design.

Step 5 — Design Inlet Controls
«  For flow introduced aong the length of the swale through curb cuts, provide minimum curb cut
widths of 12 inches and avoid short-circuiting the swale by providing the minimum contact time
of 7 minutes.
» For swalesthat receive direct concentrated runoff at the upstream end, provide an energy
dissipater, as appropriate, and a flow spreader such as a pea gravel diaphragm flow spreader at the
upstream end of the swale.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements Veg etated Swale

Step 6 — Select Vegetation

A full, dense cover of sod-forming vegetation is typically recommended for vegetated swales, since most
pollutant removal performance studies are based on use of grass. Alternative vegetation such as shrubs
and groundcovers may also be allowed; check with the local permitting agency.

Select vegetation that:

«  Will be dense and strong enough to stay upright, even in flowing water and steep slopes,
« Hasminimum need for fertilizers;

« Isnot prone to pests and will not require alot of pesticide/herbicide application, consistent with
any integrated pest management (IPM) practices or policies of the local permitting agency;

«  Will withstand being inundated for periods of time; and

« Needslittle supplemental water, consistent with local water conservation ordinances. Bunch-type
grasses or grass mixes are preferred.

Check with the permitting agency for approved plant and tree lists. Do not use bark or similar buoyant
material in the swale or around drain inlets or outlets.

Construction Considerations

« Divert runoff (other than necessary irrigation) during the period of vegetation establishment.
Where runoff diversion is not possible, cover graded and seeded areas with suitable erosion
control materials.

« Install sediment controls (e.g., staked straw wattles) around the swale to prevent high sediment
loads from entering the swale during ongoing upstream construction activities.

» Repair, seed, or re-plant damaged areas immediately.
» Apply erasion control measures as heeded to stabilize side slopes and inlet areas.

Long-Term Maintenance
The local permitting agencies in the Sacramento and South

Placer areas will require execution of a maintenance GrassyBWele w/
agreement or permit with the property owner for projects esbble Stone Bottom

o

including a vegetated swale. Check with the local
permitting agency about the timing for execution of the
agreement. Such agreements will typically include
reguirements such as those outlined in Table VS-2. The
property owner or his’her designee will be responsible for
compliance. See Appendix B for additional information
about mai ntenance requirements and Sample agreement Swales with rock in the flowline are discouraged due

Ianguage. to high maintenance needs (including use of weed
killers) and potential for mosquito breeding.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Technical Requirements

Vegetated Swale

Table VS-2. Inspection and Maintenance Recommendations for Vegetated Swales

Activity

Schedule

Mow grass to maintain a height of 4 to 6 inches or above depth of flow
at WQF.

As needed to maintain optimum grass
height

Use integrated pest management (IPM) techniques to minimize use of As needed
fertilizers, pesticides and herbicides.
Remove trash and debris from the swale (especially the outlet) As needed

Inspect swale for signs of erosion, vegetation damage/coverage,
channelization problems, debris build-up and excessive sedimentation
in bottom of channel. Correct problems (e.g., remove sediment or
stabilize, re-seed eroded areas) as soon as possible.

At least twice annually. Schedule one
inspection at the end of the wet season so
that summer maintenance can be
scheduled to prepare swale for wet
season. Additional inspections after
periods of heavy runoff are desirable.

Remove sediment in inlet areas, channel, culverts, and outlets As needed
whenever flow into the swale is retarded or blocked.
Repair ruts or holes in the channel by removing vegetation, adding and  As needed

tamping suitable soil, and reseeding. Replace damaged vegetation.

Inspect swale for obstructions (e.g., debris accumulation, invasive
vegetation) and pools of standing water that can provide mosquito-
breeding habitat. Correct observed problems as soon as possible.

At least twice during the wet season after
significant storms. Additional inspections
after periods of heavy runoff are desirable.

Reconstruct or replace the control measure when it is no longer
functioning properly.

See projected lifespan in Appendix B for
informational purposes.
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Technical Requirements Veg etated Swale

SWALE LENGTH
SUFFICIENT TO PROVIDE MINIMUM CONTACT TIME OF 7 MINUTES

CHECK DAM

/ RIPRAP ENERGY DISSIPATOR FOR SLOPES > 2.5%

FLOW SPEADER FOR
CONCENTRATED FLOWS

INLET

OUTLET

TRAPEZOIDAL VEGETATED SWALE - PLAN

NOT TO SCALE

GRASS HEIGHT
4"TO 6"

DEPTH OF FLOW AT WQF
< HEIGHT OF GRASS

3 (MINIMUM)

4" PERFORATED PIPE UNDERDRAIN

IN 9 " COARSE AGGREAGATE (AASHTO #8)
REQUIRED FOR SLOPES < 1%

USE GEOEXTTILE FABRIC AROUND PIPE
AND GRAVEL

6" SANDY LOAM TOP SOIL

6" SAND
BOTTOM WIDTH

IMPERMEABLE LINER
(IF REQUIRED TO PREVENT
INFILTRATION

TRAPEZOIDAL VEGETATED SWALE — SECTION
NOT TO SCALE

ADAPTED FROM URBAN STORM DRAIN CRITERIA MANUAL
VOL. 3 - BEST MANAGEMENT PRACTICES,
URBAN DRAINAGE AND FLOOD CONTROL DISTRICT,11/99

Figure VS-1. Vegetated Swale
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Technical Requirements Vegetated Swale

Table VS-3. Design Data Summary Sheet for Vegetated Swale

Designer: Date:
Company:
Project:
Location:
1. Design Flow: WQF =1xC x A WQF = cfs
a. | = Design Intensity = 0.18 in/hr I = in/hr
b. C = Runoff Coefficient C=
c. A =Tributary area A= acres

2. Swale Geometry

a. Swale Bottom Width (b) b= ft
b. Side slope (2) Z=
3. Depth of flow (d) at WQF (3”-5” with Manning’s n= 0.20) d= in

4. Design Slope

a. s = 1% minimum without underdrains; 4% maximum without s= %
grade controls

b. Number of grade controls required (number)
5. Design flow velocity (Manning’s n= 0.20) V = _ft/sec
6. Contact Time (t; = 7 minutes minimum) tc = minutes

7. Design Length
L = (t) x (flow velocity) x 60 L= ft

8. Vegetation (describe)

9. Outflow Collection (Check type used or describe “Other”)
O Grated Inlet O Infiltration Trench O Underdrain Used
O Other

Notes:
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Runoff Treatment Control Measure Fact Sheet Veg etated Filter Strlp

Description

A Vegetated Filter Strip isa gently sloped soil
surface planted with dense, sod-forming vegetation
and designed to receive and treat sheet flow runoff
from adjacent surfaces. As the runoff flows through
the vegetation and over the soil surface at a shallow
depth, pollutants are removed by avariety of
physical, chemical, and biological mechanisms,
including sedimentation, filtration, adsorption,
e A e precipitation, and microbial degradation and
Caltrans conversion.

Siting Considerations

« Drainage area: 5 acres maximum per filter strip. POLLUTANT REMOVAL
« Longitudina Slope: 1% - 4% EFFECTIVENESS
« Terracing may be used for slopes > 4% - -
«  Minimum length in flow direction: 25 ft. Sediment Medium
«  Minimum depth to groundwater table: 2 ft. Nutrients Low
. . Trash Low
«  Maximum ponding depth: 1 ft. Metals* Medium
« TypeA & B soilsonly. Bacteria* Low
Vector Considerations Oiland Grease  Medium
. . . i Organics* Medium
« Potentia for mosquitoes due to standing water will be greatly
reduced or eliminated if the strip is properly designed, “The following are target pollutants for
constructed, and operated. pathagens; diasinon. and chiorpyifos.
Source: CASQA California Stormwater
Advantages BMP Handbook, January 2003
« Relatively inexpensive when used to replace part of a

conventional storm drainage system and integrated into site
landscaping.

- Attractive.

« [Easy tomaintain.

Limitations

« Possible conflicts with water conservation ordinances for landscape irrigation requirements.
» Not appropriate for industrial sites or locations where spills may occur.
«  Removes high percentage of particulate pollutants, but not soluble pollutants.

General Maintenance Recommendations (Low to Moderate)

« Periodically remove debris and sediment from filter strip surface.
» Repair/replace vegetation as necessary to maintain full cover and prevent erosion.
» Seetable VFS-2 for additional vegetation maintenance recommendation.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Runoff Treatment Control Measure Fact Sheet

Vegetated Filter Strip

How does a Vegetated Filter Strip work?

A Vegetated Filter Strip is designed to create shallow sheet flow of
runoff over agently sloping, densely vegetated surface. Treatment of
the runoff occurs through a variety of natural mechanisms as the
runoff flows through the vegetation and over the soil surface. To
ensure adequate treatment, the vegetation must be dense and strong.
Greater surface area and contact time promote greater runoff
treatment efficiencies. The volume of runoff can be reduced through
infiltration into underlying soils. See Figure VFS-1 for atypica
Vegetated Filter Strip configuration.

Other Names: Grassfilter strips, Biofilter

Planning and Siting Considerations

»  Select location where site topography allows for the design
of filter strips with proper slopesin flow direction.

Do not confuse a
Vegetated Filter Strip
with a Vegetated Swale,
described elsewhere in
this manual, or a grass
buffer strip, which is used
as a low impact design
strategy or for
pretreatment. The latter
provides only limited
pollutant removal
because of higher
application rates, and it
requires downstream
treatment controls.

« Integrate Vegetated Filter Strips into open space buffers, undisturbed natural areas, and other

landscape areas when possible.

»  For parking lot design, stalls can be shortened if tire curbs are provided around the perimeter of
thefilter strip and cars are allowed to overhang the filter strip.

« lrrigation istypicaly required to maintain viability of the filter strip vegetation. Coordinate
design of general landscape irrigation system with that of the Vegetated Filter Strip, as applicable.

Design Criteria

Design criteriafor Vegetated Filter Strips are listed in Table VFS-1. Use the design data summary sheet
(Table VFS-3) provided at the end of this fact sheet to record design information for review by the agency

plan reviewer.

Table VFS-1. Vegetated Filter Strip Design Criteria

Design Parameter Criteria  Notes

Drainage area <5acres For larger areas, break up into sub-sheds of 5 acres or less with a filter strip for
each.

Design flow WQF See Appendix E in this Design Manual.

Maximum linear

0.005 cfs/ft

Rate at which runoff is applied across the top width of filter strip. This rate,

application rate (qa) of width  combined with the design flow, will define the design width of filter strip.
Minimum slope in 1% Gentler slopes are prone to ponding of water on surface

flow direction

Maximum slope in 4% Steeper slopes are prone to channeling

flow direction

Minimum length in 25 ft Most treatment occurs in the first 25 feet of flow. Longer lengths will typically
flow direction provide somewhat higher levels of treatment

Vegetation height 2-4in. Vegetation should be maintained at a height greater than the depth of flow at

(typical)

design flow rate but sufficiently low to prevent lodging or shading.

VFS-2
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Runoff Treatment Control Measure Fact Sheet

Vegetated Filter Strip

Design Procedure

Step 1 — Calculate Water Quality Flow (WQF) (Flow-Based
Control Measure)

Using the Appendix E in this Design Manual, determine the
contributing area and water quality design flow, WQF.

Step 2 — Calculate minimum width of Vegetated Filter Strip
(Wurs)

The design minimum width of the Vegetated Filter Strip (Wyes)
normal to flow direction is a determined from the design WQF and
the minimum application rate (qy), as follows:

Wyes = (WQF)/(ga)

Wyis = (WQF)/0.005 cfs/ft (minimum)

Early Design Is
Critical!

Vegetated Filter Strips
must be located on the
site plan at the earliest
possible design phase
when laying out the
building and parking
footprints and before the
site grading plan is
prepared.

Step 3 — Determine the minimum length of Vegetated Filter Strip in the flow direction

The length of thefilter strip in the flow direction must be a minimum of 25 feet. Greater lengths are
desirable, as somewhat better treatment performance can typically be expected.

Step 4 — Determine design slope

Slope of the filter strip surface in the direction of flow should be between one (1) percent and four (4)
percent to avoid ponding and channeling of flow. Terracing may be used to maintain a slope of four (4)

percent in steeper terrain.

Step 5 — Design inlet flow distribution

Incorporate a device such as slotted curbing, modular block porous pavement, or other spreader devices at

the upstream end of the filter strip to evenly distribute flow along the top width. Concentrated flow
delivered to the filter strip must be distributed evenly by means of alevel spreader as shown in Figure

VFS-1

Step 6 — Select vegetation

A full, dense cover of sod-forming vegetation is necessary for the
filter strip to provide adequate treatment.

Select vegetation that:
«  Will be dense and strong enough to stay upright, even in
flowing water;

« Hasminimum need for fertilizers;
» Isnot proneto pests and is consistent with IPM practices;
«  Will withstand being inundated for periods of time; and

» |sconsistent with local water conservation ordinance
reguirements.

Use the design data
summary sheet (Table
VFS-3) provided at the
end of this fact sheet to
record design information
for review by the agency
plan reviewer.

Do not use bark or similar buoyant material in the filter strip or around drain inlets or outlets.

Step 7 — Design outlet flow collection

Provide a means for outflow collection and conveyance (e.g., grass channel/swale, storm drain, gutter).

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Runoff Treatment Control Measure Fact Sheet

Vegetated Filter Strip

Step 8 — Design irrigation system

Provide an irrigation system to maintain viability of filter strip grass.

Construction Considerations

« Divert runoff (other than necessary irrigation) during the period of vegetation establishment.
Where runoff diversion is not possible, cover graded and seeded areas with suitable erosion

control materials.

« Instal sediment controls (e.g., staked straw wattles) around the filter strip to prevent high
sediment |oads from entering the filter strip during ongoing upstream construction activities.

e Repair, seed, or re-plant damaged areas immediately.

Long-Term Maintenance

The local permitting agencies in the Sacramento and South Placer areas will require execution of a

mai ntenance agreement or permit with the property owner for projectsincluding a vegetated filter strip.
Check with the local permitting agency about the timing for execution of the agreement. Such agreements
will typically include requirements such as those outlined in Table VFS-2. The property owner or his’her
designee will be responsible for compliance. See Appendix B for additional information about

mai ntenance requirements and sample agreement language.

Table VFS-2. Inspection and Maintenance Recommendations for Vegetated Filter Strips

Activity Schedule
Mow grass to maintain a height of 2 to 4 inches (typical). As required
Use integrated pest management (IPM) techniques to As required
minimize use of fertilizers, pesticides and herbicides.

Remove trash and debris from the filter strip. As required

Inspect filter strip for signs of erosion, vegetation
damage/coverage, channel formation problems, debris build-
up, and excessive sedimentation on the surface of the strip.
Correct problems or remove debris and sediment as soon as
possible.

At least twice annually. Schedule one inspection at
the end of the wet season so that summer
maintenance can be scheduled to prepare filter
strip for wet season. Additional inspections after
periods of heavy runoff are desirable.

Remove sediment in inlet areas, the channel, culverts, and As required
outlets whenever flow into the filter strip is retarded or

blocked.

Repair ruts or holes in the strip by removing vegetation, As required

adding and tamping suitable soil, and reseeding. Replace
damaged vegetation.

Inspect filter strip for obstructions (e.g., debris accumulation,
invasive vegetation) and pools of standing water that can
provide mosquito-breeding habitat. Correct observed
problems as soon as possible.

At least twice during the wet season after significant
storms. Additional inspections after periods of
heavy runoff are desirable.

Reconstruct or replace the control measure when it is no
longer functioning properly.

See projected lifespan in Appendix B for
informational purposes.
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Vegetated Filter Strip

Runoff Treatment Control Measure Fact Sheet
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Figure VFS-1. Vegetated Filter Strip

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
May 2007

VFS-5



Runoff Treatment Control Measure Fact Sheet Veg etated Filter Stri P

Table VFS-3. Design Data Sheet for Vegetated Filter Strip

Designer: Date:
Company:
Project:
Location:
1. Design Flow: WQF =1xC x A WQF = cfs
a. | = Design Intensity = 0.18 in/hr I = in/hr
b. C = Runoff Coefficient C=
c. A =Tributary area A= acres

2. Design Width

Wyes = (WQF)/0.005 cfs/ft Wyrs = ft
3. Design Length (25 ft minimum) Lvrs = ft
4. Design Slope (1% minimum; 4% maximum) Svrs = %

5. Flow Distribution (Check type used or describe “Other”)
O Slotted Curbing O Level Spreader O Modular Block Porous Pavement
O Other

6. Vegetation (describe )

7. Outflow Collection (Check type used or describe “Other”)

[ Grass Swale [ Street Gutter [0 Storm Sewer
O Underdrain Used [ Other
Notes:

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Glossary

The following are the terms and acronyms used frequently in this Manual. This list is
not intended to be exhaustive.

Best Management Practices (BMPs) means methods, measures, or practices
designed and selected to reduce or eliminate the discharge of pollutants to surface
waters from point and non-point source discharges including stormwater. BMPs
include structural and nonstructural controls, and operation and maintenance
procedures, which can be applied before, during, and/or after pollution producing
activities.

California Stormwater Quality

.. g In the stormwater field, terms are
Association (CASQA) — Statewide

frequently used interchangeably;

Association of stormwater quality therefore, it is important to
managers and other interested parties. understand the meaning of various
Publisher of the California Stormwater terms as presented in this Manual.

Best Management Practices Handbooks,
available at www.cabmphandbooks.com.
Successor to the Storm Water Quality Task Force (SWQTF).

Cluster Development — The principle of cluster development incorporates
grouping new homes onto part of a development parcel so that the remaining land
can be preserved as open space. This approach can save a significant portion of the
land and provide an attractive living environment for homeowners. Source: National
Assoc. of Homebuilders www.nahb.org (search “cluster development”)

Commercial Development means any development on private land that is not
heavy industrial or residential. The category includes, but is not limited to hospitals,
laboratories and other medical facilities, educational institutions, recreational
facilities, plant nurseries, car wash facilities, mini-malls, business complexes,
shopping malls, hotels, office buildings, public warehouses, and light industrial
complexes.

Commercial/Industrial Facility means any facility involved and/or used in the
production, manufacture, storage, transportation, distribution, exchange or sale of
goods and/or commodities, and any facility involved and/or used in providing
professional and non-professional services. This category of facilities includes, but is
not limited to, any facility defined by the SIC Code. Facility ownership (federal, state,
municipal, private) and profit motive of the facility are not factors in this definition.

Construction means clearing, grading, excavating, building and related activities
that result in soil disturbance. Construction includes structure teardown. It does not
include routine maintenance to maintain original line and grade, hydraulic capacity,
or original purpose of facility; emergency construction activities required to
immediately protect public health and safety; interior remodeling with no outside

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
December 2006 Development Focus Group Review Draft Glossary-1



Glossary

exposure of construction material or construction waste to stormwater; mechanical
permit work; or sign permit work.

Control means to minimize, reduce, eliminate, or prohibit by technological, legal,
contractual or other means, the discharge of pollutants from an activity or activities.

Design Storm — A synthetic rainstorm defined by rainfall intensities and
durations.

Detention — The practice of holding stormwater runoff in ponds, vaults, within
berms, or in depressed areas and letting it discharge slowly to the storm drain system
or receiving water. The detention process allows sediment and associated pollutants
to settle out of the runoff.

Development means any construction, rehabilitation, redevelopment or
reconstruction of any public or private residential project (whether single-family,
multi-unit or planned unit development); industrial, commercial, retail and other
non-residential projects, including public agency projects; or mass grading for future
construction. It does not include routine maintenance to maintain original line and
grade, hydraulic capacity, or original purpose of facility, nor does it include
emergency construction activities required to immediately protect public health and
safety.

Development Standards means standards that the Permittees must develop and
implement for new development and significant redevelopment projects to control
the discharge of stormwater pollutants in post-construction stormwater.

Directly Connected Impervious Area (DCIA) or Surface — Any impervious
surface which drains directly into the storm drain system without first allowing flow
across a pervious area (e.g. lawn).

Disconnected Pavement (also known as disconnected impervious area,
or surface, or not directly connected pavement)— an impervious area that
drains across a pervious area prior to discharge to the storm drain system.

Drawdown — see Drawdown Time

Drawdown Time — The time required for a stormwater detention or infiltration
BMP to drain and return to the dry-weather condition. For detention BMPs,
drawdown time is a function of basin volume and outlet orifice size. For infiltration
BMPs, drawdown time is a function of basin volume and infiltration rate.

Flow-Based Treatment Control Measures — Stormwater quality treatment
measures that rely on flow capacity to treat stormwater. These measures remove
pollutants from a moving stream of water through filtration, infiltration, adsorption,
and/or biological processes. Examples: vegetated swales and filter strips.

General Construction Activities Storm Water Permit (Construction General
Permit) — the general NPDES permit adopted by the State Board, which authorizes
the discharge of stormwater from construction activities under certain conditions.

Glossary-2
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General Industrial Activities Storm Water Permit (Industrial General
Permit) — the general NPDES permit adopted by the State Board which authorizes
the discharge of stormwater from certain industrial activities under certain
conditions.

Head (hydraulic head) — In hydraulics, energy represented as a difference in
elevation. In slow-flowing open systems, the difference in water surface elevation,
e.g., between an inlet and outlet.

Hydrograph — Runoff flow rate plotted as a function of time.

Hydrologic Soil Group —

TYPICAL INFILTRATION RATES

Soil Type
(Hydrologic Soil Group) Infiltration Rate (in/hr)
A 1.00 - 8.3
B 0.5-1.00
c 0.17 - 0.27
D 0.02 - 0.10

Infiltration rates shown represent the range covered by multiple
sources, e.g. ASCE, BASMAA, etc.

Source: Venture County Technical Guidance Manual for Stormwater
Quality Control Measures, July 2002.

IHlicit Connection means any man-made conveyance that is connected to the storm
drain system without a permit, excluding roof drains and other similar type
connections. Examples include channels, pipelines, conduits, inlets, or outlets that
are connected directly to the storm drain system.

Ilicit Discharge means any discharge to the storm drain system that is prohibited
under local, state, or federal statutes, ordinances, codes, or regulations. The term
illicit discharge includes all non storm-water discharges except discharges pursuant
to an NPDES permit, discharges that are identified as "allowable™" in NPDES
Municipal Stormwater Permits, and discharges authorized by the Regional Board.

Impervious Surface — Any material that prevents or substantially reduces
infiltration of water into the soil.

Infiltration means the downward entry of water into the surface of the soil.
Infiltration rate (or infiltration capacity) is the maximum rate at which a soil in a
given condition will absorb water.

Inspection means entry and the conduct of an on-site review of a facility and its
operations, at reasonable times, to determine compliance with specific municipal or
other legal requirements.

Sacramento and South Placer Regions Stormwater Quality Design Manual
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Low Impact Development (LID) is a stormwater management strategy that
emphasizes conservation and use of existing natural site features integrated with
distributed, small-scale stormwater controls to more closely mimic natural
hydrologic patterns in residential, commercial, and industrial settings.
—Source: Puget Sound Action Team 2005

Maximum Extent Practicable (MEP) — Section 402(p)(3)(B) of the Clean Water
Act (CWA) directs the Regional Board to issue NPDES Municipal Stormwater
Permits which require the dischargers to develop and implement programs with the
goal of reducing the discharge of pollutants in stormwater runoff to the maximum
extent practicable (MEP). Originally, the term was not clearly defined by the CWA or
subsequent regulations, in order to allow dischargers the flexibility to design
programs tailored to unique conditions and needs of the community. However, the
SWRCB has since attempted to define the term. The State Board’s Office of Chief
Counsel (OCC) issued a memorandum interpreting the meaning of MEP to include
technical feasibility, cost, and benefit derived with the burden being on the
municipality to demonstrate compliance with MEP by showing that a BMP is not
technically feasible in the locality or that BMP costs would exceed any benefit to be
derived (dated 11 February 1993). For a more detailed discussion of this standard,
see State Board Orders WQ 1000-11 and 91-03. Finding 38 of the Sacramento
Areawide NPDES Stormwater Permit No. CAS082597 states: Implementation of
BMPs and compliance with performance standards in accordance with the
Permittees’ Stormwater Quality Improvement Plans and their schedules constitutes
compliance with the MEP standard.

Municipal Separate Storm Sewer System (MS4) means a conveyance or
system of conveyances (including roads with drainage systems, municipal streets,
alleys, catch basins, curbs, gutters, ditches, manmade channels, or storm drains)
owned by a State, city, county, town or other public body, that is designed or used for
collecting or conveying stormwater, which is not a combined sewer, and which is not
part of a publicly owned treatment works, and which discharges to Waters of the
United States.

National Pollutant Discharge Elimination System (NPDES) means the
national program for issuing, modifying, revoking and reissuing, terminating,
monitoring and enforcing permits under Clean Water Act 8307, 402, 318, and 405.

Natural Drainage System means an unlined or unimproved (not engineered)
creek, stream, river or similar waterway.

New Development means land disturbing activities; structural development,
including construction or installation of a building or structure, creation of
impervious surfaces; and land subdivision.

Non-Stormwater Discharge means any discharge to a storm drain that is not
composed entirely of stormwater. Certain non-stormwater discharges are authorized
per the NPDES Municipal Stormwater Permits.

Not Directly Connected Pavement — see Disconnected Pavement

NPDES — see National Pollutant Discharge Elimination System

Glossary-4
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NPDES Municipal Stormwater Permit — A permit issued by a Regional Water
Quality Control Board to local government agencies (Dischargers) placing provisions
on allowable discharges of municipal stormwater to waters of the state.

Performance Standard means a narrative or measurable number specifying the
minimum acceptable outcome for a pollution control practice.

Permittees means agencies named in the NPDES Municipal Stormwater Permits as
being responsible for permit conditions within their jurisdictions. For the
Sacramento Areawide NPDES Municipal Stormwater Permit, the permittees are the
County of Sacramento and the Cities of Citrus Heights, Elk Grove, Folsom, Galt,
Rancho Cordova and Sacramento. The City of Roseville is the sole permittee for the
Roseville Phase Il NPDES Municipal Stormwater General Permit.

Permitting Agency — The City or County responsible for issuing grading, building
and encroachment permits for new and redevelopment projects. In this Manual,
“permitting agency” does not refer to the regulatory agencies responsible for issuing
environmental permits.

Pervious Pavement — see Porous Pavement.

Pollutants means those substances defined in CWA 8502(6) (33.U.S.C.81362(6)),
and incorporated by reference into California Water Code 813373.

Porous Pavements (Pervious pavements) — Pavements for roadways,
sidewalks, or plazas that are designed to infiltrate runoff, such as: pervious concrete,
pervious asphalt, unit pavers- on-sand, and crushed gravel.

Post-Construction Stormwater Quality Plan — A plan specifying and
documenting permanent site features and control measures that are designed to
control pollutants for the life of the project. The plan should include sufficient design
detail and calculations to demonstrate the adequacy of the stormwater quality
control measures to control pollution from the developed site. This plan may be
required prior to issuance of certain development permits; check with your local
permitting agency.

Rain Event or Storm Event means any rain event greater than 0.1 inch in 24
hours except where specifically stated otherwise.

Rational Method — A method of calculating runoff flows based on rainfall
intensity, and tributary area, and a factor representing the proportion of rainfall that
runs off.

Receiving Waters means all surface water bodies in the Central Valley Region that
are identified in the Basin Plan.

Redevelopment — see Significant Redevelopment.

Sacramento and South Placer Regions Stormwater Quality Design Manual
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Regional Stormwater Quality Treatment Facility (Regional Facility) — A
facility that treats runoff from more than one project or parcel (typically a large
drainage catchment of 100 acres or more). A regional facility may be in lieu of on-site
treatment controls to treat urban runoff prior to discharge to Waters of the State,
subject to the approval of the applicable permitting agency.

Regional Water Quality Control Board (RWQCB) — California RWQCBs are
responsible for implementing pollution control provisions of the Clean Water Act
and California Water Code within their jurisdiction. There are nine California
RWQCBs. Sacramento and South Placer County areas are under the jurisdiction of
the Central Valley RWQCB (Region 5).

Restaurant means a facility that sells prepared foods and drinks for consumption,
including stationary lunch counters and refreshment stands selling prepared foods
and drinks for immediate consumption (SIC Code 5812).

Retail Gasoline Outlet means any facility engaged in selling gasoline and
lubricating oils.

Retention — The practice of holding stormwater in ponds or basins and allowing it
to slowly infiltrate to groundwater. Some portion will evaporate. Also see infiltration.

Runoff — see Urban Runoff

Sacramento Stormwater Quality Partnership — A collaborative of public
agencies in Sacramento County that protects and improves water quality in local
waterways for the benefit of the community and the environment. Participating

agencies include the County of Sacramento and the Cities of Citrus Heights, Elk

Grove, Folsom, Galt, Rancho Cordova and Sacramento.

Significant Redevelopment includes, but is not limited to: expansion of a
building footprint; replacement of a structure; replacement of impervious surface
that is not part of routine maintenance activity; and land-disturbing activities related
to structural or impervious surfaces. For redevelopment projects subject to this
manual, the applicable design standards apply only to the redeveloped area, and not
to the entire site, except in cases where untreated drainage from the existing
developed portion is allowed to enter/flow through the redeveloped portion. In such
cases, any new required treatment control measures must be designed for the entire
contributing drainage area. Redevelopment and infill project applicants should check
with the local permitting agency at the start of project design to verify whether or not
the manual requirements apply.

Source Control Measure means any schedules of activities, prohibitions of
practices, maintenance procedures, managerial practices or operational practices
that aim to prevent stormwater pollution by reducing the potential for contamination
at the source of pollution.

Stormwater means stormwater runoff, snowmelt runoff, and surface runoff and
drainage.

Stormwater Quality Plan — See Post-Construction Stormwater Quality Plan
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Structural Control Measure means any structural facility designed and
constructed to mitigate the adverse impacts of stormwater and urban runoff
pollution (e.g. canopy, structural enclosure). The category may include both source
and treatment control measures.

Target Pollutants — Pollutants identified by the permittees as most likely to
impair local receiving waters, based on evaluation of available monitoring data and
other information.

Treatment means the application of engineered systems that use physical,
chemical, or biological processes to remove pollutants. Such processes include, but
are not limited to, filtration, gravity settling, media absorption, biodegradation,
biological uptake, chemical oxidation, and UV radiation.

Treatment Control Measure means any engineered system designed to remove
pollutants by simple gravity settling of particulate pollutants, filtration, biological
uptake, media absorption or any other physical, biological, or chemical process.

Urban Runoff means any runoff from urbanized areas including stormwater and
dry weather flows from a drainage area that reaches a receiving water body or
subsurface. During dry weather, urban runoff may be comprised of groundwater base
flow and/or nuisance flows, such as excess irrigation water.

Volume-Based Treatment Control Measures — Stormwater quality treatment
measures that rely on volume capacity to treat stormwater. These measures detain or
retain runoff and treat it primarily through settling or infiltration. Examples:
detention and infiltration basins, porous pavement and stormwater planters
(bioretention).

Water Board(s) — Generic reference to the State Water Resources Control Board
(SWRCB) and/or the nine Regional Water Quality Control Boards (RWQCBS).

Water Quality Volume (WQV) — For stormwater treatment BMPs that depend
on detention to work, the volume of water that must be detained to achieve
maximum extent practicable pollutant removal. This volume of water must be
detained for a specified drawdown time.

Wet Season (Rainy Season) — for the Sacramento region, the calendar period
beginning October 1 and ending April 30. Note: This differs from the Dept. of Fish
and Game’s wet weather definition, which is October 15 — April 15.

Sacramento and South Placer Regions Stormwater Quality Design Manual
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Appendix A
Submittal Requirements

The submittal related to post-construction stormwater quality control measures for the project shall be
made in the format specified by the permitting agency. The submittal shall include sufficient design detail
and calculations to demonstrate the adequacy of the design to meet the agency requirements, and shall
consist of the following information, at a minimum;

Total site acreage

Project density (residential projects only)

Impervious areas: existing & proposed buildings and other structures; pavement

Pervious areas: landscaped, open space, other areas

Grades/contours (agency may specify contour interval)

Drainage systems, including pipe materials, sizes, slopes and invert elevations

Contributing drainage shed(s) — delineate and give acreage of the sheds contributing runon and runoff

to and from the project; identify those sheds associated with the proposed stormwater quality control

measures

e Location(s) where site discharges to municipal storm drain system and/or receiving waters
Existing tree canopies and locations of proposed new evergreen/deciduous trees (if interceptor tree
control measure is being proposed)

e Typeand location of proposed post-construction stormwater quality control measures*, indicating for
each measure: size/label of contributing shed(s); amount of contributing impervious and pervious
area; and WQV or WQF to be treated.

e Design parameters used to determine size of proposed control measures, including runoff reduction
worksheets, if applicable. Include calculations where appropriate/required (permitting agency may
allow cross-reference to Drainage Study). Record this information on the “ Design Data Summary
Sheet” provided at the end of each fact sheet in Chapter 6.

e Detailsfor post-construction control measures, including the following information, where
applicable:

o Dimensions and setbacks from property lines and structures

Profile view, including typical cross-sections with dimensions

Water surface elevations/freeboard

Inlets, outlet structures, and release points

Vegetation & growing medium specifications, incl. provisions for temporary irrigation if

needed

o Specifications for construction materials, such asfilter fabric and infiltration materials
o Ingtalation requirements
e Maintenance requirements shall be submitted separately. See Appendix B in Design Manual .

e o o o o o o

O O O O

*Control measures may be those included in the Stormwater Quality Design Manual for Sacramento and South
Placer Regions or alternative measures. For projects proposing use of control measures not specified in the Design
Manual, the review and approval process may take longer. Also, slight variations to design criteria stated in the
manual may be approved on occasion, provided the agency determines that performance of the facility itself or other
site structures/featuresis not compromised. For agencies in Sacramento County, proposals of aternative proprietary
structural devices may be accepted if the manufacturer can satisfy the agencies' protocol or the property owner
agrees to conduct a pilot scale monitoring study.

To avoid delays, all alter native proposals should be discussed with the stor mwater
quality staff at the permitting agency as early as possible in the planning
stages of the project, preferably at the pre-application meeting.



Example Preliminary Stormwater Quality Compliance Form
(Sacramento County)

The following information is presented for_example purposes only
and may not be the current version. The other
permitting agencies in the region may use different forms.
Contact the local permitting agency for their submittal requirements.



Sacramento County Supplemental Application:

Preliminary Stormwater Quality Compliance Form
Thisformis provided for example purposes only.
Check with your local permitting agency for copies of forms and procedures appropriate for your project site.

1) Project Information

Applicant Name: Phone Number:

Address:

Project Contact: Phone Number:

Project name: Assessor Parcel Number(s):

Site Address:

Project Category (check all that apply): [Refer to Design Manual Table 3-2 for Priority Project Categories|
[] Residential (Single Family) [] Retail Gasoline Outlet [ Hillside Development

] Residential (Multi-Family) [] Restaurant [] Parking Lot

] Commercial Development ] Industrial Development

(] Automotive Repair Shop [] Street/Road

Project Gross Acres: Project Net Acres:

Existing Impervious Surface Area: Proposed Impervious Surface Area:

Watershed or receiving water:

2) Sour ce Controls (check source control measure or applicable pollutant sources, check Design Manual
Chapter 4 for more information on source control measures)
RRefer to Design Manual Table 3-2 for Requirements|

[] Storm Drain Message and Signage ] Outdoor Work Areas
[] Fueling Areas ] Vehicle/Equipment Wash Areas
[] Loading/Unloading Areas [] Waste Management Areas

] Outdoor Storage Areas [ Other Describe

3) Runoff Reduction M easures

RRefer to Design Manual Table 3-2 for Requirements|

Will runoff reduction measures be utilized for this project?_|Yes[ |No

If yes, check selectec runoff reduction measures below; attach completed Runoff Reduction worksheets
(Design Manual Appendix D).

] Alternative Driveway Design
] Disconnected Roof Drains
] Disconnected Pavement
] Green Roof

[] Interceptor Trees

] Porous Pavement

[_] Other Describe

4) Stormwater Quality Treatment Requirements

RRefer to Design Manual Table 3-2 for Requirements|

Is treatment required? [_]Yes[ [No If no, form is complete with signature. If yes, complete this section.
Indicate No. of drainage sheds for the site:

Early consideration of stormwater quality during site planning may reduce the overall cost of treatment
controls. Runoff reduction methods and innovative design options can reduce the size of treatment
options. In addition, early consideration allows for non-proprietary treatment options that can
significantly reduce construction and maintenance costs.




5) Attach Project Overview and Stormwater Quality Narrative

[linclude Project description indicating nature of project (e.g. isit anewly developing site, replacement
of previously developed site, isit an infill site). Describe activities planned for site that may impact water
quality such asaretail gasoline outlet as part of a development. Describe selected treatment options.
Developers should keep in mind that proprietary devices require extensive maintenance by the owners of
the property and should consider alternative treatment measures first. Project description should be no
more than 1 page relating to stormwater quality.

6) Attach Site Plans* and/or Drawings Showing:
[|Existing and natural hydrologic features
[|Existing and proposed drainage system
[ |Proposed drainage shedsincluding (Refer to item #4, if treatment is required)

o Name of shed

o Existing amount of pervious and impervious areas

o Proposed amount of pervious and impervious areas

o Proposed treatment option(s) for each shed
[ Pollutant source areas including loading docks, food service areas, refuse areas, outdoor processes and
storage, vehicle cleaning, repair or maintenance, fuel dispensing, equipment washing, etc.
[]Proposed design features to minimize impervious areas, applicable runoff reduction techniques,
innovative design, and all treatment options selected

*Note: Planswill not be checked for adequacy of treatment options until design review of drainage system. For
information related to correct sizing and other requirements refer to Sormwater Quality Design Manual for
Sacramento and South Placer Regions.

7) List Sheds and Selected Stormwater Quality Treatment Controls (if treatment isrequir ed)

Shed Name Total Shed Area Flow (cfs) or Treatment Controls Selected
ImperviousArea | PerviousArea Volume (ft%)

Attach more sheets as necessary

7) Signature
Print Name: Indicate Owner or Title

Signature: Date:




Example Post Construction Stormwater Quality Control Plan
(Sacramento County)

The following information is presented for_example purposes only
and may not be the current version. The other permitting
agencies in the region may have different requirements.
Contact the local permitting agency for their submittal requirements.




GRASSY SWALE FLOW CALCULATIONS

SWALE "A" SWALE "B" SWALE "C"
WATERSHED AREA 0.10 AC 0.51 AC 0.34 AC
NOLTE FLOW 0.05 CFS 0.26 CFS 0.17 CFS
R 0 0 NOLTE DEPTH 0.05 FT 0.27 FT 019 FT
- - 100 YR FLOW 0.20 CFS 1.02 CFS 0.68 CFS
c SCALE: 1"= 20
N 100 YR DEPTH 012 FT 0.54 FT 0.40 FT
A ]
\
\
SWALE "C” 6 () SWALE "B”
\
\ GRASSY SWALE DESIGN CALCULATIONS
WQF = 2 YR, 6 HR STORM PER 4—1, "STORM QUALITY MANUAL."
WQF = CLA
WHERE: C = COEFICIENT OF RUNOFF ~ 0.95
\ L = RAINFALL INTENSITY — 2 YR, 6 HR = 0.18
NOTE: WATERAHED 4 A = WATERSHED AREA
DRAINING TO ROADSIDE
DITCH THEN INTO D.1 WATERSHED 1 AREA = 0.10 AC = A - SWALE "A”
LOGATER ol WATERSHED 2 AREA = 0.85 AC—2 SWALES
SWALE "B” A, = 0.51 AC, SWALE "C" A; = 0.34 AC
WATERSHED 2 \
\ TREATMENT TO BE GRASSY SWALE:
ALL SWALES 3:1 SIDE SLOPES
DOWNSPOUT dos, DOWNSPOUT \ SWALES BOTTOM GRASS HEIGHT BETWEEN 4 TO 6 INCHES
e
1202853 f \/ \ SWALE A"
WOF = CLA = .95(.18)(0.1) = 0.017 CSF
\ \ LENGTH OF: SWALE "A" = 30 FT.
WATERSHED 3 : \ \ WATER QUALITY DEPTH = 0.04 FT
BOTTOM WIDTH =6 FT
F.F.- 40.00’ K CHANNEL SLOPE =0.005
PAD: 39.20° \ CONTACT TIME FOR SWALE "A™
- ) Te = L/V (1 MIN/ B0SEC)
\ \ WHERE: L = SWALE LENGTH 55 FT., V = VELOCITY IN SWALE
v vV = Q/A
\ | WHERE: A = SWALE CROSS SECTION AREA = 0.264 SQ FT., Q= WQF = 0.017 CSF
_ v = (0.017/0.264)= 0.064
Te = (30/0.064)(1 MIN/ 60 SEC) = 7Z.8MIN >7MIN
‘ SWALE "B"
\ WQF = CLA, = .95(.18)(0.51) = 0.087 CSF
A v——— \ LENGTH OF: SWALE "B" = 114 FT.
SRnEE @4 METy | T T 2T
' o ——, w—— | ‘ WATER QUALITY DEPTH = 0.21 FT
I — — —— e \ CHANNEL SLOPE = 0.5 %
3 CONTACT TIME FOR SWALE "B":
<, ) <, VE
@gﬁ\é’ Sy, 1}9&«9 &, %@“’ ok, RS \ \ Te = L/V (1 MIN/ BOSEC)
Ea "o P oY P R de é\‘:; \ WHERE: L = SWALE LENGTH 114 FT., V = VELOCITY IN SWALE
22 vV = Q/A
ooumSPOUT DONNSPOUT DONNSPOUT SWALE "A” \ N WHERE: A = SWALE CROSS SECTION AREA = 0.548 SQ FT., Q= WQF = 0.087 CSF
\ \ V = (0.087/0.548) = 0.159
Te = (114/0.159)(1 MIN/ 60 SEC) = 11.9>7MIN
NOTE: ALL DOWNSPOUTS ARE DISCONNECTED FROM STORM DRAIN —_— \ SWALE "C"
NOTE: ALL DOWNSPOUTS TO DRAIN TO THE NORTH OF BUILDING \ \ WQF = CLA, = .95(.18)(0.34) = 0.058 CSF
\ LENGTH OF: SWALE "C” = 102 FT
\ \ \ BOTTOM WIDTH = 2 FT
\ CHANNEL SLOPE = 0.7 %
\ \ WATER QUALITY DEPTH = 0.15 FT
\ CONTACT TIME FOR SWALE "C":
. ! Te = L/V (1 MIN/ BOSEC)
WHERE: L = SWALE LENGTH 102 FT., V = VELOCITY IN SWALE
Vo= Q/A
WHERE: A = SWALE CROSS SECTION AREA = 0.372 SQ FT., Q= WQF = 0.058 CSF
10" GRASSY SWALE 10° GRASSY SWALE = (0.058/0.372) = 0.156
CONSTRUCTION KEYNOTES Te = (102/0.156)(1 MIN/ 60 SEC) = 110.9>7MIN
1" MIN. 1" MIN.
@ S&NST. ETBTJ'E F" D g%NST.s_,ﬂg;.SDMH W/ 12" SUMP PER SAC. CO. DWG. 9-7A 2 [ POST CONSTRUCT'ON MEASURES
FL IN= 37.00' FL OUT="30.12"
LN 3700 ey TYPE IMPERVIOUS AREA | PERVIOUS AREA | WATER QUALITY
IN= X g
PLACE 25 LF. OF 12" SDR-35 PV.C. r]a MIN WATER QUAL[TY DEPTH 05" MIN WATER QUALITY DEPTH FLOWS
SLOPE= 0.010 PLACE 49 LF. OF 21" SDR-35 P.V.C.
PLACE 5 LF. OF 21" SDR-35 PV.C. PLUG SLOPE= 0.0020 q
5= 00020 e CONST. 48" SOMH PER SAC. CO. DWG. 9-7A \ DRAINAGE SWALE
FL oUT= 30.51" RIM= MEET EX. GRADE (vcn(wr\erk:rruyqsuf_gcw) store 21 J T N sLope 21
B FL OUT= 30.02' = EX. FL (V ) : .
& CONST. 48" SOMH PER SAC. CO. DWG. 9-Ti UT AND REPLAGE EXIST. PAVEMENT M <ot 31 MAX, SLOPE 31 SWALE A 0.10 AC 0.01 AC 0.017 CFS
FL OUT= 30.50' TO CONST. 21" STORM DRAIN PER MAX. MAX. SWALE B 0.48 AC 0.03 AC 0.087 CFS
12" FL IN= 33.77' SAC. CO. DETAIL 4-31 GRASS HEIGHT GRASS HEIGHT
INSTALL 6” DIAMETER PVC PIPE UNDER DRAIN SYSTEM » » INSTALL 6" DIAMETER PVC PIPE UNDER DRAIN SYSTEM B " SWALE C 0.31 AC 0.03 AC 0.058 CFS
PLACE 191 LF. OF 21" SDR-35 P.V.C. CONST. 30 LF. OF GRASSY SWALE WRAPPED WITH FILTER FABRIC PER TABLE 4-24 OF #TMIN & 67 MAX. WRAPPED WITH FILTER FABRIC PER TABLE 4-24 OF 47 MIN & 67 MAX.
SLOPE= 0.0020 SLOPE= 0.005 ON-SITE STORMWATER QUALITY CONTROL MANUAL f— ON-SITE STORMWATER QUALITY CONTROL MANUAL.
CONST. TYPE "F" D.. CONST. 114 L.F. OF GRASSY SWALE WRAPPED PIPE_SURRONEDE 3" DEEP WITH COARSE TYPE OF GRASS: YOLO CREEPING WILDRYE WRAPPED PIPE_SURRONEDE 3" DEEP WITH COARSE  pype' oF GRASS: YOLO CREEFING WILDRYE
- g - AGGREGATE. SIDES OF TRENCH ARE LINE WITH FILTER AGGREGATE. SIDES OF TRENCH ARE LINE WITH FILTER
e A SLOPE= 0.005 FABRIC PER TABLE 4-24 OF ON-SITE STORMWATER FABRIC PER TABLE 4-24 OF ON-SITE STORMWATER DRAIN INLET MESSAGE N/A N/A N/A
FL OUT= 34.25' @ CONST. 102 LF. OF GRASSY SWALE QUALITY CONTROL MANUAL. QUALITY CONTROL MANUAL.
N SLOPE= 0.007
PLACE 138 LF. OF B" SDR-35 P.V.C.
SLOPE= 0.010 CERTIFICATE OF CONTROL MEASURE COMPLIANCE
THE REQUIREMENTS OF THE COUNTY POST CONSTRUCTION CONTROL MEASURES
REGULATION WERE MET BY THE METHOD CHECKED BELOW:
GRASSY SWALE DETAIL SWALE "B", "C" GRASSY SWALE DETAIL SWALE "A" ___ ALL POST CONSTRUCTION CONTROL MEASURES HAVE BEEN INSTALLED AS
NTS NTS INDICATED ON THE APPROVED PLANS
BENCHMARK ELEV.: 39.48" COUNTY APPROVAL SCALE DRAFTED BY: 5 SHEET
SACTO CO. BM. NO-  25-27 ol " BESCRIPTION APPROVED BY[ DATE 7~ DESIENED BY POST-CONSTRUCTION STORM WATER QUALITY PLAN FOR: &) 6
0 L 1"= " =
7/8" METAL DISC STAMPED "CO. B.M. 25-27" o & ” =) OF
LéCATED IN TOP OF VERTICAL CURB, MNEAR o é VERT. 1"= N/A CHECKED BY: ) 7
CHISELED CROSS, 15" WEST OF EAST END OF El I'g
ahiga LE i Ry DA 1/11/2097 5 e
THE SPRR @ X-ING NO. D—128.2. é ASSESSOR'S PARCEL NO.: COUNTY OF SACRAMENTO STATE OF CALIFORNIA =] E[FiE wo.




Appendix B

Maintenance Requirements

State Mandated Requirement

Verification of long-term maintenance provisions for post-construction structural and treatment
control measures is mandated by the agencies' State-issued stormwater permits. For example, the
Sacramento Areawide NPDES Municipal Stormwater Permit (No. CAS082597) specifies:

22. Maintenance Agreement and Transfer: Each Permittee shall require that all
devel opments subject to Devel opment Sandards and site specific plan requirements
provide verification of maintenance provisions for post-construction structural and
treatment control BMPs. Verification shall include one or more of the following as
applicable:

a. Thedeveloper's signed statement accepting responsibility for maintenance until the
maintenance responsibility is legally transferred to another party; or

b. Written conditionsin the sales or lease agreement that require the recipient to
assume responsibility for maintenance; or

c. Written text in project conditions, covenants and restrictions for residential
properties assigning maintenance responsibilities to a home owner’ s association, or
other appropriate group, for maintenance of structural and treatment control BMPs;
or

d. Any other legally enforceable agreement that assigns responsibility for maintenance
of structural or treatment control BMPs.

Maintenance Agreements, Covenants or Permits

In compliance with this regulation, the local permitting agencies in the Sacramento and South
Placer areas have decided that they will require execution of a maintenance agreement, covenant
or permit with the property owner for projects using any of the following control measures:

Chapter 5— Runoff Reduction Control Measures:

e Porous Pavement
e Green Roof

Chapter 6 — Treatment Control Measures:

Constructed Wetland Basin
Detention Basin

Infiltration Basin
Infiltration Trench
Stormwater Planter
Vegetated Swale
Vegetated Filter Strip

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Typically maintenance agreements and covenants are recorded with the deed for the property and
follow property ownership. The agreements generally include provisions for the permitting
agency to recover costs for maintenance in the event that the property owner fails to fulfill their
obligations. Check with the local permitting agency about the timing for execution of the
agreement.

Recommended Inspection and Maintenance Procedures

A stand-alone table listing recommended inspection and maintenance proceduresis provided at
the end of the fact sheet for each of the above control measures. The intent isfor the applicable
table(s) to be incorporated into the maintenance agreement for the project with amendments as
needed by the project designer and property owner to pertain to the unique project conditions. It
isthe responsibility of the project designer to inform the permitting agency of the complete set of
necessary inspection and maintenance requirements that will provide long-term continued
performance and sustainability of the measures.

Reconstruction or Replacement of Failed Facilities

In addition to inspecting and performing maintenance on the stormwater quality control
measure(s), the property owner will be required by the maintenance agreement or permit to
reconstruct or replace the measure when it ceases to function properly. For informational
purposes, the table on the next page summarizes projected life span information for the various
stormwater quality control measures, based on available literature.

Example Maintenance Agreements

Each agency will likely use a different format for the maintenance verification. For example
purposes, two standard maintenance covenants/agreements are provided at the end of this
appendix, for the County of Sacramento and City of Sacramento, respectively. The contents of
each form are basically the same.

Resources for Additional Guidance

Maintaining Your Sormwater Management Facility: Homeowner Handbook, City of Portland,
OR. http://www.portlandonline.com/shared/cfm/image.cfm?d=65926

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Expected Life for Selected Stormwater Quality Control Measures (Based on

Published Literature)

Average
Life
Control Measure Expectancy! Source/Reference
Runoff Reduction (Chapter 5)
20 years Maintaining Your Stormwater Management Facility:
Homeowner Handbook, City of Portland, OR.
P P 2 http://www.portlandonline.com/shared/cfm/
orous Pavement image.cfm?id=65926
30 years http://www.seattle.gov/dpd/static/
GF_RainGardens_1 37427 _DPDP_019875.pdf
10-40 years  http://www.ecoroofsystems.com/

Green Roof

cost_files/c_cost.html

Treatment Control (Chapter 6)

Constructed Wetland
Detention Basin

20 years

http://www.epa.gov/superfund/programs/aml/
tech/cuwetlands.pdf

Water Quality 25 years and

http://www.abe.msstate.edu/csd/p-dm/all-chapters/

Detention Basin more chapter4/chapter4/det-basin.pdf
Infiltration Basin NA Information to be provided in a future update
30 years http://www.portlandonline.com/shared/
Infiltration Trench cfm/image.cfm?id=65926
5-15 years http://www.epa.gov/owmitnet/mtb/infltrenc.pdf
Sand Filter 5-20years http://www.fhwa.dot.gov/environment/ultraurb/3fs7.htm
Stormwater Planter NA Information to be provided in a future update
. . 50 years http://www.portlandonline.com/shared/
Vegetated Filter Strip cfm/image.cfm?id=65926
20 years http://www.highwaybmp.dfwinfo.com/FHWA_PDF/
Grassed%20Swale.pdf
Vegetated Swale
no known http://www.epa.gov/nrmrl/pubs/600r04121/600r04121asect6.pdf
limit

NA: Not available

! Information is based on cited references/sources and assuming proper design, installation & long term
maintenance. Life expectancy may vary depending on the design. The studies cited in this table may not
have used the same design criteria as specified in this design manual.

2 Expected life estimated to increase with increased pavement depth.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Example Maintenance Covenant
(Sacramento County)

The following information is presented for_example purposes only
and may not be the current version. The other
permitting agencies in the region may use different forms.
Contact the permitting agency for your project to obtain their current form.




RECORDING REQUESTED BY and for the BENEFIT OF:

NAME Sacramento County
Department of Water Resources

wALNG 827 7" Street, Rm. 301
Sacramento, CA 95814

CITY, STATE
ZIP CODE

INTEROFFIC

E MAIL: Mail Code 01-301

NO FEE DOCUMENT
Gov. Code §6103

SPACE ABOVE THIS LINE RESERVED FOR RECORDER'S USE

DECLARATION OF COVENANTS
(Provisional Device Monitoring, Maintenance and Access)

THISDECLARATION OF COVENANTS (“Declaration”) is executed as of :
200, by a , (hereinafter the “ Declarant”) with
reference to the following facts:

A. Declarant is the owner of that certain rea property, located within the County of Sacramento,
California (hereinafter, “ Sacramento County”), commonly referred to as Assessor’s Parcel Number (“APN™)
, and more particularly described in Exhibit “A” and the plat thereof on Exhibit “B,”
attached hereto and incorporated by reference herein (hereinafter, the “ Subject Property”).

B. At the time of Sacramento County’sinitial approval of the development project known as
wherein the Subject Property islocated, Sacramento County required installation of on-
site control measures to minimize pollutants in urban runoff.

C. Declarant has chosento install a , hereinafter referred to asthe
“Device,” asthe on-site control measure to minimize pollutants in urban runoff.

D. The Deviceis provisionally accepted by Sacramento County for installation on the Subject
Property in satisfaction of the Declarant’ s obligation to minimize pollutant run-off from the Subject Property
provided the Device is monitored as herein provided in accordance with the monitoring requirements stated in
Exhibit “D” attached here to and incorporated herein.

E. The Device has been installed in accordance with plans and specifications accepted by Sacramento
County.

F. The Device, being installed on private property and draining only private property, is a private
facility, and all maintenance or replacement of the Device is the sole responsibility of the Declarant in
accordance with the terms of this Declaration.

G. The Declarant is aware that periodic and continuous maintenance, including, but not necessarily

limited to, filter material replacement and sediment removal, is required to assure peak performance of the
1



Device in accordance with the maintenance procedures prepared for the Device which maintenance procedures
are attached hereto as Exhibit “C” and incorporated herein.

H. Maintenance of the Device will require compliance with all Local, State, or Federal laws and
regulations, including those pertaining to confined space and waste disposal methods, in effect at the time such
mai ntenance occurs.

NOW THEREFORE, in consideration of the foregoing benefits, as well as the benefits obtained by the
Declarant and other valuable consideration, the receipt and adequacy of which is hereby acknowledged,
Declarant hereby declares as follows:

1 Covenant Running with Land. The Declarant does hereby covenant that the burdens and benefits
herein made and undertaken shall constitute covenants running with the Subject Property and constitute an
encumbrance on said Subject Property which shall bind successors.

2. Declarant Responsibility to Maintain: Declarant, its successors or assigns, shall at al times maintain
the Device in accordance with the requirements stated in Exhibit “C” and Declarant shall use its best efforts to
maintain the Device in a manner assuring its peak performance at all times. All reasonable precautions shall be
exercised by Declarant and Declarant’ s representatives in the removal and extraction of material(s) from the
Device. Disposal of the material(s) shall be performed in a manner consistent with al relevant laws and
regulations in effect at the time of removal. For atime period of the most recent three (3) years, Declarant shall
maintain written documentation verifying al material(s) removed from the Device, including identifying the
material (s) removed, quantity, and manner and place of disposal thereof. Such documentation is subject to
review by Sacramento County from time to time upon request.

3. Failureto Maintain: Inthe event Declarant, or its successors or assigns, fails to maintain the Device as
required by this Declaration, after thirty (30) days written notice thereof, Sacramento County may and is hereby
authorized to cause, at the Declarant’ s expense, any and all maintenance to the Device necessary under the
requirements specified in Exhibit “C.” In addition to the actual costs of such maintenance, the Declarant shall
reimburse Sacramento County for an additional fifteen percent (15%) thereof to cover costs of administration.
All such actual and administrative costs shall accrue interest from the date incurred by Sacramento County at
the maximum rate authorized by law until paid in full. The notice provided herein shall be effective on the date
sent by U.S. Mall, first class postage prepaid to the record owner of the Subject Property as shown on the most
recent tax roll.

4, Declarant’s Responsibility to Monitor: Declarant, its successor and assign, shall at all times, monitor
the Device as specified in Exhibit “D”.

5. Failureto Monitor: In the event Declarant, or its successors or assigns, fails monitor the Device as
required, after thirty (30) days written notice thereof by Sacramento County, Sacramento County shall be
authorized to cause, at Declarant’ s expense, any and all monitoring of the Device necessary under the
requirements specified in Exhibit “D”. In addition to the actual costs of such monitoring, the Declarant shall
reimburse Sacramento County for an additional fifteen percent (15%) thereof to cover costs of administration.
Such costs shall accrue interest from the date incurred by the County at the maximum rate authorized by the law
until paid in full. The notice provided herein shall be effective on the date sent by U.S. Mail, first class postage
prepaid to the record owner of the Subject Property as shown on the most recent tax roll.




6. Security: If the Declarant fails to maintain the Device as required to the standards specified in Exhibit
“C”, or failsto monitor the Device as required by Exhibit “D”, then Sacramento County may require the
Declarant, at the Declarant’s sole cost, to post security in aform, for atime period, and in an amount
satisfactory to Sacramento County, to guarantee the Declarant’ s performance of the obligations set forth herein.
Should the Declarant fail to perform the obligations under this Declaration, then Sacramento County may
realize against said security, and in the case of a cash bond, act for the Declarant using the proceeds from it, or
in the case of a surety bond, require the sureties to perform the obligations of this Declaration. Said security
shall be available to Sacramento County to satisfy the Declarant’ s reimbursement obligation under paragraphs 3
and 5, hereof.

7. Access by County: Declarant grants Sacramento County or the County's designee the unrestricted right
of access to the Device, including itsimmediate vicinity, and including ingress and egress to and from said
Device, at any time, upon twenty-four (24) hour advance notice in writing, of any duration for the purpose of
inspection, sampling and testing of the Device. Sacramento County shall make reasonable efforts at all times to
minimize or avoid interference with Declarant’ s use of the Subject Property.

8. Successor s and Assigns Bound: Declarant hereby agrees and acknowledges that maintenance and
monitoring of the Device as herein above set forth and the costs of maintenance and monitoring, Sacramento
County’ s access to the Device, and Sacramento County’ s rights of ingress and egress to the Device and
recovery of costsif Declarant fails to maintain and monitoring the Device as herein set forth, are a burden and
restriction on the use of the Subject Property. The provisions of this Declaration shall be enforceable as an
equitable servitude and as conditions, restrictions and covenants running with the land, and shall be binding
upon the Declarant and upon each an all of its respective heirs, devisees, successors, and assigns, officers,
directors, employees, agents, representatives, executors, trustees, successor trustees, beneficiaries and
administrators, and upon any future owners of the Subject Property and each of them.

0. Enforcement: It isthe expressintent of the Declarant that the terms and provisions of this Declaration
shall be enforceable as an equitable servitude by Declarant. To the extent necessary to do so, Declarant and its
successors and assigns, hereby confer and assign rights to enforce the terms and conditions of this Declaration
to Sacramento County.

10. Recor ding of Agreement: This Declaration shall be recorded in the Office of the Recorder of
Sacramento County, Californiaand shall constitute notice to all successors and assigns of the title to the Subject
Property of the rights and obligations herein set forth.

11. Amendment: This Declaration may be amended by Declarant, but only if in writing, and only after
written approval of Sacramento County.

IN WITNESS WHEREOF, Declarant has executed this Declaration as of the day and year written above.

DECLARANT:

By:

Its:




[attach]
DECLARANT' SACKNOWLEGEMENT

Exhibit “A”  Legal Description of Subject Property
Exhibit “B”  Plat of Subject Property

Exhibit “C”  Device Maintenance Requirements
Exhibit “D”  Device Monitoring Requirements



Example Maintenance Agreement
(City of Sacramento)

The following information is presented for_example purposes only
and may not be the current version. The other
permitting agencies in the region may use different forms.
Contact the permitting agency for your project to obtain their current form.




Recorded at the request of:

CITY OF SACRAMENTO
DEPARTMENT OF UTILITIES

No Fee per Government Code 6130

After recording, return to:
Office of the City Clerk
Historic City Hall

915 "I" Street, 1st Floor
Sacramento CA 95814

STORMWATER TREATMENT DEVICE
ACCESS AND MAINTENANCE AGREEMENT

OWNER:
PROPERTY ADDRESS:
APN:
THIS AGREEMENT is made and entered into in Sacramento, California, this day of
20, by and between (“Owner”), and the

CITY OF SACRAMENTO, a municipal corporation (“City”).

WHEREAS, the Owner owns real property (the "Property") in the City of Sacramento, County of
Sacramento, State of California, more specifically described in Exhibit “A” and depicted in Exhibit “B”,
each of which exhibits is attached hereto and incorporated herein by this reference; and

WHEREAS, at the time of initial approval of the development project on the Property known as
, the City’s conditions of approval included a requirement for the
Project to employ on-site control measures to minimize pollutants in urban runoff; and

WHEREAS, the Owner has chosen to install a (the
“Device”), as the on-site control measure to minimize pollutants in urban runoff; and

WHEREAS, the Device has been installed in accordance with plans and specifications accepted
by the City; and

WHEREAS, the Device, with installation on private property and draining only private property,
is a private facility and all maintenance or replacement of the Device is the sole responsibility of the
Owner in accordance with the terms of this Agreement; and

WHEREAS, the Owner is aware and agrees that periodic and continuous maintenance,
including, but not necessarily limited to, filter material replacement and sediment removal, is required to
assure peak performance of the Device and that, furthermore, such maintenance activity will require
compliance with all local, State, or Federal laws and regulations, including those pertaining to confined
space and waste disposal methods, in effect at the time such maintenance occurs.

Form Approved by City Attorney 3-13-07 Page 1



NOW THEREFORE, it is mutually stipulated and agreed as follows:
1. The foregoing recitals are incorporated herein by this reference.

2. Owner hereby provides the City or City's designhee complete access to the Device and its
immediate vicinity at any time and for any duration, upon twenty-four (24) hour advance
notice in writing, for the purpose of inspection, sampling and testing of the Device. City
shall make every effort at all times to minimize or avoid interference with Owner’s use of
the Property.

3. Owner shall use its best efforts diligently to maintain the Device in a manner assuring
peak performance at all times. All reasonable precautions shall be exercised by Owner
and Owner’s representative or contractor in the removal and extraction of material(s)
from the Device and the ultimate disposal of the material(s) in a manner consistent with
all relevant laws and regulations in effect at the time. As may be requested from time to
time by the City, the Owner shall provide the City with documentation identifying the
material(s) removed, the quantity, and disposal destination.

4. If Owner, or its successors or assigns, fails to accomplish the necessary maintenance
contemplated by this Agreement, within five (5) days of being given written notice by the
City, the City is hereby authorized (but shall not have any obligation) to cause any
maintenance necessary to be done and charge the entire cost to the Owner or Owner's
successors or assigns, including administrative costs and interest thereon at the
maximum rate authorized by the Civil Code from the date of notice of the cost until paid
in full.

5. The City may require the Owner to post security in a form and for a time period
satisfactory to the City, to guarantee performance of the obligations stated herein.
Should the Owner fail to perform its obligations as required under this Agreement, the
City may, in the case of a cash deposit or letter of credit, use the proceeds to pay costs
incurred by the City to take any action(s) authorized by this Agreement, or in the case of
a surety bond, the City may require the sureties to perform the Owner’s obligations
under the Agreement.

6. This Agreement shall be recorded in the Office of the Recorder of Sacramento County,
California, at the expense of the Owner and shall constitute notice to all successors and
assigns of the title to the Property of the obligations herein set forth, and also a lien in
such amount as will fully reimburse the City for costs incurred pursuant to Section 4,
above, including interest as hereinabove set forth, subject to foreclosure in event of
default in payment.

7. In the event of legal action occasioned by any default or action of the Owner, or its
successors or assigns, then the Owner, on behalf of itself and its successors or assigns,
agree(s) to pay all costs incurred by the City in enforcing the terms of this Agreement,
including reasonable attorney’s fees and costs, and further agrees that the same shall
become a part of the lien against the Property.

8. It is the intent of the parties hereto that burdens and benefits herein undertaken shall
constitute covenants that run with the Property and constitute a lien against the Property.
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9. The obligations herein undertaken shall be binding upon the heirs, successors,
executors, administrators and assigns of the parties hereto. The term “Owner” shall
include not only the present Owner, but also its heirs, successors, executors,
administrators, and assigns. Owner shall notify any successor to title of all or any part of
the Property of the existence of this Agreement. Owner shall provide such notice prior to
such successor obtaining an interest in all or part of the Property. Owner shall provide a
copy of such notice to the City at the same time such notice is provided to the
successor. If an Owner shall convey all of its interest in the Property, the Owner shall be
released from any obligations arising under this Agreement in connection with the
maintenance of or failure to maintain the Device occurring after the date of such
conveyance.

10. Time is of the essence in the performance of this Agreement.

11. Any notice to a party required or called for in this Agreement shall be served in person,
or by deposit in the U.S. Malil, first class postage prepaid, to the address set forth below.
Notice(s) shall be deemed effective upon receipt, or seventy-two (72) hours after deposit
in the U.S. Mail, whichever is earlier. A party may change a notice address only by
providing written notice thereof to the other party.

12. If Owner consists of more than one party, each person, entity or other party described as
the “Owner” in the first paragraph of this Agreement and/or executing this Agreement for
Owner shall be jointly and severally liable for each and every obligation and requirement
imposed on Owner herein.

IF TO CITY: IF TO OWNER:

Director of Utilities — Stormwater Program
City of Sacramento, Department of Utilities
1395 35" Avenue

Sacramento, CA 95822

IN WITNESS THEREOF, the parties hereto have affixed their signatures as of the date first
written above.

APPROVED AS TO FORM: OWNER:
City Attorney Signature of Authorized Person
CITY OF SACRAMENTO: Print Name:
Title:
Gary Reents, OWNER (if Necessary):
Director, Department of Utilities
ATTEST: Signature of Authorized Person
Print Name:
City Clerk Date Title:

NOTARIES ON FOLLOWING PAGE
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Appendix C

Connecting to the Sanitary Sewer System:
General Information

Unincor porated Sacramento County and the Cities of Citrus Heights, Elk
Grove, Folsom and Rancho Cordova

Sanitary sewer collection serviceis provided by County Sanitation District 1 (CSD-1); all
wastewater is treated by the Sacramento Regional County Sanitation District (SRCSD) at the
Sacramento Regional Wastewater Treatment Plant (SRWTP) in Elk Grove.

To install or replace sewer pipelines for new business or residence, both a building permit and a
sawer impact (connection) permit will be required. If public right of way or publicly owned
property will be used, an encroachment permit will be required. Building and encroachment
permits are issued by the County for the unincorporated area or by the applicable city. The sewer
connection permit isissued by CSD-1. The purposes of these permits are to ensure that plumbing
isinstalled safely and legally and that everyone pays their fair share of the cost to construct the
wastewater collection and treatment system (pipelines and treatment plant). Permits are not
required for "spot repairs’ (such as line replacement under 10 feet in length, or cleanout
installation).

Sewer impact (connection) fees must be calculated by the CSD-1/SRCSD Permit Services Unit.
Refer to CSD-1's web site (www.csd-1.com) or SRCSD's website at www.srcsd.com and call
876-6100 for afee quote.

A $45 inspection fee will be collected at the time of permit issuance for all pipes within the
County of Sacramento.

City of Sacramento

Sanitary sewer collection serviceis either provided by the City of Sacramento or CSD-1,
depending on the service area. Within the City’ s service area, the City operates a combined
sewer system (CSS) that collects both sewage and drainage for the area. Wastewater treatment
for these areas is provided by the SRCSD.

All development projects within the City will be charged sewer impact fees:

» For projects served by the City-owned collection system, the project will be charged a City
sewer/CSS devel opment fee and must pay the SRCSD sewer impact fee (connection fee).
The City's development fee will be charged through the City’ s building permit process.

» For projects served by CSD-1, the project must pay the CSD-1 and SRCSD sewer impact
(connection) fees.

' CSD-1 covers sewer service from a residence or business (via what CSD calls the "little pipes") to SRCSD's
"Interceptor System" (the "big pipes") that connect to the Sacramento Regional Wastewater Treatment Plant.
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City of Folsom

The City of Folsom owns and operates its own sanitary sewer collection system which eventually
tiesinto to SRCSD’ s interceptor system and is treated by the SRCSD at their plant in Elk Grove.

Development projects in Folsom will be charged a City connection/impact fee and the SRCSD
treatment fee.

City of Galt

Sanitary sewer collection service and wastewater treatment is provided by the City of Galt.
Proposed sanitary sewer connections must be identified during the project application stage and
will be reviewed on a case by case basis by the City's Public Works Department. Contact the
City of Galt Public Works Department at (209) 366-7280.

City of Roseville

Sanitary sewer collection service and wastewater treatment is provided by the City of Roseville.
Proposed sanitary sewer connections must be identified during the project application stage and
will be reviewed on a case by case basis by the City's Environmental Utilities Department.
Contact the Environmental Utilities Department Engineering Division at (916) 774-5751.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Appendix D

Runoff Reduction Credits Cal cul ations Worksheets

Appendix D-1 Worksheet for Residential Projects
Appendix D-2 Worksheet for Commercial Projects
Appendix D-3 Runoff Reduction Credit Criteria
Appendix D-4 Background Report and References



Fill in Highlighted Boxes

*_Includes all areas maintained in a natural state and planned for landscaped park areas

Dwelling units per acre Imperviousness
0.17
2 0.25
3,4 0.35
5,6 0.40
7 0.50
8,9 0.55
10-14 0.60
15-20 0.70

\"|A - Drainage Shed Area
- Aos - Parks and Open Space

Ar - Area with Runoff Reduction Potenti

Check the website for the electronic version at www.sactostormwater.org click on "new development”




Check the website for the electronic version at www.sactostormwater.org click on "new development”




TABLE D-1b Table D-1c

Single-family areas Roseville . in/hr
Multi-units, detached . Sacramento . in/hr
Apartment dwelling areas . Folsom . in/hr
Multi-units, attached

User Specified | 000 |

Check the website for the electronic version at www.sactostormwater.org click on "new development”
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Sacramento 5 ESE (7633) - Sacramento County, California
Capture / Treatment Analysis
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Figure D-1A. Unit Basin Storage Volume (inches)




*. Includes apartments, condominiums, and townhouses
**_Includes all areas maintained in a natural state and planned for landscaping

A — Drainoge Shed Areo

fee — Open Spoce ond Landscaping

A — Argg wlin Funeff Feducilon Potentlal

Table D-2a
Efficiency
Porous Pavement Type Multiplier
Cobblestone Block Pavement 0.40
Pervious Concrete/Asphalt
0.60
Pavement
Modular Block Pavement & 075
Porous Gravel Pavement ’
Reinforced Grass Pavement 1.00

Table D-2b
Minimum travel
Maximum roof size distance
< 3,500 sq ft 21 ft
< 5,000 sq ft 24 ft
<7,500 sq ft 28 ft
< 10,000 sq ft 32 ft

Check the website for the electronic version at www.sactostormwater.org click on "new development"




Check the website for the electronic version at www.sactostormwater.org click on "new development"




Check the website for the electronic version at www.sactostormwater.org click on "new development"
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Figure D-2A. Unit Basin Storage Volume (inches)




Appendix D-3
Runoff Reduction Credit Criteria

The following series of tables presents information related to calculating runoff reduction credits for the
control measures presented in Chapter 5 of the Design Manual.

Runoff Reduction Creditsfor Porous Pavement

This table refers to runoff reduction credit worksheets/forms which can be found in Appendix D-1 and
D-2 of this Design Manual. Efficiency multipliers were taken from Denver manual.

Pavement

Type Applications and Runoff Reduction Credits

Pervious Residential - Runoff Reduction Credits can be obtained for use of these materials in driveways (see

Concrete or Alternative Driveways Fact Sheet). The credit calculation is simplified in Appendix D-1.

Asphalt

P Commercial - Runoff Reduction Credits can be obtained for the use on any appropriate commercial

surface. Credits are calculated using an efficiency multiplier of 60%. The credit calculation is
simplified in Appendix D-2.

Modular Residential - Runoff Reduction Credits can be obtained for use of modular block in driveways (see

Block Alternative Driveways Fact Sheet). The credit calculation is simplified in Appendix D-1. Credits

Pavement can be obtained for use of modular block in other areas of residential development where surfaces
which would otherwise be impervious are substituted with MBP. Use an efficiency multiplier of
75%
Commercial - Runoff Reduction Credits can be obtained for the use of modular block on any
appropriate commercial surface. Credits are calculated using an efficiency multiplier of 75%. The
credit calculation is simplified in Appendix D-2.

Reinforced Residential - Runoff Reduction Credits can be obtained for use of reinforced grass pavement in

Grass residential development where surfaces which would otherwise be impervious are substituted with

Pavement reinforced grass pavement. Use an efficiency multiplier of 100%.
Commercial - Runoff Reduction Credits can be obtained for the use of reinforced grass pavement
on any appropriate commercial surface. Credits are calculated using an efficiency multiplier of
100%. This calculation is simplified in Appendix D-2.

Cobblestone Residential - Runoff Reduction Credits can be obtained for use of cobblestone block pavement in

Block driveways (see Alternative Driveways Fact Sheet). The credit calculation is simplified in Appendix

Pavement D-1. Credits can be obtained for use of cobblestone block pavement in other areas of residential
development where surfaces which would otherwise be impervious are substituted with
cobblestone block pavement. Use an efficiency multiplier of 40%.
Commercial - Runoff Reduction Credits can be obtained for the use of cobblestone block pavement
on any appropriate commercial surface. Credits are calculated using an efficiency multiplier of
40%. This calculation is simplified in Appendix D-2.

Porous Residential - Runoff Reduction Credits can be obtained for use of porous gravel pavement in

Gravel residential development where surfaces which would otherwise be impervious are substituted with

Pavement porous gravel pavement. Use an efficiency multiplier of 75%.

Commercial - Runoff Reduction Credits can be obtained for the use of porous gravel pavement on
any appropriate commercial surface. Credits are calculated using an efficiency multiplier of 75%.
This calculation is simplified in Appendix D-2.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Runoff Reduction Creditsfor Disconnected Pavement

Efficiency multipliers were taken from Denver manual.

Variation/
Application Runoff Reduction Credits

Pavement Draining to L andscaping

Residential ~ Runoff Reduction Credits can be obtained for disconnection of sidewalks (simplified in
Appendix D-1, Form D-1b) and driveways (see Alternative Driveways Fact Sheet,
simplified in Form D-1d).

Commercial Runoff Reduction Credits can be obtained for use of landscaping to disconnect impervious
surfaces. Credit can apply to 100% of up to 1000 square feet of pavement draining to each
properly designed vegetated area. (Source: Contra Costa Clean Water Program)

Pavement Draining to Porous Pavement (Source: Denver)

Commercial Runoff Reduction Credits can be obtained for disconnected impervious surfaces with the
amount of credit dependent on the ratio of impervious surfaces to pervious surfaces. More
credit is given for lower ratios. If the impervious surface area equals no more than half the
area of the porous surface, then credit is given for the entire impervious surface. As the ratio
increases above 0.5, the treatment provided is decreased resulting in a lower infiltration
factor. Credit is not given for ratios above 2.0. Credit allowed for specific
impervious/pervious ratios are listed below:

Impervious Area/ Porous Area Ratio Efficiency Multiplier
<0.5 1.00
0.5-1.0 0.83
1.0-1.5 0.71
1.5-2.0 0.55

The efficiency of the porous pavement in infiltrating sheet flow is dependent on the type of
pavement used. The following are the efficiency factors for different pavement types:

Por ous Pavement Type Efficiency Multiplier
Modular Block Pavement 0.75
Cobblestone Block Pavement 0.40
Reinforced Grass Pavement 1.00
Poured Porous Concrete Pavement 0.60
Porous Gravel Pavement 0.75

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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These tables refer to runoff reduction credit worksheets/forms which can be found in Appendix D-1 and D-2 of this
Design Manual.

Runoff Reduction Creditsfor Alternative Driveways

Variation Applicationsand Runoff Reduction Credits

Pervious Driveway  Residential — credits can be applied for the entire driveway surface when approved
materials and specifications are used in accordance with the Design Requirements.
Use Appendix D-1.

Hollywood Residential — an efficiency multiplier of 75% of the driveway area when approved
Driveway materials and specifications are used in accordance with the Design Requirements.
Use Appendix D-1.

Disconnected Residential — credits can be for the entire driveway surface when designed
Driveway according to this fact sheet. Use Appendix D-1.
Shared Driveway Residential — credits vary according to design. Consult municipal engineer

Runoff Reduction Creditsfor Disconnected Roof Drains

Variation Applicationsand Runoff Reduction Credits

Splash Block/Pop-up Drainage Emitter

Residential Credit may be given for each disconnected roof drain with the amount of credit
dependent upon building set back. This calculation is simplified in Appendix D-1.

Commercial Credit may be given for each disconnected roof drain meeting the design
requirements. The credit calculation is simplified in Appendix D-2.

Dispersal Trench and Dry Well

Residential Credit may be given for each disconnected roof drain meeting the design
requirements. The credit calculation is simplified in Appendix D-1.

Commercial Credit may be given for each disconnected roof drain meeting the design
requirements. The credit calculation is simplified in Appendix D-2.

Runoff Reduction Creditsfor Interceptor Trees

Variation Applications and Runoff Reduction Credits

All Planted Trees Residential - Credit may be given for each new tree planted in the municipal right-
of-way. Consult municipality about the possibility of credits for trees outside of the
municipal right-of-way. This calculation is simplified in Appendix D-1.

Commercial - Credit may be given for each new tree planted within 25 feet of
ground level impervious surfaces. 25% of trees already required by zoning can be
used for Interceptor Tree credits. This calculation is simplified in Appendix D-2.

New Evergreen Trees 200 square feet of credit

New Deciduous Trees 100 square feet of credit

Existing Trees The Runoff Reduction Credit, as applied to existing trees, is calculated by identifying
the square-footage equal to one-half of the existing tree canopy, measured within the
drip line. The resulting square footage divided by the total site square footage is
equal to the IRP. This calculation is simplified in Appendix D-1 and D-2.

*Trees required by the municipality as mitigation for other trees lost on the project will not count toward Runoff Reduction Credit

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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Trees Qualifying for Interceptor Tree Runoff Reduction Credits*

Mature Tree

Shape Canopy (dia) Height
Common Name Botanical Name Type** (max.)
American Chestnut Castanea dentata Oval to rounded or wide ~ 40-60' 80-120'

spreading
American Hornbeam Carpinus caroliniana Vase-shaped 20-30' 25-30'
American Linden Tilia americana Oval and informal 30-60' 60-80' (100")
American Sweet Gum Liquidambar styraciflua Conical 20-40' 45-65'
Amur Maackia Maackia amurensis Vase-shaped 15-20' 20-30'
Amur Maple Acer tataricum ginnala Rounded 15-20' 20'
Arizona Cypress Cupressus arizonica E Conical to vase 25-30" 40-50'
Atlas (Blue) Cedar Cedrus atlantica E Flat-topped, loose, open  30-40' 40-60' (120"

and spreading
Autum Blaze Maple Acer fremanii 'Autumn Blaze' Oval 50' 50'
Bald Cypress Taxodium distichum Oval at maturity, uniform  20-30'  50-70' (100")
Bechtel Crabapple Malusioensis'Plena’ Broad-rounded 20 25'
Bigleaf Maple Acer macrophyllum N  Broad-rounded 30-75' 45-75' (100"
Blue Oak Quercus douglasii N P Rounded umbrella 50-80' 50-60'
Burr Oak Quercus macrocarpa Broad-rounded 75-85' 70-80'
California Bay Umbellularia californica EN Round 30 25'
California Black Oak® Quercus kelloggii N Vase 30-60' 30-80'
Callery Pear Pyrus calleryana Oval 25' 40'
Canary Island Date Palm  Phoenix canariensis E Round head 25-30" 60'
Canary Island Pine Pinus canariensis E Pyramidal 25-35' 60-80'
Canyon Live Oak Quercus chrysolepis E N Broad-rounded 50-70' 50-75'
Carob Ceratonia siliqua E Broad to wide-rounded 30-45' 30-40'
Carolina Laurel Cherry Prunus caroliniana E Trregular rounded 15-25'  20-30' (40"
Chaste Tree Vitex agnus-castus Rounded 15-20' 20-25'
Chestnut-Leafed Oak Quercus castaneafolia Broad and rounded 50-60' 70-90'
Chinese Evergreen Elm  Ulmus parvifolia Rounded 40-50"  40-50' (70"
Chinese Fringe Tree Chionanthus retusus Rounded 20-25' 20-25'
Chinese Hackberry Celtissinensis Rounded 50-60' 40-80'
Chinese Pistache Pistacia chinensis Broad-rounded 25-35"  30-35'(50")
Chinese Wingnut Pterocarya stenoptera Broad-rounded 30-40' 40-90'
Coast Live Oak Quercus agrifolia EN Rounded 60' 40'
Coast Redwood Sequoia sempervirens E  Narrow pyramidal to wide 50-60' 350’

conical
Colorado Spruce Picea pungens E Narrow pyramidal to 10-20"  30-60' (135"

broad conical
Common Horsechestnut  Aesculus hippocastanum Pyramidal to oval 40-70" 50-75' (100'+)
Coolibah Eucalyptus microtheca Round head 30' 25-50"
Cork Oak Quercus suber E Rounded 35-45' 70-100'
Crabapple 'Prariefire" Malusioensis'Prariefire Broad-rounded 15-20' 25'
Crape Myrtle (Tree Form, Lagerstroemia hybrids Broad-rounded 15-20' 6-30'
some are large shrubs)
Crimson Sentry Maple Acer platanoides'Crimson Sentry Oval 40' 40'
Dawn Redwood Metasequoia glyptostroboides Conical to narrow 25-35"  80-90' (120"

pyramidal and formal
Deodar Cedar Cedrus deodara E  Wide and slightly flat-topped  30-60'  40-70' (200")
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Mature Tree

Shape Canopy (dia) Height

Common Name Botanical Name Type** (max.)
Douglas Fir Pseudotsuga menziesii E N Broadly cylindrical 30-40' 40-80' (200"
Eastern Dogwood Cornusflorida Broad-rounded 15-20' 20-25'
Eastern Redbud Cercis canadensis Rounded 25-35' 20-30'
English Hawthorn 'Paul's  Crataegus laevigata 'Paul's Vase-shape 20-25' 18-25'
Scarlet' Scarlet'
English Oak Quercus robur 50' 50'
European Beech Fagus sylvatica Oval to rounded 35-45'"  50-60' (100"
European Hackberry Cdltisaustralis Rounded 50-60' 40-80'
European Hornbeam Carpinus betulus 'Fastigiata’ Broad oval-vase shaped ~ 20-30' 40'
Evergreen Ash Fraxinus uhdei E  Round head 70' 40'
Flannel Bush Fremontodendron californicum E  Flat-topped Vase 20-25' 20-25'
Forest Green Oak Quercusfrainetto 'Forest Green' Rounded 30' 50'
Formosan Flame Koelreuteria elegans Broad rounded 35 35
Fragrant Snowbell Styrax obassia Rounded 15-20' 20-30'
Frontier Elm Ulmus 'Frontier' 30' 40'
Ginkgo Biloba (Male Only) Ginkgo biloba Wide rounded-pyramidal  30-40'+ 35-80' (100"
Golden Flame Tree Koelreuteria bipinnata Rounded 15-25' 20-40'
Goldenchain Tree Laburnum anagyroides Oval to round-headed 15-20' 20-30"
Goldenrain Tree Koelreuteria paniculata Rounded 30-40'+ 30-40'
Grecian Laurel Laurus nobilis E Irregular rounded 20-25' 15-40'
Green Ash Fraxinus pennsylvanica Oval, irregular 30' 40'

‘Patrmore, ‘Leprichaun, 'Canterpoint
Hedge Maple Acer campestre Rounded 30-35' 30-70'
Holly Oak Quercusilex E Rounded 40-50' 40-70'
Honey Locust (thornless) Gleditsia triacanthos Rounded to wide-rounded 30-70' 35-70"
Incense Cedar Calocedrus decurrens EN Conical 25-30"  30-50' (150"
Interior Live Oak Quercus widizenii E N P Irregular 30-60' 30-75'
Italian Stone Pine Pinus pinea Broad, flat topped 30-40' 40-80'
Japanese Maple Acer palmatum Broad-rounded 25'+ 20'
Japanese Pagoda Tree Sophora japonica Rounded to broad-spreading ~ 50-75' 50-75'
Japanese Red Pine Pinus densiflora E  Broadpyramidal andiregular  40-60'  40-60' (100")
Japanese Snowdrop Styrax japonicus Rounded 15-20' 25-30"'
Japanese White Birch Betula platyphylla japonica Oval 20-25' 40-50"
Jelecote Pine Pinu patula E 25' 30'
Kentucky Coffee Tree Gymnocladus dioica Oval with coarse branching  40-50'  60-75' (90")
Kobus Magnolia Magnolia kobus Rounded 15-25' 30'
Little-Leaf Linden Tilia cordata Rounded pyramidal 30-50'  60-70' (90")
Mexican Fan Palm Washingtonia robusta E Round head 10-15' 100
Norwegian Sunset Maple  Acer truncatum'Norwegian Sunset’ 25' 30'
Pin Oak Quercus palustris Uniformly pyramidal with 25-40' 50-80'

Ponderosa Pine
Prospector Elm
Purple Leaf Plum
Red Maple

Red Oak

Pinus ponderosa

Ulmus 'Prospector’
Prunusoerasifera Krauter Vesuvius'
Acer rubrum

Quercus rubra

a straight central leader

E N Conical

Rounded
Oval to rounded
Rounded

30-50'
30'
15-25'
to 60'
60-75'

60-100' (230')
40'
15-30'
40-60' (120")
60-75' (100')
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Mature Tree

Shape Canopy (dia) Height
Common Name Botanical Name Type** (max.)
Saucer Magnolia Magnolia x soulangeana Rounded 20-30" 25'
Scarlet Oak Quercus coccinea Oval to rounded with an ~ 40-50'  70-75' (100")
open habit
She-oak Casuarina stricta E Oval/vase 15-25° 20-35°
Shumard Red Oak Quercus shumardii Oval 50" 70"
‘Seville” sour orange Citrus ‘Seville’ E Rounded 15-20° 20-30°
Southern Live Oak Quercus virginiana E Broad rounded, irregular 65' 60'
Southern Magnolia Magnolia grandiflora E Broad pyramidal, rounded 30-50' 60-80'
pyramidal and rounded
Southern Magnolia 'St. Mary' Magnolia grandiflora 'St. E Rounded 15-20' 20'
Mary'
Strawberry Tree Arbutus unedo E Oval to rounded 8-35' 8-35'
Sugar Maple Acer saccharum Oval to rounded 40-60'  60-75' (120"
Sycamore Platanus species S Oval to rounded 30-50' 40-100'
Texas Red Oak Quercus buckleyi 25 30
Trident Maple Acer buergerianum Oval 20-25' 20-25'
Tulip Tree Liriodendron tulipifera Oval-rounded with a 35-50"  70-90' (150"
strong central leader
Tupelo / Sour Gum Nyssa sylvatica Rounded pyramidal 20-30' 30-50'
Valley Oak Quercus lobata N P Broad-rounded 50-80" 70"+
Vine Maple Acer circinatum N  Rounded 25-35' 5-35'
Washington Hawthorn Crataegus phaenopyrum Rounded, vase-shaped 15-20' 25'
Western Red Cedar Thuja plicata E Conical to wide conical 50-80' 50-70' (200"
Western Redbud Cercisoccidentalis Rounded 10-18' 10-18'
White Alder Alnus rhombifolia N  Pyramidal to rounded 15-25' 30-45'
White Ash Fraxinus americana ‘Autum Oval 60' 40'
Purplée, '‘Chicago Regal'
Willow Oak Quercus phellos Rounded 30-40' 40-60' (100"
Zelkova Zelkova serrata Vase-shaped and rounded ~ 30-60"  50-80' (120")

*proposed tree's/landscaping plans are subject to the approval of the local permitting agency
* only allowed in foothills of Folsom
**E=Evergreen; N=Native; P=Protected Species; S=Some Can Be Native
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Appendix D4

LID Credits Background Report

I.INTRODUCTION

Multiple environmental agencies, including the Central Valley Regional Water Quality Control Board,
have recently adopted a strategy to encourage municipalities and developers to incorporate Low I mpact
Development (LID) into site planning and design. Low Impact Devel opment includes a set of measures
that reduce site imperviousness, thereby reducing storm water runoff, and/or provide filtration through
vegetation or infiltration. In theory, use of LID controls within a given site results in areduction of the
amount of storm water requiring treatment, termed Runoff Reduction. The purpose of thisreport isto
summarize an effort undertaken by local agenciesto develop an LID, or Runoff Reduction, credit system.
This system is being developed for use in the Stormwater Quality Design Manual for the Sacramento and
South Placer Regions (Manual).

The NPDES Phase | and Phase || Municipal Stormwater Permits for the County of Sacramento (and co-
permittees) and the City of Roseville, respectively, require that treatment of storm water occur for
development projects of various types: residential and commercial being the most common. Thresholds
(by size of development) for treatment vary by permit, but all participating municipalities have an interest
in achieving regional consistency in the application of storm water design standards.

This document and the resulting worksheets are an attempt to 1) quantify the benefit obtained through the
incorporation of specific Runoff Reduction measures, and 2) provide a mechanism by which devel opers
can calculate the benefit for using Runoff Reduction and the resulting reduction in size of treatment
controls. Thisis achieved by assigning “credits’ to the use of Runoff Reduction measures.

This document focuses on the two most common types of development, residential and commercial, but
the concepts presented could be easily adapted to other types of development projects.

Assumptions
The Runoff Reduction credit system has been devel oped based on the following assumptions.
»  Pavement/asphalt and roof tops are 100% impervious.

» Landscaped areas, lawns, and natural areas are pervious and any runoff generated from these
areas is assumed to be clean with no further treatment needed.

*  Runoff from porous pavements is partially infiltrated/reduced depending on how pervious the
material isand on the permeability of native soils.

»  Runoff from impervious surfaces that flows across pervious surfacesis partially reduced with the
amount of reduction dependent on the type of receiving surface.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
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II.RESIDENTIAL CREDITSCALCULATION
Background Data

Research was conducted in 2005 by the City of Roseville and the County of Sacramento using studies of
available maps of residential developments of various sizes and types within Sacramento and Placer
County. These maps were used to calculate the aggregate area of features of interest: streets, rooftops,
sidewalks, and driveways, aswell as the total area of each development. A value was calculated for
rooftops, sidewalks, driveways, streets, and total impervious surface as a percentage of the total area. This
information was compiled to abtain local, accurate, empirical values for the average impervious fraction
of different types of residential developments with differing densities (dwelling units per acre), aswell as
information about how the different features contribute to total site imperviousness. Data collected in the
research effort for 29 sitesis summarized in Attachment A.

The Sacramento/Roseville data was used to compute an average impervious fraction for each of eight
categories of residential development classified by density, which ranged from one dwelling unit per acre
to 20 dwelling units per acre. Average total impervious fraction and percent imperviousness by surface
type has been identified in Table 1.

Table 1 - Average Impervious Fraction by Surface Type for Eight Categories of Residential

Development
DENSITY IN
DWELLING UNITS
PER ACRE (DU/A) 1 2 34 56 7 8-9 10-14 | 15-20
TOTAL
IMPERVIOUS
FRACTION 0.17 0.25 0.35 0.40 0.50 0.55 0.60 0.70
ROOFTOP 0.08 0.13 0.19 0.23 0.29 0.33 0.37 0.44
SIDEWALK 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
DRIVEWAY 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
STREET 0.01 0.04 0.08 0.09 0.13 0.14 0.15 0.18

Appendix D-1in Manual

The Residential Runoff Reduction Worksheet, Form D-1, allows a designer to calcul ate a reduced
treatment requirement based on the incorporation of various Runoff Reduction measures into their
project. To use Appendix D-1, the designer must obtain an accurate estimate of the project area, then
estimate how much of that areawill be ‘ open space and parks' as defined in the Manual. Open space and
parks does not include landscaping within individual residential lots. The open space/parks acreage is
subtracted from the total acreage to find the size of the area that will require treatment, A:. These
calculations are completed in Step 1 of the form.

The designer then proceeds through Step 2 to determine how much credit is earned for Runoff Reduction
techniques incorporated into the project. Using predetermined impervious fraction factors and Forms D-
la-d, the designer calculates the size of each areathat will be affected by various Runoff Reduction
techniques, and these areas become “ effectively managed” under the system. The total Effective Area
Managed (A.) equals the amount of credit allowed for the incorporation of Runoff Reduction measures.

For every technique, an efficiency multiplier is provided which reflects the fraction of runoff that is being
reduced or treated from the area being considered. For example, a porous pavement driveway reduces
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runoff from the driveway by 60% while a Hollywood driveway reduces runoff by 75%, based on each
driveway’ s ability to infiltrate stormwater. After an efficiency multiplier is determined, a use multiplier
representing the percentage of unitsin the development that are using the technique is determined. So, if
50% of the units in the devel opment use the Runoff Reduction measure, then 50% of possible reduction is
achieved. Finally, areduction factor is selected, which represents the fraction of land that the surface of
interest represents. For example, in calculating the amount of credits allowed for an alternative driveway,
the reduction factor reflects the area of driveway surface as a fraction of the total area requiring treatment
(A); in al residential developments, driveways comprise 4% of the total area. These fractions are all
multiplied together to get afraction of total site area effectively managed. Thisis multiplied by the total
acreage of A+ to find the area of impervious surface that is effectively managed (A.) by using the Runoff
Reduction technique.

S0 the effective area managed is equa to:
efficiency multiplier * use multiplier * reduction factor * total acreage

Runoff Reduction measures for which credit can be obtained within residential development projects
include disconnected roof drains, disconnected pavement, interceptor trees, and alter native driveways.
All Runoff Reduction measures must be designed and installed in accordance with specifications and
details provided in Fact Sheetsincluded in the Manual. The basis for the credit allowed for each of the
Runoff Reduction measures has been detailed below.

Disconnected Roof Drains (DRDs)

Disconnected roof drains (DRDs) can achieve the functional equivalent of reducing alarge amount of
imperviousness by directing rooftop runoff to a pervious surface, dispersal trench, or dry well, as allowed
by the local permitting agency. Use of DRDs as a Runoff Reduction measure has been recommended in
guidance manuals such as Start at the Source (1999) and The Practice of Low Impact Devel opment
(2003.) If the roof drainage is connected to adispersal trench or adry well that have been designed
according to specifications provided in the fact sheet, then 100% of the impervious surface attributed to
rooftop is considered treated for that unit, thus the efficiency multiplier is 1.00. Design standards for the
dispersal trench and dry well are adapted from High Point Community Site Drainage Technical Sandards
(2004) and Virginia Sormwater Management Program Handbook (1999).

If the runoff, viathe roof drain, is directed across the surface of the landscaping, then the amount of
runoff that will be treated is dependent on the amount of vegetation the water will flow through before
entering the storm drain system. The design specifications for Sacramento County require a 20-foot
setback between the house and the sidewalk. Most new devel opments obtain variances to reduce their
setback distancesto 15 feet or 12.5 feet. The efficiency multiplier for disconnected roof drains draining to
landscaping is then found using manning’ s equation to solve for hydraulic residence time. The manning’'s
equation used is the equation described in Filter Srip Worksheet 2005 Surface Water Design Manual
Szing Method published in the King County Surface Water Design Manual published by King County
Water and Land Resources Division.
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Where,

L =filter strip length (feet)

t = hydraulic residence time (seconds)
Q =design flow (cfs)

W = filter strip width (feet)

n = Manning’s roughness coefficient
s=longitudinal slope along path

WQF =Ci A
Where,

WQF = design flow (cfs)

C = Rational Runoff coefficient
i =rainfall intensity (in/hr)

A = Area (acres)

The equation is solved for hydraulic residence time, using various setback lengths and the
following assumptions.

Residential Disconnected Roof Drain Assumptions:

W=5feet  (recommended by local hydrologist astypica average)
s=0.01

n = 0.35 (residential islikely to have short grasses)

C =0.9 (rational C) (corresponds to rooftop’ s 100% imperviousness)
Rooftop area= 2,500 s feet (average roof areafor 5-7 DU/A)

The hydraulic residence time is then computed as a percentage of the value for full treatment, identified as
being 7 minutes by many stormwater manuals. The results are summarized in Table 2, and multipliers are
rounded to the nearest 0.05 in the form.

Table 2 — DRD Efficiency Multipliers Based on Length of Front Yard Setback

Length of Setback Residence Time Per cent of 7 minutes Efficiency multiplier
25 feet 8.6 min 123% 1
20 feet 6.9 min 98% 0.98
15 feet 5.2min 74% 0.74
10 feet 3.4 min 48% 0.48
5 feet 1.7 min 24% 0.24
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The designer must determine how many of the roof downspouts are to be disconnected, as a percentage of
total roof downspouts. This determines the use multiplier for disconnected rooftops.

The form is used to determine the area of impervious surface accounted for by rooftops, dependent on site
density (1-20 DU/A). This area is the maximum amount of impervious surface that can be effectively
managed with DRDs and comprises the reduction factor. Reduction factors for DRDs range from 0.08 to
0.44 and are summarized in Table 1.

Example:
If a20-acre residentia site, 5 DU/A (23% rooftop impervious surface), includes the disconnection of all

roof drains on 40% of houses with a setback of 12 feet (48% treatment) the Runoff Reduction measure
would result in:

(0.48)(0.40)(0.23)(20 acres) = 0.044(20 acres) = 0.88 acres of effectively managed area (A.).

Divided Sidewalks (DS)

Divided Sidewalks (DS) function to drain water runoff from sidewalks onto a strip of grass located
between the sidewalk and the street. Divided Sidewalks are essentially a variation on Disconnected
Pavement (DP) and the credits application method for DP was adapted from the Urban Storm Drainage
Criteria Manual Volume 3 — Best Management Practices for Denver (2005). The landscaping strips are
usually as wide as the sidewalks themselves, so the sidewalks are considered entirely treated. Sidewalks
account for approximately 6% of the total area of most residential developments, so if all units use
divided sidewal ks the development will treat 6% of total site runoff. If a development chooses to use
divided sidewalks on some areas, connector streets for example, the amount of credits applied will be
scaled by the percentage of units using the design. A designer chooses the percentage of units using the
design, and the number is multiplied by 0.04 to get the total credits obtained.

If adesigner uses divided sidewalks on 30% of unitsin a 200 acre development, the credit allowed: use
multiplier * reduction factor * total acreage

(0.30)(0.04)(200 acres) = 0.012(200 acres) =2.4 acres of effectively managed area (A¢).

Interceptor Trees (1T)

Interceptor trees can prevent and/or delay water from landing on an impervious surface. Much of the
intercepted water runs down along the tree’ s leaves and branches and evaporates, or runs down into the
root system. Properly located trees can reduce the effective impervious fraction by diverting rain that
would otherwise fall on streets and sidewalks. The City of Portland Sormwater Management Manual
(2004) and City of San Jose policy apply 100 sg. ft of credit for a deciduous tree and 200 sg. feet for an
evergreen tree. Research results published by Q. Xiao (1998, 2000(2), 2003) provides evidence that this
credit system is appropriate for the central valley climate. The number of treesis multiplied by the credit
to obtain an area reduced by interceptor trees. Credits may be applied for existing trees as defined in
Interceptor Trees Fact Sheet. To calculate the credits allowed for existing interceptor trees, the designer
must identify the square footage equal to one half of the existing tree canopy. The resulting areais
considered the area effectively managed by the existing interceptor trees.
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Alternative Driveway Design (ADD)

Alternative driveways can be designed to incorporate a pervious or semi-pervious surface or to direct
runoff into vegetation. Use of ADD as a Runoff Reduction measure has been recommended in guidance
manuals such as Start at the Source (1999) and The Practice of Low Impact Development (2003.) The
amount of runoff infiltrated on driveways depends on the type of porous pavement used (acceptable types
of porous pavements are listed under the Porous Pavement Section), therefore efficiency factors vary from
0.40 to 1.00 (see below Porous Pavement). For Hollywood driveways, which reduce pavement area but
do not necessarily utilize alternative pavement types, the reduction of paved surface and the redirection of
stormwater into the unpaved section results in an efficiency factor of 0.75.

The designer must determine how many of the driveways are to be designed using the alternative method,
as a percentage of total driveways. This determines the use multiplier for ADD. Reduction factor for
ADD measures for al development densities are 0.04.as summarized in Table 1.

Example:

If 50% of the homesin a 100 acre residential site, 5 DU/A (4% driveway impervious surface), use
Hollywood driveways, the Runoff Reduction measure would result in:

(0.50)(0.04)(0.75)(100 acres) = 0.015(100 acres) = 1.5 acres of effectively managed area (A.).

Using the Effective Area Managed (A.) in Calculating Treatment Requirement

After each Runoff Reduction measure has been addressed on the subforms, Forms D-1athrough D-1d, the
A.istotaled. This managed areais subtracted from the Area Requiring Treatment (A1) found in Step 1.
The Adjusted Area Requiring Treatment (Aat) isaso used to find an Adjusted Impervious Fraction (1).

After the At is calculated, the water quality flow and/or volume must be calculated for sizing treatment
controls. Whether the designer needs to calcul ate flow-based treatment or volume-based treatment
depends on the type of treatment planned.
Treatment flow(WQF) is found using the standard flow equation,

WQF=CiA
where Cistherational runoff coefficient based on the DU/A (Table D-1b in Form D-1), i isthe rainfall
intensity (varies by region, see Table D-1c in Form D-1), and A is the adjusted area requiring treatment
(AaT). Thisvalueisto be used when determining sizing criteriafor structural treatment controls.
Treatment Volume is found using either the CASQA method (Roseville):

V=AXSV/12

where A =thetotal area of the drainage shed,

SV = SV =the Unit Basin Storage Volume; use C, adjusted for credits earned (see
Adjusted Runoff Coefficient, below).
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Or the ASCE-WEF method (Sacramento):
WQV (ac-ft) =Po* A/ 12

where A = the total area of the drainage shed,
P, = maximized detention volume using the ASCE-WEF method.

Please refer to chapter 6 and Appendix E for the selection of the treatment measures and design
requirements. Then use form D-1f, Treatment — Volume Based (CASQA) for volume-based treatment
controls within the City of Roseville, or form D-1g, Treatment — Volume Based, for treatment controlsin
areas outside of the City of Roseville.

Adjusted Runoff Coefficient

The Adjusted Impervious Fraction is converted to an Adjusted Runoff Coefficient, Ca, using the empirical
regression equation presented in the California Sormwater BMP Handbook (CASQA, 2003).
C=0.85813-0.7812+0.7741 + 0.04

where,
C = runoff coefficient
| = impervious fraction

The results of this equation for values of “1” between 0 and 1 are listed in Table D-1d, Form D-1.

[11. COMMERCIAL AND MULTI-FAMILY CREDITS CALCULATION

Appendix D-2in Manual

The Commercial and Multifamily Runoff Reduction Worksheet, Appendix D-2, allows a designer to
calculate a reduced treatment requirement based on the incorporation of various Runoff Reduction
measures into their project. To use Appendix D-2, the designer must obtain an accurate estimate of the
area, then estimate how much of that areawill be ‘ open space and parks' as defined in the Manual. This
includes all landscaping areas and areas left in a natural state. The open space acreage is subtracted from
the total acreage to find the size of the area that will require treatment, A+. This area (A7) generally
includes parking lots, rooftops, and driveways, which are assumed to be impervious. The designer then
calculates the size of each areathat will be affected by various Runoff Reduction techniques, and these
areas become “ effectively managed” under the system. The total Effective Area Managed (A.) equalsthe
amount of credit allowed for the incorporation of Runoff Reduction measures.

Runoff Reduction measures for which credit can be obtained within commercial and multi-family
development projects include porous pavement, disconnected roof drains, green roofs, disconnected
pavement, and interceptor trees. All Runoff Reduction measures must be designed and installed in
accordance with specifications and details provided in Fact Sheets included in the Manual. The basis for
the credit allowed for each of the Runoff Reduction measures has been detailed below.
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Porous Pavement (PP)

The amount of credit applied for the use of porous pavement varies depending on the pavement type. The
effective impervious fraction of these different types of porous pavement has been studied and reported in
Urban Storm Drainage Criteria Manual Volume 3 — Best Management Practices for Denver (2005). This
source was used to determine the impervious fraction of the following porous pavement types. Modular
Block Pavement is concrete blocks with open voids occupying at least 20% of total surface area. The
voids are filled with gravel and then filled in with sand. These surfaces have an effective impervious
fraction of 25%, thus the efficiency multiplier is 0.75. Cobblestone Block Pavement consists of concrete
blocks that 1ook like cobblestone and create open voids between the blocks. These create an effective
impervious fraction of 60%, and have an efficiency multiplier of 0.40. Reinforced Grass Pavement isa
stabilized grass surface that infiltrates rainwater well. Because of this, it is given an efficiency multiplier
of 1.00. Pervious Pavement is a concrete/asphalt that does not contain the normal fine sand and has 15-
20% of its volume as void space. These are found to have an impervious fraction of 40%, and thus an
efficiency multiplier of 0.60. Porous Gravel Pavement is aloose gravel paving and has an effective
impervious fraction of 25%, and an efficiency multiplier of 0.75. The efficiency multipliersare listed in
Table D-2a of Appendix D-2. For al pavement types, the efficiency multiplier is multiplied by the area of
land utilizing the porous pavement type to determine total credits applied.

If Modular Block Pavement, which has an efficiency multiplier of 0.75, was used on 5,000 sqg. ft of
parking lot, the A, would be:

5,000*0.75 = 3,750 sguare feet.

Disconnected Pavement (DP)

Disconnected Pavement is pavement designed to allow stormwater to sheet flow over vegetated areas or
porous pavement prior to entry into astorm drain system. The efficiency of this method depends on both
the impervious fraction of the receiving porous surface, as well as the ratio of contributing areato
receiving area. These two factors taken together allow for the calculation of an effective impervious
fraction for the not directly connected surface. These values are derived from Figure PP-1 of the Urban
Sorm Drainage Criteria Manual Volume 3 — Best Management Practices for Denver (2005). The
designer begins by selecting the type of surface (landscaping or one of the porous pavements) that the
disconnected pavement will run onto. If the pavement will be draining onto landscaping the entire
pavement areais effectively treated, providing that the area draining onto the landscaping is not more
than twice the area of landscaping.

If the pavement will be draining onto a porous pavement, first the ratio of contributing pavement to
receiving pavement is calculated, then based on the resulting ratio, a multiplier is determined, aslisted in
Table 3. Porous pavement for which credit is obtained under Appendix D-2, Step 2, Porous Pavement
Option, cannot be included in Disconnected Pavement cal culations.
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Table 3—Multipliers Based on Ratio of Contributing Pavement to Receiving Pavement

Ratio of Contributing Pavement to Recelving Pavement Multiplier
<05 1.00
>0.5and <1.0 0.83
>1.0and<1.5 0.71
>1.5and <2.0 0.55

The efficiency multiplier for the selected porous pavement is selected from Table D-2ain Appendix D-2.
The formulafor calculating the A¢ isasfollows:

(area of receiving pavement)(efficiency multiplier)

+ (area of contributing pavement)(ratio multiplier)(efficiency multiplier) = A,

Disconnected Roof Drains (DRD)

Disconnected roof drains (DRDs) can achieve the functional equivalent of reducing alarge amount of
imperviousness by directing rooftop runoff to a pervious surface, dispersal trench, or dry well. Use of
DRDs as a Runoff Reduction measure has been recommended in guidance manuals such as Start at the
Source (1999) and The Practice of Low Impact Development (2003.) If the roof drainage is connected to a
dispersal trench or adry well that have been designed according to specifications provided in the fact
sheet, then 100% of the impervious surface attributed to rooftop is considered treated for that unit, thus
the efficiency multiplier is 1.00. Design standards for the dispersal trench and dry well are adapted from
High Point Community Site Drainage Technical Standards (2004) and Virginia Sormwater Management
Program Handbook (1999).

If the runoff, viathe roof drain, is directed across the surface of the landscaping, then the amount of

runoff that will be treated is dependent on the amount of vegetation the water will flow through before
entering the storm drain system. In order to receive credits for DRDs on acommercia site, the runoff
must be conveyed across a minimum length of landscaping or conveyance furrow. This minimum valueis
different for different rooftop sizes. The minimum values are calculated using afilter strip calculation
which isavariation of manning’s equation to solve for hydraulic residence time. The manning’s equation
used is the equation described in Filter Strip Worksheet 2005 Surface Water Design Manual Szing
Method published in the King County Surface Water Design Manual published by King County Water
and Land Resources Division.

Q [1.49W Js JOB

L=t—
W Qn

Where,

L = filter strip length (feet)

t = hydraulic residence time (seconds)
Q = design flow (cfs)

W = filter strip width (feet)

n = Manning’s roughness coefficient
s=longitudinal slope along path
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Q=Ci A
Where,

Q = design flow (cfs)

C = Rational Runoff coefficient

i = rainfall intensity (in/hr)

A = Area (acres)

The equation is solved for hydraulic residence time, using various setback lengths and the
following assumptions. The setback lengths are that which will provide a 7 minute hydraulic
residencetime.

Commercial Disconnected Roof Drain Assumptions:

W =8feet (recommended by local hydrologist astypical average)

s=0.01

n = 0.3 (commercia planter strip, will contain some bushes and larger plants)
Rooftop C = 0.9 (rational C) (corresponds to 100% imperviousness)

T =7 minutes (standard residence time for treatment)

Thisresultsin the following setback/travel distance values for commercia sites.

Table4- Minimum Travel Distance for Disconnected Roof Drainsin
Commer cial/Multi-family Development Projects

Area (maximum roof size) Length (min travel distance) Depth of flow
3,500 q ft 21 feet 0.4in
5,000 sq ft 24 feet 0.5in
7,500 sq ft 28 feet 0.6in
10,000 sq ft 32 feet 0.7in

Interceptor Trees (IT)

Interceptor trees can prevent and/or delay water from landing on an impervious surface. Much of the
intercepted water runs down along the tree’ s leaves and branches and evaporates, or runs down into the
root system. Properly located trees can reduce the effective impervious fraction by diverting rain that
would otherwise fall on streets and sidewalks. The City of Portland Sormwater Management Manual
(2004) and City of San Jose policy apply 100 sg. ft of credit for a deciduous tree and 200 sq. feet for an
evergreen tree. Research results published by Q. Xiao (1998, 2000(2), 2003) provides evidence that this
credit system is appropriate. The number of trees is multiplied by the credit to obtain an area reduced by
interceptor trees. Credits may be applied for existing trees as defined in Interceptor Trees Fact Sheet. To
calculate the credits allowed for existing interceptor trees, the designer must identify the square footage
equal to one half of the tree canopy. The resulting areais considered the area effectively managed by the
existing interceptor trees.
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Using the Effective Area Managed in Calculating Treatment Requirement

After each Runoff Reduction measure has been addressed on the subforms, forms D-2a and D-2b, the A.
istotaled. This managed area is subtracted from the Area Requiring Treatment (A+) found in Step 1. The
Adjusted Area Requiring Treatment (AaT) is also used to find an Adjusted Impervious Fraction (1 4).

After the Ar, AaT, and |5 have been calculated, the water quality flow and/or volume must be calculated
for sizing treatment controls. Whether the designer needs to cal cul ate flow-based treatment or volume-
based treatment depends on the type of treatment planned.
Treatment flow (WQF) is found using the standard flow equation,
WQF=CiA
where Cisthe rational runoff coefficient for Aat (assumed to be 0.95), i istherainfall intensity, and A is
the adjusted area requiring treatment (Aat). This valueisto be used when determining sizing criteriafor
structural treatment controls.
Treatment Volume (WQV) isfound using either the CASQA method (Roseville):
V=AXxSV/12
where A =thetotal area of the drainage shed,
SV =SV =the Unit Basin Storage Volume; use C, adjusted for credits earned (see
Adjusted Runoff Coefficient, below).
Or the ASCE-WEF method (Sacramento):
WQV (ac-ft) =Po* A/ 12

where A = the total area of the drainage shed,
P, = maximized detention volume using the ASCE-WEF method.

Please refer to chapter 6 and Appendix E for the selection of the treatment measures and design
requirements. Then use form D-1f, Treatment — Volume Based (CASQA) for volume-based treatment
controls within the City of Roseville, or form D-1g, Treatment — Volume Based, for treatment controlsin
areas outside of the City of Roseville.

Adjusted Runoff Coefficient

The Adjusted Impervious Fraction is converted to an Adjusted Runoff Coefficient, Ca, using the empirical
regression equation presented in the California Sormwater BMP Handbook (CASQA, 2003).
C=0.8581°-0.781?+0.7741 + 0.04

where,
C = runoff coefficient
| = impervious fraction

The results of this equation for values of “I” between 0 and 1 are listed in Table D-2d of Appendix D-2.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
May 2007 Appendix D-4 Page 11



IV. REFERENCES

Adams, M.C. 2003. Porous Asphalt pavement with recharge beds. 20 years & still working. Stormwater.
May/June 2003.

California Stormwater Best Management Handbook: New Development and Redevel opment. California
Stormwater Quality Association, 2003.

Cappiella, K. 2004. Urban Watershed Forestry Manual (draft). Prepared for USDA Northeastern Area
State and Private Forestry. Center for Watershed Protection, Ellicott City, MD.

Christensen, Summer. November 30, 2005. Memorandum on Results of Residential Impervious Sudy.
County of Sacramento Department of Water Resources, Sacramento, CA.

City of Davis Community Forest Management Plan , September 11, 2002.
http://www.cityofdavis.org/pcs/trees/cfmp.cfm

City of Pasadena. California Code of Regulations. Hollywood Driveway.
http://www.ci.pasadena.ca.us/zoning/P-8.html accessed March 6, 2006.

City of Portland Stormwater Management Manual. Revision 3, September 1, 2004.

High Point Community Site Drainage Technical Standards. Seattle, WA, June 2004.

King County Department of Natural Resources and Parks. January 2005. Stormwater Pollution
Prevention Manual: Best Management Practices for Business and Residential Properties. King

County Washington.

National Menu of Best Management Practices for Sorm Water Phase 1. United State Environmental
Protection Agency. 2002. http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm

New York State Stormwater Management Design Manual. Center for Watershed Protection, New Y ork
State Department of Environmental Conservation, Albany, NY, October 2001.

Nonpoint Education for Municipal Officials. University of Connecticut. accessed May 26, 2006.
http://nemo.uconn.edu

ParisN. and M. Chusid. 2006. Coloring Pervious Pavement...because protecting the environment should
be beautiful. www.ConcreteDecor.net Dec/Jan 2006.

Post-Construction Urban Runoff Management. City Council Policy. City of San Jose, California.
February 3, 1998.

Shueler T., Swann C., Wright T, and S. Sprinkle. 2004. Urban Subwater shed Restoration Manual No 8:
Pallution Source Control Practices. Version 1.0. Center for Watershed Protection. Ellicot City,
MD. July 2004.

SMRC, The Stormwater Manager’ s Resource Center. Fact Sheets.
http://www.stormwatercenter.net/Assorted%20Fact%20Sheets/ Tool 6 Stormwater Practices/Infilt
ration%20Practi ce/ Porous%20Pavement.htm accessed June 14, 2006.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
May 2007 Appendix D-4 Page 12



SMRC, The Stormwater Manager’ s Resource Center. Manual Builder.
http://www.stormwatercenter.net/Manual _Builder/Credits/SI TE/reforestation.htm

SMRC, The Stormwater Manager’ s Resource Center. Manual Builder.
http://www.stormwatercenter.net/Manual_Builder/Credits/SI TE/rooftop.htm

Sart at the Source - Design Guidance Manual for Sormwater Quality Protection, Bay Area Stormwater
Management Agencies Association, 1999.

Sormwater C.3 Guidebook: Stormwater Quality Requirements for Development Applications. Contra
Costa Clean Water Program. Contra Costa, CA, March 2005.

Sormwater Pollution Prevention Manual: Best Management Practices for Business and Residential
Properties. King County Department of Natural Resources and Parks, Water and Land Resources
Division, Stormwater Services Section. January 2005.

Sustainable Infrastructure Alter native Paving Materials Subcommittee Report. City of Portland. October
3, 2003.

The Practice of Low Impact Development. U.S. Department of Housing and Urban Development.
Washington, D.C. July 2003.

Truckee Meadows Regional Storm Water Quality Management Program: Draft Low Impact Devel opment
Handbook. August 2005.

Urban Storm Drainage Criteria Manual Volume 3 — Best Management Practices. Urban Drainage and
Flood Control District. Denver, CO. September, 1999 (Rev. October, 2005).

Virginia Stormwater Management Program Handbook. Virginia Department of Conservation and
Recreation. 1999.

Xiao Q., and E.G. McPherson. 2003. Rainfall interception by Santa Monica's municipal urban forest.
Urban Ecosystems

Xiao, Q., E.G. McPherson, S.L. Ustin and M.E. Grismer. 2000. A new approach to modeling tree rainfall
interception. Journal of Geophysical Research 105(D23) :29,173-29,188.

Xiao, Q. 1998. Rainfall interception by urban forests. Davis, CA: University of California. Ph.D.
Dissertation.

Xiao, Q., E.G. McPherson, S.L. Ustin, M.E. Grismer, and J.R. Simpson. 2000. Winter rainfall
interception by two mature open grown trees in Davis, CA. Hydrological Processes. 14(4)
:763-784.

Stormwater Quality Design Manual for the Sacramento and South Placer Regions
May 2007 Appendix D-4 Page 13



Appendix E

Design Requirementsfor Stormwater Quality Treatment Control Measures
(Volume and Flow-Based M easur es)

The Sacramento Areawide and City of Roseville NPDES Municipal Stormwater Permits contain
provisions that require the local municipal agencies to establish and enforce stormwater quality
treatment standards for many new and redevelopment projects. This appendix presents the
minimum standards for sizing the treatment control measures.

General Methodology

Follow these steps:

e Refer to Table 3-2 in this Design Manual to determine if your project requires treatment
control measures.

e Once you have made that determination, use the fact sheetsin Chapter 6 to identify the
type of control measures most appropriate for your project site and whether or not those
measures are volume or flow-based.

e (Optional) Use Chapter 5 and the runoff reduction worksheets in Appendix D to select
runoff reduction measures for your project which will reduce the runoff discharged; this
may result in reduced treatment needs (and associated costs) for your project.

e Usetherest of the information in this appendix to size the treatment control facilities for
your project.

The local Sacramento agencies have devel oped a presumptive approach, whereby, if project
applicants follow the methodology presented herein, it is presumed that the project is reducing
stormwater pollution in runoff to the “ maximum extent practicable” NPDES municipal permit
standard. A key principle here is that treatment control measures are most efficient and
economical when they target small, frequent storm events that over time produce more total
runoff than the larger, infrequent storms conventionally targeted for design of flood control
facilities. Further, studiesin other areas of the country have shown that much of the pollutant
load is contained in the “first flush” of rainfall during a storm event, typically the first 0.5-inches.
Targeting design storms larger than this may result in some improvements in pollutant removal
effectiveness, but at considerable cost.

It isimportant to note that arbitrarily targeting large, infrequent storm events can actually reduce
the pollutant removal capabilities of some treatment control measures. This occurs when outlet
structures, detention times, and drain down times are designed to accommodate unusually large
volumes and high flows. When over-designed in this way, the more frequent, small storms that
produce the most annual runoff and alarge part of the pollutant load pass quickly through the
over-sized facility and therefore receive inadequate treatment. (CASQA, 2003).

Sizing Flow-Based Treatment Control M easures

Use this method for sizing flow-based control measures (e.g., vegetated swales) in both
Sacramento County and the City of Roseville.
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Flow-based control measure design standards apply to control measures whose primary mode of
pollutant removal depends on the rate of flow of runoff through the facility or device. Examples
of control measuresin this category include swales, sand filters, diversion structures for off-line
control measures, and many proprietary products. Typically, flow-based design criteria calls for
the capture and infiltration or treatment of the flow runoff produced by rain events of a specified
magnitude. For the local area, the intensity of such a storm event is 0.20 inches/hour for the
Cities of Folsom and Roseville and 0.18 inches/hour for other citiesin Sacramento County and
unincorporated Sacramento County.

This method satisfies the provisions of the Sacramento Areawide and City of Roseville NPDES
Municipal Stormwater Permits, which requires that flow-based measures be designed for at |east
the maximum (peak) flow rate of runoff produced by the 85™ percentile hourly precipitation
intensity multiplied by afactor of two, referred to here as the flow-based 85™ percentile method.
(CDM, 2003). Thiscriterion isthe same as the one prescribed by the 2003 California BMP
Handbook. From Appendix D of that handbook, the 85" percentile hourly precipitation intensity
for the Sacramento gage is approximately 0.09 inches/hour. Multiplying by two, the required
intensity is at least 0.18 inches/hour. The factor of two specified for this method by the municipal
stormwater permits appears to be provided as a factor of safety: therefore, caution should be
exercised when applying additional factors of safety during the design process so that over
design can be avoided. (CASQA, 2003).

The flow-based BMP design criteria should be used in conjunction with the Rational Formula, a
simplified, easy to apply formulathat predicts flow rates based on rainfall intensity and drainage
area characteristics. The Rational Formulais asfollows:

WQF (cfs)=Ci A
where
WQF = flow in ft¥/s
I =rain intensity in inches/hr
A =drainage areain acres
C = rational runoff coefficient

The Rational Formulaiswidely used for hydrologic calculations, but it does have a number of
limitations. For stormwater treatment control measure design, akey limitation is the ability of the
Rational Formulato predict runoff from undeveloped areas where runoff coefficients are highly
variable with storm intensity and antecedent moisture conditions. This limitation is accentuated
when predicting runoff from frequent, small storms used in stormwater quality treatment design
because many of the runoff coefficientsin common use were devel oped for predicting runoff for
drainage design where larger, infrequent storms are of interest. Table 5-3 in the CaliforniaBMP
Handbook (May 2003) provides some general guidelines on use of the Rational Equation. In
summary, the Rational Formula, when used with commonly tabulated runoff coefficientsin
undeveloped drainage areas, will likely result in predictions higher than will be experienced
under actual field conditions. However, given the simplicity of the equation, its use remains
practical and it is therefore the preferred method recommended by the local permitting agencies.

The following steps describe the approach for application of the flow-based design criteria. For
simplicity, the worksheets presented in Appendix D (see Step 3 of Appendix D-1 and D-2)
already incorporate these steps.
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1. Identify and delineate the drainage shed that drains to the proposed control measure. This
includes all areas that will contribute runoff to the proposed control measure, including
pervious areas, impervious areas, and off-site areas, whether or not they are directly or
indirectly connected to the control measure.

2. Select design rainfall intensity for the project area:
0.20 inches/hour — projects in the Cities of Folsom and Roseville
0.18 inches/hour — projects located in other cities in Sacramento County and
unincorporated Sacramento County

3. Caculate the composite runoff coefficient “C” for the drainage shed identified inStep 1

using table E-1. For contributing areas with multiple coefficients, use the weighted
coefficient for the contributing area.

Table E-1: Runoff coefficients for the Rational Formula:

Type of Drainage Area Runoff Coefficient, C
Business:

Downtown areas 0.95
Neighborhood areas 0.70
Residential:

Single-family areas 0.50
Multi-units, detached 0.60
Multi-units, attached 0.75
Apartment dwelling areas 0.70
Industrial:

Light areas 0.80
Heavy areas 0.90
Parks, cemeteries 0.25
Playgrounds 0.40
Railroad yard areas 0.40
Unimproved area 0.30
Lawns:

Sandy soil, flat, 2% 0.10
Sandy soil, average, 2 — 7% 0.15
Sandy soil, steep, 7% 0.20
Heavy sail, flat, 2% 0.17
Heavy soil, average 2 — 7% 0.22
Heavy soil, steep, 7% 0.35
Streets:

Asphaltic 0.95
Concrete 0.95
Brick 0.85
Drives and Walks 0.85
Roofs 0.95
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4. Apply the Rational Formulato calculate the water quality design flow (WQF):
WQF=CiA

Sizing Volume-Based Treatment Control M easur es

Volume-based design standards apply to control measures whose primary mode of pollutant
removal depends on the volumetric capacity of the facility. Examples of control measuresin this
category include water quality detention basins, constructed wetlands, stormwater planters, and
infiltration basins/trenches. Volume-based design criteria calls for the capture and infiltration or
treatment of a certain percentage of the runoff from the project site, usually in the range of the
75th to 85th percentile average annual runoff volume.

The agencies in Sacramento County require use of the Urban Runoff Quality Management
method (also for sizing volume-based control measures, while the City of Roseville requires use
of the CASQA method, as described below. These methods are two of the three aternative
design approaches alowed by the NPDES municipal stormwater permits.

Sacramento County Volume-Based Design M ethod

For projects in Sacramento County, volume-based control measures shall be designed to capture
and treat the maximized stormwater quality capture volume for the area, based on historical
rainfall records, determined using the formula and volume capture coefficients set forth in Urban
Runoff Quality Management (WEF Manual of Practice No. 23/ASCE Manual of Practice No. 87,
(1998), pages 175-178). The Urban Runoff Quality Management approach (also known as
WEF/ASCE approach) is based on the trandlation of rainfall to runoff using two regression
eguations. The first regression equation relates rainfall to runoff. The rainfall to runoff regression
equation was developed using 2 years of data from more than 60 urban watersheds nationwide.
The second regression equation relates mean annual runoff-producing rainfall depths to the
“Maximized Water Quality Capture Volume” which corresponds to the “knee of the cumulative
probability curve’. This second regression was based on analysis of long-term rainfall data from
seven rain gages representing climatic zones across the country. The Maximized Water Quality
Capture Volume corresponds to approximately the 85th percentile runoff event, and ranges from
82 to 88%.

The two regression equations that form the Urban Runoff Quality Management approach are as
follows:

C=0.85812-0.781%+0.7741 + 0.04

Py = (a- C) e Ps

Where

C = runoff coefficient;

| = watershed imperviousness ratio which is equal to the percent total imperviousness
divided by 100;

Po = Maximized Detention Volume, in watershed inches;

a=regression constant, a= 1.312 for 12 hrs, a=1.582 for 24 hrs, and a=1.963 for 48-hour
draw down time.
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Ps = mean annual runoff-producing rainfall depths, in watershed inches.

The following steps describe the use of the approach. For simplicity, the worksheets presented in
Appendix D (see Step 3 of Appendix D-1 and D-2) already incorporate these steps.

1.

Identify the drainage shed (A in acres) that drains to the proposed control measure. This
includes al areas that will contribute runoff to the proposed facility, including pervious
areas, impervious areas (such as roofs, roads, parking lots, etc), and off-site areas,
whether or not they are directly or indirectly connected to the control measure.

Determine the “Maximized Detention Volume” (Po) in inches for the drainage shed.
Please refer to the attached figures (figure E-1 though figure E-4).

Calculate the required water quality volume of the control measure by multiplying the
drainage shed area from Step 1 by the “Maximized Detention Volume” from Step 2.

WQV (ac-ft) =Py A /12

City of Roseville Volume-Based Design M ethod

For projectsin the City of Roseville, volume-based control measures shall be designed to capture
and treat stormwater runoff equal to eighty (80) percent of the volume of annual runoff,
determined in accordance with the methodology set forth in the California BM P Handbook,
using local rainfall data. Also referred to asthe “CASQA approach”, the approach is simpleto
apply, and relies largely on commonly available information about a project.

The following steps describe the use of the sizing curves contained in the CaliforniaBMP
Handbook. For simplicity, the worksheets presented in Appendix D (see Step 3 of Appendix D-1
and D-2) already incorporate these steps.

1.

| dentify the drainage shed that drains to the proposed control measure. Thisincludes all
areas that will contribute runoff to the proposed facility, including pervious areas,
impervious areas, and off-site areas, whether or not they are directly or indirectly
connected to the control measure.

Calculate the composite runoff coefficient “C” for the areaidentified in Step 1.

Select a capture curve representative of the site and the desired drain down time using
Appendix D of the California BMP Handbook (not to be confused with Appendix D in
this Sacramento/Placer Design Manual). Curves are presented for 24-hour and 48-hour
draw down times. The 48-hour curve should be used in most areas of California. Use of
the 24-hour curve should be limited to drainage areas with coarse soils that readily settle
and to watersheds where warming may be detrimental to downstream fisheries. Draw
down times in excess of 48 hours should be used with caution, as vector breeding can be
a problem after water has stood in excess of 72 hours.

4. Determine the applicable requirement for capture of runoff (Capture, % of Runoff).
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5. Enter the capture curve selected in Step 3 on the vertical axis at the “ Capture, % Runoff”
value identified in Step 4. Move horizontally to the right across capture curve until the
curve corresponding to the drainage area’ s composite runoff coefficient “C” determined
in Step 2 isintercepted. Interpolation between curves may be necessary. Move vertically
down from this point until the horizontal axisisintercepted. Read the “Unit Basin
Storage Volume” along the horizontal axis. If alocal requirement for capture of runoff is
not specified, enter the vertical axis at the “knee of the curve’ for the curve representing
composite runoff coefficient “C.” The “knee of the curve’ istypically in the range of 75
to 85% capture.

6. Calculate the required capture volume of the control measure by multiplying the drainage
shed from Step 1 by the “Unit Basin Storage Volume” from Step 5 to give the design
volume. Due to the mixed units that result (e.g., ac-in., ac-ft) it is recommended that the
resulting volume be converted to cubic feet for use during design.
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Souce: URBAN RUNOFF QUALITY MANAGEMENT: WEF Manual of
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Appendix F
Example Design Calculations
Vegetated Swale

Water Quality Detention Basin
Stormwater Planter



Subject: VEGETATED SWALE EXAMPLE

Site: 8 Acre Professional/Commercial Development

PART |:

(Used Table VS- 3 - The Design data Summary Sheet for Vegetated Swale for necessary calculations

for Swale #1)

1. Design Flow: WQF = CiA

a.

C.

i = Rainfall Intensity = 0.18 in/hr
b. C = Runoff Coefficient
A = Tributary area for Swale #1

2. Swale Geometry
Swale Bottom Width (b)
b. Side Slope (Z)

a.
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WQF = 0.486 cfs

i = 0.18 in/hr
C = 0.9

A = 3 acres

b = 51t

Z =3




3. Depth of flow (d) at WQF (3" —5” with Manning’'sn = 0.20)
(Description on how to calculate d is explained below)

A =by + Zy*
R=A//P=[(by+2Zy*)/ (b+2yV(1+Z*))]
Q= (1.49/m) (by + Zy*) [ (by + Zy*) / (b+2yN (1 + Z*)]** (s) '

Using Eqn. 3:
0.486 = (1.49/.2) (5y + 3y*) [(5y + 3y*) / (5 + 2yN10)]** (.01) 2

Trial & Error

Y

35=>7.452.1175)(.44169)(.1) =.696
29 =>7.45(1.7023)(.3959)(.1) =.502
28 =>7.45(1.6352)(.3878)(.1) = .472

282 => 7.45(1.64857)(.38945)(.1) =.478

285 ft. => 7.45(1.668675)(.39186)(.1) = .487 cfs

y: = Depth of WQF = 0.285 ft.

4. Design Slope
a. s= 1% minimum without underdrains; 4% maximum
without grade controls

5. Design Flow Véocity (Manning sn = 0.20)
Velocity = Q/A = (using eqn. 3&1) = 0.486¢fs / 1.671t. = 0.29 ft/sec.
6. Contact time (t.= 7 minutes minimum)
7. Design Length

L = (t;) x (flow velocity) x 60

L =7min x (.291ft/sec) x 60 = 122.22 ft

d = ‘y/’ ft

(eqn 1)
(eqn 2)
(eqn 3)

s=1%

V =0.29 ft/sec

t.= 7 minutes

L=12232ft



PART 11:

Routing Excess Runoff through a Vegetative Swale
(Use peak hydraulic flows on the site.)

Q = Peak hydraulic flow rate

(For Sacramento area projects, use Figure 2-5 Design Runoff Nolte Method from Section 9 of County
of Sacramento Municipal Services Agency Improvement Standards October 1, 2006 to find Q.)

Q = 1.5 cfs (Swale #1 treating a 3 acre site)

To determine the capacity of the swale to convey peak hydraulic flows, use a roughness
coefficient (n) of 0.10 with Manning’s Equation.

Q= (1.49/) (by + Zy*) [ (by + Zy*)/ (b+2yN (1 +Z* ) (s) (eqn 3)
1.5=(1.49/.1) (5y + 3y*) [(5y + 3y?) / (5 + 2yN10)]*? (.01) *

(Using the solver function: y, = .365 ft.)

Y. = Depth of peak drainage flow = 0.365 ft.
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Design Example— Sizing of Water Quality Combination Basin in Sacramento County

Watershed and Basin Data

Watershed Area = 210 acres

Watershed Imperviousness = 39%

Basin Type = Combination Water Quality Basin also used for Flood Control
1. Calculatethe Water Quality Storage Volume (WQV)

For a Water Quality Detention Basin, the WQV is calculated from the methodology in
Appendix E using a 48-hour drawdown time.

e From Figure E-3 the unit storage is determined to be 0.29 inches
e WQV =0.29 (in) x 210 (acre) + 12 = 5.1 acre-feet
e Permanent Pool Volume = 0.625 x WQV = 3.2 acre-feet
o Wet Weather Pool Volume = 0.500 x WQV = 2.5 acre-feet
2. Sizethe Sediment For ebay
The sediment forebay size should be 5 to 10 percent of the maximum total design volume.
e  Minimum Sediment Forebay Volume = (3.2 + 2.5) x 0.05 = 0.29 acre-feet minimum
3. DesigntheBasin

Detention basin layouts will vary significantly based on site specific conditions. For this
example, it is assumed that the permanent pool will have an average depth of 4 feet and a
length to width ratio of 3 to 1. Based on these requirements, the bottom dimensions of the
basin will be 300" x 100" (L x W) and the side slopes will be 3 to 1. The hypothetical basin
will have the following elevation storage relationship.

Elev. (ft) Depth (ft) Area(ac) | Storage (ac-ft) Notes

100.0 0.0 0.7 0.0

101.0 1.0 0.7 0.7

102.0 2.0 0.8 15

103.0 3.0 0.9 2.3

104.0 4.0 09 3.2 Permanent Pool Elevation
105.0 5.0 1.0 4.2

106.0 6.0 1.0 52

106.5 6.5 11 5.7 Wet Weather Pool Elevation
107.0 7.0 2.7 6.7




4. Design the Outlet

The outlet should be sized to release the 75 percent of the wet weather pool volume in a
minimum of 24 hours and release the remaining volume over an additional 16 to 24 hours. For
this example the outlet is assumed to be a stand pipe with the top of the pipe at the wet
weather pool elevation and a single orifice placed just above the permanent pool elevation.
The orifice can be sized using the orifice equation and a simple spreadsheet calculation such
as the one shown on Exhibit 1. As shown on Exhibit 1, an orifice with an area of 23.8 square
inches will produce the desired drain time. The size of the stand pipe is based on the capacity
required to pass the appropriate design storms.

5. Flood Control Design

Water quality basins can often be used to provide flood control benefits. The storage volume
above the water quality pool can act to reduce peak flood flows downstream of the basin. The
required storage volume and storm outlet size are typically determined by routing flood
hydrographs through the detention basin using a computer program such as SacCalc, HEC-1,
HEC-RAS, or other equivalent program. For this example, it is assumed that flood routing
was performed and 6.8 acre-feet of storage is required to attenuate flood flows to the desired
downstream level. To meet this storage requirement, the basin is widened to create a flood
control bench just above the maximum water quality pool as shown in the following cross
section.

Bank Elev. 110’

\ Elev. 109’ /

Flood Control Pool

(6.8 ac-ft) Elev. 106.5

200’
Wet Weather Pool
(2.5 ac-ft)

Permanent Pool (3.2 ac-ft)

100



The resulting storage elevation-storage relationship including the flood control pool is shown
below.

Total Storage
Elev (ft) Depth Area(ac) | Volume (ac-ft) Notes

100.0 0.0 0.7 0.0

101.0 1.0 0.7 0.7

102.0 2.0 0.8 15

103.0 3.0 0.9 2.3

104.0 4.0 0.9 3.2 Permanent Pool Elevation
105.0 5.0 1.0 4.2

106.0 6.0 1.0 5.2

106.5 6.5 11 5.7 Wet Weather Pool Elevation
106.6 6.6 2.65 5.9

107.0 7.0 2.69 7.0

108.0 8.0 2.78 9.7

109.0 9.0 2.88 125 Flood Control Pool Elevation
110.0 10.0 2.98 155




Exhibit 1

Water Quality Orifice Outlet Sizing
Orifice Data
Orifice Size = 23.8 square inches

Orifice Coefficient = 0.61
Orifice Elevation = 104.0

Time (hr) Volume Elev. Ouitflow (cfs)
0.00 5.72 106.4 1.26
1.00 5.62 106.4 1.24
2.00 551 106.3 1.22
3.00 541 106.2 1.20
4.00 531 106.1 1.18
5.00 5.22 106.0 1.15
6.00 5.12 106.0 1.13
7.00 5.03 105.9 1.11
8.00 4,94 105.8 1.08
9.00 4.85 105.7 1.06

10.00 4.76 105.6 1.04
11.00 4.67 105.6 1.01
12.00 4.59 105.5 0.99
13.00 451 105.4 0.96
14.00 4.43 105.3 0.94
15.00 4.35 105.3 0.91
16.00 4.28 105.2 0.88
17.00 4.20 105.1 0.86
18.00 4.13 105.1 0.83
19.00 4.06 105.0 0.80
20.00 4.00 104.9 0.77
21.00 3.93 104.9 0.75
22.00 3.87 104.8 0.72
23.00 3.81 104.7 0.69
24.00 3.75 104.7 0.66
25.00 3.70 104.6 0.63
26.00 3.65 104.6 0.60
27.00 3.60 104.5 0.57
28.00 3.55 104.5 0.54
29.00 3.51 104.4 0.51
30.00 3.46 104.4 0.48
31.00 3.42 104.3 0.45
32.00 3.39 104.3 0.42
33.00 3.35 104.2 0.39
34.00 3.32 104.2 0.36
35.00 3.29 104.2 0.33
36.00 3.26 104.1 0.29
37.00 3.24 104.1 0.26
38.00 3.22 104.1 0.23
39.00 3.20 104.1 0.20
40.00 3.18 104.0 0.16
41.00 3.17 104.0 0.13
42.00 3.16 104.0 0.09
43.00 3.15 104.0 0.05
44.00 3.15 104.0 0.00




Subject: STORMWATER PLANTER EXAMPLE
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Site: 8 Acre Professional/Commercial Development
PART 1:

(Used Table SP-3 - The Stormwater Planter Design Criteriafor the necessary calculations for Planter
#3)

1. Design Volume: WQV = Py*A/12 WQV = 0.04 ac-ft
a. | =imperviousness (%) I = 82%
b. Py = Detention Volume (inches)
using 12 hr drawdown curve Figure E-1 Po = 45in
c. A =Tributary areafor Planter #3 A = lacre

2. Design Average Surcharge Depth (dy)
a. Surcharge Depth (ds) (0.5-1 foot) ds = 1ft



No

Calculate Planter Surface Area A=WQV/ dg As=0.04 acres
A=1634 ft?
Design Base Course
a. Bottom Gravel Layer: minimum 9 inches
b. Sand/Peat layer: minimum 18 inches
c. Topsoil Layer: minimum 6 inches
Planter Type
a. Selecttype
I. Infiltration without under drain
ii. Infiltration with under drain
iii. Flow through with impermeable liner
Select Vegetation
Design Overflow Device
a. Selecttype
i. Dropinlet
ii. Standpipe
iii. Other



APPENDIX G
DESIGNING AND MAINTAINING STORMWATER QUALITY CONTROL MEASURES
TO AVOID VECTOR PROBLEMS

Public health and safety is a major component of all stormwater programs. Accordingly, minimizing
mosquitoes in structural stormwater treatment systems is essential to prevent disease transmission and
maintain quality of life. Basic mosquito management guidelines have been developed that are relevant to
the location, design, and operation of proprietary and nonproprietary treatment systems; unfortunately,
the rapid growth and evolution of stormwater programs and treatment system design combined with the
tremendous number of local factors that may influence mosquito production at any given site preclude
any “cure-all” recommendations or solutions.

General Design and Maintenance Recommendations

Managing mosquitoes successfully in stormwater treatment systems requires carefully thought out
preventative design and maintenance plans. The following list of actions represent general design and
maintenance recommendations to minimize suitable mosquito breeding habitat and mosquito production
from runoff treatment control measures covered in this stormwater quality design manual. For more
information please refer to Managing Mosquitoes in Stormwater Treatment Devices
(http://anrcatalog.ucdavis.edu/pdf/8125.pdf).

Vegetated Swales, Infiltration Trenches, Infiltration Basins

e Trenches, basins and swales should be designed and maintained so that runoff is capable of
completely passing through the structure within three days after introduction, especially during the
peak mosquito breeding months of April through October.

e The bottom of the trenches, basins and swales must be free of depressions i.e. tire ruts in order
to limit standing water within the structure.

e Vegetation management should be performed annually to remove excessive vegetation within the
structure.

e Grass clippings and other debris should be removed from trenches, basins and swales on a
regular basis.

Detention Basins

e Basins should be adequately sloped to allow positive drainage from inlet to outlet if the basin is

required to be drained.

Shallow water should never be interfaced with emergent vegetation.

Water depths should be > 4 feet to discourage emergent vegetation.

Side slopes of 3:1 are recommended for any permanent or semi-permanent ponds.

All aquatic and periphery vegetation should be completely or significantly reduced on a yearly

basis.

e Levees and other water structures should be constructed and maintained to prevent seepage or
flooding into adjacent lowland areas.

e Allow access for continual larval and adult mosquito surveillance.

e Outlets should be regularly cleaned of debris.

e Avoid the combination of low dissolved oxygen levels and high organic content. Immature
mosquito species thrive in low oxygen and high organic content.

Constructed Wetland Basins

e Each wetland cell should have an independent inlet and outlet water structure allowing for the
wetland to be rapidly drained during situations of severe mosquito production.

Wetland cells should not be constructed greater then 40 feet in width.

Shallow areas of < 1 foot should be kept to a minimum; pond depths of > 4 feet are encouraged.
Embankments with slopes 4:1 or steeper are recommended.

Levees, drain ditches and other water structures should be constructed and maintained to
prevent seepage or flooding into adjacent lowland areas.
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e Bottom slopes of 0.01 to 0.05% are recommended so wetland can be de-watered for vegetation
or mosquito management.

e Shallow water areas (< 1 foot), interfaced with emergent vegetation should not hold water for

more then 3 days during the summer months.

Limit dense stands of aquatic vegetation along shore margins and shallow areas.

The wetland in its entirety should consist of at least 50% open water.

Avoid stocking game fish that will reduce the population density of mosquitofish.

Provide road access around entire wetland for mosquito control and surveillance.

Avoid water quality associated with high organic content and low oxygen levels.

Stormwater Drainage Channels

e Water conveyance systems should be constructed and graded sufficiently to allow for a
continuous flow of water.

¢ Drains should be cleaned yearly of emergent vegetation and other debris to prevent water
blockage and mosquito breeding habitat.

e Drains should be designed with sufficiently sloped sides to allow adequate drainage without
standing water.

e Drains should be maintained to prevent flooding to adjacent lowland areas.

Below-Ground Systems

e Stormwater systems that incorporate permanent water sumps, vaults, or basins should be made
to deny mosquito access (e.g., tight-fitting covers). Any gaps or holes should not be greater then
1/16" of an inch.

e Design devices for easy access for inspection and without the need for confined-space-entry.

Involving Vector Control District in Planning and Design

It is strongly encouraged that municipalities refer projects with stormwater devices designed to hold water
for longer than 72 hours (April-October) or longer than 14 days (November through March) to the
appropriate Vector Control District for review. Early involvement by the District should alleviate potential
regulatory issues in the future.

Maintenance Responsibility

Property owners, either public or private, retain the responsibility of ensuring that stormwater devices do
not breed mosquitoes regardless if design, construction or maintenance of stormwater devices follow
guidelines from any agency. Sacramento-Yolo Mosquito & Vector Control District, through the California
Health and Safety Code, has the authority to impose civil penalties of up to $1,000 per day on public
health nuisances in the form of mosquito breeding sites.

Resources should be available to readily address maintenance issues relating to mosquito breeding
activity within specific stormwater devices. It is essential that specific maintenance responsibilities are
delineated early in the device planning process.

Resources

Metzger, Marco E., California Dept. of Health Services, Managing Mosquitoes in Stormwater Treatment
Devices. University of California, Division of Agriculture and Natural Resources. ANR Publication 8125.
January 2004. 11 pp. (http://anrcatalog.ucdavis.edu/pdf/8125.pdf).

Placer Mosquito Abatement District and California Dept. of Health Services, Guidelines and Standards for
Vector Prevention in Proposed Developments, Draft, June 13, 2006. Obtain a copy from:
charlied@placermosquito.org.
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Contra Costa Clean Water Program, Vector Control Plan, June 1, 2004. 18 pp.
(http://www.cccleanwater.org/construction/Publications/CCCWP%20Vector%20Control%20Plan%20Final.

pdf).
Contact for More Information

Projects in Sacramento and Yolo Counties

Sacramento-Yolo Mosquito & Vector Control District Contact information:
Bob Rooker

8631 Bond Road

Elk Grove, CA 95624-1477

916-405-2085

Brooker@sac-yolomvcd.com

Projects in Placer County

Placer Mosquito Abatement District
P.O. Box 216

150 Waverly Drive

Lincoln, CA 95648

916-435-2140
charlied@placermosquito.org
www.placermosquito.org
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Appendix H

Drainage Design and Stormwater Management Information
Not Included in the Design Manual

Drainage/Flood Control Design Reference Documents

The design manual does not contain general drainage design standards and details. For that information
refer to:

City and County of Sacramento Drainage Manual -Volume Il Hydrology Standards— Hard
copy/CD can be purchased from Sacramento County. Contact the Sacramento County Dept. of Water
Resources at (916) 874-6851 for ordering information.

City of Sacramento Department of Utilities Procedures Manual and Utility Standar ds— Electronic
copies can be downloaded at www.sacstormwater.org. Hard copies can be purchased at the City
Department of Utilities or one of the two City Permit Centers; call (916) 808-1400 for more information.

City of Folsom Design and Procedures M anual — Electronic copy can be downloaded at:
www.folsom.ca.us/depts/community _devel opment/

engineering/design.asp. Or contact the City Department of Public Works for more information at (916)
355-7272.

Placer County Flood Control District — Stormwater Management Manual, available at the following
web address; www.placer.ca.gov/Home/Works/Resources/ Swmm.aspX.

Construction Erosion and Sediment Control Documents

Sacramento County Improvement Standar ds (Section 11 — October 2006). (Theses standard details
area also used by cities in Sacramento; check with your local permitting agency for verification.)
Electronic copies can be downloaded at http: //www.msa.saccounty.net/water resour ces/ under “ Reports
and Publications’. Hard copies can be purchased at: 827 7™ Street, Sacramento, CA 95814, the cashier's
officein first floor.

City of Roseville Improvement and Construction Standards.

Electronic copies can be downloaded at www.roseville.ca.us. Hard copies can be purchased at the City
Permit Center, call (916) 746 -1300 for more information.

Industrial/Commercial Facility Operational BMP Guidance Documents

Sacramento County and Citiesin Sacramento County: Guidance materials are published by the
Sacramento County Environmental Management Department, which is responsible for conducting
stormwater compliance inspections of many industrial/commercial facilities in the county. Visit
http://www.emd.saccounty.net/WWP/EM Dstormwater.htm for more information.

City of Roseville: The City of Roseville will be developing a guidance manual for industrial and
commercia facilities. Visit the City's stormwater web site for information as it becomes available;
www.roseville.ca.ug/eu/stormwater_management.

Statewide Guidance: California Stormwater Best Management Practice Handbook (Industrial and
Commercial Edition), CASQA, 2003. www.cabmphandbooks.com/
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