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SUMMARY

PEAK DISCHARGE RATE (unmitigated)

DIS- PRE-DEVELOPMENT CONDITIONS DIS-CHARGE POST-DEVELOPMENT CONDITIONS PROPOSED
iy FOINT MITIGATION
C Te I A \" Q C Te 1 A A% Q (for velocit
only)
Node 150 | 0.36 | 34.18 | 2.67 617.5 2.93 | 530.84 Node 1131 0.36 2148 | 3.6 598 2.4 Discharge into
933.0 | existing natural
channel, no
increase in
velocity, no
mitigation
required
Node 2 030 | 25.47 | 3.23 520.30 152 | 526.19 Node 248 0.35 16.58 | 4.2 509.3 9.1 789.4 Discharge into
23 existing natural
channel, no
increase in
velocity, no
mitigation
required
Node 313 | 0.30 | 35.07 | 2.74 238.30 5.15 | 193.65 Node 327 0.30*% | 37.1 2.5 2423 29.9 242.1 Riprap will be
placed at
discharge point
¢ From immediate upstream tributary area.
RUNOFF
VOLUME (
BASIN 100 BASIN 200 BASIN 300
PRE-DEV (Ac-Ft) 320.2 267.3 123
POST-DEV(Ac-Ft) 345.3 249.4 132.9
REQUIRED DETENTION
VOL(Ac-Ft) 25.1 -17.9 9.9

Riprap will be placed at all internal discharge points, downstream from proposed pipes and ditches, etc.
the sizing of riprap will be determined during final engineering.

The proposed detention pond for each sub-basin is adequately size to store all the excessive runoff
volume. Their outlet structures will restrict the peak runoff rate exiting these ponds at or below that of
under the pre-development conditions. Based on the proposed mitigation facilities — detention ponds in
the volume of 26.0Ac-ft, 2.77 Ac-ft (for hydromodification mitigation only), and 10.0Ac-ft for Sub-

basins 100, 200 and 300, respectively. The proposed development will not adversely affect the

downstream drainage facilities.
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SUMMARY

PEAK DISCHARGE RATE

DIS-
CHARGE
POINT

PRE-DEVELOPMENT CONDITIONS

Tc
(Min)

I
(in)

A
(Ac)

=
(fps)

Q
(cfs)

DIS-CHARGE
POINT

POST-DEVELOPMENT CONDITIONS

Te
(Min)

I
(in)

A
(Ac)

v
(fps)

Q
(cfs)

PROPOSED
MITIGATION

Node 118

0.30

27.8

3.04

395.5

73

384.7

Node 1132

0.30

19.5

4.5

391

7.5%

482.9*

Runoff is

directed into a
proposed
detention with a
restricted outlet
structure such
that the
discharge from
the detention
basin is at or
less than that of
the pre-
development
conditions.

*

unmitigated velocity and runoff rate

RUNOFF
VOLUME
BASIN 100
PRE-DEV (Ac-Ft) 141.1
POST-DEV(Ac-Ft) 150.5
DETENTION VOL(Ac-Ft) 9.4
DESIGN VOL (Ac-Ft) 12.5

The proposed detention pond for each sub-basin is adequately size to store all the excessive runoff

volume. Their outlet structures will restrict the peak runoff rate exiting these ponds at or below that of
under the pre-development conditions. Based on the minimum volume requirement —a detention pond
in the volume of 12.5 Ac-Ft is proposed for the development. The proposed detention basin has

adequate storage volume to hold the entire excess runoff from the proposed development, the outlet

structure will be designed to release no more than 78 cfs to from the detention basin such that the total
peak discharge from the entire project site at the final discharge point is less than that of the pre-
development conditions. The proposed development will not adversely affect the downstream drainage
facilities.
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STEP 7
LID AND TREATMENT CONTROL SELECTION

A treatment control BMP and/or LID facility must be selected to treat the project pollutants of
concern identified in Table 7 “Project Pollutants of Concern”. A treatment control facility with
a high or medium pollutant removal efficiency for the project’s most significant pollutant of
concern shall be selected. It is recommended to use the design procedure in Chapter 4 of the
SUSMP to meet NPDES permit LID requirements, treatment requirements, and flow control
requirements. If your project does not utilize this approach, the project will need to
demonstrate compliance with LID, treatment and flow control requirements. Review Chapter 2
“Selection of Stormwater Treatment Facilities” in the SUSMP to assist in determining the
appropriate treatment facility for your project.

Will this project be utilizing the unified LID design procedure as described in Chapter 4 of
the Local SUSMP? (If yes, please document in Attachment D following the steps in Chapter 4 of the County SUSMP)

Yes |

If this project is not utilizing the unified LLID design procedure, please describe how the
alternative treatment facilities will comply with applicable LID criteria, stormwater treatment
criteria, and hydromodification management criteria.

» Indicate the project pollutants of concetn (POCs) from Table 7 in Column 2 below.

TABLE 10: GROUPING OF POTENTIAL POLLUTANTS of Concern (POCs) by fate
during stormwater treatment

Pollutant Check Coarse Sediment and Trash Pollutants that tend Pollutants that tend
Project to associate with to be dissolved
Specific fine particles during | following treatment

POCs treatment

Sediment X X X

Nutrients X X X

Heavy Metals X X

Organic Compounds X X

Trash & Debris 3% X

Oxygen Demanding X X

Bacteria X

0il & Grease X X

Pesticides X X

» Indicate the treatment facility(s) chosen for this project in the following table.
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TABLE 11: GROUPS OF POLLUTANTS and relative effectiveness of treatment

facilities
Pollutants of | Bioretention | Settling Wet Ponds | Infiltration | Media Higher- Higher- Trash Racks | Vegetated
Concern Facilities Basins and Facilities Filters rate rate media & Hydro Swales
(LID) (Dry Constructed or biofilters* filters* -dynamic
Ponds) Wetlands Practices Devices
(LID)
Coarse High High High High High High High High High
Sediment
and Trash
Pollutants High High High High High | Medium | Medium Low Medium
that tend to
associate
with fine
particles
during
treatment
Pollutants Medium Low Medium High Low Low Low Low Low
that tend to
be dissolved
following
treatment
» Please check the box(s) that best describes the Treatment BMP(s) and/or LID BMP
selected for this project.
TABLE 12: PROJECT LID AND TC-BMPS
LID and TC-BMP Type Water Quality Hydromodification
Treatment Only Flow Control
Bioretention Facilites (LID)
X Bioretention area X
[] Flow-through Planter
[1 Cistern with Bioretention
Settling Basins (Dry Ponds)
® Extended/dry detention basin with X X
grass/vegetated lining
® Extended/dry detention basin with impervious X

lining

Infiltration Devices (LID)

[1 Infiltration basin

[ Infiltration trench

[1 Other

Wet Ponds and Constructed Wetlands

[1 Wet pond/basin (permanent pool)

[ Constructed wetland

Vegetated Swales (LID™)

[ Vegetated Swale
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Media Filters

[0 Austin Sand Filter

O Delaware Sand Filter

U Mult-Chambered Treatment Train (MCTT)

Higher-rate Biofilters

L) Tree-pit-style unit

O Other

Higher-rate Media Filters

0 Vault-based filtration unit with replaceable
cartridges

(1 Other

Hydrodynamic Separator Systems

{0 Swirl Concentrator

UJ Cyclone Separator

Trash Racks

[ Catch Basin Insert

[} Catch Basin Insert w/ Hydrocatbon boom

O Other

O Must be designed per SUSMP “Vegetated Swales” design criterta for water quality treatment
credit (p. 65)

For design guidelines and calculations refer to Chapter 4 “Low Impact Development Design
Guide” in the SUSMP. Please show all calculations and design sheets for all treatment facilities
proposed in Attachment D.
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» Create a Construction Plan SWMP Checklist for your project.

Instructions on how to fill out table

1. Number and list each measure or BMP you have specified in your SWMP in Columns 1

and Maintenance Category in Column 3 of the table. Leave Column 2 blank.

2 When you submit construction plans, duplicate the table (by photocopy or

electronically). Now fill in Column 2, identifying the plan sheets where the BMPs are
shown. List all plan sheets on which the BMP appears. This table must be shown on the
front sheet of the grading and improvement plans.

Stormwater Treatment Control and LID BMDP's

Description / Type

Sheet

Maintenance Category

Revisions

Bioretention Area

Settling Basin - Detention
Basins w/vegetated lining
Settling Basin — Dry
Detention Basin with
Impervious lining (Sediment
Traps)

The selected vegetated swales have high efficiency treating sediments (pollutant of concern
per www.projectcleanwater.org) and trash& debris, median efficiency treating all other types
of pollutants, including nutrients and bacteria & viruses (pollutants of concern per
www.projectcleanwater.org). The proposed vegetated swales along with landscaped areas
will also provide water quality runoff retention storage space within the porous spaces in
the undetrlying soft soil, and over time, allowing the water quality runoff volume to slowing
infiltrating into the compacted soil. The bioretention and infiltration capabilities of the
proposed vegetated swale and landscaped areas have high efficiencies in removed all
anticipated and potential pollutants associated with the proposed grading construction.
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OPERATION AND MAINTENANCE

» Please check the box that best describes the maintenance mechanism(s) for this project.

TABLE 13: PROJECT BMP CATEGORY

SELECTED BMP Description
CATEGORY YES NO
First X Irrigation and Bioretention, Detention
Second' X Basins, sediment traps
Third? X
Fourth
Note:

I. A recorded maintenance agreement will be required.
2. Project will be required to establish or be included in a Stormwater Maintenance
Assessment District for the long-term maintenance of treatment BMPs.

» Please list all individual LID and Treatment Control BMPs {TC-BMPs) incorporated into
project. Please ensure the “BMP Identifier” is consistent with the legend in Attachment
C “LID and/or TC-BMP Exhibit”. Please attach the record plan sheets upon completion
of project and amend the Major SWMP where appropriate. For each type of LID or TC-
BMP provide an inspection sheet in Attachment F “Maintenance Plan”.
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TABLE 14: PROJECT SPECIFIC LID AND TC-BMPS

BMP LID or TC-BMP | BMP Pollutant Final Final Construction
Identifier* Type of Concern Construction Date Inspector Name
Efficiency (to be completed by {to be completed by County
(H,M,L) — County inspector) inspector)
Table 11
Irrigation Irrigation and Sediment (H)
and Bioretention Nutrients (H)
Bioretention Bacteria &
in Viruses (H)
landscaped
areas
Detention Settling and Sediment (H)
basins filtration Nutrients (H)
Bacteria &
Viruses (H)
Sediment Settling Sediment (H)
Traps Nutrients (H)
Bacteria &
Viruses (H)
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Responsible Party for Long-term Maintenance:

Identify the parties responsible for long-term maintenance of the BMPs identified above and
Source Controls specified in Attachment B. Include the appropriate written agreement with the
entities responsible for O&M in Attachment F. Please see Chapter 5 “Private Ownership and
Maintenance” on page 94 of the County SUSMP for appropriate maintenance mechanisms.

Name: Randy Goodson

Company Name: Accretive Capital Partners, LLC
Phone Numbet: 858-546-0700

Street Address: 3655 Nabel Drive, Suite 650
City/State/ Zip: San Diego, Ca 92122

Email Address:

Funding Source:

Provide the funding soutce or soutces for long-term operation and maintenance of each BMP
identified above. By certifying the Major SWMP the applicant is certifying that the funding
responsibilities have been addressed and will be transferred to future owners.

The primary funding mechanism will be a special assessment under the authority of the Flood
Control District. The assessment will be collected with property tax. Because this primary
funding mechanism will require substantial amount of time to establish and collect assessments,
a developer fee is required to cover the inittal maintenance period of 24 months

ATTACHMENTS
Please mclude the following attachments.
ATTACHMENT COMPLETED | N/A

A | Project Location Map X
B | Source Control Exhibit X
C { LID and/or TC-BMP Exhibit X
D | Drainage Management Area (DMA) Maps, | X

Sizing Design Calculations and BMP/IMP

Design Detatls
E | Geotechnical Certification Sheet X
F | Maintenance Plan X
G | Tracking Report X
H | Addendum

Note; Attachments B and C may be combined.

41

-




Retention/Irrigation

TC-12

Description

Retention/irrigation refers to the capture of stormwater runoff in
a holding pond and subsequent use of the captured volume for
irrigation of landscape of natural pervious areas. This
technology is very effective as a stormwater quality practice in
that, for the captured water quality volume, it provides virtually
no discharge to receiving waters and high stormwater
constituent removal efficiencies. This technology mimies natural
undeveloped watershed conditions wherein the vast majority of
the rainfall volume during smaller rainfall events is infiltrated
through the soil profile. Their main advantage over other
infiltration technologies is the use of an irrigation system to
spread the runoff over a larger area for infiltration. This allows
them to be used in areas with low permeability soils.

Design Considerations

= Soil for Infitration
m Area Required

m Slope
m Environmental Side-effects

Capture of stormwater can be accomplished in almost any kind
of runoff storage facility, ranging from dry, concrete-lined ponds
to those with vegetated basins and permanent pools. The pump
and wet well should be automated with a rainfall sensor Lo
provide irrigation only during periods when required infiltration
rales can be realized. Generally, a spray irrigation system is
required to provide an adequate flow rate for distributing the
water quality volume (LCRA, 1998). Collection of roof runoff foy
subsequent use (rainwater harvesting) also qualifies as a
retention/irrigation practice.

This technology is still in its infancy and there are no published
reports on its effectiveness, cost, or operational requirements.
The guidelines presented below should be considered tentative
until additional data are available.

Targeted Constituents

Sediment

Nulrients

Trash

Metals

Bacteria

Oil and Grease
Organics

Legend (Removal Effectiveness)
® low B High
A Medium

EEEREEE
EEEEENE®N

California Experience

This BMP has never been implemented in California, only in the
Austin, Texas area. The use there is limited to watersheds where
no increase in pollutant load is allowed because of the sensitive
nature of the watersheds.

Advantages

s Pollutant removal effectiveness is high, accomplished
primarily by: (1) sedimentation in the primary slorage
facility; (2) physical filtration of particulates through the soil
profile; (3) dissolved constituents uptake in the vegetative
root zone by the soil-resident microbial community.

January 2003 California Stormwater BMP Handbook
New Development and Redevelopment
www.cabmphandbooks.com
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TC-12 Retention/Irrigation

The hydrologic characteristics of this technique are effective for simulating pre-developed
watershed conditions through: (1) containment of higher frequency flood volumes (less than
about a 2-year event); and (2) reduction of flow rates and velacities for erosive flow events.

Pollutant removal rates arc estimated to be nearly 100% for all pollutants in the captured
and irrigated stormwater volume. However, relatively frequent inspection and maintenance
is necessary to assure proper operation of these facilities.

This technology is particularly appropriate for areas with infrequent rainfall because the
system is not required to operate often and the ability to provide stormwater for irrigation
can reduce demand on surface and groundwater supplies.

Limitations

Retention-irrigation is a relatively expensive technology due primarily to mechanical
systems, power requirements, and high maintenance needs.

Duee to the relative complexity of irrigation systems, they must be inspected and maintained
at regular intervals to ensure reliable system function.

Retention-irvigation systems use pumps requiving eleetrical energy inputs (which cost
maoney, create poliution, and can be interrupted). Mechanical systems are also more
complex, requiring skilled maintenance, and they are more vulnerable to vandalisn: than
stmpler, passive systems.

Retention-irrigation systems require open space for irrigation and thus may be difficult to
retrofit in urban areas.

Effective use of retention irrigation requires some form of pre-treatment of runoff flows (i.c., (
sediment forebay or vegetated filter) to remove coarse sediment and to protect the long-term
operating capacity of the irrigation equipment.

Retention/irrigation BM Ps capture and store water that, depending on design may be
accessible to mosquitoes and other vectors for breeding,.

Design and Sizing Guidelines

Rumoff Storage Facility Configuration and Sizing - Design of the runoff storage facility is
flexible a3 long as the water quality volume and an appropriate pump and wet well system
can be accommodated.

Pump and Wet Well Systern - A reliable pump, wet well, and rainfall or soil moisture sensor
system should be used to distribute the water quality volume. These systems should be
similar to those used for wastewater effluent irrigation, which are commonly used in arcas
where “no discharge” wastewater treatment plant permits are issued.

Detention Time - The irrigation schedule should allow for complete drawdown of the water
quality volume within 72 hours. Trrigation should not begin within 12 hours of the end of
rainfall so that direct storm runoff has ceased and soils are not saturated. Consequently, the
length of the active irrigation period is 60 hours. The irrigation should include a cycling
factor of ¥4, so that each portion of the area will be irrigated for only 30 hours during the

20f5 California Stormwater BMP Handbook January 2003

New Davelopment and Redeavelopment
www .cabmphandbooks.com
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Retention/Irrigation TC-12

total of 60 hours allowed for disposal of the water (uality volume. Irrigation also should not
occur during subsequent rainfall events.

=  Trrigation System - Generally a spray irrigation system is required to provide an adequate
flow rate for timely distribution of the water quality volume.

s Designs that utilize covered water storage should be accessible to vector control personnel
via access doors to facilitate vector surveillance and control if needed.

= Irrigation Site Criteria ~ The area selected for irrigation must be pervions, on slopes of less
than 10%. A geological asscssment is required for proposed irrigation arcas to assure that
there is a minimum of 12 inches of soil cover, Rocky soils are acceptable for irrigation;
however, the coarse material {diameter greater than 0.5 inches} should not account for more
than 30% of the soil volume. Optimum sites for irrigation include recreational and greenbelt
areas as well as landscaping in commercial developments. ‘The stormwater irrigation area
should be distinet and different from any areas used for wastewater effluent irvigation.
Finally, the area designated for irrigation should have at least a 100-foot buffer from welis,
septic systems, and natural wetlands.

n  Irrigation Area - The ivrigation rate must be low enough so that the ivrigation does not
produce any surface runoff; consequently, the irrigation rate may not exceed the
permeability of the soil. The minimum required irrigation area should be calenlated using
the following formula:

“{_IZxV

T Txr

where:

A = area required for irrigation (ft2)
V = water quality volume {(ft3)

T = period of active irrigation (30 hr)

r = Permeability {(in/hi)

= The permeability of the soils in the arca proposed for irrigation should be determined using
a double ring infiltvometer (ASTM D 3385-94) or from county soil surveys prepared by the
WNatural Resource Conservation Service. If a range of permeabilities is reported, the average
value should be used in the calculation. If no permeability data is available, a valueof 0.1
inches/hour should be asstuned.

= [t should be noted that the minimum area requires intermittent irrigation over a period of
60 hours at low rates to use the entire water quality volume. This intensive irrigation may be
harmful to vegetation that is not adapted to long periods of wet conditions. In practice, a
much larger irrigation area will provide better use of the retained water and promote a
healthy landscape.

January 2003 California Stormwater BMP Handbook 3of5
Mew Development and Redevelopment
vivaw .cabmphandbogks.cem
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TC-12 Retention/Irrigation

Performance
This technology is still in its infancy and there are no published reports on its effectiveness, cost,
or operational requirements.

Siting Criteria

Capture of stormwater can be accomplished in almost any kind of runoff storage facility, ranging
from dry, concrete-lined ponds to these with vegetated basins and permanent pools. Siting is
contingent upon the type of facility used.

Additional Design Guidelines

This technology is still in its infancy and there are no published reports on its effectiveness, cost,
or aperational requirements,

Maintenance

Relatively frequent inspection and maintenance is necessary to verify proper operation of these
facilities. Some maintenance concerns are specific to the type or irrigation system practice used.

BMPs that store water can become a nuisance die to mosquito and other vector breeding.
Preventing mosquito access to standing water sources in BMPs {particularly below-ground) is
the best prevention plan, but can prove challenging due to multiple entrances and the need to
maintain the hydraulic integrity of the system. Reliance on electrical putps is prone to failure
and in some designs (e.g., sumps, vaults) may not provide complete dewatering, both which
increase the chances of water standing for over 72 hours and becoming a breeding place for
vectors. BMPs that hold water for over 72 hours and/or rely on electrical or mechanical devices
to dewater may require routine inspections and treatments by local mosquito and vector control
agencies to suppress mosquito production. Open storage designs such as ponds and basins (see
appropriate fact sheets) will require rontine preventative maintenanee plans and may also
require routine inspections and treatments by local mosquito and vector control agencies.

Cast

This technology is still in its infaney and there are no published reports on its effectiveness, cost,
or operational requirements. However, Q&M costs for retention-irrigation systems ave high
compared to virtually all other stormwater quality control practices because of the need for: (1)
frequent inspections; (2) the reliance on mechanical equipment; and {3} power costs.

References and Sources of Additional Information

Barrett, M., 1999, Complying with the Edwards Aquifer Rules: Technical Guidance on Best

Management Practices, Texas Natiural Resource Conservation Commission Report RG-348.
: xus/admi doc/rg i

Lower-Colorado River Authority (LCRA), 1998, Nonpoint Source Pollution Control Technical
Manual, Austin, TX.

Metzger, M. K., D. F. Messer, C. L. Beitia, C. M. Mycrs, and V., L. Keamer. 2002. The dark side of
stormwater runoff management: discase vectors associated with steuctural BMPs. Stormwater
3(2): 24-39.

4 of 5 California Stormwater BMP Handbook January 2003
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TC-12

Retention/Irrigation
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Infiltration Trench TC-10

Design Considerations

= Accumulation of Melals
u  Clogged Soil Outlet Structures

= \Vegelation/Landscape
Maintenance

Description

An infiltration trench is a long, narrow, rock-filled trench with no | Targeted Constituents

outlet that receives stormwater runoff. Runoff is stored in the B Sedment =

void space between the stones and infiltrates through the bottom | & nutients -

and into the soil matrix. Infiltration trenches perform well for Trash .

removal of fine sediment and associated pollutants. Molls =

Pretreatment using buffer strips, swales, or detention basins is — @

important for limiting amounts of coarse sediment entering the Bacleria .

trench which can clog and render the trench ineffective. Oiland Grease n
M Organics ]

California Experience Legend (Removal Effectiveness)

Caltrans constructed two infiltration trenches at highway & m High

maintenance stations in Southern California. Of these, one failed ‘

to operate to the design standard because of average soil A Medum

infiltration rates lower Lthan that measured in the single

infiltration test. This highlights the critical need for appropriate
evaluation of the site. Once in operation, little maintenance was
required at either site.

Advantages
= Provides 100% reduction in the load discharged to surface
waters.

= An important benefit of infiltration trenches is the
approximation of pre-development hydrology during which a
significant portion of the average annual rainfall runoff is
infiltrated rather than flushed directly to creeks.

= Ifthe water quality volume is adequately sized, infiltration
trenches can be useful for providing control of channel
forming (erosion) and high frequency (generally less than the
2-year) flood events.

January 2003 California Stormwater BMP Handbook 1of 7
New Development and Redevelopment
www.cabmphandbooks.com
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TC-10 Infiltration Trench

= Asan underground BMP, trenches are unobtrusive and have little impact of site acstheties.

Limitations
s Have ahigh failure rate if soll and subsurface conditions are not suitable.

= May not be appropriate for industrial sites or locations where spills may oceur.

n The maximum contributing arca to an individual infiltration practice should generally be
less than 5 acres.

s Infiltration basins require a minimum soil infiltration rate of 0.5 inches/hour, not
appropriate at sites with Hydrologic Soil Types Cand D.

= Ifinfiltration rates exceed 2.4 inches/hour, then the runoff should be fully treated prior to
infiltration to protect groundwater quality.

®  Not suitable on fill sites or steep slopes.

®  Risk of groundwater contamination in very coarsc soils.

»  Upstream drainage area must be completely stabilized before constroction.
= Difficalt to restore functioning of infiltration trenches once clogged.

Design and Sizing Guidelines

»  Provide pretreatment for infiltration trenches in order to reduce the sediment load.
Pretreatment refers to design features that provide settling of large particles before runoff
reaches a management practice, easing the long-term maintenance burden. Pretreatment is
important for all structural stormwater management practices, but it is particularly
important for infiltration practices. To ensure that preteeatient nechanisms are effective,
designers shonld incorporate practices such as grassed swales, vegetated filter strips,
detention, or a plange pool in series.

a  Specify locally available trenich rock that is 1.5 to 2.5 inches in diameter,

= Determine the trench volurne by assuming the WQV will fill the void space based onr the
computed porosity of the rock matrix (normally about 35%}).

= Determine the bottom surface area needed to drain the trench within 72 hr by dividing the
WQV by the infiltration rate.

_ QK & RFF

d
S4

= Culeulate trench depth using the following equation:
where:

D = Trench depth

2of 7 California Stermwater BMP Handbook January 2003
Mew Develapment and Redeveloprent
wwivw cabmphandbooks.com
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Infiltration Trench TC-10

WOV = Water quality volume
RFY = Rock fill volame
SA = Surface area of the trench bottom

&  The use of vertical piping, either for distribution or infiltration enharcoment shall not be
allowed to avoid device classification as a Class V injection well per 40 CFR146.5(e)(4).

n  Provide observation well to allow observation of drain time.

u  May include a horizontal layer of filter fabrie just below the surface of the trench to retain
sediment and reduce the potential for clogging.

Construction/Inspection Considerations

Stabilize the entire area draining to the facility before construction begins. 1If impossible, place a
diversion berm around the perimeter of the infiltration site to prevent sediment entrance during
construction. Stabilize the entire contributing drainage aven before allowing any ranoff to enter
once construction is complete,

Performance

Infiltration trenches eliminate the discharge of the water quality voliume to surface receiving
waters and consequently can be considered to have 100% removal of all pollutants within this
volume. Transport of some of these constituents to groundwater is likely, although the
attenuation in the soil and subsurface layers will be substantial for many constituents.

Infiltration trenches can be expected to remove up to 6o percent of sediments, metals, coliform
bacteria and organic matter, and up to 60 pereent of phosphorus and nitrogen in the infiltrated
runoff (Schueler, 1992). Biochemical oxygen demand (BOD) removal is estimated to be between
70 to 80 pereent. Lower removal rates for nitrate, chlorides and soluble metals should be
expected, especially in sandy soils (Schueler, 1992). Pollutant removal efficiencies may be
improved by using washed aggregate and adding organic matter and loam to the subsoil. The
stone aggregate should be washed to remove dirt and fines before placement in the trench, The
addition of organic material and loam to the trench subsoil may enhance metals removal
through adsorption.

Siting Criteria

The use of infiltration trenches may be limited by a number of factors, including type of native
soils, climate, and location of groundwater table. Site characteristics, such as excessive slope of
the drainage area, fine-grained soil types, and proximate location of the water table and
bedrock, may precinde the use of infiltration trenches. Generally, infiltration trenches are not
suitable for areas with relatively impermeable soils containing clay and silt or in areas with fill.

As with any infiltration BMP, the potential for groundwater contamination must be carefully
considered, especially if the gronndwater is used for human consumption or agricnltural
purposes. The infiltration trench is not suitable for sites that use or store chemicals or
hazardous materials unless hazardous and toxic materials are prevented from entering the
trench. 1n these arcas, other BMPs that do not allow interaction with the groundwater should be
considered.
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TC-10 Infiltration Trench

‘The potential for spills can be minimized by aggressive pollution prevention measures. Many
municipalities and industries have developed comprehensive spill prevention control and
cotmtermeasure (SPCC) plans. These plans should be modified to include the infiltration trench
and the contributing drainage area. For example, diversion structures can be used to prevent
spills from entering the infiltration trench. Beeause of the potential to contaminate
groundwater, extensive site investigation must be undertaken early in the site planning process
to establish site suitability for the installation of an infiltration trench.

Longevity can be increased by carefi] geotechnical evaluation prior to construction and by
designing and implementing an inspection and maintenance plan, Soil infiltration rates and the
witter table depth should be evaluated to ensure that conditions are satisfactory for proper
operation of an infiltration trench. Pretreatment struetures, such as a vegetated buffer strip or
water quality inlet, can increase longevity by removing sediments, hydrocarbons, and other
materials that may clog the trench. Regular maintenance, including the replacement of clogged
aggregate, will also increase the effectiveness and life of the trench.

Evaloation of the viability of a particnlar site is the same as for infiltration basins and includes:

= Determine soil type (consider RCS soil type ‘A, B or C only) from mapping and consult
USDA soil survey tables to review other parameters such as the amount of silt and elay,
presence of a restrictive layver or seasonal high water table, and estimated permeabitity. The
soil shonld not have more than 30 percent clay or more than 40 percent of clay and silt
combined. Eliminate sites that are dearly ansuitable for infiltration.

s Groundwater separation should be at least g m from the basin invert to the measured
ground water elevation. There is concern at the state and regional levels of the impact on
groundwater guality from infiltrated runoff, especially when the separation between
gromdwater and the surface is sl

n  Location away from buildings, slopes and highway pavement (greater than 6 m) and wells
and bridge structures (greater than 30 m). Sites constructed of fill, having a base flow or
with a slope greater than 15 percent should not be considered.

»  Ensure that adequate head is available to operate flow splitter structures (to allow the basin
to be offling) without ponding in the splitter structure or ereating backwater upstream of the
splitter.

= Base flow should not be present in the tributary watershed,

Secondary Screening Based on Site Geotechnical Investigation

m  Atleast three in-hole conductivity tests shall be performed using USBR 7300-89 or Bouwer-
Rice procedures (the latter if groundwater is encountered within the boring), two tests at
different locations within the proposed basin and the third down gradient by no more than
approximately 10 m. The tests shall measure permeability in the side slopes and the bed
within a depth of 3 m of the invert.

% The mintmum acceptable hydraulic conductivity as measured in any of the three required
test holes is 13 mmy/he, [F any test hole shows less than the minimum value, the site should
be disqualified from further consideration.
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Infiltration Trench TC-10

»  Exelude from consideration sites consteucted in fill or partiatly in fill unless no silts or clays
are present in the soil boring. Fill tends to be compacted, with clays in a dispersed rather
than floccudated state, greatly reducing permeahility.

u  The geotechnical investigation should be such that & good anderstanding is gained as to how
the stormwater runoff will move in the soil (horizontally or vertically) and if there are any
geological conditions that could inhibit the movement of water,

Maintenance

Infiltration trenches required the least maintenance of any of the BMPs evaluated in the
Caltrans study, with approximately 17 field hours spent on the operation and maintenance of
each site. Inspeetion of the infilteation trench was the largest field activity, requiring
approximately 8 hr/fyr.

In addition to reduced water guality performance, clogged infiltration trenches with surface
standing water can become a nuisance due to mosquito breeding, Ifthe trench takes more than
72 hours to drain, then the rock fill should be removed and all dimensions of the teench should
be inereased by 2 inches to provide a fresh surface for infiltration.

Cost

Construction Cost

Infiltration trenches are somewhat expensive, when compared to other stormwater practices, in
terms of cost per area treated, Typical construction costs, inchuding contingency and design
costs, are about $5 per ft2 of stormwater treated (SWRPC, 1991; Brown and Schueler, 1997}
Actual construction costs may be much higher. The average construction cost of two infiltration
trenches installed by Caltrans in southern California was about $50/ft%; however, these were
constructed as retrofit installations.

Infiltration trenches typically consime about 2 to 3 percent of the site draining to them, which is
relatively small. Tan addition, infiltration trenches can fitinte thin, linear arcas. Thus, they can
generally fit into relatively unusable portions of a site.

Maintenance Cost

One cost concern associated with infiltration practices is the maintenance burden and longevity.
If improperly sited or maintained, infiltration trenches have a high failure rate. In general,
maintenance costs for infiltration trenches are estimated at between 5 pereent and 20 percent of
the construction cost. More realistic values are probably closer to the 20-percent range, to
ensure long-term functionality of the practice.
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Sediment Trap SE-3

Objectives
EC  Erosion Control
SE  Sediment Control 4|

TR  Tracking Control

WE  Wind Erosion Control
NS Non-Stormwater
Management Control

\Vaste Management and

WM\ paterials Polution Conrol

Legend:
%] Primary Objective
[l secondary Objective

Targeted Constituents

Sediment

Nutrients

Trash M
Metals

Description and Purpose
A sediment trap is a containment area where sediment-laden Bacteiia
runoff is temporarily detained under quiescent conditions,
allowing sediment to settle out or before the runoff is

Qil and Grease

discharged. Sediment traps are formed by excavating or Rigins
constructing an earthen embankment across a waterway or low
drainage area. Potential Alternatives
Suitable Applications SE-2 Sediment Basin (for larger
. . are
Sediment traps should be considered for use: a)
m At the perimeter of the site at locations where sediment-
laden runoff is discharged offsite.
m At multiple locations within the project site where sediment
control is needed.
m  Around or upslope from storm drain inlet protection
measures.
m  Sediment traps may be used on construction projects where
the drainage area is less than 5 acres. Traps would be
placed where sediment-laden stormwater may enter a storm
drain or watercourse. SE-2, Sediment Basins, must be used
for drainage areas greater than 5 acres.
m  Asasupplemental control, sediment traps provide additional
protection for a water body or for reducing sediment before it
enters a drainage system.
I'.f.r'\l..'l'('\l('\l‘;'.'[.JIL\‘.'.\-:\'] l':l
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SE-3 Sediment Trap

Limitations
s Requires large surface areas to permit infiltration and settling of sediment.

m  Not appropriate for drainage areas greater than 5 acres.

s Only removes large and medium sized particles and requires upstream erosion control.
m  Attractive and dangerous to children, requiring protective fencing.

»  Conducive to vector production.

= Should not be located in live streams.

Implementation

Design

A sediment trap is a small temporary ponding area, usually with a gravel outlet, formed by
excavation or by construction of an earthen embankment. Its purpose is to collect and store
sediment from sites cleared or graded during construction. It is intended for use on small
drainage areas with no unusual drainage features and projected for a quick build-out time. It
should help in removing coarse sediment from runoff. The trap is a temporary measure with a
design life of approximately six months to one year and is to be maintained until the site area is
permanently protected against erosion by vegetation and/or structures.

Sediment traps should be used only for small drainage areas. Ifthe contributing drainage area
is greater than 5 acres, refer to SE-2, Sediment Basins, or subdivide the catchment area into
smaller drainage basins.

Sediment usually must be removed from the trap after each rainfall event. The SWPPP should
detail how this sediment is to be disposed of, such as in fill areas onsite, or removal to an
approved offsite dumnp. Sediment traps used as perimeter controls should be installed before
any land disturbance takes place in the drainage area.

Sediment traps are usually small enough that a failure of the structure would not result in a loss
of life, damage to home or buildings, or interruption in the use of public roads or utilities.
However, sediment traps are attractive to children and can be dangerous. The following
recommendations should be implemented to reduce risks:

m  Install continuous fencing around the sediment trap or pond. Consult local ordinances
regarding requirements for maintaining health and safety.

a  Restrict basin side slopes to 3:1 or flatter.

Sediment trap size depends on the type of soil, size of the drainage area, and desired sediment
removal efficiency (see SE-2, Sediment Basin). As a rule of thumb, the larger the basin volume
the greater the sediment removal efficiency. Sizing criteria are typically established under the
local grading ordinance or equivalent. The runoff volume from a 2-year storm is a common
design criteria for a sediment trap. The sizing criteria below assume that this runoff volume is
0.042 acre-ft/acre (0.5 in. of Tunoff). While the climatic, topographic, and soil type extremes
make it difficult to establish a statewide standard, the following criteria should trap moderate to
high amounts of sediment in most areas of California:

20f6 California Stormwaler BMP Handbook January 2003
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m  Locate sediment traps as near as practical to areas producing the sediment.

m  Trap should be situated according to the following criteria: (1) by excavating a suitable area
ot where a low embankment can be constructed across a swale, (2) where failure would not
cause loss of life or property damage, and {3) to provide access for maintenance, including
sediment removal and sediment stockpiling in a protected area.

m  Trap should be sized to accommodate a settling zone and sediment storage zone with
recommended minimum volumes of 67 yd3/acre and 33 yd3/acre of contributing drainage
area, respectively, based on 0.5 in. of runoff volume over a 24-hour period. Inmany cases,
the size of an individual trap is limited by available space. Multiple traps or additional
volume may be required to accommodate specific rainfall, soil, and site conditions.

m  Traps with an impounding levee greater than 4.5 ft tall, measured from the lowest point to
the impounding area to the highest point of the levee, and traps capable of impounding more
than 35,000 fi3, should be designed by a Registered Civil Engineer. The design should
include maintenance requirements, including sediment and vegetation removal, to ensure
continucus function of the trap outlet and bypass structures.

s The outlet pipe or open spillway must be designed to convey anticipated peak flows.
»  Use rock or vegetation to protect the trap outlets against erosion.
m  Fencing should be provided to prevent unanthorized entry.

Installation

Sediment traps can be constructed by excavating a depression in the ground or creating an
impoundment with a small embankment. Sediment traps should be installed outside the area
being graded and should be built prior to the start of the grading activities or removal of
vegetation. To minimize the area disturbed by them, sediment traps should be installed in
natural depressions or in small swales or drainage ways. The following steps must be followed
during installation:

m  The area under the embankment must be cleared, grubbed, and stripped of any vegetation
and root mat. The pool area should be cleared.

»  The fill material for the embankment must be free of roots or other woody vegetation as well
as oversized stones, rocks, organic material, or other objectionable material. The
embankment may be compacted by traversing with equipment while it is being constructed.

n  All cut-and-fill slopes should be 3:1 or flatter.

= When ariser is used, all pipe joints must be watertight.

m  When arizer is used, at least the top two-thirds of the riser should be perforated with o.5 in.
diameter holes spaced 8 in. vertically and 10 to 12 in. horizontally, See SE-2, Sediment

Basin.

m  When an earth or stone outlet is used, the outlet crest elevation should be at least 1 ft below
the top of the embankment.
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SE-3 Sediment Trap

m  When crushed stone outlet is used, the crushed stone used in the outlet should meet
AASHTO M4g, size No. 2 or 24, or its equivalent such as MSHA No. 2. Gravel meeting the
above gradation may be used if crushed stone is not available.

Costs

Average annual cost per installation and maintenance (18 month useful life) is $0.73 per ft3
($1,300 per drainage acre). Maintenance costs are approximately 20% of installation costs.

Inspection and Maintenance

= Inspect BMPs prior to forecast rain, daily during extended rain events, after rain events,
weekly during the rainy season, and at two-week intervals during the non-rainy season.

w Inspect outlet area for erosion and stabilize if required.
m Inspect trap banks for seepage and structural soundness, repair as needed.

= Inspect outlet structure and spillway for any damage or obstructions. Repair damage and
remove obstructions as needed.

r I[nspect fencing for damage and repair as needed.

m Inspectthe sediment trap for area of standing water during every visit. Corrective measures
should be taken if the BMP does not dewater completely in 72 hours o1 less to prevent vector
production.

u  Sediment that accumulates in the BMP must be periodically removed in order to maintain
BMP effectiveness. Sediment should be removed when the sediment acenrmulation reaches
one-third of the trap capacity. Sediment removed during maintenance may be incorporated
into earthwork on the site or disposed of at an appropriate location.

s Remove vegetation from the sediment trap when first detected to prevent pools of standing
water and subsequent vector production.

m  BMPs that require dewatering shall be continuously attended while dewatering takes place.
Dewatering BMPs shall be implemented at all times during dewatering activities.
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Sediment Trap
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Extended Detention Basin

TC-22

Description

Dry extended detention ponds (a.k.a. dry ponds, extended
detention basins, detention ponds, extended detention ponds)
are basins whose outlets have been designed to detain the
stormwater runoff from a water quality design storm for some
minimum time (e.g., 48 hours) to allow particles and associated
pollutants to settle. Unlike wet ponds, these facilities do not have
a large permanent pool. They can also be used to provide flood
control by including additional flood detention storage.

California Experience

Caltrans constructed and monitored 5 extended detention basins
in southern California with design drain times of 72 hours. Four
of the basins were earthen, less costly and had substantially
better load reduction because of infiltration that occurred, than
the concrete basin. The Caltrans study reaffirmed the flexibility
and performance of this conventional technology. The small
headloss and few siting constraints suggest that these devices are
one of the most applicable technologies for stormwater
treatment.

Advantages

m  Due to the simplicity of design, extended detention basins are
relatively easy and inexpensive to construct and operate.

= Extended detention basins can provide substantial capture of
sediment and the toxics fraction associated with particulates.

m  Widespread application with sufficient capture volume can
provide significant control of channel erosion and
enlargement caused by changes to flow frequency

Design Considerations

m Tributary Area
m Area Required
® Hydraulic Head

Targeted Constituents

Sediment

Nutrients

Trash

Metals

Bacteria

Oil and Grease
Organics

Legend (Removal Effectiveness)
® Low E  High
A Medium
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TC-22 Extended Detention Basin

relationships resulting from the increase of impervious cover in a watershed.

Limitations

= Limitation of the diameter of the orifice may not allow use of extended detention in
watersheds of less than 5 acres {would require an ovifice with a diameter of less than 0.5
inches that would be prone to clogging).

n  Dryextended detention ponds have only moderate pollutant removal when compared to
some other structural stormwater practices, and they are relatively ineffective at removing
soluble pothitants.

»  Although wet ponds can increase property values, dry ponds can actually detract from the
value of a home due to the adverse aesthetics of dry, bare areas and inlet and autlet
structures.

Design and Sizing Guidelines

n  Capture volume determined by local requirements or sized to treat 85% of the annual runoff
volume,

u  Qutlet designed to dischavge the capture volume over a period of hours.
= Length to width ratio of at least 1.5:1 where feasible.
= Basin depths optimally range from 2 to 5 feet.

= Include energy dissipation in the inlet design to reduce resuspension of accumulated
sediment.

® A maintenance ramp and perimeter access should be included in the design to facilitate
access to the basin for maintenance activities and for vector sueveillance and control.

= Usea draw down time of 48 hours in most arcas of California. Draw down times in excess of
48 hours may result in vector breeding, and should be used only after coordination with
local vector control authorities. Draw down times of less than 48 hours should be himited to
BMP drainage areas with coarse soils that readily settle and to watersheds where warming
may be determined to downstream fisheries.

Construction/Inspection Considerations

= Inspect facility after fiest large to storm to determine whether the desired residence time has
heen achieved.

a  When constructed with small tributary area, orifice sizing is critical and inspection should
verify that flow through additional openings such as bolt holes does not occur.

Performance

One ohjective of stormwater management practices can be to reduce the flood hazard associated
with large storm cvents by reducing the peak flow associated with these storms. Dry extended
detention basins can easily be designed for flood control, and this is actually the primary
purpose of most detention ponds.
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Dry extended detention basins provide moderate pollutant removal, provided that the
recommended design features ave incorporated. Although they can be effective at removing
some pollutants through settling, they are less effective at ventoving soluble pollutants becanse
of the absence of a permanent pool. Several studies ave available on the effectiveness of dry
extended detention ponds including one recently conchided by Caltrans (2002).

The load reduction is greater than the concentration reduction because of the substantial
infiltration that occurs. Although the infiltration of stormwater is clearly beneficial to surface
receiving waters, there is the potential for groundwater contamination. Previous research on the
effects of incidental infiltration on groundwater quality indicated that the visk of contamination
is minimal.

There were substantial differences in the amounnt of infiltration that were observed in the
earthen basius during the Caltrans study, On average, approximately 40 percent of the runoff
cntering the unlined basins infiltrated and was not discharged. The percentage ranged from a
high of about 60 percent to a low of only about 8 percent for the different facilities. Climatic
conditions and local water table elevation are likely the principal causes of this difference. The
least infiltvation occurred at a site located on the coast where humidity is higher and the basin
invert is within a few meters of sea level. Conversely, the most infiltration oceurred at a facility
lIocated well inland in Los Angeles County where the climate is nutch warmer and the humidity
is less, resulting in lower soil moisture content in the basin floor at the beginning of storms.

Vegetated detention basing appear to have greater pollutant removal than concrete basins, In
the Caltrans study, the concrete basin exported sediment and associated pollutants during a
number of storms. Export was not as common in the earthen hasins, where the vegetation
appeared to help stabilize the retained sediment.

Siting Criteria

Dry extended detention ponds are samong the most widely apphlicable stormwater management
practices and are especially useful in retrofit situations where their low hydraulic head
requirements allow them to be sited within the constraints of the existing storm drain system. In
addition, many communities have detention basins designed for flood control. 1 is possible to
modify these facilitics to incorporate features that provide water guality treatment and/or
channel protection. Although dry extended detention ponds can be applied rather broadly,
designers need to ensure that they are feasible at the site in question. This section provides
basic guidelines for siting dry extended detention ponds.

In geneval, dry extended detention ponds should be used on sites with a minimum area of 5
acres. With this size catchment aren, the orifice size can be on the ovder of 0.5 inches. On
smaller sites, it can be challenging to provide channel or water quality control becanse the
orifice diameter at the outlet needed to control relatively small storms becomes very small and
thus prone to clogging, In addition, it is generally more cost-effective to control larger drainage
areas due to the economies of scale.

Extended detention basins can be used with almost all soils and geology, with minor design
adjnstments for regions of rapidly percolating soils such as sand. In these areas, extended
detention ponds may need an impermeable liner to prevent ground water contamination.
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The base of the extended detention facility should not intersect the water table. A permanently
wet bottom may become a mosquito breeding ground. Research in Southwest Florida (Santana
etal, 1994) demonstrated that intermittently flooded systems, such as dry extended detention
ponds, produce more mosquitoes than other pond systems, particularly when the facilities
remained wet for more than 3 days following heavy rainfall.

A study in Prince George's County, Maryland, found that stormwater management practices can
increase stream temperatures (Galli, 1990). Overall, dry extended detention ponds increased
temperature by about 5°F. In cold water streams, dry ponds should be designed to detain
stormwater for a relatively short time (ie., 24 hours) to minimize the amount of warming that
occurs in the basin.

Additional Design Guidelines

In order to enhance the effectiveness of extended detention basins, the dimensions of the basin
must be sized appropriately. Merely providing the required storage volume will not ensure
maximum constituent removal. By effectively configuring the basin, the designer will create a
long flow path, promote the establishment of low velocities, and avoid having stagnant areas of
the basin. To promote settling and to attain an appealing environment, the design of the basin
should consider the length to width ratio, cross-sectional areas, basin slopes and pond
configuration, and aestheties (Young et al, 1996).

Energy dissipation structures should be included for the basin inlet to prevent resuspension of
accumulated sediment. The use of stilling basins for this purpose should be avoided because the
standing water provides a breeding area for mosquitoes.

Extended detention facilities should be sized to completely capture the water quality volume. A
micropool is often recommended for inclusion in the design and one is shown in the schematic
diagram. These small permanent pools greatly inerease the potential for mosquito breeding and
complicate maintenance activities; consequently, they are not recommended for use in
California.

A large aspect ratio may improve the performance of detention basins; consequently, the outlets
should be placed to maximize the flowpath through the facility. The ratlo of flowpath length to
width from the inlet to the outlet
should be at least 1.5:1 (L: W)
where feasible. Basin depths
optimally range from 2 to 5 feet.

The facility's drawdown time
should be regulated by an orifice
or weir. In general, the outflow
structure should have a trash
rack or other acceptable means
of preventing clogging at the
entrance to the outflow pipes.
The outlet design implemented

by Caltrans in the facilities

constructed in San Diego County s

used an outlet riser with orifices . Figure 1
Example of Extended Detention Outlet Structure
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sized to discharge the water quality vohume, and the riser overflow height was set to the design
storm elevation. A stainless steel sereen was placed around the outlet riser to ensure that the
orifices would not become clogged with debuis. Sites either used a separate riser or broad crested
weir for overflow of runoff for the 25 and greater year storms. A pichire of a typical outlet is
presented in Figure 1.

The outflow structure should be sized to allow for complete drawdown of the water quality
voluinie in 72 hours. No more than 50% of the water quality volume should drain from the
facility within the first 24 hours. The outflow structure can he fitted with a valve so that
discharge from the basin can be halted in case of an accidental spill in the watershed.

Summary of Design Recommendations
(1) Facility Sizing - The required water guality volume is determined by local regulations
or the basin should be sized to capture and treat 85% of the annual runoff volume.
See Section 5.5.1 of the handbook for a discussion of volume-based design.

Basin Confignration ~ A high aspect ratio may improve the performance of detention
basins; conscquently, the outlets shonld be placed to maximize the flowpath through
the facility. The ratio of flowpath length to width from the inlet to the outlet should
be at least 1.5:1 (L:W). The flowpath length is defined as the distance from the inlet
to the outlet as measured at the surface. The width is defined as the mean width of
the basin, Basin depths optimally range from 2 to 5 feet. ‘The basin may include a
sediment forebay to provide the opportunity for larger particles to settle out.

A micropool should not be incorporated in the design becanse of vector concerns. For
online facilities, the principal and emergency spillways must be sized to provide 1.0
foot of freehoard during the 25-year event and to safely pass the flow from 100-year
storm.

(= Pond Side Slopes - Side slopes of the pond should be 3:1 (H:V) or flatter for grass
stabilized slopes. Slopes steeper than g: (H:V) must be stabilized with an
appropriate slope stabilization practice.

(3)  Basin Lining - Basins must be constructed to prevent possible contamination of
groundwater below the facility.

{4) Basin Inlet - Energy dissipation is required at the basin inlet to reduce resuspension
of acenmulated sediment and to reduce the tendency for short-circuiting,.

(5) Qutflow Structure - The facility’s drawdown time should be regulated by a gate valve
ar orifice plate. In general, the outflow structure should have a trash vack or other
acceptable means of preventing clogging at the entrance to the outflow pipes.

The outflow structure should be sized to allow for complete drawdown of the water
quality volume in 72 hours. No move than 50% of the water quality volume should
drain from the facility within the first 24 hours. The outflow structure should be
fitted with a valve so that discharge from the basin ean be halted in case of an
accidental spill in the watershed. This same valve also can be uscd to regulate the
rate of discharge from the basin.

January 2003 California Stormwater BMP Handbook 5of 10
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The discharge through a control orifice is caleulated from:
Q = CA{2g(H-H,))os

where: Q= discharge (fi3/s)
C = orifice coefficient
A = area of the orifice (ft2)
g = gravitational constant (32.2)
H = water surface elevation (ft)
He= orifice elevation {ft)

Recommended values for C are 0.66 for thin materials and 0.80 when the material is
thicker than the orifice diameter. This equation can be implemented in spreadsheet
form with the pond stage/volume relationship to caleulate drain time. To do this, use
the initial height of the water above the orifice for the water guality volume. Calculate
the discharge and assuime that it remains constant for approximately 10 minutes,
Based on that discharge, estimate the total discharge during that interval and the

new clevation based on the stage volume relationship. Continue to iterate until H is
approximately equal to Ho. When using multiple oriftees the discharge from each is
summed,

(6)  Splitter Box - When the pond is designed as an offline facility, a splitter structure is
used to isolate the water quality volume. The splitter box, or other flow diverting
approach, should be designed to convey the 25-year storm cvent while providing at
least 1.0 foot of frechoard along pond side slopes.

) Erosion Protection at the Qutfall - For online facilities, special consideration should
be given to the facility’s outfall location. Flared pipe end sections that discharge at or
near the stream vert are preferred. The channel immediately below the pond
outfall should be medified to conform to natural dimensions, and lined with large
stone riprap placed over filter cloth. Energy dissipation may be required to reduce
flow velocities from the primary spillway to non-erosive velocities.

(8)  Safety Considerations - Safety is provided either by fencing of the facility or by
managing the contours of the pond to eliminate dropoffs and other hazards. Earthen
side slopes should not exceed 3:1 (H:V) and should terminate on a flat safety bench
area. Landscaping can be used to impede access to the facility. The primary spillway
opening must not permit access by small children. Qutfall pipes above 48 inches in
diameter should be fenced.

Maintenance

Routine maintenance activity is often thought to consist mostly of sediment and trash and
debris removal; however, these activities often constitute only a small fraction of the
maintenance hours. During a recent study by Caltrans, 2 hours of maintenance was performed
annually, but only a little over 7 hours was spent on sediment and trash removal. ‘The largest
recurring activity was vegetation management, routine mowing. The largest absolute munber of
hours was associated with vector control because of mosguito breeding that occurred in the
stitling basins (example of standing water to be avoided) installed as energy dissipaters. In most
cases, basic housckeeping practices such as removal of debris accunulations and vegetation
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management to ensure that the basin dewaters completely in 48-72 hours is sufficient to prevent
creating mosguito and other vector habitats.

Consequently, maintenance costs should be estimated based primarily on the mowing frequency
and the time required. Mowing should be done at least annually to avoid cstablishment of
woody vegetation, but may need to be performed much more frequently if agsthetics are an
important consideration.

Typical activities and frequencies include:

»  Schedule semiannual inspection for the beginning and end of the wet season for standing
water, slope stability, sediment accumulation, trash and debris, and presence of burrows.

w  Remove accumudated teash and debris in the basin and around the riser pipe during the
serniannual inspections. ‘The frequency of this activity may be altered to meet specific site
conditions.

= Irim vegetation at the beginning and end of the wet season and inspect monthly to prevent
establishment of woody vegetation and for aesthetic and vector reasons,

®  Remove accumulated sediment and re-grade about every 10 years or when the accumulated
sediment volume exceeds 10 pereent of the basin volume. Inspect the basin cach year for
accumtlated sediment volume.

Cost
Construction Cast
‘The construction costs associated with extended detention basins vary considerably. One recent
study evaluated the cost of all pond systems (Brown and Schueler, 1997). Adjusting fur
inflation, the cost of dry extended detention ponds can be estimated with the equation:

C =12, gV0760

where: €= Construction, design, and permitting cost, and
V = Volume {ft3).

Using this equation, typical construction costs are:

$ 41,600 for a 1 acre-foot pond

$ 239,000 for a 10 acre-foot pond

5 1,380,000 for a 100 acre-foot pond

Interestingly, these costs are generally slightly higher than the predicted cost of wet ponds
(according to Brown and Schueler, 1997) on a cost per total volume basis, which highlights the

difficulty of developing reasonably accurate construction estimates. In addition, a typical facility
construeted by Caltrans cost about $160,000 with a capture volume of only 6.3 ac-ft.

An economic concern associated with dry ponds is that they might detract slightly from the
value of adjacent properties. One study found that dry ponds can actually detract from the
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perceived value of homes adjacent to a dry pond by between 3 and 10 percent (Rmmerling-
Dinovo, 1095).

Maintenance Cost

For ponds, the annual cost of routine maintenance is typically estimated at about 3 to 5 percent
of the construction cost (EPA website). Alternatively, a community can estimate the cost of the
maintenance activities outlined in the maintenance section. Table 1 presents the maintenance
costs estimated by Caltrans based on their experience with five basins located in southern
California. Again, it should be cmphasized that the vast majority of hours are related to
vegetation management (mowing).

_JYahle 1 Estimated Average Annual Maintenance Effort
Activity Labor Hours !;:\(Il:: 5 :j’}‘g‘ Cost
fnspections EY 7 183
Mainlenanes 49 126 238
Vevtor Control o 0 4]
Administration 3 0 132
Materials - 545 535

Tolal 56 668 53,132
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ADVANCED GEOTECHNICAL SOLUTIONS, INC.
25109 Jefferson Avenue, Suite 220

Murrieta, California 92562

Telephone: (619) 708-1649 Fax: (714) 409-3287

The Accretive Group March 22, 2012
12275 El Camino Real, Suite 220 P/W 1102-01
San Diego, CA 92130 Report No. 1102-01-B-11

Attention: Mr. Jon Rilling

Subject: Preliminary Infiltration Rates, Lilac Hills Ranch, Valley Center
Community Planning Area, County of San Diego, California

Reference: Feasibility Level Geotechnical Report, Las Lilas Project, Valley Center
Area, San Diego, California, prepared by Pacific Soils Engineering, Inc.
dated May 23, 2007 (PSE W.0. 401120)

Gentlemen:

Pursuant to a request from representatives of Landmark Consulting, transmitted herein is Advanced
Geotechnical Solutions, Inc.’s (AGS) estimated infiltration rates for use in the preliminary design of
infiltration basins for the Lilac Hills Ranch project, Valley Center Community Planning Area, County of
San Diego, California. Site specific testing has not been conducted onsite for the determination of
infiltration rates. The rates presented herein are based upon USDA Natural Resource Conservation
Service (NCRS) mapping, information provided by the County of San Diego, Department of Public
Works, and the characteristics of the onsite soils and bedrock.

We have provided you preliminary mapping of the site showing the approximate location of the various
geologic units onsite. Based upon the geologic units the following estimated infiltration rates are
presented:

Artificial Fill, Compacted (no map symbol)- Soil Group D (rates 0 to 0.05 inches per hour)
Artificial Fill, Undocumented (map symbol afu)- Soil Group D (rates 0 to 0.05 inches per hour)
Alluvium (map symbol Qal)- Soil Group C (rates 0.05 to 0.15 inches per hour)

Older Alluvium (map symbol Qoal)- Soil Group C (rates 0.05 to 0.15 inches per hour)

Y V ¥V ¥V VY

Granitic Rock (map symbol Kgr)- Soil Group D (rates 0 to 0.05 inches per hour)

The aforementioned rates are highly dependent upon the depth to the underlying relatively impermeable
granitic rock and whether the area has been subjected to loading from grading or farming equipment as
this will tend to densify the soils and reduce the infiltration rates. Infiltration basins should be located
such that the infiltration water is located down gradient from all structural building pads.

Should you desire more accurate design rates than these general rates presented herein, additional testing
can be conducted. This testing should be conducted utilizing a Double Ring Infiltrometer apparatus.
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Page 2 Mareh 22, 2012
Report 1102-01-B-11 P/W 1102-01

Rates determined with the Double Ring Infiltrometer are considered to be more accurate by the local
Walter Quality Control Board than other methods.

The opportunily to be of service is sincerely appreciated. If you should have any questions, please do not
hesitate to contact the undersigned.

Respectfully Submitted,
Advanced Geptechnical Solutions, Inc.

Al

EFEREY %]\, ¥, Viee Prcsi/dﬂu
CE 46544/ GE 2314 /

Digtribution: {4) Addressee
{1} Landmark Consultinge\itny
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CREDIT
403.5 (6)

Major Stormwater Management Plan
(Major SWMP)
For
LILAC HILLS RANCH-IMPLEMENTING TM
TM - 5572 RPL-3
Valley Center, San Diego County, California

Preparation/Revision Date: 5-3-13

Prepared for:

Accretive Investments, Inc.
12275 Fl Camino Real, Suite 110
San Diego, Ca 92130

Prepared by:

Landmark Consulting
9555 Genesee Ave. Ste. 200
San Diego, Ca 92121
858-587-8070

The selection, sizing, and preliminary design of stormwater treatment and other control measures in
this plan have been prepared under the direction of the following Registered Civil Engineer and meet

the requirements of Regional Water Quality Control Board Order R9-2007-0001 and subsequent
amendments.

David Yeh, RCE 62717, Exp 6-30- 14 5-3-13

Date



» Indicate the treatment facility(s) chosen for this project in the following table.

TABLE 11: GROUPS OF POLLUTANTS and relative effectiveness of treatment

facilities

Pollutants of | Bioretention Settling Wet Ponds | Infiltration
Concern Facilities | Basins il Facilities
(LID) (Dry Constructed or
Ponds) Wetlands Practices

(LID)

Media Higher-
Filters rate
biofilters*

Higher- Trash Racks
rate media & Hydro

filters* -dynamic
Devices

Vegetated
Swales

Coarse High High High High
Sediment
and Trash

High High

High High

High

Pollutants High High High High
that tend to
associate
with fine
particles
during
treatment

High Medium

Medium Low

Medium

Pollutants Medium Low Medium High
that tend to
be dissolved
following
treatment

Low Low

Low Low

Low

» DPlease check the box(s) that best describes the Treatment BMP(s) and/or LID BMP

selected for this project.

TABLE 12: PROJECT LID AND TC-BMPS

LID and TC-BMP Type

Water Quality
Treatment Only

Hydromodification
Flow Control

Bioretention Facilites (LID)

X Bioretention area X X
U Flow-through Planter

[ Cistern with Bioretention

Settling Basins (Dry Ponds)

X Extended/dry detention basin with X X

grass/vegetated lining

[ Extended/dry detention basin with impervious
Baing

Infiltration Devices (LID)

U Infiltration basin

[] Infiltration trench

[J Other

Wet Ponds and Constructed Wetlands

L] Wet pond/basin (permanent pool)

[1 Constructed wetland

Vegetated Swales (LID")

[ Vegetated Swale

Media Filters
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[] Austin Sand Filter

[] Delaware Sand Filter

[ Multi-Chambered Treatment Train (MCT'T)

Higher-rate Biofilters

U Tree-pit-style unit

[1 Other

Higher-rate Media Filters

[] Vault-based filtration unit with replaceable
cartridges

U Other

Hydrodynamic Separator Systems

[0 Switl Concentrator

[ Cyclone Separator

Trash Racks

[J Catch Basin Insert

® Catch Basin Insert w/ Hydrocarbon boom X

[] Other

@ Must be designed per SUSMP “Vegetated Swales” design criteria for water quality
treatment credit (p. 65).

For design guidelines and calculations refer to Chapter 4 “Low Impact Development

Design Guide” in the SUSMP. Please show all calculations and design sheets for all
treatment control BMPs proposed in Attachment D.
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Create a Construction Plan SWMP Checklist for your project.
Instructions on how to fill out table

) 8 Number and list each measure or BMP you have specified in your SWMP in Columns 1
and Maintenance Category in Column 3 of the table. Leave Column 2 blank.

2 When you submit construction plans, duplicate the table (by photocopy or
electronically). Now fill in Column 2, identifying the plan sheets where the BMPs are
shown. List all plan sheets on which the BMP appears. This table must be shown on the
front sheet of the grading and improvement plans.

Stormwater Treatment Control and I.LID BMP's

Description / Type Sheet Maintenance Category Revisions
Bioretention Area, permeable

pavers™ 1

Detention Basins w/ filtration

underlayment 3

Catch basin fossil filter inserts 2

® Permeable pavers are proposed as an option to add another component to the storm water
treatment train and to reduce or eliminate the required detention basins.
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OPERATION AND MAINTENANCE

» Please check the box that best describes the maintenance mechanism(s) for this project.

TABLE 13: PROJECT BMP CATEGORY

SELECTED BMP Description
CATEGORY YVES NO
First X Irrigation and Bioretention, fossil filter
Second' X inserts, detention basin
Third? X
Fourth
Note:

1. A recorded maintenance agreement will be required.
2. Project will be required to establish or be included in a Stormwater Maintenance
Assessment District for the long-term maintenance of treatment BMPs.

» Please list all individual LID and Treatment Control BMPs (TC-BMPs) incorporated into
project. Pleéase ensure the “BMP Identifier” is consistent with the legend in Attachment
C “LID and/or TC-BMP Exhibit”. Please attach the record plan sheets upon completion
of project and amend the Major SWMP where appropriate. For each type of LID or TC-
BMP provide an inspection sheet in Attachment F “Maintenance Plan™.
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TABLE 14: PROJECT SPECIFIC LID AND TC-BEMPS

BMP LID or TC-BMP | BMP Pollutant Final Final Construction
Identifier* Type of Concern Construction Date Inspector Name
Efﬁciency (to be completed by (to be co.tnpleled by County
(H,M,L) — County inspector) inspector)
Table 11
Fossil Filter | Media Filters Sediment (H)
Inserts Nutrients (M)
Irmigation Irrigation and Sediment (H)
and Bioretention Nutrients (H)
Bioretention Bacteria &
in Viruses (H)
landscaped
areas
Detention Settling and Sediment (H)
basins filtration Nutrients (H)
Bacteria &
Viruses (H)
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Extended Detention Basin

TC-22

Description

Dry extended detention ponds (a.k.a. dry ponds, extended
detention basins, detention ponds, extended detention ponds)
are basins whose outlets have been designed to detain the
stormwater runoff from a water quality design storm for some
minimum tme (e.g., 48 hours) to allow particles and associated
pollutants to settle. Unlike wet ponds, these facilities do not have
a large permanent pool. They can also be used to provide flood
control by including additional flood detention storage.

California Experience

Caltrans constructed and monitored 5 extended detention basins
in southern California with design drain times of 72 hours. Four
of the basins were earthen, less costly and had substantially
better load reduction because of infiltration that occurred, than
the concrete basin. The Caltrans study reaffirmed the flexibility
and performance of this conventional technology. The small
headloss and few siting constraints suggest that these devices are
one of the most applicable technologies for stormwater
treatment.

Advantages

= Due to the simplicity of design, extended detention basins are
relatively easy and inexpensive to construct and operate.

m Extended detention basins can provide substantial capture of
sediment and the toxics fraction associated with particulates.

m  Widespread application with sufficient capture volume can
provide significant control of channel erosion and
enlargement caused by changes to flow frequency

Design Considerations

m Tributary Area
m Area Required
m Hydraulic Head

Targeted Constituents

Sediment

Nutrients

Trash

Metals

Bacteria

Oil and Grease

Organics

Legend (Removal Effectiveness)
® Low H  High

NEEEEEE
P> E o>
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TC-22 Extended Detention Basin

relationships resulting from the increase of impervious cover in a watershed.

Limitations

Limitation of the diameter of the orifice may not allow use of extended detention in
watersheds of less than 5 acres (would require an orifice with a dismeter of less than 0.5
inches that would be prone to clogging).

Dry extended detention ponds have only moderate poliutant removal when compared to
some other structural stormwater practices, and they are relatively ineffective at removing
soluble pollutants.

Although wet ponds can increase property values, dry ponds can actually detract from the
value of a home due to the adverse aesthetics of dry, bare areas and inlet and outlet
structures.

Design and Sizing Guidelines

Capture volume determined by local requirements or sized to treat 85% of the annual runoff
volume.

Outlet designed to discharge the capture voluime over a peried of hours.
Length to width ratio of at least 1.5:1 where feasible.
Basin depths optimally range from 2 to 5 feet.

Include encrgy dissipation in the inlet design to reduce resuspension of accumulated (" '
sediment.

A maintenance ramp and perimeter access should be ineluded in the design to facilitate
acress to the basin for maintenance activities and for vector surveillance and control.

Use a draw down time of 48 hours in most areas of California. Draw down times in excess of
48 hours may result in vector breeding, and should be used only after coordination with
local vector control authorities. Draw down times of less than 48 hours should be limited to
BMP drainage aveas with coarse soils that veadily settle and to watersheds where warming
may be determined to downstream fisheries.

Construction/Inspection Considerations

s Inspect facility after first large to storm to determine whether the desired residence time has
been achieved,

= When constructed with small tributary avea, orifice sizing is critical and inspection should
verify that flow through additional openings such as bolt holes does not aceur.

Perfarmance

One objective of stormwater management practices can be to reduce the flood hazard associated
with large storm events by reducing the peak flow associated with these storms. Dry extended
detention basins can easily be designed for flood control, and this is actually the primary
purpose of most detention ponds.
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Dry extended detention basins provide moderate pollutant removal, provided that the
recommended design features are incorporated. Although they can be effective at removing
some pollutants through settling, they are less effective at removing soluble pollutants becanse
of the absence of a permanent pool. Several studies are available on the effectiveness of dry
extended detention ponds including one recently concluded by Caltrans (2002).

The load reduction is greater than the concentration reduction becaunse of the substantial
infiltration that occurs. Although the infiltration of stormwater is clearly beneficial to surface
receiving waters, there is the potential for groundwater contamination. Previous research on the
cffects of incidental infiltration on groundwater quality indicated that the risk of contamination
is minimal.

There were substantial differences in the amount of infiltration that were observed in the
earthen basins during the Caltrans study. On average, approximately 40 percent of the rinoff
entering the unlined basins infiltrated and was not discharged. The percentage ranged from a
high of abont 60 percent to a low of only about 8 percent for the different facilities. Climatic
conditions and local water table elevation ave likely the prineipal causes of this difference. The
least infiltration occurred at a site located on the coast where humidity is higher and the basin
invert is within a few meters of sea level. Conversely, the most infiltration occurred at a facility
located well inland in Los Angeles County where the climate is much warmer and the humidity
is less, resulting in lower soil moisture content in the basin floor at the beginning of storms.

Vegetated detention basins appear to have greater pollutant removal than concrete basins. In
the Caltrans study, the conerete basin exported sediment and associated pollutants during a
number of storms. Export was not as common in the earthen basins, where the vegetation
appeared to help stabilize the retained sediment.

Siting Criteria

Dry extended detention ponds are among the most widely applicahle stormwater management
practices and are especially useful in retrofit situations where their low hydraunlic head
requirements allow them to be sited within the constraints of the existing storm drain system. In
addition, many communities have detention basins designed for flood contrel. It is possible to
modify these facilities to incorporate features that provide water quality treatment and/or
channel protection. Although dry extended detention ponds can be applied rather broadly,
designers necd to ensure that they are feasible at the site in question. 'T'his section provides
basic guidelines for siting dry extended detention ponds.

In general, dry extended detention ponds should be used on sites with a minimum area of 5
acres. With this size catchment ares, the orifice size can be on the order of 0.5 inches. On
smaller sites, it can be challenging to provide channel or water quality control because the
orifice diameter at the outlet needed to controtl relatively small storms hecomes very small and
thus prone to clogging. In addition, it is generally more cost-effective to control larger drainage
areas due to the economics of scale.

Extended detention basins can be used with almost all soils and geology, with minor design
adjustments for regions of rapidly percolating soils such as sand. In these areas, extended
detention ponds may need an impermeable liner to prevent gronnd water contamination.
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The base of the extended detention facility should not intersect the water table. A permanently
wet bottom may become a mosquito breeding ground. Research in Southwest Florida (Santana
et al, 1994) demonstrated that intermittently flooded systems, such as dry extended detention
ponds, produce more mosquitoes than other pond systems, particularly when the facilities
remained wet for more than 3 days following heavy rainfall.

A study in Prince George's County, Maryland, found that stormwater management practices can
increase stream temperatures (Galli, 1990). Overall, dry extended detention ponds increased
temperature by about 5°F. In cold water streams, dry ponds should be designed to detain
stormwater for a relatively short time (ie., 24 hours) to minimize the amount of warming that
occeurs in the basin.

Additional Design Guidelines

In order to enhance the effectiveness of extended detention basins, the dimensions of the basin
must be sized appropriately. Merely providing the required storage volume will not ensure
maximum constituent removal. By effectively configuring the basin, the designer will create a
long flow path, promote the establishment of low velocities, and avoid having stagnant areas of
the basin. To promote settling and to attain an appealing environment, the design of the basin
should consider the length to width ratio, cross-sectional areas, basin slopes and pond
configuration, and aestheties (Young et al., 1996).

Energy dissipation structures should be included for the basin inlet to prevent resuspension of
accurmnulated sediment. The use of stilling basins for this purpose should be avoided because the
standing water provides a breeding area for mosquitoes.

Extended detention facilities should be sized to completely capture the water quality volume. A
micropool is often recommended for inclusion in the design and one is shown in the schematic
diagram. These small permanent pools greatly increase the potential for mosquito breeding and
complicate maintenance activities; consequently, they are not recommended for use in
California.

A large aspect ratio may improve the performance of detention basins; consequently, the outlets
should be placed to maximize the flowpath through the facility. The ratio of flowpath length to
width from the inlet to the outlet
should be at least 1.5:1 (L: W)
where feasible. Basin depths
optimally range from 2 to 5 feet.

The facility's drawdown time
should be regulated by an orifice
or weir. In general, the outflow
structure should have a trash
rack or other acceptable means
of preventing clogging at the
entrance to the outflow pipes.
The outlet design implemented
by Caltrans in the facilities
constructed in San Diego County
used an outlet riser with orifices

Figure 1
Example of Extended Detention Outlet Structure
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sized to discharge the water quality volnme, and the riser overflow height was set to the design
storm clevation. A stainless stecl screen was placed around the outlet riser to ensure that the
orifices would not become clogged with debris. Sites either used a separate riser or broad crested
weir for overflow of runoff for the 25 and greater year storms. A picture of a typical outlet is
presented in Figure 1.

The outflow structure should he sized to allow for complete drawdown of the water quality
volume in 72 hours. No more than 50% of the water quality volume should drain from the
facility within the first 24 hours. The outflow structure can be fitted with a valve so that
discharge from the basin can be halted in case of an accidental spill in the watershed.

Summary of Design Recormmendatons
(1) Facility Sizing - The required water quality volume is determined by local regulations
or the basin should be sized to capture and treat 85% of the annual runoff volume.
See Section 5.5.¢ of the handbook for a discussion of velume-based design.

Basin Configuration — A high aspect ratio may improve the performance of detention
basins; consequently, the outlets should be placed to maximize the flowpath through
the facility. The ratio of flowpath length to width from the inlet to the outlet should
be at least 1.5:1 (L:W). The flowpath length is defined as the distance from the inlet
to the outlet as measured at the surface. The width is defined as the mean width of
the basin. Basin depths optimally range from 2 to 5 feet. The basin may include a
sediment forebay to provide the opportunity for larger particles to settle out.

A micropool should not be incorporated in the design beeause of vector concerns, For
ouline facilities, the principal and emergency spillways must be sized to provide 1.0
foot of freeboard during the 25-year event and to safely pass the flow from 100-year
storm.

{(2)  Pond Side Slopes - Side slopes of the pond shoukl be 2:1 (H:V) or flatter for grass
stabilized slopes. Siopes steeper than 3:1 (H:V) must be stabilized with an
appropriate slope stabilization practice.

(3) Basin Lining ~ Basins munst be constracted to prevent possible contamination of
groundwater below the facility.

(4} Basin Inlet - Energy dissipation is required at the hasin inlet to reduce resuspension
of accumudated sediment and to reduce the tendency for short-cireuiting.

(5)  Outflow Structure - The facility’s drawdown time should be regulated by a gate valve
or orifice plate. In general, the outflow structure should have a trash rack or other
acceptable means of preventing clogging at the entrance to the outflow pipes.

The outflow stricture should be sized to allow for complete drawdown of the wator
quality volume in 72 hours. No more than 50% of the water quality volume shounld
drain from the facility within the first 24 hours. The outflow structure should be
fitted with a valve so that discharge from the basin can be halted in case of an
accidental spill in the watershed. This same valve also can be used to regulate the
rate of discharge from the basin.

January 2603 California Stormwater BMP Handbook 5 of 10
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TC-22 Extended Detention Basin

The discharge through a control orifice is ealeulated from:
(3 = CA(2g{H-H))0s

where: Q = discharge (ft*/s)
C = orifice cocfficient
A = avea of the orifice (ft*)
g = gravitational constant (32.2)
H = water surface elevation (ft)
Ho= orifice elevation (ft)

Recommended valnes for C are 0.66 for thin materials and 0.80 when the material is
thicker than the orifice diameter. This eguation can be implemented in spreadsheet
form with the pond stage/volume relationship to calculate drain time. To do this, use
the initial height of the water above the orifice for the water quality volume. Calenlate
the discharge and assume that it remains constant for approximately 10 minutes,
Based on that discharge, estimate the total discharge during that interval and the
new clevation based on the stage volume relationship. Continue to iterate until His
approximately equal to Ho. When using multiple orifices the discharge from each is
summexd.

(6)  Splitter Box - When the pond is desighed as an offline facility, a splitter structure is
used to isolate the water quality volume. The splitter box, or other flow diverting
approach, should be designed to convey the 23-year storm event while providing at
least 1.0 foot of freeboard along pond side slopes,

)] Erosion Protection at the Outfall - For online facilities, special consideration should
be given to the facility’s outfall location. ¥lared pipe end sectivns that discharge at or
near the stream invert are preferred. The channel immediately below the pond
outfall should be modified to conform to natural dimensions, and lined with large
stone riprap placed over filter cloth. Energy dissipation may he required to reduce
flow velocities from the primary spillway to non-erosive velocities.

(8)  Safety Considerations - Safety is provided either by fencing of the facility or by
managing the contours of the pond to climinate dropoffs and other hazards. Earthen
side slopes should not exceed 3:1 (H:V) and should terminate on a flat safety bench
area, Landseaping can be used to impede access to the facility. The primary spillway
opening must not permit access by small children. Outfall pipes above 48 inches in
diameter should be fenced.

Maintenance

Routine maintenance activity is often thought to consist mostly of sediment and trash and
debris removal; however, these activities often constitute only a small fraction of the
maintenance hours. During a recent study by Caltrans, 72 hours of maintenance was performed
annually, but only a little over 7 hours was spent on sediment and trash removal. The largest
recurring activity was vegetation managemnent, routine mowing. The largest absolute number of
hours was associated with vector control because of moscquito breeding that occurred in the
stilling basins (example of standing water to be avoided) installed as energy dissipaters. In most
cascs, basic housckeeping practices such as removal of debris aceumulations and vegetation
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management to ensure that the basin dewaters completely in 48-72 hours is sufficlent to prevent
creating mosquito and other vector habitats.

Consequently, maintenance costs should be estimated based primarily on the mowing frequency
and the time required. Mowing should be done at least annually to avoid establishment of
woody vegetation, but may need to be performed much more frequently if aesthetics are an
important consideration.

‘Typical activities and frequencies include:

s Schedule semiannual inspection for the beginning and end of the wet scason for standing
water, slope stability, sediment accumulation, trash and debris, and presence of burrows.

»  Remove accumulated trash and debris in the basin and around the riser pipe during the
semiannual inspections. The frequency of this activity may be altered to meet specific site
conditions.

a  Trim vegetation at the begiuning and end of the wet season and inspect monthly to prevent
establishment of woody vegetation and for aesthetic and vector reasons.

=  Remove accumnlated sediment and re-grade about every 10 years or when the accumulated
sediment volume exceeds 10 pereent of the basin volume. Inspect the basin each year for
accumulated sediment volume.

Cost
Construction Cost

The construction costs associated with extended detention basins vary considerably. One recent
study evaluated the cost of all pond systems (Brown and Schueler, 1997). Adjusting for
inflation, the cost of dry extended detention ponds can be estimated with the equation:

C = 12.4 Va6

where:  C = Construction, design, and permitting cost, and
V = Volume (ft2).

Using this equation, typical construction costs are:

$ 41,600 for a 1 acre-foot pond

% 239,000 for a 10 acre-foot pond

$ 1,380,000 for a 100 acre-foot pond

Interestingly, these costs are generally slightly higher than the predicted cost of wet ponds
(according to Brown and Schueler, 1997) on a cost per total volume basis, which highlights the

difficulty of developing reasonably accurate construction estimates. In addition, a typical facility
constructed by Caltrans cost about $160,000 with a capture volume of only 0.3 ac-ft.

An econormic concern associated with dry ponds is that they might detract slightly from the
value of adjacent properties. One study found that dry ponds can actually detract from the
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perceived value of homes adjacent to a dry pond by between 2 and 1o percent (Emmerling-
Dinovo, 1995).

Maintenarnce Cost

For ponds, the annual cost of routine maintenance is typically estimated at about 3 to 5 pereent
of the construction cost (EPA website). Alternatively, a community can estimate the cost of the
maintenance activities outlined in the maintenance section. Table 1 presents the maintenance
costs estimated by Caltrans based on their experience with five basins located in southern
California. Again, it should be emplasized that the vast majority of hours ave related to
vegetation management (imowing).

Table 1 Estimated Average Annual Maintenance Effort

Aclivily Labor Hours %‘;::g::;};g{ Cosl
il;séccliu.“.s” — - : S —— ? - — lég
hMainlenanee 49 126 2afe
Veetor Conlzol 0 o] 0
Administeation 4 0 142
Materials - 545 535
Total 56 5668 $3,132
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ATTACHMENT E

Geotechnical Certification Sheet

The design of stormwater treatment and other control measures proposed in this plan requiring specific
soil infiltration characteristics and/or geological conditions has been reviewed and approved by a
registered Civil Engineer, Geotechnical Engineer, or Geologist in the State of California.

Name Date

N/A, even though the project proposes infiltration BMPs such as the
Retention/lrrigation, the anticipated water quality runoff volume is not required fo
infiltrate into the underlying native soil. The runoff only needs to infilirate into the
fop soil section and be discharge to downstream channel via outlef pipe. The pad

retention/irrigation BMP will retain the water quality runoff volume.
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5. ADVANCED GEOTECHNICAL SOLUTIONS, INC.
25109 Jefferson Avenue, Suite 220
Murrieta, California 92562
Telephone: (619) 708-1649 Fax: (714) 409-3287

The Accretive Group March 22, 2012
12275 El Camino Real, Suite 220 P/W 1102-01
San Diego, CA 92130 Report No. 1102-01-B-11

Attention: Mr. Jon Rilling

Subject: Preliminary Infiltration Rates, Lilac Hills Ranch, Valley Center
Community Planning Area, County of San Diego, California

Reference: Feasibility Level Geotechnical Report, Las Lilas Project, Valley Center
Area, San Diego, California, prepared by Pacific Soils Engineering, Inc.
dated May 23, 2007 (PSE W.O. 401120)

Gentlemen:

Pursuant to a request from representatives of Landmark Consulting, transmitted herein is Advanced
Geotechnical Solutions, Inc.’s (AGS) estimated infiltration rates for use in the preliminary design of
infiltration basins for the Lilac Hills Ranch project, Valley Center Community Planning Area, County of
San Diego, California. Site specific testing has not been conducted onsite for the determination of
infiltration rates. The rates presented herein are based upon USDA Natural Resource Conservation
Service (NCRS) mapping, information provided by the County of San Diego, Department of Public
Works, and the characteristics of the onsite soils and bedrock.

We have provided you preliminary mapping of the site showing the approximate location of the various
geologic units onsite. Based upon the geologic units the following estimated infiltration rates are
presented:

» Artificial Fill, Compacted (no map symbol)- Soil Group D (rates 0 to 0.05 inches per hour)
Artificial Fill, Undocumented (map symbol afu)- Soil Group D (rates 0 to 0.05 inches per hour)
Alluvium (map symbol Qal)- Soil Group C (rates 0.05 to 0.15 inches per hour)

Older Alluvium (map symbol Qoal)- Soil Group C (rates 0.05 to 0.15 inches per hour)
Granitic Rock (map symbol Kgr)- Soil Group D (rates 0 to 0.05 inches per hour)

Y V Vv V¥V

The aforementioned rates are highly dependent upon the depth to the underlying relatively impermeable
granitic rock and whether the area has been subjected to loading from grading or farming equipment as
this will tend to densify the soils and reduce the infiltration rates. Infiltration basins should be located
such that the infiltration water is located down gradient from all structural building pads.

Should you desire more accurate design rates than these general rates presented herein, additional testing
can be conducted. This testing should be conducted utilizing a Double Ring Infiltrometer apparatus.
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Page 2 Mareh 22, 2012
Report 1102-01-B-11 PAW 1102-0t

Rates determined with the Double Ring Infiltrometer are considered to be more accurate by the local
Water Quality Controt Board than other methods.

‘The opportunity to be of service is sincerely appreciated. If you sheuld have any questions, please do not
hesitate to confact the undersigned.

Respectfully Submitted,
Advanced Geptechnical Solutions, Inc.

JEFFEEY/A. FY_Vice President
CE Y6344/ GE 2514 4

Distribution: (4} Addressee sg'l
ting:-rhit

(1) Landmark Con ark Breneick
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VI. General Maintenance Requirements:

BMP CATEGORY | MAINTENANCE ACTIVITIES ANNUAL COST
(FIRST)
BIO-FILTERATION - CUT VEGETATION IN CHANNEL TO 8” or 6” HEIGHT $38,500
AREAS - RESEED/VEGETATE BARE SPOTS AS NECESSARY
- REMOVE SEDIMENT FROM CHANNEL AS NECESSARY
- BACKFILL BURROW HOLES AS NECESSARY
TOTAL $ 38,500
MAINTENANCE The County should have only minimal concern for ongoing maintenance.
RESPONSIBILITY The property owners and HOA can naturally be expected to do so as a
requirement of taking care of their property.
?TN:IP CATEGORY | MAINTENANCE ACTIVITIES ANNUAL COST
IRD)
DETENTION BASIN - CUT VEGETATION IN BASIN TO 8" HEIGHT
(1 total) - RESEED/VEGETATE BARE SPOTS AS NECESSARY
- REMOVE SEDIMENT FROM BASIN AS NECESSARY
- INSPECT STRUCTURAL INTEGRITY
- BACKFILL BURROW HOLES AS NECESSARY
MAINTENANCE The County needs to assure ongoing maintenance is heightened, to the point
RESPONSIBILITY that the County is willing to take on this responsibility. The master HOA will
be primarily responsible for maintenance. A permanent funding mechanism
needs to be established. A special assessment district will be established for
this project, the assessment will be collected with property tax.
TOTAL $10,000
BMP CATEGORY | MAINTENANCE ACTIVITIES ANNUAL COST
(SECOND)
FOSSIL FILTER - INSPECT UNIT INTEGRITY
INSERTS - REMOVED ACCUMULATED SEDIMENT AND DIPOSE OF
PROPERLY
-  REPLACE HYDROCARBON BOOM AS NECESSARY
MAINTENANCE The Developer would provide the County with security to substantiate
RESPONSIBILITY | the maintenance agreement; security would remain in place for an
interim period of 5 years. The amount of the security would equal the
estimated cost of 2 years of maintenance activities. The security can
be a Cash Deposit, Letter of Credit or other acceptable to the County.
If at any time, owners fail to maintain BMPs and the County must
perform any of the maintenance activities, then owners shall pay all of
County’s costs incurred in performing the maintenance as defined in
the maintenance agreement.
TOTAL $12,000
GRAND TOTAL $60,500
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ATTACHMENT G

Treatment Control BMP Certification for
DPW Permitted Land Development Projects
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Gounty of San Biego

DEPARTMENT OF PUBLIC WORKS

Treatment Controf BMP Certification for
DPW Permitted Land Development Projects

Permit Number SWMP #

Project Name

Location / Address

Respounsible Party for Construction Phase

Developer’s Name:

Address:

City State Zip

Email Address:

Phone Number:

Engineer of Work:

Engineer’s Phone Number:

Responsible Party for Perpetual Maintenance

Owner’s Name(s)*

Address:

City State Zip

Email Address:

Phone Number:
* Note: If a corporation or LLC, provide information for principal partner or Agent for Service of
Process. If an HOA, provide information of president at time of project closeout.

1 of 4
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Maintenance Agreement No.:

Percent Impervious Before Construction: %
Percent Iimpervious After Construction: %

Proposed Disturbed Area: Acres

Hydromodification Management:

Yes[ ] or No (]

Primary or Secondary Pollutants of Concerns (check all that apply)

[] Sediment [ ] Nutrients

] Organic Compounds "] Trash and Debris
[] Oxygen Demanding Substances { ] Oil and Grease
[] Bacteria and Viruses [] Pesticides

Site Layout Strategics (check all that apply)

DConsewe Natural Areas DMinimize Disturbance to Natural Arcas
[ IMinimize and Disconnect Imp.Surfaces [_JMinimize Soil Compaction

[ JMinimize erosion from slopes

Disperse Runoff from Impervious Surfaces to Pervious (check all that apply)

[ JUseof pervious surfaces L] Street and Road Design

] Parking Lot Design [] Driveway, Sidewalk, Bikepath Design

{1 Building Design [] Landscape Design

Source BMPs (check all that apply)

[} Storm Drain Inlets [ ] Interior Floor Drains

[] interior Parking Garages [] Indoor & Structural Pest Control

[] Landscape/Outdoor Pesticide Use ] Pools, spas, etc.

[ ] Food Service [ ] Refuse Areas

[ ] Industrial Processes [] Outdoor Storage of Equipment and Materials
[[] Vehicle and Equipment Cleaning [[] Vehicle/ Equipment Repair and Maintenance
[_] Fuel Dispensing Areas [] Loading Docks

I: Fire Sprinkler Test Water D Misc. drain or wash water

l:l Plazas, sidewalks, and parking lots
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Treatment Control, Hydromodification and LID BMPs

BMP
Identilier: BMP Pollutant of
{Identifier to Record Plan Concemn
match Type Page for Efficiency
TCBMPs on TCBMP {H,M,L)
TCBMP
Table.)

{Add sheet for all additional BMPs)
The Maintenance Agreement has been recorded.  Yes [ or No ]

I certify that the above items for this project are in substantial conformance with the approved
plans. Yes{ ] or Nof ]

Please sign your name and seal. [SEAL]

Engineer’s Print Name:

Engineer's Signed Name:

Date:

Submittals Required with Certification:

» Copy of the final approved SWMP.

« Copy of the approved record plan showing Stormwater TCBMP Table and the location of
each verified as-built TCBMP.

s Copy of the specification sheets for the verified proprietary TCBMPs

¢ Recorded Maintenance Agreement (Category | or 2 only)

e Photograph(s) of TCBMP(s)
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COUNTY - OFFICIAL USE ONLY:

For PDCI:
PDCI Inspector;

Date Project has/expects to close:

Date Certification received from EOW:

DPW Inspector concurs that every noted BMP on the plan and the SWMP or SWMP Addendum

is installed onsite through field verification and completed as certified: Yes[ ]
or No [_]

PDCI [nspector’s Signed Name: Date:

FOR WPP:

Date Received from PDCI:

WPP Submittal Reviewer:

WPP Reviewer concurs that the provided TC-BMP information is acceptable to enter into the
TC-BMP Maintenance verification inventory. Yes [ ] or No [}

WPP Reviewer’s Signed Name: Date:

4 of 4
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ATTACHMENT H

HMP Exemption Documentation
(if applicable)
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ATTACHEMENT I
ADDEMDUM

Due to advancement of technology we have more choices than ever to enhance our project’s storm water
treatment capability and facilities. In the past few years, it has been recognized that rainwater capturing
offers great augmentation to the overall sustainability of our project by reducing the required detention
basin for 100-year storm runoff volume attenuation, and subsequently reducing the overall project foot
print to preserve more natural land. Furthermore, rainwater capturing will also reduce the water demand
for irrigation to reduce the long term impact of the proposed development.

The commercially available rain barrels offer a great variety of colors, shapes and sizes to suite almost any
type of development.

Currently, the commercially available pavers have a wide range of colors and textures that differ from the
monochromatic asphaltic concrete (AC) pavement, pavers has the ability to visually and sonically alert
drivers to slow down as they are entering areas with increased pedestrians and bicycle riders such as town
centers, schools and interior residential areas. This will greatly enhance the safety, quality of life and
promote walkability of the neighborhoods.

The permeable paver structural section offer significant capacity to store excess runoff volume within the
void spaces of the base material. This underground storage capacity will offset the required detention basin
size for both the 100-year storm runoff attenuation and hydromodification mitigation. The proposed
permeable pavers will reduce the oval all project footprint to preserve more natural areas. Furthermore,
during low intensity rain events where the runoff has the highest potential to carry pollutants such as
sediments, oils and grease and other as identified in the project SWMPs has the greatest opportunity to seep
into the permeable paver structural section such that the pollutants have time to settle and be filtered
through the base material. The pavers add another component to the storm water runoff treatment train
further enhances the runoff water quality leaving the project site. In conjunction with the reduced detention
basins, bio-retention area and other BMP facilities, the paver will greatly contribute to the proposed project
being hydrologic impact neutral.

ASSUMPTIONS:
Bio-retention:
-Typical lot size = 4500 sf

-Typical impervious coverage per lot = 1500 sf roof + 300 sf walkways and driveway =
1800 sf

-Typical pervious coverage (bio-retention) per lot = 1000 sf with the top 12” layer
providing a minimum of 5”/hour infiltration rate.

Rain barrels:

-Typical home rain gutter down spout location = 4

G5



These permeable pavers and rain barrels offer a great alternative to the proposed
detention basins for 100-year runoff volume attenuation.

The project developers projected a total of 23 acres of pavers throughout the project. Per
the calculations presented in this report, the proposed rain barrels and permeable pavers
will provide adequate storage capacity to eliminate the required detention basin for 100-
year storm water runoff volume attenuation purposes.
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TABLE 8: LID AND SITE DESIGN

1. Conserve natural Areas, Soils, and Vegetation

Preserve well draining soils (Type A or B)

Preserve Significant Trees

Preserve crifical (or problematic) areas such as floodplains, steep slopes, wetlands,
and areas with erosive ot unstable soil conditions

(1 Other. Description:

2. Minimize Disturbance to Natural Drainages

Set-back development envelope from drainages

[0 Restrict heavy construction equipment access to planned green/open
space areas

0 Othet. Description:

3. Minimize and Disconnect Impervious Surfaces {see 5)

Clustered Lot Design

[ Items checked in 57

O Other. Description:

4. Minimize Soil Compaction

Restrict heavy construction equipment access to planned green/open
space areas

Re-till soils compacted by construction vehicles/equipment

0 Collect & re-use upper soil layers of development site containing organic
Materials

O Other. Description:

5. Drain Runoff from Impervious Surfaces to Pervious Areas

LID Street & Road Design

Curb-cuts to landscaping

Rural Swales

Concave Median

Cul-de-sac Landscaping Design

glo|o|lo|o

Other. Description: all runoff from streets and roadways are conveyed to
proposed permeable pavers located at low points of roadways, the first flush runoff will drain
into the base materials under the paver and be

LID Parking Lot Design

Permeable Pavements

Curb-cuts to landscaping

0  Other. Description:

LID Driveway, Sidewalk, Bike-path Design

Permeable Pavements

Pitch pavements toward landscaping
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O Other. Description:

LID Building Design

Cisterns & Rain Barrels

Downspout to swale

|
(1 Vegetated Roofs
O Other. Description:

LID Landscaping Design

Soil Amendments

Reuse of Native Soils
Smart Irrigation Systems
Street Trees

O Other. Description:

6.  Minimize erosion from slopes

Disturb existing slopes only when necessary

Minimize cut and fill areas to reduce slope lengths

Incorporate retaining walls to reduce steepness of slopes or to shorten slopes
Provide benches or terraces on high cut and fill slopes to reduce concentration

of flows

Rounding and shaping slopes to reduce concentrated flow

Collect concentrated flows in stabilized drains and channels

H Other. Description:

TABLE 11: GROUPS OF POLLUTANTS and relative effectiveness of treatment
facilities

Pollutants of Bioretention | Settling Wet Infiltration | Media | Higher- Higher- Trash Racks | Vegetated
Concern Facilities Basins Ponds and | Facilities or | Filters rate rate & Hydro Swales

(LID) (Dry Constructe Practices biofilters media -dynamic

Ponds) d (LID) & filters* Devices
Wetlands

Coarse High Iigh High High High High High High [igh
Sediment and
Trash
Pollutants High High IHigh High High | Medium | Medium Low Medium

that tend to
associate with
fine particles

during
treatment

Pollutants Medium Low Medium High Low Low Low Low Low
that tend to
be dissolved
following
treatment
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» Please check the box(s) that best desctibes the Treatment BMP(s) and/or LID BMP

selected for this project.

TABLE 12: PROJECT LID AND TC-BMPS

LID and TC-BMP Type

Water Quality
Treatment Only

Hydromodification
Flow Control

Bioretention Facilites (LID)

= Bioretention area

X

U Flow-through Planter

%1 Cistern with Bioretention * rain barrels

Settling Basins (Dry Ponds)

[0 Extended/dry detention basin with
grass/vegetated lining

O Extended/dry detention basin with impervious
lining

Infiltration Devices (LID)

{J Infiltration basin

O Infiltration trench

O Other

Wet Ponds and Constructed Wetlands

[ Wet pond/basin (permanent pool)

[0 Constructed wetland

Vegetated Swales (LID®)

[l Vegetated Swale

Media Filters

[0 Austin Sand Filter

[ Delaware Sand Filter

[J Multi-Chambeted Treatment Train (MCTT)

Higher-rate Biofilters

U Tree-pit-style unit

] Other,

Higher-rate Media Filters

(3 Vault-based filtration unit with replaceable
cartridges

L1 Other

Hydrodynamic Separator Systems

O Swirl Concentrator

U Cyclone Separator

Trash Racks

O Catch Basin Insert

Catch Basin Insert w/ Hydrocarbon boom

{0 Other
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Stormwater Treatment Control and LID BMP's

Desctiption / Type Sheet Maintenance Category Revisions
Biotetention Area, permeable
pavers, rain barrels 1
Catch basin fossil filter inserts 2
SELECTED BMP Description
CATEGORY YES NO
First X Irrigation and Bioretention, fossil filter
Second' X inserts, permeable pavers, rain barrels.
'Third”
Fourth

TABLE 14: PROJECT SPECIFIC LID AND TC-BMPS

BMP LID or TC-BMP | BMP Pollutant Final Final Construction
Identifier* Type of Concern Construction Date Inspector Name
Efﬁciency (to be completed by {to be costnplet‘ed by County
(H,M,L) — County inspector) inspector)
Table 11
Fossil Filter | Media Filters Sediment (H)
Inserts Nutrients (M)
Irrigation Bioretention Sediment (H)
and Nutrients (H)
Bioretention Bacteria &
in Viruses (H)
landscaped
areas
Permeable | Permeable Sediment (H)
pavers pavers Nutrients (H)
Bacteria &
Viruses (H)
Rain barrels | Rain barrels Sediment (H)
Nutrients (H)
Bacteria &
Viruses (H)
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