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A Brief Introduction

The Regional Municipal Separate Stormwater Sewer System (MS4) Permit! requires that a Project-
Specific WQMP be prepared for all development projects within the Santa Margarita Region (SMR) that
meet the ‘Priority Development Project’ categories and thresholds listed in the SMR Water Quality
Management Plan (WQPM). This Project-Specific WQMP Template for Development Projects in the
Santa Margarita Region has been prepared to help document compliance and prepare a WQMP
submittal. Below is a flowchart for the layout of this Template that will provide the steps required to
document compliance.

Section A Section C

 Project and Site Information
« |dentification of LID and
Hydromodification
requirements, if any

¢ Delineate Drainage
Management Areas (DMAs)

. . o)

Section B
* Optimize Site Utilization (LID
Principles)

. o)

Section F Section D

¢ Document Alternative
Compliance Measures

e Technical Feasibility
¢ Implement LID BMPs

. o)

Section E

 Technical Feasibility
* Implement Hydromodification
BMPs

. . o)

* Cordinate Submittal w/Other
Site Plans

¢ Implement Trash Capture
BMPs

. o)

Section H
* Specify Source Control BMPs

. o)

Appendices Section J

o Placeholders for supporting
material

* Operation, Maintenance, and
Funding

—_— ) i ~—  ~—J

| |
| |
| |

f—

Section K
¢ Acronyms, Abbreviations, and
Definitions

. o)

1 Order No. R9-2013-0001 as amended by Order Nos. R9-2015-0001 and R9-2015-0100, NPDES No. CAS0109266, National Pollutant Discharge
Elimination System (NPDES) Permit and Waste Discharge Requirements for Discharges from the MS4s Draining the Watersheds within the San
Diego Region, California Regional Water Quality Control Board, May 8, 2013.
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OWNER'’S CERTIFICATION

This Project-Specific WQMP has been prepared for CURCI, LLC A California Partnership by EXCEL ENGINEERING for
the TPM 37547 project.

This WQMP is intended to comply with the requirements of City of Murrieta Stormwater and Runoff Management
and Discharge Controls Municipal Code Section 8.36.320, Water Quality Management Plan, which includes the
requirement for the preparation and implementation of a Project-Specific WQMP.

The undersigned, while owning the property/project described in the preceding paragraph, shall be responsible for
the implementation and funding of this WQMP and will ensure that this WQMP is amended as appropriate to
reflect up-to-date conditions on the site. In addition, the property owner accepts responsibility for interim
operation and maintenance of Stormwater Best Management Practices until such time as this responsibility is
formally transferred to a subsequent owner. This WQMP will be reviewed with the facility operator, facility
supervisors, employees, tenants, maintenance and service contractors, or any other party (or parties) having
responsibility for implementing portions of this WQMP. At least one copy of this WQMP will be maintained at the
project site or project office in perpetuity. The undersigned is authorized to certify and to approve implementation
of this WQMP. The undersigned is aware that implementation of this WQMP is enforceable under the City of
Murrieta Stormwater and Runoff Management and Discharge Controls (Municipal Code Section 8.36).

"I, the undersigned, certify under penalty of law that the provisions of this WQMP have been reviewed and
accepted and that the WQMP will be transferred to future successors in interest."

Owner’s Signature Date

Owner’s Printed Name Owner’s Title/Position

PREPARER'’S CERTIFICATION

“The selection, sizing and design of stormwater treatment and other stormwater quality and quantity control Best
Management Practices in this plan meet the requirements of Regional Water Quality Control Board Order No. R9-
2013-0001 as amended by Order Nos. R9-2015-0001 and R9-2015-0100.”

Preparer’s Signature Date
Robert D. Dentino Engineer of Work
Preparer’s Printed Name Preparer’s Title/Position

Preparer’s Licensure:
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Section A: Project and Site Information

Use the table below to compile and summarize basic site information that will be important for
completing subsequent steps. Subsections A.1 through A.4 provide additional detail on documentation

of additional project and site information.

PROJECT INFORMATION
Type of PDP:

Type of Project:
Planning Area:

New Development
Commercial

Community Commercial
Community Name: Community Commercial
Development Name:

PROJECT LOCATION

Latitude & Longitude (DMS):
Project Watershed and Sub-Watershed:
24-Hour 85t Percentile Storm Depth (inches):

33°35’57.7”N 117°10°21.09”W
Santa Margarita River, Murrieta (HSA 902.32)
Insert text here, refer to SMR WQMP Exhibit A

L1y
392-270-030 through 033
Page 898 Grid C7

Is project subject to Hydromodification requirements?
APN(s):

Map Book and Page No.:

PROJECT CHARACTERISTICS

Proposed or Potential Land Use(s)

Proposed or Potential SIC Code(s)

Existing Impervious Area of Project Footprint (SF)
Total area of proposed Impervious Surfaces within the Project Limits (SF)/or Replacement

Total Project Area (ac)
Does the project consist of offsite road improvements?

Does the project propose to construct unpaved roads?

Is the project part of a larger common plan of development (phased project)?

Is the project exempt from Hydromodification Performance Standards?

Does the project propose the use of Alternative Compliance to satisfy BMP requirements?
(note, alternative compliance is not allowed for coarse sediment performance standards)
Has preparation of Project-Specific WQMP included coordination with other site plans?
EXISTING SITE CHARACTERISTICS

Is the project located within any Multi-Species Habitat Conservation Plan area (MSHCP
Criteria Cell?)

Are there any natural hydrologic features on the project site?

Is a Geotechnical Report attached?

If no Geotech. Report, list the Natural Resources Conservation Service (NRCS) soils type(s)
present on the site (A, B, C and/or D)

[ ] N (Select based on Section A.3)

Commerecial
Division G & |
Insert text here
236,388 SF
6.665 ACRES
Xy [IN
Iy XN
Iy  XIN
LIy  XIN
Iy  XIN

Xy [N
]y XN

If "Y" insert Cell Number

[ly XN
Ly XN
Type Cand D
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A.1 Maps and Site Plans

When completing your Project-Specific WQMP, include a map of the Project vicinity and existing site. In
addition, include all grading, drainage, landscape/plant palette and other pertinent construction plans in
Appendix 2. At a minimum, your WQMP Site Plan should include the following:

e Vicinity and location maps

e Parcel Boundary and Project Footprint

e Existing and Proposed Topography
e Drainage Management Areas (DMAs)

e Proposed Structural

Practices (BMPs)
e Drainage Paths
e Drainage infrastructure, inlets, overflows

e Source Control BMPs
e Site Design BMPs

e Buildings, Roof Lines, Downspouts

e Impervious Surfaces

e Standard Labeling

Best Management e Pervious Surfaces (i.e. Landscaping)

Use your discretion on whether or not you may need to create multiple sheets or can appropriately
accommodate these features on one or two sheets. Keep in mind that the Copermittee plan reviewer
must be able to easily analyze your Project utilizing this template and its associated site plans and maps.
Complete the checklists in Appendix 1 to verify that all exhibits and components are included.

A.2 Identify Receiving Waters

Using Table A-1 below, list in order of upstream to downstream, the Receiving Waters that the Project
site is tributary to. Continue to fill each row with the Receiving Water’s 303(d) listed impairments (if
any), designated Beneficial Uses, and proximity, if any, to a RARE Beneficial Use. Include a map of the
Receiving Waters in Appendix 1. This map should identify the path of the stormwater discharged from
the site all the way to the outlet of the Santa Margarita River to the Pacific Ocean. Use the most recent
303(d) list available from the State Water Resources Control Board Website.
(http://www.waterboards.ca.gov/sandiego/water_issues/programs/basin_plan/)

Table A-1 Identification of Receiving Waters

Receiving
Waters

USEPA Approved 303(d) List
Impairments

Designated
Beneficial Uses

Proximity to
RARE Beneficial
Use

Murrieta Creek
902.32

Chlorpyrifos, Escherichia coli (E. coli),
Fecal Coliform, Iron, Manganese,
Phosphorus, Total Nitrogen as N

Municipal & Domestic Supply, Agricultural, Industrial

service, Industrial process, Ground Water Recharge,
Noncontact water recreation, Warm Freshwater
habitat, wildlife habitat

None

A.3 Drainage System Susceptibility to Hydromodification

Using Table A-2 below, list in order of the point of discharge at the project site down to the Santa Margarita River?,
each drainage system or receiving water that the project site is tributary to. Continue to fill each row with the
material of the drainage system, and any exemption (if applicable). Based on the results, summarize the applicable
hydromodification performance standards that will be documented in Section E. Exempted categories of receiving

waters include:

2 Refer to Exhibit G of the WQMP for a map of exempt and potentially exempt areas. These maps are from the

Draft SMR WMAA as of January 5, 2018 and will be replaced upon acceptance of the SMR WMAA.

-7-




Water Quality Management Plan (WQMP)

Curci TPM 37547

e Existing storm drains that discharge directly to water storage reservoirs, lakes, or enclosed embayments,

or

e  Conveyance channels whose bed and bank are concrete lined all the way from the point of discharge to

water storage reservoirs, lakes, enclosed embayments, or the Pacific Ocean.
e  Other water bodies identified in an approved WMAA (See Exhibit G to the WQMP)

Include a map exhibiting each drainage system and the associated susceptibility in Appendix 1.

Table A-2 Identification of Susceptibility to Hydromodification

. . . e . . Hydromodification
Drainage System Drainage System Material Hydromodification Exemption e Exempt
38 Feet of 24" RCP . ) . I:l Y lZI N
public storm drain 24" RCP storm drain Low susceptibility
Y N
400 ft of Public D IZ'
. Public 30" RCP Low susceptibility
Stormdrain
Y N
4.64 miles of city ) o I:l lZI
storm drain Natural Open Channel High susceptibility

Summary of Performance Standards

[ ] Hydromodification Exempt — Select if “Y” is selected in the Hydromodification Exempt column above, project is

exempt from hydromodification requirements.

[X] Not Exempt-Select if “N” is selected in any row of the Hydromodification Exempt column above. Project is subject to

hydrologic control requirements and may be subject to sediment supply requirements.

A.4 Additional Permits/Approvals required for the Project:

Table A-3 Other Applicable Permits

Agency

Permit Required

State Department of Fish and Game, 1602 Streambed Alteration Agreement

[y XN

State Water Resources Control Board, Clean Water Act Section 401 Water Quality
Certification

[y XIN

US Army Corps of Engineers, Clean Water Act Section 404 Permit

[y XIN

US Fish and Wildlife, Endangered Species Act Section 7 Biological Opinion

[y XIN

Statewide Construction General Permit Coverage

Xy [N

Statewide Industrial General Permit Coverage

[y XIN

Western Riverside MSHCP Consistency Approval (e.g., JPR, DBESP)

Xy [N

Other (please list in the space below as required)

[y XIN
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If yes is answered to any of the questions above, the Copermittee may require proof of
approval/coverage from those agencies as applicable including documentation of any associated
requirements that may affect this Project-Specific WQMP.
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Section B: Optimize Site Utilization (LID Principles)

Review of the information collected in Section ‘A’ will aid in identifying the principal constraints on site
design and selection of LID BMPs as well as opportunities to reduce imperviousness and incorporate LID
Principles into the site and landscape design. For example, constraints might include impermeable
soils, high groundwater, groundwater pollution or contaminated soils, steep slopes, geotechnical
instability, high-intensity land use, heavy pedestrian or vehicular traffic, utility locations or safety
concerns. Opportunities might include existing natural areas, low areas, oddly configured or otherwise
unbuildable parcels, easements and landscape amenities including open space and buffers (which can
double as locations for LID Bioretention BMPs), and differences in elevation (which can provide
hydraulic head). Prepare a brief narrative for each of the site optimization strategies described below.
This narrative will help you as you proceed with your Low Impact Development (LID) design and explain
your design decisions to others.

Apply the following LID Principles to the layout of the PDP to the extent they are applicable and feasible.
Putting thought upfront about how best to organize the various elements of a site can help to
significantly reduce the PDP's potential impact on the environment and reduce the number and size of
Structural LID BMPs that must be implemented. Integrate opportunities to accommodate the following
LID Principles within the preliminary PDP site layout to maximize implementation of LID Principles.

Site Optimization

Complete checklist below to determine applicable Site Design BMPs for your site.

-10-
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Project- Specific WQMP Site Design BMP Checklist

The following questions below are based upon Section 3.2 of the SMR WQMP will help you determine how to best
optimize your site and subsequently identify opportunities and/or constraints, and document compliance.

SITE DESIGN REQUIREMENTS

Answer the following questions below by indicating “Yes,” “No,” or “N/A” (Not Applicable). Justify all “No” and “N/A”
answers by inserting a narrative at the end of the section. The narrative should include identification and justification of
any constraints that would prevent the use of those categories of LID BMPs. Upon identifying Site Design BMP
opportunities, include these on your WQMP Site plan in Appendix 1.

Did you identify and preserve existing drainage patterns?

Integrating existing drainage patterns into the site plan helps to maintain the time of
concentration and infiltration rates of runoff, decreasing peak flows, and may also help
preserve the contribution of Critical Coarse Sediment (i.e., Bed Sediment Supply) from the PDP
to the Receiving Water. Preserve existing drainage patterns by:

e  Minimizing unnecessary site grading that would eliminate small depressions, where
appropriate add additional “micro” storage throughout the site landscaping.

X Yes [INo []N/A e Where possible conform the PDP site layout along natural landforms, avoid excessive
grading and disturbance of vegetation and soils, preserve or replicate the sites
natural drainage features and patterns.

e Set back PDP improvements from creeks, wetlands, riparian habitats and any other
natural water bodies.

e Use existing and proposed site drainage patterns as a natural design element, rather
than using expensive impervious conveyance systems. Use depressed landscaped
areas, vegetated buffers, and bioretention areas as amenities and focal points within
the site and landscape design.

Discuss how this was included or provide a discussion/justification for “No” or “N/A” answer.
Depressed landscaping used to allow retention of the VBMP along with biofiltration

Did you identify and protect existing vegetation?

Identify any areas containing dense native vegetation or well-established trees, and try to
avoid disturbing these areas. Soils with thick, undisturbed vegetation have a much higher
capacity to store and infiltrate runoff than do disturbed soils. Reestablishment of a mature
vegetative community may take decades. Sensitive areas, such as streams and floodplains
should also be avoided.

[Jyes [INo [XIN/A
e Define the development envelope and protected areas, identifying areas that are
most suitable for development and areas that should be left undisturbed.
e  Establish setbacks and buffer zones surrounding sensitive areas.

e  Preserve significant trees and other natural vegetation where possible.

Discuss how this was included or provide a discussion/justification for “No” or “N/A” answer. No native
vegetation on site.

-11-
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Project- Specific WQMP Site Design BMP Checklist

Did you identify and preserve natural infiltration capacity?
A key component of LID is taking advantage of a site's natural infiltration and storage capacity.
A site survey and geotechnical investigation can help define areas with high potential for
infiltration and surface storage.
e Identify opportunities to locate LID Principles and Structural BMPs in highly pervious
areas. Doing so will maximize infiltration and limit the amount of runoff generated.
e Concentrate development on portions of the site with less permeable soils, and
preserve areas that can promote infiltration.

[Jyes XINo [IN/A

Discuss how this was included or provide a discussion/justification for “No” or “N/A” answer. Insert
discussion/justification here

At this preliminary stage in the development process, it would be infeasible to test the soils natural
infiltration and storage capacity due to the existing ground being 30ft higher than finished grade will be.
However, during final engineering, the proposed locations for structural BMPS will be thoroughly tested for
potential infiltration which will be implemented when possible.

Did you minimize impervious area?
Look for opportunities to limit impervious cover through identification of the smallest possible
land area that can be practically impacted or disturbed during site development.

e Limit overall coverage of paving and roofs. This can be accomplished by designing
compact, taller structures, narrower and shorter streets and sidewalks, clustering
buildings and sharing driveways, smaller parking lots (fewer stalls, smaller stalls, and
more efficient lanes), and indoor or underground parking.

e Inventory planned impervious areas on your preliminary site plan. Identify where

X ves [INo [IN/A permeable pavements, or other permeable materials, such as crushed aggregate, turf
block, permeable modular blocks, pervious concrete or pervious asphalt could be
substituted for impervious concrete or asphalt paving. This will help reduce the
amount of Runoff that may need to be addressed through Structural BMPs.

e Examine site layout and circulation patterns and identify areas where landscaping can
be substituted for pavement, such as for overflow parking.

e Consider green roofs. Green roofs are roofing systems that provide a layer of
soil/vegetative cover over a waterproofing membrane. A green roof mimics pre-
development conditions by filtering, absorbing, and evapotranspiring precipitation to
help manage the effects of an otherwise impervious rooftop.

Discuss how this was included or provide a discussion/justification for “No” or “N/A” answer. Insert
discussion/justification here

Driveways and sidewalks have been reduced to the minimum widths as well as only providing the minimum
number of parking stalls require by the site use.

-12 -
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Project- Specific WQMP Site Design BMP Checklist

Did you identify and disperse runoff to adjacent pervious areas or small collection areas?
Look for opportunities to direct runoff from impervious areas to adjacent landscaping, other
pervious areas, or small collection areas where such runoff may be retained. This is sometimes
referred to as reducing Directly Connected Impervious Areas.

Kves [INo [IN/A

Direct roof runoff into landscaped areas such as medians, parking islands, planter
boxes, etc., and/or areas of pervious paving. Instead of having landscaped areas
raised above the surrounding impervious areas, design them as depressed areas that
can receive Runoff from adjacent impervious pavement. For example, a lawn or
garden depressed 3"-4" below surrounding walkways or driveways provides a simple
but quite functional landscape design element.

Detain and retain runoff throughout the site. On flatter sites, smaller Structural BMPs
may be interspersed in landscaped areas among the buildings and paving.

On hillside sites, drainage from upper areas may be collected in conventional catch
basins and piped to landscaped areas and LID BMPs and/or Hydrologic Control BMPs
in lower areas. Low retaining walls may also be used to create terraces that can
accommodate LID BMPs. Wherever possible, direct drainage from landscaped slopes
offsite and not to impervious surfaces like parking lots.

Reduce curb maintenance and provide for allowances for curb cuts.

Design landscaped areas or other pervious areas to receive and infiltrate runoff from
nearby impervious areas.

Use Tree Wells to intercept, infiltrate, and evapotranspire precipitation and runoff
before it reaches structural BMPs. Tree wells can be used to limit the size of Drainage
Management Areas that must be treated by structural BMPs. Guidelines for Tree
Wells are included in the Tree Well Fact Sheet in the LID BMP Design Handbook.

Discuss how this was included or provide a discussion/justification for “No” or “N/A” answer. Insert

discussion/justification here

Did you utilize native or drought tolerant species in site landscaping?

X Yes [INo [IN/A Wherever possible, use native or drought tolerant species within site landscaping instead of
alternatives. These plants are uniquely suited to local soils and climate and can reduce the
overall demands for potable water use associated with irrigation.

Discuss how this was included or provide a discussion/justification for “No” or “N/A” answer. Insert

discussion/justification here
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Project- Specific WQMP Site Design BMP Checklist

[Jyes [ 1No XIN/A

Did implement harvest and use of runoff?

Under the Regional MS4 Permit, Harvest and Use BMPs must be employed to reduce runoff on
any site where they are applicable and feasible. However, Harvest and Use BMPs are effective
for retention of stormwater runoff only when there is adequate demand for non-potable
water during the wet season. If demand for non-potable water is not sufficiently large, the
actual retention of stormwater runoff will be diminished during larger storms or during back-
to-back storms.

For the purposes of planning level Harvest and Use BMP feasibility screening, Harvest and Use
is only considered to be a feasible if the total average wet season demand for non-potable
water is sufficiently large to use the entire DCV within 72 hours. If the average wet season
demand for non-potable water is not sufficiently large to use the entire DCV within 72 hours,
then Harvest and Use is not considered to be feasible and need not be considered further.

The general feasibility and applicability of Harvest and Use BMPs should consider:

e Any downstream impacts related to water rights that could arise from capturing
stormwater (not common).

e Conflicts with recycled water used — where the project is conditioned to use recycled
water for irrigation, this should be given priority over stormwater capture as it is a
year-round supply of water.

e Code Compliance - If a particular use of captured stormwater, and/or available
methods for storage of captured stormwater would be contrary to building codes in
effect at the time of approval of the preliminary Project-Specific WQMP, then an
evaluation of harvesting and use for that use would not be required.

e Wet season demand — the applicant shall demonstrate, to the acceptance of the
[Insert Jurisdiction], that there is adequate demand for harvested water during the
wet season to drain the system in a reasonable amount of time.

Discuss how this was included or provide a discussion/justification for “No” or “N/A” answer. Insert
discussion/justification here

Xlyes [ 1No []N/A

Did you keep the runoff from sediment producing pervious area hydrologically separate
from developed areas that require treatment?

Pervious area that qualify as self-treating areas or off-site open space should be kept separate
from drainage to structural BMPs whenever possible. This helps limit the required size of
structural BMPs, helps avoid impacts to sediment supply, and helps reduce clogging risk to
BMPs.

Discuss how this was included or provide a discussion/justification for “No” or “N/A” answer. Insert
discussion/justification here
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Section C: Delineate Drainage Management Areas (DMAs)

This section provides streamlined guidance and documentation of the DMA delineation and
categorization process, for additional information refer to the procedure in Section 3.3 of the SMR
WQMP which discusses the methods of delineating and mapping your project site into individual DMAs.
Complete Steps 1 to 4 to successfully delineate and categorize DMAs.

Step 1: Identify Surface Types and Drainage Pathways

Carefully delineate pervious areas and impervious areas (including roofs) throughout site and identify
overland flow paths and above ground and below ground conveyances. Also identify common points
(such as BMPs) that these areas drain to.

Step 2: DMA Delineation

Use the information in Step 1 to divide the entire PDP site into individual, discrete DMAs. Typically, lines
delineating DMAs follow grade breaks and roof ridge lines. Where possible, establish separate DMAs for
each surface type (e.g., landscaping, pervious paving, or roofs). Assign each DMA a unique code and
determine its size in square feet. The total area of your site should total the sum of all of your DMAs
(unless water from outside the project limits comingles with water from inside the project limits, i.e.
run-on). Complete Table C-1

Table C-1 DMA Identification

DMA Name or Surface Type(s)! Area (Sq. Ft.) DMA Type

Identification
A Mixed 179,743
B M!xed 37,522 To be
¢ Mixed 9,024 Determined
D Mixed 35,499 .
E Mixed 6,068 ) S &
F Landscape 6,077
G Mixed 9,474
H Landscape 4,264

Add Columns as Needed

Step 3: DMA Classification

Determine how drainage from each DMA will be handled by using information from Steps 1 and 2 and
by completing Steps 3.A to 3.C. Each DMA will be classified as one of the following four types:

e Type ‘A’: Self-Treating Areas: ° Type ‘C’: Areas Draining to Self-Retaining
e Type ‘B’: Self-Retaining Areas Areas
° Type ‘D’: Areas Draining to BMPs

Step 3.A - Identify Type ‘A’ Self-Treating Area
Indicate if the DMAs meet the following criteria by answering “Yes” or “No”.

Area is undisturbed from their natural condition OR restored with Native

|X|Yes |:| No

and/or California Friendly vegetative covers.

-15-



X Yes [ ] No

X Yes [ ] No

Water Quality Management Plan (WQMP)
Curci TPM 37547

Area is irrigated, if at all, with appropriate low water use irrigation systems
to prevent irrigation runoff.

Runoff from the area will not comingle with runoff from the developed

portion of the site, or across other landscaped areas that do not meet the
above criteria.

If all answers indicate “Yes,” complete Table C-2 to document the DMAs that are classified as Self-

Treating Areas.

Table C-2 Type ‘A, Self-Treating Areas

DMA Name or Identification Area (Sq. Ft.) Stabilization Type Irrigation Type (if any)
F 11,675 Native Low Water Use Drip Irrigation
H 4,264 Native Low Water Use Drip Irrigation

Step 3.B — Identify Type ‘B’ Self-Retaining Area and Type ‘C’ Areas Draining to Self-Retaining Areas

Type ‘B’ Self-Retaining Area: A Self-Retaining Area is shallowly depressed 'micro infiltration' areas
designed to retain the Design Storm rainfall that reaches the area, without producing any Runoff.

Indicate if the DMAs meet the following criteria by answering “Yes,” “No,” or “N/A”.

[ ]Yes [ ]No[X]N/A
[ ]Yes [ ]No[X]N/A

[ ]Yes [ ]No[X]N/A

[ ]Yes [ ]No[X]N/A

Slopes will be graded toward the center of the pervious area.
Soils will be freely draining to not create vector or nuisance conditions.

Inlet elevations of area/overflow drains, if any, should be clearly specified
to be three inches or more above the low point to promote ponding.

Pervious pavements (e.g., crushed stone, porous asphalt, pervious
concrete, or permeable pavers) can be self-retaining when constructed with
a gravel base course four or more inches deep below any underdrain
discharge elevation.

If all answers indicate “Yes,” DMAs may be categorized as Type ‘B’, proceed to identify Type ‘C’ Areas
Draining to Self-Retaining Areas.

Type ‘C’ Areas Draining to Self-Retaining Areas: Runoff from impervious or partially pervious areas can
be managed by routing it to Self-Retaining Areas consistent with the LID Principle discussed in SMR
WQMP Section 3.2.5 for 'Dispersing Runoff to Adjacent Pervious Areas'.

Indicate if the DMAs meet the following criteria by answering “Yes” or “No”.

|EYes |:| No
|EYes |:| No

The drainage from the tributary area must be directed to and dispersed
within the Self-Retaining Area.

Area must be designed to retain the entire Design Storm runoff without
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flowing offsite.

If all answers indicate “Yes,” DMAs may be categorized as Type ‘C’.

Complete Table C-3 and Table C-4 to identify Type ‘B’ Self-Retaining Areas and Type ‘C’ Areas Draining to
Self-Retaining Areas.

Table C-3 Type ‘B’, Self-Retaining Areas

Self-Retaining Area

Type ‘C’ DMAs that are draining to the Self-Retaining

Area
Area Storm
(square Depth [C] from Table | Required Retention Depth
DMA . feet) (inches) C-4= (inches)
Post-project (D] = [B] + [B][c]
Name/ID | surface type (A] (B] DMA Name / ID (€] [A]

Table C-4 Type ‘C’, Areas that Drain to Self-Retaining Areas

DMA Receiving Self-Retaining DMA

o i

a - o

= < g s g g L Area (square

< 2 2t Product feet Rati

E 85 roduc eet) atio

[A] [B] [C1=[AIx[B] || DMA name /ID (D] [Cl/[D]

BMP-E 6,068 IMP .66 4005 BMP-6 617.5 6.5

Note: (See Section 3.3 of SMR WQMP) Ensure that partially pervious areas draining to a Self-Retaining area do not exceed the
following ratio:

(

2

Impervious F raction) '
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(Tributary Area: Self-Retaining Area)

Step 3.C - Identify Type ‘D’ Areas Draining to BMPs

Areas draining to BMPs are those that could not be fully managed through LID Principles (DMA Types A
through C) and will instead drain to an LID BMP and/or a Conventional Treatment BMP designed to
manage water quality impacts from that area, and Hydromodification where necessary.

Complete Table C-5 to document which DMAs are classified as Areas Draining to BMPs

Table C-5 Type ‘D’, Areas Draining to BMPs

DMA Name or ID BMP Name or ID Receiving Runoff from DMA
DMA A BMP-1
DMA B BMP-2
DMA C BMP-3
DMA D BMP-4
DMA G BMP-5

Note: More than one DMA may drain to a single LID BMP; however, one DMA may not drain to
more than one BMP.
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Section D: Implement LID BMPs

The Regional MS4 Permit requires the use of LID BMPs to provide retention or treatment of the DCV and
includes a BMP hierarchy which requires Full Retention BMPs (Priority 1) to be considered before
Biofiltration BMPs (Priority 2) and Flow-Through Treatment BMPs and Alternative Compliance BMPs
(Priority 3). LID BMP selection must be based on technical feasibility and should be considered early in
the site planning and design process. Use this section to document the selection of LID BMPs for each
DMA. Note that feasibility is based on the DMA scale and may vary between DMAs based on site
conditions.

D.1 Full Infiltration Applicability

An assessment of the feasibility of utilizing full infiltration BMPs is required for all projects, except where
it can be shown that site design LID principals fully retain the DCV (i.e., all DMAs are Type A, B, or C), or
where Harvest and Use BMPs fully retain the DCV. Check the following box if applicable:

[ ] site design LID principals fully retain the DCV (i.e., all DMAs are Type A, B, or C), (Proceed to
Section E).
If the above box remains unchecked, perform a site-specific evaluation of the feasibility of Infiltration
BMPs using each of the applicable criteria identified in Chapter 2.3.3 of the SMR WQMP and complete
the remainder of Section D.1.

Geotechnical Report

A Geotechnical Report or Phase | Environmental Site Assessment may be required by the Copermittee to
confirm present and past site characteristics that may affect the use of Infiltration BMPs. In addition, the
Copermittee, at their discretion, may not require a geotechnical report for small projects as described in
Chapter 2 of the SMR WQMP. If a geotechnical report has been prepared, include it in Appendix 3. In
addition, if a Phase | Environmental Site Assessment has been prepared, include it in Appendix 4.

Infiltration Feasibility

Table D-1 below is meant to provide a simple means of assessing which DMAs on your site support
Infiltration BMPs and is discussed in the SMR WQMP in Chapter 2.3.3. Check the appropriate box for
each question and then list affected DMAs as applicable. If additional space is needed, add a row below
the corresponding answer.
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Table D-1 Infiltration Feasibility

Downstream Impacts (SMR WQMP Section 2.3.3.a)

Does the project site... YES | NO
...have any DMAs where infiltration would negatively impact downstream water rights or other Beneficial Uses3? X

If Yes, list affected DMAs:

Groundwater Protection (SMR WQMP Section 2.3.3.b)

Does the project site... YES | NO
...have any DMAs with industrial, and other land uses that pose a high threat to water quality, which cannot be X

treated by Bioretention BMPs? Or have DMAs with active industrial process areas?

If Yes, list affected DMAs:
...have any DMAs with a seasonal high groundwater mark shallower than 10 feet? | X

If Yes, list affected DMAs:
...have any DMAs located within 100 feet horizontally of a water supply well? | X

If Yes, list affected DMAs:
...have any DMAs that would restrict BMP locations to within a 2:1 (horizontal: vertical) influence line extending X

from any septic leach line?

If Yes, list affected DMAs:
..have any DMAs been evaluated by a licensed Geotechnical Engineer, Hydrogeologist, or Environmental X

Engineer, who has concluded that the soils do not have adequate physical and chemical characteristics for

the protection of groundwater, and has treatment provided by amended media layers in Bioretention BMPs

been considered in evaluating this factor?

If Yes, list affected DMAs:

Public Safety and Offsite Improvements (SMR WQMP Section 2.3.3.c)

Does the project site... YES | NO
..have any areas identified by the geotechnical report as posing a public safety risk where infiltration of X
stormwater could have a negative impact?

If Yes, list affected DMAs:

Infiltration Characteristics For LID BMPs (SMR WQMP Section 2.3.3.d)

Does the project site... YES | NO
...have factored infiltration rates of less than 0.8 inches / hour? X
(Note: on a case-by-case basis, the Local Jurisdiction may allow a factor of safety as low as 1.0 to support selection
of full infiltration BMPs. Therefore, measured infiltration rates could be as low as 0.8 in/hr to support full
infiltration. A higher factor of safety would be required for design in accordance with the LID BMP Deign
Handbook).

If Yes, list affected DMAs:

Cut/Fill Conditions (SMR WQMP Section 2.3.3.e)

Does the project site... YES | NO
...have significant cut and/or fill conditions that would preclude in-situ testing of infiltration rates at the final X
infiltration surface?

If Yes, list affected DMAs:

Other Site-Specific Factors (SMR WQMP Section 2.3.3.f)

Does the project site... YES | NO
...have DMAs where the geotechnical investigation discovered other site-specific factors that would preclude X
effective and/or safe infiltration?

Describe here:

If you answered “Yes” to any of the questions above for any DMA, Infiltration BMPs that rely solely on
infiltration should not be used for those DMAs and you should proceed to the assessment for

3 Such a condition must be substantiated by sufficient modeling to demonstrate an impact and would be subject to

[Insert Jurisdiction] discretion. There is not a standardized method for assessing this criterion. Water rights

evaluations should be site-specific.
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Biofiltration BMPs below. Biofiltration BMPs that provide partial infiltration may still be feasible and
should be assessed in Section D.2. Summarize concerns identified in the Geotechnical Report, if any,
that resulted in a “YES” response above in the table below.

Table D-2 Geotechnical Concerns for Onsite Infiltration

Type of Geotechnical Concern DMAs Feasible (By Name or ID) DMA:s Infeasible (By Name or ID)

Collapsible Soil

Expansive Soil

Slopes

Liquefaction

Other

D.2 Biofiltration Applicability

This section should document the applicability of biofiltration BMPs for Type D DMAs that are not
feasible for full infiltration BMPs. The key decisions to be documented in this section include:

1. Are biofiltration BMPs with partial infiltration feasible?

a.

Biofiltration BMPs must be designed to maximize incidental infiltration via a partial
infiltration design unless it is demonstrated that this design is not feasible.

These designs can be used at sites with low infiltration rates where other feasibility
factors do not preclude incidental infiltration.

Document summary in Table D-3.

2. If not, what are the factors that require the use of biofiltration with no infiltration? This may

include:
a.
b.
C.
d.

e.

f.

Geotechnical hazards

Water rights issues

Water balance issues

Soil contamination or groundwater quality issues
Very low infiltration rates (factored rates < 0.1 in/hr)

Other factors, demonstrated to the acceptance of the local jurisdiction

If this applies to any DMAs, then rationale must be documented in Table D-3.

3. Are biofiltration BMPs infeasible?

a.

If yes, then provide a site-specific analysis demonstrating the technical infeasibility of all
LID BMPs has been performed and is included in Appendix 5. If you plan to submit an
analysis demonstrating the technical infeasibility of LID BMPs, request a pre-submittal
meeting with the Copermittee with jurisdiction over the Project site to discuss this
option. Proceed to Section F to document your alternative compliance measures.
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Table D-3 Evaluation of Biofiltration BMP Feasibility

Basis for Infeasibility of Partial Infiltration (provide summary and
include supporting basis if partial infiltration not feasible)

Is Partial/
Incidental
Infiltration
Allowable?
DMA ID (Y/N)
DMA A
DMA B Infiltration testing will be conducted at final engineering
DMAC due to finished grade of site being 30ft below current
DMAD existing surface.
DMAE

Proprietary Biofiltration BMP Approval Criteria

If the project will use proprietary BMPs as biofiltration BMPs, then this section is completed to
document that the proprietary BMPs are selected in accordance with Section 2.3.7 of the SMR WQMP.
Proprietary Biofiltration BMPs must meet both of the following approval criteria:

1. Approval Criteria for All Proprietary BMPs, and

2. Acceptance Criteria for Proprietary Biofiltration BMPs.

When the use of proprietary biofiltration BMPs is proposed to meet the Pollutant Control performance
standards, use Table D-4 to document that appropriate approval criteria have been met for the
proposed BMPs. Add additional rows to document approval criteria are met for each type of BMP

proposed.

Table D-4 Proprietary BMP Approval Requirement Summary

Proposed Proprietary
Biofiltration BMP

Approval Criteria

Notes/Comments

Insert BMP Name and
Manufacturer Here

|:| Proposed BMP has an active TAPE
GULD Certification for the project
pollutants of concern® or equivalent 3™
party demonstrated performance.

Insert text here

|:| The BMP is used in a manner
consistent with manufacturer guidelines
and conditions of its third-party
certification.

Insert text here

|:| The BMP includes biological features
including vegetation supported by
engineered or other growing media.

Describe features here.

|:| The BMP is designed to maximize
infiltration, or supplemental infiltration
is provided to achieve retention
equivalent to Biofiltration with Partial
Infiltration BMPs if factored infiltration
rate is between 0.1 and 0.8 inches/hour.

Describe supplemental retention
practices if applicable.

|:| The BMP is sized using one of two
Biofiltration LID sizing options in Section
2.3.2 of the SRM WQMP.

List sizing method used, resulting size
(i.e. volume or flow), and provided size
(for proposed unit)

4 Use Table F-1 and F-2 to identify and document the pollutants of concern and include these tables in Appendix 5.
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D.3 Feasibility Assessment Summaries

From the Infiltration, Biofiltration with Partial Infiltration and Biofiltration with No Infiltration Sections
above, complete Table D-5 below to summarize which LID BMPs are technically feasible, and which are
not, based upon the established hierarchy.

Table D-5 LID Prioritization Summary Matrix

LID BMP Hierarchy

2. Biofiltration 3. Biofiltration No LID (Alternative
with Partial with No Compliance)
DMA Name/ID 1. Infiltration Infiltration Infiltration
1 [ ] [ ] = [ ]
2 [ ] [ ] = [ ]
3 [ ] [ ] = [ ]
4 L] L] X L]
5 [ L] X [

For those DMAs where LID BMPs are not feasible, provide a narrative in Table D-6 below summarizing
why they are not feasible, include your technical infeasibility criteria in Appendix 5, and proceed to
Section F below to document Alternative Compliance measures for those DMAs. Recall that each
proposed DMA must pass through the LID BMP hierarchy before alternative compliance measures may
be considered.

This is based on the clarification letter titled “San Diego Water Board’s Expectations of Documentation
to Support a Determination of Priority Development Project Infiltration Infeasibility” (April 28, 2017, Via
email from San Diego Regional Water Quality Control Board to San Diego County Municipal Storm Water
Copermittees®).

Table D-6 Summary of Infeasibility Documentation

Narrative Summary (include reference to applicable

Question appendix/attachment/report, as applicable)
a) When in the entitlement process did a Infiltration testing will be conducted at final
geotechnical engineer analyze the site for engineering

infiltration feasibility?

b) When in the entitlement process were other No Test at current time
investigations conducted (e.g., groundwater
quality, water rights) to evaluate infiltration
feasibility?

¢) What was the scope and results of testing, if No Test at current time
conducted, or rationale for why testing was not
needed to reach findings?

d) What public health and safety requirements No Test at current time
affected infiltration locations?
e) What were the conclusions and No Test at current time

recommendations of the geotechnical engineer

> http://www.projectcleanwater.org/download/pdp-infiltration-infeasibility/
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and/or other professional responsible for other
investigations?

f)

What was the history of design discussions
between the permittee and applicant for the
proposed project, resulting in the final design
determination related locations feasible for
infiltration?

No Test at current time

What site design alternatives were considered
to achieve infiltration or partial infiltration on
site?

No Test at current time

h)

What physical impairments (i.e., fire road
egress, public safety considerations, utilities)
and public safety concerns influenced site
layout and infiltration feasibility?

No Test at current time

What LID Principles (site design BMPs) were
included in the project site design?

D.4

LID BMP Sizing

Each LID BMP must be designed to ensure that the DCV will be captured by the selected BMPs with no
discharge to the storm drain or surface waters during the DCV size storm. Infiltration BMPs must at
minimum be sized to capture the DCV to achieve pollutant control requirements.

Biofiltration BMPs must at a minimum be sized to:

Treat 1.5 times the DCV not reliably retained on site using a volume-base or flow-based sizing

method, or

Include static storage volume, including pore spaces and pre-filter detention volume, at least
0.75 times the portion of the DCV not reliably retained on site.
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First, calculate the DCV for each LID BMP using the Vevp worksheet in Appendix F of the LID BMP Design
Handbook. Second, design the LID BMP to meet the required Vsme using the methods included in Section
3 of the LID BMP Design Handbook. Utilize the worksheets found in the LID BMP Design Handbook or
consult with the Copermittee to assist you in correctly sizing your LID BMPs. Use Table D-7 below to
document the DCV each LID BMP. Provide the completed design procedure sheets for each LID BMP in
Appendix 6. You may add additional rows to the table below as needed.

Table D-7 DCV Calculations for LID BMPs

Post- DMA
DMA Project Effective DMA Areas X i
DMA (square | Surface Impervious Runoff | Runoff Enter BMP Name / Identifier Here
Type/ID feet Type Fraction, | Factor | Factor
ype/ ) yp i BVIP-1
[A] [B] [C] [A] x [C]
A 179,743 Mixed 0.85 0.66 118,156
Proposed
Design Volume
Storm on Plans
Depth | DCV, Vemp (cubic
(in) (cubic feet) feet)
Ar=Z[A] 118,156 | 0.61 5,991 7,492

[B], [C] is obtained as described in Section 2.6.1.b of the SMR WQMP
[E] is obtained from Exhibit A in the SMR WQMP

[G] is obtained from a design procedure sheet, such as in LID BMP Design Handbook and placed in Appendix 6.

Post- DMA
DMA Project Effective DMA Areas x »
DMA (square | Surface Impervious Runoff | Runoff Enter BMP Name / Identifier Here
Type/ID feet Type Fraction, | Factor | Factor
ype/ ) yp i BVIP-2
(Al (B] [C] [A] x [C]
B 37,522 Mixed 0.85 0.66 24,665
Proposed
Design Volume
Storm on Plans
Depth | DCV, Vemp (cubic
(in) (cubic feet) feet)
Ar=Z[A] 24,665 0.61 1,251 5,676
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Post- DMA
DMA Project Effective DMA Areas x »
DMA (square | Surface Impervious Runoff | Runoff Enter BMP Name / Identifier Here
Type/ID feet Type Fraction, | Factor | Factor
ype/ ) yp i BVIP-3
[A] (B] [C] [A] x [C]
c 9,024 Mixed 0.85 0.66 5,932
Proposed
Design Volume
Storm on Plans
Depth | DCV, Vemp (cubic
(in) (cubic feet) feet)
Ar=Z[A] 5,932 0.61 302 435
Post- DMA
DMA Project Effective DMA Areas X i
DMA (square | Surface Impervious Runoff | Runoff Enter BMP Name / Identifier Here
Type/ID feet Type Fraction, | Factor | Factor
ype/ ) yp f BMP-4
[A] (B] [C] [A] x [C]
D 35499 | Mixed 0.85 0.66 23,336
Proposed
Design Volume
Storm on Plans
Depth | DCV, Vemp (cubic
(in) (cubic feet) feet)
At =Z[A] 23,336 0.61 1,186 1,328
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Post- DMA
DMA Project Effective DMA Areas x -
DMA (square | Surface Impervious Runoff | Runoff Enter BMP Name / Identifier Here
Type/ID feet Type Fraction, | Factor | Factor
ype/ ) yp f BVIP-5
[A] [B] [C] [A] x [C]
G 9,474 Mixed 0.85 0.66 6,228
Proposed
Design Volume
Storm on Plans
Depth | DCV, Vemp (cubic
(in) (cubic feet) feet)
Ar=Z[A] 5,890 0.61 317 332

Complete Table D-8 below to document the Design Capture Volume and the Proposed Volume for each
LID BMP. You can add rows to the table as needed. Alternatively, the Santa Margarita Hydrology Model
(SMRHM) can be used to size LID BMPs to address the DCV and, if applicable, to size Hydrologic Control

BMPs to meet the Hydrologic Performance Standard described in the SMR WQMP, as identified in

Section E.

Table D-8 LID BMP Sizing

BMP Name / DMA No. BMP Type / Description Design Capture Proposed Volume
ID Volume (ft3) (ft3)

1 A Biofiltration 6,006 7,492

2 B Biofiltration 1,254 5,676

3 C Biofiltration 302 435

4 D Biofiltration 1,186 1,328

5 G Biofiltration 317 332

If bioretention will include a capped underdrain, then include sizing calculations demonstrating that the
BMP will meet infiltration sizing requirements with the underdrain capped and also meet biofiltration
sizing requirements if the underdrain is uncapped.
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Section E: Implement Hydrologic Control BMPs and Sediment
Supply BMPs

If a completed Table 1.2 demonstrates that the project is exempt from Hydromodification Performance
Standards, specify N/A and proceed to Section G.

[ ] N/AProject is Exempt from Hydromodification Performance Standards.

If a PDP is not exempt from hydromodification requirements than the PDP must satisfy the
requirements of the performance standards for hydrologic control BMPs and Sediment Supply BMPs.
The PDP may choose to satisfy hydrologic control requirements using onsite or offsite BMPs (i.e.
Alternative Compliance). Sediment supply requirements cannot be met via alternative compliance. If
N/A is not selected above, select one of the two options below and complete the applicable sections.

|X| Project is Not Hydromodification Exempt and chooses to implement Hydrologic Control
and Sediment Supply BMPs Onsite (complete Section E).

|:| Project is Not Hydromodification Exempt and chooses to implement Hydrologic Control
Requirements using Alternative Compliance (complete Section F). Selection of this option
must be approved by the Copermittee.

E.1 Hydrologic Control BMP Selection

Capture of the DCV and achievement of the Hydrologic Performance Standard may be met by combined
and/or separate structural BMPs. The user should consider the full suite of Hydrologic Control BMPs to
manage runoff from the post-development condition and meet the Hydrologic Performance Standard
identified in this section.

The Hydrologic Performance Standard consists of matching or reducing the flow duration curve of post-
development conditions to that of pre-existing, naturally occurring conditions, for the range of
geomorphically significant flows (10% of the 2-year runoff event up to the 10-year runoff event). Select
each of the hydrologic control BMP types that are applied to meet the above performance standard on
the site.

X] LD principles as defined in Section 3.2 of the SMR WQMP.
|E Structural LID BMPs that may be modified or enlarged, if necessary, beyond the DCV.

|E Structural Hydrologic Control BMPs that are distinct from the LID BMPs above. The LID
BMP Design Handbook provides information not only on Hydrologic Control BMP design,
but also on BMP design to meet the combined LID requirement and Hydrologic
Performance Standard. The Handbook specifies the type of BMPs that can be used to
meet the Hydrologic Performance Standard.
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E.2 Hydrologic Control BMP Sizing

Hydrologic Control BMPs must be designed to ensure that the flow duration curve of the post-
development DMA will not exceed that of the pre-existing, naturally occurring, DMA for the range of
geomorphically significant flows. Using SMRHM, (or another acceptable continuous simulation model if
approved by the Copermittee) the applicant shall demonstrate that the performance of the Hydrologic
Control BMPs complies with the Hydrologic Performance Standard. Complete Table E-1 below and
identify, for each DMA, the type of Hydrologic Control BMP, if the SMRHM model confirmed the
management (ldentified as “passed” in SMRHM), the total volume capacity of the Hydrologic Control
BMP, the Hydrologic Control BMP footprint at top floor elevation, and the drawdown time of the
Hydrologic Control BMP. SMRHM summary reports should be documented in Appendix 7. Refer to the
SMRHM Guidance Document for additional information on SMRHM. You can add rows to the table as
needed.

Table E-1 Hydrologic Control BMP Sizing

BMP DMA | BMP Type / Description | SMRHM | BMP Volume | BMP Drawdown
Name /ID | No. Passed (ac-ft) Footprint (ac) | time (hr)

1 A Biofiltration X 0.1563 0.1564 22.5

2 B Biofiltration X 0.0875 0.1167 22.2

3 C Biofiltration X 0.0136 0.0091 1.1

4 D Biofiltration X 0.0416 0.0277 34

5 G Biofiltration X 0.0104 .0069 0.8

If a bioretention BMP with capped underdrain is used and hydromodification requirements apply, then
sizing calculations must demonstrate that the BMP meets flow duration control criteria with the
underdrain capped and uncapped. Both calculations must be included.

E.3 Implement Sediment Supply BMPs

The sediment supply performance standard applies to PDPs for which hydromodification applied that
have the potential to impact Potential Critical Coarse Sediment Yield Areas. Refer to Exhibit G of the
WQMP to determine if there are onsite Potential Critical Coarse Sediment Yield Areas or Potential
Sediment Source Areas. Select one of the two options below and include the Potential Critical Coarse
Sediment Yield Area Exhibit showing your project location in Appendix 7.

|E There are no mapped Potential Critical Coarse Sediment Yield Areas or Potential Sediment
Source Areas on the site. The Sediment Supply Performance Standard is met with no
further action.

[ ] There are mapped Potential Critical Coarse Sediment Yield Areas or Potential Sediment
Source Areas on the site, the Sediment Supply Performance Standard will be met through
Option 1 or Option 2 below.

The applicant may refer to Section 3.6.4 of the SMR WQMP for a description of the methodology to
meet the Sediment Supply Performance Standard. Select the applicable compliance pathway and
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complete the appropriate sections to demonstrate compliance with the Sediment Supply Performance
Standard if the second box is selected above:

[] Avoid impacts related to any PDP activities to Potential Critical Coarse Sediment Yield
Areas. Proceed to Section E.3.1.

[ ] Complete a Site-Specific Critical Coarse Sediment Analysis. Proceed to Section E.3.2.
E.3.1 Option 1: Avoid Potential Critical Coarse Sediment Yield Areas and Potential Sediment Source

Areas

The simplest approach for complying with the Sediment Supply Performance Standard is to avoid
impacts to areas identified as Potential Critical Coarse Sediment Yield Areas or Potential Sediment
Supply Areas. If a portion of PDP is identified as a Potential Critical Coarse Sediment Yield Area or a
Potential Sediment Source Area, that PDP may still achieve compliance with the Sediment Supply
Performance Standards if Potential Critical Coarse Sediment Yield Areas and Potential Sediment Supply
Areas are avoided, i.e. areas are not developed and thereby delivery of Critical Coarse Sediment to the
receiving waters is not impeded by site developments.

Provide a narrative describing how the PDP has avoided impacts to Potential Critical Coarse Sediment
Yield Areas and/or Potential Sediment Source Areas below.

No Potential Critical Coarse sediment Yeild areas identified...see Exhibit included.

If it is not feasible to avoid these areas, proceed to Option 2 to complete a Site-Specific Critical Coarse
Sediment Analysis.

E.3.2 Option 2: Site-Specific Critical Coarse Sediment Analysis

Perform a stepwise assessment to ensure the maintenance of the pre-project source(s) of Critical Coarse
Sediment (i.e., Bed Sediment Supply):

1. Determine whether the site or a portion of the site is a Significant Source of Bed Sediment
Supply to the Receiving Channel (i.e., an actual verified Critical Coarse Sediment Yield Area);

2. Avoid areas identified as actual verified Critical Coarse Sediment Yield Areas in the PDP design
and maintain pathways for discharge of Bed Sediment Supply from these areas to receiving
waters.

Step 1: Identify if the site is an actual verified Critical Coarse Sediment Yield Area supplying Bed
Sediment Supply to the receiving channel

[0 Step 1.A —Is the Bed Sediment of onsite streams similar to that of receiving streams?

Rate the similarity: [ ] High
[ ] Medium
[ ] Low

Results from the geotechnical and sieve analysis to be performed both onsite and in the
receiving channel should be documented in Appendix 7. Of particular interest, the results of the sieve
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analysis, the soil erodibility factor, a description of the topographic relief of the project area, and the
lithology of onsite soils should be reported in Appendix 7.

[0 step 1.B — Are onsite streams capable of delivering Bed Sediment Supply from the site, if any, to
the receiving channel?

Rate the potential: [ ] High
[ ] Medium

[ ] Low

Results from the analyses of the sediment delivery potential to the receiving channel should be
documented in Appendix 7 and identify, at a minimum, the Sediment Source, the distance to the
receiving channel, the onsite channel density, the project watershed area, the slope, length, land use,
and rainfall intensity.

[0 step 1.C— Will the receiving channel adversely respond to a change in Bed Sediment Load?

Rate the need for bed sediment supply:

[ ] High
[ ] Medium
[ ] Low

Results from the in-stream analysis to be performed both onsite should be documented in Appendix 7.
The analysis should, at a minimum, quantify the bank stability and the degree of incision, provide a
gradation of the Bed Sediment within the receiving channel, and identify if the channel is sediment
supply-limited.

[0 Step 1.D— Summary of Step 1

Summarize in Table E.3 the findings of Step 1 and associate a score (in parenthesis) to each step. The
sum of the three individual scores determines if a stream is a significant contributor to the receiving
stream.

e Sum is equal to or greater than eight - Site is a significant source of sediment bed
material — all on-site streams must be preserved or by-passed within the site plan. The
applicant shall proceed to Step 2 for all onsite streams.

e Sum is greater than five but lower than eight. Site is a source of sediment bed material —
some of the on-site streams must be preserved (with identified streams noted). The
applicant shall proceed to Step 2 for the identified streams only.

e Sum is equal to or lower than five. Site is not a significant source of sediment bed
material. The applicant may advance to Section F.
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Table E-2 Triad Assessment Summary

Step Rating Total Score
1.A [] High (3) [ ] Medium (2) []Low (1)

1.B [] High (3) [ ] Medium (2) []Low (1)

1.C (] High (3) (] Medium (2) []Low (1)

Significant Source Rating of Bed Sediment to the receiving channel(s)

Step 2: Avoid Development of Critical Coarse Sediment Yield Areas, Potential Sediment Sources Areas,
and Preserve Pathways for Transport of Bed Sediment Supply to Receiving Waters

Onsite streams identified as a actual verified Critical Coarse Sediment Yield Areas should be avoided in
the site design and transport pathways for Critical Coarse Sediment should be preserved

Check those that apply:

[] The site design does avoid all onsite channels identified as actual verified Critical Coarse Sediment
Yield Areas

AND

[] The drainage design bypasses flow and sediment from onsite upstream drainages identified as actual
verified Critical Coarse Sediment Yield Areas to maintain Critical Coarse Sediment supply to receiving
waters

(If both are yes, the applicant may disregard subsequent steps of Section E.3 and directly advance
directly to Section G).

- Or -

[ ] The site design does NOT avoid all onsite channels identified as actual verified Critical Coarse
Sediment Yield Areas

OR
[] The project impacts transport pathways of Critical Coarse Sediment from onsite upstream drainages.

(If either of these are the case, the applicant may proceed with the subsequent steps of Section E.3).

Provide in Appendix 7 a site map that identifies all onsite channels and highlights those onsite channels
that were identified as a Significant Source of Bed Sediment. The site map shall demonstrate, if feasible,
that the site design avoids those onsite channels identified as a Significant Source of Bed Sediment. In
addition, the applicant shall describe the characteristics of each onsite channel identified as a Significant
Source of Bed Sediment. If the design plan cannot avoid the onsite channels, please provide a rationale
for each channel individually.
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The site map shall demonstrate that the drainage design bypasses those onsite channels that supply
Critical Coarse Sediment to the receiving channel(s). In addition, the applicant shall describe the
characteristics of each onsite channel identified as an actual verified Critical Coarse Sediment Yield Area.

Identified Channel #1 - Insert narrative description here
Identified Channel #2 - Insert narrative description here

Identified Channel #3 - Insert narrative description here

E.3.3 Sediment Supply BMPs to Result in No Net Impact to Downstream Receiving Waters

If impacts to Critical Coarse Sediment Yield Areas cannot be avoided, sediment supply BMPs must be
implemented such there is no net impact to receiving waters. Sediment supply BMPs may consist of
approaches that permit flux of bed sediment supply from Critical Coarse Sediment Yield Areas within the
project boundary. This approach is subject to acceptance by the [Insert Jurisdiction]. It may require
extensive documentation and analysis by qualified professionals to support this demonstration.

Appendix H of the San Diego Model BMP Design Manual provides additional information on site-specific
investigation of Critical Coarse Sediment Supply areas.

http://www.projectcleanwater.org/download/2018-model-bmp-desigh-manual/

If applicable, insert narrative description here

Documentation of sediment supply BMPs should be detailed in Appendix 7.
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Section F: Alternative Compliance

Alternative Compliance may be used to achieve compliance with pollutant control and/or
hydromodification requirements for a given PDP. Alternative Compliance may be used under two
scenarios, check the applicable box if the PDP is proposing to use Alternative Compliance to satisfy all or
a portion of the Pollutant Control and/or Hydrologic Control requirements (but not sediment supply
requirements)

[ ] Ifitis not feasible to fully implement Infiltration or Biofiltration BMPs at a PDP site, Flow-Through
Treatment Control BMPs may be used to treat pollutants contained in the portion of DCV not
reliably retained on site and Alternative Compliance measures must also be implemented to
mitigate for those pollutants in the DCV that are not retained or removed on site prior to
discharging to a receiving water.

|:| Alternative Compliance is selected to comply with either pollutant control or hydromodification flow
control requirements even if complying with these requirements is potentially feasible on-site. If
such voluntary Alternative Compliance is implemented, Flow-Through Treatment Control BMPs
must still be used to treat those pollutants in the portion of the DCV not reliably retained on site
prior to discharging to a receiving water.

Refer to Section 2.7 of the SMR WQMP and consult the Local Jurisdiction for currently available
Alternative Compliance pathways. Coordinate with the Copermittee if electing to participate in
Alternative Compliance and complete the sections below to document implementation of the Flow-
Through BMP component of the program.

F.1 Identify Pollutants of Concern

The purpose of this section is to help you appropriately plan for mitigating your Pollutants of Concern in
lieu of implementing LID BMPs and to document compliance and.

Utilize Table A-1 from Section A, which noted your project’s Receiving Waters, to identify impairments
for Receiving Waters (including downstream receiving waters) by completing Table F-1. Table F-1
includes the watersheds identified as impaired in the Approved 2010 303(d) list; check box
corresponding with the PDP’s receiving water. The most recent 303(d) lists are available from the State
Water Resources Control Board website:

https://www.waterboards.ca.gov/water issues/programs/tmdl/integrated2010.shtml).https://www.wa
terboards.ca.gov/water issues/programs/tmdl/integrated2010.shtml.
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Table F-1 Summary of Approved 2010 303(d) listed waterbodies and associated pollutants of concern for the Riverside County
SMR Region and downstream waterbodies.

©
g o
2, @ =
% S22 898 ?
= ¥ = 25 22 ® a
() W = o o o © = %)
= [ 2 s5S| Te i T2
) S — — = — =
Water Body z = 2 D& & T @ L3
[ ]| De Luz Creek X X X
[ ]| Long Canyon Creek X X X
[X] | Murrieta Creek X X X X
[ ]| Redhawk Channel X X X X
[ ]| santa Gertudis Creek X X X
|:| Santa Margarita Estuary X
X] | santa Margarita River (Lower) X X
X] | santa Margarita River (Upper) X
[ ]| Temecula Creek X X X X X
|:| Warm Springs Creek X X X X

I Nutrients include nitrogen, phosphorus and eutrophic conditions caused by excess nutrients.
2 Metals includes copper, iron, and manganese.

Use Table F-2 to identify the pollutants identified with the project site. Indicate the applicable PDP
Categories and/or Project Features by checking the boxes that apply. If the identified General Pollutant
Categories are the same as those listed for your Receiving Waters, then these will be your Pollutants of
Concern; check the appropriate box or boxes in the last row.
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Table F-2 Potential Pollutants by Land Use Type

Priority Development General Pollutant Categories

P.roject Categories and/or Bacterial Toxic nn | G Total

Project Features (check those Indicators Metals | Nutrients | Pesticides | Organic | Sediments Debris | Grease Dissolved | Sulfate

that apply) Compounds Solids

[ Detached Residential = N p p N p p p N N
Development

0 Attached Residential P N p = N p p p@ N N
Development

X Commercial/Industrial p®) p() PO p() p P p p N N
Development

% gﬁ;op";m've Repair N P N N p@.9) N P P N N
Restaurants

@

X (55,000 122 P N N = N N = = N N
Hillside Development

O (55,000 122 P N P P N P P P N N
Parking Lots

®) @) @ @ )

X (55,000 112 = = P = = = = P N N

0 Streets, Highways, and p©) P pW P p) p p p N N
Freeways

[] | Retail Gasoline Outlets | N P® N N P N P P N N
Project Priority

Pollutant(s) of Concern X O X X = = B B N .

P = Potential

N = Not Potential

@ A potential Pollutant if non-native landscaping exists or is proposed onsite; otherwise not expected
@ A potential Pollutant if the project includes uncovered parking areas; otherwise not expected

© A potential Pollutant is land use involving animal waste products; otherwise not expected

@ Including petroleum hydrocarbons

® Including solvents

® Bacterial indicators are routinely detected in pavement runoff

(™ A potential source of metals, primarily copper and zinc. Iron, magnesium, and aluminum are commonly found in the
environment and are commonly associated with soils, but are not primarily of anthropogenic stormwater origin in the
municipal environment.
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F.2 Treatment Control BMP Selection

Treatment Control BMPs typically provide proprietary treatment mechanisms to treat potential
Pollutants in runoff, but do not sustain significant biological processes. Treatment Control BMPs must be
selected to address the Project Priority Pollutants of Concern (identified above) and meet the
acceptance criteria described in Section 2.3.7 of the SMR WQMP. Documentation of acceptance criteria
must be included in Appendix 6. In addition, ensure that proposed Treatment Control BMPs are properly
identified on the WQMP Site Plan in Appendix 1.

Table F-3 Treatment Control BMP Selection

Selected Treatment | Priority Pollutant(s) of Concern to Mitigate? Removal
Control BMP Name Efficiency
or ID* Percentage®
BMP-1 Bacterial, Metals, Organic, Sediment, trash debris and oil & grease | >80%
BMP-2 Bacterial, Metals, Organic, Sediment, trash debris and oil & grease | >80%
BMP-3 Bacterial, Metals, Organic, Sediment, trash debris and oil & grease | >80%
BMP-4 Bacterial, Metals, Organic, Sediment, trash debris and oil & grease | >80%
BMP-5 Bacterial, Metals, Organic, Sediment, trash debris and oil & grease | >80%

1 Treatment Control BMPs must not be constructed within Receiving Waters. In addition, a proposed Treatment Control BMP may be listed more
than once if they possess more than one qualifying pollutant removal efficiency.

2 Cross Reference Table E.1 above to populate this column.

3 As documented in a Copermittee Approved Study and provided in Appendix 6.

F.3 Sizing Criteria

Utilize Table F-4 below to appropriately size flow-through BMPs to the DCV, or Design Flow Rate, as
applicable. Please reference Chapter 3.5.1 of the SMR WQMP for further information.

Table F-4 Treatment Control BMP Sizing

DMA Post- DMA
Area Project Effective DMA Areas x Enter BMP Name /
DMA (square | Surface Impervious Runoff | Runoff Identifier Here
Type/ID feet) Type Fraction, It Factor Factor
(Al (B] [C] [A] x [C]
Design
Storm Design Flow
(in) Rate (cfs)
_ _ _ [DIx[E]
Ar=2[A] 2= [D] (E] [F] = TG

[B], [C] is obtained as described in Section 2.6.1.b from the SMR WQMP
[E] either 0.2 inches or 2 times the 85th percentile hourly rainfall intensity
[G] = 43,560,.
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F.4 Hydrologic Performance Standard — Alternative Compliance
Approach

Alternative compliance options are only available if the governing Copermittee has acknowledged the
infeasibility of onsite Hydrologic Control BMPs and approved an alternative compliance approach. See
Section 3.5 and 3.6 of the SMR WQMP.

Select the pursued alternative and describe the specifics of the alternative:
O Offsite Hydrologic Control Management within the same channel system

Insert narrative description here

O In-Stream Restoration Project

Insert narrative description here

For Offsite Hydrologic Control BMP Option

Each Hydrologic Control BMP must be designed to ensure that the flow duration curve of the post-
development DMA will not exceed that of the pre-existing, naturally occurring, DMA by more than ten
percent over a one-year period. Using SMRHM, the applicant shall demonstrate that the performance of
each designed Hydrologic Control BMP is equivalent with the Hydrologic Performance Standard for
onsite conditions. Complete Table F-5 below and identify, for each Hydrologic Control BMP, the
equivalent DMA the Hydrologic Control BMP mitigates, that the SMRHM model passed, the total volume
capacity of the BMP, the BMP footprint at top floor elevation, and the drawdown time of the BMP.
SMRHM summary reports for the alternative approach should be documented in Appendix 7. Refer to
the SMRHM Guidance Document for additional information on SMRHM. You can add rows to the table
as needed.

Table F-5 Offsite Hydrologic Control BMP Sizing

BMP Name / Type Equivalent SMRHM | BMP Volume | BMP Drawdown
DMA (ac) Passed (ac-ft) Footprint (ac) | time (hr)

L]

For Instream Restoration Option

Attach to Appendix 7 the technical report detailing the condition of the receiving channel subject to the
proposed hydrologic and sediment regimes. Provide the full design plans for the in-stream restoration
project that have been approved by the Copermittee. Utilize the San Diego Regional Water Quality
Equivalency Guidance Document.
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Section G: Implement Trash Capture BMPs

The Local Jurisdiction may require full trash capture BMPs to be installed as part of the project. Consult

with the Local Jurisdiction to determine applicability.

Trash Capture BMPs may be applicable to Type 'D' DMAs, as defined in Section 2.3.4 of the SMR WQMP.
Trash Capture BMPs are designed to treat Qrrash, the runoff flow rate generated during the 1-year 1-
hour precipitation depth. Utilize Table G-1 to size Trash Capture BMP. Refer to Table G-2 to determine
the Trash Capture Design Storm Intensity (E).

Table G-1 Sizing Trash Capture BMPs

DMA Post- DMA
Area Project Effective DMA Areas X
DMA (square Surface Impervious Runoff Runoff
Type/ID feet) Type Fraction, It Factor Factor Enter BMP Name / Identifier Here
(A] (B] [C] [A] x [C]
Trash Capture
Design Storm Trash Capture Design Flow
Intensity (in) Rate (cubic feet or cfs)
Ap = [DIx[E]
=D B F] =
S[A] D] [E] [F] [G]

[B], [C] is obtained as described in Section 2.6.1.b from the SMR WQMP

[G] = 43,560

Table G-2 Approximate precipitation depth/intensity values for calculation of the Trash Capture Design Storm

City 1-year 1-hour Precipitation
Depth/Intensity (inches/hr)
Murrieta 0.47
Temecula 0.50
Wildomar 0.37
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Use Table G-3 to summarize and document the selection and sizing of Trash Capture BMPs.

Table G-3 Trash Capture BMPs

BMP Name /
ID

DMA
No(s)

BMP Type / Description

Required Trash
Capture Flowrate
(cfs)

Provided Trash
Capture Flowrate
(cfs)
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Section H: Source Control BMPs

Source Control BMPs include permanent, structural features that may be required in your Project plans,
such as roofs over and berms around trash and recycling areas, and Operational BMPs, such as regular
sweeping and “housekeeping,” that must be implemented by the site’s occupant or user. The Maximum
Extent Practicable (MEP) standard typically requires both types of BMPs. In general, Operational Source
Control BMPs cannot be substituted for a feasible and effective Structural Source Control BMP.
Complete checklist below to determine applicable Source Control BMPs for your site.

Project-Specific WQMP Source Control BMP Checklist

All development projects must implement Source Control BMPs. Source Control BMPs are used to minimize pollutants
that may discharge to the MS4. Refer to Chapter 3 (Section 3.8) of the SMR WQMP for additional information.
Complete Steps 1 and 2 below to identify Source Control BMPs for the project site.

STEP 1: IDENTIFY POLLUTANT SOURCES

Review project site plans and identify the applicable pollutant sources. “Yes” indicates that the pollutant source is
applicable to project site. “No” indicates that the pollutant source is not applicable to project site.

|X| Yes |:| No Storm Drain Inlets |:| Yes |X| No  Outdoor storage areas

|:| Yes |X| No Floor Drains |:| Yes |X| No  Material storage areas

|:| Yes |X| No Sump Pumps |:| Yes |X| No  Fueling areas

I:' Yes |E No Pest Control/Herbicide Application |:| Yes |X| No Loading Docks

|X| Yes |:| No Food Service Areas |:| Yes |X| No  Fire Sprinkler Test/Maintenance water
|X| Yes |:| No Trash Storage Areas |X| Yes |:| No  Plazas, Sidewalks and Parking Lots

I:' Yes lzl No Industrial Processes I:' Yes |X| No fp:;lj;esspaS’ Fountains and other water

Vehicle and Equipment Cleaning and
|:| Yes IX' No Maintenance/Repair Areas

STEP 2: REQUIRED SOURCE CONTROL BMPs

List each Pollutant source identified above in column 1 and fill in the corresponding Structural Source Control BMPs and
Operational Control BMPs by referring to the Stormwater Pollutant Sources/Source Control Checklist included in
Appendix 8. The resulting list of structural and operational source control BMPs must be implemented as long as the
associated sources are present on the project site. Add additional rows as needed.

Pollutant S .
oflutant Source Structural Source Control BMP Operational Source Control BMP

Trash and debris Trash Storage Area Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here

Insert text here
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Section I: Coordinate Submittal with Other Site Plans

Populate Table I-1 below to assist the plan checker in an expeditious review of your project. During
construction and at completion, [Insert Jurisdiction] inspectors will verify the installation of BMPs
against the approved plans. The first two columns will contain information that was prepared in
previous steps, while the last column will be populated with the corresponding plan sheets. This table is
to be completed with the submittal of your final Project-Specific WQMP.

Table I-1 Construction Plan Cross-reference

BMP No. or ID BMP Identifier and Description Corresponding Plan Sheet(s)
BMP-1 Biofiltration Insert text here
BMP-2 Biofiltration Insert text here
BMP-3 Biofiltration Insert text here
BMP-4 Biofiltration Insert text here
BMP-5 Biofiltration Insert text here

Note that the updated table — or Construction Plan WQMP Checklist — is only a reference tool to
facilitate an easy comparison of the construction plans to your Project-Specific WQMP. The Copermittee
with jurisdiction over the Project site can advise you regarding the process required to propose changes
to the approved Project-Specific WQMP.

Use Table I-2 to identify other applicable permits that may impact design of the site. If yes is answered
to any of the items below, the Copermittee may require proof of approval/coverage from those
agencies as applicable including documentation of any associated requirements that may affect this
Project-Specific WQMP.

Table I-2 Other Applicable Permits

Agency Permit Required
State Department of Fish and Game, 1602 Streambed Alteration Agreement )% XIN
State Water Resources Control Board, Clean Water Act Section 401 Water Quality

Certification L1y DN
US Army Corps of Engineers, Clean Water Act Section 404 Permit |:| Y |Z| N
US Fish and Wildlife, Endangered Species Act Section 7 Biological Opinion |:| Y |Z| N
Statewide Construction General Permit Coverage |Z| Y |:| N
Statewide Industrial General Permit Coverage |:| Y |Z| N
Western Riverside MSHCP Consistency Approval (e.g., JPR, DBESP) [y XN
Other (please list in the space below as required) v N
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Section J: Operation, Maintenance and Funding

The Copermittee with jurisdiction over the Project site will periodically verify that BMPs on your Project
are maintained and continue to operate as designed. To make this possible, the Copermittee will require
that you include in Appendix 9 of this Project-Specific WQMP:

1. A means to finance and implement maintenance of BMPs in perpetuity, including replacement
cost.

2. Acceptance of responsibility for maintenance from the time the BMPs are constructed until
responsibility for operation and maintenance is legally transferred. A warranty covering a
period following construction may also be required.

3. An outline of general maintenance requirements for the Stormwater BMPs you have selected.

4, Figures delineating and designating pervious and impervious areas, location, and type of
Stormwater BMP, and tables of pervious and impervious areas served by each facility. Geo-
locating the BMPs using a coordinate system of latitude and longitude is recommended to
help facilitate a future statewide database system.

5. A separate list and location of self-retaining areas or areas addressed by LID Principles that do
not require specialized Operations and Maintenance or inspections but will require typical
landscape maintenance as noted in Chapter 5, in the SMR WQMP. Include a brief description
of typical landscape maintenance for these areas.

The Copermittee with jurisdiction over the Project site will also require that you prepare and submit a
detailed BMP Operation and Maintenance Plan that sets forth a maintenance schedule for each of the
BMPs built on your site. An agreement assigning responsibility for maintenance and providing for
inspections and certification may also be required.

Details of these requirements and instructions for preparing a BMP Operation and Maintenance Plan are
in Chapter 5 of the SMR WQMP.

Maintenance Mechanism: A maintenance agreement

Will the proposed BMPs be maintained by a Homeowners’ Association (HOA) or Property Owners
Association (POA)?

[y XIN

Include your Operation and Maintenance Plan and Maintenance Mechanism in Appendix 9. Additionally,
include all pertinent forms of educational materials for those personnel that will be maintaining the
proposed BMPs within this Project-Specific WQMP in Appendix 10.
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Section K: Acronyms, Abbreviations and Definitions

Regional MS4 Permit

Order No. R9-2013-0001 as amended by Order No. R9-2015-0001
and Order No. R9-2015-0100 an NPDES Permit issued by the San
Diego Regional Water Quality Control Board.

Applicant

Public or private entity seeking the discretionary approval of new
or replaced improvements from the Copermittee with jurisdiction
over the project site. The Applicant has overall responsibility for
the implementation and the approval of a Priority Development
Project. The WQMP uses consistently the term “user” to refer to the
applicant such as developer or project proponent.

The WQMP employs also the designation “user” to identify the
Registered Professional Civil Engineer responsible for submitting
the Project-Specific WQMP, and designing the required BMPs.

Best Management
Practice (BMP)

Defined in 40 CFR 122.2 as schedules of activities, prohibitions of
practices, maintenance procedures, and other management
practices to prevent or reduce the pollution of waters of the United
States. BMPs also include treatment requirements, operating
procedures and practices to control plant site runoff, spillage or
leaks, sludge or waste disposal, or drainage from raw material
storage. In the case of municipal storm water permits, BMPs are
typically used in place of numeric effluent limits.

BMP Fact Sheets

BMP Fact Sheets are available in the LID BMP Design Handbook.
Individual BMP Fact Sheets include sitting considerations, and
design and sizing guidelines for seven types of structural BMPs
(infiltration basin, infiltration trench, permeable pavement, harvest-
and-use, bioretention, extended detention basin, and sand filter).

California
Stormwater Quality
Association (CASQA)

Publisher of the California Stormwater Best Management Practices
Handbooks, available at
www.cabmphandbooks.com.

Conventional
Treatment Control
BMP

A type of BMP that provides treatment of stormwater runoff.
Conventional treatment control BMPs, while designed to treat
particular Pollutants, typically do not provide the same level of
volume reduction as LID BMPs, and commonly require more
specialized maintenance than LID BMPs. As such, the Regional
MS4 Permit and this WQMP require the use of LID BMPs wherever
feasible, before Conventional Treatment BMPs can be considered or
implemented.

Copermittees

The Regional MS4 Permit identifies the Cities of Murrieta,
Temecula, and Wildomar, the County, and the District, as
Copermittees for the SMR.

County

The abbreviation refers to the County of Riverside in this
document.
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CEQA

California Environmental Quality Act - a statute that requires state
and local agencies to identify the significant environmental impacts
of their actions and to avoid or mitigate those impacts, if feasible.

CIMIS

California Irrigation Management Information System - an
integrated network of 118 automated active weather stations all
over California managed by the California Department of Water
Resources.

CWA

Clean Water Act - is the primary federal law governing water
pollution. Passed in 1972, the CWA established the goals of
eliminating releases of high amounts of toxic substances into water,
eliminating additional water pollution by 1985, and ensuring that
surface waters would meet standards necessary for human sports
and recreation by 1983.

CWA Section 402(p) is the federal statute requiring NPDES permits
for discharges from MS4s.

CWA Section 303(d)
Waterbody

Impaired water in which water quality does not meet applicable
water quality standards and/or is not expected to meet water
quality standards, even after the application of technology based
pollution controls required by the CWA. The discharge of urban
runoff to these water bodies by the Copermittees is significant
because these discharges can cause or contribute to violations of
applicable water quality standards.

Design Storm

The Regional M54 Permit has established the 85th percentile, 24-
hour storm event as the "Design Storm". The applicant may refer to
Exhibit A to identify the applicable Design Storm Depth (D85) to
the project.

DCV

Design Capture Volume (DCV) is the volume of runoff produced
from the Design Storm to be mitigated through LID Retention
BMPs, Other LID BMPs and Volume Based Conventional
Treatment BMPs, as appropriate.

Design Flow Rate

The design flow rate represents the minimum flow rate capacity
that flow-based conventional treatment control BMPs should treat
to the MEP, when considered.

DCIA

Directly Connected Impervious Areas - those impervious areas that
are hydraulically connected to the MS4 (i.e. street curbs, catch
basins, storm drains, etc.) and thence to the structural BMP without
flowing over pervious areas.

Discretionary
Approval

A decision in which a Copermittee uses its judgment in deciding
whether and how to carry out or approve a project.

District

Riverside County Flood Control and Water Conservation District.

DMA

A Drainage Management Area - a delineated portion of a project
site that is hydraulically connected to a common structural BMP or
conveyance point. The Applicant may refer to Section 3.3 for
further guidelines on how to delineate DMAs.
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Drawdown Time

Refers to the amount of time the design volume takes to pass
through the BMP. The specified or incorporated drawdown times
are to ensure that adequate contact or detention time has occurred
for treatment, while not creating vector or other nuisance issues. It
is important to abide by the drawdown time requirements stated in
the fact sheet for each specific BMP.

Effective Area

Area which 1) is suitable for a BMP (for example, if infiltration is
potentially feasible for the site based on infeasibility criteria,
infiltration must be allowed over this area) and 2) receives runoff
from impervious areas.

ESA

An Environmental Sensitive Area (ESA) designates an area "in
which plants or animals life or their habitats are either rare or
especially valuable because of their special nature or role in an
ecosystem and which would be easily disturbed or degraded by
human activities and developments". (Reference: California Public
Resources Code § 30107.5).

ET

Evapotranspiration (ET) is the loss of water to the atmosphere by
the combined processes of evaporation (from soil and plant
surfaces) and transpiration (from plant tissues). It is also an
indicator of how much water crops, lawn, garden, and trees need
for healthy growth and productivity

FAR

The Floor Area Ratio (FAR) is the total square feet of a building
divided by the total square feet of the lot the building is located on.

Flow-Based BMP

Flow-based BMPs are conventional treatment control BMPs that are
sized to treat the design flow rate.

FPPP

Facility Pollution Prevention Plan

HCOC

Hydrologic Condition of Concern - Exists when the alteration of a
site’s hydrologic regime caused by development would cause
significant impacts on downstream channels and aquatic habitats,
alone or in conjunction with impacts of other projects.

HMP

Hydromodification Management Plan - Plan defining Performance
Standards for PDPs to manage increases in runoff discharge rates
and durations.

Hydrologic Control
BMP

BMP to mitigate the increases in runoff discharge rates and
durations and meet the Performance Standards set forth in the
HMP.

HSG

Hydrologic Soil Groups - soil classification to indicate the
minimum rate of infiltration obtained for bare soil after prolonged
wetting. The HSGs are A (very low runoff potential/high
infiltration rate), B, C, and D (high runoff potential/very low
infiltration rate)

Hydromodification

The Regional MS4 Permit identifies that increased volume, velocity,
frequency and discharge duration of storm water runoff from
developed areas has the potential to greatly accelerate downstream
erosion, impair stream habitat in natural drainages, and negatively
impact beneficial uses.
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JRMP

A separate Jurisdictional Runoff Management Plan (JRMP) has
been developed by each Copermittee and identifies the local
programs and activities that the Copermittee is implementing to
meet the Regional MS4 Permit requirements.

LID

Low Impact Development (LID) is a site design strategy with a goal
of maintaining or replicating the pre-development hydrologic
regime through the use of design techniques. LID site design BMPs
help preserve and restore the natural hydrologic cycle of the site,
allowing for filtration and infiltration which can greatly reduce the
volume, peak flow rate, velocity, and pollutant loads of storm
water runoff.

LID BMP

A type of stormwater BMP that is based upon Low Impact
Development concepts. LID BMPs not only provide highly effective
treatment of stormwater runoff, but also yield potentially
significant reductions in runoff volume - helping to mimic the pre-
project hydrologic regime, and also require less ongoing
maintenance than Treatment Control BMPs. The applicant may
refer to Chapter 2.

LID BMP Design
Handbook

The LID BMP Design Handbook was developed by the
Copermittees to provide guidance for the planning, design and
maintenance of LID BMPs which may be used to mitigate the water
quality impacts of PDPs within the County.

LID Bioretention BMP

LID Bioretention BMPs are bioretention areas are vegetated (i.e.,
landscaped) shallow depressions that provide storage, infiltration,
and evapotranspiration, and provide for pollutant removal (e.g.,
filtration, adsorption, nutrient uptake) by filtering stormwater
through the vegetation and soils. In bioretention areas, pore spaces
and organic material in the soils help to retain water in the form of
soil moisture and to promote the adsorption of pollutants (e.g.,
dissolved metals and petroleum hydrocarbons) into the soil matrix.
Plants use soil moisture and promote the drying of the soil through
transpiration.

The Regional MS4 Permit defines “retain” as to keep or hold in a
particular place, condition, or position without discharge to surface
waters.

LID Biofiltration BMP

BMPs that reduce stormwater pollutant discharges by intercepting
rainfall on vegetative canopy, and through incidental infiltration
and/or evapotranspiration, and filtration, and other biological and
chemical processes. As stormwater passes down through the
planting soil, pollutants are filtered, adsorbed, biodegraded, and
sequestered by the soil and plants, and collected through an
underdrain.

LID Harvest and
Reuse BMP

BMPs used to facilitate capturing Stormwater Runoff for later use
without negatively impacting downstream water rights or other
Beneficial Uses.
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LID Infiltration BMP

BMPs to reduce stormwater runoff by capturing and infiltrating the
runoff into in-situ soils or amended onsite soils. Typical LID
Infiltration BMPs include infiltration basins, infiltration trenches
and pervious pavements.

LID Retention BMP

BMPs to ensure full onsite retention without runoff of the DCV
such as infiltration basins, bioretention, chambers, trenches,
permeable pavement and pavers, harvest and reuse.

LID Principles

Site design concepts that prevent or minimize the causes (or
drivers) of post-construction impacts, and help mimic the pre-
development hydrologic regime.

MEP

Maximum Extent Practicable - standard established by the 1987
amendments to the CWA for the reduction of Pollutant discharges
from MS4s. Refer to Attachment C of the Regional MS4 Permit for a
complete definition of MEP.

MF

Multi-family - zoning classification for parcels having 2 or more
living residential units.

mMs4

Municipal Separate Storm Sewer System (MS4) is a conveyance or
system of conveyances (including roads with drainage systems,
municipal streets, catch basins, curbs, gutters, ditches, man-made
channels, or storm drains): (i) Owned or operated by a State, city,
town, borough, county, parish, district, association, or other public
body (created by or pursuant to State law) having jurisdiction over
disposal of sewage, industrial wastes, storm water, or other wastes,
including special districts under State law such as a sewer district,
flood control district or drainage district, or similar entity, or an
Indian tribe or an authorized Indian tribal organization, or
designated and approved management agency under section 208 of
the CWA that discharges to waters of the United States; (ii)
Designated or used for collecting or conveying storm water; (iii)
Which is not a combined sewer; (iv) Which is not part of the
Publicly Owned Treatment Works (POTW) as defined at 40 CFR
122.26.

New Development
Project

Defined by the Regional MS4 Permit as 'Priority Development
Projects' if the project, or a component of the project meets the
categories and thresholds described in Section 1.1.1.

NPDES

National Pollution Discharge Elimination System - Federal
program for issuing, modifying, revoking and reissuing,
terminating, monitoring and enforcing permits, and imposing and
enforcing pretreatment requirements, under Sections 307, 318, 402,
and 405 of the CWA.

NRCS

Natural Resources Conservation Service

PDP

Priority Development Project - Includes New Development and
Redevelopment project categories listed in Provision E.3.b of the
Regional MS4 Permit.
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Priority Pollutants of
Concern

Pollutants expected to be present on the project site and for which a
downstream water body is also listed as Impaired under the CWA
Section 303(d) list or by a TMDL.

Project-Specific
wamp

A plan specifying and documenting permanent LID Principles and
Stormwater BMPs to control post-construction Pollutants and
stormwater runoff for the life of the PDP, and the plans for
operation and maintenance of those BMPs for the life of the project.

Receiving Waters

Waters of the United States.

Redevelopment
Project

The creation, addition, and or replacement of impervious surface
on an already developed site. Examples include the expansion of a
building footprint, road widening, the addition to or replacement
of a structure, and creation or addition of impervious surfaces.
Replacement of impervious surfaces includes any activity that is
not part of a routine maintenance activity where impervious
material(s) are removed, exposing underlying soil during
construction. Redevelopment does not include trenching and
resurfacing associated with utility work; resurfacing existing
roadways; new sidewalk construction, pedestrian ramps, or bike
lane on existing roads; and routine replacement of damaged
pavement, such as pothole repair.

Project that meets the criteria described in Section 1.

Runoff Fund

Runoff Funds have not been established by the Copermittees and
are not available to the Applicant.

If established, a Runoff Fund will develop regional mitigation
projects where PDPs will be able to buy mitigation credits if it is
determined that implementing onsite controls is infeasible.

San Diego Regional
Board

San Diego Regional Water Quality Control Board - The term
"Regional Board", as defined in Water Code section 13050(b), is
intended to refer to the California Regional Water Quality Control
Board for the San Diego Region as specified in Water Code Section
13200. State agency responsible for managing and regulating water
quality in the SMR.

SCCWRP

Southern California Coastal Water Research Project

Site Design BMP

Site design BMPs prevent or minimize the causes (or drivers) of
post-construction impacts, and help mimic the pre-development
hydrologic regime.

SF

Parcels with a zoning classification for a single residential unit.

SMC

Southern California Stormwater Monitoring Coalition

SMR

The Santa Margarita Region (SMR) represents the portion of the
Santa Margarita Watershed that is included within the County of
Riverside.
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Source Control BMP

Source Control BMPs land use or site planning practices, or
structural or nonstructural measures that aim to prevent runoff
pollution by reducing the potential for contamination at the source
of pollution. Source control BMPs minimize the contact between
Pollutants and runoff.

Structural BMP

Structures designed to remove pollutants from stormwater runoff
and mitigate hydromodification impacts.

SWPPP

Storm Water Pollution Prevention Plan

Tentative Tract Map

Tentative Tract Maps are required for all subdivision creating five
(5) or more parcels, five (5) or more condominiums as defined in
Section 783 of the California Civil Code, a community apartment
project containing five (5) or more parcels, or for the conversion of
a dwelling to a stock cooperative containing five (5) or more
dwelling units.

TMDL

Total Maximum Daily Load - the maximum amount of a Pollutant
that can be discharged into a waterbody from all sources (point and
non-point) and still maintain Water Quality Standards. Under
CWA Section 303(d), TMDLs must be developed for all
waterbodies that do not meet Water Quality Standards after
application of technology-based controls.

USEPA

United States Environmental Protection Agency

Volume-Based BMP

Volume-Based BMPs applies to BMPs where the primary mode of
pollutant removal depends upon the volumetric capacity such as
detention, retention, and infiltration systems.

wWQmP

Water Quality Management Plan

Wet Season

The Regional MS4 Permit defines the wet season from October 1
through April 30.
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Appendix 1: Maps and Site
Plans

Location Map, WQMP Site Plan and Receiving Waters Map

Complete the checklist below to verify all exhibits and components are included in the Project-
Specific WQMP. Refer Section 4 of the SMR WQMP and Section D of this Template.

Map and Site Plan Checklist

Indicate all Maps and Site Plans are included in your Project-Specific WQMP by checking the boxes below.

X
X
X

Vicinity and Location Map

Existing Site Map (unless exiting conditions are included in WQMP Site Plan)
WQMP Site Plan

X Parcel Boundary and Project Footprint

[X] Existing and Proposed Topography

[¥X] Drainage Management Areas (DMAs)

Proposed Structural Best Management Practices (BMPs)
Drainage Paths

Drainage infrastructure, inlets, overflows

X] Source Control BMPs

[X] Site Design BMPs

Buildings, Roof Lines, Downspouts

Impervious Surfaces

Pervious Surfaces (i.e. Landscaping)

Standard Labeling
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SITE LOCATION

The graphical and tabular information shown on this document may be derived from a variety of public agency and/or private
commercial sources such as Riverside County Transportation and Land Management Agency, Thomas Brothers Mapping, the
Stephen P. Teale Data Center, GIS Technology Center, State of California, the United States Geologic Survey and the United States
National Atlas. These sources may possess varying levels of accuracy and precision and this product is meant only as a guide to the
relative position and scale of the depicted features. This GIS document is in no case to be interpreted as fundamental or decisive for

purposes of land surveying, field engineering, plan drafting, code enforcement, land boundary determination and/or land acquisition.



ifebrian
Ellipse

ifebrian
Callout
SITE LOCATION


1 SouAW
L IMOUN EAlg
 y

1Santa Margama
Lagoon s .
: r .Ot‘m

¥ L4 P

W\

Revised: April 2009

e 'd}r%"‘“:} 1
5 OS2

e ‘.& - M
4 i

22"': Sandla Creek
% [ ik

%

,* Guajome Lake

: ‘(Upper)< AP,

“WMM;3§$\x

.Ws_‘u_‘ oy g3

LA SNGEY 3L
LARTA ROSA-HRLS - Y e

P RS R

Jaler | PO, BUFTE!

' &TELOCAﬂONﬁI.
S | &

Omum |
-

. i \Fﬂj(rﬂg¢ ! L
| nner Resewmr

A :
ol ! u AL, )
Sama'MargamatRwer

iﬁqemeculé Creek o“" ilie

% N
% \‘*} o 5 )
A 5

i If'g J\)

ThIS map |s' |htehded fbr' déQeiopmenté in Rlver5|de County only[? '

WEpheon T REATRZ I
- ‘I!“D!MN B [
o RES,] 4 Y

'gﬁmur
R
3

. RIVERSIDE

A N

cLPvELAHh NATIONAL e T

‘FOF{ E's "Il

LEGEND

N o
i S

- o The graphical and tabuar informatien shown on this document may be derived from a variety of public agency andler private |
commercial sowces such as Riverside County Tr :
Stephen P. Teale Data Center, GIS Technology Center. State of Calfornia, the United States Geologic Survey and the United States
Mational Atlas. These sources may possess varying levels of accuracy and preckion and this product is meant only a5 a guide to the
— relafive posiion and scale of the deplded feaures. This GIS document Iz in no case to be interpreted as fundamental or decisive for
purposes of land surveying, Meld engineering. plan drafling. code enforcem ent, land boundary

Hydrology

2006 303(d) listed Impaired Waters
Riverside County Boundary

Santa Margarita River Watershed Boundary

and Land

Agency, Thomas Erothers Mapping. the

andlor |and

Nutrients
Metals & Nutrients
Metals, Nutrients & Turbidity|



ifebrian
Ellipse

ifebrian
Callout
SITE LOCATION


P WRMSHCP Potential Survey Areas
P SKRHCP

Find Parcel by APN
r—

ClearAll  Metadata

® Hydromodification Susceptibility Mapping
@ 2010 - 303d/TMDL

| | Hydromaodification Exemption Areas

M District Facilities

M Permit Areas

Hydrologic Unit Codes (HUC)

(.

Topographic Drainage Boundary

Drainage Area Boundaries

City Storm Drains

. WQMP 85% Design Ischyetal Map

W CcRP (Contol Release Paint)

W FEMA Flood Plain

W Flood Plain - Other Special Studies

@ As-Built Plans

P Groundwater Data

P U.S. Fish and Wildlife Critical Habitat

7
2y

P
<1y

[Spct
80701



Find Parcel by APN

@ Hydromodification Susceptibility Mapping
@ 2010 - 303d/TMDL

M tiydromodification Exemption Areas

M District Facilities

M rermit Areas

Hydrologic Unit Codes (HUC)

lirton Keith Rd g
Topographic Drainage Boundary $ & rth Rd Y

Drainage Area Boundaries Frizlipp Rd

City Storm Drains

M WQMP 85% Design Ischyetal Map
M CRP (Contol Release Point)
M FEMA Flood Plain

M Flood Plain - Other Special Studies

@ As-Built Plans

P Groundwater Data

P U.S. Fish and Wildlife Critical Habitat

- WRMSHCP Potential Survey Areas Murrieta

P SKRHCP ; P o y pon 2
p CVMSHCP Survey Data and Conservation Areas ¢ 7, g “Bringg J T



Water Quality Management Plan (WQMP)
Curci TPM 37547

Appendix 2: Construction
Plans

Grading and Drainage Plans

Examples of material to provide in Appendix 2 may include but are not limited to the following:

» Site grading plans from the Project’s Civil Plan Set,

Drainage plans showing the exiting condition and proposed drainage system from the
project’s drainage report,

e Other plan sheets containing elements that impact site grading and drainage.

Refer to Section 4 of the SMR WQMP and Section | of this Template.
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Water Quality Management Plan (WQMP)
Curci TPM 37547

Appendix 3: Soils Information

Geotechnical Study, Other Infiltration Testing Data, and/or Other Documentation

Examples of material to provide in Appendix 3 may include but are not limited to the following:

e Geotechnical Study/Report prepared for the project,
e Additional soils testing data (if not included in the Geotechnical Study),
e Exhibits/Maps/Other Documentation of the Hydrologic Soils Groups (HSG)s at the
project site.
This information should support the Full Infiltration Applicability, and Biofiltration Applicability

sections of this Template. Refer to Section 2.3 of the SMR WQMP and Sections A and D of this
Template.
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Hydrologic Soil Group—Western Riverside Area, California
(TPM 37547)
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Map Scale: 1:2,080 if printed on A portrait (8.5" x 11") sheet.
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Map projection: Web Mercator Comer coordinates: WGS84 Edge tics: UTM Zone 11N WGS84
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Hydrologic Soil Group—Western Riverside Area, California

(TPM 37547)

Soil Rating Polygons
A

AD
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B/D

C/ID
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Not rated or not available

Soil Rating Lines
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A/D
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Not rated or not available
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Soils o D

| Not rated or not available

Water Features
Streams and Canals

Transportation
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— Interstate Highways
US Routes
Major Roads
Local Roads
Background

- Aerial Photography

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:15,800.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Western Riverside Area, California
Survey Area Data: Version 10, Sep 12, 2017

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Feb 24, 2015—Feb
26, 2015

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.

usbA  Natural Resources
=== Conservation Service

Web Soil Survey
National Cooperative Soil Survey

6/8/2018
Page 2 of 4




Hydrologic Soil Group—Western Riverside Area, California

TPM 37547

Hydrologic Soil Group

Map unit symbol

Map unit name

Rating

Acres in AOI

Percent of AOI

CaC2

Cajalco fine sandy loam,
2 to 8 percent slopes,
eroded

C

0.0

0.6%

CaD2

Cajalco fine sandy loam,
8 to 15 percent
slopes, eroded

C

2.1

28.7%

ChD2

Cieneba sandy loam, 8
to 15 percent slopes,
eroded

D

0.5

6.8%

LaD2

Las Posas loam, 8 to 15
percent slopes,
eroded

D

4.3

57.7%

LkF3

Las Posas rocky loam,
15 to 50 percent
slopes, severely
eroded

D

0.5

6.2%

Totals for Area of Interest

7.4

100.0%

UsDA  Natural Resources
== Conservation Service

National Cooperative Soil Survey

Web Soil Survey

6/8/2018
Page 3 of 4



Hydrologic Soil Group—Western Riverside Area, California TPM 37547

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when
thoroughly wet. These consist mainly of deep, well drained to excessively
drained sands or gravelly sands. These soils have a high rate of water
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well
drained soils that have moderately fine texture to moderately coarse texture.
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay
layer at or near the surface, and soils that are shallow over nearly impervious
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in
their natural condition are in group D are assigned to dual classes.

Rating Options
Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified
Tie-break Rule: Higher

USDA  Natural Resources Web Soil Survey 6/8/2018

=== Conservation Service National Cooperative Soil Survey Page 4 of 4



Water Quality Management Plan (WQMP)
Curci TPM 37547

Appendix 4: Historical Site
Conditions

Phase | Environmental Site Assessment or Other Information on Past Site Use

Examples of material to provide in Appendix 4 may include but are not limited to the following:

e Environmental Site Assessments conducted for the project,
e Other information on Past Site Use that impacts the feasibility of LID BMP
implementation on the site.
This information should support the Full Infiltration Applicability, and Biofiltration Applicability
sections of this Template. Refer to Section 2.3 of the SMR WQMP and Sections D of this
Template.
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Water Quality Management Plan (WQMP)
Curci TPM 37547

Appendix 5: LID Feasibility
Supplemental Information

Information that supports or supplements the determination of LID technical feasibility documented in Section D

Examples of material to provide in Appendix 5 may include but are not limited to the following:

* Technical feasibility criteria for DMAs

» Site specific analysis of technical infeasibility of all LID BMPs (if Alternative Compliance is
needed)
* Documentation of Approval criteria for Proprietary Biofiltration BMPs

This information should support the Full Infiltration Applicability, and Biofiltration Applicability

sections of this Template. Refer to Section 2.3 of the SMR WQMP and Sections D of this
Template.
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Water Quality Management Plan (WQMP)
Curci TPM 37547

Appendix 6: LID BMP Design
Details

BMP Sizing, Design Details and other Supporting Documentation to supplement Section D

Examples of material to provide in Appendix 6 may include but are not limited to the following:

e DCV calculations,
e LID BMP sizing calculations from Exhibit C of the SMR WQMP
e Design details/drawings from manufacturers for proprietary BMPs

This information should support the Full Infiltration Applicability, and Biofiltration Applicability
sections of this Template. Refer to Section 3.4 of the SMR WQMP and Sections D.4 of this
Template.
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Santa Margarita Watershed
BMP Design Volume, Vgyp  (Rev. 03-2012)

Legend:

Required Entries
Calculated Cells

(Note this worksheet shall only be used in conjunction with BMP designs from the LID BMP Design Handbook)

Company Name EXCEL ENGINEERING Date 5/29/2018
Designed by lan Z County/City Case No

Company Project Number/Name 17-053

Drainage Area Number/Name DMA-A

Enter the Area Tributary to this Feature At= 4.126 acres

85" Percentile, 24-hour Rainfall Depth, from the Isohyetal Map in Handbook Appendix E

Site Location Township 07S
Range 03w

Section 35
Enter the 85" Percentile, 24-hour Rainfall Depth Dgs = 0.61

Determine the Effective Impervious Fraction

Type of post-development surface cover Mixed Surface Types
(use pull down menu)

Effective Impervious Fraction I= 0.85

Calculate the composite Runoff Coefticient, C for the BMP Tributary Area

Use the following equation based on the WEF/ASCE Method

C = 0.85817 - 0.7812+ 0.7741; + 0.04 C= 0.66

Determine Design Storage Volume, Vgyp

Calculate Vy, the 85% Unit Storage Volume V= Dgsx C V,= 0.40
Calculate the design storage volume of the BMP, V.
Vimp (ft3)= Vy (in-ac/ac) x At (ac) x 43,560 (ft*/ac) Vemp = 6,006
12 (in/ft)

(in*ac)/ac

ft2

Notes:




Santa Margarita Watershed
BMP Design Volume, Vgyp  (Rev. 03-2012)

Legend:

Required Entries
Calculated Cells

(Note this worksheet shall only be used in conjunction with BMP designs from the LID BMP Design Handbook)

Company Name EXCEL ENGINEERING Date 5/29/2018
Designed by lan Z County/City Case No

Company Project Number/Name 17-053

Drainage Area Number/Name DMA-B

Enter the Area Tributary to this Feature Ar= 0.861 acres

85" Percentile, 24-hour Rainfall Depth, from the Isohyetal Map in Handbook Appendix E

Site Location Township 07S
Range 03w

Section 35
Enter the 85" Percentile, 24-hour Rainfall Depth Dgs = 0.61

Determine the Effective Impervious Fraction

Type of post-development surface cover Mixed Surface Types
(use pull down menu)

Effective Impervious Fraction I= 0.85

Calculate the composite Runoff Coefticient, C for the BMP Tributary Area

Use the following equation based on the WEF/ASCE Method

C = 0.85817 - 0.7812+ 0.7741; + 0.04 C= 0.66

Determine Design Storage Volume, Vgyp

Calculate Vy, the 85% Unit Storage Volume V= Dgsx C V,= 0.40
Calculate the design storage volume of the BMP, V.
Vimp (ft3)= Vy (in-ac/ac) x At (ac) x 43,560 (ft*/ac) Vemp = 1,254
12 (in/ft)

(in*ac)/ac

ft2

Notes:




Santa Margarita Watershed Legend: Required Entries
BMP Design Volume, Vgyp  (Rev. 03-2012) ' Calculated Cells
(Note this worksheet shall only be used in conjunction with BMP designs from the LID BMP Design Handbook)
Company Name EXCEL ENGINEERING Date 5/29/2018
Designed by lan Z County/City Case No
Company Project Number/Name 17-053
Drainage Area Number/Name DMA-C
Enter the Area Tributary to this Feature At= 0.207 acres

85" Percentile, 24-hour Rainfall Depth, from the Isohyetal Map in Handbook Appendix E

Site Location Township 07S
Range 03w

Section 35
Enter the 85" Percentile, 24-hour Rainfall Depth Dgs = 0.61

Determine the Effective Impervious Fraction

Type of post-development surface cover Mixed Surface Types
(use pull down menu)

Effective Impervious Fraction I= 0.85

Calculate the composite Runoff Coefticient, C for the BMP Tributary Area

Use the following equation based on the WEF/ASCE Method
C = 0.8581; - 0.7817 + 0.7741; + 0.04 C= 0.66

Determine Design Storage Volume, Vgyp

Calculate Vy, the 85% Unit Storage Volume V= Dgsx C V.= 0.40 (in*ac)/ac
Calculate the design storage volume of the BMP, V.
Ve (f£)= Vy (in-ac/ac) x At (ac) x 43,560 (ft*/ac) Vemp = 302 ft®
12 (in/ft)

Notes:




Santa Margarita Watershed
BMP Design Volume, Vgyp  (Rev. 03-2012)

Legend:

Required Entries
Calculated Cells

(Note this worksheet shall only be used in conjunction with BMP designs from the LID BMP Design Handbook)

Company Name EXCEL ENGINEERING Date 5/29/2018
Designed by lan Z County/City Case No

Company Project Number/Name 17-053

Drainage Area Number/Name DMA-D

Enter the Area Tributary to this Feature At= 0.815 acres

85" Percentile, 24-hour Rainfall Depth, from the Isohyetal Map in Handbook Appendix E

Site Location Township 07S
Range 03w

Section 35
Enter the 85" Percentile, 24-hour Rainfall Depth Dgs = 0.61

Determine the Effective Impervious Fraction

Type of post-development surface cover Mixed Surface Types
(use pull down menu)

Effective Impervious Fraction I= 0.85

Calculate the composite Runoff Coefticient, C for the BMP Tributary Area

Use the following equation based on the WEF/ASCE Method

C = 0.85817 - 0.7812+ 0.7741; + 0.04 C= 0.66

Determine Design Storage Volume, Vgyp

Calculate Vy, the 85% Unit Storage Volume V= Dgsx C V,= 0.40
Calculate the design storage volume of the BMP, V.
Vimp (ft3)= Vy (in-ac/ac) x At (ac) x 43,560 (ft*/ac) Vemp = 1,186
12 (in/ft)

(in*ac)/ac

ft2

Notes:




Santa Margarita Watershed Legend: Required Entries
BMP Design Volume, Vgyp  (Rev. 03-2012) ' Calculated Cells
(Note this worksheet shall only be used in conjunction with BMP designs from the LID BMP Design Handbook)
Company Name EXCEL ENGINEERING Date 5/29/2018
Designed by lan Z County/City Case No
Company Project Number/Name 17-053
Drainage Area Number/Name DMA-G
Enter the Area Tributary to this Feature At= 0.218 acres

85" Percentile, 24-hour Rainfall Depth, from the Isohyetal Map in Handbook Appendix E

Site Location Township 07S
Range 03w

Section 35
Enter the 85" Percentile, 24-hour Rainfall Depth Dys = 0.61

Determine the Effective Impervious Fraction

Type of post-development surface cover Mixed Surface Types
(use pull down menu)

Effective Impervious Fraction I= 0.85

Calculate the composite Runoff Coefticient, C for the BMP Tributary Area

Use the following equation based on the WEF/ASCE Method
C = 0.8581; - 0.7817 + 0.7741; + 0.04 C= 0.66

Determine Design Storage Volume, Vgyp

Calculate Vy, the 85% Unit Storage Volume V= Dgsx C V.= 0.40 (in*ac)/ac
Calculate the design storage volume of the BMP, Vpyp.
Ve (f£)= Vy (in-ac/ac) x At (ac) x 43,560 (ft*/ac) Vemp = 317 ft®
12 (in/ft)

Notes:




Effective

DMA (square Post-Project Terans DMA Runoff [ Dma Areas * BMP Proposed
i i 3| Volume on
DMA Type/ID feet) Surface Type i, | Factor, C Runoff Factor Namey/ID Design Storm Depth (in) | DCV, Vgwp (ft7) ——
ans (ft
[A] [B] (€] [A]*[C]
A 179743 Mixed 0.85 0.66 118156 1 0.61 6006 6811
B 37522 Mixed 0.85 0.66 24665 2 0.61 1254 5083
C 9024 Mixed 0.85 0.66 5932 3 0.61 302 395
D 35499 Mixed 0.85 0.66 23336 4 0.61 1186 1207
E 6068 Mixed 0.85 0.66 3989 6 0.61 203 302
F 6077 Landscape 0.10 0.11 671 0
G 9474 Mixed 0.85 0.66 6228 5 0.61 317 302
H 4264 Landscape 0.10 0.11 471 #REF!
Totals= 287672 176077 Totals= 0.61 8951
BMP Type, Design Capture| Proposed Impervious
BMP Name/ID DMA NO. Type/ &N =apty posee. DMA Type/ID |Landscape Area| e Vo4
Description Volume (ft°) | Volume (ft°) Area
1 A Bioretention 6006 6811 A 30556 149187
2 B Bioretention 1254 5083 B 6379 31143
3 C Bioretention 302 395 C 1534 7490
4 D Bioretention 1186 1207 D 6035 29464
5 G Bioretention 317 302 E 1032 5036
6 E Treewells N/A F 6077 0
G 1611 7864
Agwp (ft%) [Bioretention] 2804.47 585.44 | 140.80 553.88 147.83 H 4264 0
BIOFILTRATION WITH PARTIAL INFILTRATION BIOFILTRATION WITH NO INFILTRATION
DMA TYPE/ID DMA TYPE/ID
A B C D G A B C D G
BMP Name/ID 1 2 3 4 5 BMP Name/ID 1 2 3 4 5
A; (ft) 179743.03 37521.57 9023.80 35499.15 9474.46 A, (ft) 175677.48 40249.44 21997.80 32112.43 8067.31
Vawe (%) 6006.2457 1253.8109 301.54 1186.23 316.60 Vawe (Ft%) 6006.25 1253.81 301.54 1186.23 202.77
Agup (%) 6811.00 5083.00 395.00 1207.00 302.00 Agup (FE) 6811.00 5083.00 395.00 1207.00 302.00
dg (ft) 1.50 1.50 1.50 1.50 1.50 d, (ft) 2.00 2.00 2.00 2.00 2.00
Vieained (Ft) 4086.6 3049.8 237 724.2 181.2 d, (ft) 0.50 0.50 0.50 0.50 0.50
Voot reliably retained (FE) 1919.65 -1795.99 64.54 462.03 135.40 lgesign (in/hr) 2.5 2.5 2.5 2.5 2.5
d, (ft) 2.00 2.00 2.00 2.00 2.00 Trouting (hr) 5 5 5 5 5
d, (ft) 0.50 0.50 0.50 0.50 0.50 de bio (ft) 2.14 2.14 2.14 2.14 2.14
Iesign (in/hr) 2.5 2.5 2.5 2.5 2.5 de_bio_static (ft) 1.10 1.10 1.10 1.10 1.10
Trouting (hF) 5 5 5 5 5 Viiofiitered (Ft°) 14586.89 10886.09 845.96 2584.99 646.78
de_pio (ft) 2.14 2.14 2.14 2.14 2.14 Viiofitered_static (ft’) 7492.10 5591.30 434.50 1327.70 332.20
d (ft) 1.10 1.10 1.10 1.10 1.10 Criteria 1: P P P P P
e_bio_static . . . . . Voomiterea > 150% of Vo ass ass ass ass ass
3 Criteria 2:
Vyiofittered (ft7) 14586.89 10886.09 845.96 2584.99 646.78 . Pass Pass Pass Pass Pass
Vbioﬁltered_static >0.75 VBMP
Viiofittered_static (ft) 7492.10 5591.30 434.50 1327.70 332.20 Side Slopes 2= 4:1 2= 4:1 z=4:1 z=4:1 z=4:1
Criteria 1: Pass Pass Pass Pass Pass Diameter of Underdrain (in) 6.00 6.00 6.00 6.00 6.00
Vbioﬁltered > 150% of Vnot reliably retained ] ] ) ) )
Criteria 2: Longitudinal Slope of Site
* Pass Pass Pass Pass Pass B o i I 0.00 0.00 0.00 0.00 0.00
Vbiofiltered static > 0.75 Vnot reliably retained (A’)
Side Slopes z=4:1 z=4:1 z=4:1 z=4:1 z=4:1 6" Check Dam Spacing (ft) 0.00 0.00 0.00 0.00 0.00
Diameter of Underdrain (in) 6.00 6.00 6.00 6.00 6.00 Describe Vegetation Other Other Other Other Other
Longitudinal Slope of Site (%) 0.00 0.00 0.00 0.00 0.00
6" Check Dam Spacing (ft) 0.00 0.00 0.00 0.00 0.00
Describe Vegetation Other Other Other Other Other




Biofiltration with No Infiltration Facility -

BMP ID Required Entries

. Legend:
Design Procedure BMP-1 Calculated Cells
Company Name: EXCEL ENGINEERING Date: 8/2/2018
Designed by: Kevin A County/City Case No.:
Design Volume
Enter the area tributary to this feature Ar= 4.1263 acres
Enter Vpyp determined from Section 2.1 of this Handbook * Vewp= 6,006 f°

Enter initial estimate of footprint of BMP, Areagyp (Guidance: A reasonable

starting point is 3% of the tributary impervious area)**

Areagyp= 6,811

Note: This area shall be measured at the mid-ponding depth of the BMP. For systems with side-slopes, this
should be the countour that is midway between the floor of the basin and the maximum water quality ponding
elevation of the basin. The underlying gravel layer (infiltration storage layer) should extend to the contour.
For systems with vertical walls the effective area is the full footprint.

Biofiltration with Partial Retention Facility Surface Area

Depth of Surface Ponding Layer (6" minimum, 12" maximum) d,= 6 inches
Depth of Engineered Soil Media (24" to 36"; 18" if vertically constrained) dy= 24 inches
Design Media Filtration Rate (2.5in/hr) Liesign = 2.5 in/hr
Allowable Routing Period, T,qysing (5 hrs) Trouting = 5 hr
Effective Biofiltration Depth, dg 1,

dEibio (ft) = (dp + (03 X ds) + (Idesign * Trouting)) (ft) dEibio = 2.14 ft
Effective Static Depth, dg pio siatic

dEfbioistatic = (dp + (03 * ds)) (ft) dE_bio_static = 1.10 ft

Viiofitiered = g _bio * AT€agpp Viioiterea = 14,587 | ft’

Vbioﬁltered_static = dE_bio_static * AreaBMP Vbioﬁlteredﬁslalic = 7,492 ft3

Sizing Option 1 Result

Criteria 1: Vhiofiltered (with routing) > 130% 0f Vgyp Results:

Criteria 2: Viofiltered_static > 0-75 X Vigmp Results:

Sizing Option 1 Result

Note

If neither of these criteria are met, increase the footprint and rerun the calculations. This calculation is
inherently iterative.

Biofiltration with Partial Retention Facility Properties

Side Slopes in Partial Retention with Biofiltration Facility z= 4 o1
Diameter of Underdrain 6 inches
Longitudinal Slope of Site (3% maximum) 0 %
Check Dam Spacing 0 feet

Describe Vegetation: Other

Notes:




Biofiltration with No Infiltration Facility -

BMP ID Required Entries

Design Procedure BMP-2 begend: Calculated Cells
Company Name: EXCEL ENGINEERING Date: 8/2/2018
Designed by: Kevin A County/City Case No.:
Design Volume
Enter the area tributary to this feature Ar= 0.8614 acres
Enter Vgyp determined from Section 2.1 of this Handbook * Viemp = 1,254 £

Enter initial estimate of footprint of BMP, Areagyp (Guidance: A reasonable

starting point is 3% of the tributary impervious area)**

Areagyp= 5,083

Note: This area shall be measured at the mid-ponding depth of the BMP. For systems with side-slopes, this
should be the countour that is midway between the floor of the basin and the maximum water quality ponding
elevation of the basin. The underlying gravel layer (infiltration storage layer) should extend to the contour.
For systems with vertical walls the effective area is the full footprint.

Biofiltration with Partial Retention Facility Surface Area

Depth of Surface Ponding Layer (6" minimum, 12" maximum) d,= 8 inches
Depth of Engineered Soil Media (24" to 36"; 18" if vertically constrained) dy= 18 inches
Design Media Filtration Rate (2.5in/hr) Ljesign = 2.5 in/hr
Allowable Routing Period, Tiqying (5 hrs) Trouting = 5 hr
Effective Biofiltration Depth, dg 4,

dg pio (ft) = (d, + (0.3 X dg) + (Lesign ™ Trouting)) (D) d bio = 2.16 ft
Effective Static Depth, dg pio static

dg bio static = (d + (0.3 * dy)) (fH) dE vio static = 1.12 ft

Viiofitiered = g _bio * AT€agpp Viiofitered = 10,971 ft’

Vbiofittered_static = dE_bio_static * ATCapyp Viiofiliered static = 3,676 | ft’

Sizing Option 1 Result

Criteria 1: Vhbiofiltered (with routing) > 150% of Vgypp Results:

Sizing Option 1 Result

Criteria 2: Viofiltered_static > 0-75 X Vigmp Results:

Note

If neither of these criteria are met, increase the footprint and rerun the calculations. This calculation is
inherently iterative.

Biofiltration with Partial Retention Facility Properties

Side Slopes in Partial Retention with Biofiltration Facility z= 4 o1
Diameter of Underdrain 6 inches
Longitudinal Slope of Site (3% maximum) 0 %
Check Dam Spacing 0 feet

Describe Vegetation: Other

Notes:




Biofiltration with No Infiltration Facility -

BMP ID Required Entries

. Legend:
Design Procedure BMP-3 Calculated Cells
Company Name: EXCEL ENGINEERING Date: 8/2/2018
Designed by: Kevin A County/City Case No.:
Design Volume
Enter the area tributary to this feature Ar= 0.2072 acres
Enter Vgyp determined from Section 2.1 of this Handbook * Vamp = 302 ft’

Enter initial estimate of footprint of BMP, Areagyp (Guidance: A reasonable
starting point is 3% of the tributary impervious area) **

Areagyp = 395 ft*

Note: This area shall be measured at the mid-ponding depth of the BMP. For systems with side-slopes, this
should be the countour that is midway between the floor of the basin and the maximum water quality ponding
elevation of the basin. The underlying gravel layer (infiltration storage layer) should extend to the contour.
For systems with vertical walls the effective area is the full footprint.

Biofiltration with Partial Retention Facility Surface Area

Depth of Surface Ponding Layer (6" minimum, 12" maximum) d, = 6 inches
Depth of Engineered Soil Media (24" to 36"; 18" if vertically constrained) dy= 24 inches
Design Media Filtration Rate (2.5in/hr) Liesign = 2.5 in/hr
Allowable Routing Period, T,oysing (5 hrs) Trouting = 5 hr
Effective Biofiltration Depth, di ;,

4o (F) = (d, + (0.3 x ) + (Liesign * Trouing)) (F) de o= 204 1t
Effective Static Depth, dg pio static

dg bio static = (dp + (0.3 * dy)) (fH) dE vio static = 1.10 ft

Viiofittered = i bio ™ AT€apyp Viiofiliered = 846 ft’

Viofiltered static = 9E bio_static * AT€agpp Viiofiltered_static = 435 ft’

Sizing Option 1 Result

Criteria 1: Vhbiofiltered (with routing) > 150% of Vgypp Results:

Sizing Option 1 Result

Criteria 2: Vhbiofiltered static > 0-75 X Vmp Results:

Note

If neither of these criteria are met, increase the footprint and rerun the calculations. This calculation is
inherently iterative.

Biofiltration with Partial Retention Facility Properties

Side Slopes in Partial Retention with Biofiltration Facility z= 4 o1
Diameter of Underdrain 6 inches
Longitudinal Slope of Site (3% maximum) 0 %
Check Dam Spacing 0 feet
Describe Vegetation: Other

Notes:




Biofiltration with No Infiltration Facility -

BMP ID Required Entries

Design Procedure BMP-4 begend: Calculated Cells
Company Name: EXCEL ENGINEERING Date: 8/2/2018
Designed by: Kevin A County/City Case No.:
Design Volume
Enter the area tributary to this feature Ar=  0.8149 acres
Enter Vgyp determined from Section 2.1 of this Handbook * Vewr= 1,186 £

Enter initial estimate of footprint of BMP, Areagyp (Guidance: A reasonable

Areagyp = 1,207 2
starting point is 3% of the tributary impervious area)** BMP ’ ft
Note: This area shall be measured at the mid-ponding depth of the BMP. For systems with side-slopes, this
should be the countour that is midway between the floor of the basin and the maximum water quality ponding
elevation of the basin. The underlying gravel layer (infiltration storage layer) should extend to the contour.

For systems with vertical walls the effective area is the full footprint.

Biofiltration with Partial Retention Facility Surface Area

Depth of Surface Ponding Layer (6" minimum, 12" maximum) d,= 6 inches
Depth of Engineered Soil Media (24" to 36"; 18" if vertically constrained) dy= 24 inches
Design Media Filtration Rate (2.5in/hr) Ljesign = 2.5 in/hr
Allowable Routing Period, Tiqying (5 hrs) Trouting = 5 hr
Effective Biofiltration Depth, dg 4,

dE_bio (ft) = (dp + (03 X ds) + (Idesign * Trouting)) (ft) dE_bio = 2.14 ft
Effective Static Depth, dg pio siatic

dEfbioistatic = (dp + (03 * ds)) (ft) dE_bio_static = 1.10 ft

Vbioﬁltered = dE_bio * AreaBMP Vbioﬁltered = 2,5 85 ft3

Vbioﬁlteredﬁslatic = dEfbioistatic * AreaBMP Vbioﬁltered_static = 1:328 ft3

Sizing Option 1 Result

Criteria 1: Vhbiofiltered (with routing) > 150% of Vgypp Results:

Sizing Option 1 Result

Criteria 2: Vhbiofiltered static > 0-75 X Vmp Results:

Note

If neither of these criteria are met, increase the footprint and rerun the calculations. This calculation is
inherently iterative.

Biofiltration with Partial Retention Facility Properties

Side Slopes in Partial Retention with Biofiltration Facility z= 4 o1
Diameter of Underdrain 6 inches
Longitudinal Slope of Site (3% maximum) 0 %
Check Dam Spacing 0 feet

Describe Vegetation: Other

Notes:




Biofiltration with No Infiltration Facility -

BMP ID Required Entries

Design Procedure BMP-5 begend: Calculated Cells
Company Name: EXCEL ENGINEERING Date: 8/2/2018
Designed by: Kevin A County/City Case No.:
Design Volume
Enter the area tributary to this feature Ar=  0.2175 acres
Enter Vgyp determined from Section 2.1 of this Handbook * Vamp = 353 ft’

Enter initial estimate of footprint of BMP, Areagyp (Guidance: A reasonable

Areagyp= 302 2
starting point is 3% of the tributary impervious area)** BMP fi
Note: This area shall be measured at the mid-ponding depth of the BMP. For systems with side-slopes, this
should be the countour that is midway between the floor of the basin and the maximum water quality ponding
elevation of the basin. The underlying gravel layer (infiltration storage layer) should extend to the contour.

For systems with vertical walls the effective area is the full footprint.

Biofiltration with Partial Retention Facility Surface Area

Depth of Surface Ponding Layer (6" minimum, 12" maximum) d,= 6 inches
Depth of Engineered Soil Media (24" to 36"; 18" if vertically constrained) dy= 24 inches
Design Media Filtration Rate (2.5in/hr) Ljesign = 2.5 in/hr
Allowable Routing Period, Tiqying (5 hrs) T routing = 5 hr
Effective Biofiltration Depth, dg 4,

dE_bio (ft) = (dp + (03 X ds) + (Idesign * Trouting)) (ft) dE_bio = 2.14 ft
Effective Static Depth, dg pio siatic

dEfbioistatic = (dp + (03 * ds)) (ft) dE_bio_static = 1.10 ft

Vbioﬁltered = dE_bio * AreaBMP Vbioﬁltered = 647 ft3

Vbioﬁlteredﬁslatic = dEfbioistatic * AreaBMP Vbioﬁltered_static = 332 ft3

Sizing Option 1 Result

Criteria 1: Vhbiofiltered (with routing) > 150% of Vgypp Results:

Sizing Option 1 Result

Criteria 2: Viofiltered_static > 0-75 X Vigmp Results: -

Note

If neither of these criteria are met, increase the footprint and rerun the calculations. This calculation is
inherently iterative.

Biofiltration with Partial Retention Facility Properties

Side Slopes in Partial Retention with Biofiltration Facility z= 4 o1
Diameter of Underdrain 6 inches
Longitudinal Slope of Site (3% maximum) 0 %
Check Dam Spacing 0 feet
Describe Vegetation: Other

Notes:
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Water Quality Management Plan (WQMP)
Curci TPM 37547

Appendix 7:
Hydromodification

Supporting Detail Relating to compliance with the Hydromodification Performance Standards

Examples of material to provide in Appendix 7 may include but are not limited to the following:

¢ Hydromodification Exemption Exhibit,

* Potential Critical Coarse Sediment Yield Area Mapping

* Hydromodification BMP sizing calculations,

*  SMRHM report files,

» Site-Specific Critical Coarse Sediment Analysis,

» Design details/drawings from manufacturers for proprietary BMPs

This information should support the hydromodification exemption (if applicable) and hydrologic
control BMP and Sediment Supply BMP sections of this Template. Refer to Section 2.4 and 3.6
of the SMR WQMP and Sections E of this Template.
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Potential Critical Coarse Sediment Yield Areas

UPPER SANTA MARGARITA WATERSHED MANAGEMENT AREA ANALYSIS
POTENTIAL CRITICAL COARSE SEDIMENT YIELD AREAS
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SECTION I - Introduction

This report provides Hydromodification analysis for a project located on the northeast corner of
Clinton Keith Road and Antelope Road, Murrieta, California. The project proposes a business center
with retail buildings such as stores, gas stations, a hotel, and restaurants. The current grading plans
calls for three parcels to be graded to final pads and parking lots to subgrade. The remainder of the site
is mass graded approximate final grades. However, this report provides analysis for a complete site
buildout for future development based on the approved site plan.

Hydromodification calculations are performed utilizing continuous simulation analysis to determine
the flow duration for the flow rates that fall within the geomorphologically significant flows'. Storm
Water Management Model (SWMM) version 5.1 distributed by USEPA is the basis of all calculations
within this report. SWMM generates peak flow recurrence frequencies and flow duration series
statistics based on an assigned rain gauge for pre-development, unmitigated and mitigated flows to
determine compliance with the Santa Margarita Region Hydromodification Management Plan (SMR
HMP) in response to Provision F.1.h of the 2010 SMR Municipal Separate Storm Sewer System
(MS4) Permit (order R9-2010-0016). The rain gauge station 048844 in Temecula California is utilized
for this project to determine the historical rain data for continuous simulation in SWMM.

The analysis of this project requires only one Point-Of-Compliance (POC) and is referred to as POC-1
for both pre-development and mitigated post-development conditions. Tributary areas to POC-1 are
labeled Basins in the pre-developed conditions and as DMA (Drainage Management Area) in the post-
developed conditions. A distinction is made between private and public tributary areas in the post-
development conditions. DMAs that are within privately owned areas of the project are labeled with
numbers while DM As within the public right-of-way are labeled with letters.

Pre-development conditions contain 10 Basins labeled A to H while the post-development conditions
contain 8 DMAs labeled A to H. The total tributary within the project is approximately 6.71 acres.

The Hydromodification and Water Quality systems proposed for this project is bioretention basin
located throughout the project development. Detention pipe with flow control orifices are utilized as
hydromodification tool. The systems are designed to capture and detain storm runoff on the surface
and filter through a soil mix to a gravel storage area below the surface. The runoff is then conveyed
through an underground pipe network to an existing open channel which currently collects the sites
storm flows. The resulting mitigated outflows are shown to be equal to, less than the pre-developed
outflows or within the 10% tolerance.

Low Flow Threshold

A low flow threshold of 10% of 2-year storm event (0.1Q2) was used for this analysis. This low flow
threshold will be used to meet peak flow frequency and flow duration controls. No downstream
channel assessment was done.

! Geomorphically significant flows are defined as the rate of storm water runoff flow causes erosive conditions. For this
study, these flows occur during the 10% of 2-year, 2-year, 5-year and 10-year flows.



SECTIONII- SWMM MODEL SETUP

SWMM provides continuous precipitation based on historical rain gauge data onto a sub-catchment. A
model for both pre-developed and post-developed conditions is then developed to analyze the amount
and frequency of runoff due to surface conditions. The resulting data for both the pre-developed and
post-developed conditions are then compared to determine the impact of runoff to the project due to
the development of the site.

Pre-development Model Setup
The pre-development areas are divided into five basins delineated based on the soil types and
hydrology features. Site delineation can be found in Figure-2 on the next page.

For the purpose of this study, the site is assumed to have 0% of impervious surface area. The site is a
natural vacant land. Viewing historical aerials of the site, it is determined that the site had land
coverage of a rough bare packed soil. Giving the site characteristics, a manning’s value of 0.038 is
used.

Post-Development Model Setup

The post-development areas are divided into 6 DMAs (Drainage Management Areas) based on
topography, soil type and hydraulic systems. Figure 3 (on the next page) shows the delineation of each
DMA.

Bioretention sections are similar in configuration as seen in figure-1 below. The bottom elevation for
each is assumed at 0 ft within the LID editor. The variations of the two systems consist of the
minimum width that each is constructed to. Figure-1 below demonstrates a 6” minimum width for
bioretention basins. The bioretention basins utilize the BMP manual’s default value of 5 in/hr for
surface infiltration rates follow SWMM’s default values listed in the help file under “Soil
Characteristics”.

The assumed manning’s number for the post-developed conditions is based off of well-maintained
landscape areas with medium trees and shrubs. Thus, an N-value of 0.1 is used for this analysis.
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Figure-1. Bioretention (BMP-1~15) Section
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Figure-2. Pre-Development of SWMM continuous model

(See Attachment I for more detail)
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Figure-3. Mitigated Post-Development of SWMM continuous model
(See Attachment I for more detail)



Pre-Development Basin Areas & Post-Development (DMAs)

Basin areas and DMAs provide an important framework for feasibility screening, BMP prioritization
and storm water management system configuration. Both Basin Areas and DMAs are defined based
on drainage patterns of the site and the BMPs to which they drain. Below is a summarization of
Basins and DMAs within this study, excluding any LID area that resides within its boundary:

PRE-DEVELOPMENT SUBCATCHMENT

[SUBCATCHMENTS]
Name Outlet Area %lmperv | Width
DMA-A POC-1 | 2.1863 0 372
DMA-B POC-1 | 0.2729 52.8 620
DMA-C POC-1 | 0.1505 100 384
DMA-D POC-1 | 1.5673 0 416
DMA-E POC-1 | 0.8824 31 1040
DMA-F POC-1 | 0.5648 49 1297
DMA-G POC-1 | 0.8416 0 546
DMA-H POC-1 | 0.2428 0 620
Total 6.7086

POST-DEVELOPMENT SUBCATCHMENT

[SUBCATCHMENTS]
Area

Name Outlet (ac.) %lmperv | Width | %Slope
BMP-1 POC-1 0.1564 0 159 0.5
BMP-2 POC-1 0.11669 0 127 0.5
BMP-3 POC-1 0.0091 0 32 0.5
DMA-A BMP-1 3.9699 85 430.5 2.18
DMA-B BMP-2 0.7447 85 224 1.4
DMA-C BMP-3 0.1981 85 368 2.75
DMA-D BMP-4 0.7872 85 190 3.5
DMA-E POC-1 0.2425 85 209 2.5
DMA-F POC-1 0.1395 0 57 13
BMP-4 POC-1 0.0277 0 35 0.5
BMP-5 POC-1 0.0069 0 10 0.5
DMA-G BMP-5 0.2175 85 50 0.5
DMA-H POC-1 0.0979 0 150 0.5

Total 6.71409




SECTION III - SYSTEM REPRESENTATION

SWMM is a distributed model, which means that a study area can be subdivided into any number of
irregular sub-catchments to best capture the effect that spatial variability in topography, drainage
pathways, land cover, and soil characteristics have on runoff generation. For modeling of
Hydromodification calculations, there are four main system representations: Rain gage, Sub-
catchment (contributing basin or LID area), Nodes and Links.

Tomusla Ruln Gats
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Fig. 4 — Time series rain data, which corresponds to runoff estimates for each of the 10,219 time of the 35-year simulation
period. (Inches/hour vs. elapsed time)

Rain Gage

The properties of a rain gage describe the source and format of the precipitation data that are applied
to the study area. For this project, the rainfall data used is from rain gauge station 048844 in Temecula
California. This rain gauge data was obtain via the EPA program “EPA Storm water Calculator”.

The Temecula rain data has 35 years of hourly precipitation data from 10/16/1971 to 03/29/2006 and
generates 35 years of hourly runoff estimates, which corresponds to runoff estimates for each of the
10,219 time steps of the 35 year simulation period. See figure 4 for hourly precipitation intensity
graph for the 35-year dataset.

Sub-catchment (contributing basin or LID area)
A basin is modeled using a sub-catchment object, which contains some of the following properties:

Rain Gage

The rate of storm water runoff and volume depends directly on the precipitation magnitude and
its spatial and temporal distribution over the catchment. Each sub-catchment in SWMM is
linked to a rain gage object that describes the format and source of the rainfall input for the
sub-catchment.



Area

This area is bounded by the sub-catchment boundary. Its value is determined directly from
maps or field surveys of the site or by using SWMM’s Auto-length tool when the sub-
catchment is drawn to scale on SWMM'’s study area map. This Project is divided into several
sub-catchments based on drainage patterns and its outfall.

Width

The width for each sub-catchment is determined by conceptually creating an idealized
representation of the irregular shaped sub-catchment. The idealization is done by utilizing the
method found in SWMM Reference Manual, Volume 1, section 3.8.4, equations 3-10 & 3-12.

In brief, the idealized width for a sub-catchment is defined by dividing the sub-catchment into
two sections. The dividing line for a sub-catchment is the longest overland flow path for the
storm water runoff within the sub-catchment (also known as the main drainage channel). The
larger of the two determined sections is divided by the total area to ascertain the skew factor
for the idealized shape, per Equation 3-10. The shape factor for the actual water shed is then
determined by dividing the total area of the sub-catchment and dividing by the square of the
main drainage channel length. The idealized shape factor is then determined by using the
derived skew factor and watershed shape factor in Equation 3-12. Lastly, the idealized shape
factor is multiplied by the length of the main drainage channel to determine the width used for
the sub-catchment. Provided below are the equations found in the SWMM Reference Manual,

Volume 1:
Z=A,/A Skew Factor (Eq. 3-10)
X=A4/1*% Watershed Shape Factor
Y = 2X(1.5-2)(2K? - X)/(2K—1) Idealized Shape Factor (Eq. 3-12)
W=Y=xL Sub-catchment Width

Slope

This is the area-weighted average of slopes within a sub-catchment.

Imperviousness
This is the percentage of sub-catchment area covered by impervious surfaces such as
sidewalks and roadways or wherever rainfall cannot infiltrate into the surfaces.

Roughness Coefficient

The roughness coefficient reflects the amount of resistance that overland flow encounters as it
runs off of the sub-catchment surface. This is determined from the HEC RAS User Manuel
Table 3-1.

Infiltration Model
The infiltration model used for the proposed project is based on the Green-Ampt infiltration

model. Using the results from the web-soil survey the default values for soil types D and C were
used

2 A default value of 4 is used for ‘K’, the upper limit on the watershed shape factor
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LID controls

LID controls are established to model storm water runoff collection, detention and/or
treatment. This project proposes to use bio-retention module, for storm water treatment and
runoff collection. This LID type contains an engineered soil mixture placed above a gravel
drainage bed. Further discussion can be found in Section IV of this report. Below is a chart
denoting each LID used within a sub-catchment:

BIO—BASIN SUMMARY TABLE

BOX RISER /
A2 (INCH) ORIFICE
TYPE OF | EFFECTIVE |A7 (WCH) ¢ (INcH) | O (WeH) OVERFLOW | puayc i
GASIV BASIV ared | mser” | 0N | crave ECEED | simucrure WGHES)
SIZE (INCHES)
EMP-T7 | BIOFIL TRATION 6817 & 2 24 72 2z J6X36 0938
GMP-2 | BIOFILTRATION | 5087 & 72 78 1/ 2z JOX3E o875
EMP-3 | BIOFIL TRATTONV Jos5 & 72 24 18 Z JEXFE 1.000
BMP—-4 | BIOFIL TRATION 1207 6 72 24 18 2z JEXFE 1.000
EMP-5 | BIOFIL TRATION Joz 6 72 24 18 2z J6XGE 1.000
OVERFEOW STRUCTURE AND MAX WATER
MAWTENANCE ACCESS AT ; FLEVATION Q100)
SEE DETAL BELOW 67 CLEAN auT APRON FOR ENERGY DISSIPATOR
Pg gi i PER SORSD D-40 STNG PER PLAN

PLANTING FPER LANDSCAPE FLAN,
MNULA T OF HARDWOOD MULCH
48" DROP FROM CURE CUT TO APRON
APRON FOR ENERGY DISSIPATOR FER
SORSD D-40 SIZNG PER ALAV

- K FIRESTONE PIPE BOOT OR EQUIVALENT TO SEAL

DISTANCE FROW TOF
OF SLOFE 7O LINER

QUTLET 1E
PER PLAN

A7

PUPE PENETRATION THROUGH WREERVIOUS LINER

MEDIA WTH MIN. 5 IN/HR FILTRATION RATE
\4" PEA GRAVEL FILTER COURSE
GRAVEL STORAGE LAVER

\ \ S caweaciEp sou
L OHER ORIFICE, 6" DIAMETER PERFORATED UNDERDRANV
STORM ORAIN OUTLET SEE DETAE OV MPERMEABLE LINER

FER PLAN THIS SHEET (0 ML VISOUEEW PLASTIC)

J" MM GRAVEL BELOW
PERFORATED PIPE
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SECTION IV - CONTINUOUS SIMULATION OPTIONS

Kinematic Wave Routing Model

This routing method solves the continuity equation along with a simplified form of the momentum
equation in each conduit. The latter requires that the slope of the water surface be equal to the slope of
the conduit.

The maximum flow that can be conveyed through a conduit is the full normal flow value. Any flow in
excess of this value, entering the inlet node, is either lost from the system or can pond atop the inlet
node and be re-introduced into the conduit as capacity becomes available.

Kinematic wave routing allows flow and area to vary both spatially and temporally within a conduit.
This can result in attenuated and delayed outflow hydrographs as inflow is routed through the channel.
However this form of routing cannot account for backwater effects, entrance/exit losses, flow reversal,
or pressurized flow, and is also restricted to dendritic network layouts. For this reason, the model does
not contain any conduits and utilizes storage nodes for runoff capture and release.

Simulation Dates

These dates determine the starting and ending dates/times of a simulation and are chosen based on the
rain data availability within the selected rain gauge.

Start analysis on 10/16/1971

Start Reporting on 10/16/1971

End Analysis on 03/29/2006

Time Steps

Simulation dates are divided into intervals (time steps) at which computations will be analyzed. At
each time step SWMM performs runoff computation, routing computation and results reporting. Time
steps are specified in days and hours: minutes: seconds, except for flow routing which is entered as
decimal seconds.

Climatology

-Evaporation Data

The available monthly evaporation data for the project area is obtained from the California Irrigation
Management Information System “Reference Evapotranspiration Zones” brochure and map (CIMIS
ETo Zone Map), prepared by California Department of Water Resources, dated January 2012. Project
site falls in “Zone 6” Upland Central Coast and Los Angeles Basins based on CIMIS ETo Zone map.

Table 2 — Zone 6 Monthly Evaporation data (in/day)

January February March April May June
0.060 0.080 0.110 0.160 0.180 0.210
July August September October November December
0.210 0.200 0.160 0.120 0.080 0.060

10
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SECTION V-  BIORETENTION LID CONTROL PARAMETERS

LID controls are represented by a combination of vertical layers whose properties are defined on a
per-unit-area basis. This allows an LID of the same design but differing coverage area to easily be
placed within different sub-catchments of a study area. During a simulation, SWMM performs a
moisture balance that keeps track of how much water moves between and is stored within each LID
layer. If the bioretention basin is full and water is leaving the upper weir, the flow is divided in two

flows: the lower flow discharging from the bottom orifice directly draining to the point of compliance

and the upper flow is routed at the top of the bio-retention basin and after routing, discharged to the
point of compliance.

1. Surface

The Surface tab within the LID Control Editor establishes the constraints of the Bioretention
LID at the surface. The parameters and default values are described below:

Storage Depth
When confining walls or berms are present, this is the maximum depth to which water can

pond above the surface of the unit before overflow occurs (in inches). The surface storage
depth for this project is set to the first outlet of the overflow riser. Any additional storage

capacity of the Bioretention unit above the berm is modeled as a storage unit to ensure that the

full storage depth is routed through the pond and does not contribute to overland flow.

Vegetation Volume Fraction

Vegetation Volume Fraction is the fraction of the volume within the storage depth that is filled

with vegetation. This is the volume occupied by stems and leaves, not the surface area
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2.

coverage provided by the vegetation. BMPs for this project propose minimal use of vegetation.
Therefore, the value of 0 for the vegetation volume fraction is used.

Surface Roughness

Surface roughness is assigned to all DMAs using Manning’s n value. LIDs are assigned to a
DMA and do not require the addition of a Manning’s n value. Therefore, Manning's n value
for overland flow over the surface of a vegetative pond is 0 (n=0).

Surface Slope
Bioretentions are designed to detain storm runoff and contain no slope. Thus, surface slope is

considered 0 percent.

Soil

The Soil tab within the LID Control Editor describes the properties of the engineered soil
mixture used within the Bioretention LID. The parameters and default values are described
below:

Thickness
The thickness of the soil layer (inches). A typical thickness of a bioretention is 18.

Porosity
The volume of pore spaces relative to the total volume of soil (as a fraction). A maximum

porosity value of 0.40 is used for the soil mix to reach an efficient percolation rate.

Field Capacity
The volume of pore water relative to total volume after the soil has been allowed to drain fully

(as a fraction). A value of 0.2 is used as no vertical drainage occurs through the soil layer
below this value.

Wilting Point
Soil moisture content at which plants cannot survive below this value (as a fraction). We
assumed the minimum moisture content within the bioretention soil is 0.1.

Conductivity
Hydraulic conductivity for fully saturated soil. The minimum value for percolation requires a

design rate of 5 inches/hour.

Conductivity Slope

Rate at which conductivity decreases with decreasing soil moisture. Typical values range from
5 for sands to 15 for silty clay. The conductivity slope for this project is set to 5 due to the soil
mixture design having a very good percolation rate.

Suction Head

The average value of soil capillary suction along the wetting front (inches). This is designed as
the suction head for a soil mix after several years of bioretention life span. Utilizing San Diego
County’s BMP Design Manual, Appendix G.1.5.3.4, Table G.1-7 design parameters for
guidance, a suction head value of 1.5 inches was selected.

12



3.

4.

Storage

The Storage tab within the LID Control Editor describes the properties of the crushed stone or
gravel layer used in bioretention cells as a bottom storage/drainage layer. The parameters and
default values are described below:

Height
This parameter is the thickness of the gravel layer (inches). Gravel layer includes gravel and
filter course below the engineered soil mixture.

Void Ratio

The volume of void space relative to the volume of solids in the layer (as a fraction). Note,
void ratio = porosity / (1 + porosity). Riverside County’s design requirement for the gravel
storage layer sets the value for porosity at 0.40. Using the void ratio equation, a value of 0.67
is used.

Seepage Rate
The rate at which water infiltrates into the native soil below the layer (in/hour). This is the

saturated hydraulic conductivity of the surrounding sub-catchment. Based on percolation test
conducted by the soils engineer, the soil type is C and D and the value will be set to zero.

Clogging Factor

Total volume of treated runoff it takes to completely clog the bottom of the layer divided by
the void volume of the storage layer. Clogging is ignored due to insignificant seepage rate and
is set to zero.

Drain

The Drain tab within the LID Control Editor describes the properties of an optional undrain
system within the storage layer of the LID unit. The parameters presented in this tab are used
to determine the rate of flow through the underdrain. The parameter’s default values are
described below:

Flow Coefficient - C
Determines the restriction of flow on the underdrain orifice. To derive this value see
explanation below:

Per SWMM “Drain Advisor™:
“The user specifies... volumetric flow rate (per unit area)””:

Q

q =
Ajiq

Eq. 4.1

Where: ¢ = yolumetric flow, %
Q = flow, cfs

13



Ayiq= surface area of LID

Per SWMM “LID Control Editor — Drain system™:

“The drain coefficient C and exponent n determines the rate of flow through a drain as a
function of the height of stored water above the drain's offset. The following equation is used
to compute this flow rate (per unit area of the LID unit)”:

q = C4h" Eq. 4.2

It
sec
C 4= drain coefficient, unitless

h = ponding height above orifice, in
n = typical value for n is 0.5 (makes drain act like an orifice)

Where: q = volumetric flow,

Standard orifice equation:

Q = C,A,\/2gh Eq. 4.3

Where: Q = flow, cfs
C,= orifice coefficient, unitless
A, = cross-sectional area of orifice, in
h = ponding height above orifice, in

o gt
g = gavity, 32.2 woc?

Converting orifice equation into volumetric flow per unit area of LID element:
Q _ CoAsy2gh

Ajia Ajiq
Equations 4.2 and 4.3 are now in similar terms and can be compared:
C h%5 = M Eq. 4.5
Ajiq

The height on both sides of the equation are similar and can be factored out:

A
Cy=C,/29-"> Eq. 4.6
Ajiq
With an orifice coefficient of 0.6, equation 4.6 yields:
Cy = 60046 x — Eq. 4.7

lid

An example for use of Equation 4.7 can be found in the slotted drain example within the
SWMM Drain Advisor (EPA SWMM 5.1 Help/Contents/Reference/Special Dialog Forms/LID
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Editors/LID Control Editor/LID Drain System/Drain Advisor). The underdrain coefficient
used for each LID within this project is listed below:

Flow Exponent - n
Establishes the underdrain characteristics. The outlets for each bioretention LID are designed
to function as an orifice. Thus, the value is set to 0.5, per SWMM Help file.

Offset Height - Hyg
Distance from the bottom of the Storage layer to the invert of the drain outlet (inches). For this
project, the offset value is set to 3 inches.

SECTION VI - SWMM Hydraulic Components

SWMM contains a flexible set of hydraulic modeling capabilities used to route runoff and external
inflows through a storm drain network, channels, storage and diversion structures. The components
used within this model are described below:

1. Storage Nodes

Storage nodes provide a storage unit within SWMM which provides storage of storm water
runoff. Physically, the node represents storage facilities as small as a catch basin or surface
storage up anything as large as a lake. The volumetric properties of the storage node is
described in a table of surface area versus height.

Storage nodes are used to model the surface storage capacity of the bioretention LID above the
berm height. In addition, storage nodes are used to represent two detention pipes to ensure the
amount and duration of peak flow are below the pre-developed conditions. The storage nodes
are each linked with a storage curve table which describes how the surface area of a storage
unit node varies with water depth. An important note to make is that the storage curve table
and cross-sectional view is greatly impacted by the longitudinal slope of the detention pipe.
The steepness of the pipe will produce different phases or shape: parabolic, trapezoidal or
ellipse.

The detention pipes in this study are designed with a 0.5% longitudinal slope and produce the
resulting cross-sectional view and storage tables shown below:
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Storage Curve DETPIPE_1

Depth (ft)
w
1

Hydrograph Hydraflow Hydrographs Extension Version 10.4 by Autodesk, Inc. was used to
determine the volume of the storage pipe up to the proposed weir. The following diagram
below depicts a simple scenario where a pipe was constructed and then the volume and depth
were extracted. An Excel Spreadsheet was then used to determine the area versus the depth of
the detention pipe. These to values were then able to be placed in a storage curve of swmm to
allow the program to determine the volume of the pipe.

& Stage/ Storage / Discharge Setup - Pond No.1 - <New Pond>

|x

= @&nn ey Pt Hep

Storage Outlets Pond Tools Graphs Table ‘
Cortours | F Voneel | Fondtame [ aewpenms
= Trapezoid Chambers
Contour Incremental Total Total
Rz Stage ez Area Storage Storage Discharge
ttem Input
(f ) (saft) (euft) (euft) (cfs)
Storage Type = H UG Chambers 0 000 40000 nia 0.000 0.000 0.000
et Elex. On () = 4000 1 026 40026 nia 481 481 0.000
Rise (f) = 200
2 052 40052 nia 233 281 0.000
Shape = Circular
3 07 40078 nia a3 s 0.000
Span (fi) = 200
T 00 4 104 40104 nia 50 128 0.000
oy —— 4 5 130 40130 nia 607 189 0.000
Stope (%) = 0500 6 156 40156 nia 607 29 0.000
Hea No. 7 182 0162 nia 50 15 0.000
SoTzErEETIS Ho 8 208 402,08 nia a8 349 0.000
EEmEm @@= oo s 23 a2 wa 22 a2 0000
Width (1) = 000 -
10 260 40260 nia 480 377 0.000
Depth () = 000
11
Voids (%) = 10000
12
Clesr Apply 13
14
15
1
17
18
19
20

Selected storage type is Underground Chambers. Tl A s BT SR

2. Orifice Links
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An orifice link provides a connection type between two nodes within SWMM. The orifice can
either be circular or rectangular shaped. For this study, the orifice link is used to represent the
opening along the side or bottom of the storage node that serves as an outlet. The orifice link
connects the upstream storage node to another storage node or to the outfall.

Rectangular shaped orifice was selected to drain the surface storage in each bioretention LID
and two detention pipes in this study.

3. Weir Links

A weir link, much like an orifice link, provides a connection between two nodes within
SWMM and provides an option to model outlet and diversion of flows within the drainage
system. Detention pipes are modeled with storage nodes and connected with weir or orifice
links.

Srod Orfice_1 sT0-2
W

SECTION VII - RUNNING THE SIMULATION

In general, the Run time will depend on the complexity of the watershed being modeled, the routing
method used, and the size of the routing time step used. The larger the time steps, the faster the
simulation, but the less detailed the results.

Model Results

SWMM’s Status Report summarizes overall results for the 35-yr simulation. After the simulation run
completes successfully, the mass continuity errors for runoff, flow routing, and pollutant routing is
displayed in the Run Status window. These errors represent the percent difference between initial
storage + total inflow and final storage + total outflow for the entire drainage system. If the values
exceed some reasonable level, such as 10 percent, then the validity of the analysis results must be
questioned. This simulation produced a runoff continuity error -6.56% and the flow routing continuity
error 0.0018 and is within reasonable error to determine this study to be valid.

In addition to the system continuity error, the Status Report produced by a run lists those nodes of the

drainage network that have the largest flow continuity errors. If the error for a node is excessive, then

one should first consider if the node in question is of importance to the purpose of the simulation. If it

is, then further study is warranted to determine how the error might be reduced. For this study all node
errors were within range of what is reasonable.

SECTION VIII - RESULT ANALYSIS
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Development of the Flow Duration Statistics

The flow duration statistics are also developed directly from the SWMM binary output file. It should
be noted right from the start that the “durations” that we are talking about in this section have nothing
to do with the “storm durations” presented in the peak flow statistics section. Other than using the
same sequence of letters for the word, the two concepts have nothing to do with each other and the
reader is cautioned not to confuse the two. The goal of the flow duration statistics is to determine, for
the flow rates that fall within the geomorphologicaly significant range, the length of time that each of
those flow rates occur. Since the amount of sediment transported by a river or stream is proportional
to the velocity of the water flowing and the length of time that velocity of flow acts on the sediment,
knowing the velocity and length of time for each flow rate is very useful.

Methodology

The methodology for determining the flow duration curves comes from a document developed by the
U.S. Geological Survey (USGS). The first stop on the journey to find this document was a link to the
USGS water site (http://www.usgs.gov/water/). This link is found in Appendix E (SDHMP
Continuous Simulation Modeling Primer), found in the County Hydromodification Management
Plan®. On this web site a search for “Flow Duration Curves” leads to USGS Publication 1542-A,
Flow-duration curves, by James K. Searcy 1959 (http://pubs.er.usgs.gov/publication/wsp1542A). In
this publication the development of the flow duration curves is discussed in detail.

In Pub 1542-A, beginning on page 7 an example problem is used to illustrate the compilation of data
used to create the flow duration plots. On page 8 a completed form 9-217-c form shows the monthly
tabulation of flow rates for Bowie Creek near Hattiesburg, Miss. For each flow range the number of
readings is tabulated and then the total number of each flow rate is totaled for the year. It should be
noted that while this example is for a stream with a minimum flow rate of 100cfs, for the purposes of
run-off studies in Southern California the minimum flow rate of zero (0) cfs is the common low flow
value. Once each of the year’s data has been compiled the summary numbers from each year are
transferred to form 9-217-d. On this form the total number of each flow rate is again totaled and the
percentage of time exceeded calculated (as will be explained later under the discussion of our
calculations). Once the data has been compiled a graph of Discharge Rate vs. Percent Time Exceeded
is developed. As will be explained in the next section, the use of these curves leads to the amount of
time each particular flow can be expected to occur (based on historical data).

How to Read the Graphs*

Figure 1 shows a flow duration curve for a hypothetical development. The three curves show what
percentage of the time a range of flow rates are exceeded for three different conditions: pre-project,
post-project and post-project with storm water mitigation. Under pre-project conditions the minimum
geomorphically significant flow rate is 0.10 cfs (assumed) and as read from the graph, flows would
equal or exceed this value about 0.14% of the time (or about 12 hours per year) (0.0014 x 365 days x
24 hour/day). For post-project conditions, this flow rate would occur more often — about 0.38% of the
time (or about 33 hours per year) (0.0038 x 365 days x 24 hour/day). This increase in the duration of

3 FINAL HYDROMODIFICATION MANAGEMENT PLAN, Prepared for County of San Diego, California, March 2011, by Brown
and Caldwell Engineering of San Diego.

(http://www.projectcleanwater.org/images/stories/Docs/LDS/HMP/0311 SD HMP wAppendices.pdf)

4 The graph and the explanation were taken directly from Appendix E of the Hydromodification Plan
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the geomorphically significant flow after development illustrates why duration control is closely
linked to protecting creeks from accelerated erosion.

LR ]

—— Impendocus Flow (cfs)

—=a— Pre-Project Flow (cfs)

—a Post-Project Mitigated Flow (cfs)
Pre-Project 0.205

0.60 — e Pre-Project Q10

Flow [cfs)
:
[=)

0.00 0.05 0.10 0.15 020 025 D.30 D35 D.40
% Time Exceeded

Figure 1. Flow Durafion Serfes Sabistics for a Hypothatical Devalopment Scemario

Development of Flow Duration Curves

The first step in developing the flow duration curves is to count the number of occurrences of each
flow rate. This is done by first rounding every non-zero flow value to an appropriate number of
decimal places (say two places). This in effect groups each flow into closely related values or “bins”
as they are referred to in publication 9-217d. Then the entire runoff record is queried for each value
and the number of each value counted. The next step is to enter the results of the query into a grid
patterned after form 9-217d. The data is entered in ascending order starting with the lowest flow first.
The grid is composed of four columns. They are (from left to right) Discharge Rate, Number of
Periods (count), Total Periods Exceeding (the total number of periods equal to or exceeding this
value), and Percent Time Exceeded. Starting at the top row (row 1), the flow rate (which is often
times zero) is entered with the corresponding number of times that value was found. The next column
is the total number of values greater than or equal to that flow rate. For the first flow rate point, by
definition all flow rate values are greater than or equal to this value, therefore the total number of
runoff records of the rainfall record is entered here. The final column which is the percent of time
exceeded is calculated by dividing the total periods exceeded by the total number of periods in the
study. For the first row this number should be 100%

For the next row (row 2), the flow rate, and the flow rate count are entered. The total number of
periods exceeding for row 2 is calculated by subtracting Number of Periods of row 1 from the Total
Periods Exceeding of line 1. This result is entered in the Total Periods Exceeding on row 2. As was
the case for line 1, the final column is calculated by dividing the total periods exceeded by the total
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number of periods in the study. For the second row this number should be something less than 100%
and continually decrease as we move down the chart. If all the calculations are correct, then
everything should zero out on the last line of the calculations.

The final step in developing the flow duration curves is to make a plot of the Discharge Rate vs. the
Percent Time Exceeded. For the purposes of this report, the first value corresponding to the zero flow
rate is not plotted allowing the graph to be focused on the actual flow rate values.

The Flow Duration Analysis
The Peak Flow Statistics analysis is composed of the following series of files:

1. The Flow Duration Plot
2. Comparison of the Un-Mitigated Flow Duration Curve to the Pre-Development Curve
(Pass/Fail)

Comparison of the Mitigated Flow Duration Curve to the Pre-Development Curve (Pass/Fail)

3

4. The calculations for the Pre-Development flow duration curve development (USGS9217d)
5. The calculations for the Post-Development flow duration curve development (USGS9217d)
6

The calculations for the Mitigated flow duration curve development (USGS9217d)

The Flow Duration Plot

The Flow Duration Curves Plot is the plotting of all three (pre, un-mitigated and mitigated) sets of
Discharge Rate vs. the Percent Time Exceeded data point pair lists. In addition to these curves
horizontal lines are plotted corresponding to the Q1o and Qir (low flow threshold) values. Within the
geomorphically significant range (Q10 — Qir) one can see a visual representation of the relative
positions of the flow duration curves. The flow duration curves are compared in an East/West
(horizontal) direction to compare post development Discharge Rates to pre-development Discharge
Rates. The pre-development curve is plotted in blue, the unmitigated curve is plotted in red, and the
mitigated curve is plotted in green. As long as the post development curve lies to the left of the pre-
development curve (mostly®), the project meets the peak flow hydromodification requirements.

Pass/Fail comparison of the curves

The next two sets of data are the point by point comparison of the post-development curve(s) and the
pre-development curve. The Pass/Fail table is helpful in determining compliance since the plotted
lines can be difficult to see at the scales suitable for use in a report. Each point on the post-
development curve has a corresponding “Y” value (Flow Rate), and “X” value (% Time Exceeded).
For each point on the post development curve, the “Y” value is used to interpolate the corresponding
Percent Time Exceeded (X) value from the pre-development curve. Then the Post-development
Percent Time Exceeded value is compared to the pre-development Percent Time Exceeded value.
Based on the relative values of each point, pass/fail criteria are determined point by point.

For each set of data, the upper right hand header value shows the name of the file being displayed (ex.
flowDurationPassFailMitigated. TXT). The first line of the file shows the name of the SWMM output
file (*.out). The next line shows the time stamp of the SWMM file that is being analyzed. The time
stamps of all of the report files should be within a minute or two of each other, otherwise there may

5> See hydromodification limits for exceedance of pre-development values
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have been tampering with the files. Each report run creates and prints all of the files and reports at
one time so all the time stamps should be very close.
The first column is the zero based number of the point. The next two columns show the post
development “X” and “Y” values. The next column shows the value interpolated between the two
bounding points on the pre-development curve. The next three columns show the true or false values
of the comparison of the two “X” values. The last column shows the resultant pass or fail status of the
point. There are three ways a point can pass. They are:

1. Qpost being outside of the geomorphically significant range Qir to Q1o

2. Qpost being less than Q pre

3. Qpost being less than 110% of the value of Qyre if the point is between Qir and Q1o

There are two ways that a point can fail. They are:
1. Qpost being greater than 110% of Qpre if the point is between Qir and Q1o
2. If more than 10% of the points are between 100% and 110% of Qpre for the points between Qir
and Q1o

A quick scan down the last column will quickly tell if there are any points that fail.

At the bottom of each set of data are the date stamp of the report to the left, and to the right is the page
number/number of pages for the specific set of data (not the pages of the report!). Each new set of
data has its own page numbering. Between the file name in the header row and the page numbering in
the footer row, the engineer can readily scan the document for the data of interest.

As was described under the peak flow section, is the responsibility of the reviewing agency to confirm
that the data sets presented are valid results from consistent calculations, and that any and all results
can be duplicated by manual methods and achieve the same results. In light of these goals, the plan
checker is invited to consider the following tasks as part of the plan check process.

Compare the Data Stamps for Each of the Statistics Files Used In This Analysis.

As was described in the Peak Flows section, all report files should have time stamps that are nearly
identical. If the time values are more than a few minutes apart then the potential for inconsistent
results files should be investigated.

Veritying the Flow Rate Counts

For each of the pre, un-mitigate and mitigated flow duration tables, a few randomly selected flow
value counts should be checked against the values taken directly from the SWMM file. This can be
done by opening the corresponding SWMM file, selecting the outfall node, selecting
Report>Table>By Object, Setting the time format to Date/Time, selecting the appropriate node value,
and clicking the OK button to generate a table of the date/time/Total Inflow values. Next step is to
click in the left most header row of the SWMM table which will select the entire table. Now from the
main menu select Edit>Copy To>Clipboard. Now open a new blank sheet in MS Excel (or suitable
spread sheet program) select cell Al and paste the results from the clipboard into the spread sheet.
Now sort the values based on the Total Inflow column. This will group all the flow values together
enabling the number of occurrences of each value to be counted. At this point the a few (or all) of the
counts on the various USGS9217d.txt files can be verified.

Manually Verify That the Percent Exceeded Values (form USGS9217d) are Correctly Calculated

The discharge rates and counts are confirmed as was described above. The top row should be the
smallest runoff value (0.00 cfs usually). Total Periods Exceeding of the first line should be the total
number of rainfall records in the study. The percentage of Time Exceeding should be the total periods
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Exceeding divided by the total number of rainfall records in the study (100% for the first line). For
each successive discharge rate, the total periods exceeding for the current line should be the total
periods exceeding from the line above minus the number of periods from the line above. The number
of periods and the number of periods exceeding should zero out at the last line.

Compare Plotted Curves to Table Data
Randomly check a few of the plotted points against the values verified above.

Verify by Observation that the plotted values of Q10and Qir are reasonable.
Verify that the correct values for each of these return periods are plotted correctly on the graph.

Development of the Peak Flow Statistics

The peak flow statistics are developed directly from the binary output file produced by the SWMM
program. The site is modeled three ways, Pre-Development, Post-Development-Unmitigated, and
Post-Development-Mitigated. For each of these files a specific time period differentiating distinct
storms is chosen. The SWMM results are extracted and each flow value is queried. The majority of
the values for Southern California sites are zero flow. As each successive record is read, as soon as a
non-zero value is read the time and flow value of that record are recorded as the beginning of an
event. The first record is automatically recorded as the “tentative” peak value. As each successive
non-zero value is read and the successive flow value is compared to the peak value and the greater
value is retained as the peak value of the storm. As soon as a successive number of zero values equal
to the predetermined storm separation value, then the time value of the last non-zero value is recorded
as the end of the storm, the duration of the storm is the difference between the end time and the start
time, and the peak value is recorded as the highest flow value between the start and end times.

Once the entire SWMM output file is read all of the distinct storm events will have been recorded in a
special list. The storms will be in the order of their occurrence. To develop the peak flow statistics
table the first step is to sort the storms in descending order of the peak flow value. Once the list is
sorted then the relative rank of each storm is assigned with the highest ranking storm being the storm
with the highest peak flow. There are several methods that can be used to determine which storm
should be ranked above another equally valued storm. For the purposes of these studies an Ordinal
ranking is used so that each storm has a unique rank number. Where two or more storms have equal
flow values, the earlier storm is assigned the higher rank. This is done consistently throughout the
storm record. Since we are only looking at peak flow statistics, it is assumed that the relative ranking
of individual (but equal) storms is irrelevant to the calculations.

The exceedance frequency and return period are both computed using the Weibull formula for plotting
position. Therefore, for a specific event the exceedance frequency F and the return period in years T
are calculated using the following equations®:

F=m/(ng+1) and T=n+1/m

Where m is the event’s rank, nr is the total number of events and n is the number of years under
analysis.

Once the Peak flow statistics table is complete, a plot of Return Frequency vs. peak flow is created.
All three conditions (pre, post and mitigated) are plotted on the same plot.
The Peak Flow Statistics Analysis
The Peak Flow Statistics analysis is composed of the following series of files:
1. The Peak Flow Frequency Plot

6 Pg 169-170 STORM WATER MANAGEMENT MODEL APPLICATIONS MANUAL, EPA/600/R-09/000 July 2009
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2. The Comparison of the Un-Mitigated Peak Flow Curve to the Pre-Development Curve
(Pass/Fail)

The Comparison of the Mitigated Conditions Curve to the Pre-Development Curve (Pass/Fail)
The Peak Flow Statistics Calculation for the Pre-Development Curve.

The Peak Flow Statistics Calculation for the Un-Mitigated Curve.

The Peak Flow Statistics Calculation for the Mitigated Curve.

ANl

The Peak Flow Frequency Plot

The Peak Flow Frequency Curves are the plotting of all three (Pre, Un-Mitigated and Mitigated) sets
of return Period vs peak flow data point pair lists. In addition to these curves horizontal lines are
plotted corresponding to the Q1o, Qs, Q2 and Qir (low flow threshold) values. Within the
geomorphically significant range (Q10 — Qir) one can see a visual representation of the relative
positions of the peak flow curves. The peak flow curves are compared in a North/South (vertical)
direction to compare post development peak flows to pre-development flows. The Pre-Development
curve is plotted in blue, the unmitigated curve is plotted in red, and the mitigated curve is plotted in
green. As long as the post development curve lies below the pre-development curve (mostly’), the
project meets the peak flow hydromodification requirements.

Pass/Fail comparison of the curves

The next two sets of data are the point by point comparison of the post-development curve(s) and the
pre-development curve. The Pass/Fail table is helpful in determining compliance since the plotted
lines can be difficult to see at the scales suitable for use in a report. Each point on the post-
development curve has a corresponding “X” value (Recurrence Interval), and “Y” value (Peak Flow).
For each point on the post development curve, the “X” value is used to interpolate the corresponding
peak flow value from the pre-development curve. Then the Post-development peak flow value is
compared to the pre-development peak flow value. Based on the relative values of each point,
pass/fail criteria are determined point by point.

For each set of data, the upper right hand header value shows the name of the file being displayed (ex.
peakFlowPassFailMitigated. TXT). The first line of the file also shows this value. The next line
shows the time stamp of the file that is being analyzed. The time stamps of all of the report files
should be within a minute or two of each other, otherwise there may have been tampering with the
files. Each report run creates and prints all of the files and reports at one time so all the time stamps
should be very close. It should be noted that the SWMM.out files will not have related time stamps
since each file is developed independently.

The first column is the zero based number of the point. The next two columns show the post
development “X” and “Y” values. The next column shows the value interpolated between the two
bounding points on the pre-development curve. The next three columns show the true or false values
of the comparison of the two “Y” values. The last column shows the resultant pass or fail status of the
point. There are three ways a point can pass. They are:

1. Point is outside of the geomorphically significant range Q1o — Qir

2. Qpost being less than Q pre

3. Qpost being less than 110% of the value of Qpr if the point is between Qs and Q1o®

7 See hydromodification limits for exceedance of pre-development values
8 See section on how a point can fail point number 3 hereon
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There are four ways that a point can fail. They are:
1. Qpost being greater than Qpre if the point is between Qir and Qs
2. Qpost being greater than 110% of Qpre if the point is between Qir and Q1o
3. If more than 10% of the points are between 100% and 110% of Qpre for the points between Qs
and Q1o
4. 1If the frequency interval for points > 100% of Qpre 1s greater than 1 year for the points between
Qs and Q1o
A quick scan down the last column will quickly tell if there are any points that fail.
At the bottom of each set of data are the date stamp of the report to the left, and to the right is the page
number/number of pages for the specific set of data (not the pages of the report!). Each new set of
data has its own page numbering. Between the file name in the header row and the page numbering in
the footer row, the engineer can readily scan the document for the data of interest.

The Peak Flow Statistics Calculations

There are three sets of data for the Peak Flow Statistics calculations (Pre-Development, Un-Mitigated,
and Mitigated). As was the case for the pass/fail data, the upper right hand corner of each sheet has
the file name. The first row of the data is the SWMM file name. The second row is the SWMM file
time stamp of the file being analyzed. The 4, 5% and 6" rows are the calculated values for Q1o, Qs,
and Q2. These values are derived by linear interpolation between the nearest bounding points in the
listing. While the relationship between the points in the peak flow analysis is not technically a linear
relationship, the error introduced in using linear interpolation between such relatively close data points
is assumed to be irrelevant. Finally, the footer row shows the report time and the page/number of
pages of the data set.

As was previously discussed, each storm listed was determined by reading the flow values directly
from the binary output file from the SWMM program. The storms were then sorted in descending
order of peak flow values. Then each storm was assigned a unique rank, then the Frequency and
Return Period were calculated using Weibull formulas. Every discharge value for the entire rainfall
record is listed in each of these lists. It should be noted that the derivation of these peak flow statistics
values use full precision (i.e. no rounding off) of the SWMM output values. Since the precision of the
calculations may not be the same as the SWMM program uses, and also the assignment of rank to
values of equal peak flow value may differ slightly from the way SWMM calculates the tables, minor
variances in the data values and/or the order of storms can be expected.

Finally, as was previously stated, the values of the Return Period were plotted vs. the peak flow values
to develop the peak flow frequency curves.

Verifying A Few Random Storm Statistics

For each of the Pre- and Mitigated peak flow statics tables, a few randomly selected storms should be
checked against the values taken directly from the SWMM file. This can be done by opening the
corresponding SWMM file, selecting the outfall node, selecting Report>Table>By Object, Setting the
time format to Date/Time, selecting the appropriate node value, and clicking the OK button to
generate a table of the date/time/Total Inflow values. Now scroll down the list to the start date and
time of the randomly selected storm. Verify that the start date, end date, and the highest flow value
between the start and end date correspond to the values shown in the statistics table. Do this for a few
storm to verify that the data corresponds to the SWMM output file. Verify by hand a few of the
frequency and return period values.
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Compare Plotted Curves to Table Data
Randomly check a few of the plotted points against the values found in the Peak Flow Frequency
Tables.

Verify by Observation that the values of Qio, Qs, Q2 and Qir are reasonable.

For each value shown on the reports, verify that the value shown for say Q10 is in between the next
higher return period and the next lower period. Also verify that the correct values for each of these

return periods are plotted correctly on the peak flow frequency graph.

Manually Verify That the Pass Fail Table Is Correctly Calculated

Select at random several points on each of the pass/fail tables to verify that the values for post X/Y

and interpolated Y look reasonable. Also check that the various test results are shown accurately in
the chart and also the final pass/fail result looks accurate.

Drawdown Time of Bioretention Surface Ponding

The general equation used for drawdown time for surface ponding is derived by utilizing SWMM’s
underdrain coefficient (C factor). To derive the equation, the change in water volume with respect to
time is set equal to the standard orifice equation found in the County Hydraulics manual:

dh
q= ar nA, = C,A,\/2gh Eq. 6.1

Where: q = flow, cfs
dh = change in ponding height above orifice, in
dt = change in time to drain, hr
n = porosity (set to 1 for surface layer)
A,= cross-sectional area of orifice, in
C,= orifice coefficient, unitless
A, = cross-sectional area of orifice, in

 oravi gt
g = gravity, 32.2 woc?

Substituting 1 for porosity and rearranging Eq. 6.1 we get:

dh  C,A,\/2gh

dat 4, Eq. 6.2

Solving the definite integral height from h; to h2 and drain time from zero to an ultimate time (T):

h=h2 tZTCOAO /2
f h_o'sdh=f —g dt
h=h1 t=0 Ap
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h=hz =T CoAo,/2
f h=%5dh = f 22VEI 4
h=h1 Ap

t=0

2(Vh2 —Vh1) =% (T)

CoAo,/2g (in°'5>

Ap hr

Per Eq4.6: C =

2n(vVh2 —Vh1) = € (T)

T = 2"(\/”_26_ Vh1) (hr) Eq. 6.3

Where: T = Ultimate time to drain change in head, hr
C = SWMM underdrain coefficient
h, = head above the underdrain orifice at bottom of surface, in
h, = beginning head above the underdrain orifice at surface, in



Excel Engi neering

Underdrain and Drawdown Results
The followi ng table sunmarizes the underdrain coefficients used for each of the BMP units and translates

the C factor coefficient to an equivalent round orifice dianeter based on 1/16th inch increnents. The
drawdown equati ons are based on standard falling head drawdown theory. The primary drawdown nunber of

is the surface drawdown based on vector concerns. The various soil and gravel storage |ayer

cal cul ati ons consider the void ratio and porosity of the respective layer. |t should be noted that these
drawdown cal cul ati ons only consider the volume of water within the bioretention units. |If the bioretention
unit utilizes any storage above the berm height, then that storage drawdown is in addition to the val ues
shown in the table below. Those calculations, if present, are shown el sewhere in the report. The
derivation and expl anati on of the equations used to determ ne the values displayed in the chart are

di scussed in the following two sections of this portion of the report.

i nt er est

O I P . S I P e L PO PR
ok |of |3z |2B |ic 02 T A A L) e A
32 |s& |32 62 |6z 53 N N T o 525|688 |sBE|682
BWP-1 | BWP-1 | 6812.78 | 15 0.9375 0.042954777 6 24 12 04 |067 |224 |47.2 |647 |1343
BVP-2 | BMP-2 1 5083,02 | 14 0.875 0.050151921 6 18 12 04 |067 |20.8 |[321 |554 |108.4
BVP-3 | BWP-3 13964 | 16 1 0.839961994 6 24 18 04 |067 |11 |21 |41 |72
BVP-4 | BWP-4 1 1206.61 | 16 1 0.275947435 6 24 18 04 |075 |32 6.5 123 | 221
BWP-5 | BW-5 1 300.56 | 16 1 1.107801885 6 24 18 04 |075 |08 1.6 3.1 5.5

The character * in the colum heading indicates that the values was read directly fromthe SWWM inp file.
Assune: orifice coefficient G = 0.60, void ratio for surface = 1.0, centroid of underdrain orifice is |ocated at h=0

Inp File Name: V:\17\17053\ engi neering\ TM Current\ SWWM 17053 post - devel opnment _2- 5i nhr. i np
File Date: 1/9/2019 12:22:31 PM

SWWM C Fact or and Drawdown Results



Excel Engi neering

Underdrain C Factor Equations

Based on the slotted drain exanple in the SWW Drai n Advi sor (EPA SWWM 5.1
Hel p/ Cont ent s/ Ref er ence/ Speci al Dialog Forms/LID Editors/LID Contro
Editor/LID Drain System Drain Advisor) the underdrain coefficient Cis the
ratio of the orifice area (total slot area) to the LID area tinmes a constant
(60, 000) .

SWW Ex: If the drain consists of slotted pipes where the slots act as
orifices, then the drain exponent would be 0.5 and the drain coefficient
woul d be 60,000 tinmes the ratio of total slot area to LID area. For exanpl e,
drain pipe with five 1/4" dianeter holes per foot spaced 50 feet apart would
have an area ratio of 0.000035 and a drain coefficient of 2.

The 60, 000 constant in the above exanple corresponds to the comnbi ned
constants in the standard orifice equation:

(Standard Orifice Equation)

g=Colo\[2g R (cf5)
and

(SWWM Underdrai n Equation (per unit area))
q=q/ALp
or
q:=C@4qA4UDVEZ§\ﬁE(rﬁy&O

Wth a Co=0.6 and converting ,/2g to units of inches and hours the constant
becomes 60, 046.

So the underdrain C factor per unit area of the LID becones:
C=60,046 Ao/ALip (in"/2/hr)
and

g=C*h/2

inp File Listing



Excel Engi neering

Drawdown Equations

The drawdown equations presented in the chart are the drawdown times for the
respective layers within the bioretention unit (only). |If the bioretention
unit includes storage pondi ng above the berm height, then the drawdown tine
for the storage portion is in addition to the values shown in the chart.
Those cal culations (if present) are shown el sewhere in the report. For npst
cases the storage drawdown tinme will be conparatively short as conpared to
the bioretention drawdown times.

To derive a general fornmula that relates drawdown tinme for each |ayer of the
bioretention unit in terns of the SWWM C factor, we set the change in water
volunme with respect to tinme equal to the standard orifice equation (found in
the County Hydraulics nanual):

dh
q= It nAp = CoAo./2gh

Where n = porosity of the layer, Ap = area of the BVMP unit, Co = orifice
coefficient, Ao = area of the orifice, and g = gravity constant. The
porosity n for the surface layer is 1.0, and the values for the soil and
storage |layers read fromthe SWW LI D definitions.

Solving the definite integral fromhl to h2

h=h2 tZTCOAO 2
f K05 dh = f i
h

=h1 t=0 nAp

2(Vh2 —Vh1) =% (T)

Or
2n(vVh2 —Vh1) = ¢ (T)

where: C = % (in"/2/hr)

Solving for T:

T,__Zn(JﬁE—VﬁT)
C

(hr)

VWhere h2(in) is the total beginning head above the underdrain orifice at t=0
and hl(in) is the total ending head above the orifice at t=T. Ex: h2 for
surface = depth of gravel storage plus depth of soil |ayer plus berm height,
and hl for surface = depth of gravel storage plus depth of soil |ayer.

inp File Listing



Excel Engineering

STATISTICS ANALYSIS OF THE
SWMM FILES FOR:

DISCHARGE NODE: POC-1

ANALYSIS DETAILS

Statistics Selection: Nodes/Total Inflow
Stream Susceptibility to Channel Erosion: High (Qlf = (0.1)Q2)
Assumed time between storms (hours): 24

PRE-DEVELOPMENT SWMM FILE

SWMM file name: V:\17\17053\engineering\TM\Current\SWMM\17053 Pre-development.out
SWMM file time stamp: 8/2/2019 2:00:05 PM
Selected Node to Analyze: POC-1

POST-DEVELOPMENT MITIGATED SWMM FILE

SWMM file name: V:\17\17053\engineering\TM\Current\SWMM\17053 post-development_2-5inhr.out
SWMM file time stamp: 8/2/2019 1:46:43 PM
Selected Node to Analyze: POC-1

MITIGATED CONDITIONS RESULTS

For the Mitigated Conditions:
Peak Flow Conditions PASS
Flow Duration Conditions PASS

The Mitigated Conditions peak flow frequency curve is composed of 510 points. Of the points, 2 point(s) are above
the flow control upper limit (Q10), 345 point(s) are below the low flow threshold value (Qlf). Of the points within
the flow control range (Qlf to Q10), 163 point(s) have a lower peak flow rate than pre-development conditions.
These points all pass. There are no points that failed, therefore the unmitigated conditions peak flow
requirements have been met.

The Mitigated Conditions flow duration curve is composed of 100 flow bins (points) between the upper flow
threshold (cfs) and lower flow threshold (cfs). Each point represents the number of hours where the discharge was
equal to or greater than the discharge value, but less than the next greater flow value. Comparing the post-
development flow duration curve to the pre-development curve, 99 point(s) have a lower duration than pre-
development conditions. These points all pass. There are no points that failed, therefore the unmitigated
conditions flow duration requirements have been met.

: ng g J a a a J ]
8/2/2019 2:46:28 PM software version: 1.0.6785.31877
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Excel Engineering peakFlowPassFailMitigated. TXT

Compare Post-Development Curve to Pre-Development Curve
post-development SWMM file: V:\17\17053\engineering\TM\Current\SWMM\17053 post-development_2-5inhr.out
post-development time stamp: 8/2/2019 1:46:43 PM
Compared to:
pre-development SWMM file: V:\17\17053\engineering\TM\Current\SWMM\17053 Pre-development.out
pre-development time stamp: 8/2/2019 2:00:05 PM
Q@
2 @
X & e e S OQ‘ Qo\o0 )
é\Q Q‘\b é\QQI Q}QQ: é\b 5}7 N (b‘:ﬂ%\
° & <° < oQ° & & <
xR
0 36.00 6.41 7.64 FALSE FALSE FALSE Pass- Qpost Above Flow Control Upper Limit
1 18.00 5.78 5.77 FALSE FALSE FALSE Pass- Qpost Above Flow Control Upper Limit
2 12.00 5.38 5.74 TRUE FALSE FALSE Pass- Qpost < Qpre
3 9.00 5.26 5.69 TRUE FALSE FALSE Pass- Qpost < Qpre
4 7.20 4.73 5.16 TRUE FALSE FALSE Pass- Qpost < Qpre
5 6.00 4.60 5.09 TRUE FALSE FALSE Pass- Qpost < Qpre
6 514 4.35 4.62 TRUE FALSE FALSE Pass- Qpost < Qpre
7 4.50 4.32 4.53 TRUE FALSE FALSE Pass- Qpost < Qpre
8 4.00 4.21 4.53 TRUE FALSE FALSE Pass- Qpost < Qpre
9 3.60 416 4.46 TRUE FALSE FALSE Pass- Qpost < Qpre
10 3.27 4.01 4.44 TRUE FALSE FALSE Pass- Qpost < Qpre
11 3.00 3.81 4.42 TRUE FALSE FALSE Pass- Qpost < Qpre
12 2.77 3.65 4.41 TRUE FALSE FALSE Pass- Qpost < Qpre
13 2.57 3.63 4.35 TRUE FALSE FALSE Pass- Qpost < Qpre
14 2.40 3.60 4.22 TRUE FALSE FALSE Pass- Qpost < Qpre
15 2.25 3.58 410 TRUE FALSE FALSE Pass- Qpost < Qpre
16 212 3.53 4.09 TRUE FALSE FALSE Pass- Qpost < Qpre
17 2.00 3.22 3.86 TRUE FALSE FALSE Pass- Qpost < Qpre
18 1.90 3.14 3.85 TRUE FALSE FALSE Pass- Qpost < Qpre
19 1.80 3.14 3.80 TRUE FALSE FALSE Pass- Qpost < Qpre
20 1.71 3.04 3.79 TRUE FALSE FALSE Pass- Qpost < Qpre
21 1.64 2.90 3.76 TRUE FALSE FALSE Pass- Qpost < Qpre
22 1.57 2.87 3.76 TRUE FALSE FALSE Pass- Qpost < Qpre
23 1.50 2.74 3.70 TRUE FALSE FALSE Pass- Qpost < Qpre
24 1.44 2.70 3.38 TRUE FALSE FALSE Pass- Qpost < Qpre
25 1.39 2.68 3.37 TRUE FALSE FALSE Pass- Qpost < Qpre
26 1.33 2.65 3.19 TRUE FALSE FALSE Pass- Qpost < Qpre
27 1.29 2.64 3.18 TRUE FALSE FALSE Pass- Qpost < Qpre
28 1.24 2.63 3.16 TRUE FALSE FALSE Pass- Qpost < Qpre
29 1.20 2.57 3.14 TRUE FALSE FALSE Pass- Qpost < Qpre
30 1.16 2.52 3.14 TRUE FALSE FALSE Pass- Qpost < Qpre
31 1.13 2.50 3.11 TRUE FALSE FALSE Pass- Qpost < Qpre
32 1.09 2.42 3.09 TRUE FALSE FALSE Pass- Qpost < Qpre
33 1.06 2.36 3.08 TRUE FALSE FALSE Pass- Qpost < Qpre
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34 1.03 2.32 3.07 TRUE FALSE FALSE Pass- Qpost < Qpre
35 1.00 2.31 3.07 TRUE FALSE FALSE Pass- Qpost < Qpre
36 0.97 2.29 3.06 TRUE FALSE FALSE Pass- Qpost < Qpre
37 0.95 2.27 3.05 TRUE FALSE FALSE Pass- Qpost < Qpre
38 0.92 2.24 3.02 TRUE FALSE FALSE Pass- Qpost < Qpre
39 0.90 2.23 2.98 TRUE FALSE FALSE Pass- Qpost < Qpre
40 0.88 2.22 2.97 TRUE FALSE FALSE Pass- Qpost < Qpre
41 0.86 2.18 2.97 TRUE FALSE FALSE Pass- Qpost < Qpre
42 0.84 2.18 2.96 TRUE FALSE FALSE Pass- Qpost < Qpre
43 0.82 2.16 2.79 TRUE FALSE FALSE Pass- Qpost < Qpre
44 0.80 2.15 2.68 TRUE FALSE FALSE Pass- Qpost < Qpre
45 0.78 2.14 2.60 TRUE FALSE FALSE Pass- Qpost < Qpre
46 0.77 2.13 2.53 TRUE FALSE FALSE Pass- Qpost < Qpre
47 0.75 2.06 2.52 TRUE FALSE FALSE Pass- Qpost < Qpre
48 0.74 1.98 2.52 TRUE FALSE FALSE Pass- Qpost < Qpre
49 0.72 1.96 2.50 TRUE FALSE FALSE Pass- Qpost < Qpre
50 0.71 1.94 2.49 TRUE FALSE FALSE Pass- Qpost < Qpre
51 0.69 1.87 2.49 TRUE FALSE FALSE Pass- Qpost < Qpre
52 0.68 1.83 2.48 TRUE FALSE FALSE Pass- Qpost < Qpre
53 0.67 1.80 2.47 TRUE FALSE FALSE Pass- Qpost < Qpre
54 0.66 1.77 2.47 TRUE FALSE FALSE Pass- Qpost < Qpre
55 0.64 1.76 2.46 TRUE FALSE FALSE Pass- Qpost < Qpre
56 0.63 1.68 2.46 TRUE FALSE FALSE Pass- Qpost < Qpre
57 0.62 1.64 2.46 TRUE FALSE FALSE Pass- Qpost < Qpre
58 0.61 1.64 2.45 TRUE FALSE FALSE Pass- Qpost < Qpre
59 0.60 1.63 2.44 TRUE FALSE FALSE Pass- Qpost < Qpre
60 0.59 1.60 2.41 TRUE FALSE FALSE Pass- Qpost < Qpre
61 0.58 1.59 2.40 TRUE FALSE FALSE Pass- Qpost < Qpre
62 0.57 1.58 2.40 TRUE FALSE FALSE Pass- Qpost < Qpre
63 0.56 1.55 2.39 TRUE FALSE FALSE Pass- Qpost < Qpre
64 0.55 1.54 2.39 TRUE FALSE FALSE Pass- Qpost < Qpre
65 0.55 1.54 2.37 TRUE FALSE FALSE Pass- Qpost < Qpre
66 0.54 1.54 2.35 TRUE FALSE FALSE Pass- Qpost < Qpre
67 0.53 1.53 2.35 TRUE FALSE FALSE Pass- Qpost < Qpre
68 0.52 1.52 2.34 TRUE FALSE FALSE Pass- Qpost < Qpre
69 0.51 1.52 2.34 TRUE FALSE FALSE Pass- Qpost < Qpre
70 0.51 1.51 2.33 TRUE FALSE FALSE Pass- Qpost < Qpre
71 0.50 1.44 2.27 TRUE FALSE FALSE Pass- Qpost < Qpre
72 0.49 1.43 2.27 TRUE FALSE FALSE Pass- Qpost < Qpre
73 0.49 1.41 2.23 TRUE FALSE FALSE Pass- Qpost < Qpre
74 0.48 1.40 2.15 TRUE FALSE FALSE Pass- Qpost < Qpre
75 0.47 1.39 2.15 TRUE FALSE FALSE Pass- Qpost < Qpre
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76 0.47 1.39 2.13 TRUE FALSE FALSE Pass- Qpost < Qpre
77 0.46 1.38 2.07 TRUE FALSE FALSE Pass- Qpost < Qpre
78 0.46 1.37 2.06 TRUE FALSE FALSE Pass- Qpost < Qpre
79 0.45 1.36 2.06 TRUE FALSE FALSE Pass- Qpost < Qpre
80 0.44 1.35 2.02 TRUE FALSE FALSE Pass- Qpost < Qpre
81 0.44 1.34 2.00 TRUE FALSE FALSE Pass- Qpost < Qpre
82 0.43 1.28 1.99 TRUE FALSE FALSE Pass- Qpost < Qpre
83 0.43 1.28 1.98 TRUE FALSE FALSE Pass- Qpost < Qpre
84 0.42 1.28 1.90 TRUE FALSE FALSE Pass- Qpost < Qpre
85 0.42 1.19 1.86 TRUE FALSE FALSE Pass- Qpost < Qpre
86 0.41 1.17 1.85 TRUE FALSE FALSE Pass- Qpost < Qpre
87 0.41 1.15 1.82 TRUE FALSE FALSE Pass- Qpost < Qpre
88 0.40 1.13 1.81 TRUE FALSE FALSE Pass- Qpost < Qpre
89 0.40 1.12 1.79 TRUE FALSE FALSE Pass- Qpost < Qpre
90 0.40 1.07 1.78 TRUE FALSE FALSE Pass- Qpost < Qpre
91 0.39 1.07 1.78 TRUE FALSE FALSE Pass- Qpost < Qpre
92 0.39 1.05 1.77 TRUE FALSE FALSE Pass- Qpost < Qpre
93 0.38 1.05 1.77 TRUE FALSE FALSE Pass- Qpost < Qpre
94 0.38 1.01 1.77 TRUE FALSE FALSE Pass- Qpost < Qpre
95 0.38 0.99 1.77 TRUE FALSE FALSE Pass- Qpost < Qpre
96 0.37 0.98 1.77 TRUE FALSE FALSE Pass- Qpost < Qpre
97 0.37 0.97 1.75 TRUE FALSE FALSE Pass- Qpost < Qpre
98 0.36 0.97 1.75 TRUE FALSE FALSE Pass- Qpost < Qpre
99 0.36 0.97 1.75 TRUE FALSE FALSE Pass- Qpost < Qpre
100 0.36 0.97 1.74 TRUE FALSE FALSE Pass- Qpost < Qpre
101 0.35 0.96 1.74 TRUE FALSE FALSE Pass- Qpost < Qpre
102 0.35 0.95 1.73 TRUE FALSE FALSE Pass- Qpost < Qpre
103 0.35 0.94 1.72 TRUE FALSE FALSE Pass- Qpost < Qpre
104 0.34 0.94 1.70 TRUE FALSE FALSE Pass- Qpost < Qpre
105 0.34 0.94 1.69 TRUE FALSE FALSE Pass- Qpost < Qpre
106 0.34 0.92 1.69 TRUE FALSE FALSE Pass- Qpost < Qpre
107 0.33 0.91 1.69 TRUE FALSE FALSE Pass- Qpost < Qpre
108 0.33 0.91 1.68 TRUE FALSE FALSE Pass- Qpost < Qpre
109 0.33 0.90 1.67 TRUE FALSE FALSE Pass- Qpost < Qpre
110 0.32 0.88 1.66 TRUE FALSE FALSE Pass- Qpost < Qpre
111 0.32 0.87 1.64 TRUE FALSE FALSE Pass- Qpost < Qpre
112 0.32 0.86 1.64 TRUE FALSE FALSE Pass- Qpost < Qpre
113 0.32 0.86 1.63 TRUE FALSE FALSE Pass- Qpost < Qpre
114 0.31 0.86 1.63 TRUE FALSE FALSE Pass- Qpost < Qpre
115 0.31 0.85 1.62 TRUE FALSE FALSE Pass- Qpost < Qpre
116 0.31 0.85 1.61 TRUE FALSE FALSE Pass- Qpost < Qpre
117 0.31 0.84 1.61 TRUE FALSE FALSE Pass- Qpost < Qpre
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118 0.30 0.83 1.61 TRUE FALSE FALSE Pass- Qpost < Qpre
119 0.30 0.82 1.60 TRUE FALSE FALSE Pass- Qpost < Qpre
120 0.30 0.81 1.59 TRUE FALSE FALSE Pass- Qpost < Qpre
121 0.30 0.81 1.58 TRUE FALSE FALSE Pass- Qpost < Qpre
122 0.29 0.81 1.57 TRUE FALSE FALSE Pass- Qpost < Qpre
123 0.29 0.81 1.56 TRUE FALSE FALSE Pass- Qpost < Qpre
124 0.29 0.78 1.56 TRUE FALSE FALSE Pass- Qpost < Qpre
125 0.29 0.78 1.55 TRUE FALSE FALSE Pass- Qpost < Qpre
126 0.28 0.76 1.54 TRUE FALSE FALSE Pass- Qpost < Qpre
127 0.28 0.75 1.53 TRUE FALSE FALSE Pass- Qpost < Qpre
128 0.28 0.74 1.52 TRUE FALSE FALSE Pass- Qpost < Qpre
129 0.28 0.72 1.52 TRUE FALSE FALSE Pass- Qpost < Qpre
130 0.28 0.68 1.51 TRUE FALSE FALSE Pass- Qpost < Qpre
131 0.27 0.68 1.50 TRUE FALSE FALSE Pass- Qpost < Qpre
132 0.27 0.67 1.48 TRUE FALSE FALSE Pass- Qpost < Qpre
133 0.27 0.66 1.47 TRUE FALSE FALSE Pass- Qpost < Qpre
134 0.27 0.64 1.47 TRUE FALSE FALSE Pass- Qpost < Qpre
135 0.27 0.64 1.45 TRUE FALSE FALSE Pass- Qpost < Qpre
136 0.26 0.62 1.44 TRUE FALSE FALSE Pass- Qpost < Qpre
137 0.26 0.60 1.43 TRUE FALSE FALSE Pass- Qpost < Qpre
138 0.26 0.56 1.43 TRUE FALSE FALSE Pass- Qpost < Qpre
139 0.26 0.56 1.38 TRUE FALSE FALSE Pass- Qpost < Qpre
140 0.26 0.55 1.37 TRUE FALSE FALSE Pass- Qpost < Qpre
141 0.25 0.52 1.34 TRUE FALSE FALSE Pass- Qpost < Qpre
142 0.25 0.51 1.32 TRUE FALSE FALSE Pass- Qpost < Qpre
143 0.25 0.49 1.30 TRUE FALSE FALSE Pass- Qpost < Qpre
144 0.25 0.49 1.30 TRUE FALSE FALSE Pass- Qpost < Qpre
145 0.25 0.47 1.28 TRUE FALSE FALSE Pass- Qpost < Qpre
146 0.25 0.46 1.27 TRUE FALSE FALSE Pass- Qpost < Qpre
147 0.24 0.45 1.23 TRUE FALSE FALSE Pass- Qpost < Qpre
148 0.24 0.44 1.23 TRUE FALSE FALSE Pass- Qpost < Qpre
149 0.24 0.44 1.22 TRUE FALSE FALSE Pass- Qpost < Qpre
150 0.24 0.44 1.20 TRUE FALSE FALSE Pass- Qpost < Qpre
151 0.24 0.44 1.19 TRUE FALSE FALSE Pass- Qpost < Qpre
152 0.24 0.44 1.17 TRUE FALSE FALSE Pass- Qpost < Qpre
153 0.23 0.44 1.17 TRUE FALSE FALSE Pass- Qpost < Qpre
154 0.23 0.43 1.15 TRUE FALSE FALSE Pass- Qpost < Qpre
155 0.23 0.43 1.15 TRUE FALSE FALSE Pass- Qpost < Qpre
156 0.23 0.43 1.14 TRUE FALSE FALSE Pass- Qpost < Qpre
157 0.23 0.42 1.14 TRUE FALSE FALSE Pass- Qpost < Qpre
158 0.23 0.42 1.14 TRUE FALSE FALSE Pass- Qpost < Qpre
159 0.23 0.40 1.13 TRUE FALSE FALSE Pass- Qpost < Qpre
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160 0.22 0.40 1.13 TRUE FALSE FALSE Pass- Qpost < Qpre
161 0.22 0.39 1.13 TRUE FALSE FALSE Pass- Qpost < Qpre
162 0.22 0.39 1.11 TRUE FALSE FALSE Pass- Qpost < Qpre
163 0.22 0.39 1.11 TRUE FALSE FALSE Pass- Qpost < Qpre
164 0.22 0.39 1.11 TRUE FALSE FALSE Pass- Qpost < Qpre
165 0.22 0.38 1.11 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
166 0.22 0.38 1.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
167 0.21 0.36 1.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
168 0.21 0.36 1.09 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
169 0.21 0.23 1.09 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
170 0.21 0.20 1.09 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
171 0.21 0.20 1.06 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
172 0.21 0.19 1.06 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
173 0.21 0.16 1.06 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
174 0.21 0.16 1.06 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
175 0.21 0.15 1.05 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
176 0.20 0.15 1.05 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
177 0.20 0.15 1.05 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
178 0.20 0.15 1.04 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
179 0.20 0.14 1.03 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
180 0.20 0.14 1.03 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
181 0.20 0.14 1.03 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
182 0.20 0.14 1.03 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
183 0.20 0.14 1.02 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
184 0.20 0.14 1.02 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
185 0.19 0.14 1.01 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
186 0.19 0.14 1.01 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
187 0.19 0.14 1.01 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
188 0.19 0.14 1.00 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
189 0.19 0.13 1.00 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
190 0.19 0.13 0.99 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
191 0.19 0.13 0.99 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
192 0.19 0.13 0.99 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
193 0.19 0.13 0.99 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
194 0.19 0.13 0.98 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
195 0.18 0.13 0.98 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
196 0.18 0.13 0.97 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
197 0.18 0.13 0.96 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
198 0.18 0.13 0.96 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
199 0.18 0.13 0.96 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
200 0.18 0.13 0.96 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
201 0.18 0.13 0.96 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
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202 0.18 0.13 0.96 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
203 0.18 0.13 0.95 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
204 0.18 0.13 0.95 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
205 0.18 0.13 0.95 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
206 0.17 0.13 0.91 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
207 0.17 0.13 0.91 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
208 0.17 0.13 0.90 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
209 0.17 0.13 0.89 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
210 0.17 0.12 0.89 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
211 0.17 0.12 0.87 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
212 0.17 0.12 0.87 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
213 0.17 0.12 0.86 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
214 0.17 0.12 0.84 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
215 0.17 0.12 0.84 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
216 0.17 0.12 0.82 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
217 0.17 0.12 0.81 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
218 0.16 0.12 0.79 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
219 0.16 0.12 0.79 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
220 0.16 0.12 0.77 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
221 0.16 0.12 0.76 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
222 0.16 0.12 0.75 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
223 0.16 0.12 0.75 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
224 0.16 0.12 0.74 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
225 0.16 0.12 0.72 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
226 0.16 0.12 0.72 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
227 0.16 0.12 0.70 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
228 0.16 0.12 0.70 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
229 0.16 0.12 0.70 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
230 0.16 0.11 0.61 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
231 0.16 0.11 0.60 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
232 0.16 0.11 0.60 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
233 0.15 0.11 0.57 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
234 0.15 0.11 0.56 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
235 0.15 0.11 0.56 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
236 0.15 0.11 0.53 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
237 0.15 0.11 0.52 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
238 0.15 0.11 0.52 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
239 0.15 0.11 0.51 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
240 0.15 0.11 0.50 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
241 0.15 0.11 0.50 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
242 0.15 0.11 0.47 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
243 0.15 0.10 0.47 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
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244 0.15 0.10 0.47 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
245 0.15 0.10 0.46 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
246 0.15 0.10 0.46 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
247 0.15 0.10 0.46 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
248 0.15 0.10 0.46 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
249 0.14 0.10 0.45 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
250 0.14 0.10 0.45 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
251 0.14 0.10 0.45 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
252 0.14 0.10 0.44 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
253 0.14 0.10 0.44 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
254 0.14 0.10 0.43 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
255 0.14 0.10 0.43 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
256 0.14 0.10 0.42 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
257 0.14 0.10 0.42 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
258 0.14 0.10 0.40 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
259 0.14 0.10 0.39 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
260 0.14 0.10 0.39 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
261 0.14 0.10 0.38 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
262 0.14 0.10 0.38 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
263 0.14 0.10 0.35 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
264 0.14 0.10 0.35 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
265 0.14 0.10 0.32 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
266 0.14 0.10 0.32 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
267 0.13 0.10 0.31 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
268 0.13 0.09 0.31 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
269 0.13 0.09 0.30 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
270 0.13 0.09 0.30 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
271 0.13 0.09 0.29 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
272 0.13 0.09 0.29 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
273 0.13 0.09 0.29 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
274 0.13 0.09 0.29 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
275 0.13 0.09 0.28 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
276 0.13 0.09 0.28 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
277 0.13 0.09 0.28 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
278 0.13 0.09 0.28 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
279 0.13 0.09 0.28 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
280 0.13 0.09 0.27 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
281 0.13 0.09 0.27 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
282 0.13 0.09 0.26 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
283 0.13 0.09 0.26 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
284 0.13 0.09 0.25 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
285 0.13 0.09 0.25 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
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286 0.13 0.08 0.25 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
287 0.13 0.08 0.25 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
288 0.13 0.08 0.25 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
289 0.12 0.08 0.23 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
290 0.12 0.08 0.23 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
291 0.12 0.08 0.23 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
292 0.12 0.08 0.23 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
293 0.12 0.08 0.22 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
294 0.12 0.08 0.22 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
295 0.12 0.08 0.22 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
296 0.12 0.08 0.21 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
297 0.12 0.08 0.21 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
298 0.12 0.08 0.21 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
299 0.12 0.08 0.21 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
300 0.12 0.08 0.21 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
301 0.12 0.08 0.20 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
302 0.12 0.08 0.20 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
303 0.12 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
304 0.12 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
305 0.12 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
306 0.12 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
307 0.12 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
308 0.12 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
309 0.12 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
310 0.12 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
311 0.12 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
312 0.12 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
313 0.12 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
314 0.11 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
315 0.11 0.08 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
316 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
317 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
318 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
319 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
320 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
321 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
322 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
323 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
324 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
325 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
326 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
327 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
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328 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
329 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
330 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
331 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
332 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
333 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
334 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
335 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
336 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
337 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
338 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
339 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
340 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
341 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
342 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
343 0.11 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
344 0.10 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
345 0.10 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
346 0.10 0.07 0.19 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
347 0.10 0.06 0.17 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
348 0.10 0.06 0.17 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
349 0.10 0.06 0.17 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
350 0.10 0.06 0.17 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
351 0.10 0.06 0.15 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
352 0.10 0.06 0.15 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
353 0.10 0.06 0.15 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
354 0.10 0.06 0.14 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
355 0.10 0.06 0.14 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
356 0.10 0.06 0.14 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
357 0.10 0.06 0.14 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
358 0.10 0.06 0.12 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
359 0.10 0.06 0.12 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
360 0.10 0.06 0.12 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
361 0.10 0.06 0.11 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
362 0.10 0.06 0.11 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
363 0.10 0.06 0.11 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
364 0.10 0.06 0.11 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
365 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
366 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
367 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
368 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
369 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
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370 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
371 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
372 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
373 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
374 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
375 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
376 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
377 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
378 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
379 0.10 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
380 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
381 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
382 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
383 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
384 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
385 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
386 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
387 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
388 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
389 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
390 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
391 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
392 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
393 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
394 0.09 0.06 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
395 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
396 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
397 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
398 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
399 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
400 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
401 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
402 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
403 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
404 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
405 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
406 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
407 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
408 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
409 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
410 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
411 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
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412 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
413 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
414 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
415 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
416 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
417 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
418 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
419 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
420 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
421 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
422 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
423 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
424 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
425 0.09 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
426 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
427 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
428 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
429 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
430 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
431 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
432 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
433 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
434 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
435 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
436 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
437 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
438 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
439 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
440 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
441 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
442 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
443 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
444 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
445 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
446 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
447 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
448 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
449 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
450 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
451 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
452 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
453 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
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454 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
455 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
456 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
457 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
458 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
459 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
460 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
461 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
462 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
463 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
464 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
465 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
466 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
467 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
468 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
469 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
470 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
471 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
472 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
473 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
474 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
475 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
476 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
477 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
478 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
479 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
480 0.08 0.05 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
481 0.08 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
482 0.08 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
483 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
484 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
485 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
486 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
487 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
488 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
489 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
490 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
491 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
492 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
493 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
494 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
495 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
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496 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
497 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
498 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
499 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
500 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
501 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
502 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
503 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
504 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
505 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
506 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
507 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
508 0.07 0.04 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
509 0.07 0.03 0.10 FALSE FALSE FALSE Pass- Qpost Below Flow Control Threshold
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SWMM.out file name: V:\17\17053\engineering\TM\Current\ SWMM\17053 Pre-development.out

SWMM.out time stamp: 8/2/2019 2:00:05 PM

Q10:5.703

Q5: 4.600

Q2: 3.860

Peak Flow Statistics Table Values

Rank Start Date End Date Duration Peak Frequency Return Period

1 1993/02/07 20:00:00 1993/02/08 20:00:00 25 7.642 0.14% 36
2 1978/01/09 12:00:00 1978/01/11 06:00:00 43 5.77 0.28% 18
3 1978/01/03 18:00:00 1978/01/05 20:00:00 51 5.737 0.42% 12
4 1982/11/29 01:00:00 1982/11/30 04:00:00 28 5.685 0.57% 9
5 1980/01/26 19:00:00 1980/01/30 12:00:00 90 5.161 0.71% 7.2
6 1993/01/06 01:00:00 1993/01/08 10:00:00 58 5.088 0.85% 6
7 1995/02/13 19:00:00 1995/02/14 18:00:00 24 4.62 0.99% 5.14
8 1993/01/15 08:00:00 1993/01/18 21:00:00 86 4.532 1.13% 4.5
9 1998/02/22 03:00:00 1998/02/24 04:00:00 50 4.527 1.27% 4
10 1980/02/12 11:00:00 1980/02/21 10:00:00 216 4.463 1.42% 3.6
11 1998/01/09 11:00:00 1998/01/10 06:00:00 20 4.44 1.56% 3.27
12 1995/01/03 09:00:00 1995/01/05 01:00:00 41 4.425 1.70% 3
13 1976/09/10 00:00:00 1976/09/11 12:00:00 37 4.413 1.84% 2.77
14 1997/12/06 06:00:00 1997/12/08 06:00:00 49 4.35 1.98% 2.57
15 1992/03/20 16:00:00 1992/03/21 10:00:00 19 4.216 2.12% 24
16 1974/12/04 04:00:00 1974/12/04 15:00:00 12 4.102 2.27% 2.25
17 1988/01/05 13:00:00 1988/01/05 16:00:00 4 4.092 2.41% 2.12
18 2005/01/07 11:00:00 2005/01/11 14:00:00 100 3.86 2.55% 2
19 1978/01/16 17:00:00 1978/01/16 22:00:00 6 3.849 2.69% 1.9
20 1978/02/08 20:00:00 1978/02/11 17:00:00 70 3.8 2.83% 1.8
21 1983/02/26 09:00:00 1983/03/03 12:00:00 124 3.793 2.97% 1.71
22 1986/03/15 20:00:00 1986/03/16 20:00:00 25 3.759 3.12% 1.64
23 1982/01/20 03:00:00 1982/01/21 11:00:00 33 3.756 3.26% 1.57
24 2004/10/17 02:00:00 2004/10/20 23:00:00 94 3.701 3.40% 1.5
25 1976/12/30 12:00:00 1976/12/31 18:00:00 31 3.382 3.54% 1.44
26 1971/12/24 05:00:00 1971/12/26 11:00:00 55 3.37 3.68% 1.39
27 1974/01/04 00:00:00 1974/01/08 05:00:00 102 3.19 3.82% 1.33
28 1983/01/28 23:00:00 1983/01/29 03:00:00 5 3.177 3.97% 1.29
29 1994/02/07 02:00:00 1994/02/08 13:00:00 36 3.157 4.11% 1.24
30 2000/02/20 07:00:00 2000/02/21 20:00:00 38 3.144 4.25% 1.2
31 1995/01/10 16:00:00 1995/01/12 15:00:00 48 3.136 4.39% 1.16
32 1992/02/12 07:00:00 1992/02/13 12:00:00 30 3.111 4.53% 1.13
33 1978/01/19 03:00:00 1978/01/19 13:00:00 11 3.091 4.67% 1.09
34 1986/02/13 10:00:00 1986/02/16 13:00:00 76 3.081 4.82% 1.06
35 1992/02/15 10:00:00 1992/02/16 13:00:00 28 3.075 4.96% 1.03
36 1992/03/22 14:00:00 1992/03/23 12:00:00 23 3.071 5.10% 1
37 1986/03/10 04:00:00 1986/03/12 12:00:00 57 3.063 5.24% 0.97
38 1979/01/05 07:00:00 1979/01/06 17:00:00 35 3.046 5.38% 0.95
39 1982/12/22 13:00:00 1982/12/23 00:00:00 12 3.018 5.52% 0.92
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Rank Start Date End Date Duration Peak Frequency Return Period
40 1983/12/24 19:00:00 1983/12/26 02:00:00 32 2.977 5.67% 0.9
41 1998/02/03 10:00:00 1998/02/04 12:00:00 27 2.972 5.81% 0.88
42 1980/01/07 13:00:00 1980/01/09 18:00:00 54 2.966 5.95% 0.86
43 1996/12/09 15:00:00 1996/12/11 08:00:00 42 2.965 6.09% 0.84
44 2004/12/28 05:00:00 2004/12/30 09:00:00 53 2.79 6.23% 0.82
45 1973/01/16 16:00:00 1973/01/17 07:00:00 16 2.681 6.37% 0.8
46 1976/02/04 04:00:00 1976/02/10 07:00:00 148 2.602 6.52% 0.78
47 1998/02/06 11:00:00 1998/02/09 00:00:00 62 2.53 6.66% 0.77
48 1983/03/24 01:00:00 1983/03/24 12:00:00 12 2.52 6.80% 0.75
49 1982/03/16 04:00:00 1982/03/18 20:00:00 65 2.515 6.94% 0.74
50 1979/01/30 17:00:00 1979/02/02 16:00:00 72 2.502 7.08% 0.72
51 1991/03/25 05:00:00 1991/03/27 11:00:00 55 2.493 7.22% 0.71
52 1995/03/05 00:00:00 1995/03/06 00:00:00 25 2.492 7.37% 0.69
53 2001/01/10 22:00:00 2001/01/12 08:00:00 35 2.478 7.51% 0.68
54 1993/01/12 15:00:00 1993/01/14 05:00:00 39 2.474 7.65% 0.67
55 1983/02/07 02:00:00 1983/02/08 13:00:00 36 2.468 7.79% 0.66
56 1978/01/14 14:00:00 1978/01/15 12:00:00 23 2.464 7.93% 0.64
57 1985/11/29 08:00:00 1985/11/30 07:00:00 24 2.462 8.07% 0.63
58 1977/01/02 22:00:00 1977/01/03 06:00:00 9 2.455 8.22% 0.62
59 1995/03/11 00:00:00 1995/03/11 22:00:00 23 2.455 8.36% 0.61
60 1984/12/26 14:00:00 1984/12/28 15:00:00 50 244 8.50% 0.6
61 2005/01/03 05:00:00 2005/01/04 08:00:00 28 2.405 8.64% 0.59
62 1991/02/27 13:00:00 1991/03/01 14:00:00 50 2.404 8.78% 0.58
63 1982/04/01 09:00:00 1982/04/01 17:00:00 9 2.397 8.92% 0.57
64 1993/02/18 12:00:00 1993/02/20 14:00:00 51 2.391 9.07% 0.56
65 2005/02/18 05:00:00 2005/02/23 09:00:00 125 2.386 9.21% 0.55
66 2003/02/25 01:00:00 2003/02/27 12:00:00 60 2.37 9.35% 0.55
67 2005/03/22 19:00:00 2005/03/23 01:00:00 7 2.354 9.49% 0.54
68 1973/02/11 00:00:00 1973/02/13 07:00:00 56 2.35 9.63% 0.53
69 1992/03/26 20:00:00 1992/03/27 16:00:00 21 2.343 9.77% 0.52
70 1983/01/27 07:00:00 1983/01/27 18:00:00 12 2.338 9.92% 0.51
71 1994/02/17 10:00:00 1994/02/19 02:00:00 41 2.326 10.06% 0.51
72 2004/10/27 01:00:00 2004/10/28 10:00:00 34 2.273 10.20% 0.5
73 1972/11/14 11:00:00 1972/11/14 14:00:00 4 2.266 10.34% 0.49
74 1980/03/02 19:00:00 1980/03/03 13:00:00 19 2.235 10.48% 0.49
75 1978/11/21 15:00:00 1978/11/21 19:00:00 5 2.153 10.62% 0.48
76 2000/04/17 14:00:00 2000/04/18 10:00:00 21 2.147 10.76% 0.47
77 1995/03/03 04:00:00 1995/03/03 11:00:00 8 2.125 10.91% 0.47
78 1983/11/24 22:00:00 1983/11/25 00:00:00 3 2.074 11.05% 0.46
79 1985/11/11 02:00:00 1985/11/12 09:00:00 32 2.056 11.19% 0.46
80 1997/01/15 18:00:00 1997/01/15 19:00:00 2 2.055 11.33% 0.45
81 1988/01/17 04:00:00 1988/01/17 21:00:00 18 2.016 11.47% 0.44
82 1977/05/07 20:00:00 1977/05/09 13:00:00 42 2 11.61% 0.44
83 1986/11/17 12:00:00 1986/11/18 04:00:00 17 1.991 11.76% 0.43
84 2003/03/15 11:00:00 2003/03/16 23:00:00 37 1.98 11.90% 0.43
85 1972/12/04 09:00:00 1972/12/04 17:00:00 9 1.897 12.04% 0.42
86 1981/01/28 06:00:00 1981/01/30 07:00:00 50 1.859 12.18% 0.42
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Rank Start Date End Date Duration Peak Frequency Return Period
87 1977/12/28 02:00:00 1977/12/29 07:00:00 30 1.845 12.32% 0.41
88 1991/03/19 00:00:00 1991/03/21 00:00:00 49 1.819 12.46% 0.41
89 1992/12/07 08:00:00 1992/12/07 16:00:00 9 1.815 12.61% 0.4
90 1982/03/14 04:00:00 1982/03/14 19:00:00 16 1.793 12.75% 0.4
91 1979/01/14 15:00:00 1979/01/15 21:00:00 31 1.781 12.89% 0.4
92 1992/01/05 08:00:00 1992/01/06 02:00:00 19 1.777 13.03% 0.39
93 2001/02/25 07:00:00 2001/02/28 18:00:00 84 1.774 13.17% 0.39
94 1982/01/01 05:00:00 1982/01/02 09:00:00 29 1.772 13.31% 0.38
95 1978/02/27 06:00:00 1978/03/02 14:00:00 81 1.769 13.46% 0.38
96 1991/12/29 15:00:00 1991/12/30 03:00:00 13 1.768 13.60% 0.38
97 1988/12/21 02:00:00 1988/12/21 07:00:00 6 1.766 13.74% 0.37
98 2003/12/25 02:00:00 2003/12/25 20:00:00 19 1.753 13.88% 0.37
99 2000/02/23 15:00:00 2000/02/23 18:00:00 4 1.751 14.02% 0.36
100 1998/02/14 11:00:00 1998/02/14 18:00:00 8 1.746 14.16% 0.36
101 1995/01/07 15:00:00 1995/01/08 11:00:00 21 1.739 14.31% 0.36
102 1996/01/31 04:00:00 1996/02/01 02:00:00 23 1.737 14.45% 0.35
103 1982/02/09 19:00:00 1982/02/10 22:00:00 28 1.726 14.59% 0.35
104 1979/03/16 14:00:00 1979/03/20 04:00:00 87 1.72 14.73% 0.35
105 1997/01/12 11:00:00 1997/01/14 03:00:00 41 1.695 14.87% 0.34
106 1984/12/18 08:00:00 1984/12/20 03:00:00 44 1.69 15.01% 0.34
107 1990/02/17 05:00:00 1990/02/18 09:00:00 29 1.688 15.16% 0.34
108 1990/01/16 23:00:00 1990/01/17 10:00:00 12 1.688 15.30% 0.33
109 1984/12/16 02:00:00 1984/12/16 13:00:00 12 1.685 15.44% 0.33
110 2003/02/11 04:00:00 2003/02/13 09:00:00 54 1.667 15.58% 0.33
111 1978/03/11 07:00:00 1978/03/11 23:00:00 17 1.662 15.72% 0.32
112 1986/03/08 15:00:00 1986/03/08 20:00:00 6 1.644 15.86% 0.32
113 1996/11/21 15:00:00 1996/11/22 07:00:00 17 1.638 16.01% 0.32
114 1980/03/06 02:00:00 1980/03/06 14:00:00 13 1.634 16.15% 0.32
115 1979/02/21 01:00:00 1979/02/22 01:00:00 25 1.63 16.29% 0.31
116 2001/02/11 13:00:00 2001/02/14 00:00:00 60 1.622 16.43% 0.31
117 1987/12/18 12:00:00 1987/12/18 12:00:00 1 1.612 16.57% 0.31
118 1987/12/16 12:00:00 1987/12/17 08:00:00 21 1.612 16.71% 0.31
119 1998/05/12 14:00:00 1998/05/13 14:00:00 25 1.609 16.86% 0.3
120 1987/10/11 12:00:00 1987/10/12 15:00:00 28 1.6 17.00% 0.3
121 2003/04/14 09:00:00 2003/04/15 04:00:00 20 1.588 17.14% 0.3
122 1998/03/24 21:00:00 1998/03/29 03:00:00 103 1.575 17.28% 0.3
123 1973/11/22 23:00:00 1973/11/23 01:00:00 3 1.573 17.42% 0.29
124 1979/11/07 18:00:00 1979/11/08 04:00:00 11 1.561 17.56% 0.29
125 1973/03/20 05:00:00 1973/03/20 19:00:00 15 1.557 17.71% 0.29
126 1996/02/27 20:00:00 1996/02/28 01:00:00 6 1.553 17.85% 0.29
127 1993/02/23 18:00:00 1993/02/24 05:00:00 12 1.542 17.99% 0.28
128 1983/09/30 04:00:00 1983/10/01 11:00:00 32 1.529 18.13% 0.28
129 1988/12/24 19:00:00 1988/12/25 00:00:00 6 1.524 18.27% 0.28
130 1983/04/20 02:00:00 1983/04/21 01:00:00 24 1.523 18.41% 0.28
131 1998/05/04 11:00:00 1998/05/06 04:00:00 42 1.506 18.56% 0.28
132 1986/09/24 03:00:00 1986/09/25 11:00:00 33 1.498 18.70% 0.27
133 1987/01/04 12:00:00 1987/01/05 03:00:00 16 1.485 18.84% 0.27
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134 1990/04/16 18:00:00 1990/04/17 01:00:00 8 1.469 18.98% 0.27
135 1978/09/05 14:00:00 1978/09/06 03:00:00 14 1.467 19.12% 0.27
136 1975/03/08 05:00:00 1975/03/08 23:00:00 19 1.451 19.26% 0.27
137 2005/05/05 21:00:00 2005/05/06 05:00:00 9 1.441 19.41% 0.26
138 1978/03/04 02:00:00 1978/03/05 08:00:00 31 1.434 19.55% 0.26
139 1971/12/22 04:00:00 1971/12/22 22:00:00 19 1.432 19.69% 0.26
140 1977/03/24 17:00:00 1977/03/25 16:00:00 24 1.376 19.83% 0.26
141 2001/11/24 16:00:00 2001/11/24 20:00:00 5 1.369 19.97% 0.26
142 1973/01/18 20:00:00 1973/01/19 03:00:00 8 1.337 20.11% 0.25
143 1976/03/01 09:00:00 1976/03/03 12:00:00 52 1.321 20.25% 0.25
144 1984/09/16 14:00:00 1984/09/16 14:00:00 1 1.302 20.40% 0.25
145 1986/10/09 18:00:00 1986/10/10 01:00:00 8 1.297 20.54% 0.25
146 1998/04/11 00:00:00 1998/04/11 08:00:00 9 1.279 20.68% 0.25
147 1973/03/11 10:00:00 1973/03/11 16:00:00 7 1.27 20.82% 0.25
148 1975/03/05 12:00:00 1975/03/06 16:00:00 29 1.229 20.96% 0.24
149 1984/11/13 05:00:00 1984/11/13 09:00:00 5 1.225 21.10% 0.24
150 2006/03/28 07:00:00 2006/03/29 05:00:00 23 1.218 21.25% 0.24
151 1983/03/21 04:00:00 1983/03/21 15:00:00 12 1.199 21.39% 0.24
152 1978/02/12 17:00:00 1978/02/13 11:00:00 19 1.188 21.53% 0.24
153 1977/12/25 18:00:00 1977/12/26 22:00:00 29 1.17 21.67% 0.24
154 1997/01/25 16:00:00 1997/01/26 11:00:00 20 1.169 21.81% 0.23
155 1995/01/24 01:00:00 1995/01/26 04:00:00 52 1.151 21.95% 0.23
156 1982/01/05 05:00:00 1982/01/05 17:00:00 13 1.146 22.10% 0.23
157 1971/12/07 00:00:00 1971/12/07 01:00:00 2 1.139 22.24% 0.23
158 1977/01/05 21:00:00 1977/01/08 10:00:00 62 1.138 22.38% 0.23
159 1978/12/16 23:00:00 1978/12/19 07:00:00 57 1.135 22.52% 0.23
160 2004/02/26 00:00:00 2004/02/26 10:00:00 11 1.135 22.66% 0.23
161 1974/03/07 14:00:00 1974/03/09 00:00:00 35 1.135 22.80% 0.22
162 2004/02/21 23:00:00 2004/02/23 04:00:00 30 1.128 22.95% 0.22
163 1993/01/10 03:00:00 1993/01/10 17:00:00 15 1.112 23.09% 0.22
164 2001/03/09 21:00:00 2001/03/10 05:00:00 9 1.109 23.23% 0.22
165 1981/02/28 16:00:00 1981/03/02 19:00:00 52 1.108 23.37% 0.22
166 1998/02/16 22:00:00 1998/02/17 07:00:00 10 1.106 23.51% 0.22
167 1982/03/28 21:00:00 1982/03/30 16:00:00 44 1.102 23.65% 0.22
168 2005/02/10 22:00:00 2005/02/12 11:00:00 38 1.097 23.80% 0.21
169 1987/11/04 15:00:00 1987/11/06 00:00:00 34 1.094 23.94% 0.21
170 1979/03/27 03:00:00 1979/03/29 03:00:00 49 1.093 24.08% 0.21
171 1987/01/06 16:00:00 1987/01/07 00:00:00 9 1.09 24.22% 0.21
172 1978/02/07 16:00:00 1978/02/07 20:00:00 5 1.064 24.36% 0.21
173 1994/03/24 21:00:00 1994/03/25 02:00:00 6 1.063 24.50% 0.21
174 1992/02/10 00:00:00 1992/02/10 09:00:00 10 1.06 24.65% 0.21
175 1999/01/25 04:00:00 1999/01/26 22:00:00 43 1.058 24.79% 0.21
176 1988/04/19 23:00:00 1988/04/21 09:00:00 35 1.049 24.93% 0.21
177 1996/03/12 17:00:00 1996/03/13 12:00:00 20 1.046 25.07% 0.2
178 2000/03/08 12:00:00 2000/03/08 15:00:00 4 1.045 25.21% 0.2
179 1995/04/18 08:00:00 1995/04/18 13:00:00 6 1.038 25.35% 0.2
180 2002/12/16 16:00:00 2002/12/17 14:00:00 23 1.033 25.50% 0.2
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181 1978/03/30 15:00:00 1978/03/31 05:00:00 15 1.029 25.64% 0.2
182 2000/03/05 00:00:00 2000/03/06 12:00:00 37 1.029 25.78% 0.2
183 1971/12/27 11:00:00 1971/12/28 13:00:00 27 1.026 25.92% 0.2
184 1975/03/10 09:00:00 1975/03/11 14:00:00 30 1.023 26.06% 0.2
185 1986/01/30 03:00:00 1986/01/30 13:00:00 11 1.022 26.20% 0.2
186 1983/01/24 16:00:00 1983/01/25 13:00:00 22 1.014 26.35% 0.19
187 1985/11/24 15:00:00 1985/11/26 12:00:00 46 1.01 26.49% 0.19
188 1994/02/20 09:00:00 1994/02/20 15:00:00 7 1.005 26.63% 0.19
189 1990/01/13 04:00:00 1990/01/14 06:00:00 27 1.001 26.77% 0.19
190 1985/02/02 08:00:00 1985/02/02 17:00:00 10 0.996 26.91% 0.19
191 2005/04/28 05:00:00 2005/04/28 10:00:00 6 0.993 27.05% 0.19
192 1993/11/14 07:00:00 1993/11/14 08:00:00 2 0.992 27.20% 0.19
193 2006/02/27 17:00:00 2006/02/28 07:00:00 15 0.991 27.34% 0.19
194 1975/04/08 00:00:00 1975/04/09 02:00:00 27 0.986 27.48% 0.19
195 2004/12/31 13:00:00 2004/12/31 15:00:00 3 0.985 27.62% 0.19
196 1982/11/09 04:00:00 1982/11/11 03:00:00 48 0.98 27.76% 0.18
197 1983/01/22 23:00:00 1983/01/23 03:00:00 5 0.971 27.90% 0.18
198 1994/04/25 14:00:00 1994/04/26 17:00:00 28 0.961 28.05% 0.18
199 2000/02/12 04:00:00 2000/02/14 08:00:00 53 0.96 28.19% 0.18
200 1980/12/04 08:00:00 1980/12/05 06:00:00 23 0.96 28.33% 0.18
201 1985/02/09 03:00:00 1985/02/09 13:00:00 11 0.96 28.47% 0.18
202 1998/11/29 06:00:00 1998/11/29 20:00:00 15 0.958 28.61% 0.18
203 1977/08/15 18:00:00 1977/08/17 20:00:00 51 0.958 28.75% 0.18
204 1989/01/05 18:00:00 1989/01/06 02:00:00 9 0.952 28.90% 0.18
205 1995/03/23 05:00:00 1995/03/23 10:00:00 6 0.952 29.04% 0.18
206 1998/12/07 04:00:00 1998/12/07 05:00:00 2 0.946 29.18% 0.18
207 2004/11/21 03:00:00 2004/11/21 09:00:00 7 0.914 29.32% 0.17
208 1999/02/04 10:00:00 1999/02/05 09:00:00 24 0.909 29.46% 0.17
209 1992/03/02 04:00:00 1992/03/02 21:00:00 18 0.903 29.60% 0.17
210 1996/02/20 06:00:00 1996/02/22 00:00:00 43 0.893 29.75% 0.17
211 1973/03/06 11:00:00 1973/03/07 00:00:00 14 0.873 29.89% 0.17
212 2005/02/24 19:00:00 2005/02/25 10:00:00 16 0.87 30.03% 0.17
213 1978/04/06 23:00:00 1978/04/07 04:00:00 6 0.869 30.17% 0.17
214 1976/04/12 21:00:00 1976/04/13 06:00:00 10 0.857 30.31% 0.17
215 1985/01/28 15:00:00 1985/01/28 19:00:00 5 0.845 30.45% 0.17
216 1989/01/04 02:00:00 1989/01/04 11:00:00 10 0.822 30.59% 0.17
217 1983/03/17 04:00:00 1983/03/19 10:00:00 55 0.817 30.74% 0.17
218 2005/01/28 16:00:00 2005/01/29 00:00:00 9 0.814 30.88% 0.17
219 1983/11/11 17:00:00 1983/11/13 02:00:00 34 0.795 31.02% 0.16
220 1984/11/24 15:00:00 1984/11/24 22:00:00 8 0.776 31.16% 0.16
221 1996/02/25 08:00:00 1996/02/26 02:00:00 19 0.771 31.30% 0.16
222 1998/04/05 14:00:00 1998/04/06 16:00:00 27 0.764 31.44% 0.16
223 2000/11/25 05:00:00 2000/11/25 05:00:00 1 0.748 31.59% 0.16
224 1981/03/19 20:00:00 1981/03/20 05:00:00 10 0.739 31.73% 0.16
225 1978/11/13 19:00:00 1978/11/13 21:00:00 3 0.737 31.87% 0.16
226 1974/03/02 05:00:00 1974/03/03 12:00:00 32 0.719 32.01% 0.16
227 1992/05/22 16:00:00 1992/05/22 19:00:00 4 0.704 32.15% 0.16
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228 1989/02/04 01:00:00 1989/02/04 16:00:00 16 0.704 32.29% 0.16
229 1993/01/31 00:00:00 1993/01/31 02:00:00 3 0.696 32.44% 0.16
230 1992/12/29 13:00:00 1992/12/30 02:00:00 14 0.68 32.58% 0.16
231 1981/02/08 17:00:00 1981/02/09 06:00:00 14 0.615 32.72% 0.16
232 1987/03/05 23:00:00 1987/03/06 15:00:00 17 0.596 32.86% 0.16
233 1995/04/16 06:00:00 1995/04/16 11:00:00 6 0.595 33.00% 0.16
234 1983/04/29 01:00:00 1983/04/30 01:00:00 25 0.566 33.14% 0.15
235 2001/04/07 08:00:00 2001/04/07 15:00:00 8 0.556 33.29% 0.15
236 1983/11/20 08:00:00 1983/11/20 20:00:00 13 0.55 33.43% 0.15
237 1991/03/13 16:00:00 1991/03/13 21:00:00 6 0.527 33.57% 0.15
238 1994/02/03 21:00:00 1994/02/05 04:00:00 32 0.517 33.71% 0.15
239 1999/04/07 03:00:00 1999/04/07 13:00:00 11 0.515 33.85% 0.15
240 2001/04/20 23:00:00 2001/04/21 11:00:00 13 0.508 33.99% 0.15
241 1979/01/17 01:00:00 1979/01/18 15:00:00 39 0.503 34.14% 0.15
242 1987/02/23 23:00:00 1987/02/25 13:00:00 39 0.491 34.28% 0.15
243 1990/02/04 10:00:00 1990/02/04 11:00:00 2 0.473 34.42% 0.15
244 1987/12/04 21:00:00 1987/12/05 03:00:00 7 0.467 34.56% 0.15
245 1992/12/27 19:00:00 1992/12/28 05:00:00 11 0.465 34.70% 0.15
246 1988/04/14 14:00:00 1988/04/15 02:00:00 13 0.46 34.84% 0.15
247 1992/01/07 16:00:00 1992/01/07 20:00:00 5 0.459 34.99% 0.15
248 1979/02/23 04:00:00 1979/02/23 06:00:00 3 0.456 35.13% 0.15
249 2003/11/12 04:00:00 2003/11/13 00:00:00 21 0.456 35.27% 0.15
250 1973/02/28 01:00:00 1973/02/28 07:00:00 7 0.452 35.41% 0.14
251 1983/12/03 15:00:00 1983/12/03 17:00:00 3 0.452 35.55% 0.14
252 1998/03/31 05:00:00 1998/03/31 23:00:00 19 0.451 35.69% 0.14
253 1973/03/21 22:00:00 1973/03/22 01:00:00 4 0.443 35.84% 0.14
254 1987/10/31 02:00:00 1987/11/02 03:00:00 50 0.442 35.98% 0.14
255 2002/12/20 04:00:00 2002/12/20 09:00:00 6 0.433 36.12% 0.14
256 1978/11/10 12:00:00 1978/11/12 05:00:00 42 0.419 36.26% 0.14
257 1986/02/07 20:00:00 1986/02/08 22:00:00 27 0.416 36.40% 0.14
258 1984/12/10 21:00:00 1984/12/11 07:00:00 11 0.415 36.54% 0.14
259 1992/02/06 09:00:00 1992/02/07 12:00:00 28 0.401 36.69% 0.14
260 1983/02/02 12:00:00 1983/02/02 23:00:00 12 0.39 36.83% 0.14
261 1998/02/19 12:00:00 1998/02/20 00:00:00 13 0.386 36.97% 0.14
262 1996/03/04 15:00:00 1996/03/05 04:00:00 14 0.384 37.11% 0.14
263 1992/10/30 15:00:00 1992/10/31 09:00:00 19 0.352 37.25% 0.14
264 1986/03/13 13:00:00 1986/03/13 23:00:00 11 0.346 37.39% 0.14
265 1994/03/19 02:00:00 1994/03/19 20:00:00 19 0.339 37.54% 0.14
266 1997/09/25 02:00:00 1997/09/26 03:00:00 26 0.319 37.68% 0.14
267 1991/03/15 03:00:00 1991/03/15 19:00:00 17 0.311 37.82% 0.14
268 2000/02/10 18:00:00 2000/02/10 20:00:00 3 0.31 37.96% 0.13
269 1978/03/09 16:00:00 1978/03/09 19:00:00 4 0.304 38.10% 0.13
270 1976/05/07 07:00:00 1976/05/07 09:00:00 3 0.304 38.24% 0.13
271 1988/02/02 03:00:00 1988/02/02 15:00:00 13 0.292 38.39% 0.13
272 1979/10/20 00:00:00 1979/10/20 14:00:00 15 0.29 38.53% 0.13
273 1994/01/24 23:00:00 1994/01/26 08:00:00 34 0.289 38.67% 0.13
274 1997/11/26 12:00:00 1997/11/27 06:00:00 19 0.288 38.81% 0.13
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275 1996/01/21 18:00:00 1996/01/22 07:00:00 14 0.287 38.95% 0.13
276 1981/11/28 04:00:00 1981/11/28 22:00:00 19 0.284 39.09% 0.13
277 1993/06/05 12:00:00 1993/06/05 17:00:00 6 0.282 39.24% 0.13
278 1979/02/14 02:00:00 1979/02/14 05:00:00 4 0.276 39.38% 0.13
279 1978/04/15 15:00:00 1978/04/15 22:00:00 8 0.27 39.52% 0.13
280 2005/03/04 17:00:00 2005/03/04 17:00:00 1 0.269 39.66% 0.13
281 1998/09/03 12:00:00 1998/09/03 18:00:00 7 0.267 39.80% 0.13
282 1994/03/06 05:00:00 1994/03/07 09:00:00 29 0.259 39.94% 0.13
283 1989/03/02 11:00:00 1989/03/03 13:00:00 27 0.258 40.08% 0.13
284 1997/01/23 02:00:00 1997/01/23 08:00:00 7 0.255 40.23% 0.13
285 1987/10/22 14:00:00 1987/10/23 00:00:00 11 0.254 40.37% 0.13
286 1986/04/06 04:00:00 1986/04/06 10:00:00 7 0.249 40.51% 0.13
287 2001/01/26 11:00:00 2001/01/27 10:00:00 24 0.249 40.65% 0.13
288 1999/04/02 04:00:00 1999/04/02 08:00:00 5 0.237 40.79% 0.13
289 1982/09/25 23:00:00 1982/09/26 13:00:00 15 0.237 40.93% 0.13
290 1990/06/09 08:00:00 1990/06/09 19:00:00 12 0.234 41.08% 0.12
291 1989/03/25 09:00:00 1989/03/25 17:00:00 9 0.23 41.22% 0.12
292 1975/02/03 07:00:00 1975/02/05 09:00:00 51 0.227 41.36% 0.12
293 1988/12/18 12:00:00 1988/12/19 08:00:00 21 0.219 41.50% 0.12
294 1972/12/07 03:00:00 1972/12/08 20:00:00 42 0.218 41.64% 0.12
295 2001/02/23 09:00:00 2001/02/23 18:00:00 10 0.216 41.78% 0.12
296 1987/03/24 17:00:00 1987/03/24 17:00:00 1 0.209 41.93% 0.12
297 1977/12/17 10:00:00 1977/12/18 07:00:00 22 0.209 42.07% 0.12
298 1998/03/06 03:00:00 1998/03/06 09:00:00 7 0.208 42.21% 0.12
299 2005/10/18 01:00:00 2005/10/18 09:00:00 9 0.207 42.35% 0.12
300 1975/03/22 05:00:00 1975/03/22 10:00:00 6 0.207 42.49% 0.12
301 2004/11/27 18:00:00 2004/11/27 21:00:00 4 0.205 42.63% 0.12
302 1981/03/05 03:00:00 1981/03/05 16:00:00 14 0.199 42.78% 0.12
303 1997/02/10 21:00:00 1997/02/11 02:00:00 6 0.195 42.92% 0.12
304 2004/02/02 23:00:00 2004/02/03 03:00:00 5 0.192 43.06% 0.12
305 1978/12/01 19:00:00 1978/12/01 19:00:00 1 0.192 43.20% 0.12
306 1984/11/08 07:00:00 1984/11/08 08:00:00 2 0.192 43.34% 0.12
307 1987/03/15 02:00:00 1987/03/15 15:00:00 14 0.192 43.48% 0.12
308 1987/03/21 16:00:00 1987/03/22 18:00:00 27 0.192 43.63% 0.12
309 1987/12/29 16:00:00 1987/12/29 16:00:00 1 0.192 43.77% 0.12
310 1990/01/02 04:00:00 1990/01/02 10:00:00 7 0.192 43.91% 0.12
311 1990/01/30 23:00:00 1990/01/31 01:00:00 3 0.192 44.05% 0.12
312 1991/01/09 13:00:00 1991/01/09 15:00:00 3 0.192 44.19% 0.12
313 1992/03/31 15:00:00 1992/04/01 14:00:00 24 0.192 44.33% 0.12
314 1993/12/14 18:00:00 1993/12/14 18:00:00 1 0.192 44.48% 0.12
315 1994/05/06 23:00:00 1994/05/07 08:00:00 10 0.192 44.62% 0.11
316 1995/01/15 18:00:00 1995/01/15 20:00:00 3 0.192 44.76% 0.11
317 1997/11/10 15:00:00 1997/11/10 17:00:00 3 0.192 44.90% 0.11
318 1999/04/11 23:00:00 1999/04/12 02:00:00 4 0.192 45.04% 0.11
319 1999/07/08 05:00:00 1999/07/08 06:00:00 2 0.192 45.18% 0.11
320 1999/07/12 20:00:00 1999/07/12 20:00:00 1 0.192 45.33% 0.11
321 2001/01/08 17:00:00 2001/01/09 11:00:00 19 0.192 45.47% 0.11
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322 2001/03/06 04:00:00 2001/03/07 02:00:00 23 0.192 45.61% 0.11
323 2004/02/18 17:00:00 2004/02/18 18:00:00 2 0.192 45.75% 0.11
324 2004/04/01 21:00:00 2004/04/01 21:00:00 1 0.192 45.89% 0.11
325 1974/01/01 04:00:00 1974/01/01 08:00:00 5 0.191 46.03% 0.11
326 1992/12/04 08:00:00 1992/12/04 12:00:00 5 0.191 46.18% 0.11
327 1993/12/11 16:00:00 1993/12/11 21:00:00 6 0.191 46.32% 0.11
328 2001/12/14 14:00:00 2001/12/14 15:00:00 2 0.191 46.46% 0.11
329 1974/12/28 06:00:00 1974/12/29 07:00:00 26 0.191 46.60% 0.11
330 1994/11/10 10:00:00 1994/11/10 13:00:00 4 0.19 46.74% 0.11
331 1998/11/09 06:00:00 1998/11/09 10:00:00 5 0.19 46.88% 0.11
332 1981/11/26 18:00:00 1981/11/27 01:00:00 8 0.19 47.03% 0.11
333 1981/02/25 20:00:00 1981/02/26 01:00:00 6 0.19 4717% 0.11
334 1996/12/22 12:00:00 1996/12/22 16:00:00 5 0.19 47.31% 0.11
335 1982/02/08 08:00:00 1982/02/08 13:00:00 6 0.189 47.45% 0.11
336 1976/11/12 01:00:00 1976/11/12 16:00:00 16 0.189 47.59% 0.11
337 2002/03/17 22:00:00 2002/03/18 00:00:00 3 0.189 47.73% 0.11
338 1991/10/26 19:00:00 1991/10/27 13:00:00 19 0.188 47.88% 0.11
339 2000/10/29 20:00:00 2000/10/30 01:00:00 6 0.188 48.02% 0.11
340 1996/10/30 12:00:00 1996/10/30 16:00:00 5 0.188 48.16% 0.11
341 1984/10/17 04:00:00 1984/10/17 12:00:00 9 0.188 48.30% 0.11
342 1996/04/18 00:00:00 1996/04/18 03:00:00 4 0.187 48.44% 0.11
343 1990/04/04 10:00:00 1990/04/04 15:00:00 6 0.187 48.58% 0.11
344 1990/05/28 04:00:00 1990/05/28 11:00:00 8 0.187 48.73% 0.11
345 2003/05/03 07:00:00 2003/05/03 12:00:00 6 0.186 48.87% 0.1
346 1982/08/22 20:00:00 1982/08/22 22:00:00 3 0.186 49.01% 0.1
347 1979/03/01 09:00:00 1979/03/01 13:00:00 5 0.175 49.15% 0.1
348 1972/04/13 05:00:00 1972/04/13 05:00:00 1 0.173 49.29% 0.1
349 1972/04/19 13:00:00 1972/04/19 16:00:00 4 0.173 49.43% 0.1
350 1975/03/14 00:00:00 1975/03/14 01:00:00 2 0.173 49.58% 0.1
351 2004/03/02 00:00:00 2004/03/02 04:00:00 5 0.164 49.72% 0.1
352 1973/11/17 22:00:00 1973/11/18 13:00:00 16 0.153 49.86% 0.1
353 1980/03/10 18:00:00 1980/03/10 20:00:00 3 0.144 50.00% 0.1
354 1993/03/28 02:00:00 1993/03/28 04:00:00 3 0.138 50.14% 0.1
355 1978/01/30 14:00:00 1978/01/30 20:00:00 7 0.138 50.28% 0.1
356 1978/11/23 10:00:00 1978/11/25 03:00:00 42 0.135 50.42% 0.1
357 1972/11/11 03:00:00 1972/11/11 08:00:00 6 0.127 50.57% 0.1
358 1982/04/11 18:00:00 1982/04/11 20:00:00 3 0.125 50.71% 0.1
359 1985/01/07 09:00:00 1985/01/08 03:00:00 19 0.124 50.85% 0.1
360 2000/02/16 15:00:00 2000/02/16 17:00:00 3 0.121 50.99% 0.1
361 1997/11/13 10:00:00 1997/11/13 18:00:00 9 0.115 51.13% 0.1
362 2000/02/27 18:00:00 2000/02/27 19:00:00 2 0.115 51.27% 0.1
363 1977/02/23 15:00:00 1977/02/24 17:00:00 27 0.112 51.42% 0.1
364 1976/09/03 18:00:00 1976/09/03 19:00:00 2 0.108 51.56% 0.1
365 1975/02/09 05:00:00 1975/02/09 22:00:00 18 0.106 51.70% 0.1
366 1988/02/29 21:00:00 1988/03/02 02:00:00 30 0.101 51.84% 0.1
367 1973/03/28 09:00:00 1973/03/28 09:00:00 1 0.096 51.98% 0.1
368 1973/04/30 11:00:00 1973/04/30 11:00:00 1 0.096 52.12% 0.1
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369 1973/11/27 13:00:00 1973/11/27 13:00:00 1 0.096 52.27% 0.1
370 1973/12/01 14:00:00 1973/12/02 13:00:00 24 0.096 52.41% 0.1
371 1974/01/20 18:00:00 1974/01/20 18:00:00 1 0.096 52.55% 0.1
372 1974/03/27 11:00:00 1974/03/27 11:00:00 1 0.096 52.69% 0.1
373 1974/04/01 23:00:00 1974/04/02 05:00:00 7 0.096 52.83% 0.1
374 1974/10/28 10:00:00 1974/10/29 09:00:00 24 0.096 52.97% 0.1
375 1974/10/31 12:00:00 1974/10/31 12:00:00 1 0.096 53.12% 0.1
376 1975/01/07 08:00:00 1975/01/07 08:00:00 1 0.096 53.26% 0.1
377 1975/01/31 14:00:00 1975/01/31 14:00:00 1 0.096 53.40% 0.1
378 1975/06/18 14:00:00 1975/06/18 14:00:00 1 0.096 53.54% 0.1
379 1975/07/15 10:00:00 1975/07/15 10:00:00 1 0.096 53.68% 0.1
380 1976/10/02 01:00:00 1976/10/02 01:00:00 1 0.096 53.82% 0.1
381 1976/10/23 15:00:00 1976/10/23 15:00:00 1 0.096 53.97% 0.09
382 1977/01/26 01:00:00 1977/01/26 01:00:00 1 0.096 54.11% 0.09
383 1977/03/16 13:00:00 1977/03/16 15:00:00 3 0.096 54.25% 0.09
384 1977/04/01 14:00:00 1977/04/01 14:00:00 1 0.096 54.39% 0.09
385 1977/04/02 15:00:00 1977/04/02 15:00:00 1 0.096 54.53% 0.09
386 1977/05/24 05:00:00 1977/05/24 05:00:00 1 0.096 54.67% 0.09
387 1977/08/20 15:00:00 1977/08/20 15:00:00 1 0.096 54.82% 0.09
388 1977/12/22 11:00:00 1977/12/23 08:00:00 22 0.096 54.96% 0.09
389 1978/02/05 10:00:00 1978/02/06 13:00:00 28 0.096 55.10% 0.09
390 1978/03/22 07:00:00 1978/03/22 14:00:00 8 0.096 55.24% 0.09
391 1978/04/02 08:00:00 1978/04/02 08:00:00 1 0.096 55.38% 0.09
392 1978/04/04 17:00:00 1978/04/04 17:00:00 1 0.096 55.52% 0.09
393 1978/04/25 07:00:00 1978/04/25 07:00:00 1 0.096 55.67% 0.09
394 1979/01/12 12:00:00 1979/01/12 12:00:00 1 0.096 55.81% 0.09
395 1979/01/28 12:00:00 1979/01/28 19:00:00 8 0.096 55.95% 0.09
396 1979/02/04 14:00:00 1979/02/05 12:00:00 23 0.096 56.09% 0.09
397 1979/03/13 07:00:00 1979/03/13 07:00:00 1 0.096 56.23% 0.09
398 1979/03/21 05:00:00 1979/03/21 05:00:00 1 0.096 56.37% 0.09
399 1979/07/20 00:00:00 1979/07/20 04:00:00 5 0.096 56.52% 0.09
400 1979/12/15 11:00:00 1979/12/15 11:00:00 1 0.096 56.66% 0.09
401 1979/12/21 13:00:00 1979/12/21 13:00:00 1 0.096 56.80% 0.09
402 1979/12/25 07:00:00 1979/12/25 09:00:00 3 0.096 56.94% 0.09
403 1980/01/11 12:00:00 1980/01/11 12:00:00 1 0.096 57.08% 0.09
404 1980/01/12 22:00:00 1980/01/13 01:00:00 4 0.096 57.22% 0.09
405 1980/01/16 18:00:00 1980/01/18 03:00:00 34 0.096 57.37% 0.09
406 1980/02/01 16:00:00 1980/02/01 16:00:00 1 0.096 57.51% 0.09
407 1980/03/26 02:00:00 1980/03/26 06:00:00 5 0.096 57.65% 0.09
408 1980/04/22 14:00:00 1980/04/24 14:00:00 49 0.096 57.79% 0.09
409 1980/04/28 19:00:00 1980/04/28 19:00:00 1 0.096 57.93% 0.09
410 1980/05/10 10:00:00 1980/05/11 01:00:00 16 0.096 58.07% 0.09
411 1981/01/11 07:00:00 1981/01/11 07:00:00 1 0.096 58.22% 0.09
412 1981/01/26 13:00:00 1981/01/26 13:00:00 1 0.096 58.36% 0.09
413 1981/03/08 11:00:00 1981/03/08 11:00:00 1 0.096 58.50% 0.09
414 1981/04/02 14:00:00 1981/04/02 14:00:00 1 0.096 58.64% 0.09
415 1981/04/18 11:00:00 1981/04/19 07:00:00 21 0.096 58.78% 0.09
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416 1981/10/11 08:00:00 1981/10/11 08:00:00 1 0.096 58.92% 0.09
417 1981/10/28 22:00:00 1981/10/28 22:00:00 1 0.096 59.07% 0.09
418 1981/12/24 14:00:00 1981/12/24 14:00:00 1 0.096 59.21% 0.09
419 1981/12/30 09:00:00 1981/12/30 13:00:00 5 0.096 59.35% 0.09
420 1982/01/03 14:00:00 1982/01/03 14:00:00 1 0.096 59.49% 0.09
421 1982/01/10 23:00:00 1982/01/11 08:00:00 10 0.096 59.63% 0.09
422 1982/01/28 18:00:00 1982/01/28 18:00:00 1 0.096 59.77% 0.09
423 1982/02/20 15:00:00 1982/02/20 15:00:00 1 0.096 59.92% 0.09
424 1982/03/02 15:00:00 1982/03/02 15:00:00 1 0.096 60.06% 0.09
425 1982/03/12 11:00:00 1982/03/12 11:00:00 1 0.096 60.20% 0.09
426 1982/03/23 14:00:00 1982/03/23 14:00:00 1 0.096 60.34% 0.09
427 1982/03/26 01:00:00 1982/03/26 06:00:00 6 0.096 60.48% 0.08
428 1982/05/11 16:00:00 1982/05/12 12:00:00 21 0.096 60.62% 0.08
429 1982/08/20 11:00:00 1982/08/20 11:00:00 1 0.096 60.76% 0.08
430 1982/08/26 13:00:00 1982/08/27 11:00:00 23 0.096 60.91% 0.08
431 1982/10/24 15:00:00 1982/10/24 15:00:00 1 0.096 61.05% 0.08
432 1982/11/18 19:00:00 1982/11/19 03:00:00 9 0.096 61.19% 0.08
433 1982/12/07 20:00:00 1982/12/07 20:00:00 1 0.096 61.33% 0.08
434 1982/12/21 12:00:00 1982/12/21 12:00:00 1 0.096 61.47% 0.08
435 1983/01/19 04:00:00 1983/01/19 18:00:00 15 0.096 61.61% 0.08
436 1983/02/01 12:00:00 1983/02/01 12:00:00 1 0.096 61.76% 0.08
437 1983/02/05 18:00:00 1983/02/05 18:00:00 1 0.096 61.90% 0.08
438 1983/02/24 09:00:00 1983/02/25 01:00:00 17 0.096 62.04% 0.08
439 1983/03/05 23:00:00 1983/03/06 04:00:00 6 0.096 62.18% 0.08
440 1983/03/14 00:00:00 1983/03/14 02:00:00 3 0.096 62.32% 0.08
441 1983/03/22 19:00:00 1983/03/22 22:00:00 4 0.096 62.46% 0.08
442 1983/04/02 14:00:00 1983/04/02 14:00:00 1 0.096 62.61% 0.08
443 1983/08/06 12:00:00 1983/08/06 12:00:00 1 0.096 62.75% 0.08
444 1983/08/09 03:00:00 1983/08/09 16:00:00 14 0.096 62.89% 0.08
445 1983/09/20 10:00:00 1983/09/20 13:00:00 4 0.096 63.03% 0.08
446 1983/10/06 23:00:00 1983/10/07 09:00:00 11 0.096 63.17% 0.08
447 1983/11/18 02:00:00 1983/11/18 02:00:00 1 0.096 63.31% 0.08
448 1983/12/09 11:00:00 1983/12/09 20:00:00 10 0.096 63.46% 0.08
449 1983/12/27 07:00:00 1983/12/27 07:00:00 1 0.096 63.60% 0.08
450 1983/12/31 15:00:00 1983/12/31 15:00:00 1 0.096 63.74% 0.08
451 1984/01/03 14:00:00 1984/01/03 15:00:00 2 0.096 63.88% 0.08
452 1984/01/14 06:00:00 1984/01/14 06:00:00 1 0.096 64.02% 0.08
453 1984/01/16 17:00:00 1984/01/16 17:00:00 1 0.096 64.16% 0.08
454 1984/02/10 10:00:00 1984/02/10 10:00:00 1 0.096 64.31% 0.08
455 1984/03/26 23:00:00 1984/03/26 23:00:00 1 0.096 64.45% 0.08
456 1984/04/06 07:00:00 1984/04/06 07:00:00 1 0.096 64.59% 0.08
457 1984/04/19 07:00:00 1984/04/19 07:00:00 1 0.096 64.73% 0.08
458 1984/07/14 18:00:00 1984/07/14 18:00:00 1 0.096 64.87% 0.08
459 1984/11/21 10:00:00 1984/11/21 10:00:00 1 0.096 65.01% 0.08
460 1984/12/03 09:00:00 1984/12/03 14:00:00 6 0.096 65.16% 0.08
461 1984/12/08 00:00:00 1984/12/08 02:00:00 3 0.096 65.30% 0.08
462 1984/12/13 12:00:00 1984/12/13 12:00:00 1 0.096 65.44% 0.08
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463 1985/01/30 08:00:00 1985/01/30 12:00:00 5 0.096 65.58% 0.08
464 1985/02/04 07:00:00 1985/02/04 07:00:00 1 0.096 65.72% 0.08
465 1985/02/20 18:00:00 1985/02/20 18:00:00 1 0.096 65.86% 0.08
466 1985/03/02 17:00:00 1985/03/02 17:00:00 1 0.096 66.01% 0.08
467 1985/03/08 13:00:00 1985/03/08 13:00:00 1 0.096 66.15% 0.08
468 1985/03/27 08:00:00 1985/03/28 11:00:00 28 0.096 66.29% 0.08
469 1985/09/05 07:00:00 1985/09/05 07:00:00 1 0.096 66.43% 0.08
470 1985/09/18 10:00:00 1985/09/19 11:00:00 26 0.096 66.57% 0.08
471 1985/10/09 20:00:00 1985/10/09 20:00:00 1 0.096 66.71% 0.08
472 1985/10/21 23:00:00 1985/10/22 00:00:00 2 0.096 66.86% 0.08
473 1985/12/02 15:00:00 1985/12/03 01:00:00 11 0.096 67.00% 0.08
474 1985/12/10 15:00:00 1985/12/10 21:00:00 7 0.096 67.14% 0.08
475 1985/12/18 23:00:00 1985/12/18 23:00:00 1 0.096 67.28% 0.08
476 1986/01/31 18:00:00 1986/01/31 19:00:00 2 0.096 67.42% 0.08
477 1986/02/19 14:00:00 1986/02/19 14:00:00 1 0.096 67.56% 0.08
478 1986/02/28 19:00:00 1986/02/28 19:00:00 1 0.096 67.71% 0.08
479 1986/05/07 10:00:00 1986/05/07 10:00:00 1 0.096 67.85% 0.08
480 1986/08/18 04:00:00 1986/08/18 04:00:00 1 0.096 67.99% 0.08
481 1986/10/02 18:00:00 1986/10/02 19:00:00 2 0.096 68.13% 0.08
482 1986/12/05 21:00:00 1986/12/06 22:00:00 26 0.096 68.27% 0.08
483 1986/12/10 14:00:00 1986/12/10 14:00:00 1 0.096 68.41% 0.08
484 1986/12/20 06:00:00 1986/12/20 06:00:00 1 0.096 68.56% 0.07
485 1987/02/14 12:00:00 1987/02/14 12:00:00 1 0.096 68.70% 0.07
486 1987/04/03 21:00:00 1987/04/03 21:00:00 1 0.096 68.84% 0.07
487 1987/04/05 15:00:00 1987/04/05 15:00:00 1 0.096 68.98% 0.07
488 1987/05/07 15:00:00 1987/05/07 15:00:00 1 0.096 69.12% 0.07
489 1987/09/13 08:00:00 1987/09/13 08:00:00 1 0.096 69.26% 0.07
490 1987/10/29 01:00:00 1987/10/29 01:00:00 1 0.096 69.41% 0.07
491 1987/12/07 05:00:00 1987/12/07 05:00:00 1 0.096 69.55% 0.07
492 1987/12/26 13:00:00 1987/12/26 13:00:00 1 0.096 69.69% 0.07
493 1988/04/23 12:00:00 1988/04/23 12:00:00 1 0.096 69.83% 0.07
494 1988/05/29 05:00:00 1988/05/29 05:00:00 1 0.096 69.97% 0.07
495 1988/11/14 05:00:00 1988/11/14 09:00:00 5 0.096 70.11% 0.07
496 1988/11/25 05:00:00 1988/11/25 12:00:00 8 0.096 70.25% 0.07
497 1988/12/15 06:00:00 1988/12/16 18:00:00 37 0.096 70.40% 0.07
498 1988/12/22 23:00:00 1988/12/22 23:00:00 1 0.096 70.54% 0.07
499 1988/12/26 10:00:00 1988/12/26 10:00:00 1 0.096 70.68% 0.07
500 1988/12/27 23:00:00 1988/12/27 23:00:00 1 0.096 70.82% 0.07
501 1989/02/02 08:00:00 1989/02/03 00:00:00 17 0.096 70.96% 0.07
502 1989/02/08 02:00:00 1989/02/08 02:00:00 1 0.096 71.10% 0.07
503 1989/02/09 13:00:00 1989/02/10 02:00:00 14 0.096 71.25% 0.07
504 1989/02/13 09:00:00 1989/02/13 19:00:00 11 0.096 71.39% 0.07
505 1989/04/26 08:00:00 1989/04/26 08:00:00 1 0.096 71.53% 0.07
506 1989/05/11 00:00:00 1989/05/11 00:00:00 1 0.096 71.67% 0.07
507 1989/09/17 09:00:00 1989/09/17 09:00:00 1 0.096 71.81% 0.07
508 1989/09/19 09:00:00 1989/09/19 09:00:00 1 0.096 71.95% 0.07
509 1989/10/22 02:00:00 1989/10/22 07:00:00 6 0.096 72.10% 0.07
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510 1989/11/26 10:00:00 1989/11/26 10:00:00 1 0.096 72.24% 0.07
511 1990/01/15 14:00:00 1990/01/15 14:00:00 1 0.096 72.38% 0.07
512 1990/02/01 09:00:00 1990/02/01 09:00:00 1 0.096 72.52% 0.07
513 1990/02/08 08:00:00 1990/02/08 08:00:00 1 0.096 72.66% 0.07
514 1990/03/11 02:00:00 1990/03/11 07:00:00 6 0.096 72.80% 0.07
515 1990/04/23 20:00:00 1990/04/23 20:00:00 1 0.096 72.95% 0.07
516 1990/05/31 15:00:00 1990/05/31 15:00:00 1 0.096 73.09% 0.07
517 1990/12/19 13:00:00 1990/12/20 05:00:00 17 0.096 73.23% 0.07
518 1991/01/03 12:00:00 1991/01/04 07:00:00 20 0.096 73.37% 0.07
519 1991/03/11 02:00:00 1991/03/11 02:00:00 1 0.096 73.51% 0.07
520 1991/05/10 18:00:00 1991/05/10 18:00:00 1 0.096 73.65% 0.07
521 1991/06/29 17:00:00 1991/06/29 17:00:00 1 0.096 73.80% 0.07
522 1991/12/10 08:00:00 1991/12/11 03:00:00 20 0.096 73.94% 0.07
523 1991/12/19 02:00:00 1991/12/19 04:00:00 3 0.096 74.08% 0.07
524 1991/12/28 00:00:00 1991/12/28 03:00:00 4 0.096 74.22% 0.07
525 1992/01/03 05:00:00 1992/01/03 14:00:00 10 0.096 74.36% 0.07
526 1992/03/07 18:00:00 1992/03/08 10:00:00 17 0.096 74.50% 0.07
527 1992/07/08 12:00:00 1992/07/08 12:00:00 1 0.096 74.65% 0.07
528 1992/08/13 10:00:00 1992/08/13 10:00:00 1 0.096 74.79% 0.07
529 1992/10/23 06:00:00 1992/10/23 20:00:00 15 0.096 74.93% 0.07
530 1992/12/11 17:00:00 1992/12/11 17:00:00 1 0.096 75.07% 0.07
531 1992/12/18 00:00:00 1992/12/18 01:00:00 2 0.096 75.21% 0.07
532 1993/01/02 08:00:00 1993/01/02 10:00:00 3 0.096 75.35% 0.07
533 1993/02/26 20:00:00 1993/02/27 01:00:00 6 0.096 75.50% 0.07
534 1993/03/26 00:00:00 1993/03/26 05:00:00 6 0.096 75.64% 0.07
535 1993/10/16 08:00:00 1993/10/16 08:00:00 1 0.096 75.78% 0.07
536 1993/11/11 05:00:00 1993/11/12 09:00:00 29 0.096 75.92% 0.07
537 1993/11/23 03:00:00 1993/11/23 03:00:00 1 0.096 76.06% 0.07
538 1993/11/30 05:00:00 1993/11/30 05:00:00 1 0.096 76.20% 0.07
539 1993/12/19 04:00:00 1993/12/19 06:00:00 3 0.096 76.35% 0.07
540 1994/04/09 12:00:00 1994/04/09 12:00:00 1 0.096 76.49% 0.07
541 1994/04/24 03:00:00 1994/04/24 04:00:00 2 0.096 76.63% 0.07
542 1994/04/27 22:00:00 1994/04/28 10:00:00 13 0.096 76.77% 0.07
543 1994/12/24 08:00:00 1994/12/25 04:00:00 21 0.096 76.91% 0.07
544 1995/01/21 06:00:00 1995/01/21 13:00:00 8 0.096 77.05% 0.07
545 1995/03/21 07:00:00 1995/03/21 11:00:00 5 0.096 77.20% 0.07
546 1995/04/23 17:00:00 1995/04/23 17:00:00 1 0.096 77.34% 0.07
547 1995/05/05 00:00:00 1995/05/05 00:00:00 1 0.096 77.48% 0.07
548 1995/05/06 06:00:00 1995/05/06 06:00:00 1 0.096 77.62% 0.07
549 1995/05/13 07:00:00 1995/05/14 02:00:00 20 0.096 77.76% 0.07
550 1995/06/15 20:00:00 1995/06/16 20:00:00 25 0.096 77.90% 0.07
551 1995/07/16 07:00:00 1995/07/16 09:00:00 3 0.096 78.05% 0.07
552 1995/12/13 05:00:00 1995/12/13 21:00:00 17 0.096 78.19% 0.07
553 1995/12/23 10:00:00 1995/12/23 16:00:00 7 0.096 78.33% 0.07
554 1996/01/16 20:00:00 1996/01/16 20:00:00 1 0.096 78.47% 0.07
555 1996/01/23 12:00:00 1996/01/23 12:00:00 1 0.096 78.61% 0.07
556 1996/02/03 13:00:00 1996/02/03 13:00:00 1 0.096 78.75% 0.07
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557 1996/04/19 12:00:00 1996/04/19 12:00:00 1 0.096 78.90% 0.07
558 1996/05/24 11:00:00 1996/05/24 11:00:00 1 0.096 79.04% 0.07
559 1996/11/29 00:00:00 1996/11/29 00:00:00 1 0.096 79.18% 0.06
560 1996/12/06 02:00:00 1996/12/06 02:00:00 1 0.096 79.32% 0.06
561 1996/12/27 18:00:00 1996/12/28 08:00:00 15 0.096 79.46% 0.06
562 1997/01/03 00:00:00 1997/01/03 09:00:00 10 0.096 79.60% 0.06
563 1997/01/05 07:00:00 1997/01/05 14:00:00 8 0.096 79.75% 0.06
564 1997/01/27 11:00:00 1997/01/27 11:00:00 1 0.096 79.89% 0.06
565 1997/02/08 13:00:00 1997/02/08 13:00:00 1 0.096 80.03% 0.06
566 1997/02/27 07:00:00 1997/02/27 12:00:00 6 0.096 80.17% 0.06
567 1997/06/13 10:00:00 1997/06/13 10:00:00 1 0.096 80.31% 0.06
568 1997/09/15 12:00:00 1997/09/15 12:00:00 1 0.096 80.45% 0.06
569 1997/11/30 13:00:00 1997/11/30 23:00:00 11 0.096 80.59% 0.06
570 1997/12/18 16:00:00 1997/12/18 18:00:00 3 0.096 80.74% 0.06
571 1998/01/03 06:00:00 1998/01/03 08:00:00 3 0.096 80.88% 0.06
572 1998/01/04 17:00:00 1998/01/04 18:00:00 2 0.096 81.02% 0.06
573 1998/01/16 01:00:00 1998/01/16 01:00:00 1 0.096 81.16% 0.06
574 1998/01/19 03:00:00 1998/01/19 04:00:00 2 0.096 81.30% 0.06
575 1998/01/29 10:00:00 1998/01/29 11:00:00 2 0.096 81.44% 0.06
576 1998/01/31 20:00:00 1998/01/31 20:00:00 1 0.096 81.59% 0.06
577 1998/05/02 12:00:00 1998/05/02 12:00:00 1 0.096 81.73% 0.06
578 1998/09/16 06:00:00 1998/09/16 06:00:00 1 0.096 81.87% 0.06
579 1998/09/18 00:00:00 1998/09/18 00:00:00 1 0.096 82.01% 0.06
580 1998/09/22 04:00:00 1998/09/22 04:00:00 1 0.096 82.15% 0.06
581 1998/09/28 07:00:00 1998/09/28 07:00:00 1 0.096 82.29% 0.06
582 1998/10/15 09:00:00 1998/10/15 09:00:00 1 0.096 82.44% 0.06
583 1998/11/12 18:00:00 1998/11/12 18:00:00 1 0.096 82.58% 0.06
584 1998/12/02 23:00:00 1998/12/02 23:00:00 1 0.096 82.72% 0.06
585 1998/12/05 21:00:00 1998/12/06 02:00:00 6 0.096 82.86% 0.06
586 1998/12/19 17:00:00 1998/12/19 20:00:00 4 0.096 83.00% 0.06
587 1999/01/20 11:00:00 1999/01/21 09:00:00 23 0.096 83.14% 0.06
588 1999/01/31 12:00:00 1999/01/31 12:00:00 1 0.096 83.29% 0.06
589 1999/02/09 20:00:00 1999/02/09 23:00:00 4 0.096 83.43% 0.06
590 1999/03/04 21:00:00 1999/03/04 21:00:00 1 0.096 83.57% 0.06
591 1999/03/15 22:00:00 1999/03/16 01:00:00 4 0.096 83.71% 0.06
592 1999/04/04 11:00:00 1999/04/04 11:00:00 1 0.096 83.85% 0.06
593 1999/06/01 23:00:00 1999/06/02 06:00:00 8 0.096 83.99% 0.06
594 1999/12/10 06:00:00 1999/12/10 06:00:00 1 0.096 84.14% 0.06
595 1999/12/12 13:00:00 1999/12/12 13:00:00 1 0.096 84.28% 0.06
596 1999/12/14 15:00:00 1999/12/14 15:00:00 1 0.096 84.42% 0.06
597 2000/01/01 05:00:00 2000/01/02 01:00:00 21 0.096 84.56% 0.06
598 2000/01/16 12:00:00 2000/01/16 12:00:00 1 0.096 84.70% 0.06
599 2000/01/25 11:00:00 2000/01/25 13:00:00 3 0.096 84.84% 0.06
600 2000/01/31 04:00:00 2000/01/31 04:00:00 1 0.096 84.99% 0.06
601 2000/08/02 15:00:00 2000/08/03 12:00:00 22 0.096 85.13% 0.06
602 2000/10/26 12:00:00 2000/10/26 12:00:00 1 0.096 85.27% 0.06
603 2000/11/10 08:00:00 2000/11/11 04:00:00 21 0.096 85.41% 0.06
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604 2000/11/20 14:00:00 2000/11/20 14:00:00 1 0.096 85.55% 0.06
605 2001/01/24 13:00:00 2001/01/24 13:00:00 1 0.096 85.69% 0.06
606 2001/02/07 10:00:00 2001/02/07 10:00:00 1 0.096 85.84% 0.06
607 2001/02/19 21:00:00 2001/02/20 01:00:00 5 0.096 85.98% 0.06
608 2001/04/09 11:00:00 2001/04/09 20:00:00 10 0.096 86.12% 0.06
609 2001/10/12 20:00:00 2001/10/12 21:00:00 2 0.096 86.26% 0.06
610 2001/11/29 13:00:00 2001/11/29 13:00:00 1 0.096 86.40% 0.06
611 2001/12/03 14:00:00 2001/12/03 14:00:00 1 0.096 86.54% 0.06
612 2001/12/21 00:00:00 2001/12/21 09:00:00 10 0.096 86.69% 0.06
613 2001/12/29 22:00:00 2001/12/29 22:00:00 1 0.096 86.83% 0.06
614 2002/01/03 04:00:00 2002/01/03 04:00:00 1 0.096 86.97% 0.06
615 2002/01/28 03:00:00 2002/01/28 09:00:00 7 0.096 87.11% 0.06
616 2002/01/29 16:00:00 2002/01/29 16:00:00 1 0.096 87.25% 0.06
617 2002/02/17 10:00:00 2002/02/17 12:00:00 3 0.096 87.39% 0.06
618 2002/03/23 10:00:00 2002/03/23 10:00:00 1 0.096 87.54% 0.06
619 2002/04/20 09:00:00 2002/04/20 09:00:00 1 0.096 87.68% 0.06
620 2002/04/24 11:00:00 2002/04/24 15:00:00 5 0.096 87.82% 0.06
621 2002/09/06 13:00:00 2002/09/06 13:00:00 1 0.096 87.96% 0.06
622 2002/11/08 17:00:00 2002/11/09 20:00:00 28 0.096 88.10% 0.06
623 2002/11/29 11:00:00 2002/11/29 11:00:00 1 0.096 88.24% 0.06
624 2003/02/14 12:00:00 2003/02/14 12:00:00 1 0.096 88.39% 0.06
625 2003/02/20 08:00:00 2003/02/20 08:00:00 1 0.096 88.53% 0.06
626 2003/04/05 00:00:00 2003/04/05 00:00:00 1 0.096 88.67% 0.06
627 2003/04/13 06:00:00 2003/04/13 06:00:00 1 0.096 88.81% 0.06
628 2003/05/10 14:00:00 2003/05/10 14:00:00 1 0.096 88.95% 0.06
629 2003/07/30 08:00:00 2003/07/30 08:00:00 1 0.096 89.09% 0.06
630 2003/07/31 10:00:00 2003/07/31 10:00:00 1 0.096 89.24% 0.06
631 2003/11/01 06:00:00 2003/11/01 06:00:00 1 0.096 89.38% 0.06
632 2003/11/16 00:00:00 2003/11/16 01:00:00 2 0.096 89.52% 0.06
633 2003/12/15 12:00:00 2003/12/15 12:00:00 1 0.096 89.66% 0.06
634 2003/12/22 10:00:00 2003/12/22 10:00:00 1 0.096 89.80% 0.06
635 2004/01/20 21:00:00 2004/01/20 21:00:00 1 0.096 89.94% 0.06
636 2004/04/02 22:00:00 2004/04/02 22:00:00 1 0.096 90.08% 0.06
637 2004/04/04 12:00:00 2004/04/04 12:00:00 1 0.096 90.23% 0.06
638 2004/04/17 12:00:00 2004/04/17 13:00:00 2 0.096 90.37% 0.06
639 2004/04/18 13:00:00 2004/04/18 13:00:00 1 0.096 90.51% 0.06
640 2004/11/08 02:00:00 2004/11/08 11:00:00 10 0.096 90.65% 0.06
641 2004/12/05 06:00:00 2004/12/06 09:00:00 28 0.096 90.79% 0.06
642 2004/12/08 05:00:00 2004/12/08 10:00:00 6 0.096 90.93% 0.06
643 2005/01/05 12:00:00 2005/01/05 12:00:00 1 0.096 91.08% 0.06
644 2005/01/26 13:00:00 2005/01/26 13:00:00 1 0.096 91.22% 0.06
645 2005/02/06 13:00:00 2005/02/06 13:00:00 1 0.096 91.36% 0.06
646 2005/03/18 20:00:00 2005/03/19 14:00:00 19 0.096 91.50% 0.06
647 2005/04/08 22:00:00 2005/04/08 22:00:00 1 0.096 91.64% 0.06
648 2005/04/24 05:00:00 2005/04/24 07:00:00 3 0.096 91.78% 0.06
649 2005/09/20 03:00:00 2005/09/20 04:00:00 2 0.096 91.93% 0.06
650 2005/10/16 15:00:00 2005/10/16 20:00:00 6 0.096 92.07% 0.06
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651 1990/11/20 01:00:00 1990/11/20 01:00:00 1 0.094 92.21% 0.06
652 1990/11/26 02:00:00 1990/11/26 02:00:00 1 0.094 92.35% 0.06
653 2000/10/10 00:00:00 2000/10/10 00:00:00 1 0.094 92.49% 0.06
654 2002/12/21 16:00:00 2002/12/21 16:00:00 1 0.094 92.63% 0.06
655 2003/01/01 12:00:00 2003/01/01 12:00:00 1 0.094 92.78% 0.06
656 2004/01/01 00:00:00 2004/01/01 00:00:00 1 0.094 92.92% 0.06
657 2004/01/02 15:00:00 2004/01/03 00:00:00 10 0.094 93.06% 0.06
658 2006/02/18 05:00:00 2006/02/19 04:00:00 24 0.094 93.20% 0.06
659 2006/03/03 15:00:00 2006/03/03 15:00:00 1 0.094 93.34% 0.06
660 2006/03/10 15:00:00 2006/03/11 17:00:00 27 0.094 93.48% 0.06
661 2006/03/18 15:00:00 2006/03/18 15:00:00 1 0.094 93.63% 0.05
662 2006/03/21 01:00:00 2006/03/21 02:00:00 2 0.094 93.77% 0.05
663 1973/02/06 02:00:00 1973/02/07 08:00:00 31 0.093 93.91% 0.05
664 1971/12/03 00:00:00 1971/12/04 02:00:00 27 0.086 94.05% 0.05
665 1971/12/13 01:00:00 1971/12/13 06:00:00 6 0.086 94.19% 0.05
666 1972/02/05 08:00:00 1972/02/05 13:00:00 6 0.086 94.33% 0.05
667 1972/02/28 13:00:00 1972/02/28 13:00:00 1 0.086 94.48% 0.05
668 1972/05/18 22:00:00 1972/05/18 22:00:00 1 0.086 94.62% 0.05
669 1972/05/20 09:00:00 1972/05/20 09:00:00 1 0.086 94.76% 0.05
670 1972/06/07 04:00:00 1972/06/07 04:00:00 1 0.086 94.90% 0.05
671 1972/06/20 19:00:00 1972/06/20 23:00:00 5 0.086 95.04% 0.05
672 1973/01/04 09:00:00 1973/01/04 11:00:00 3 0.086 95.18% 0.05
673 1973/01/09 07:00:00 1973/01/09 22:00:00 16 0.086 95.33% 0.05
674 1974/05/20 11:00:00 1974/05/20 11:00:00 1 0.086 95.47% 0.05
675 1975/02/10 23:00:00 1975/02/10 23:00:00 1 0.086 95.61% 0.05
676 1975/03/25 12:00:00 1975/03/25 12:00:00 1 0.086 95.75% 0.05
677 1975/03/31 10:00:00 1975/04/01 05:00:00 20 0.086 95.89% 0.05
678 1975/04/05 05:00:00 1975/04/06 22:00:00 42 0.086 96.03% 0.05
679 1975/04/16 10:00:00 1975/04/17 07:00:00 22 0.086 96.18% 0.05
680 1975/04/25 04:00:00 1975/04/25 07:00:00 4 0.086 96.32% 0.05
681 1975/05/19 23:00:00 1975/05/20 18:00:00 20 0.086 96.46% 0.05
682 1975/10/07 05:00:00 1975/10/07 10:00:00 6 0.086 96.60% 0.05
683 1975/11/27 09:00:00 1975/11/28 17:00:00 33 0.086 96.74% 0.05
684 1975/12/12 14:00:00 1975/12/12 17:00:00 4 0.086 96.88% 0.05
685 1975/12/15 11:00:00 1975/12/15 11:00:00 1 0.086 97.03% 0.05
686 1975/12/20 13:00:00 1975/12/20 14:00:00 2 0.086 97.17% 0.05
687 1975/12/24 12:00:00 1975/12/24 12:00:00 1 0.086 97.31% 0.05
688 1976/03/09 20:00:00 1976/03/09 20:00:00 1 0.086 97.45% 0.05
689 1976/03/12 13:00:00 1976/03/12 13:00:00 1 0.086 97.59% 0.05
690 1976/04/04 05:00:00 1976/04/04 05:00:00 1 0.086 97.73% 0.05
691 1976/04/14 20:00:00 1976/04/15 17:00:00 22 0.086 97.88% 0.05
692 1977/05/12 09:00:00 1977/05/12 09:00:00 1 0.086 98.02% 0.05
693 1978/03/07 11:00:00 1978/03/07 11:00:00 1 0.086 98.16% 0.05
694 1980/12/07 12:00:00 1980/12/07 12:00:00 1 0.086 98.30% 0.05
695 1982/09/16 09:00:00 1982/09/17 09:00:00 25 0.086 98.44% 0.05
696 1983/04/11 00:00:00 1983/04/12 05:00:00 30 0.086 98.58% 0.05
697 1983/04/13 08:00:00 1983/04/13 08:00:00 1 0.086 98.73% 0.05
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698 1983/04/17 23:00:00 1983/04/18 07:00:00 9 0.086 98.87% 0.05
699 1983/05/01 06:00:00 1983/05/01 06:00:00 1 0.086 99.01% 0.05
700 1983/06/06 09:00:00 1983/06/06 09:00:00 1 0.086 99.15% 0.05
701 1971/10/16 05:00:00 1971/10/16 05:00:00 1 0.067 99.29% 0.05
702 1973/03/04 03:00:00 1973/03/04 08:00:00 6 0.056 99.43% 0.05
703 1973/02/03 14:00:00 1973/02/03 21:00:00 8 0.055 99.58% 0.05
704 1972/11/16 16:00:00 1972/11/16 16:00:00 1 0.045 99.72% 0.05
705 1973/01/25 21:00:00 1973/01/25 21:00:00 1 0.045 99.86% 0.05
-End of Data--------------——--
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SWMM.out file name: V:\17\17053\engineering\TM\Current\ SWMM\17053 post-development_2-5inhr.out

SWMM.out time stamp: 8/2/2019 1:46:43 PM

Q10: 0.000

Q5: 0.000

Q2: 0.000

Peak Flow Statistics Table Values

Rank Start Date End Date Duration Peak Frequency Return Period

1 1993/02/07 23:00:00 1993/02/10 22:00:00 72 6.408 0.20% 36
2 1978/01/03 21:00:00 1978/01/07 21:00:00 97 5.775 0.39% 18
3 1982/11/29 04:00:00 1982/12/02 07:00:00 76 5.379 0.59% 12
4 1980/01/26 22:00:00 1980/01/31 15:00:00 114 5.26 0.78% 9
5 1993/01/06 04:00:00 1993/01/20 22:00:00 355 4.732 0.98% 7.2
6 1978/01/09 15:00:00 1978/01/13 04:00:00 86 4.601 1.17% 6
7 1995/01/03 12:00:00 1995/01/14 15:00:00 268 4.346 1.37% 5.14
8 1998/02/14 11:00:00 1998/02/26 07:00:00 285 4.318 1.57% 4.5
9 1980/02/12 14:00:00 1980/02/23 13:00:00 264 4.214 1.76% 4
10 1976/09/10 03:00:00 1976/09/13 11:00:00 81 4.165 1.96% 3.6
11 1995/02/13 19:00:00 1995/02/16 21:00:00 75 4.007 2.15% 3.27
12 2005/01/07 14:00:00 2005/01/13 14:00:00 145 3.806 2.35% 3
13 1998/01/09 12:00:00 1998/01/12 08:00:00 69 3.651 2.54% 2.77
14 1982/01/20 03:00:00 1982/01/23 11:00:00 81 3.628 2.74% 2.57
15 1983/02/26 12:00:00 1983/03/06 12:00:00 193 3.599 2.94% 24
16 1997/12/06 07:00:00 1997/12/09 23:00:00 89 3.575 3.13% 2.25
17 1974/12/04 07:00:00 1974/12/06 16:00:00 58 3.533 3.33% 2.12
18 1978/01/14 15:00:00 1978/01/21 08:00:00 162 3.22 3.52% 2
19 1974/01/04 03:00:00 1974/01/10 08:00:00 150 3.143 3.72% 1.9
20 2004/10/17 07:00:00 2004/10/22 23:00:00 137 3.138 3.91% 1.8
21 1979/01/05 10:00:00 1979/01/08 16:00:00 79 3.04 4.11% 1.71
22 1978/02/05 13:00:00 1978/02/15 09:00:00 237 2.896 4.31% 1.64
23 1982/12/22 16:00:00 1982/12/25 02:00:00 59 2.875 4.50% 1.57
24 1992/03/20 16:00:00 1992/03/25 09:00:00 114 2.739 4.70% 1.5
25 1986/03/08 15:00:00 1986/03/18 21:00:00 247 2.7 4.89% 1.44
26 1986/02/13 13:00:00 1986/02/18 09:00:00 117 2.681 5.09% 1.39
27 1994/02/04 00:00:00 1994/02/10 13:00:00 158 2.646 5.28% 1.33
28 1971/12/22 07:00:00 1971/12/30 06:00:00 192 2.638 5.48% 1.29
29 1983/12/24 19:00:00 1983/12/28 08:00:00 86 2.634 5.68% 1.24
30 2000/02/20 10:00:00 2000/02/25 12:00:00 123 2.568 5.87% 1.2
31 1983/01/23 02:00:00 1983/01/31 01:00:00 192 2.521 6.07% 1.16
32 2004/12/28 08:00:00 2005/01/06 09:00:00 218 2.499 6.26% 1.13
33 1991/02/27 17:00:00 1991/03/03 16:00:00 96 2.422 6.46% 1.09
34 1980/01/07 16:00:00 1980/01/12 00:00:00 105 2.363 6.65% 1.06
35 1992/02/06 12:00:00 1992/02/17 20:00:00 273 2.325 6.85% 1.03
36 1995/03/11 00:00:00 1995/03/13 23:00:00 72 2.313 7.05% 1
37 1976/02/04 13:00:00 1976/02/12 06:00:00 186 2.293 7.24% 0.97
38 1973/01/16 19:00:00 1973/01/20 17:00:00 95 2.272 7.44% 0.95
39 1985/11/29 11:00:00 1985/12/03 22:00:00 108 2.239 7.63% 0.92
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Rank Start Date End Date Duration Peak Frequency Return Period
40 1979/01/30 20:00:00 1979/02/05 19:00:00 144 2.231 7.83% 0.9
41 1991/03/25 08:00:00 1991/03/29 13:00:00 102 2.22 8.02% 0.88
42 2003/02/25 02:00:00 2003/03/01 05:00:00 100 2.185 8.22% 0.86
43 1998/02/03 10:00:00 1998/02/11 00:00:00 183 2.179 8.41% 0.84
44 1988/01/05 14:00:00 1988/01/07 11:00:00 46 2.162 8.61% 0.82
45 1995/03/03 07:00:00 1995/03/08 02:00:00 116 2.15 8.81% 0.8
46 1982/03/14 07:00:00 1982/03/20 16:00:00 154 2.143 9.00% 0.78
47 2001/01/11 01:00:00 2001/01/14 04:00:00 76 2.131 9.20% 0.77
48 1976/12/30 16:00:00 1977/01/09 16:00:00 241 2.059 9.39% 0.75
49 1982/03/29 00:00:00 1982/04/03 11:00:00 132 1.978 9.59% 0.74
50 1984/12/26 17:00:00 1984/12/30 01:00:00 81 1.955 9.78% 0.72
51 1983/03/17 07:00:00 1983/03/26 03:00:00 213 1.942 9.98% 0.71
52 1973/02/11 03:00:00 1973/02/15 04:00:00 98 1.873 10.18% 0.69
53 1977/05/07 21:00:00 1977/05/11 08:00:00 84 1.829 10.37% 0.68
54 1972/12/04 12:00:00 1972/12/09 18:00:00 127 1.801 10.57% 0.67
55 1993/02/18 13:00:00 1993/02/22 15:00:00 99 1.774 10.76% 0.66
56 1983/02/07 05:00:00 1983/02/10 05:00:00 73 1.757 10.96% 0.64
57 2003/03/15 14:00:00 2003/03/18 20:00:00 79 1.68 11.15% 0.63
58 2000/04/17 19:00:00 2000/04/20 02:00:00 56 1.643 11.35% 0.62
59 2004/10/27 02:00:00 2004/10/30 07:00:00 78 1.636 11.55% 0.61
60 1996/11/21 15:00:00 1996/11/24 09:00:00 67 1.625 11.74% 0.6
61 2005/02/18 05:00:00 2005/02/26 17:00:00 205 1.6 11.94% 0.59
62 1978/02/27 09:00:00 1978/03/07 18:00:00 202 1.59 12.13% 0.58
63 1986/11/17 23:00:00 1986/11/20 00:00:00 50 1.578 12.33% 0.57
64 1987/10/11 16:00:00 1987/10/14 12:00:00 69 1.548 12.52% 0.56
65 1991/03/19 00:00:00 1991/03/22 21:00:00 94 1.544 12.72% 0.55
66 1990/02/17 08:00:00 1990/02/20 03:00:00 68 1.539 12.92% 0.55
67 1997/01/12 14:00:00 1997/01/17 08:00:00 115 1.537 13.11% 0.54
68 2003/12/25 05:00:00 2003/12/27 15:00:00 59 1.53 13.31% 0.53
69 1982/02/08 10:00:00 1982/02/12 18:00:00 105 1.518 13.50% 0.52
70 2003/04/14 11:00:00 2003/04/16 23:00:00 61 1.517 13.70% 0.51
71 1992/01/05 09:00:00 1992/01/09 02:00:00 90 1.51 13.89% 0.51
72 1978/09/05 18:00:00 1978/09/07 20:00:00 51 1.442 14.09% 0.5
73 1994/02/17 12:00:00 1994/02/22 08:00:00 117 1.432 14.29% 0.49
74 2003/02/11 08:00:00 2003/02/15 11:00:00 100 1.411 14.48% 0.49
75 1986/09/25 00:00:00 1986/09/27 01:00:00 50 1.405 14.68% 0.48
76 1976/03/01 13:00:00 1976/03/05 02:00:00 86 1.394 14.87% 0.47
77 1988/01/17 07:00:00 1988/01/19 21:00:00 63 1.394 15.07% 0.47
78 1996/12/09 17:00:00 1996/12/12 22:00:00 78 1.378 15.26% 0.46
79 1985/11/11 05:00:00 1985/11/14 02:00:00 70 1.368 15.46% 0.46
80 1996/01/31 07:00:00 1996/02/03 20:00:00 86 1.355 15.66% 0.45
81 1977/12/25 21:00:00 1977/12/30 19:00:00 119 1.345 15.85% 0.44
82 1988/12/15 09:00:00 1988/12/23 09:00:00 193 1.34 16.05% 0.44
83 1991/12/28 03:00:00 1991/12/31 22:00:00 92 1.283 16.24% 0.43
84 1987/12/16 15:00:00 1987/12/20 03:00:00 85 1.283 16.44% 0.43
85 1980/03/02 22:00:00 1980/03/08 05:00:00 128 1.28 16.63% 0.42
86 2001/02/23 12:00:00 2001/03/02 07:00:00 164 1.187 16.83% 0.42
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87 1998/05/04 19:00:00 1998/05/07 08:00:00 62 1.168 17.03% 0.41
88 1998/05/12 16:00:00 1998/05/15 07:00:00 64 1.147 17.22% 0.41
89 1997/01/25 19:00:00 1997/01/28 16:00:00 70 1.133 17.42% 0.4
90 2004/02/26 03:00:00 2004/02/28 06:00:00 52 1.117 17.61% 0.4
91 1987/01/04 15:00:00 1987/01/08 15:00:00 97 1.072 17.81% 0.4
92 1992/12/07 08:00:00 1992/12/09 14:00:00 55 1.066 18.00% 0.39
93 1974/03/07 17:00:00 1974/03/10 16:00:00 72 1.055 18.20% 0.39
94 1984/12/16 03:00:00 1984/12/21 23:00:00 141 1.046 18.40% 0.38
95 2005/03/22 21:00:00 2005/03/24 17:00:00 45 1.011 18.59% 0.38
96 2001/02/11 16:00:00 2001/02/15 21:00:00 102 0.988 18.79% 0.38
97 1994/03/24 22:00:00 1994/03/26 19:00:00 46 0.983 18.98% 0.37
98 1978/03/30 18:00:00 1978/04/02 15:00:00 70 0.975 19.18% 0.37
99 1988/12/24 21:00:00 1988/12/27 02:00:00 54 0.974 19.37% 0.36
100 2004/02/22 02:00:00 2004/02/24 19:00:00 66 0.974 19.57% 0.36
101 1985/11/24 18:00:00 1985/11/27 14:00:00 69 0.972 19.77% 0.36
102 1977/08/15 22:00:00 1977/08/19 12:00:00 87 0.96 19.96% 0.35
103 1988/04/20 02:00:00 1988/04/23 19:00:00 90 0.946 20.16% 0.35
104 2006/02/27 20:00:00 2006/03/02 00:00:00 53 0.944 20.35% 0.35
105 2004/11/21 06:00:00 2004/11/23 01:00:00 44 0.939 20.55% 0.34
106 1979/11/07 22:00:00 1979/11/09 16:00:00 43 0.936 20.74% 0.34
107 1981/01/28 06:00:00 1981/01/31 17:00:00 84 0.915 20.94% 0.34
108 2000/03/05 03:00:00 2000/03/10 04:00:00 122 0.909 21.14% 0.33
109 1998/03/24 23:00:00 1998/04/02 06:00:00 200 0.907 21.33% 0.33
110 2005/02/11 01:00:00 2005/02/14 05:00:00 77 0.896 21.53% 0.33
111 1990/04/16 21:00:00 1990/04/18 15:00:00 43 0.879 21.72% 0.32
112 1979/03/16 17:00:00 1979/03/21 18:00:00 122 0.867 21.92% 0.32
113 1979/01/14 18:00:00 1979/01/19 21:00:00 124 0.865 22.11% 0.32
114 1981/02/28 19:00:00 1981/03/06 09:00:00 135 0.864 22.31% 0.32
115 1979/03/27 06:00:00 1979/03/30 20:00:00 87 0.859 22.50% 0.31
116 1992/03/02 07:00:00 1992/03/04 14:00:00 56 0.852 22.70% 0.31
117 1975/04/05 08:00:00 1975/04/10 21:00:00 134 0.849 22.90% 0.31
118 1982/11/09 08:00:00 1982/11/12 04:00:00 69 0.84 23.09% 0.31
119 1995/01/24 04:00:00 1995/01/27 22:00:00 91 0.832 23.29% 0.3
120 1983/11/11 23:00:00 1983/11/14 18:00:00 68 0.824 23.48% 0.3
121 1978/12/17 01:00:00 1978/12/21 01:00:00 97 0.815 23.68% 0.3
122 1990/01/13 07:00:00 1990/01/19 00:00:00 138 0.808 23.87% 0.3
123 1996/02/25 10:00:00 1996/02/29 16:00:00 103 0.808 24.07% 0.29
124 1987/11/04 18:00:00 1987/11/07 13:00:00 68 0.806 24.27% 0.29
125 1999/01/25 07:00:00 1999/01/28 12:00:00 78 0.784 24.46% 0.29
126 1996/03/12 20:00:00 1996/03/15 03:00:00 56 0.783 24.66% 0.29
127 1975/03/05 19:00:00 1975/03/14 17:00:00 215 0.759 24.85% 0.28
128 1978/11/21 17:00:00 1978/11/25 16:00:00 96 0.746 25.05% 0.28
129 1982/01/01 08:00:00 1982/01/03 23:00:00 64 0.741 25.24% 0.28
130 1983/09/30 08:00:00 1983/10/03 01:00:00 66 0.718 25.44% 0.28
131 1980/12/04 14:00:00 1980/12/07 18:00:00 77 0.682 25.64% 0.28
132 1986/01/30 05:00:00 1986/02/01 20:00:00 64 0.68 25.83% 0.27
133 2001/03/10 00:00:00 2001/03/11 21:00:00 46 0.674 26.03% 0.27
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134 2001/11/24 17:00:00 2001/11/26 09:00:00 41 0.663 26.22% 0.27
135 2002/12/16 17:00:00 2002/12/18 16:00:00 48 0.641 26.42% 0.27
136 2003/11/12 09:00:00 2003/11/14 12:00:00 52 0.635 26.61% 0.27
137 1974/03/02 08:00:00 1974/03/04 23:00:00 64 0.624 26.81% 0.26
138 1996/02/20 09:00:00 1996/02/23 16:00:00 80 0.605 27.01% 0.26
139 1973/11/22 23:00:00 1973/11/24 16:00:00 42 0.559 27.20% 0.26
140 1988/04/14 21:00:00 1988/04/16 15:00:00 43 0.556 27.40% 0.26
141 1973/03/06 12:00:00 1973/03/08 14:00:00 51 0.546 27.59% 0.26
142 1984/09/16 14:00:00 1984/09/17 02:00:00 13 0.522 27.79% 0.25
143 1984/11/24 17:00:00 1984/11/26 14:00:00 46 0.514 27.98% 0.25
144 1994/03/19 05:00:00 1994/03/21 09:00:00 53 0.492 28.18% 0.25
145 1979/02/21 02:00:00 1979/02/24 14:00:00 85 0.489 28.38% 0.25
146 1995/04/16 09:00:00 1995/04/20 03:00:00 91 0.47 28.57% 0.25
147 1986/02/07 22:00:00 1986/02/10 12:00:00 63 0.46 28.77% 0.25
148 1977/03/24 20:00:00 1977/03/27 08:00:00 61 0.448 28.96% 0.24
149 1978/11/10 18:00:00 1978/11/15 07:00:00 110 0.442 29.16% 0.24
150 1981/02/08 20:00:00 1981/02/10 21:00:00 50 0.442 29.35% 0.24
151 1973/11/18 02:00:00 1973/11/20 03:00:00 50 0.44 29.55% 0.24
152 1992/12/27 22:00:00 1992/12/31 06:00:00 81 0.439 29.75% 0.24
153 1972/11/14 13:00:00 1972/11/16 20:00:00 56 0.436 29.94% 0.24
154 1985/02/09 06:00:00 1985/02/11 04:00:00 47 0.435 30.14% 0.23
155 1981/11/26 22:00:00 1981/11/30 05:00:00 80 0.433 30.33% 0.23
156 2005/04/28 07:00:00 2005/04/29 21:00:00 39 0.428 30.53% 0.23
157 1989/02/04 04:00:00 1989/02/06 07:00:00 52 0.428 30.72% 0.23
158 1998/11/29 06:00:00 1998/12/01 11:00:00 54 0.425 30.92% 0.23
159 1987/10/31 05:00:00 1987/11/03 02:00:00 70 0.415 31.12% 0.23
160 1983/11/24 23:00:00 1983/11/26 15:00:00 41 0.399 31.31% 0.23
161 1994/04/25 16:00:00 1994/04/28 23:00:00 80 0.395 31.51% 0.22
162 1974/12/28 09:00:00 1974/12/30 21:00:00 61 0.394 31.70% 0.22
163 1982/01/05 08:00:00 1982/01/07 08:00:00 49 0.392 31.90% 0.22
164 1987/02/24 02:00:00 1987/02/26 20:00:00 67 0.388 32.09% 0.22
165 1983/04/20 03:00:00 1983/04/22 15:00:00 61 0.387 32.29% 0.22
166 1973/03/20 06:00:00 1973/03/23 14:00:00 81 0.382 32.49% 0.22
167 1982/09/26 02:00:00 1982/09/28 00:00:00 47 0.379 32.68% 0.22
168 1992/03/26 23:00:00 1992/03/29 01:00:00 51 0.361 32.88% 0.21
169 1989/01/04 05:00:00 1989/01/07 15:00:00 83 0.355 33.07% 0.21
170 2000/02/10 18:00:00 2000/02/15 01:00:00 104 0.231 33.27% 0.21
171 1997/11/26 12:00:00 1997/11/28 18:00:00 55 0.204 33.46% 0.21
172 1997/09/25 07:00:00 1997/09/27 12:00:00 54 0.202 33.66% 0.21
173 1976/04/13 00:00:00 1976/04/16 03:00:00 76 0.187 33.86% 0.21
174 1987/12/04 21:00:00 1987/12/07 12:00:00 64 0.161 34.05% 0.21
175 2005/05/06 00:00:00 2005/05/07 10:00:00 35 0.157 34.25% 0.21
176 1973/02/28 01:00:00 1973/03/01 12:00:00 36 0.151 34.44% 0.21
177 1986/10/09 20:00:00 1986/10/11 06:00:00 35 0.148 34.64% 0.2
178 1984/11/13 08:00:00 1984/11/14 12:00:00 29 0.146 34.83% 0.2
179 1993/01/31 00:00:00 1993/02/01 12:00:00 37 0.146 35.03% 0.2
180 1989/03/25 13:00:00 1989/03/27 03:00:00 39 0.144 35.23% 0.2
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181 1993/02/23 18:00:00 1993/02/25 12:00:00 43 0.143 35.42% 0.2
182 1985/01/28 18:00:00 1985/01/31 01:00:00 56 0.141 35.62% 0.2
183 2002/12/20 04:00:00 2002/12/22 05:00:00 50 0.141 35.81% 0.2
184 1981/03/19 21:00:00 1981/03/21 13:00:00 41 0.14 36.01% 0.2
185 1999/04/07 05:00:00 1999/04/08 23:00:00 43 0.139 36.20% 0.2
186 2004/02/03 02:00:00 2004/02/04 08:00:00 31 0.138 36.40% 0.19
187 1983/04/29 04:00:00 1983/05/01 13:00:00 58 0.138 36.59% 0.19
188 1978/03/09 19:00:00 1978/03/13 06:00:00 84 0.138 36.79% 0.19
189 1985/02/02 11:00:00 1985/02/04 15:00:00 53 0.135 36.99% 0.19
190 1981/02/25 23:00:00 1981/02/27 04:00:00 30 0.134 37.18% 0.19
191 1996/03/04 18:00:00 1996/03/06 15:00:00 46 0.134 37.38% 0.19
192 1998/04/11 01:00:00 1998/04/12 12:00:00 36 0.133 37.57% 0.19
193 1996/01/21 18:00:00 1996/01/23 20:00:00 51 0.133 37.77% 0.19
194 1973/03/11 11:00:00 1973/03/12 23:00:00 37 0.133 37.96% 0.19
195 1995/03/23 07:00:00 1995/03/24 15:00:00 33 0.133 38.16% 0.19
196 2000/10/29 23:00:00 2000/10/30 23:00:00 25 0.132 38.36% 0.18
197 1993/06/05 13:00:00 1993/06/06 15:00:00 27 0.132 38.55% 0.18
198 1988/02/02 06:00:00 1988/02/04 04:00:00 47 0.132 38.75% 0.18
199 1979/10/20 04:00:00 1979/10/21 23:00:00 44 0.132 38.94% 0.18
200 1979/03/01 12:00:00 1979/03/02 13:00:00 26 0.132 39.14% 0.18
201 1978/04/07 02:00:00 1978/04/08 06:00:00 29 0.132 39.33% 0.18
202 1999/04/02 08:00:00 1999/04/03 06:00:00 23 0.131 39.53% 0.18
203 1994/01/25 02:00:00 1994/01/27 11:00:00 58 0.131 39.73% 0.18
204 1975/02/03 10:00:00 1975/02/06 09:00:00 72 0.13 39.92% 0.18
205 1990/05/28 09:00:00 1990/05/29 09:00:00 25 0.129 40.12% 0.18
206 2001/04/07 13:00:00 2001/04/10 07:00:00 67 0.128 40.31% 0.18
207 1994/03/06 08:00:00 1994/03/08 13:00:00 54 0.127 40.51% 0.17
208 1993/11/14 07:00:00 1993/11/15 08:00:00 26 0.125 40.70% 0.17
209 1992/10/30 18:00:00 1992/11/01 02:00:00 33 0.125 40.90% 0.17
210 1987/03/06 02:00:00 1987/03/07 21:00:00 44 0.125 41.10% 0.17
211 1988/11/25 08:00:00 1988/11/26 15:00:00 32 0.124 41.29% 0.17
212 2005/01/28 16:00:00 2005/01/30 00:00:00 33 0.124 41.49% 0.17
213 1996/12/22 15:00:00 1996/12/23 17:00:00 27 0.124 41.68% 0.17
214 2002/11/08 22:00:00 2002/11/11 00:00:00 51 0.123 41.88% 0.17
215 1993/03/26 04:00:00 1993/03/26 23:00:00 20 0.122 42.07% 0.17
216 1982/11/18 22:00:00 1982/11/20 01:00:00 28 0.122 42.27% 0.17
217 1983/02/01 15:00:00 1983/02/04 04:00:00 62 0.119 42.47% 0.17
218 1983/11/20 10:00:00 1983/11/22 00:00:00 39 0.119 42.66% 0.17
219 1975/02/09 08:00:00 1975/02/11 10:00:00 51 0.119 42.86% 0.16
220 1996/10/30 16:00:00 1996/10/31 09:00:00 18 0.118 43.05% 0.16
221 1993/12/11 19:00:00 1993/12/12 20:00:00 26 0.118 43.25% 0.16
222 1999/02/04 13:00:00 1999/02/06 04:00:00 40 0.118 43.44% 0.16
223 2006/03/28 10:00:00 2006/03/29 08:00:00 23 0.117 43.64% 0.16
224 1984/12/11 00:00:00 1984/12/12 08:00:00 33 0.117 43.84% 0.16
225 1991/03/13 17:00:00 1991/03/16 07:00:00 63 0.117 44.03% 0.16
226 2004/12/05 09:00:00 2004/12/07 06:00:00 46 0.116 44.23% 0.16
227 1985/01/07 12:00:00 1985/01/09 07:00:00 44 0.116 44.42% 0.16
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228 1991/01/09 16:00:00 1991/01/10 11:00:00 20 0.116 44.62% 0.16
229 1986/12/06 00:00:00 1986/12/08 05:00:00 54 0.116 44.81% 0.16
230 1997/01/23 05:00:00 1997/01/24 08:00:00 28 0.115 45.01% 0.16
231 1987/10/22 17:00:00 1987/10/24 02:00:00 34 0.114 45.21% 0.16
232 1976/11/12 06:00:00 1976/11/13 19:00:00 38 0.113 45.40% 0.16
233 1983/12/03 18:00:00 1983/12/04 12:00:00 19 0.112 45.60% 0.16
234 1990/01/31 02:00:00 1990/02/01 16:00:00 39 0.112 45.79% 0.15
235 2005/10/18 01:00:00 2005/10/19 06:00:00 30 0.111 45.99% 0.15
236 1974/01/01 08:00:00 1974/01/02 02:00:00 19 0.111 46.18% 0.15
237 1971/12/07 01:00:00 1971/12/07 18:00:00 18 0.11 46.38% 0.15
238 1997/11/13 13:00:00 1997/11/14 16:00:00 28 0.109 46.58% 0.15
239 1998/12/06 00:00:00 1998/12/08 00:00:00 49 0.109 46.77% 0.15
240 2001/02/20 00:00:00 2001/02/20 19:00:00 20 0.109 46.97% 0.15
241 1992/05/22 17:00:00 1992/05/23 09:00:00 17 0.108 47.16% 0.15
242 1977/12/18 04:00:00 1977/12/19 00:00:00 21 0.108 47.36% 0.15
243 1999/04/12 02:00:00 1999/04/12 19:00:00 18 0.106 47.55% 0.15
244 2000/11/25 05:00:00 2000/11/25 20:00:00 16 0.104 47.75% 0.15
245 1975/03/22 08:00:00 1975/03/23 03:00:00 20 0.104 47.95% 0.15
246 2001/01/26 14:00:00 2001/01/27 22:00:00 33 0.104 48.14% 0.15
247 1986/04/06 09:00:00 1986/04/07 00:00:00 16 0.104 48.34% 0.15
248 1983/04/18 02:00:00 1983/04/18 23:00:00 22 0.104 48.53% 0.15
249 1993/03/28 05:00:00 1993/03/28 20:00:00 16 0.103 48.73% 0.15
250 1995/01/15 18:00:00 1995/01/16 11:00:00 18 0.103 48.92% 0.14
251 1990/02/04 11:00:00 1990/02/05 01:00:00 15 0.102 49.12% 0.14
252 1997/02/11 00:00:00 1997/02/11 20:00:00 21 0.102 49.32% 0.14
253 1991/01/03 15:00:00 1991/01/05 09:00:00 43 0.101 49.51% 0.14
254 1990/06/09 11:00:00 1990/06/10 11:00:00 25 0.101 49.71% 0.14
255 1998/04/05 14:00:00 1998/04/07 02:00:00 37 0.101 49.90% 0.14
256 2000/02/16 18:00:00 2000/02/17 07:00:00 14 0.101 50.10% 0.14
257 1974/10/28 16:00:00 1974/10/30 01:00:00 34 0.101 50.29% 0.14
258 1980/01/16 21:00:00 1980/01/18 19:00:00 47 0.101 50.49% 0.14
259 1977/02/24 06:00:00 1977/02/25 12:00:00 31 0.1 50.68% 0.14
260 1992/03/31 18:00:00 1992/04/01 21:00:00 28 0.099 50.88% 0.14
261 1978/01/30 17:00:00 1978/01/31 12:00:00 20 0.099 51.08% 0.14
262 1978/04/15 18:00:00 1978/04/16 11:00:00 18 0.098 51.27% 0.14
263 1995/03/21 10:00:00 1995/03/22 02:00:00 17 0.098 51.47% 0.14
264 1984/12/08 03:00:00 1984/12/08 14:00:00 12 0.098 51.66% 0.14
265 1975/11/27 17:00:00 1975/11/29 13:00:00 45 0.097 51.86% 0.14
266 1989/03/02 14:00:00 1989/03/03 21:00:00 32 0.096 52.05% 0.14
267 1980/03/10 21:00:00 1980/03/11 08:00:00 12 0.096 52.25% 0.14
268 2001/03/06 07:00:00 2001/03/07 13:00:00 31 0.095 52.45% 0.13
269 1998/03/06 06:00:00 1998/03/06 22:00:00 17 0.095 52.64% 0.13
270 1997/12/18 19:00:00 1997/12/19 05:00:00 11 0.094 52.84% 0.13
271 1997/01/03 03:00:00 1997/01/04 00:00:00 22 0.094 53.03% 0.13
272 2001/12/14 17:00:00 2001/12/15 03:00:00 11 0.094 53.23% 0.13
273 2001/12/21 03:00:00 2001/12/21 23:00:00 21 0.093 53.42% 0.13
274 2005/03/19 07:00:00 2005/03/20 05:00:00 23 0.093 53.62% 0.13
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275 1987/03/15 02:00:00 1987/03/15 23:00:00 22 0.093 53.82% 0.13
276 2001/04/21 03:00:00 2001/04/21 23:00:00 21 0.093 54.01% 0.13
277 1979/02/14 05:00:00 1979/02/14 16:00:00 12 0.092 54.21% 0.13
278 1980/03/26 06:00:00 1980/03/26 17:00:00 12 0.092 54.40% 0.13
279 2004/11/27 21:00:00 2004/11/28 09:00:00 13 0.091 54.60% 0.13
280 1982/08/23 00:00:00 1982/08/23 10:00:00 11 0.09 54.79% 0.13
281 1998/01/03 09:00:00 1998/01/03 19:00:00 11 0.09 54.99% 0.13
282 2004/03/02 03:00:00 2004/03/02 14:00:00 12 0.088 55.19% 0.13
283 1994/12/24 15:00:00 1994/12/25 14:00:00 24 0.087 55.38% 0.13
284 1998/01/04 20:00:00 1998/01/05 04:00:00 9 0.087 55.58% 0.13
285 1982/03/26 04:00:00 1982/03/26 16:00:00 13 0.086 55.77% 0.13
286 2004/02/18 20:00:00 2004/02/19 05:00:00 10 0.085 55.97% 0.13
287 1997/01/05 10:00:00 1997/01/06 01:00:00 16 0.085 56.16% 0.13
288 1989/02/09 16:00:00 1989/02/10 16:00:00 25 0.085 56.36% 0.13
289 1984/12/03 12:00:00 1984/12/04 00:00:00 13 0.084 56.56% 0.13
290 1985/03/27 12:00:00 1985/03/28 18:00:00 31 0.084 56.75% 0.12
291 2002/03/18 02:00:00 2002/03/18 11:00:00 10 0.084 56.95% 0.12
292 1981/12/30 12:00:00 1981/12/30 23:00:00 12 0.084 57.14% 0.12
293 2003/11/16 03:00:00 2003/11/16 10:00:00 8 0.083 57.34% 0.12
294 1989/02/13 12:00:00 1989/02/14 04:00:00 17 0.083 57.53% 0.12
295 1997/11/10 19:00:00 1997/11/11 03:00:00 9 0.081 57.73% 0.12
296 1992/12/04 12:00:00 1992/12/04 22:00:00 11 0.081 57.93% 0.12
297 1971/12/13 04:00:00 1971/12/13 15:00:00 12 0.081 58.12% 0.12
298 1973/01/09 10:00:00 1973/01/10 06:00:00 21 0.081 58.32% 0.12
299 1983/10/07 02:00:00 1983/10/07 18:00:00 17 0.081 58.51% 0.12
300 1994/11/10 15:00:00 1994/11/10 22:00:00 8 0.081 58.71% 0.12
301 1998/11/09 10:00:00 1998/11/09 20:00:00 11 0.08 58.90% 0.12
302 1980/01/13 01:00:00 1980/01/13 10:00:00 10 0.08 59.10% 0.12
303 1991/10/27 01:00:00 1991/10/27 20:00:00 20 0.08 59.30% 0.12
304 1983/02/24 12:00:00 1983/02/25 10:00:00 23 0.079 59.49% 0.12
305 1975/12/12 17:00:00 1975/12/13 02:00:00 10 0.079 59.69% 0.12
306 1990/04/04 14:00:00 1990/04/05 01:00:00 12 0.078 59.88% 0.12
307 2004/01/02 18:00:00 2004/01/03 08:00:00 15 0.077 60.08% 0.12
308 1993/12/14 18:00:00 1993/12/15 04:00:00 11 0.077 60.27% 0.12
309 1987/03/24 17:00:00 1987/03/25 03:00:00 11 0.077 60.47% 0.12
310 1992/01/03 08:00:00 1992/01/03 22:00:00 15 0.077 60.67% 0.12
311 2006/03/10 18:00:00 2006/03/12 01:00:00 32 0.077 60.86% 0.12
312 1996/04/18 06:00:00 1996/04/18 13:00:00 8 0.077 61.06% 0.12
313 2004/12/08 08:00:00 2004/12/08 18:00:00 11 0.077 61.25% 0.12
314 1987/12/29 19:00:00 1987/12/30 02:00:00 8 0.076 61.45% 0.12
315 1984/01/03 17:00:00 1984/01/04 00:00:00 8 0.075 61.64% 0.11
316 1998/01/19 06:00:00 1998/01/19 13:00:00 8 0.075 61.84% 0.11
317 1983/01/19 07:00:00 1983/01/20 02:00:00 20 0.075 62.04% 0.11
318 1975/04/16 13:00:00 1975/04/17 15:00:00 27 0.074 62.23% 0.11
319 2000/02/27 21:00:00 2000/02/28 04:00:00 8 0.074 62.43% 0.11
320 1988/11/14 09:00:00 1988/11/14 17:00:00 9 0.074 62.62% 0.11
321 1996/12/27 21:00:00 1996/12/28 16:00:00 20 0.074 62.82% 0.11
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322 1987/03/21 19:00:00 1987/03/23 02:00:00 32 0.074 63.01% 0.11
323 1999/03/16 01:00:00 1999/03/16 09:00:00 9 0.073 63.21% 0.11
324 1993/11/11 12:00:00 1993/11/12 16:00:00 29 0.073 63.41% 0.11
325 1993/02/26 23:00:00 1993/02/27 09:00:00 11 0.073 63.60% 0.11
326 1993/01/02 11:00:00 1993/01/02 19:00:00 9 0.073 63.80% 0.11
327 1992/12/18 03:00:00 1992/12/18 10:00:00 8 0.073 63.99% 0.11
328 1978/12/01 22:00:00 1978/12/02 04:00:00 7 0.073 64.19% 0.11
329 2006/03/21 04:00:00 2006/03/21 10:00:00 7 0.072 64.38% 0.11
330 1993/12/19 07:00:00 1993/12/19 14:00:00 8 0.072 64.58% 0.11
331 1990/01/02 08:00:00 1990/01/02 18:00:00 11 0.071 64.77% 0.11
332 1972/11/11 10:00:00 1972/11/11 17:00:00 8 0.071 64.97% 0.11
333 2005/03/04 20:00:00 2005/03/05 02:00:00 7 0.071 65.17% 0.11
334 1998/01/29 13:00:00 1998/01/29 19:00:00 7 0.07 65.36% 0.11
335 1973/02/06 05:00:00 1973/02/07 14:00:00 34 0.07 65.56% 0.11
336 1972/04/19 16:00:00 1972/04/19 23:00:00 8 0.07 65.75% 0.11
337 1990/12/19 21:00:00 1990/12/20 12:00:00 16 0.07 65.95% 0.11
338 1975/12/20 16:00:00 1975/12/20 22:00:00 7 0.069 66.14% 0.11
339 1974/04/02 02:00:00 1974/04/02 12:00:00 11 0.069 66.34% 0.11
340 1999/02/09 23:00:00 1999/02/10 07:00:00 9 0.069 66.54% 0.11
341 2000/11/10 11:00:00 2000/11/11 11:00:00 25 0.068 66.73% 0.11
342 1977/03/16 17:00:00 1977/03/16 22:00:00 6 0.068 66.93% 0.11
343 1994/05/07 02:00:00 1994/05/07 14:00:00 13 0.067 67.12% 0.11
344 1991/12/19 05:00:00 1991/12/19 11:00:00 7 0.066 67.32% 0.11
345 1984/11/08 10:00:00 1984/11/08 16:00:00 7 0.066 67.51% 0.1
346 1984/10/17 10:00:00 1984/10/17 18:00:00 9 0.066 67.71% 0.1
347 1995/06/16 13:00:00 1995/06/17 02:00:00 14 0.066 67.91% 0.1
348 1983/03/14 03:00:00 1983/03/14 09:00:00 7 0.065 68.10% 0.1
349 1998/12/19 20:00:00 1998/12/20 03:00:00 8 0.065 68.30% 0.1
350 1986/10/02 21:00:00 1986/10/03 01:00:00 5 0.064 68.49% 0.1
351 1998/09/03 18:00:00 1998/09/04 01:00:00 8 0.064 68.69% 0.1
352 1997/11/30 16:00:00 1997/12/01 05:00:00 14 0.064 68.88% 0.1
353 2003/05/03 15:00:00 2003/05/03 20:00:00 6 0.063 69.08% 0.1
354 1988/12/28 02:00:00 1988/12/28 05:00:00 4 0.063 69.28% 0.1
355 1995/01/21 09:00:00 1995/01/21 19:00:00 11 0.063 69.47% 0.1
356 1979/12/25 10:00:00 1979/12/25 15:00:00 6 0.063 69.67% 0.1
357 1985/12/10 18:00:00 1985/12/11 03:00:00 10 0.063 69.86% 0.1
358 1982/01/11 02:00:00 1982/01/11 14:00:00 13 0.063 70.06% 0.1
359 1983/12/09 14:00:00 1983/12/10 02:00:00 13 0.063 70.25% 0.1
360 1979/01/28 15:00:00 1979/01/29 01:00:00 11 0.062 70.45% 0.1
361 2002/04/24 15:00:00 2002/04/24 21:00:00 7 0.062 70.65% 0.1
362 1982/09/17 09:00:00 1982/09/17 14:00:00 6 0.062 70.84% 0.1
363 1999/07/12 23:00:00 1999/07/13 03:00:00 5 0.062 71.04% 0.1
364 1984/12/13 15:00:00 1984/12/13 18:00:00 4 0.061 71.23% 0.1
365 1975/03/31 13:00:00 1975/04/01 11:00:00 23 0.061 71.43% 0.1
366 2000/01/25 14:00:00 2000/01/25 19:00:00 6 0.061 71.62% 0.1
367 1980/02/01 19:00:00 1980/02/01 22:00:00 4 0.061 71.82% 0.1
368 1999/06/02 05:00:00 1999/06/02 12:00:00 8 0.061 72.02% 0.1
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Rank Start Date End Date Duration Peak Frequency Return Period
369 1976/05/07 12:00:00 1976/05/07 15:00:00 4 0.06 72.21% 0.1
370 1992/03/07 21:00:00 1992/03/08 16:00:00 20 0.06 72.41% 0.1
371 1999/04/04 14:00:00 1999/04/04 16:00:00 3 0.059 72.60% 0.1
372 2004/11/08 05:00:00 2004/11/08 16:00:00 12 0.059 72.80% 0.1
373 1995/12/23 13:00:00 1995/12/23 21:00:00 9 0.059 72.99% 0.1
374 1977/12/22 14:00:00 1977/12/23 13:00:00 24 0.059 73.19% 0.1
375 1986/02/19 17:00:00 1986/02/19 19:00:00 3 0.059 73.39% 0.1
376 1998/12/03 02:00:00 1998/12/03 04:00:00 3 0.059 73.58% 0.1
377 1992/10/23 18:00:00 1992/10/24 01:00:00 8 0.058 73.78% 0.1
378 1973/12/01 17:00:00 1973/12/02 18:00:00 26 0.058 73.97% 0.1
379 1974/10/31 15:00:00 1974/10/31 17:00:00 3 0.058 74.17% 0.1
380 1983/02/05 21:00:00 1983/02/05 23:00:00 3 0.058 74.36% 0.1
381 1995/12/13 12:00:00 1995/12/14 02:00:00 15 0.057 74.56% 0.09
382 1991/12/10 19:00:00 1991/12/11 08:00:00 14 0.057 74.76% 0.09
383 2002/01/29 19:00:00 2002/01/29 21:00:00 3 0.057 74.95% 0.09
384 1978/03/22 10:00:00 1978/03/22 19:00:00 10 0.056 75.15% 0.09
385 1998/01/31 23:00:00 1998/02/01 01:00:00 3 0.056 75.34% 0.09
386 1989/02/08 05:00:00 1989/02/08 07:00:00 3 0.056 75.54% 0.09
387 1984/01/16 20:00:00 1984/01/16 22:00:00 3 0.056 75.73% 0.09
388 1999/07/08 09:00:00 1999/07/08 12:00:00 4 0.056 75.93% 0.09
389 1977/04/02 18:00:00 1977/04/02 20:00:00 3 0.056 76.13% 0.09
390 1977/08/20 18:00:00 1977/08/20 19:00:00 2 0.056 76.32% 0.09
391 1992/12/11 20:00:00 1992/12/11 22:00:00 3 0.055 76.52% 0.09
392 1986/12/10 17:00:00 1986/12/10 19:00:00 3 0.055 76.71% 0.09
393 1988/03/01 02:00:00 1988/03/02 06:00:00 29 0.055 76.91% 0.09
394 2006/03/03 18:00:00 2006/03/03 19:00:00 2 0.055 77.10% 0.09
395 2002/02/17 15:00:00 2002/02/17 16:00:00 2 0.055 77.30% 0.09
396 1982/04/11 23:00:00 1982/04/12 00:00:00 2 0.055 77.50% 0.09
397 1983/12/31 18:00:00 1983/12/31 19:00:00 2 0.055 77.69% 0.09
398 2002/01/03 07:00:00 2002/01/03 08:00:00 2 0.055 77.89% 0.09
399 1999/01/31 15:00:00 1999/01/31 16:00:00 2 0.055 78.08% 0.09
400 1981/03/08 14:00:00 1981/03/08 15:00:00 2 0.054 78.28% 0.09
401 2001/12/03 17:00:00 2001/12/03 18:00:00 2 0.054 78.47% 0.09
402 1977/05/12 12:00:00 1977/05/12 13:00:00 2 0.054 78.67% 0.09
403 1981/04/19 03:00:00 1981/04/19 11:00:00 9 0.054 78.86% 0.09
404 1980/04/23 02:00:00 1980/04/24 18:00:00 41 0.054 79.06% 0.09
405 1998/01/16 04:00:00 1998/01/16 05:00:00 2 0.054 79.26% 0.09
406 1996/04/19 15:00:00 1996/04/19 16:00:00 2 0.054 79.45% 0.09
407 1990/02/08 11:00:00 1990/02/08 12:00:00 2 0.054 79.65% 0.09
408 1979/01/12 15:00:00 1979/01/12 16:00:00 2 0.054 79.84% 0.09
409 1983/04/13 11:00:00 1983/04/13 12:00:00 2 0.054 80.04% 0.09
410 1973/11/27 16:00:00 1973/11/27 17:00:00 2 0.053 80.23% 0.09
411 1997/02/27 10:00:00 1997/02/27 16:00:00 7 0.053 80.43% 0.09
412 1975/12/15 14:00:00 1975/12/15 15:00:00 2 0.053 80.63% 0.09
413 2001/01/08 21:00:00 2001/01/09 15:00:00 19 0.053 80.82% 0.09
414 2001/11/29 16:00:00 2001/11/29 17:00:00 2 0.053 81.02% 0.09
415 1978/04/04 20:00:00 1978/04/04 21:00:00 2 0.053 81.21% 0.09
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Rank Start Date End Date Duration Peak Frequency Return Period
416 2004/01/01 03:00:00 2004/01/01 04:00:00 2 0.053 81.41% 0.09
417 1983/11/18 05:00:00 1983/11/18 06:00:00 2 0.053 81.60% 0.09
418 1983/04/12 01:00:00 1983/04/12 09:00:00 9 0.053 81.80% 0.09
419 1982/01/28 21:00:00 1982/01/28 22:00:00 2 0.053 82.00% 0.09
420 2005/10/16 23:00:00 2005/10/17 01:00:00 3 0.053 82.19% 0.09
421 2002/01/28 12:00:00 2002/01/28 13:00:00 2 0.052 82.39% 0.09
422 1982/12/07 23:00:00 1982/12/08 00:00:00 2 0.052 82.58% 0.09
423 1975/12/24 15:00:00 1975/12/24 16:00:00 2 0.052 82.78% 0.09
424 1982/08/26 16:00:00 1982/08/27 15:00:00 24 0.052 82.97% 0.09
425 1982/03/23 17:00:00 1982/03/23 18:00:00 2 0.052 83.17% 0.09
426 1996/11/29 03:00:00 1996/11/29 04:00:00 2 0.052 83.37% 0.09
427 2004/04/17 16:00:00 2004/04/18 17:00:00 26 0.051 83.56% 0.08
428 2003/02/20 11:00:00 2003/02/20 12:00:00 2 0.051 83.76% 0.08
429 1990/03/11 10:00:00 1990/03/11 11:00:00 2 0.051 83.95% 0.08
430 1996/12/06 05:00:00 1996/12/06 06:00:00 2 0.051 84.15% 0.08
431 1987/12/26 16:00:00 1987/12/26 17:00:00 2 0.051 84.34% 0.08
432 1975/04/25 07:00:00 1975/04/25 11:00:00 5 0.051 84.54% 0.08
433 1973/01/04 14:00:00 1973/01/04 15:00:00 2 0.051 84.74% 0.08
434 1975/03/25 15:00:00 1975/03/25 16:00:00 2 0.051 84.93% 0.08
435 1985/12/19 02:00:00 1985/12/19 03:00:00 2 0.051 85.13% 0.08
436 2000/01/01 08:00:00 2000/01/02 05:00:00 22 0.051 85.32% 0.08
437 2001/12/30 01:00:00 2001/12/30 02:00:00 2 0.05 85.52% 0.08
438 1973/02/03 17:00:00 1973/02/04 01:00:00 9 0.05 85.71% 0.08
439 1989/02/03 03:00:00 1989/02/03 04:00:00 2 0.05 85.91% 0.08
440 1976/03/12 16:00:00 1976/03/12 17:00:00 2 0.05 86.11% 0.08
441 1999/01/21 12:00:00 1999/01/21 13:00:00 2 0.05 86.30% 0.08
442 1995/05/13 10:00:00 1995/05/14 06:00:00 21 0.05 86.50% 0.08
443 1990/05/31 18:00:00 1990/05/31 19:00:00 2 0.05 86.69% 0.08
444 2004/04/03 01:00:00 2004/04/03 02:00:00 2 0.05 86.89% 0.08
445 1980/05/11 04:00:00 1980/05/11 05:00:00 2 0.05 87.08% 0.08
446 1975/01/07 11:00:00 1975/01/07 12:00:00 2 0.05 87.28% 0.08
447 1995/05/06 09:00:00 1995/05/06 10:00:00 2 0.049 87.48% 0.08
448 2004/04/04 15:00:00 2004/04/04 16:00:00 2 0.049 87.67% 0.08
449 1998/11/12 21:00:00 1998/11/12 22:00:00 2 0.049 87.87% 0.08
450 1987/04/05 18:00:00 1987/04/05 19:00:00 2 0.049 88.06% 0.08
451 1986/12/20 09:00:00 1986/12/20 10:00:00 2 0.049 88.26% 0.08
452 1998/09/18 03:00:00 1998/09/18 04:00:00 2 0.049 88.45% 0.08
453 1985/10/22 03:00:00 1985/10/22 04:00:00 2 0.049 88.65% 0.08
454 1994/04/24 07:00:00 1994/04/24 08:00:00 2 0.049 88.85% 0.08
455 1989/10/22 10:00:00 1989/10/22 12:00:00 3 0.048 89.04% 0.08
456 2000/01/31 07:00:00 2000/01/31 08:00:00 2 0.048 89.24% 0.08
457 1973/03/04 11:00:00 1973/03/04 11:00:00 1 0.048 89.43% 0.08
458 1993/11/30 08:00:00 1993/11/30 09:00:00 2 0.048 89.63% 0.08
459 2005/02/06 16:00:00 2005/02/06 17:00:00 2 0.048 89.82% 0.08
460 2003/12/22 13:00:00 2003/12/22 14:00:00 2 0.048 90.02% 0.08
461 1984/01/14 09:00:00 1984/01/14 09:00:00 1 0.047 90.22% 0.08
462 2002/03/23 13:00:00 2002/03/23 14:00:00 2 0.047 90.41% 0.08
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463 1984/11/21 13:00:00 1984/11/21 14:00:00 2 0.046 90.61% 0.08
464 1985/03/08 16:00:00 1985/03/08 16:00:00 1 0.046 90.80% 0.08
465 1973/03/28 12:00:00 1973/03/28 12:00:00 1 0.046 91.00% 0.08
466 1998/09/22 07:00:00 1998/09/22 07:00:00 1 0.046 91.19% 0.08
467 1980/04/28 22:00:00 1980/04/28 22:00:00 1 0.046 91.39% 0.08
468 2005/04/24 10:00:00 2005/04/24 11:00:00 2 0.046 91.59% 0.08
469 1993/11/23 06:00:00 1993/11/23 06:00:00 1 0.046 91.78% 0.08
470 1987/10/29 04:00:00 1987/10/29 04:00:00 1 0.046 91.98% 0.08
471 2003/01/01 15:00:00 2003/01/01 15:00:00 1 0.046 92.17% 0.08
472 2001/01/24 16:00:00 2001/01/24 16:00:00 1 0.046 92.37% 0.08
473 1972/02/05 16:00:00 1972/02/05 17:00:00 2 0.046 92.56% 0.08
474 1974/01/20 21:00:00 1974/01/20 21:00:00 1 0.046 92.76% 0.08
475 1986/02/28 22:00:00 1986/02/28 22:00:00 1 0.046 92.95% 0.08
476 1982/02/20 18:00:00 1982/02/20 18:00:00 1 0.046 93.15% 0.08
477 1977/04/01 17:00:00 1977/04/01 17:00:00 1 0.046 93.35% 0.08
478 2000/11/20 17:00:00 2000/11/20 17:00:00 1 0.046 93.54% 0.08
479 1995/04/23 20:00:00 1995/04/23 20:00:00 1 0.045 93.74% 0.08
480 2001/02/07 13:00:00 2001/02/07 13:00:00 1 0.045 93.93% 0.08
481 2006/03/18 18:00:00 2006/03/18 18:00:00 1 0.045 94.13% 0.08
482 1982/12/21 15:00:00 1982/12/21 15:00:00 1 0.045 94.32% 0.08
483 1979/07/20 07:00:00 1979/07/20 08:00:00 2 0.045 94.52% 0.08
484 1982/03/02 18:00:00 1982/03/02 18:00:00 1 0.044 94.72% 0.07
485 1985/03/02 20:00:00 1985/03/02 20:00:00 1 0.044 94.91% 0.07
486 2000/01/16 15:00:00 2000/01/16 15:00:00 1 0.044 95.11% 0.07
487 1997/02/08 16:00:00 1997/02/08 16:00:00 1 0.044 95.30% 0.07
488 1985/02/20 21:00:00 1985/02/20 21:00:00 1 0.044 95.50% 0.07
489 2005/01/26 16:00:00 2005/01/26 16:00:00 1 0.044 95.69% 0.07
490 1976/03/09 23:00:00 1976/03/09 23:00:00 1 0.044 95.89% 0.07
491 1999/12/14 18:00:00 1999/12/14 19:00:00 2 0.043 96.09% 0.07
492 1998/09/28 10:00:00 1998/09/28 10:00:00 1 0.042 96.28% 0.07
493 1991/03/11 05:00:00 1991/03/11 05:00:00 1 0.042 96.48% 0.07
494 1981/01/26 16:00:00 1981/01/26 16:00:00 1 0.042 96.67% 0.07
495 1985/09/19 14:00:00 1985/09/19 15:00:00 2 0.042 96.87% 0.07
496 1990/04/23 23:00:00 1990/04/23 23:00:00 1 0.042 97.06% 0.07
497 1979/12/21 16:00:00 1979/12/21 16:00:00 1 0.042 97.26% 0.07
498 1983/04/02 17:00:00 1983/04/02 17:00:00 1 0.042 97.46% 0.07
499 1983/08/09 19:00:00 1983/08/09 20:00:00 2 0.042 97.65% 0.07
500 1977/01/26 04:00:00 1977/01/26 04:00:00 1 0.041 97.85% 0.07
501 1973/01/26 00:00:00 1973/01/26 00:00:00 1 0.041 98.04% 0.07
502 2004/01/21 00:00:00 2004/01/21 00:00:00 1 0.041 98.24% 0.07
503 1982/03/12 14:00:00 1982/03/12 14:00:00 1 0.04 98.43% 0.07
504 1971/12/04 05:00:00 1971/12/04 06:00:00 2 0.04 98.63% 0.07
505 1975/05/20 21:00:00 1975/05/20 22:00:00 2 0.04 98.83% 0.07
506 2004/04/02 01:00:00 2004/04/02 01:00:00 1 0.04 99.02% 0.07
507 1987/04/04 00:00:00 1987/04/04 00:00:00 1 0.038 99.22% 0.07
508 1979/03/13 10:00:00 1979/03/13 10:00:00 1 0.038 99.41% 0.07
509 2003/05/10 17:00:00 2003/05/10 17:00:00 1 0.037 99.61% 0.07
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510 2003/04/13 09:00:00 2003/04/13 09:00:00 1 0.033 99.80% 0.07
-End of Data--------------—---
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Flow Duration Curves
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Excel Engineering

flowDurationPassFailMitigated. TXT

Compare Post-Development Curve to Pre-Development Curve

post-development SWMM file: V:\17\17053\engineering\TM\Current\SWMM\17053 post-development_2-5inhr.out

post-development time stamp: 8/2/2019 1:46:43 PM

Compared to:

pre-development SWMM file: V:\17\17053\engineering\TM\Currentn\ SWMM\17053 Pre-development.out

pre-development time stamp: 8/2/2019 2:00:05 PM
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0 0.39 0.49 0.50 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
1 0.44 0.43 0.43 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
2 0.49 0.35 0.37 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
3 0.55 0.29 0.31 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
4 0.60 0.25 0.29 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
5 0.65 0.23 0.29 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
6 0.71 0.21 0.28 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
7 0.76 0.21 0.27 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
8 0.82 0.20 0.26 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
9 0.87 0.19 0.25 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
10 0.92 0.18 0.24 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
11 0.98 0.16 0.23 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
12 1.03 0.15 0.21 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
13 1.08 0.13 0.19 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
14 1.14 0.11 0.16 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
15 1.19 0.10 0.13 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
16 1.25 0.09 0.12 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
17 1.30 0.09 0.11 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
18 1.35 0.08 0.11 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
19 1.41 0.08 0.11 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
20 1.46 0.08 0.11 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
21 1.51 0.07 0.11 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
22 1.57 0.07 0.10 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
23 1.62 0.06 0.09 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
24 1.68 0.05 0.09 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
25 1.73 0.05 0.08 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
26 1.78 0.05 0.06 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
27 1.84 0.04 0.06 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
28 1.89 0.04 0.05 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
29 1.94 0.04 0.05 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
30 2.00 0.04 0.05 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
31 2.05 0.03 0.05 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
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32 2.10 0.03 0.05 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
33 2.16 0.03 0.05 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
34 2.21 0.03 0.04 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
35 2.27 0.03 0.04 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
36 2.32 0.03 0.04 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
37 2.37 0.02 0.04 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
38 2.43 0.02 0.04 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
39 2.48 0.02 0.03 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
40 2.53 0.02 0.03 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
41 2.59 0.02 0.02 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
42 2.64 0.02 0.02 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
43 2.70 0.02 0.02 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
44 2.75 0.02 0.02 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
45 2.80 0.02 0.02 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
46 2.86 0.02 0.02 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
47 2.91 0.01 0.02 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
48 2.96 0.01 0.02 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
49 3.02 0.01 0.02 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
50 3.07 0.01 0.02 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
51 3.13 0.01 0.02 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
52 3.18 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
53 3.23 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
54 3.29 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
55 3.34 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
56 3.39 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
57 3.45 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
58 3.50 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
59 3.55 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
60 3.61 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
61 3.66 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
62 3.72 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
63 3.77 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
64 3.82 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
65 3.88 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
66 3.93 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
67 3.98 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
68 4.04 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
69 4.09 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
70 415 0.01 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
71 4.20 0.00 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
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\Q <& o\e o\o L 7 \Q %\Q
$ & B S\ o & N >
4 < Q K O O 7 4
Qoé\ Q@ \Q;\~Q \{O"\-Q Qo‘;J
o\o o\o &
o\o

72 4.25 0.00 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
73 4.31 0.00 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
74 4.36 0.00 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
75 4.41 0.00 0.01 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
76 4.47 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
77 4.52 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
78 4.58 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
79 4.63 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
80 4.68 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
81 4.74 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
82 4.79 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
83 4.84 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
84 4.90 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
85 4.95 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
86 5.00 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
87 5.06 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
88 5.11 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
89 517 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
90 5.22 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
91 5.27 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
92 5.33 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
93 5.38 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
94 5.43 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
95 5.49 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
96 5.54 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
97 5.60 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
98 5.65 0.00 0.00 TRUE FALSE FALSE Pass: Post Duration < Pre Duration
99 5.70 0.00 0.00 TRUE FALSE FALSE Pass- Qpost Above Flow Control Upper Limit

8/2/2019 2:46 PM
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Excel Engineering USGS9217dPre.csv
Duration Table Summary at Project Discharge Point
file name: V:\17\17053\engineering\TM\Current\ SWMM\17053 Pre-development.out
time stamp: 8/2/2019 2:00:05 PM
Number of periods when discharge was equal to or greater than DISCHARGE
DISCHARGE .
column but less than that shown on the next line
2 &P Q)&(\Q Q)ée’é
Q:“ Qj)\' Q;\\o _\_OQ’ _\S)Q'
S Q < <
S S S 2 @
S & <© & &
O o i & O
2 P S NS S
< @ ©
<0 Q%
1 0.39 210 1517 0.502
2 0.44 197 1307 0.433
3 0.49 181 1110 0.368
4 0.55 46 929 0.308
5 0.60 21 883 0.292
6 0.65 24 862 0.285
7 0.71 25 838 0.277
8 0.76 26 813 0.269
9 0.82 30 787 0.261
10 0.87 26 757 0.251
11 0.92 34 731 0.242
12 0.98 68 697 0.231
13 1.03 63 629 0.208
14 1.08 95 566 0.187
15 1.14 84 471 0.156
16 1.19 35 387 0.128
17 1.25 8 352 0.117
18 1.30 8 344 0.114
19 1.35 6 336 0.111
20 1.41 7 330 0.109
21 1.46 7 323 0.107
22 1.51 18 316 0.105
23 1.57 19 298 0.099
24 1.62 20 279 0.092
25 1.67 29 259 0.086
26 1.73 38 230 0.076
27 1.78 18 192 0.064
28 1.84 19 174 0.058
29 1.89 6 155 0.051
30 1.94 3 149 0.049
31 2.00 2 146 0.048
32 2.05 5 144 0.048
33 2.10 4 139 0.046
34 2.16 2 135 0.045
35 2.21 1 133 0.044
36 2.27 7 132 0.044
37 2.32 7 125 0.041
38 2.37 10 118 0.039
39 243 21 108 0.036
40 2.48 11 87 0.029
41 2.53 3 76 0.025
42 2.59 2 73 0.024
43 2.64 1 71 0.024
44 2.70 0 70 0.023
45 2.75 1 70 0.023
46 2.80 0 69 0.023
47 2.86 0 69 0.023
48 2.91 1 69 0.023
49 2.96 5 68 0.023
50 3.02 4 63 0.021
51 3.07 9 59 0.020
8/2/2019 2:46 PM 1/2
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USGS9217dPre.csv

>
5 3 g &Q)éq’
S < Q <
(\e\}& \(\fb\-& S .&\089 ,\\6@
; O
52 (@ Q% \&&
Q@
52 3.12 8 50 0.017
53 3.18 3 42 0.014
54 3.23 1 39 0.013
55 3.29 0 38 0.013
56 3.34 2 38 0.013
57 3.39 0 36 0.012
58 3.45 0 36 0.012
59 3.50 0 36 0.012
60 3.55 0 36 0.012
61 3.61 0 36 0.012
62 3.66 1 36 0.012
63 3.72 2 35 0.012
64 3.77 6 33 0.011
65 3.82 2 27 0.009
66 3.88 1 25 0.008
67 3.93 0 24 0.008
68 3.98 1 24 0.008
69 4.04 0 23 0.008
70 4.09 2 23 0.008
71 4.15 0 21 0.007
72 4.20 1 21 0.007
73 4.25 0 20 0.007
74 4.31 1 20 0.007
75 4.36 2 19 0.006
76 4.41 4 17 0.006
77 4.47 1 13 0.004
78 4.52 3 12 0.004
79 4.57 1 9 0.003
80 4.63 0 8 0.003
81 4.68 0 8 0.003
82 4.74 0 8 0.003
83 4.79 0 8 0.003
84 4.84 0 8 0.003
85 4.90 0 8 0.003
86 4.95 0 8 0.003
87 5.00 0 8 0.003
88 5.06 2 8 0.003
89 5.11 1 6 0.002
90 5.17 1 5 0.002
91 5.22 0 4 0.001
92 5.27 0 4 0.001
93 5.33 0 4 0.001
94 5.38 0 4 0.001
95 5.43 0 4 0.001
96 5.49 0 4 0.001
97 5.54 0 4 0.001
98 5.60 0 4 0.001
99 5.65 1 4 0.001
100 5.70 0 3 0.001
--------- End of Data-----------------
8/2/2019 2:46 PM 2/2
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USGS9217dPostMitigated.csv

Duration Table Summary at Project Discharge Point
file name: V:\17\17053\engineering\TM\Current\SWMM\17053 post-development_2-5inhr.out
time stamp: 8/2/2019 1:46:43 PM
Number of periods when discharge was equal to or greater than DISCHARGE
DISCHARGE .
column but less than that shown on the next line
2 &P Q)&(\Q Q)ée’é
Q:“ Qj)\' Q;\\o _\_OQ’ _\S)Q'
S Q < <
S S S 2 @
S & <© & &
N o i & S
N2 P K NS S
< @ ©
<0 Q%
1 0.39 201 1493 0.494
2 0.44 242 1292 0.428
3 0.49 183 1050 0.348
4 0.55 103 867 0.287
5 0.60 81 764 0.253
6 0.65 41 683 0.226
7 0.71 24 642 0.213
8 0.76 25 618 0.205
9 0.82 29 593 0.196
10 0.87 35 564 0.187
11 0.92 39 529 0.175
12 0.98 53 490 0.162
13 1.03 51 437 0.145
14 1.08 42 386 0.128
15 1.14 30 344 0.114
16 1.19 32 314 0.104
17 1.25 16 282 0.093
18 1.30 12 266 0.088
19 1.35 18 254 0.084
20 1.41 10 236 0.078
21 1.46 7 226 0.075
22 1.51 21 219 0.073
23 1.57 20 198 0.066
24 1.62 19 178 0.059
25 1.67 10 159 0.053
26 1.73 7 149 0.049
27 1.78 8 142 0.047
28 1.84 10 134 0.044
29 1.89 12 124 0.041
30 1.94 5 112 0.037
31 2.00 5 107 0.035
32 2.05 3 102 0.034
33 2.10 6 99 0.033
34 2.16 8 93 0.031
35 2.21 4 85 0.028
36 2.27 7 81 0.027
37 2.32 6 74 0.025
38 2.37 1 68 0.023
39 2.43 1 67 0.022
40 2.48 6 66 0.022
41 2.53 1 60 0.020
42 2.59 2 59 0.020
43 2.64 6 57 0.019
44 2.70 3 51 0.017
45 2.75 1 48 0.016
46 2.80 2 47 0.016
47 2.86 3 45 0.015
48 2.91 1 42 0.014
49 2.96 3 41 0.014
50 3.02 2 38 0.013
51 3.07 2 36 0.012

8/2/2019 2:47 PM
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USGS9217dPostMitigated.csv

> > $ (®)
< QJ‘ N & &
S & °© & <&
2 & o N
52 3.12 2 34 0.011
53 3.18 3 32 0.011
54 3.23 0 29 0.010
55 3.29 0 29 0.010
56 3.34 0 29 0.010
57 3.39 1 29 0.010
58 3.45 2 28 0.009
59 3.50 2 26 0.009
60 3.55 2 24 0.008
61 3.61 2 22 0.007
62 3.66 0 20 0.007
63 3.72 1 20 0.007
64 3.77 1 19 0.006
65 3.82 1 18 0.006
66 3.88 0 17 0.006
67 3.93 1 17 0.006
68 3.98 1 16 0.005
69 4.04 0 15 0.005
70 4.09 0 15 0.005
71 415 2 15 0.005
72 4.20 2 13 0.004
73 4.25 0 11 0.004
74 4.31 2 11 0.004
75 4.36 0 9 0.003
76 4.41 0 9 0.003
77 4.47 1 9 0.003
78 4.52 0 8 0.003
79 4.57 1 8 0.003
80 4.63 0 7 0.002
81 4.68 1 7 0.002
82 4.74 0 6 0.002
83 4.79 1 6 0.002
84 4.84 0 5 0.002
85 4.90 0 5 0.002
86 4.95 0 5 0.002
87 5.00 1 5 0.002
88 5.06 0 4 0.001
89 5.11 0 4 0.001
90 5.17 0 4 0.001
91 5.22 1 4 0.001
92 5.27 0 3 0.001
93 5.33 1 3 0.001
94 5.38 0 2 0.001
95 5.43 0 2 0.001
96 5.49 0 2 0.001
97 5.54 0 2 0.001
98 5.60 0 2 0.001
99 5.65 0 2 0.001
100 5.70 0 2 0.001
--------- End of Data-----------------

8/2/2019 2:47 PM
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END OF STATISTICS ANALYSIS
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[ TI TLE]

;;Project Titlel/ Notes

Post - Devel opnent
Dr awdown Ti ne:

[ OPTI ONS]

;; Option
FLOW UNI TS

I NFI LTRATI ON

FLOW ROUTI NG

LI NK_OFFSETS

M N_SLOPE

ALLOW PONDI NG

SKI P_STEADY_STATE

START_DATE
START_TI ME

REPORT _START_DATE
REPORT_START_TI ME
END_DATE

END_TI ME
SWEEP_START
SWEEP_END
DRY_DAYS
REPORT_STEP
WET_STEP

DRY_STEP

ROUTI NG_STEP
RULE_STEP
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53 Temecul a_RG I NTENSI TY 1: 00 1.0 FI LE "R \Rai n gage dat\ 048844 Tenecul a Rai n data.dat" 048844

I'N
54
55 [ SUBCATCHMVENTS]
56 ;; Nare Rai n Gage Qutl et Area % nmperv W dth %Sl ope CurbLen SnowPack
57 N e L I LR R
58 DVA- A Tenmecul a_RG POC- 1 2.1863 O 372 8.8 0
59 DVA- B Tenmecul a_RG POC- 1 0.2729 52.8 620 18 0
60 DVA- C Tenmecul a_RG POC- 1 0. 1505 100 384 1.5 0
61 DVA- D Tenmecul a_RG POC- 1 1.5673 O 416 8.1 0
62 DVA- E Tenmecul a_RG POC- 1 0.8824 31 1040 0.5 0
63 DVA- F Tenmecul a_RG POC- 1 0.5648 49 1297 0.5 0
64 DMVA- G Tenmecul a_RG POC- 1 0.7984 O 546 0.5 0
65 DVA- H Tenmecul a_RG POC- 1 . 2428 50 620 18 0
66
67 [ SUBAREAS]
68 ;; Subcat chnent N- | nperv N Perv S- 1 nperv S- Perv Pct Zer o Rout eTo Pct Rout ed
69 M I L R LR
70 DVA- A 0.012 0.1 0. 05 0.1 25 OUTLET
71 DVA- B 0.012 0.1 0. 05 0.1 25 OUTLET
72 DVA- C 0.012 0.1 0. 05 0.1 25 OUTLET
73 DVA- D 0.012 0.1 0. 05 0.1 25 OUTLET
74 DVA- E 0. 012 0.1 0. 05 0.1 25 OQUTLET
75 DVA- F 0.012 0.1 0. 05 0.1 25 OUTLET
76 DMVA- G 0.012 0.1 0. 05 0.1 25 OQUTLET
77 DVA- H 0.012 0.1 0. 05 0.1 25 OQUTLET
78
79 [ I NFI LTRATI ON|
80 ; ; Subcat chrent Suction Ksat | MD
81 M R I LR
82 DVA- A 6 . 01875 0.32
83 DVA- B 9 0.01875 0. 33
84 DVA- C 9 0.01875 0. 33
85 DVA- D 9 0.01875 0. 33
86 DVA- E 9 0.01875 0. 33
87 DVA- F 9 0.01875 0. 33
88 DMVA- G 9 0.01875 0. 33
89 DVA- H 9 01875 33
90
91 [LI D_CONTRCLS]
92 i Name Type/ Layer Paraneters
93 M R LR
94 BWP- 1 BC
95 BWP- 1 SURFACE 6 0. 05 0 0 5
96 BWP- 1 Sa L 24 0.4 0.2 0.1 5 5 1.5
97 BWP- 1 STORACE 12 0. 67 0. 38 0
98 BWP- 1 DRAI' N 0.831118561951711 0.5 3 6 0 0
99
100 BMP- 2 BC
101 BWP- 2 SURFACE 6 0. 05 0 0 5
102 BWP- 2 Sa L 18 0.4 0.2 0.1 5 5 1.5
103 BMP- 2 STORACE 12 0. 67 0. 38 0



104
105
106
107
108
109
110
111
112
113

114

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

BMP- 2

BMP- 3
BMP- 3
BMP- 3
BMP- 3
BMP- 3

[ LI D_USAGE]
;; Subcat chment

DETPI PE_1
DETPI PE_1
DETPI PE_1
DETPI PE_1

[ REPORT]

;; Reporting Optio
SUBCATCHVENTS ALL
NODES ALL

LI NKS ALL

[ TAGS]
[ MAP]

DI MENSI ONS - 2500.
Units None

[ COORDI NATES]

POC- 1
[ VERTI CES]

[ Pol ygons]
;; Subcat chnment

DRAI' N 0. 842545866683357 0.5 3 6 0
BC
SURFACE 6 0.0 0 0 5
Sa L 18 0.4 0.2 0.1 5 5
STORACE 12 0. 67 0 0
DRAI N 0 0.5 6 6 0 0
LI D Process Nunmber Area W dth I nit Sat From np
Dr ai nTo FromPerv
El evati on Type St age Data Gat ed Route To
0 FREE NO
Type X-Val ue Y- Val ue
St or age 0 2122
2 2122
2.01 0
5 0

ns

000 -1309. 000 14150. 000 8100. 000

X- Coord Y- Coor d
3194. 965 342. 417
X- Coord Y- Coor d
X- Coord Y- Coor d
6650. 709 5418. 996



154 DVA- B 7129. 823 5123. 372

155 DVA- C 7252. 151 4797. 166

156 DVA- D 5641. 509 1922. 477

157 DVA- E 6079. 848 790. 950

158 DVA- F 6701. 678 933. 665

159 DMVA- G 7180. 793 597. 265

160 DVA- H 7526. 439 6842. 344

161

162 [ SYMBOLS]

163 ;; Gage X- Coord Y- Coord

164 M R LR LR
165  Tenecul a_RG 2341. 513 6983. 640

166

167

168 [ BACKDRORP]

169 FI LE "V:\ 17\ 17053\ engi neeri ng\ TM TM)2\ STORM SWWM 17053 pre-dev swrmm map- Model . j pg”

170 DI MENSI ONS 2688. 667 -1309. 000 8961. 333 8100. 000
171



OCOO~NOOUITDWN P~

[ TI TLE]

;;Project Titlel/ Notes

Post - Devel opnent
Dr awdown Ti ne:

[ OPTI ONS]

;; Option
FLOW UNI TS

I NFI LTRATI ON

FLOW ROUTI NG

LI NK_OFFSETS
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ALLOW PONDI NG
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START_DATE
START_TI ME

REPORT _START_DATE
REPORT_START_TI ME
END_DATE

END_TI ME
SWEEP_START
SWEEP_END
DRY_DAYS
REPORT_STEP
WET_STEP

DRY_STEP

ROUTI NG_STEP
RULE_STEP

I NERTI AL_DAMPI NG

NORMAL_FLOW LI M TED
FORCE_MAI N_EQUATI ON

VAR ABLE_STEP
LENGTHENI NG_STEP
M N_SURFAREA
MAX_TRI ALS

HEAD TOLERANCE
SYS_FLOW TOL
LAT_FLOW TOL

M NI MUM_STEP
THREADS

[ EVAPORATI ON]|
. Data Source

MONTHLY
DRY ONLY

[ RAI NGAGES]

1 hours

Val ue

CFS
GREEN_AMPT
KI NAVE
DEPTH

0

NO

NO

10/ 16/ 1971
04: 00: 00
10/ 16/ 1971
04: 00: 00
03/ 29/ 2006
08: 00: 00
01/01

12/ 31

0

01: 00: 00
01: 00: 00
01: 00: 00
0: 01: 00
00: 00: 00

PARTI AL
BOTH
H W
0.75

Par aneters

0.060 0.080 0.110 O0.16

I nt erval



53

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

Tenecul a_RG
I'N

[ SUBCATCHVENTS]

BWP- 1
BMP- 2
BMP- 3
DVA- A
DVA- B
DVA- C
DVA- D
DVA- E
DVA- F
BMP- 4
BMP- 5
DVA- G
DVA- H

[ SUBAREAS]
;; Subcat chnment
BWVP- 1
BWVP- 2
BWMP- 3
DVA- A
DVA- B
DVA- C
DVA- D
DVA- E
DVA- F
BWVP- 4
BWMP- 5
DVA- G
DVA- H

[ 1 NFI LTRATI ON|
;; Subcat chnment
BWVP- 1
BWP- 2
BMP- 3
DVA- A
DVA- B
DVA- C
DVA- D
DVA- E
DVA- F
BWVP- 4
BWMP- 5
DMVA- G

I NTENSI TY 1: 00 1.0
Rai n Gage Qutle
Tenecul a_RG POC- 1
Tenecul a_RG POC- 1
Tenecul a_RG POC- 1
Tenecul a_RG BWVP- 1
Tenecul a_RG BMP- 2
Tenecul a_RG BWVP- 3
Tenecul a_RG BWVP- 4
Tenecul a_RG POC- 1
Tenecul a_RG POC- 1
Tenecul a_RG POC- 1
Tenecul a_RG POC- 1
Tenecul a_RG BMP- 5
Tenecul a_RG POC- 1
N- | nperv N- Perv
0.012 0.1

0.012 0.1

0.012 0.1

0.012 0.1

0.012 0.1

0.012 0.1

0.012 0.1

0.012 0.1

0.012 0.1

0.012 0.1

0.012 0.1

0.012 0.1

0.012 0.1

Suction Ksat

9 0. 01875

9 0. 01875

9 0. 01875

9 0. 01875

9 0. 01875

9 0. 01875

9 0. 01875

9 0. 01875

9 0. 01875

3.5 .

3.5 0.5

9 . 01875

FI LE

0. 11669

3. 9699

1564

0091

. 7447
. 1981
. 7872
. 1938
. 1395
. 0277
. 0069
. 2175
. 0979

COOOOO00OO0O00O000
RPRRPRRRRRRPRRRRR

% nmperv. Wd
0 159
0 127
0 32
85 430.
85 224
85 368
85 190
85 209
0 57
0 35
0 10
85 50
0 150
Pct Zero

25

25

25

25

25

25

25

25

25

25

25

25

25

th

oo

U'IU'IE#HU‘IU‘IU‘I

COOOHENWNENOOO

ol oo ol

Rout eTo

Cur bLen

cNololololololololoNoNeNe)

Pct Rout ed

"R \Rai n gage dat\ 048844 Tenecul a Rai n data.dat" 048844

SnowPack



104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

141

142

143

144

145

146

147
148

DMVA- H
[ LI D_CONTROLS]

BWP- 1
BWP- 1
BWP- 1
BWP- 1

BMP- 2
BMP- 2
BMP- 2
BMP- 2
BMP- 2

BMP- 3
BMP- 3
BMP- 3
BMP- 3
BMP- 3

BWP- 4
BWP- 4
BWP- 4
BWP- 4
BWP- 4

BMP- 5
BMP- 5
BMP- 5
BMP- 5
BMP- 5

[ LI D_USAGE]
;; Subcat chnment

BMP- 5
*

[ QUTFALLS]

. 01875 .3

Type/ Layer Paraneters

3

BC
SURFACE 6 0. 05 0
Sa L 24 0.4 0.2
STORAGE 12 0. 67 0
DRAI N 0. 0445721189633922 0.5
BC
SURFACE 6 0. 05 0
SA L 18 0.4 0.2
STORAGE 12 0. 67 0
DRAI N 0. 0493297579700974 0.5
BC
SURFACE 6 0 0
Sa L 24 0.4 0.2
STORAGE 18 0. 67 0
DRAI N 0.84251174045 0.5
BC
SURFACE 6 0.0 0.1
SA L 24 0.4 0.2
STORAGE 18 . 67 0
DRAI N 0.27571842376 0.5
BC
SURFACE 6.0 0.0 0.1
Sa L 24 0.4 0.2
STORAGE 18 .67 0
DRAI N 1.10196072013 0.5
LI D Process Nunber Area

Drai nTo Fr onPer v
BWVP- 1 1 6812. 78

* 0
BWVP- 2 1 5083. 02

* 0
BWMP- 3 1 396. 40

* 0
BWVP- 4 1 1206. 61

* 0
BWVP- 5 1 300. 56

* 0

0
0.
0
3
0
0.
0
3

0
0.
0

6
0
0.
0

3
0
0.
0

3

W dt h

0

0

0

0

0

5
2
6
5
2
6
5
2.
6
5
2.
6
5
2.
6
| ni t Sat
0
0
0
0
0

5
0
5
0
5
0
5
0
5
0
From np
0
0
0
0
0

1
0
1
0
1
0
1.
0
1.
0
ToPerv
0
0
0
0
0



149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

DETPI PE_1
DETPI PE_1
DETPI PE_1
DETPI PE_1

[ REPORT]

;; Reporting Optio
SUBCATCHVENTS ALL
NODES ALL

LI NKS ALL

[ TAGS]

[ MAP]

DI MENSI ONS - 2500. 000 -1551. 734 14150. 000 8342. 734

Units None

[ COORDI NATES]

POC- 1
[ VERTI CES]

[ Pol ygons]
;; Subcat chnment
BWVP- 1
BWVP- 1
BWVP- 1
BWVP- 1
BWVP- 1
BWVP- 1
BWVP- 1
BWVP- 1
BWVP- 1
BWVP- 2
BWVP- 2
BWVP- 2
BWVP- 2
BWVP- 2
BWVP- 2
BWVP- 2

El evati on

St or age

ns

Type

St age Dat a

Gat ed

Route To



Water Quality Management Plan (WQMP)
Curci TPM 37547

Appendix 8: Source Control

Pollutant Sources/Source Control Checklist

Include a copy of the completed Pollutant Sources/Source Control Checklist used to document
Source Control BMPs in Section H of this Template.
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Appendix 8

STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

How to use this worksheet (also see instructions in Section G of the 2014 SMR WQMP Template):

1. Review Column 1 and identify which of these potential sources of stormwater pollutants apply to your site. Check each box that applies.

2. Review Column 2 and incorporate all of the corresponding applicable BMPs in your WQMP Exhibit.

3. Review Columns 3 and 4 and incorporate all of the corresponding applicable permanent controls and operational BMPs in your WQMP. Use the
format shown in Table G.1on page 31 of this WQMP Template. Describe your specific BMPs in an accompanying narrative, and explain any
special conditions or situations that required omitting BMPs or substituting alternative BMPs for those shown here.

IF THESE SOURCES WILL BE
... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE
ON THE PROJECT SITE ...
1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in WQMP | Operational BMPs—Include in WQMP
Runoff Pollutants WQMP Drawings Table and Narrative Table and Narrative
A. On-site storm drain Locations of inlets. Mark all inlets with the words Maintain and periodically repaint or
inlets “Only Rain Down the Storm replace inlet markings.
Drain” or similar. Catch Basin . .
P t 11
Markers may be available from the rOVIde.S ormuwater poflution
. . prevention information to new site
Riverside County Flood Control
. .. owners, lessees, or operators.
and Water Conservation District,
call 951.955.1200 to verify. See applicable operational BMPs in
Fact Sheet SC-44, “Drainage System
Maintenance,” in the CASQA
Stormwater Quality Handbooks at
www.cabmphandbooks.com
Include the following in lease
agreements: “Tenant shall not allow
anyone to discharge anything to storm
drains or to store or deposit materials
so as to create a potential discharge to
storm drains.”
d B. Interior floor drains 0 State that interior floor drains and | U Inspect and maintain drains to prevent
and elevator shaft sump elevator shaft sump pumps will be blockages and overflow.
pumps plumbed to sanitary sewer.
a C. Interior parking 0  State that parking garage floor U Inspect and maintain drains to prevent
garages drains will be plumbed to the blockages and overflow.
sanitary sewer.
2014 SMR WQMP TEMPLATE
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Appendix 8
STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3
Permanent Controls—List in WQMP
Table and Narrative

4
Operational BMPs—Include in WQMP
Table and Narrative

a D1. Need for future
indoor & structural pest
control

QO Note building design features that
discourage entry of pests.

O Provide Integrated Pest Management
information to owners, lessees, and
operatots.

D2. Landscape/
Outdoor Pesticide Use

U Show locations of native trees or
areas of shrubs and ground cover to
be undisturbed and retained.

U  Show self-retaining landscape
areas, if any.

Show stormwater treatment and
hydrograph modification
management BMPs. (See
instructions in Chapter 3, Step 5
and guidance in Chapter 5.)

State that final landscape plans will
accomplish all of the following.

Preserve existing native trees,
shrubs, and ground cover to the
maximum extent possible.

Design landscaping to minimize
irrigation and runoff, to promote
surface infiltration where
appropriate, and to minimize the
use of fertilizers and pesticides that
can contribute to stormwater
pollution.

Where landscaped areas are used to
retain or detain stormwater, specify
plants that are tolerant of saturated
soil conditions.

Consider using pest-resistant plants,
especially adjacent to hardscape. To
insure successful establishment,
select plants appropriate to site soils,
slopes, climate, sun, wind, rain, land
use, air movement, ecological

consistency, and plant interactions.

Maintain landscaping using minimum
or no pesticides.

Q See applicable operational BMPs in
“What you should know
for.....Landscape and Gardening” at

http:/ /www.rcflood.org/stormwater/Downlo
ads/LandscapeGardenBrochure.pdf

Provide IPM information to new
owners, lessees and operators.

2014 SMR WQMP TEMPLATE
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Appendix 8
STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3

Permanent Controls—List in WQMP

Table and Narrative

4

Operational BMPs—Include in WQMP

Table and Narrative

a E. Pools, spas, ponds,
decorative fountains,
and other water
features.

Show location of water feature and
a sanitary sewer cleanout in an
accessible area within 10 feet.
(Exception: Public pools must be
plumbed according to County
Department of Environmental
Health Guidelines.)

If the Co-Permittee requires pools
to be plumbed to the sanitary
sewer, place a note on the plans
and state in the narrative that this
connection will be made according
to local requirements.

Q

See applicable operational BMPs in
“Guidelines for Maintaining Your
Swimming Pool, Jacuzzi and

Garden Fountain” at
http:/ /www.rcflood.org/stormwater/Downl

oads/poolsandspas.pdf

F. Food service

For restaurants, grocery stores, and
other food service operations, show
location (indoors or in a covered
area outdoors) of a floor sink or
other area for cleaning floor mats,
containers, and equipment.

On the drawing, show a note that
this drain will be connected to a
grease interceptor before
discharging to the sanitary sewer.

Describe the location and features
of the designated cleaning area.

Describe the items to be cleaned in
this facility and how it has been
sized to insure that the largest
items can be accommodated.

See the brochure, “The Food Service
Industry Best Management Practices
for: Restaurants, Grocery Stores,

Delicatessens and Bakeries” at
http://www.rcflood.org/stormwater/downloa

ds/FoodServ.pdf
Provide this brochure to new site
owners, lessees, and operators.

G. Refuse areas

Show where site refuse and
recycled materials will be handled
and stored for pickup. See local
municipal requirements for sizes
and other details of refuse areas.

If dumpsters or other receptacles
are outdoors, show how the
designated area will be covered,
graded, and paved to prevent run-
on and show locations of berms to
prevent runoff from the area.

Any drains from dumpsters,
compactors, and tallow bin areas
shall be connected to a grease
removal device before discharge to
sanitary sewer.

State how site refuse will be
handled and provide supporting
detail to what is shown on plans.

State that signs will be posted on or
near dumpsters with the words “Do
not dump hazardous materials
here” or similar.

State how the following will be
implemented:

Provide adequate number of
receptacles. Inspect receptacles
regularly; repair or replace leaky
receptacles. Keep receptacles covered.
Prohibit/prevent dumping of liquid or
hazardous wastes. Post “no hazardous
materials” signs. Inspect and pick up
litter daily and clean up spills
immediately. Keep spill control
materials available on-site. See Fact
Sheet SC-34, “Waste Handling and
Disposal” in the CASQA Stormwater
Quality Handbooks at

www.cabmphandbooks.com

2014 SMR WQMP TEMPLATE
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Appendix 8
STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE
ON THE PROJECT SITE ...

1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in WQMP Operational BMPs—Include in WQMP
Runoff Pollutants WQMP Drawings Table and Narrative Table and Narrative
a H. Industrial processes. U Show process area. U Ifindustrial processes are to be U See Fact Sheet SC-10, “Non-
located on site, state: “All process Stormwater Discharges” in the
activities to be performed indoors. CASQA Stormwater Quality
No processes to drain to exterior or Handbooks at
to storm drain system.” www.cabmphandbooks.com

See the brochure “Industrial &
Commercial Facilities Best Management
Practices for: Industrial, Commercial
Facilities” at_
http://www.rcflood.org/stormwater/Downloa
ds/IndustrialCommercialFacilities.pdf

a I. Outdoor storage of O Show any outdoor storage ateas, U Include a detailed description of O See the Fact Sheets SC-31, “Outdoor

equipment or materials. including how materials will be materials to be stored, storage Liquid Container Storage” and SC-33,
(See rows J and K for covered. Show how areas will be areas, and structural features to “Outdoor Storage of Raw Materials ”
source control graded and bermed to prevent run- prevent pollutants from entering in the CASQA Stormwater Quality
measures for vehicle on or run-off from area. storm drains. Handbooks at
cle:imlng, repair, and U Storage of non-hazardous liquids Where appropriate, reference www.cabmphandbooks.com
maintenance.) shall be covered by a roof and/or documentation of compliance with

drain to the sanitary sewer system, the requirements of Hazardous

and be contained by berms, dikes, Materials Programs for:

liners, or vaults. .
’ = Hazardous Waste Generation

U Storage of hazardous materials and
wastes must be in compliance with
the local hazardous materials

= Hazardous Materials Release
Response and Inventory

ordinance and a Hazardous = (California Accidental Release
Materials Management Plan for the (CalARP)
site.

= Aboveground Storage Tank

» Uniform Fire Code Article 80
Section 103(b) & (c) 1991

® Underground Storage Tank

www.cchealth.org/groups/hazmat/

2014 SMR WQMP TEMPLATE Appendix 8 — Page 4 of 10
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Appendix 8
STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2

Permanent Controls—Show on

WQMP Drawings

3

Permanent Controls—List in WQMP

Table and Narrative

4

Operational BMPs—Include in WQMP

Table and Narrative

a J. Vehicle and
Equipment Cleaning

Show on drawings as appropriate:

(1) Commertcial/industrial facilities
having vehicle/equipment cleaning
needs shall either provide a
covered, bermed area for washing
activities or discourage
vehicle/equipment washing by
removing hose bibs and installing
signs prohibiting such uses.

(2) Multi-dwelling complexes shall
have a paved, bermed, and covered
car wash area (unless car washing
is prohibited on-site and hoses are
provided with an automatic shut-
off to discourage such use).

(3) Washing areas for cars, vehicles,
and equipment shall be paved,
designed to prevent run-on to or
runoff from the area, and plumbed
to drain to the sanitary sewet.

(4) Commercial car wash facilities
shall be designed such that no
runoff from the facility is
discharged to the storm drain
system. Wastewater from the
facility shall discharge to the
sanitary sewet, or a wastewater
reclamation system shall be
installed.

H]

If a car wash area is not provided,
describe any measures taken to
discourage on-site car washing and
explain how these will be enforced.

Describe operational measures to
implement the following (if
applicable):

Washwater from vehicle and
equipment washing operations shall
not be discharged to the storm drain
system. Refer to “Outdoor Cleaning
Activities and Professional Mobile
Service Providers” for many of the
Potential Sources of Runoff Pollutants
categories below. Brochure can be
found at

http://www.rcflood.org/stormwater/downloads/

OutdoorCleaningActivities.pdf

Car dealerships and similar may
rinse cars with water only.

2014 SMR WQMP TEMPLATE
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Appendix 8
STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3
Permanent Controls—List in WQMP
Table and Narrative

4

Operational BMPs—Include in WQMP

Table and Narrative

a K. Vehicle/Equipment
Repair and
Maintenance

Accommodate all vehicle
equipment repair and maintenance
indoors. Or designate an outdoor
work area and design the area to
prevent run-on and runoff of
stormwater.

Show secondary containment for
exterior work areas where motor
oil, brake fluid, gasoline, diesel
fuel, radiator fluid, acid-containing
batteries or other hazardous
materials or hazardous wastes are
used or stored. Drains shall not be
installed within the secondary
containment areas.

Add a note on the plans that states
either (1) there are no floor drains,
or (2) floor drains are connected to
wastewater pretreatment systems
prior to discharge to the sanitary
sewer and an industrial waste
discharge permit will be obtained.

O State that no vehicle repair or
maintenance will be done outdoors,
or else describe the required
features of the outdoor work area.

QO  State that there are no floor drains
or if there are floor drains, note the
agency from which an industrial
waste discharge permit will be
obtained and that the design meets
that agency’s requirements.

O State that there are no tanks,
containers or sinks to be used for
parts cleaning or rinsing or, if there
are, note the agency from which an
industrial waste discharge permit
will be obtained and that the
design meets that agency’s
requirements.

In the Stormwater Control Plan, note
that all of the following restrictions
apply to use the site:

No person shall dispose of, nor permit
the disposal, directly or indirectly of
vehicle fluids, hazardous materials, or
rinsewater from parts cleaning into
storm drains.

No vehicle fluid removal shall be
performed outside a building, nor on
asphalt or ground surfaces, whether
inside or outside a building, except in
such a manner as to ensure that any
spilled fluid will be in an area of
secondary containment. Leaking
vehicle fluids shall be contained or
drained from the vehicle immediately.

No person shall leave unattended drip
parts or other open containers
containing vehicle fluid, unless such
containers are in use or in an area of
secondary containment.

Refer to “Automotive Maintenance &
Car Care Best Management Practices
for Auto Body Shops, Auto Repair
Shops, Car Dealerships, Gas Stations
and Fleet Service Operations”.
Brochute can be found at
http://rcflood.org/stormwater

Refer to Outdoor Cleaning Activities
and Professional Mobile Service
Providers for many of the Potential
Sources of Runoff Pollutants
categories below. Brochure can be
found at http://rcflood.org/stormwater

2014 SMR WQMP TEMPLATE
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Appendix 8
STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2

Permanent Controls—Show on

WQMP Drawings

3
Permanent Controls—List in WQMP
Table and Narrative

4
Operational BMPs—Include in WQMP
Table and Narrative

a L. Fuel Dispensing a
Areas

Fueling areas® shall have
impermeable floors (i.e., portland
cement concrete or equivalent
smooth impervious surface) that
are: a) graded at the minimum
slope necessary to prevent ponding;
and b) separated from the rest of
the site by a grade break that
prevents run-on of stormwater to
the maximum extent practicable.

Fueling areas shall be covered by a
canopy that extends a minimum of
ten feet in each direction from each
pump. [Alternative: The fueling
area must be covered and the
cover’s minimum dimensions must
be equal to or greater than the area
within the grade break or fuel
dispensing areal.] The canopy [or
cover] shall not drain onto the
fueling area.

U The property owner shall dry sweep

O  See the Fact Sheet SD-30 , “Fueling

the fueling area routinely.

Areas” in the CASQA Stormwater
Quality Handbooks at
www.cabmphandbooks.com

6 The fueling area shall be defined as the area extending a minimum of 6.5 feet from the corner of each fuel dispenser or the length at which the hose and nozzle assembly may be operated plus a

minimum of one foot, whichever is greater.

2014 SMR WQMP TEMPLATE
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Appendix 8
STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2

Permanent Controls—Show on

WQMP Drawings

3
Permanent Controls—List in WQMP
Table and Narrative

4
Operational BMPs—Include in WQMP
Table and Narrative

a M. Loading Docks

Show a preliminary design for the
loading dock area, including
roofing and drainage. Loading
docks shall be covered and/or
graded to minimize run-on to and
runoff from the loading area. Roof
downspouts shall be positioned to
direct stormwater away from the
loading area. Water from loading
dock areas shall be drained to the
sanitary sewer, or diverted and
collected for ultimate discharge to
the sanitary sewer.

Loading dock areas draining
directly to the sanitary sewer shall
be equipped with a spill control
valve or equivalent device, which
shall be kept closed during periods
of operation.

Provide a roof overhang over the
loading area or install door skirts
(cowling) at each bay that enclose
the end of the trailer.

O Move loaded and unloaded items

O See Fact Sheet SC-30, “Outdoor

indoors as soon as possible.

Loading and Unloading,” in the
CASQA Stormwater Quality
Handbooks at
www.cabmphandbooks.com

2014 SMR WQMP TEMPLATE
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Appendix 8
STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in WQMP | Operational BMPs—Include in WQMP
Runoff Pollutants WQMP Drawings Table and Narrative Table and Narrative
a N. Fire Sprinkler Test [ Provide a means to drain fire L See the note in Fact Sheet SC-41,
Water sprinkler test water to the sanitary “Building and Grounds Maintenance,”
sewetr. in the CASQA Stormwater Quality
Handbooks at
www.cabmphandbooks.com
O. Miscellaneous Drain U Boiler drain lines shall be directly
or Wash Water or Other or indirectly connected to the
Sources sanitary sewer system and may not
Q Boiler drain lines discharge to the storm drain
system.
d Condensate drain lines
Q Rooftop equipment U Condensate drain lines may
) discharge to landscaped areas if the
Q Drainage sumps flow is small enough that runoff will
Roofing, gutters, and not occur. Condensate drain lines
trim. may not discharge to the storm
Q Other sources drain system.
U Rooftop equipment with potential
to produce pollutants shall be
roofed and/or have secondary
containment.
U  Any drainage sumps on-site shall
feature a sediment sump to reduce
the quantity of sediment in pumped
water.
Avoid roofing, gutters, and trim
made of copper or other
unprotected metals that may
leach into runoff.
U Include controls for other sources
as specified by local reviewer.
2014 SMR WQMP TEMPLATE Appendix 8 — Page 9 of 10
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Appendix 8
STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE
ON THE PROJECT SITE ...

1 2 3 4
Potential Sources of Permanent Controls—Show on Permanent Controls—List in WQMP | Operational BMPs—Include in WQMP
Runoff Pollutants WQMP Drawings Table and Narrative Table and Narrative
P. Plazas, sidewalks, Sweep plazas, sidewalks, and parking
and parking lots. lots regularly to prevent accumulation

of litter and debris. Collect debris from
pressure washing to prevent entry into
the storm drain system. Collect
washwater containing any cleaning
agent or degreaser and discharge to
the sanitary sewer not to a storm drain.
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Water Quality Management Plan (WQMP)
Curci TPM 37547

Appendix 9: O&M

Operation and Maintenance Plan and Documentation of Finance, Maintenance and Recording Mechanisms

Include the completed Operation and Maintenance Plan in this Appendix along with additional
documentation of Finance and Maintenance Recording Mechanisms for the site. Refer to
Sections 3.10 and 5 of the SMR WQMP and Section J of this Template.
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1. INSPECTION AND MAINTENANCE CHECKLIST

BMP Name: Location:

Date of Inspection: Time: AM/PM (circle)
Inspected by:

Print Name Print Name

Signature:

The designated Site Inspector shall use the following guidelines, Section VI of the WQMP
and sheets in Appendix D for maintenance, inspection, and repair of BMPs identified in the
WQMP. Include any comments in the box to the right, including reparations made or needed.
If preparations are needed, please provide a follow up date. The completed checklist shall be
filed in order to keep a record of what was inspected and maintained.

Best Management Inspection Maintenance Observations/Comments
Practices Frequency Frequency
Educate Operators, Annually in N/A
Tenants, Contractors|September (before
or Employees rainy season)
Activity Restrictions Annually in N/A

September (before
rainy season)

Irrigation System Monthly As-needed based
and Landscape on Maintenance
Maintenance Indicators
Common Area Litter N/A Routine Litter
Control pick-up
Street Sweeping of N/A Bi-monthly
Parking (coordinate with
the city street
sweeping)
Drainage Facility Before and after | As-needed based
Inspection and the rainy season | on Maintenance
Maintenance Indicators
Protect slopes and Annually in As-needed
Channels September (before planting of
rainy season) vegetation in
eroded




Trash Storage Areas | Weekly as-needed N/A

Media Filter/inlet Semi-annually |Clean four times a

inserts (before and after year, Debris
rainy season) and removal as

after major storms| necessary, and
prior to and

following rainy
season and major
storm

Notes:
1. Do not blow lawn clippings or any waste into the Porous Landscape Detention Basin
2. Completed copies must be kept onsite to provide prove that the WQMP is being maintained and
operated and must be available to the City and Regional Board upon request.
3. Runoff to the street caused by irrigation is prohibited and may result in monetary penalties.
Adjust station timing and times per day as weather changes.
4. Keep lids closed.



Bioretention

Date:

Inspector:

BMP ID No.:

Permit No.:

APN(s):

Property / Development Name:

Responsible Party Name and Phone Number:

Property Address of BMP:

Responsible Party Address:

INSPECTION AND MAINTENANCE CHECKLIST FOR BIORETENTION PAGE 1 of 5

Threshold/Indicator

Maintenance Recommendation Date

Description of Maintenance Conducted

Accumulation of sediment, litter, or debris
Maintenance Needed?

OJ YES
O NO
O N/A

to the vegetation

materials.

[ Other / Comments:

[J Remove and properly dispose of
accumulated materials, without damage

[ If sediment, litter, or debris accumulation
exceeds 25% of the surface ponding
volume within one month (25% full*),
add a forebay or other pre-treatment
measures within the tributary area
draining to the BMP to intercept the

Poor vegetation establishment
Maintenance Needed?

OJ YES
O NO
O N/A

[ Other / Comments:

[ Re-seed, re-plant, or re-establish
vegetation per original plans

*“25% full” is defined as % of the depth from the design bottom elevation to the crest of the outflow structure (e.g., if the height to the outflow opening is 12 inches from the

bottom elevation, then the materials must be removed when there is 3 inches of accumulation — this should be marked on the outflow structure).



Bioretention

Date: Inspector: BMP ID No.:

Permit No.: APN(s):

INSPECTION AND MAINTENANCE CHECKLIST FOR BIORETENTION PAGE 2 of 5

Threshold/Indicator Maintenance Recommendation Date Description of Maintenance Conducted

Dead or diseased vegetation 1 Remove dead or diseased vegetation, re-

Maintenance Needed? seed, |.’e.-p|ant, or re-establish vegetation
per original plans
1 YES
O NO

O N/A

[ Other / Comments:

Overgrown vegetation [J Mow or trim as appropriate

Maintenance Needed? [ Other / Comments:

OJ YES
O NO
O N/A

2/3 of mulch has decomposed, or mulch has | [J Remove decomposed fraction and top off
been removed with fresh mulch to a total depth of 3

. inches
Maintenance Needed?

O VES [ Other / Comments:

O NO
O N/A




Bioretention

Date: Inspector: BMP ID No.:

Permit No.: APN(s):

INSPECTION AND MAINTENANCE CHECKLIST FOR BIORETENTION PAGE 3 of 5

Threshold/Indicator Maintenance Recommendation Date Description of Maintenance Conducted

Erosion due to concentrated irrigation flow [ Repair/re-seed/re-plant eroded areas and

Maintenance Needed? adjust the irrigation system

] YES [J Other / Comments:

O NO
O N/A

Erosion due to concentrated storm water runoff | [J Repair/re-seed/re-plant eroded areas,
flow and make appropriate corrective
measures such as adding erosion
control blankets, adding stone at flow

Maintenance Needed?

O YES entry points, or minor re-grading to
O NO restore proper drainage according to
O N/A the original plan

[ If the issue is not corrected by restoring
the BMP to the original plan and grade,
the [City Engineer] shall be contacted
prior to any additional repairs or
reconstruction

[ Other / Comments:




Bioretention

Date:

Inspector:

BMP ID No.:

Permit No.:

APN(s):

INSPECTION AND MAINTENANCE CHECKLIST FOR BIORETENTION PAGE 4 of 5

Threshold/Indicator

Maintenance Recommendation

Date

Description of Maintenance Conducted

Obstructed inlet or outlet structure
Maintenance Needed?

0] YES
O NO
O N/A

I Clear blockage

[ Other / Comments:

Underdrain clogged (inspect underdrain if
standing water is observed for longer than 24-96
hours following a storm event)

Maintenance Needed?

O] YES
O NO
O N/A

[J Clear blockage

[ Other / Comments:

Damage to structural components such as weirs,
inlet or outlet structures

Maintenance Needed?

OJ YES
O NO
O N/A

[ Repair or replace as applicable

[0 Other / Comments:




Detention Pipe

Date: Inspector: BMP ID No.:

Permit No.: APN(s):

INSPECTION AND MAINTENANCE CHECKLIST FOR DETENTION PIPE PAGE 1 of 1

Threshold/Indicator Maintenance Recommendation Date Description of Maintenance Conducted
Standing water in BMP for longer than 24-96 | [ Make appropriate corrective measures
hours following a storm event* such as checking the flow control

orifices and weir inside the manholes.
clearing underdrains, or repairing/
replacing clogged orifices.

Draining time in the detention pipe longer
than 96 hours following a storm event
may be growth for mosquito breeding.
Maintenance Needed? O] Other / Comments:
J YES
I NO
O N/A

Underdrain clogged (inspect underdrain if | [J Clear blockage
standing water is observed for longer than 24-96
hours following a storm event)

[ Other / Comments:
Maintenance Needed?

O] YES
O NO
O N/A

*Surface ponding longer than approximately 24 hours following a storm event may be detrimental to vegetation health, and surface ponding longer than approximately 96 hours
following a storm event poses a risk of vector (mosquito) breeding. Poor drainage can result from clogging of the media layer, filter course, aggregate storage layer, underdrain,
or outlet structure. The specific cause of the drainage issue must be determined and corrected.

**If mosquitos persist following corrective measures to remove standing water, or if the BMP design does not meet the 96-hour drawdown criteria due to release rates
controlled by an orifice installed on the underdrain, the [City Engineer] shall be contacted to determine a solution. A different BMP type, or a Vector Management Plan prepared
with concurrence from the County of San Diego Department of Environmental Health, may be required.


http://www.mosquito.org/biology

2. INTRODUCTION

The project proposes to create 16 separate legal parcels with 13 buildings, occupied with varying shops
such as specialty stores, fast food, casual dining, gas stations, a convenience store, and a hotel. There
will be 19 users in total. At 100 percent buildout, the site will be more than 80 percent impervious. All
impervious areas will drain to water quality basins, then to detention pipes onsite, then into a storm drain
system, and finally draining to the existing drainage ditch along the east side of the project.

3. RESPONSIBILITY FOR MAINTENANCE

A. General
It shall be the responsibility of the owner to train all employees for the maintenance and operation of
all BMPs, to achieve the maximum pollutant reduction, as addressed in the approved Project’s
WQMP. The following schedule of (O&M’s) must be followed to satisfy the Conditions of Concern
and the Pollutants of Concern as addressed in the approved Project’s SWQMP and the City’s SUSMP.
This schedule shall include periodic inspections of all Source Control and Treatment Control BMP’s.
All maintenance records for training, inspection and maintenance shall be retained and provided to the
city upon request.
All BMPs shall be inspected 30 days prior to October 1* each year and certified to the City
Engineering Department as to their readiness to receive runoff from the annual rainfall season.
The owner will also provide to the City, as part of the maintenance and operation agreement, an
executed maintenance and access easement that shall be binding on the land throughout the life of the
project. The DMA Exhibit in Attachment A of this report shall serve as a map showing the locations
of BMPs to be maintained.

Responsible Party for O&M and For Training- Property Owner
Curci, LLC, A California Limited Partnership
Contact: Allan Davis
27890 Clinton Keith Road D-490
Murrieta, Ca 92562
Phone: (760)518-0660

B. Training
Training of Operation and Maintenance personnel is of primary importance to provide knowledge of
the operation and maintenance of BMPs. Proper training shall provide information that will enable
employees to have in place an effective preventive maintenance program as described in this O & M
manual. The responsible party mentioned above should take the course provided by the “BULDING
INDUSTRIES ASSOCIATION of San Diego COUNTY” to be trained in the purpose and use of
BMPs and the maintenance thereof. Proper preventive maintenance will prevent environmental
incidents that may be a health and safety hazard.
New employees should be trained as to the purpose and proper maintenance within the first week of
their employment. Employee training shall include receiving a copy of this O & M manual; a
discussion on the location and purpose of site specific BMPs, such as Source Control and Treatment
Control BMPs; training on how to inspect and report maintenance problems and to whom they report
to. Employees shall be trained in site specific Pollutants of Concern so that they can evaluate the
functioning of all on-site BMPs. These Pollutants are identified in section F of the WQMP Report.
A log of all training and reported inspections and maintenance problems along with what was done to
correct the problem shall be kept on the premises at all times.
Employees shall be periodically trained, at a minimum of once a year, to refresh their abilities to
operate and maintain all on-site BMPs.
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C. Records

BMP TRAINING LOG

Date
Mo/Day/Yr

Type of Training

Personnel
Trained

Trainer




4. Summary of DMA’s and BMP’s

The project specific DMA & Source Control Exhibit is located in Attachment A of this report. This
exhibit shows the location and type of each DMA and BMP on site

5. BMP Design Documentation

The As-built plans can be found in Attachement B of this report. The plans will specify elevations
and details of all Structural BMP’s onsite. All field changes will be documented on the As-built plans
and will be included in this report for reference.

6. Maintenance Guidelines & Schedule
The following section will detail out project specific maintenance procedures.
Inspection Frequency

The facility will be inspected and inspection visits will be completely documented:
= Once a month at a minimum.
= After every large storm (after every storm monitored or these storms with more than 0.50 inch
of precipitation.)
= On a weekly basis during extended periods of wet weather.

Inspect for proper irrigation and fertilizer use, and ensure that all landscaped areas have minimum of
80% coverage.

Aesthetic Maintenance
The following activities will be included in the aesthetic maintenance program:

Grass Trimming: Trimming of grass will be done on all landscaped areas, around fences, at the inlet
and outlet structures, and sampling structures.

Weed Control. Weeds will be removed through mechanical means. Herbicide will not be used because
these chemicals may impact the water quality monitoring.

Functional Maintenance

Functional maintenance has two components:
= Preventive maintenance
= Corrective maintenance

Preventive Maintenance

Preventive maintenance activities to be instituted for landscaped areas are:
= QGrass Mowing: Vegetation seed, mix within the landscaped areas, are to be designed to be
kept short to maintain adequate hydraulic functioning and to limit the development of faunal
habitats.
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Trash and Debris: During each inspection and maintenance visit to the site, debris and trash
removal will be conducted to reduce the potential for inlet and outlet structures and other
components from becoming clogged and inoperable during storm events.

Sediment Removal: Sediment accumulation, as part of the operation and maintenance program
at of landscaped areas, will be monitored once a month during the dry season, after every large
storm (0.50 inch), and monthly during the wet season. Specifically, if sediment reaches a level
at or near plant height, or could interfere with flow or operation, the sediment shall be removed.
If accumulation of debris or sediment is determined to be the cause of decline in design
performance, prompt action (i.e., within ten working days) will be taken to restore the landscaped
areas to design performance standards. Actions will include using additional vegetation and/or
removing accumulated sediment to correct channeling or ponding. Characterization and
Appropriate disposal of sediment will comply with applicable local, county, state, or federal
requirements.

Landscaped areas will be re-graded, if the flow gradient has been altered. This should be a sign
that the BMP is failing and the soil matrix may need to be replaced.

Removal of Standing Water: Standing water must be removed if it contributes to the development
of aquatic plant communities or mosquito breeding areas.

Fertilization and Irrigation: fertilization and irrigation is to be keep at a minimum.

Elimination of Mosquito Breeding Habitats. The most effective mosquito control program is
one that eliminates standing water over a period less than 96 hours.

Corrective Maintenance

Corrective maintenance is required on an emergency or non-routine basis to correct problems and to
restore the intended operation and safe function of all landscaped areas.

Corrective maintenance activities include:

Removal of Debris and Sediment: Sediment, debris, and trash, which impede the hydraulic
functioning of landscaping and prevent vegetative growth, will be removed and properly
disposed. Temporary arrangements will be made for handling the sediments until a permanent
arrangement is made. Vegetation will be re-established after sediment removal.

Structural Repairs: Once deemed necessary, repairs to structural components of landscaping
will be done within 10 working days. Qualified individuals (i.e., the designers or contractors)
will conduct repairs where structural damage has occurred.

Embankment and Slope Repairs: Once deemed necessary, damage to the embankments and
slopes of landscaped areas will be repaired within 10 working days.

Erosion Repair: Where a reseeding program has been ineffective, or where other factors have
created erosive conditions (i.e., pedestrian traffic, concentrated flow, etc.), corrective steps
will be taken to prevent loss of soil and any subsequent danger to the performance and use of
landscaped areas as BMPs. There are a number of corrective actions than can be taken.

These include erosion control blankets, riprap, or reducing flow velocity.

Consult with an engineer and contractor to address frequently occurring erosion problems.
Elimination of Animal Burrows: animal burrows will be filled and steps taken to remove the
animals if burrowing problems continue to occur (filling and compacting). If the problem
persists, vector control specialists will be consulted regarding removal steps. This consulting is
necessary as the threat of rabies in some areas may necessitate the animals being destroyed
rather than relocated. If the BMP performance is affected, abatement will begin. Otherwise,
abatement will be performed annually in September.

General Facility Maintenance: In addition to the above elements of corrective maintenance,
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general corrective maintenance will address the overall facility and its associated components.
If corrective maintenance is being done to one component, other components will be inspected
to see if maintenance is needed.

Maintenance Frequency
The maintenance indicators for selected BMPs are included on page 10 of this report.

Debris and Sediment Disposal

Waste generated onsite is ultimately the responsibility of the Owner. Disposal of sediments, debris,
and trash will comply with applicable local, county, state, and federal waste control programs.

Hazardous Waste

Suspected hazardous wastes will be analyzed to determine disposal options. Hazardous wastes
generated onsite will be handled and disposed of according to applicable local, state, and federal
regulations. A solid or liquid waste is considered a hazardous waste if it exceeds the criteria listed in
the CCR, Title 22, Article 11.

a. Landscaping

Operational and maintenance needs include:

= Vegetation management to maintain adequate hydraulic functioning and to limit habitat for
disease-carrying animals.

= Animal and vector control.

= Periodic sediment removal to optimize performance.

= Trash, debris, grass trimmings, tree pruning, dead vegetation collection and removal.

= Removal of standing water, which may contribute to the development of aquatic plant
communities or mosquito breeding areas.

= Erosion and structural maintenance to prevent the loss of soil and maintain the performance of
all landscaping.

b. Irrigation System
Inspection Frequency and Procedure

The Irrigation system shall be checked each week as a minimum. The following items shall be
checked to insure that they are functioning properly:
= Shut-off devices.
= All piping and sprinkler heads to insure there are no leaks and that proper water spread
1s maintained.
= All flow reducers.
= Check for overspray/runoff

c. Roof Drains

All roof drains shall be inspected 30 days prior to October 1* of each year to insure that they are clean
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and free from trash and in good repair. They shall be flushed and any leaks or damages piping shall be
either replaced or repaired. Where roof drains flow onto grass areas splash structures and or rock rip-
rap shall be maintained so the flow from the roof drains do not cause erosion or damage to the grass
area. During the rain season roof drains shall be inspected weekly and after each rain storm to insure
that there is no trash and or silt build up that will restrict the run-off flow from the roof. All trash
and/or silt build up shall be removed immediately.

d. Trash Storage Areas

= All trash storage areas shall be inspected daily to insure that they are clean from trash. Also the
following shall be inspected annually 30 days prior to October Ist of each year.

= Pavement is in good repair.

= Drainage will not run-off onto adjacent areas.

= That they remain screened or walled to prevent off-site transport of trash.

= That all lids are closed and/or awnings are in good repair to minimize direct recipitation.

e. Storm Water Conveyance System Stenciling and Signing
= Signage/stenciling are to be inspected for legibility and visual obstruction and shall be Repaired
and cleared of any obstruction within 5 working day of inspection.

= Inspection Frequency: Semi-annually, 30 days prior to October Ist each year, and monthly
during rainy season.

f. Bioretention
Operational and maintenance needs include:

= Vegetation management to maintain adequate hydraulic functioning and to limit habitat
for disease-carrying animals.

= Animal and vector control.

= Periodic sediment removal to optimize performance.

= Trash, debris, grass trimmings, tree pruning, dead vegetation collection and removal.

= Foot traffic or heavy equipment on the media surface should be avoided to minimize
compaction.

= Removal of standing water, which may contribute to the development of aquatic plant
communities or mosquito breeding areas.

= Erosion and structural maintenance to prevent the loss of soil and maintain the performance
of all landscaping.

= Outlet maintenance: maintain trash free; remove silt; clear clogged outlets and standing
Water after 96 hours.

= Typically maintenance can be performed with equipment normally carried by landscape
maintenance Crews.

= Access to all bioretention basins can be gained through parking lots adjacent the facilities.
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g. Tree Wells

Tree Wells

<
=
[}
=

Maintenance Task

Frequency

Time of the Year

Initial maintenance during

establishment period
(First three years)

Inspect tree for health and establishment and report any changes to County

Three times during
establishment; Every five
years for life of tree

Spring Ist Season
Fall Ist Season
Fall2nd Season

Remove stakes and wires.

One time

One year after planting

Water tree — first year

25 gallons Weekly via slow
release device

April-October

Water tree — second & third year

25 gallons Bi-Monthly via
slow release device

April-October

Quarterly inspection at

pruning is required.

51 Remove weeds and trash minimum and maintenance as | March-November
E § needed.
= 28
S £
§ Remove sediment and trash from any inlets and slot drains Annually or as needed.
® Mulch with 3 inches double ground shredded hardwood mulch. Place mulchin Annually or as needed Feb-Anpril
B g a ring to capture rain water. Mulch shall not be mounded around tree. y ’ p
U <
o g
2 ‘qé Broken branches should be
w 'S . . . g, . . .
< < Inspect tree for damage, disease, or interference with utilities. Contact Cityif Annually or as needed. pruned at any time. Most

trees should be pruned in
the winter or fall.




h. Outlet Structures
All outlet structures shall be kept functional at all times. Routine inspection and corrective
maintenance shall include removal of trash sediment and debris and repair of any structural
damage or clogging of orifice outlets. The minimum maintenance frequency shall be 30
days prior to October 1% each year, weekly during rainy season or within 24 hours prior to
forecasts.
To clean lower orifice in the event of clogging
= This activity will require workers to open catch basin grates to remove debris from
the lower orifice plate.
= Remove grate and visually inspect lower orifice plate and blockage
= Remove debris from inside of catch basin and around orifice plate
= Replace grate when orifice plate and inside of catch basin are free of debris
= Typically maintenance can be performed with equipment normally carried by
landscape maintenance crews.
= Access to all bioretention basins can be gained though parking lots adjacent all
facilities.

i.  Vector Management Control Requirements

Due to Clean Water Act requirements and mandates imposed by the Water Quality Control Board,
large quantities of stormwater will be detained onsite in above ground and underground storage
facilities for treatment and storage. These storage facilities are required to dewater or discharge at a
very small flow rate in order to comply with these requirements. The outlet structure for the
underground storage and biofiltration facility had to be sized to a fraction of an inch in order to
maintain the maximum allowed discharge flow. The facility was designed for the surface to dewater in
less than 24 hours. However, due to its small size and if not properly maintained regularly, it is
anticipated that the outlet might have a tendency to clog frequently. Consequently, the surface of the
facility may not drain within 24 hours and possibly take substantially longer time. This creates an
increased risk for onsite Vector Issues and bringing their potential for severe harm to human health.
Any water that may remain within the gravel storage layer of the facility after 96 hours does not have
a direct access to the surface and therefore does not pose any Vector Issues.

In order to implement vector controls including minimizing the risk for mosquito-borne disease
transmission, It is the responsibility of the Owner to regularly maintain the outlet structures
and monitor the site after every storm event to ensure that the system (comprising of above
ground storage facilities) is dewatered in less than 96 hours. Otherwise the owner will be
required to implement a vector control plan in accordance with California Department of Public
Health.

j. FLoGard Catch Basin Insert Filter

Catch basin inlet filter helps prevent dirt and debris from clogging the drainage system. Adding a
filter is a simple solution to keep water flowing through a drainage system and a cost-effective
alternative to expensive repair or replacement. During the rainy season all inlets shall be inspected
weekly and after each rain storm to insure that there is no trash and or silt build up that will
restrict the run-off flow from the roof. All trash and/or silt build up shall be removed
immediately.
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PREVENTATIVE MAINTENANCE AND ROUTINE INSPECTION

TYPE BMP Routine Action Maintenance Maintenance MAINTENANCE SITE-SPECIFIC REQUIREMENTS
Indicator Frequency ACTIVITY
Landscaping & Proper irrigation & Less than 80% 30 days prior to October | Re-seed or Re- All slopes and landscaped areas are to have a
irrigation Fertilizer tablets use not coverage 1st each year and plant. Repair minimum coverage of 80%
granules. Monthly Irrigation system
with-in 5-days.

Trash storage
areas

Trash free and removal
of silt

Visual Inspection

Daily inspection

Remove trash and silt
Daily.

All trash storage areas to be free from trash
and silt at all times

Roof drain

Trash free and removal of
silt, sedimentation &
Debris

Silt build-up of more
than 1” no trash

30 days prior to
October 1st each
year and weekly
during rainy season

Remove all trash and
silt and repair any
damage to roof drains,

All Roof to be free from trash and silt and in
good repair

Bioretention

Trash free and removal of
silt. Clear Clogged outlets
and Standing Water.

Silt build-up of more
than 2” no trash,
Exposed soils, dead
vegetation, ponded
water, and excessive
vegetation

(see TC-32)

30 days prior to
October 1st each
year, monthly during
rainy season, and
after Storm Event

Remove trash and silt
—repair and reseed
exposed areas,
maintain grass height
so as not be shorter
than 2” or higher than
5” remove all ponded
water weekly
inspections, (See TC-
32)

All bio-filters to be free from trash and silt at all
times, grass area to be free from exposed soil
and maintained to proper height, ponding of
water for more than 72 hours maintenance will
be required




RECORDING REQUESTED BY AND
WHEN RECORDED RETURN TO:

Insert entity and address
(include a recorded copy in the Final WQMP
and provide the City with a copy)

Above Space for Recorder’s Use

DECLARATION OF WATER QUALITY MANAGEMENT PLAN RESTRICTIVE
COVENANT

This Declaration of Water Quality Management Plan Restrictive Covenant (this

“Covenant”) is made this day of , 2018 by
CK 17, LP, A California Limited Partnership (“Owner”)

A.

The Owner of that certain real property (the “Property”) located in the City of Murrieta,
California (“City”), more particularly described in Exhibit “A” attached hereto and
incorporated herein by this reference and has proposed that the Property be developed by
Owner in accordance with the governmental approvals issued by the City and other
governmental or quasi-governmental agencies having jurisdiction over the Property.

In accordance with the Murrieta Municipal Code, applicable State of California statutes,
and other ordinances and regulations (collectively, the “Stormwater Laws”) of City and
the State of California which regulate land development and urban runoff, the Owners
have prepared and submitted to the City a Final Water Quality Management Plan
(“WQMP”), which is on file with City’s Engineering Department and a copy of which is
required to be kept on the Property. The WQMP proposes that stormwater runoff from
the Property be managed by the use of the stormwater management facilities, which are
identified in the WQMP as “Best Management Practices” or “BMP’s.” The precise
location(s) and extent of the BMP’s are indicated within the WQMP. The WQMP
specifies the manner and standards by which the BMP’s must be repaired and maintained
in order to retain their effectiveness.

The purpose of this Covenant is to assure that the BMP’s are adequately maintained by
creating obligations which are enforceable against the Owner and its successors in
interest in the Property. The Owner intends that these obligations be enforceable
notwithstanding other provisions related to BMP maintenance which are provided by law.



COVENANT TERMS, CONDITIONS, AND RESTRICTIONS

In consideration of the above recitals and the mutual covenants, terms, conditions and
restrictions contained herein, and pursuant to the laws of the United States, the State of
California and the City of Murrieta Municipal Code, Owner hereby declares the Property shall be
held, transferred, conveyed, leased, occupied or otherwise disposed of and used subject to the
following restrictive covenants (and incorporating the above recitals herein by reference), which
shall run with the land and be binding on the Owner’s heirs, successors in interest,
administrators, assigns, lessees or other occupiers and users (collectively “Successors”) of the
Property or any portion thereof.

1. Maintenance of Stormwater Management Facilities.

1.1.

Owner agrees, for themselves and their successors in interest to all or any portion
of the Property, to comply in all respects with the requirements of the Stormwater
Laws and the WQMP with regards to the construction and maintenance of BMP’s
designated in the WQMP. The Owner and its Successors, in particular agree to
perform, at its sole cost, expense and liability, all inspections, cleaning, repairs,
servicing, and maintenance with respect to all of the BMP’s listed in Exhibit “B”
attached hereto and incorporated herein by this reference (the ‘“Maintenance
Activities”). The Owner and its Successors shall initiate, perform and complete
all Maintenance Activities at the required time, without request or demand from
the City, or any other agency. Owner and its Successors shall keep a report of any
inspections and/or maintenance of the BMP’s for review at any time by City or
the Water Quality Board for the region. The Owner and its Successors further
agree that Maintenance Activities shall include replacement or modification of the
BMP’s in the event of failure. Replacement shall be with an identical type, size
and model of BMP subject to applicable Stormwater Laws, except that:

A. The City Engineer may authorize substitution of an alternative BMP if he
or she determines that it will function as well as the failed BMP; or

B. If the failure of the BMP, in the reasonable judgment of the City Engineer
indicates that the BMP in use is inappropriate or inadequate to the
circumstances, the BMP must be modified or replaced with an upgraded
BMP to prevent future failure.

1.2.  The Owner and its Successors shall, at all times, be subject to the Stormwater
Laws with respect to the City’s right of entry, inspection and maintenance or
abatement.
2. Covenant Binds Successors and Runs with the Property. It is understood and agreed that

the terms, covenants and conditions herein contained shall constitute covenants running
with the land and shall be binding upon the heirs, executors, administrators, successors
and assigns of the Owner and its Successors, and shall be deemed to be for the benefit of
all persons owning any interest in the Property. It is the intent of the Owner that this
Covenant may be recorded and shall be binding upon all persons purchasing or otherwise
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acquiring all or any lot, unit or other portion of the Property who shall be deemed to have
consented to and become bound by all the provisions hereof.

Amendment and Release. The terms of this Covenant may be modified only by a written
amendment approved and signed by City and by the Owner or its Successors in interest.
This Covenant may be terminated and Owner and its Successors released from the
covenants set forth herein by a written release which City may execute if it determines
that another mechanism will assure the ongoing maintenance of the BMP’s and transfers
of ownership, or that it is no longer necessary to assure such maintenance and transfers of
ownership.

Governing Law and Severability. This Covenant shall be governed by the laws of the
State of California. Venue in any action related to this Covenant shall be in the Superior
Court of the State of California, County of Riverside. In the event that any of the
provisions of this Covenant are held to be unenforceable or invalid by any court of
competent jurisdiction, the validity, and enforceability of the remaining provisions shall
not be affected thereby.

[SIGNATURES FOLLOW ON NEXT PAGE]
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IN WITNESS WHEREOF, the Owner has executed this Covenant on the day and year
first written above.

“OWNER”:

Curci, LLC, A California Limited Partnership,
a California limited liability company

By:
Name:
Its:

Signature must be notarized. Attach notary
acknowledgment
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Water Quality Management Plan (WQMP)
Curci TPM 37547

Appendix 10: Educational
Materials

BMP Fact Sheets, Maintenance Guidelines and Other End-User BMP Information

Examples of material to provide in Appendix 10 may include but are not limited to the
following:

® BMP Fact Sheets for proposed BMPs form Exhibit C: LID BMP Design Handbook of the
SMR WQMP,

® Source control information and training material for site owners and operators,

® O&M training material,

e Other educational/training material related to site drainage and BMPs.
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Spill Prevention, Control & Cleanup SC-11

Description

Spills and leaks, if not properly controlled, can adversely impact
the storm drain system and receiving waters. Due to the type of
work or the materials involved, many activities that occur either
at a municipal facility or as a part of municipal field programs
have the potential for accidental spills and leaks. Proper spill
response planning and preparation can enable municipal
employees to effectively respond to problems when they occur
and minimize the discharge of pollutants to the environment.

Approach
m  An effective spill response and control plan should include:

- Spill/leak prevention measures;
- Spill response procedures;

- Spill cleanup procedures;

- Reporting; and

- Training

= A well thought out and implemented plan can prevent
pollutants from entering the storm drainage system and can
be used as a tool for training personnel to prevent and
control future spills as well.

Pollution Prevention

m  Develop and implement a Spill Prevention Control and
Response Plan. The plan should include:

Objectives

m Cover

Contain

m Educate

Reduce/Minimize

Product Substitution

Targeted Constituents

Sediment

Nutrients

Trash

Metals

Bacteria

Oil and Grease
Organics

Oxygen Demanding

NN N H

CALIFORNIA STORMWATER

January 2003 California Stormwater BMP Handbook
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SC-11 Spill Prevention, Control & Cleanup

- Adescription of the facility, the address, activities and materials involved

- ldentification of key spill response personnel

- ldentification of the potential spill areas or operations prone to spills/leaks
- ldentification of which areas should be or are bermed to contain spills/leaks

- Facility map identifying the key locations of areas, activities, materials, structural BMPs,
etc.

- Material handling procedures
- Spill response procedures including:
- Assessment of the site and potential impacts
- Containment of the material
- Notification of the proper personnel and evacuation procedures
- Clean up of the site
- Disposal of the waste material and
- Proper record keeping

Product substitution — use less toxic materials (i.e. use water based paints instead of oil
based paints)

Recycle, reclaim, or reuse materials whenever possible. This will reduce the amount of
materials that are brought into the facility or into the field.

Suggested Protocols
Spill/Leak Prevention Measures

If possible, move material handling indoors, under cover, or away from storm drains or
sensitive water bodies.

Properly label all containers so that the contents are easily identifiable.
Berm storage areas so that if a spill or leak occurs, the material is contained.

Cover outside storage areas either with a permanent structure or with a seasonal one such as
a tarp so that rain can not come into contact with the materials.

Check containers (and any containment sumps) often for leaks and spills. Replace
containers that are leaking, corroded, or otherwise deteriorating with containers in good
condition. Collect all spilled liquids and properly dispose of them.
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Spill Prevention, Control & Cleanup SC-11

m Store, contain and transfer liquid materials in such a manner that if the container is
ruptured or the contents spilled, they will not discharge, flow or be washed into the storm
drainage system, surface waters, or groundwater.

m  Place drip pans or absorbent materials beneath all mounted taps and at all potential drip
and spill locations during the filling and unloading of containers. Any collected liquids or
soiled absorbent materials should be reused/recycled or properly disposed of.

m  For field programs, only transport the minimum amount of material needed for the daily
activities and transfer materials between containers at a municipal yard where leaks and
spill are easier to control.

m If paved, sweep and clean storage areas monthly, do not use water to hose down the area
unless all of the water will be collected and disposed of properly.

m Install a spill control device (such as a tee section) in any catch basins that collect runoff
from any storage areas if the materials stored are oil, gas, or other materials that separate
from and float on water. This will allow for easier cleanup if a spill occurs.

m If necessary, protect catch basins while conducting field activities so that if a spill occurs, the
material will be contained.

Training
m  Educate employees about spill prevention, spill response and cleanup on a routine basis.

m  Well-trained employees can reduce human errors that lead to accidental releases or spills:

- The employees should have the tools and knowledge to immediately begin cleaning up a
spill if one should occur.

- Employees should be familiar with the Spill Prevention Control and Countermeasure
Plan if one is available.

m  Training of staff from all municipal departments should focus on recognizing and reporting
potential or current spills/leaks and who they should contact.

m  Employees responsible for aboveground storage tanks and liquid transfers for large bulk
containers should be thoroughly familiar with the Spill Prevention Control and
Countermeasure Plan and the plan should be readily available.

Spill Response and Prevention
m Identify key spill response personnel and train employees on who they are.

m Store and maintain appropriate spill cleanup materials in a clearly marked location near
storage areas; and train employees to ensure familiarity with the site’s spill control plan
and/or proper spill cleanup procedures.

m Locate spill cleanup materials, such as absorbents, where they will be readily accessible (e.g.
near storage and maintenance areas, on field trucks).
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SC-11 Spill Prevention, Control & Cleanup

m  Follow the Spill Prevention Control and Countermeasure Plan if one is available.

m Ifaspill occurs, notify the key spill response personnel immediately. If the material is
unknown or hazardous, the local fire department may also need to be contacted.

m |f safe to do so, attempt to contain the material and block the nearby storm drains so that the
area impacted is minimized. If the material is unknown or hazardous wait for properly
trained personnel to contain the materials.

m  Perform an assessment of the area where the spill occurred and the downstream area that it
could impact. Relay this information to the key spill response and clean up personnel.

Spill Cleanup Procedures

m  Small non-hazardous spills
- Use arag, damp cloth or absorbent materials for general clean up of liquids
- Use brooms or shovels for the general clean up of dry materials

- If water is used, it must be collected and properly disposed of. The wash water can not
be allowed to enter the storm drain.

- Dispose of any waste materials properly
- Clean or dispose of any equipment used to clean up the spill properly
m Large non-hazardous spills
- Use absorbent materials for general clean up of liquids
- Use brooms, shovels or street sweepers for the general clean up of dry materials

- If water is used, it must be collected and properly disposed of. The wash water can not
be allowed to enter the storm drain.

- Dispose of any waste materials properly
- Clean or dispose of any equipment used to clean up the spill properly

m  For hazardous or very large spills, a private cleanup company or Hazmat team may need to
be contacted to assess the situation and conduct the cleanup and disposal of the materials.

m  Chemical cleanups of material can be achieved with the use of absorbents, gels, and foams.
Remove the adsorbent materials promptly and dispose of according to regulations.

m If the spilled material is hazardous, then the used cleanup materials are also hazardous and
must be sent to a certified laundry (rags) or disposed of as hazardous waste.

Reporting

= Report any spills immediately to the identified key municipal spill response personnel.
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Spill Prevention, Control & Cleanup SC-11

m  Report spills in accordance with applicable reporting laws. Spills that pose an immediate
threat to human health or the environment must be reported immediately to the Office of
Emergency Service (OES)

m  Spills that pose an immediate threat to human health or the environment may also need to
be reported within 24 hours to the Regional Water Quality Control Board.

m Federal regulations require that any oil spill into a water body or onto an adjoining shoreline
be reported to the National Response Center (NRC) at 800-424-8802 (24 hour)

m  After the spill has been contained and cleaned up, a detailed report about the incident
should be generated and kept on file (see the section on Reporting below). The incident may
also be used in briefing staff about proper procedures

Other Considerations

m State regulations exist for facilities with a storage capacity of 10,000 gallons or more of
petroleum to prepare a Spill Prevention Control and Countermeasure Plan (SPCC) Plan
(Health & Safety Code Chapter 6.67).

m State regulations also exist for storage of hazardous materials (Health & Safety Code Chapter
6.95), including the preparation of area and business plans for emergency response to the
releases or threatened releases.

m  Consider requiring smaller secondary containment areas (less than 200 sq. ft.) to be
connected to the sanitary sewer, if permitted to do so, prohibiting any hard connections to
the storm drain.

Requirements
Costs
= Will vary depending on the size of the facility and the necessary controls.

m  Prevention of leaks and spills is inexpensive. Treatment and/or disposal of wastes,
contaminated soil and water is very expensive

Maintenance

m  This BMP has no major administrative or staffing requirements. However, extra time is
needed to properly handle and dispose of spills, which results in increased labor costs

Supplemental Information
Further Detail of the BMP
Reporting

Record keeping and internal reporting represent good operating practices because they can
increase the efficiency of the response and containment of a spill. A good record keeping system
helps the municipality minimize incident recurrence, correctly respond with appropriate
containment and cleanup activities, and comply with legal requirements.

A record keeping and reporting system should be set up for documenting spills, leaks, and other
discharges, including discharges of hazardous substances in reportable quantities. Incident
records describe the quality and quantity of non-stormwater discharges to the storm drain.
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SC-11 Spill Prevention, Control & Cleanup

These records should contain the following information:

m  Date and time of the incident

m  Weather conditions

m  Duration of the spill/leak/discharge

m  Cause of the spill/leak/discharge

m  Response procedures implemented

m  Persons notified

m  Environmental problems associated with the spill/leak/discharge

Separate record keeping systems should be established to document housekeeping and
preventive maintenance inspections, and training activities. All housekeeping and preventive
maintenance inspections should be documented. Inspection documentation should contain the
following information:

m The date and time the inspection was performed
= Name of the inspector

m Items inspected

m  Problems noted

m  Corrective action required

m Date corrective action was taken

Other means to document and record inspection results are field notes, timed and dated
photographs, videotapes, and drawings and maps.

Examples

The City of Palo Alto includes spill prevention and control as a major element of its highly
effective program for municipal vehicle maintenance shops.

References and Resources
King County Stormwater Pollution Control Manual - http://dnr.metrokc.gov/wlr/dss/spcm.htm

Orange County Stormwater Program
http://www.ocwatersheds.com/stormwater/swp _introduction.asp

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program
(URMP)
http://www.projectcleanwater.org/pdf/Model%20Program%20Municipal%20Facilities.pdf
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Vehicle and Equipment Fueling SC-20

Description

Spills and leaks that occur during vehicle and equipment fueling
can contribute hydrocarbons, oil and grease, as well as heavy
metals to stormwater runoff. Implementing the following
management practices can help prevent fuel spills and leaks.

Approach

Reduce potential for pollutant discharge through source control
pollution prevention and BMP implementation. Successful
implementation depends on effective training of employees on
applicable BMPs and general pollution prevention strategies and
objectives.

Pollution Prevention

m  Use properly maintained offsite fueling stations whenever
possible. These businesses are better equipped to handle fuel
and spills properly.

m  Educate employees about pollution prevention measures and
goals

m  Focus pollution prevention activities on containment of spills
and leaks, most of which may occur during liquid transfers.

Suggested Protocols
General

m  "Spot clean” leaks and drips routinely. Leaks are not cleaned
up until the absorbent is picked up and disposed of properly.

Objectives

m Cover
m Contain
m Educate

m Reduce/Minimize

Targeted Constituents

Sediment

Nutrients

Trash

Metals

Bacteria

Oil and Grease
Organics

Oxygen Demanding

NN [N
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SC-20 Vehicle and Equipment Fueling

m Label drains within the facility boundary, by paint/stencil (or equivalent), to indicate
whether they flow to an oil/water separator, directly to the sewer, or to a storm drain.
Labels are not necessary for plumbing fixtures directly connected to the sanitary sewer but
may be useful to help eliminate confusion about where the drain leads.

m  Post signs to remind employees not to top off the fuel tank when filling and signs that ban
employees from changing engine oil or other fluids at that location.

m  Report leaking vehicles to fleet maintenance.

m Install inlet catch basin equipped with a small sedimentation basin or grit chamber to
remove large particles from stormwater in highly impervious areas. Proper maintenance of
these devices is necessary.

= Accumulated non-contaminated stormwater (e.g., in a secondary containment) should be
released prior to next storm.

m  Ensure the following safeguards are in place:

- Overflow protection devices on tank systems to warn the operator to automatically
shutdown transfer pumps when the tank reaches full capacity.

- Protective guards around tanks and piping to prevent vehicle or forklift damage.
- Clearly tagging or labeling all valves to reduce human error.
- Automatic shut off for severed fuel hoses.

Fuel Dispensing Areas

m  Maintain clean fuel-dispensing areas using dry cleanup methods such as sweeping for
removal of litter and debris, or use of rags and absorbents for leaks and spills. Do not wash
down areas with water.

m  Fit underground storage tanks with spill containment and overfill prevention systems
meeting the requirements of Section 2635(b) of Title 23 of the California Code of
Regulations.

m  Fit fuel dispensing nozzles with "hold-open latches" (automatic shutoffs) except where
prohibited by local fire departments.

m Post signs at the fuel dispenser or fuel island warning vehicle owners/operators against
"topping off" of vehicle fuel tanks.

m Design fueling area to prevent stormwater runoff and spills.

m  Cover fueling area with an overhanging roof structure or canopy so that precipitation cannot
come in contact with the fueling area and if possible use a perimeter drain or slope pavement
inward with drainage to a blind sump (must be properly maintained and water properly
disposed of); pave area with concrete rather than asphalt.
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Vehicle and Equipment Fueling SC-20

Apply a suitable sealant that protects the asphalt from spilled fuels in areas where covering
is infeasible and the fuel island is surrounded by pavement.

Install vapor recovery nozzles to help control drips as well as air pollution.
Use secondary containment when transferring fuel from the tank truck to the fuel tank.

Cover storm drains in the vicinity during transfer.

Outdoor Waste Receptacle Area

Spot clean leaks and drips routinely to prevent runoff of spillage.

Minimize the possibility of stormwater pollution from outside waste receptacles by using an
effective combination of the following:

use only watertight waste receptacle(s) and keep the lid(s) closed, or

grade and pave the waste receptacle area to prevent runon of stormwater, or
install a roof over the waste receptacle area, or

install a low containment berm around the waste receptacle area, or

use and maintain drip pans under waste receptacles. Containment areas and drip pans
must be properly maintained and collected water disposed of properly (e.g., to sanitary
sewer). Several drip pans should be stored in a covered location near outdoor waste
receptacle area so that they are always available, yet protected from precipitation when
not in use.

Post “no littering” signs.

Air/Water Supply Area

Minimize the possibility of stormwater pollution from air/water supply areas by
implementing an effective combination of the following:

spot clean leaks and drips routinely to prevent runoff of spillage, or
grade and pave the air/water supply area to prevent runon of stormwater, or
install a roof over the air/water supply area, or

install a low containment berm around the air/water supply area. Maintain containment
areas and dispose of contaminated water properly (e.g., to sanitary sewer).

Inspection

Aboveground Tank Leak and Spill Control:

Check for external corrosion and structural failure.
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SC-20 Vehicle and Equipment Fueling

- Check for spills and overfills due to operator error.
- Check for failure of piping system.

- Check for leaks or spills during pumping of liquids or gases from truck or rail car to a
storage facility or vice versa.

- Visually inspect new tank or container installation for loose fittings, poor welding, and
improper or poorly fitted gaskets.

- Inspect tank foundations, connections, coatings, and tank walls and piping system. Look
for corrosion, leaks, cracks, scratches, and other physical damage that may weaken the
tank or container system.

- Periodically, integrity testing should be conducted by a qualified professional.

Inspect and clean, if necessary, storm drain inlets and catch basins within the facility
boundary before October 1 each year.

Training

Train all employees upon hiring and annually thereafter on proper methods for handling
and disposing of waste. Make sure that all employees understand stormwater discharge
prohibitions, wastewater discharge requirements, and these best management practices.

Train employees on proper fueling and cleanup procedures.
Use a training log or similar method to document training.

Ensure that employees are familiar with the site’s spill control plan and/or proper spill
cleanup procedures.

Spill Response and Prevention

Keep your Spill Prevention Control and Countermeasure (SPCC) Plan up-to-date.
Place stockpiles of spill cleanup materials where they are readily accessible.

Use adsorbent materials on small spills and general cleaning rather than hosing down the
area. Remove the adsorbent materials promptly and dispose properly.

Store portable absorbent booms (long flexible shafts or barriers made of absorbent material)
in unbermed fueling areas.

Report spills promptly.

Install an oil/water separator and connect to the sanitary sewer (if allowed), if a dead-end
sump is not used to collect spills.

Other Considerations

Carry out all federal and state requirements regarding underground storage tanks, or install
above ground tanks.
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Vehicle and Equipment Fueling SC-20

Requirements
Costs

m  The retrofitting of existing fueling areas to minimize stormwater exposure or spill runoff can
be expensive. Good design must occur during the initial installation.

m Extruded curb along the “upstream” side of the fueling area to prevent stormwater runon is
of modest cost.

Maintenance
m Clean oil/water separators at appropriate intervals.

m  Keep ample supplies of spill cleanup materials onsite.

m Inspect fueling areas, storage tanks, catch basin inserts, containment areas, and drip pans on
a regular schedule.

Supplemental Information
Design Considerations
Designing New Installations

The elements listed below should be included in the design and construction of new or
substantially remodeled facilities.

Fuel Dispensing Areas

m  Fuel dispensing areas must be paved with Portland cement concrete (or, equivalent smooth
impervious surface), with a 2% to 4% slope to prevent ponding, and must be separated from
the rest of the site by a grade break that prevents runon of stormwater to the extent
practicable. The fuel dispensing area is defined as extending 6.5 feet from the corner of each
fuel dispenser or the length at which the hose and nozzle assembly may be operated plus 1
foot, whichever is less. The paving around the fuel dispensing area may exceed the
minimum dimensions of the "fuel dispensing area" stated above.

m  The fuel dispensing area must be covered, and the cover’s minimum dimensions must be
equal to or greater than the area within the grade break or the fuel dispensing area, as
defined above. The cover must not drain onto the fuel dispensing area.

m If necessary install and maintain an oil control device in the appropriate catch basin(s) to
treat runoff from the fueling area.

Outdoor Waste Receptacle Area

m  Grade and pave the outdoor waste receptacle area to prevent runon of stormwater to the
extent practicable.

Air/Water Supply Area

m  Grade and pave the air/water supply area to prevent runon of stormwater to the extent
practicable.
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SC-20 Vehicle and Equipment Fueling

Designated Fueling Area

m If your facility has large numbers of mobile equipment working throughout the site and you
currently fuel them with a mobile fuel truck, consider establishing a designated fueling area.
With the exception of tracked equipment such as bulldozers and perhaps small forklifts,
most vehicles should be able to travel to a designated area with little lost time. Place
temporary “caps” over nearby catch basins or manhole covers so that if a spill occurs it is
prevented from entering the storm drain.

Examples

The Spill Prevention Control and Countermeasure (SPCC) Plan, which is required by law for
some facilities, is an effective program to reduce the number of accidental spills and minimize
contamination of stormwater runoff.

The City of Palo Alto has an effective program for commercial vehicle service facilities. Many of
the program’s elements, including specific BMP guidance and lists of equipment suppliers, are
also applicable to industrial facilities.

References and Resources

Best Management Practice Guide for Retail Gasoline Outlets, California Stormwater Quality
Task Force. 1997.

King County Stormwater Pollution Control Manual —
http//www.dnr.metrokc.gov/wlr/dss/spcm.htm

Orange County Stormwater Program
http://www.ocwatersheds.com/StormWater/swp__introduction.asp

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program
(URMP)
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Plaza and Sidewalk Cleaning SC-71

Objectives

m Cover

Contain

m Educate

Reduce/Minimize

Product Substitution

Targeted Constituents

Description Sediment U
Pollutants on sidewalks and other pedestrian traffic areas and Nutrients U
plazas are typically due to littering and vehicle use. This fact Trash M
sheet describes good housekeeping practices that can be Metals M
incorporated into the municipality’s existing cleaning and Bacteria |
maintenance program. Oil and Grease |

Organics 4|
Approach Oxygen Demanding 4|

Pollution Prevention

m  Use dry cleaning methods whenever practical for surface
cleaning activities.

m  Use the least toxic materials available (e.g. water based
paints, gels or sprays for graffiti removal).

Suggested Protocols
Surface Cleaning

m  Regularly broom (dry) sweep sidewalk, plaza and parking lot
areas to minimize cleaning with water.

m  Dry cleanup first (sweep, collect, and dispose of debris and
trash) when cleaning sidewalks or plazas, then wash with or
without soap.

m  Block the storm drain or contain runoff when cleaning with
water. Discharge wash water to landscaping or collect water
and pump to a tank or discharge to sanitary sewer if allowed.
(Permission may be required from local sanitation district.)

CALIFORNIA STORMWATER
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SC-71 Plaza and Sidewalk Cleaning_

m  Block the storm drain or contain runoff when washing parking areas, driveways or drive-
throughs. Use absorbents to pick up oil; then dry sweep. Clean with or without soap.
Collect water and pump to a tank or discharge to sanitary sewer if allowed. Street Repair
and Maintenance.

Graffiti Removal
= Avoid graffiti abatement activities during rain events.

m Implement the procedures under Painting and Paint Removal in SC-70 Roads, Streets, and
Highway Operation and Maintenance fact sheet when graffiti is removed by painting over.

m Direct runoff from sand blasting and high pressure washing (with no cleaning agents) into a
dirt or landscaped area after treating with an appropriate filtering device.

m  Plug nearby storm drain inlets and vacuum/pump wash water to the sanitary sewer if
authorized to do so if a graffiti abatement method generates wash water containing a
cleaning compound (such as high pressure washing with a cleaning compound). Ensure that
a non-hazardous cleaning compound is used or dispose as hazardous waste, as appropriate.

Surface Removal and Repair
m  Schedule surface removal activities for dry weather if possible.
m  Avoid creating excess dust when breaking asphalt or concrete.

m  Take measures to protect nearby storm drain inlets prior to breaking up asphalt or concrete
(e.g. place hay bales or sand bags around inlets). Clean afterwards by sweeping up as much
material as possible.

m Designate an area for clean up and proper disposal of excess materials.

m  Remove and recycle as much of the broken pavement as possible to avoid contact with
rainfall and stormwater runoff.

m  When making saw cuts in pavement, use as little water as possible. Cover each storm drain
inlet completely with filter fabric during the sawing operation and contain the slurry by
placing straw bales, sandbags, or gravel dams around the inlets. After the liquid drains or
evaporates, shovel or vacuum the slurry residue from the pavement or gutter and remove
from site.

m  Always dry sweep first to clean up tracked dirt. Use a street sweeper or vacuum truck. Do
not dump vacuumed liquid in storm drains. Once dry sweeping is complete, the area may be
hosed down if needed. Wash water should be directed to landscaping or collected and
pumped to the sanitary sewer if allowed.

Concrete Installation and Repair

m  Schedule asphalt and concrete activities for dry weather.
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Plaza and Sidewalk Cleaning SC-71

Take measures to protect any nearby storm drain inlets and adjacent watercourses, prior to
breaking up asphalt or concrete (e.g. place san bags around inlets or work areas).

Limit the amount of fresh concrete or cement mortar mixed, mix only what is needed for the
job.

Store concrete materials under cover, away from drainage areas. Secure bags of cement after
they are open. Be sure to keep wind-blown cement powder away from streets, gutters, storm
drains, rainfall, and runoff.

Return leftover materials to the transit mixer. Dispose of small amounts of hardened excess
concrete, grout, and mortar in the trash.

Do not wash sweepings from exposed aggregate concrete into the street or storm drain.
Collect and return sweepings to aggregate base stockpile, or dispose in the trash.

Protect applications of fresh concrete from rainfall and runoff until the material has dried.
Do not allow excess concrete to be dumped onsite, except in designated areas.

Wash concrete trucks off site or in designated areas on site designed to preclude discharge of
wash water to drainage system.

Controlling Litter

Post “No Littering” signs and enforce anti-litter laws.

Provide litter receptacles in busy, high pedestrian traffic areas of the community, at
recreational facilities, and at community events.

Cover litter receptacles and clean out frequently to prevent leaking/spillage or overflow.

Clean parking lots on a regular basis with a street sweeper.

Training

Provide regular training to field employees and/or contractors regarding surface cleaning
and proper operation of equipment.

Train employee and contractors in proper techniques for spill containment and cleanup.

Use a training log or similar method to document training.

Spill Response and Prevention

Refer to SC-11, Spill Prevention, Control & Cleanup.
Have spill cleanup materials readily available and in a known location.
Cleanup spills immediately and use dry methods if possible.

Properly dispose of spill cleanup material.
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SC-71 Plaza and Sidewalk Cleaning_

Other Considerations

m Limitations related to sweeping activities at large parking facilities may include current
sweeper technology to remove oil and grease.

m  Surface cleaning activities that require discharges to the local sewering agency will require
coordination with the agency.

m  Arrangements for disposal of the swept material collected must be made, as well as accurate
tracking of the areas swept and the frequency of sweeping.

Requirements
Costs

m  The largest expenditures for sweeping and cleaning of sidewalks, plazas, and parking lots are
in staffing and equipment. Sweeping of these areas should be incorporated into street
sweeping programs to reduce costs.

Maintenance
Not applicable

Supplemental Information

Further Detail of the BMP

Community education, such as informing residents about their options for recycling and waste
disposal, as well as the consequences of littering, can instill a sense of citizen responsibility and
potentially reduce the amount of maintenance required by the municipality.

Additional BMPs that should be considered for parking lot areas include:

m  Allow sheet runoff to flow into biofilters (vegetated strip and swale) and infiltration devices.
m  Utilize sand filters or oleophilic collectors for oily waste in low concentrations.

= Arrange rooftop drains to prevent drainage directly onto paved surfaces.

m  Design lot to include semi-permeable hardscape.

m  Structural BMPs such as storm drain inlet filters can be very effective in reducing the
amount of pollutants discharged from parking facilities during periods of rain.

References and Resources

Bay Area Stormwater Management Agencies Association (BASMAA). 1996. Pollution From
Surface Cleaning Folder http://www.basmaa.org

Model Urban Runoff Program: A How-To Guide for Developing Urban Runoff Programs for
Small Municipalities. Prepared by City of Monterey, City of Santa Cruz, California Coastal
Commission, Monterey Bay National Marine Sanctuary, Association of Monterey Bay Area
Governments, Woodward-Clyde, Central Coast Regional Water Quality Control Board. July.
1998.
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Plaza and Sidewalk Cleaning SC-71

Oregon Association of Clean Water Agencies. Oregon Municipal Stormwater Toolbox for
Maintenance Practices. June 1998.

Orange County Stormwater Program
http://www.ocwatersheds.com/stormwater/swp _introduction.asp

Santa Clara Valley Urban Runoff Pollution Prevention Program. 1997 Urban Runoff
Management Plan. September 1997, updated October 2000.

Santa Clara Valley Urban Runoff Pollution Prevention Program. Maintenance Best
Management Practices for the Construction Industry. Brochures: Landscaping, Gardening, and
Pool; Roadwork and Paving; and Fresh Concrete and Mortar Application. June 2001.

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Plan. 2001.
Municipal Activities Model Program Guidance. November.
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Water & Sewer Utility Maintenance SC-76

Description

Although the operation and maintenance of public utilities are
not considered chronic sources of stormwater pollution, some
activities and accidents can result in the discharge of pollutants
that can pose a threat to both human health and the quality of
receiving waters if they enter the storm drain system. Sewage
incident response and investigation may involve a coordinated
effort between staff from a number of different
departments/agencies. Cities that do not provide maintenance
of water and sewer utilities must coordinate with the contracting
agency responsible for these activities and ensure that these
model procedures are followed.

Approach
Pollution Prevention

Inspect potential non-stormwater discharge flow paths and
clear/cleanup any debris or pollutants found (i.e. remove trash,
leaves, sediment, and wipe up liquids, including oil spills).

Suggested Protocols
Water Line Maintenance and Cleaning

Procedures can be employed to reduce pollutants from

discharges associated with water utility operation and
maintenance activities. Planned discharges may include fire
hydrant testing, flushing water supply mains after new
construction, flushing lines due to complaints of taste and odor,
dewatering mains for maintenance work. Unplanned discharges
from treated, recycled water, raw water, and groundwater systems
operation and maintenance activities can occur from water main

Objectives

m Contain
m Educate

m Reduce/Minimize

Targeted Constituents

Sediment

Nutrients

Trash

Metals

Bacteria

Oil and Grease
Organics

Oxygen Demanding

NX

NNRNN
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SC-76 Water & Sewer Utility Maintenance

breaks, sheared fire hydrants, equipment malfunction, and operator error.
Planned discharges
m ldentify a suitable discharge option in the following order of preference:
- Apply to the land.
- Reuse water for dust suppression, irrigation, or construction compaction.
- Discharge to a sanitary sewer system with approval.

- Discharge to the storm drain system using applicable pollution control measures. (Only
available to clean water discharges such as water main/ water storage tank/water
hydrant flushing).

m If water is discharged to a storm drain, control measures must be put in place to control
potential pollutants (i.e. sediment, chlorine, etc.). Examples of some storm drain protection
options include:

- Silt fence — appropriate where the inlet drains a relatively flat area.

- Gravel and wire mesh sediment filter — Appropriate where concentrated flows are
expected.

- Wooden weir and fabric — use at curb inlets where a compact installation is desired.

m  Prior to discharge, inspect discharge flow path and clear/cleanup any debris or pollutants
found (i.e. remove trash, leaves, sediment, and wipe up liquids, including oil spills).

m  General Design considerations for inlet protection devices include the following:

- The device should be constructed such that cleaning and disposal of trapped sediment is
made easy, while minimizing interference with discharge activities.

- Devices should be constructed so that any standing water resulting from the discharge
will not cause excessive inconvenience or flooding/damage to adjacent land or
structures.

m  The effectiveness of control devices must be monitored during the discharge period and any
necessary repairs or modifications made.

Unplanned Discharges
m  Stop the discharge as quickly as possible.
m Inspect flow path of the discharged water:

- ldentify erodible areas which may need to be repaired or protected during subsequent
repairs or corrective actions
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Water & Sewer Utility Maintenance SC-76

- ldentify the potential for pollutants to be washed into the waterway

m If repairs or corrective action will cause additional discharges of water, select the
appropriate procedures for erosion control, chlorine residual, turbidity, and chemical
additives. Prevent potential pollutants from entering the flow path.

Sanitary Sewer Maintenance

Applicable to municipalities who own and operated a sewage collection system. Facilities that
are covered under this program include sanitary sewer pipes and pump stations owned and
operated by a municipality. The owner of the sanitary sewer facilities is the entity responsible for
carrying out this prevention and response program.

m Clean sewer lines on a regular basis to remove grease, grit, and other debris that may lead to
sewer backups.

m Establish routine maintenance program. Cleaning should be conducted at an established
minimum frequency and more frequently for problem areas such as restaurants that are
identified

m Cleaning activities may require removal of tree roots and other identified obstructions.

m During routine maintenance and inspection note the condition of sanitary sewer structures
and identify areas that need repair or maintenance. Items to note may include the following:

- Cracked/deteriorating pipes

- Leaking joints/seals at manhole

- Frequent line plugs

- Line generally flows at or near capacity
- Suspected infiltration or exfiltration.

m Prioritize repairs based on the nature and severity of the problem. Immediate clearing of
blockage or repair is required where an overflow is currently occurring or for urgent
problems that may cause an imminent overflow (e.g. pump station failures, sewer line
ruptures, sewer line blockages). These repairs may be temporary until scheduled or capital
improvements can be completed.

m  Review previous sewer maintenance records to help identify “hot spots” or areas with
frequent maintenance problems and locations of potential system failure.

Spills and Overflows

m ldentify and track sanitary sewer discharges. ldentify dry weather infiltration and inflow
first. Wet weather overflow connections are very difficult to locate.
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SC-76 Water & Sewer Utility Maintenance

m Locate wet weather overflows and leaking sanitary sewers using conventional source
identification techniques such as monitoring and field screening. Techniques used to
identify other illicit connection sources can also be used for sewer system evaluation surveys
(see SC74 Drainage System Operation and Maintenance).

m  Implement community awareness programs for monitoring sanitary sewer wet weather
overflows. A citizen’s hotline for reporting observed overflow conditions should be
established to supplement field screening efforts.

m Establish lead department/agency responsible for spill response and containment. Provide
coordination within departments.

m  When a spill, leak, and/or overflow occurs and when disinfecting a sewage contaminated
area, take every effort to ensure that the sewage, disinfectant and/or sewage treated with the
disinfectant is not discharged to the storm drain system or receiving waters. Methods may
include:

- Blocking storm drain inlets and catch basins

- Containing and diverting sewage and disinfectant away from open channels and other
storm drain fixtures (using sandbags, inflatable dams, etc.)

- Removing the material with vacuum equipment
m  Record required information at the spill site.
m  Perform field tests as necessary to determine the source of the spill.
m  Develop notification procedures regarding spill reporting.
Septic Systems

m  Ensure that homeowners, installers, and inspectors are educated in proper maintenance of
septic systems. This may require coordination with staff from other departments. Outreach
to homeowners should include inspection reminders informing then that inspection and
perhaps maintenance is due for their systems. Recommend that the system be inspected
annually and pumped-out regularly.

m  Programs which seek to address failing septic systems should consider using field screening
to pinpoint areas where more detailed onsite inspection surveys are warranted.

Training
m  Conduct annual training of water utility personnel and service contractors. (field screening,
sampling, smoke/dye testing, TV inspection).

m  OSHA-required Health and Safety Training 29 CFR 1910.120 plus annual Refresher Training
(as needed).

m  OSHA Confined Space Entry training (Cal-OSHA Confined Space, Title 8 and federal OSHA
29 CFR 1910.146).
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Spill Response and Prevention

See previous section regarding spills and overflows.

Refer to SC-11, Spill Prevention, Control & Cleanup.

Have spill cleanup materials readily available and in a known location.
Cleanup spills immediately and use dry methods if possible.

Properly dispose of spill cleanup material.

Other Considerations

Enact ordinance granting “right-of-entry” to locate potentially responsible parties for sewer
overflows.

Reliance on individual onsite inspection to detect failed septic systems can be a major
limitation. The individual onsite inspection is very labor-intensive and requires access to
private property to pinpoint the exact location of the failing system.

A significant limitation to correcting failing septic systems is the lack of techniques available
for detecting individual failed septic systems.

Requirements
Costs

Departmental cooperation recommended for sharing or borrowing staff resources and
equipment from municipal wastewater department.

Infiltration, inflow, and wet weather overflows from sanitary sewers are very labor and
equipment intensive to locate.

The costs associated with detecting and correcting septic system failures are subject to a
number of factors, including availability of trained personnel, cost of materials, and the level
of follow-up required to fix the system problems.

Maintenance

Minimum 2-person teams to perform field screening and associated sampling.

Larger teams required for implementing other techniques (i.e. zinc chloride smoke testing,
fluorometric dye testing, television camera inspection and physical inspection with confined
space entry) to identify sewer system leaks.

Program coordination required for handling emergencies, record keeping, etc.

Many of the problems associated with improper use of septic systems may be attributed to
lack of user knowledge on operation and maintenance. Educational materials for
homeowners and training courses for installers and inspectors can reduce the incidence of
pollution from these widespread and commonly used pollution control devices.
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Supplemental Information
Further Detail of the BMP
Onsite Sewage Disposal Systems

New onsite sewage disposal systems should be designed, located, and installed away from open
waterbodies and sensitive resources such as wetlands and floodplains. A protective separation
between the OSDS and groundwater should also be established. OSDSs should be operated and
maintained to prevent surface water discharges and reduce pollutant loadings to groundwater.
Inspection of OSDSs should occur regularly and repairs made immediately. New or replacement
plumbing fixtures should be of the high efficiency type.

Typical Sanitary Sewer Problems

m  Old and deteriorated main and lateral pipes - Sewers range in age from 30 to 100 years with
an average age of 50 years.

m  Cracked sewer pipes - Existing sewers are mostly clay pipes which can crack as they
deteriorate with age and also by earth movement.

m  Misaligned and open pipe joints - Most of the mortar used to seal the joints between sections
of clay pipe has deteriorated.

m  Undersized sewer pipe - The existing sewer system is overloaded due to new sewer hook-
ups, underground water infiltration, and illegal roof and/or yard drain connections.

m Defective manholes - Old manholes are made of bricks. Typical problems associated with
brick manholes are loose bricks, missing bricks, and misaligned manholes.

m  Missing and/or unrecorded sewer pipes and manholes - This problem is typical in the
easement/backline sewer. Sewer pipe locations shown on the sewer record map are different
from the actual sewer location.

m  Sewer main under houses and other improvements - Complaints of sewer main alignment
crossing the house and other improvements. A solution to this problem requires an
agreement with the property owner for a new sewer easement at a relocated line.

Causes of Sanitary Sewer Backups
m  Root infiltration - Tree roots are a major cause of backups.
m  Water inflow/infiltration - Rain water entering the sewer pipe causes overflows.

m  Solids - Typical solids that buildup in the pipe and cause backups are grease, dirt, bones,
tampons, paper towels, diapers, broken dishware, garbage, concrete, and debris.

m  Structural defects in pipes and manholes - Sags in the line, cracks, holes, protruding laterals,
misaligned pipe, offset joints are all possible causes of backups.
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Design Considerations

Sanitary sewer overflows can often be reduced or eliminated by a number of practices, in
addition to sewer system cleaning and maintenance, including the following:

m  Reducing infiltration and inflow through rehabilitation and repair of broken or leaking
sewer lines.

m  Enlarging or upgrading the capacity of sewer lines, pump stations, or sewage treatment
plants.

m Constructing wet weather storage and treatment facilities to treat excess flows.
m  Addressing SSOs during sewer system master planning and facilities planning.
Septic Systems

Two field screening techniques that have been used with success at identifying possible locations
of failing septic systems are the brightener test and color infrared (CIR) aerial photography. The
first involves the use of specific phosphorus-based elements found in many laundry products,
often called brighteners, as an indicator of the presence of failing onsite wastewater systems.
The second technique uses color infrared (CIR) aerial photography to characterize the
performance of septic systems. This method has been found to be a quick and cost-effective
method for assessing the potential impacts of failing systems and uses variations in vegetative
growth or stress patterns over septic system field lines to identify those systems that may
potentially be malfunctioning. Then a more detailed onsite visual and physical inspection will
confirm whether the system has truly failed and the extent of the repairs needed. These
inspections may be carried out by county health departments or other authorized personnel.

References and Resources

Alameda Countywide Clean Water Program on-line
http://www.ci.berkeley.ca.us/pw/Storm/stormala.html

Los Angeles County Stormwater Quality. Public Agency Activities Model Program. On-line:
http://ladpw.org/wmd/npdes/public_TC.cfm

Orange County Stormwater Program
http://www.ocwatersheds.com/StormWater/swp__introduction.asp

Santa Clara Valley Urban Runoff Pollution Prevention Program. 1997 Urban Runoff
Management Plan. September 1997, updated October 2000.

Santa Clara Valley Urban Runoff Pollution Prevention Program. 1998. Water Utility Operation
and Maintenance Discharge Pollution Prevention Plan. June

United States Environmental Protection Agency (USEPA). 2001. lllicit Discharge Detection
and Elimination. On-line: http://cfpub.epa.gov/npdes/stormwater/menuofbmps/illi_1.cfm
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United States Environmental Protection Agency (USEPA). 2001. Pollution Prevention/Good
Housekeeping for Municipal Operators Septic System Controls. On-line:
http://www.epa.gov/npdes/menuofbmps/poll_14.htm
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