October 13, 2010

Mr. Arne Anseim

Water Quality Manager

Ventura County Watershed Protection District
800 South Victoria Avenue

Ventura, CA 83009-1600

SUBJECT: DRAFT VENTURA COUNTY TECHNICAL GUIDANCE MANUAL COMMENTS

Dear Mr. Anselm:

Thanks you for the opportunity to review and comment on the Draft Technical Guidance
Manual. Enclosed for your information is an illustration of the new permit requirements on a
newly entitied development project in Downtown Ventura, prepared by the City's Consultant, Mr.
Paul Crabtree. Also forwarded are some comments and suggestions to make the manual more
flexible and easier to use. This is being emailed separately as a PDF document for your
consideration.

We look forward to working with you as the new Technical Guidance Manual goes through the
adoption process. If you have any questions or need additional information, please contact

Dave Ward, ngéy er, at 677-3964.
Sincerely, -~ ' vl

y,

7
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Jeffrey Lambert, AICP

Community Development Director
City of Ventura

501 Poli Street

Ventura, CA 93001

October 12, 2010
Regarding: Review and case study analysis of 2010 TGM
Dear Jeffrey,

in accardance with your request, [ am pleased to present this case study analysis of the 2010 Technical
Guidance Manual {TGM] Stakeholder Draft dated September 27, 2010.

The analysis consists of:

a. This cover letter as a summary,
A case study of an already permitted redevelopment project - Encanto Del Mar Courtyard
Apa rtments — with three different scenarios. {The case study is not subject to the new M54
because it has already been permitted, and is used as an example only for analysis purposes.)
¢.  Aset of comments based on a compiete reading and test use of the 571 page document.

There are elements of the M54 itself that are controversial, but since it is aiready a formai legal
requirement, | have avoided any réference to controversial efements; and focused on the outcomes and
efficacy of the TGM as a guidance document,

Case Study. The Encanto Del Mar Courtyard Housing (Encanto) case studies are included as Attachments
1A, 1B, 1C and are summarized herewith. As of October 7, 2010 Encanto has been permitted by the City
of Ventura and is out for bid. This case is being studied as a way to evaluate an actual urban core
redevelopment high-density case in relation to the proposed Technical Guidance Manual {TGM).
Encanto is an infill redevelopment project located at 351 Thompson Blvd {near Oak Street) in downtown
Ventura. There are 37 affordable rental units being built in four 3-story courtyard buildings over a
podium garage that contains all required parking spaces. Further project details are grovided in the
Attachments,

Scenario 1A evaluated the project itself AND the adjacent parking iot as one project. The parking lot
retrofit was a condition of the project p!arméng approval. It was found that the combined project could
comply with the new MS4 through modifications of the onsite lanter boxes, and conversion of all the
adjacent parking lot green space to bioretention celfs with underdrains. The compliance was fairly easy
due to the use of the adjacent parking lot green spaces.



Scenario 1B evaluated the project itself without the adjacent parking lot, and assumed that all onsite
planter boxes could be converted to LiD-compliant planter box designs. This scenario could not comply
on site and required 0.06 acre-feet of off-site mitigation.

Scenario 1C evaluated the project itself, without the adjacent parking lot, and assumed that all roofs

could be converted to green roofs, and the planter boxes could be made LID-compliant. This scenario
complied with the new MS4 with those onsite BMPs,

Case Study Lessons Learned,

1.

Urban core higher-density redevelopment projects built over podium parking will ikely use lots
of planter boxes that by themselves may not satisfy on site BMP requirements, and these
projects will either mitigate off-site or will build green roofs to comply. Green roofs, per the
TGM, are “optional” (not mandatory) but are counted as pervious landscape area which
provides a strong incentive for their use. According to the 2009 EPA report on green roofs
htto://www.ena gov/nrmel/pubs/600r08026/600r09026.pdf there are significant stormwater
benefits to green roofs (approximately 50% of the annual rainfall landing on them can be

absorbed), but also significant costs - a green roof system can add $6 to $40 per square foot in
initial costs and $1 to $2 per square foot in annual maintenance costs. Urban form would also be
affected by a green roof incentive in that the form of buildings would tend toward flat roofs as
compared to sloped roofs. A Google Earth trip to Stuttgart {famous for its millions of sf of green
roafs) shows that most of the green roofs are located on big box buildings that stand in stark
contrast to the traditional urban form. '

The new revision to the MS4 to allow biofiltration as a volume-control 8MP, while possibly
affecting runoff volumes negatively, provides significant compliance Hexibility, (Biofiltration is a
hold/treat/release method with several BMP configurations that operate in difficult soils

conditions.)

The off-site mitigation route is a complex formula and process in the TGM that should be
simplified. If the calculations themselves can’t be shortened, a nomograph or Xcel spreadsheet
application would heip to simplify and speed the calculations,

The actual implementation and administrative for off-site mitigation has (in accordance with
the M54 permit) been left in the hands of Approval Agencies, and an applicant will be left
without offsite options unless and until the Approvai Agency has this in place. The TGM
could/should provide guidance to the Approval Agencies in setting this up so that it can be done
quickly and efficiently and uniformiy.

Redeveiopment Project Area Master Plans {RPAMPs) could significantly enhance compact
redevelopment in urban cores, address localized contextual issues with the MS4 itself, more
efficiently allocate public and private resources; all while healing the watershed. The cohcern,
again, is that the RPAMP process could be so prohibitively onerous and costly, such that
RPAMPs are not even attempted by the towns and cities of Ventura County. The TGM



couid/should provide guidance to the Approval Agencies in setting up RPAMPs so that it can be
done more guickly and efficiently and uniformly.

Comments to the TGM document. A majority of the TGM comments had to do with how urban context
and community form was depicted in the TGM, and in most cases a comment was accompanied by &
recommendation. The MS4 and TGM rely heavily on Low Impact Development {LID) technigues. LID
developed a superior approach to low-intensity-event rainwater treatment that has created a paradigm
shift in the stormwater industry. LID though, Bke many of us, was a child of sprawl, was reared in
sprawl, and struggles with the shift to smarter land use principles, Over the fast couple of decades LID
developed techniques to lower the impacts of greenfield low-density subdivisions, power centers, and
mega-complexes; and the techniques have applicability in more traditional, smarter, urban settings as
well. Some indicators of the inertia: Smart Growth is tagged as an “alternative compliance” method, the
regulations are much more site-based than context-based or watershed-based, the “tried-and-true” LID
standards and graphics are mostly of the sprawl paradigm. The EPA recognizes the problems and is
undergoing a rewrite of the NPDES that, we hope, will address these issues and more,

The M54 does not mandate that a smarter urhan framework be avoided in the TGM, but in fact explicitly
reguires a Smart Growth approach in Part 4 Section £. 1. 1 {a); so there is an obligation and opportunity
to depict in words and graphics, some of the more Smart Growth and urban renditions of 11D as
exemplars. A guidance manual does establish a reality, and that reality should aim to embrace the
smarter visions expressed in the M54 and by the people of Ventura County.

The other comments have to do with clarity within the document. Plan reviewers and designers and
developers tend to not read an entire 571 page document {plus the 121 page M54}, but tend to rely on
quick takes, and then interpret them literally. Some additional clarity of the document would contribute
to a deeper understanding and usefulness of the Guidance.

Allow me to apologize in advance for any inadvertent errors, As you know, the timeframe was extremely
short and peer reviewers are scarce.

Sincerely,

For and on behalf of Crabtree Group Inc.
Civil Engineers and Town Planners
Ventura, CA  Salida, CO

Attachments
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Case Study 1A {includes adjacent parking lot and green roofs}
Encanto Del Mar Courtyard Apartments

A Case Study for Compliance with the Ventura County Technical Guidance Manual for Stormwater Control
Measures - Manual Update 2010

Introduction. As of October 7, 2010 Encanto Del Mar Courtyard Apartments (Encanto) has been permitted by the City of
Ventura and is out for bid. The case is being studied as a way to evaluate an actual case in relation to the proposed
Technical Guidance Manual (TGM).

Project Description. Encanto is an infill redevelopment project located at 351 Thompson Bivd {near Oak Street} in
downtown Ventura. There are 37 affordable rental units being built in four 3-stary courtyard buildings over a podium
However an offsite public parking lot revision/renovation and alley dedication was a required element of the project and
involves a land disturbance of 0.72 acres. The offsite street frontage improvements consist of 0.12 acres (5,450 sf). The
total land disturbance is 1.43 acres. The Planning designation is: Downtown Specific Plan —~ Urban Core T6.1. Required
building setbacks are zero feet. The required parking for the project (42 spaces) is provided in the podium garage. {See
attached Site Plan).

Stormwater Management Control Measures Design Decision Flowchart {Figure 2-1}

Step 1: Determine Project Applicability?

New development and redevelopment projects meeting the applicability criteria contained in Section 4.F.I1 of
Order R4-2010-0108 [presented in Section 1.5 of the 2010 TGM] must include control measures specified in
the 2010 TGM.

Yes, this is a Redevelopment Project that is equal to 1 acre or greater of disturbed area that adds more than 10,000
square feet of impervious surface area. It is also a land-disturbing activity that results in the creation or addition or
replacement of 5,000 square feet or more of impervious surface area on an aiready developed site.

Step 1a: Determine RPAMP Eligibility?

If a project is located within the boundary of a Redevelopment Project Area Master Plan (RPAMP), the
stormwater management requirements in the RPAMP take precedence over the control measures and
performance criteria specified in this 2010 TGM.

No, the project is not located within an RPAMP,
Step 1b: Single Family Hillside Homes or Step 1c: Roadway Project?
No.

Step 2: Assess Site Conditions

The next step is to collect site information that is critical for the selection and implementation of Retention
BMPs, Biofiltration BMPs, and Treatment Control Measures. The following information should be
documented: topography, soil type and geology, groundwater, geotechnical considerations, offsite drainage,
existing utilities, and Environmentally Sensitive Areas. In addition, soil and infiltration testing should be
conducted.

Site Description. The site previously held a gas station that had a leaking underground storage tank (LUST) that was
remediated in 1993. Six observation wells were constructed as part of the remediation program, and the LUSY file is



now closed. Geotracker now depicts another LUST across Oak Street, the site of a gas station, observation wells have
been constructed, and the LUST case is still open.

The site is located within the catchment area of a 303 (d}-listed impaired waterbody — Promenade Beach is fisted as
Category 5 {in need of TMDLs) for the indicator Bacteria, City storm sewers are located adjacent to the site, and drain to
the Figueroa culvert at Promenade Beach. The culvert outlet has an “Archy” that diverts dry weather flows to the Water
Reclarmation and Treatment Facility — capacity of the Archy is 40 gallons per minute.

According to the Ventura County soils maps, the site has Ventura County Category 5 soils. A detailed geotechnical
investigation of the property determined that the upper 30 feet of seils consist of lean clays, historical groundwater at a
depth of 9 feet, and the site is subject to Liquefaction Hazards due to groundwater depth, soil type, and proximity to
seismic faults. No infiltration tests were conducted. The vacant site is quite flat - the tendency is less than 2% gradient
falling from east to west and about 0.5% gradient from north to south, Adjacent to the north is the Salvation Army
building, and an apartment building is adjacent to the west, A Gold Coast Transit bus stop fronts the site.

Step 3: Apply Site Design Principles and Techniques
Site Planning

1) Retention BMPs should be considered as early as posstble in the site planning process.

No infiltration BMPs were incorporated into the site plan due to the clay soils, previous contamination due to LUST, relatively high groundwater,
and liquefaction potential, Other retention BMPs considered in this scenario are green roofs (FT) and rainwater harvesting,

2) Project applicants should anticipate and plan for the space requirements of Retention and Biofiltration
BMPs, per Table 4-1:

Table 4-1: Rule of Thumb Space Requirements for BMPs

BMP Type % of Contributing Drainage Area
Infiltration 3to 10

Rainwater Harvesting (Cistern) oic 10

Evapotranspiration (Green Roofl 1 to 1 ratio of impervious cover treated

Biofiitration 305
Dry Extended Detention Basin 1ic 3
Wet Detention Basin 1ie3
Sand Filters otos
Cartridge Media Filter otos

Infiltration is not feasible as noted above.

Rainwater Harvesting (Cistern) may be feasible - it appears that a tower could be placed in the remainder parcel, at the west side of the podium
entry drive. Or an underground location, under the parking iot may be feasible.

Evapotranspiration {Green Roof) is feasible. 13 roofs at 900 sf each = 11,700 5f = 0,27 acres

Biofiitration {bioretention with underdrain) was included in the parking lot retrofit, There are a number of planter boxes that could be hiofifters.
Dry or Wet Extended Detention Basin are not feasible — site is too smalk,

Sand Filter may be feasible, if needed.

Cartridge Media Filter may be feasible, if needed and space available,,

Step 4: Apply Source Control Measures
Source Control Measures are operational practices that reduce potential pollutants at the source.

Applicable Source Control Measures are: Covered and screened Trash Enclosure Area {current design compties),

Step 5: Apply BMPs to Reduce EIA to 5%
This section and Figure 2-2 describe the process for reducing EIA to 5%,

Step 5a: Calculate Allowable EfA

Project Areg: 1,43 Acres B sllowable = 143 % 5% = 0.07 acras



Step 5b: Calculate Impervious Area to be Retained
The impervious area from which runoff must be retained onsite is the total impervious area minus the
EIAnﬂnwabie, which can be calculated as follows: Aretsin = TIA — ElAatowable = {IMP%Apmjec‘t} — FlAallowable

Total impervious Area (TIA): 0.72 acres IMP =0.50

Streets: 0.12 acres.

Building Area: 0.58 — 0.02 {planter boxes) — 0.02 {planters) - 0.27 {green roofs} =0.27 acres

Public Parking Lot and Alley area: 0.72 — 0.12 pervious pavers - 0.06 bioret w/ — 0.09 remainder parcel Is — 0.4 other
landscape = 0.41 acres, Or, 0.33 asphalt + 0.08 concrete = 0.41 acres.

Asetain= 0.72 - 0.87 = 0.65 acres

Step 5c¢: Calculate the Volume to be Retained (SQDV)

All Retention BMPs used to render impervious surfaces "ineffective” should be properly sized to retain the
volame of water thaf results from the water quality design storm. The design storm volume, referred to in the
TGM as the Stormwater Quality Design Volune (SQDV) can be calculated using the following four allowable
methodologies: (use the 0.75 inch method)

Vietain = C*(0.75/12)* Arctain (Equation 2-3)

Where: Vrewin = the stormwater quality design volume (SQDV) that must be retained onsite (ac-ft)
C = runoff coefficient (equals 0.95 for impervious surfaces)

0.75 = the design rainfall depth (in) [based on SQDV sizing method 3]

Arewin = the drainage area from which runoff is retained (acres), calculated using Equation 2-2

Vretain = 0.04 ac-feet
Step 5d: Select and Size Onsite Retention BMPs to Achieve 5% EIA

Infiltration is not feasible due to site soil conditions.

Green roofs (ET) though optional, are being considered for this scenario, and 0.27 acres of pervious sutface is credited.
Rainwater Harvesting (RWH) feasibility. The 48-hour low-flow water use of the planter boxes/landscape area during
the rainy season is approximately: 3 mm/day x 2 days x .02 acres x 1 inch/25.4 mm x 43560 sf/acre x ft/12 inch = 18
cubic feet (negligible). Assuming that rainwater could be used in residential toilets, the volume that can be used within
48 hours considering ail “allowable and reliable demand” is approximately calculated as follows. Under present codes
and regulations, rainwater could feasibly be used for toilet flushing without requiring disinfection or fine filtering. With
low-flow toilets (2 gallons/flush} and 10 flushes per unit per day: 20 gallons per unit x 37 units x 2 days/ 7.5 gallons/cubic
foot = 200 cubic feet = 0.005 ac-feet - probably not enough to warrant the cistern, pumps, and extra set of pipes.

Conclusion: Only the “green roof” retention BMP significantly addresses the Veetuin.

Step 5e: Select and Size Biofiltration BMPs to Reduce EIA to 5%

Retention BMPs must be used onsite to the maximum extent practicable. Projects that demonstrate technical
infeasibility to reduce EIA < 5% by using Retention BMPs are eligible to use Biofiltration BMPs to achieve the
EIA performance standard.

Biofiltration BMPs must be sized to treat 1.5 times the volume not retained using Retention BMPs,

The onsite biofiltered volume (Veiofiter) can be calculated as follows: Vaiositer = (Vietain - Vachioved) * 1.5 (Egin. 2-4)
Where:

Vriofiter = the volume that must be captured and treated in a Biofiltration BMP (ac-tt)

Vietain = the stormwater guality design volume (SQDV) that must be retained (ac-ft} (established in Step 5¢)
Vachieved = the volume retained onsite using Retention BMPs (ac-ft)

Viaiofilier « (.04 so-fear - 0} ¥ 1.5 = 0.08 ac-ft



Can this site feasibly treat 0.06 ac-feet though biofiltration? It has 0.06 ac of bioretention with underdrain and 0.02 ac of
planter boxes, and 0.4 acre of the remainder parcel could be bioretention with underdrain, if needed.

See Bioretention with Underdrain/Planter Box Sizing Worksheet (attached) that concludes that the planter boxes and
the bioretention with underdrains satisfy the requirement for 5% E|A. {Remainder parcel strip at the alley not needed).

Step 7: Apply Treatment Control Measures

Stormwater runoff from EIA and developed pervious surfaces shall be mitigated using Retention BMPs,
Biofiltration BMPs, or Treatment Control Measures (Chapter 6) selected per the BMP selection process
outlined in Section 3.4 and Figure 2-4.

Identify Receiving Waters and Determine Pollutants of Concern: The receiving water Is Prormenade Beach of the Pacific
Ocean, which is listed as Category 5 {in need of TMDLS) for the indicator Bacteria. The Poliutant Priority Grouping is:

1. Legacy. The site is a former, but closed out, LUST site, so legacy soil contarination in the form of petroleumis a
concern. This concern can be addressed through the limitation of infiltration BMPs, and good construction
control practices. ' ' '

2. Moderate Prigrity. Per Table 3-2, the planned land use could be a source for Sediments , Trash and Debris (Gross
Solids and Floatables) Pesticides and Herbicides, Organic Materials/Oxygen Demanding Substances, Oil and
Grease/Organics Associated with Petroleum, Bacteria and Viruses, Nitrogen and Phosphorus,

3. High Priority: Planned land uses are expected sources of a poliutant and the receiving water bodies are impaired
by that pollutant. Bacteria is a high priority pollutant of concern. Unsterilized compost should be avoided in soil
amendments for all landscape areas.

Apply Retention BMPs, Biofiltration BMPs, and/or Treatment Control Measures to Treat Remaining SQDV or SQDF to
Address the Poliutants of Concern;

All of the pollutants of concern are filtered out by biofiltration, and especiaily by the soil media in biofiltration BMPs. The
planter boxes and the bioretention basins with underdrains both address these concerns.

The SQDV was treated with these controls, so compliance has been achieved.

Step 8: Continue Project Design Process: Flood Control and Hydromodification Requirements
The project applicant should continue with the design process to address additional requirements including
flood control and hydromodification control criteria.

Step 8a: Flood Control Requirements

Applicants shall comply with Ventura County and local approval agency regulations on floodplain and floodway
management.

This step has been complied with in the originai project design.

Step 8b: Hydromodification (Flow/Volume/Duration) Control Criteria

This project is exempt as it discharges to a city storm sewer that has a controlled outlet to the ocean.

Step 9: Develop Maintenance Plan

The Maintenance Plan would be routine in this case, based on the BMP templates, and the Maintenance Agreement template.




APPENDIX E: BMP SIZING WORKSHEETS

E5

VEG-1 Bioretention/VEG-2 Planter Box

Sizing Methodology

Bioretention areas can be sized using one of two methods: a simple sizing method or
a routing method. The simple sizing procedure is summarized below. Continuous
simulation modeling, routing spreadsheets, and/or other forms of routing modeling
that incerporate rainfall-runoff relationships and infiltrative (flow) capacities of
bioretention may be used to size facilities. Alternative sizing methodologies should
be prepared with good engineering practices. For the routing modeling method, refer
to the Sand Filter design guidance (FILT-1). A bioretention sizing worksheet and
example are provided in this appendix. Planter boxes are sized the same as
bioretention areas with underdrains using parameters appropriate for planter boxes.

With either method, the runoff entering the facility must completely drain the
ponding area within 48 hours, and runoff must be completely infiltrated within g6
hours. Bioretention is to be sized, with or without underdrains, such that the SQDV
will fill the available ponding depth, the void spaces in the planting soil, and the
optional aggregate layer.

Step 1: Determine the stormwater quality design volume (SQDV)

Bioretention areas should be sized to capture and freat the water quality design
volume (see Section E.1).

Step 2: Determine the Design Percolation Rate

Sizing is based on the design saturated hydraulic conductivity {Ks:) of the amended
soil layer. A target K of 5 inches per hour is recommended for newly installed non-
proprietary amended soil media. The media K. will decline between maintenance
cycles as the surface becomes occluded and particulates accumulate in the amended
soil layer. A factor of safety of 2.0 should be applied such that the resulting
recommended design percolation rate is 2.5 inches per hour. This value should be
used for sizing unless sufficient rationale is provided to justify a higher design
percolation rate.

Step 3: Calculate the bioretention or planter box surface area

Determine the size of the required infiltrating surface by assuming the SQDV will fill
the available ponding depth plus the void spaces in the media, based on the
computed porosity of the filter media and optional aggregate layer.

1) Select a surface ponding depth (d,) that satisfies geometric criteria and congruent
with the constraints of the site. Selecting a deeper ponding depth (18 inches
maximum) generally vields a smaller footprint, however requires greater
consideration for public safety and energy dissipation.

Technical Guidance Manual for E-42 September 27, 2010
Stormwater Quality Control Meastres 2010 Bevised Deaft



APPENDIX E: BMP SIZING WORKSHEETS

2) Compute time for selected ponding depth to filter through media:

d ¥
 poming ™ " 12-'? = 48 hours (Equation E-26)
o design i
Where:
Lponding = required drain time of surface ponding {48 hrs)
d, = selected surface ponding water depth (ft)
Kesign = design saturated hydraulic conductivity (in/hr) (see Step 2,
above)

If tponamg exceeds 48 hours, return to (1) and reduce surface ponding or increase
media Kaesign- Otherwise, proceed to next step,

Note: In nearly all cases, tynaing will not approach 48 hours unless a low Kdesign
is specified.

3) Compute depth of water that may be considered to be filtered during the design
storm event as follows:

< ., desipn X Kuua‘ng d‘ P .
@ prea = Minimum| —= 208 L (Equation E-27),
12, 2
Where:

rittered = depth of water that may be considered to be filtered during the
design storm event (ft) for routing calculations; this value
should not exceed half of the surface ponding depth (do)

Kaesign = design saturated hydraulic conductivity (in/hr) (see Step 2,
above)

Trouting = storm duration that may be assumed for routing calculations;
this should be assumed to be 3 hours unless rationale for an
alternative assumption is provided

dy = selected surface ponding water depth (ft)

4) Calculate required infiltrating surface area (filter bottom area):

SODV .
A= T {(Equation E-28)
a 14 T d friterod
Where:
Technical Guidance Manual for E-43 September 27, 2010

Stormwater Quality Control Maasures 2010 Revised Drafr



APPENDIX E: BMP SIZING WORKSHEETS

Aoy = required area at bottom of filter area {ft?); does not account for
side slopes and freeboard

SQDV = stormwater quality design volume (fi?)

dy = selected surface ponding water depth (ft)

dtrered = depth of water that can be considered to be filtered during the
design storm event {ft) for routing calculations {See previcus
step)

Step 4: Caiculate the bioretention total footprint

Calculate total footprint required by including a buffer for side slopes and freeboard;
Areg 1s measured at the filter bottom area (toe of side slopes).

Step 5: Calculate underdrain system capacily

Underdrains are required for planter boxes and bioretention with underdrains. For
guidance on sizing, refer to step 5 of the worksheet below. Alternatively, the Ventura
County Hvdrology Manual can be used for pipe sizing guidance.

Techaical Guidance Manuai for F-44 September 27, 2010
Stormwater Quality Controf Measures 2010 Revised Draft



APPENDIX E: BMP SIZING WORKSHEETS

Sizing Worksheet

1~1. Enter Project area {(acres), Aproeet Aproject acres
i-2. Enter the maximum allowable percent of the o
Project area that may be effective impervious area pallowible %
{refer to permit), ranges from 5-30%, %Barowasic
1-3. Determine the maximum allowed -effective EIA, B acres
impervious area (ac), EIAaawoabie = (Api'(:jed) *(FBaitowanie) wowable
1-4. Enter Project impervious fraction, Imp (e.g. 60%
Imp=
= 0.60}
-5. ermine the Project Total Impervious
1-5. Determine &e Toje otal Impervi area TIA= acres
(acrﬁS) , TIA=A project T mp
1-6. Determine the total area from which runoff must
. N . Aretyin = acres
be retained (acres), Avretein=TIA-EIA siowabte
1-7. Determine pervious runoff coefficient using Table C.n
m: C;J "o
1-8. Calculate runoff coefficient,
C=
C = 0.95%mp + C, (1-imp)
1-9. Enter design rainfall depth of the storm (in), P; P = n
(see Table D-3) '
1-10. Calculate rainfall depth (ft), P = Pi/12 P = ft
1-11, Caleulate water quality design volume (ft3),
SQDV= s
SQDV=43560C*P*A i

| 2-1. Enter the design saturated hydraulic conductivity
of the amended filter media (2.5 in/hr recommended
rate), Kdesign

Kdesign =

n/hr

Technical Guidance Manual for E-45
Stormwater Quality Control Measures 2010

September 27, 2010

Revised Draft



APPENDIX E: BMP SIZING WORKSHEETS

3-1. Enter water quality design volume (ft3), SQDV SQDV fts
3-2. Enter design saturated hydraulic conductivity y
: i N rsign h

(Hlflhr)s Kdesfgn ch" i H}tf '

3-3. Enter ponding depth {(max 1.5 ft for Bioretention, d = f

1 ft for Planter Box) above area, d, P

3-4. Calculate the drawdown time for the ponded

water to filter through media (hours), T ' hre
PHIT }i]‘g—' b

tpmzda‘ng = {dp// che:-:ign) X1z

3-5. Enter the storm duration for routing calculations
(use 3 hours unless there is rationale for an Teouting = hrs
alternative), Trouing

3-6. Calculate depth of water (1) filtered by using the
following two equations:

daitereds = ft

dpnereds = (Kaesign X Troming)/12 Arered.e = ft
Qpiticrore = dy /2

3.7 Enter the resultant depth (ft) (the lesser of the two . .

dapered = ft

C&ICUL‘:HGC} &bOVG), dﬁ}ter{z(?

3-8. Calculate the infiltrating surface area as follows
(ft2): A = e
Areq = SQDV/(dp -+ dﬁlim'ccf)

4~1. Calculate total footprint required by including a |

buffer for side slopes and freeboard (ft2) [Areq IS
measured at the as the filter bottom area (toe of side !
slopes)], Ase }

Atot = frz

To caleulate the underdrain system capacity, continue through steps 5-1 to 5-7.

Technical Guidance Manual for B-46 September 27, 2016
Stormwater Quality Control Measures 2010 Revised Draft



APPENDIX E: BMP SIZING WORKSHEETS

5-1. Calculated filtered flow rate to be conveved by the

longitudinal drain pipe, Qr = Kaesign Areq/ 43,200 Qe = cfs
5-2. Enter minimum slope for energy gradient, S, S =

5-3. Enter Hazen-Willilams coefficient for plastic, Cuw Chpw =

5-4. Enter pipe diameter (min 6 inches), D D= in
5-5. Calculate pipe hydraulic radius (ft), Ry =D/48 Ry = ft
5-6. Calculate velocity at the outlet of the pipe (ft/s),

Vy = 1.318CnRy0-688,054 Ve = ft/s
5-7. Calculate pipe capacity (cfs),

Qeap =0.2571(D/ 12V, Quap = cfs

Technical Guidance Manual for E~47
Stormwater Quality Control Measures 2010

September 27, 2010
Hevised Draft




Case Study 1B (includes site only, no green roofs}
Encanto Del Mar Courtyard Apartments

A Case Study for Compliance with the Ventura County Technical Guidance Manual for Stormwater Control
Measures - Manuai Update 2010

intreduction. As of October 7, 2010 Encanto Del Mar Courtyard Apartments {Encanto} has been permitted by the City of
Ventura and is out for bid. The case is being studied as a way to evaluate an actual case in relation o the proposed
Technical Guidance Manual {TGM).

Project Description. Encanto is an infill redevelopment project located at 351 Thompson 8lvd (near Oak Street) in
downtown Ventura. There are 37 affordable rental units being built in four 3-story courtyard buildings over a podium
garage. The unit sizes vary, but average 925 square feet. The site is 0.58 acres —a density of 63 units/acre. The offsite
street frontage improvements consist of 0.12 acres (5,450 sf). The total land disturbance is 0.7 acres. The Planning
designation is: Downtown Specific Plan — Urban Core T6.1. Required building setbacks are zero feet. The required
parking for the project (42 spaces) is provided in the podium garage. (See attached Site Plan). '

Stormwater Management Control Measures Design Decision Flowchart (Figure 2-1)

Step 1: Determine Project Applicability?

New development and redevelopment projects meeting the applicability criteria contained in Section 4.E.11 of
Order R4-2010-0108 [presented in Section 1.5 of the 2010 TGM] must include contrel measures specified in
the 2010 TGM.

Yes, this is 2 Redevelopment Project that is a tand-disturbing activity that resuits in the creation or addition or
replacement of 5,000 square feet or more of impervious surface area on an already developed site.

Step 1a: Determine RPAMP Eligibility?

If a project is located within the boundary of a Redevelopment Project Area Master Plan (RPAMP), the
stormwater management requirements in the RPAMP take precedence over the control measures and
performance criteria specified in this 2010 TGM.

Na, the project is not located within an RPAMP.

Step 1b: Single Family Hillside Homes or Step 1c: Roadway Project?

Mo,

Step 2: Assess Site Conditions

The next step is to collect site information that is critical for the selection and implementation of Retention
BMPs, Biofiltration BMPs, and Treatment Control Measures. The following information should be
documented: topography, soil type and geology, groundwater, geotechnical considerations, offsite drainage,
existing utilities, and Environmentally Sensitive Areas. In addition, soil and infiltration testing should he
conducted.

Site Description. The site previously heid a gas station that had a leaking underground storage tank (LUST) that was
remediated in 1993. Six observation wells were constructed as part of the remediation program, and the LUST file is

now closed. Geotracker now depicts another LUST across Oak Street, the site of a gas station, observation wells have
been constructed, and the LUST case is stilf open.



The site is located within the catchment area of a 303(d)-listed impaired waterbody — Promenade Beach is listed as
Category 5 (in need of TMDLs} for the indicator Bacteria. City storm sewers are located adjacent to the site, and drain to
the Figueroa culvert at Promenade Beach. The culvert outlet has an "Archy” that diverts dry weather flows to the Water
Reclamation and Treatment Facility — capacity of the Archy is 40 gallons per minute.

According to the Ventura County soils maps, the site has Ventura County Category 5 soils. A detailed geotechnical
investigation of the property determined that the upper 30 feet of soils consist of lean clays, historical groundwater at a
depth of 9 feet, and the site is subject to Liquefaction Hazards due to groundwater depth, soil type, and proximity to
seismic faults. No infiltration tests were conducted. The vacant site is quite flat — the tendency is less than 2% gradient
falling from east to west and about 0.5% gradient from novth to south. Adjacent to the north is the Salvation Army
building, and an apartment building is adjacent to the west. A Gold Coast Transit bus stop fronts the site.

Step 3: Apply Site Design Principles and Techniques
Site Planning

1) Retention BMPs should be considered as early as possible in the site planning process.

No infiltration BMPs were incorporated into the site pfan due to the clay soils, previous contamination due to LUST, relatively high groundwater,
and liquefaction potential. Green roofs {which are an optional BMP) were not included in this scenario. Rainwater Harvesting will be considered.

2) Project applicants should anticipate and plan for the space requirements of Retention and Biofiltration
BMPs, per Table 4-1:

Table 4-1: Rule of Thumb Space Reguirements for BMPs

BMP Type % of Contributing Drainage Area
Infiliration 31010

Rainwater Harvesting (Cistern) 01010

Evapotranspiration (Green Roof}) 1 to 1 ratio of impervious cover treated

Biofiitration 3tos
Dry Extended Detention Basin 1t0 3.
Wet Detention Basin 1t03

Sand Filters clios
Cartridge Media Filter cios

infiftration is nat feasible as noted above.

Rainwater Harvesting {Cistern} may be feasible. it appears that storage could may be feasible in an underground lpcation, such as under the
godium,

Evapotranspiration (Green Roof) Is optional and is not being considered in this scenario,

Biofiftration {planter boxes) could be incorporated.

Dry or Wet Extended Detention Basin are not feasible — site is too small.

Sand Filter may not feasible due to compact site area ~ may be feasibie under the frontage sidewalk.

Cartridge Media Filter may be feasible,

Step 4: Apply Source Control Measures
Source Control Measures are operational practices that reduce potential pollutants at the source.

Applicable Source Control Measures are: Trash Enclosure Area {current design complies).

Step 5: Apply BMPs to Reduce EIA to <5%
This section and Figure 2-2 describe the process for reducing EIA to =5%.

Step 5a: Calculate Allowable EIA

Project Area: 0.7 Acres FIA allowable = 0.7 x 5% = 0.04 acres

Step 5b: Calculate Impervious Area 10 be Retained



The impervious area from which runoff must be retained onsite is the total impervious area minus the
ElAaitowable, which can be cateulated as follows: Agetsin = TTA — ElAdiowsble = {IMP*Aproject) ~ ElAalivwable

Total impervious Area {TIA): 0.66 acres VP = 0.94
Streets: (.12 acres.
Building Area: 0.58 —0.02 (planter boxes) -~ 0.02 {planters) = 0.54 acres

ARetain = 0.66- 0.04 = 0.62 acres

Step 5¢: Calculate the Volume to be Retained (SQDV)

All Retention BMPs used to render impervious surfaces "ineffective” should be properly sized to retain the
volume of water that results from the water quality design storm. The design storm volume, referred to in the
TGM as the Stormwater Quality Design Volume (SQDV) can be calculated using the following four allowable
methodologies: {use the 0.75 inch method)

Vietain = C*(G.75/12}%Aretain (Eq’uation 2"3)

Where: Vretin = the stormwater quality design volume (SQDV) that must be retained onsite (ac-ft)
C = runoff coefficient (equals 0.95 for impervious surfaces)

0.75 = the design rainfall depth (in) {based on SQDV sizing method 3]

Arerain = the drainage area from which runoff is retained (acres), caleulated using Equation 2-2

Vietain = 0.04 ac-feet
Step 5d: Select and Size Onsite Retention BMPs to Achieve 5% EIA

Infiltration is not feasible due to site soil conditions.

Green roofs (ET) are optional, and not being considered for this scenario.

Rainwater Harvesting (RWH) feasibility. The 48-hour low-flow water use of the planter boxes/landscape area during
the rainy season is approximately: 3 mm/day x 2 days x .02 acres x 1 inch/25.4 mm x 43560 sffacre x ft/12 inch = 18
cubic feet {negligible). Assuming that rainwater could be used in residential toilets, the volume that can be used within
48 hours considering all “allowable and reliable demand” is approximately calculated as follows. Under present codes
and regulations, rainwater could feasibly be used for toilet flushing without reguiring disinfection or fine filtering. With
low-flow toilets {2 gallons/flush) and 10 flushes per unit per day: 20 gallons per unit x 37 units x 2 days/ 7.5 gallons/cubic
foot = 200 cubic feet = 0.005 ac-feet - probably not enough to warrant the cistern, pumps, and extra set of pipes,

Conclusion: No retention BMPs significantly address the Vretain,

Step 5e: Select and Size Biofiltration BMPs to Reduce EIA to s5% _
Retention BMPs must be used onsite to the maximum extent practicable. Projects that demonstrate technical
infeasibility to reduce EIA < 5% by using Retention BMPs are eligible to use Biofiltration BMPs to achieve the
EIA performance standard,

Biofiltration BMPs must be sized to treat 1.5 times the volume not retained using Retention BMPs.

The onsite biofiltered volume (Vaiosier) can be caleulated as follows: Vaiotiter = (Viotain - Vachieved} * 1.5 (Egin. 2-4)
Where:

Viositer = the volume that must be captured and treated in a Biofiltration BMP {ac-f1)

Vretain = the stormwater quality design volume (SQDV) that must be retained (ac-fi) (established in Step 5¢)
Vachieved = the volume retained onsite using Retention BMPs (ac-fU)

Veiofitrer = (0.04 ac-feet ~ 0] * 1.5 = 0.06 ac-ft

Can this site feasibly treat 0.06 ac-feet though biofiltration? it has 0.02 ac of planter boxes.



See Bioretention with Underdrain/Planter Box Sizing Worksheet {attached) that concludes that the planter boxes do not
satisfy the requirement for 5% EtA. 1925 sf of planter boxes are needed and only 870 sf are provided,

Has the site “maximized its biofiltration capacity” per Table 3-1 and Section 3.27 Yes it has. Per Table 3-1, the site plan
should allow at least 1% of the site area for biofiltration, since the zoning allows zero setbacks. .01 x .58 ac = .0058 acres
The site already provides for .02 ac of planter boxes.

Step 6: Alternative Compliance
Certain new development and redevelopment project types are eligible for alternative compliance measures if
onsite Retention BMPs and Biofiltration BMPs cannot feasibly be used to meet the 5% EIA standard.

This project is an infill, Redevelopment, Smart Growth (all 7 categories). it is eligible for Alternative Compliance.

Stormwater runoff from impervious surfaces and developed pervious surfaces that is not fully retained onsite
{up to the SQDV) shall be mitigated using Treatment Control Measures.

Alternative compliance may be met through two options:

- Dffsite mitigation project; or

- Offsite mitigation fee.

Alternative compliance options will be based on the “mitigation volume.” The mitigation volume is the
difference between the volume of runoff associated with 5% EIA and the volume of runoff associated with the

actual EIA achieved onsite less than or equal to 30% {£30%) EIA. The offsite mitigation requirement for EIA in
excess of 30% {>30%) is 1.5 times the amount of stormwater not managed onsite.

1) Determine the volume of runoff that is retained and biofiltered onsite (Vieysio), using Equation 2-5 below:
Viet/Rin = {\-’t&uhieﬁ:cd%‘ (X/TBiﬂﬁImred/La)) (Equation 2"5}

Where:

Vreysio = the total volume of runoff retained and/or biofiltered onsite using Retention and Biofiltration BMPs
Vachieved = the runoff volume retained onsite using Retention

Viiofitered = the runoff volume hiofiltered onsite

Vre/Bio = 0 + 1300 cubic feet = 1300 cubic feet

2) Determine the Mitigation Volume (Vmiigadon), using Equation 2-6 helow:

VMitigation = VRetuin - VRet;‘Bio (Equation 2-6)

Where:

Vitigatior = the volume of runoff that must be mitigated offsite

Vietain = the SQDV that must be retained onsite per the 5% EIA

Viaeysio = the total volume of runoff retained and/or biofiltered onsite using Retention and Biofiltration BMPs

V?vﬁtigati{m = 2885 - 1300 = 1585 cubic feet

For the scenario where the effective impervious area of the project is greater than 30% due to infeasibility, the
runoff volume associated with the effective impervious area up to 30% must be mitigated offsite at a one-to-
one ratio and the runoff volume associated with the effective impervious area greater than 30% must be
mitigated offsite at 1.5 times the volume.

1) Determine the area of the impervious portion of the drainage area from which runoff is retained or
biofiltered at 30% EIA {Asonria), using Eguation 2-7 below:

AgonBia = {IjN’EP*ApH}J 't J - (30% Apfu;u?} (EqLﬂthﬂ 2~ 7)

Where:

Aseuris = the impervious portion of the drainage area from which runoff would have been retained or biofiltered
at 30% FIA {acres)

IMP = total imperviousness of project area (%3/100

Aprjes = the total project avea {acres)



Ageria = (94 % 71— {30% * .7) = 45 acres

2) Determine the total volume that would have been retained or biofiltered onsite at

30% EIA (Vioxnn), using Equation 2-8 below:

Vionpia = C*(0.75/12)* Agoneia { Equation 2-8)

Where:

Vioweia = the stormwater quality design volume (SQDV) retained or biofiltered at 30% EIA (note: for the
purposes of this calculation, the biofiltered volume does not include the 1.5 multiplier)

C = runoff coefficient [equals 0.95 for impervious surfaces]

0.75 = the design rainfall depth (in) [based on SQDV sizing method 3]

Agosris = the impervious area from which runoff would have been retained or biofiltered at 30% FIA (acres)

Vionria = .03 ac-ft

3} Determine the impervious area from which runoff is actually retained (Aacwaizin), This is the total amount of
mmpervious area that drains to properly sized Retention or Biofiltration BMPs.

A&c'mai_EIA = (H\’IP*Aprqiect) - (EIA% *Apm}"ect}

Where:

Aacualtra = the impervious portion of the drainage area from which runoff is retained or biofiltered using the
actual EIA achieved on-site (acres)

IMP = total imperviousness of project area (%)/100

Aproject = the total project area (acres)

EIA% = percent EIA actually achieved on-site

Adenalera = {94% 7) - 870/1925 * .7 = 68-.37 = .36 acres

4) Determine the volume that is actually retained onsite (Vacuazia), using Equation 2-9 below:

Vaenateia = C*(0.75/12)*Aacratnia (Equation 2-10)

Where:

Vacuairia = the stormwater quality design volume (SQDV) that is retained and/or biofiltered onsite

C = runoff coefficient [equals 0.95 for impervious surfaces]

0.75 = the design rainfall depth (in) [based on SQDV sizing method 3] :

Ascualpla = the area associated with the Actual FIA achieved onsite, (i.e., the area from which runoff is retained
or biofiltered (acres) [See # 3 above]

Vaectualiia = .02 ac-ft

Determine the Mitigation Volume for 30% EIA using Equation 2-10 below:

VMitigationgoss = ViRetain - Vionuna (Equation 2-11)

Where:

Vatiigationzen: = the mitigation volume for Project site with 30% EIA

Vretain = the SQDV that must be retained onsite per the 5% EIA

Vsoxtia = the runoff that would have been retained and/or biofiltered at 50% FIA (note: for the purposes of thig
calculation, the biofiltered volume does not include the 1.5 muitiplier.)

VMitigationzo = 2885 cubic feet - .03 ac-ft = 1580 cubic feet = .04 ac-feet

Determine the Mitigation Volume for >30% (EIA Visiigations30%), using Equation 2-11 below:

VMiﬁgatian*/;m% = (\(T;;G%EIA - ‘;Aa:tu;siEIA)*LS

Where:

WVasisigation>30% = the mitigation volume for >30% EIA

Vioueia = the stormwater quality design volume (SQDV) retained or biofiltered at 30% EIA (note: for the
purposes of this calculation, the biofiltered volume does not include the 1.5 multiplier)

Vacwalnin = the stormwater quality design volume (SQDV) that is actually retained and/or biofiltered onsite




Viirigarioms30% = {.03-.02)%1.5 = .02 ac-ft

Deterrnine the Total Mitigation Volume (Vuiigationtoal), using Equation 2-12 below:
VMitigmimz’l‘mai S VMitigati@mgc% + VMitigatiengo% (Equation 2*13)

Where:

VwmisgarionTen = the total mitigation volume for 30% EIA

Vuizations30% = the mitigation volume for >30% EIA

Vanigariongo% = the mitigation volume for 30% EIA

Vtiigationtorsl =.02 +.04 = .06 ac-ft = 2600 cubic feet.

Selecting Offsite Mitigation Projects

Project applicants may identify offsite mitigation projects. Project applicants are responsible for completing
offsite mitigation projects that will retain the mitigation volume. Offsite mitigation projects must adhere to the
following criteria:

- Offsite mitigation projects must be located within the same hydrologic area (see map in Appendix B)

- Offsite mitigation projects should mitigate similar (or higher) pollutant loading land uses, if possible,

- Offsite mitigation projects must be completed as soon as possible and at the latest, within 4 vears of the
certificate of occupancy for the original project.

There are 6 street tree grates proposed for the public RW of the project. Proprietary Silva Cells, or Filterra {with Bacterra
media amendment} or a similar BMP would treat the runoff from the street in front of the project - helping to filter
street runoff that would otherwise discharge directly to the Promenade Beach. Also see below regarding Sand Fiiters
under the public sidewalk in front of the project.

Step ~: Apply Treatment Control Measures

Stormwater runoff from EIA and developed pervious surfaces shall be mitigated using Retention BMPs,
Biofiltration BMPs, or Treatment Control Measures (Chapter 6) selected per the BMP selection process
outlined in Section 3.4 and Figure 2-4,

Identify Receiving Waters and Determine Pollutants of Concern: The receiving water is Promenade Beach of the Pacific
Ocean, which is listed as Category 5 {in need of TMDLS) for the indicator Bacteria. The Pollutant Priority Grouping is:

1. Legacy. The site is a former, but closed out, LUST site, so legacy soil contamination in the form of petroleum is a
concern. This concern can be addressed through the limitation of infiltration BMPs, and good construction
control practices.

2. Moderate Priority. Per Table 3-2, the planned land use could be a source for Sediments , Trash and Debris (Gross
Solids and Floatables) Pesticides and Herbicides, Organic Materials/Oxygen Demanding Substances, Oil and
Grease/Organics Associated with Petroleum, Bacteria and Viruses, Nitrogen and Phasphorus.

3. High Priority; Planned tand uses are expected sources of a pollutant and the receiving water bodies are impaired
hy that pollutant. Bacteria is a high priority poilutant of concern. Unsterilized compost should be avoided in soil
amendments for all landscape areas.

Apply Retention BMPs, Biofiltration BMPs, and/for Treatment Control Measures to Treat Remaining SQDV or SQDF to
Address the Pollutants of Cancern:

All of the pollutants of concern are filtered out by biofiitration, and especially by the soil media in biofiltration BMPs. The
planter boxes address these concerns.

A pertion of the SODV was not treated with planter boxes. Remaining SQDV: 2885 cubic feet — 1300 cubic feet = 1585
cubic feet untreated. A possible TCM to treat that additional volume would be a Sand Filter located in the sidewalk
{under permeable pavers) along the Thompson Street frontage. The pretreatment would be the planter boxes, the
discharge would be to the storm drain which is about 7' deep, so should accommodate the underdrains of the sand
filter. Per TCM 4 calculations, the required sand fiiter sf to treat the remainder of the SQDV is 555 square feet, The



frontage is 170 feet long and the sidewalks 10 feet wide, so a 4 foot wide strip of permeable pavers over a sand filter
would suffice {provided public works approved it).

Step 8: Continue Project Design Process: Flood Control and Hydromodification Requirements
The project applicant should continue with the design process to address additional requirements including
flood control and hydromedification control eriteria.

Step 8a: Flood Control Requirements

Applicants shall comply with Ventura County and local approval agency regulations on floodplain and floodway
management,

This step has been complied with in the original project design.

Step 8b: Hydromodification (Flow/Volume/Duration) Control Criteria

This project is exempt as it déschargeé to a city storm sewer that has a controiled outlet to the ocean.

Step 9: Develop Maintenance Plan

The Maintenance Plan would be routine in the case, based on the BMP templates, and the Maintenance Agreement template,



APPENDIX E: BMP SIZING WORKSHEETS

E.5

VEG-1 Bioretention/VEG-2 Planter Box

Sizing Methodology

Bioretention areas can be sized using one of two methods: a simple sizing method or
a routing method. The simple sizing procedure is summarized below. Continuous
simulation modeling, routing spreadsheets, and/or other forms of routing modeling
that incorporate rainfall-runoff relationships and infiltrative (flow) capacities of
bioretention may be used to size facilities. Alternative sizing methodologies should
be prepared with good engineering practices. For the routing modeling method, refer
to the Sand Filter design guidance (FILT-1). A bioretention sizing worksheet and
example are provided in this appendix. Planter boxes are sized the same as
bioretention areas with underdrains using parameters appropriate for planter hoxes.

With either method, the runoff entering the facility must completely drain the
ponding area within 48 hours, and runoff must be completely infiltrated within 96
hours. Bioretention is to be sized, with or without underdrains, such that the SQDV
will fill the available pording depth, the void spaces in the planting soil, and the
optional aggregate laver,

Step 1: Determine the stormwater quality design volume (SQDV)

Bioretention areas should be sized to capture and treat the water quality design
volume (see Section E.1).

Step 2: Determine the Design Percolation Rate

Sizing is based on the design saturated hydraulic conductivity (Ke) of the amended
soil layer. A target Kq: of 5 inches per hour is recommended for newly installed non-
proprietary amended soil media. The media Ke will decline between maintenance
cycles as the surface becomes occluded and particulates accumulate in the amended
soil layer. A factor of safety of 2.0 should be applied such that the resulting
recommended design percolation rate is 2.5 inches per hour. This value should be
used for sizing unless sufficient rationale is provided to justify a higher design
percolation rate.

Step 3: Calculate the bioretention or planter box surface ares

Determine the size of the required infiltrating surface by assuming the SQDV will fill
the available ponding depth plus the void spaces in the media, based on the
computed porosity of the filter media and optional aggregate layer.

1} Select a surface ponding depth (d,) that satisfies geometric criteria and congruent
with the constraints of the site. Selecting a deeper ponding depth (18 inches
maximum) generally vields a smaller footprint, however requires greater
consideration for public safety and energy dissipation,

Technical Guidance Manual for . E-42 September 27, 2010
Stormwater Quality Control Measures 2010 Revised Diraft



APPENDIX E: BMP SIZING WORKSHEETS

2} Compute time for selected ponding depth to filter through media:

d, i .
L onding = T 12% < 48 hours (Equation E-26)
‘ dosign E !
Where:
Yronding = required drain time of surface ponding (48 hrs)
dy = selected surface ponding water depth (ft)
Kiosign = design saturated hydraulic conductivity (in/hr) (see Step 2,
above)

I tponaing €xceeds 48 hours, return to (1) and reduce surface ponding or increase
media Kaesigr. Otherwise, proceed to next step.

Note: In nearly all cases, tponaing will not approach 48 hours unless a low Kdesign
is specified.

3) Compute depth of water that may be considered to be filtered during the design
storm event as follows:

.. chm‘ﬂ';:fz x }r:’uzémeg dg? . -

 piores = Minimum| ——————te = (Equation E-27),

121/ 2
Where:

drittered = depth of water that may be considered to be filtered during the
design storm event (ft) for routing calculations; this value
should not exceed half of the surface ponding depth (d,)

Koesion = design saturated hydraulic conductivity (in/hr} (see Step 2,
above)

Trouting = storm duration that may be assumed for routing calculations;
this should be assumed to be 3 hours unless rationale for an
alternative assumption is provided

dp = selected surface ponding water depth (ft)

4) Calculate required infiltrating surface area (filter bottomn area):

SODV .
A= MM {Equation E-28}
(454 d + d
P fikiered
Where:
Technical Guidance Manual for E-44 Sepiember 27, 201G

Stormwater Quality Control Measures 2010 Revised Draft



APPENDIX E: BMP SIZING WORKSHEETS

Areg = required area at bottom of filter area (ft*); does not account for
side slopes and freeboard

SQbv = stormwater quality design volume (1)

dp = selected surface ponding water depth (ft)

dpteerea = depth of water that can be considered to be filtered during the

design storm event (ft) for routing calculations (See previous
step)

Step 4: Calculate the bioretention total footprint

Calculate total footprint required by including a buffer for side slopes and freeboard:
Areqis measured at the filter bottom area (toe of side slopes).

Step 5: Calculate underdrain system capacity

Underdrains are required for planter hoxes and bioretention with underdrains. For
guidance on sizing, refer to step 5 of the worksheet below. Alternatively, the Ventura
County Hydrology Manual can be used for pipe sizing guidance.

Technical Guidancs Manual for B4 September 27, 2010
Stormwater Quality Control Measures 2010 Hevised Diraft



APPENDIX £: BMP SIZING WORKSHEETS

Sizing Worksheet

1-1. Enter Project area (acres), Aprojee A;Q}jécz = “acres
1-2. Enter the maximum allowable percent of the o B
Project area that may be effective impervious area Daliowable %
(refer to permit), ranges from 5-30%, % nowaiic
1-3. Determine the maximum allowed effective | :
. . %00 ELAzﬂkawahie: acres
Impervious area (ac), ElAwabic = (Aprq}ecz) (%6 attowaslc)
1-4. Enter Project impervious fraction, Imp (e.g. 60%
- Imp=
= 0.60)
1-5. Determine the Project Total Impervious area TIA= acres
(am’es), TLA:Aprqfecr*Imp .
1-6. Determine the total area from which runoff must N deres
be retained (acres), Averm=TIA-EIAatiowant B
1-7. Determine pervious runoff coefficient using Table C -
.ELL Cp T
1-8. Calculate runoff coefficient,
C=
C=o0.95%mp + C, (1-imp)
1-9. Enter design rainfall depth of the storm (in), P; .
. Pi= in
{see Table D-3)
1-10. Calculate rainfall depth (ft), P = Py/12 P= ft
1-11. Calculate water quality design volume (fi3),
SQDbV= ft3
SQDV=43560¢C"P*A eram

2-1. Enter the design saturated hydraulic conductivity
of the amended filter media (2.5 in/hr recommended 5
rate), chesign

Kdesign =

in/hr

Technical Guidance Manual for B-45
Stormwater Quality Control Messures 2010

September 27, 2010

Revised Draft



APPENDIX E: BMP SIZING WORKSHEETS

3-1. Enter water quality design volume (ft3), SQDV SQDV ft3
3-2. Enter design saturated hydraulic conductivity Koo = in/hr
(in/hr}, .K(f£g$fgﬂ design y
3-3. Enter ponding depth (max 1.5 ft for Bioretention, a = i
i ft for Planter Box) above area, d,, P
3-4. Calculate the drawdown time for the ponded
water to filter through media (hours), T hrs
ponding ™

tp{}rtdz‘tzg = (dp/ Kiesfgn) x12

| 3-5. Enter the storm duration for routing calculations
{use 3 hours unless there is rationale for an Trouting = hrs
alternative), Trouting
3-6. Calculate depth of water (ft) filtered by using the
following two equations: dettereds = ft
dﬁhcrmij = (Kdefsfgn x Trouiing)/12 dﬁitm‘cdz = ft
dﬁﬁerei‘,s = dp /2
3;7 Enter the resultant depth (i) (the lesser of the two a B ft
calculated above), danered filiered =
3-8. Calculate the infiltrating surface area as follows
(fti): Amq - fie
z4re.q = SQD "7/ (dp + dﬁhered)
4-1. Calculate total footprint required by including a
buffer for side slopes and freeboard {(ft2) [Anq is A n e
measured at the as the filter bottom area (toe of side ot
slopes)l, Ay
To calculate the underdrain system capacity, continue through steps 5-1 to 5-7.

Techaical Guidance Manual for E-46
Stormwater Quality Control Measures 2010

September 27, 2010
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APPENDIX E: BMP SIZING WORKSHEETS

5-1. Calculated filtered flow rate to be conveyed by the

longitudinal drain pipe, Qr = Kuesign Areq/42,200 Q= cfs
5-2. Enter minimum slope for energy gradient, S, Se =

5-3. Enter Hazen-Williams coefficient for plastic, Ciw Cow =

5-4. Enter pipe diameter (min 6 inches), D = n
5-5. Caleulate pipe hydraulic radius (ft), R, =D/48 Rp = ft

5-6. Calculate velocity at the outlet of the pipe {(ft/s),

Vp = 1.318C}'{W’Rh0‘63$(50‘54 V}; = ﬁ,/S

5-7. Calculate pipe capacity (cfs),

Qcap $0.257E(D/12)2"3}; Qcap e Cfs

Technical Guidance Manual for BE-g7 September 27, 2010
Stormwater Quality Control Meassures 2010 Heviged Draft



Case Study 1C (site only, add green roofs)
Encanto Del Mar Courtyard Apartments

A Case Study for Compliance with the Ventura County Technical Guidance Manual for Stormwater Control
Meaasures - Manual Update 2010

introduction. As of October 7, 2010 Encanto Del Mar Courtyard Apartments (Encanto) has been permitted by the City of

Ventura and is out for bid. The case is being studied as a way to evaluate an actual case in relation to the proposed
Technical Guidance Manual (TGM).

Project Description. Encanto is an infill redevelopment project located at 351 Thompson Blvd {near Oak Street} in
downtown Ventura. There are 37 affordable rental units being built in four 3-story courtyard buildings over a podium
garage. The unit sizes vary, but average 925 square feet. The site is 0.58 acres — a density of 63 units/acre. The offsite
street frontage improvements consist of 0.12 acres (5,450 sf). The total {and disturbance is 0.70 acres. The Planning
designation is: Downtown Specific Plan ~ Urban Core T6.1. Required building setbacks are zero feet. The required
parking for the project (42 spaces) is provided in the podium garage. (See attached Site Plan).

Stormwater Management Control Measures Design Decision Flowchart (Figure 2-1)

Step 1: Determine Project Applicability?
New development and redevelopment projects meeting the applicability criteria contained in Section 4.E.II of
Order Rq-2010-0:08 {presented in Section 1.5 of the 2010 TGM] must include control measures specified in
the 2010 TGM.

Yes, this is a Redevelopment Project that is a land-disturbing activity that results in the creation or addition or
replacement of 5,000 square feet or more of impervious surface area on an already developed site.

Step 1a: Determine RPAMP Eligibility?

If a project is located within the boundary of a Redevelopment Project Area Master Plan (RPAMP), the
stormwater management requirements in the RPAMP take precedence over the control measures and
performance criteria specified in this 2010 TGM.

No, the project is not located within an RPAMP,

Step 1b: Single Family Hillside Homes or Step 1c: Roadway Project?
No.

Step 2: Assess Site Conditions

The next step is to colleet site information that is eritical for the selection and implementation of Retention
BMPs, Biofiltration BMPs, and Treatment Control Measures. The following information should be
documented: topography, soil type and geology, groundwater, geotechnical considerations, offsite drainage,
existing utilities, and Environmentally Sensitive Areas. In addition, soil and infiltration testing shouid be
conducted.

Site Description. The site previously keld a gas station that had a leaking underground storage tank {LUST) that was
remediated in 1993, Six chservation welis were constructed as part of the remediation program, and the LUST file is
now closed. Geotracker now depicts another LUST across Qak Straet, the site of a gas station, observation wells have
been constructed, and the LUST case is still open.



The site is located within the catchment area of a 303(d)-listed impaired waterbedy — Promenade Beach is listed as
Category 5 {in need of TMDLs) for the indicator Bactetia. City storm sewers are located adjacent to the site, and drain to
the Figueroa culvert at Promenade Beach. The culvert outlet has an “Archy” that diverts dry weather flows to the Water
Reclamation and Treatment Facility ~ capacity of the Archy is 40 gallons per minute.

According to the Ventura County soils maps, the site has Ventura County Category 5 soils, A detailed geotechnical
investigation of the property determined that the upper 30 feet of soils consist of lean clays, historical groundwater at a
depth of 9 feet, and the site is subject to Liquefaction Hazards due to groundwater depth, soil type, and proximity to
seismic faults. No infiltration tests were conducted. The vacant site is quite flat — the tendency is less than 2% gradient
falling from east to west and about 0.5% gradient from north to south. Adjacent to the north is the Salvation Army
building, and an apartment building is adjacent to the west. A Gold Coast Transit bus stop fronts the site.

Step 3: Apply Site Design Principles and Techniques
Site Planning

1) Retention BMPs should be considered as early as possible in the site planning process.

No infiltration BMPs were incorporated into the site plan due to the clay soils, previous contamination due to LUST, relatively high groundwater,
and fiquefaction potential, Green roofs and rainwater harvesting are considered.

2) Project applicants should anticipate and plan for the space requirements of Retention and Biofiktration
BMPs, per Tabie 4-1:

Table 4-1: Rule of Thumb Space Requirements for RMPs

BMP Type % of Contributing Drainage Area
Infittration 31010

Rainwater Harvesting {Cistern} 01010

Evapotranspiration (Green Roof)  1to 1 ratio of impervious cover treated

Biofiltration jtos
Dry Extended Detention Basin itog
Wet Detention Basin 1ty
Sand Filters 0tos
Cartridge Media Filter otog

Infiltration is not feasible as noted above.

Ratnwater Harvesting {Cistern} may be practicai, i it could he incorporated into, or under the podium.
Evapotranspiration {Green Roof) though aptional, is being considered. 13 roofs at 900 sf each = 11,700 sf = 0.27 acres
8iofitration. There are a number of planter boxes that could be biofiters. 0.02 acres in area

Dry or Wet Extended Detention Basin are not feasible ~ no space available.

Sand Filter — no space available on site, possible under sidewalk frontage.

Cartridge Media Filter may be feasible depending on the footprint.

Step 4: Apply Source Control Measures
Source Control Measures are operational practices that reduce potential pollutants at the source.

Applicable Source Control Measures are: Covered and screened Trash Enclosure Area {current design complies).

Step 5: Apply BMPs to Reduce EIA to <5%
This section and Figure 2-2 describe the process for reducing EIA to =5%.

Step 5a: Calculate Allowable EIA

Project Area: 0.70 Acres EiA allowable = 0.70 x 5% = (.04 acres

Step 5b: Cafcuiate impervious Area to be Retained
The impervious area from which runoff must be retained onsite is the total impervious area minus the
EE;‘%&EHU’-&’&}BIE:, which can he calenlated as follows: Avreain = TIA — FlAsliowable = ‘f\} E’EP*AW‘W&:&} -~ B Asliowsble




Total impervious Area [TIA): 0.39 acres IMP =0.56
Streets: 0.12 acres.
Building Area: 0.58 — 0.02 {planter boxes} ~ 0.02 {planters) - 0.27 (green roofs} = 0.27 acres

Axetin = 0,39 ~ 0.04 = 0.35 acres

Step 5c: Calculate the Volume to be Retained (SQDV)

All Retention BMPs used to render impervious surfaces "ineffective” should be properly sized to retain the
volume of water that results from the water quality design storm. The design storm volume, referred teo in the
TGM as the Stormwater Quality Design Volume {SQDV) can be cd}wia’ced using the following four allowable
methodologies: {use the 0.75 inch method)

Y ietain = C*(O ’}75/12) Avetain {Equatmn 2 3)

Where: Vaewn = the stormwater quality design volume (SQDV) that must be retained onsite (ac-ft)
C = runoff coefficient (equals 0.95 for impervious surfaces)

0.75 = the design rainfall depth (in) [based on SQDV sizing method 3]

Aretain = the drainage area from which runoff is retained (acres), caleulated using Equation 2-2

VRetsin = 0.02 ac-feet
Step 5d: Select and Size Onsite Retention BMPs to Achieve 5% EIA

Infiltration is not feasible due to site soil conditions.

Green roofs [ET) though optional, are being considered for this scenario, and 0.27 acres of pervious surface is credited.
Rainwater Harvesting (RWH) feasibility. The 48-hour low-flow water use of the planter boxes/landscape area during
the rainy season is approximately: 3 mm/day x 2 days x .02 acres x 1 inch/25.4 mm x 43560 sf/acre x ft/12 inch = 18
cubic feet (negligible). Assuming that rainwater could be used in residential toilets, the volume that can be used within
48 hours considering all “allowable and reliable demand” is approximately calculated as follows. Under present codes
and regulations, rainwater couid feasibly be used for toilet flushing without requiring disinfection or fine filtering. With
low-flow toilets (2 gallons/flush) and 10 flushes per unit per day: 20 gallons per unit x 37 units x 2 days/ 7.5 gallons/cubic
foot = 200 cubic feet = 0.005 ac-feet - probably not enough to warrant the cistern, pumps, and extra set of pipes.

Conclusion: Only the “green roof” retention BMP significantly addresses the VRetain.

Step 5e: Select and Size Biofiltration BMPs to Reduce EIA to £5%

Retention BMPs must be used onsite to the maximum extent practicable. Projects that demonstrate technical
infeasibility to reduce EIA < 5% by using Retention BMPs are eligible to use Biofiltration BMPs to achieve the
EIA performance standard.

Biofiltration BMPs must be sized to treat 1.5 times the volume not retained using Retention BMPs.

The ensite biofiltered volume (Vmoﬁlzer) can be calculated as follows: Vaiotiwer = (VRetain - Vachiewed) ¥ 1.5 (Egtn. 2-4)
Where:

Veiofiner = the volume that must be captured and treated in a Biofiltration BMP (ac-ft)

Vietain = the stormwater quality design volume (SQDV) that must be retained (ac-ft) (established in Step 5(:)
Vachieved = the volumne retained onsite using Retention BMPs (ac-ft)

Vaiofilter = (0.02 ac-feet - 0) * 1.5 = .03 ac-ft
Can this site feasibly treat 0.03 ac-feet through biofiltration? It has (.02 ac of planter boxes.

See Binretention with Underdrain/Planter Box Sizing Worksheet {attached) that concludes that the planter boxes satisty
the requirement for 8% E1A. 670 Sguare feet of planter boxes are required, and 870 square feet are provided.

Step 7: Apply Treatment Control Measures



Stormwater runoff from EJA and developed pervious surfaces shall be mitigated using Retention BMPs,
Biofiltration BMPs, or Treatment Control Measures (Chapter 6) selected per the BMP selection process
outlined in Section 3.4 and Figure 2-4.

identify Receiving Waters and Determine Pollutants of Concern: The receiving water is Promenade Beach of the Pacific
Ocean, which is listed as Category 5 {in need of TMDLS) for the indicator Bacteria. The Pollutant Priority Grouping is:

1. Legacy. The site is a former, but closed out, LUST site, so legacy soil contamination in the form of petroleumis a
concern. This concern can be addressed through the limitation of infiltration BMPs, and good construction
control practices.

2. Moderate Priority. Per Table 3-2, the planned land use could be a source for Sediments , Trash and Debris {Gross
Solids and Floatables) Pesticides and Herbicides, Organic Materials/Oxygen Demanding Substances, Oil and
Grease/Organics Associated with Petroleum, Bacteria and Viruses, Nitrogen and Phosphorus.

3. High Priority: Planned land uses are expected sources of a poliutant and the receiving water bodies are impaired
by that pollutant. Bacteria is a high priority poliutant of concern. Unsterilized compost should be avoided in soil
amendments for all landscape areas.

Apply Retention BMPs, Biofiltration BMPs, and/cr Treatment Control Measures to Treat Remaining SQDV or SQDF to
Address the Pollutants of Concern:

All of the pollutants of concern are filtered out by biofiltration, and especiatly by the soil media in biofiltration BMPs. The
planter boxes address these concerns.

The SQBY was treated with these controls, so compliance has been achieved.

Step 8: Continue Project Design Process: Flood Control and Hydromodification Requirements
The project applicant should continue with the design process to address additional requirements including
flood control and hydromedification control criteria.

Step 8a: Flood Control Requirements

Applicants shall comply with Ventura County and local approval agency regulations on floodplain and floodway
manageinent,

This step has been complied with in the original project design.

Step 8b: Hydromodification (Flow/Volume/Duration) Control Criteria

This project is exempt as it discharges to a city storm sewer that has a controlled outiet to the ocean.

Step 9: Develop Maintenance Plan

The Maintenance Plan would be routine in the case, based on the BMP templates, and the Maintenance Agreement template,




APPENDIX E: BMP SIZING WORKSHEETS

E.5

VEG-1 Bioretention/VEG-2 Planter Box

Sizing Methodology

Bioretention areas can be sized using one of two methods: a simple sizing method or
a routing method. The simple sizing procedure is summarized below. Continuous
simulation modeling, routing spreadsheets, and/or other forms of routing modeling
that incorporate rainfall-runoft relationships and infiltrative (flow) capacities of
bioretention may be used to size facilities. Alternative sizing methodologies should
be prepared with good engineering practices, For the routing modeling method, refer
to the Sand Filter design guidance (FILT-1). A bioretention sizing worksheet and
example are provided in this appendix. Planter boxes are sized the same as
bioretention areas with underdrains using parameters appropriate for planter boxes.

With either method, the runoff entering the facility must completely drain the
ponding area within 48 hours, and runoff must be completely infiltrated within 96
hours. Bioretention is to be sized, with or without underdrains, such that the SQDV
will {ill the available ponding depth, the void spaces in the planting soil, and the
optional aggregate layer.

Step 1: Determine the stormwaler quality design volume {SQDV)

Bioretention areas should be sized to capture and treat the water quality design
volume {see¢ Section E.1).

Step 2: Determine the Design Percolation Rate

Sizing is based on the design saturated hydraulic conductivity (Ke) of the amended
soil layer. A target Ku of 5 inches per hour is recommended for newly installed non-
proprietary amended soil media. The media K will decline between maintenance
cyeles as the surface becomes occluded and particulates accumulate in the amended
soil layer. A factor of safety of 2.0 should be applied such that the resulting
recommended design percolation rate is 2.5 inches per hour. This value should be
used for sizing unless sufficient rationale is provided to justify a higher design
percolation rate.

Step 3: Calculate the biorelention or planter box surface area

Determine the size of the required infiltrating surface by assuming the SQDV will fill
the available ponding depth plus the void spaces in the media, based on the
computed porosity of the filter media and optional aggregate layer.

1) Select a surface ponding depth (d,) that satisfies geometric criteria and congruent
with the constraints of the site. Selecting a deeper ponding depth (18 inches
maximum} generally yields a smaller footprint, however requires greater
consideration for public safety and energy dissipation.

Techrical Guidance Manual for B-42 Septeraber 27, 2010
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APPENDIX E: BMP SIZING WORKSHEETS

2) Compute time for selected ponding depth to filter through media:

 ponding = ~———f’i-ml2£'?~ <48 hours {Equation E-26}
design
Where:
Loonding = required drain time of surface ponding (48 hrs)
d, = selected surface ponding water depth (ft)
Kesign = design saturated hydraulic conductivity (in/hr) (see Step 2,
above)

If tyonding eXceeds 48 hours, return to (1) and reduce surface ponding or increase
media Kiesign. Otherwise, proceed to next step.

Note: In nearly all cases, tyonainy will not approach 48 hours unless a low Kdesign
is specified.

3) Compute depth of water that may be considered to be filtered during the design
storm event as follows:

T design * Y;uuu’ne {f P N
A g = Minimum| ——=2en 2008 L {Equation E-27),
1297, 2
o
Where:

dpittered = depth of water that may be considered to be filtered during the
design storm event (ft) for routing calculations; this value
should not exceed half of the surface ponding depth {d,)

Kiesign = design saturated hydraulic conductivity (in/hr) (see Step 2,
above)

Trouting = storm duration that may be assumed for routing calculations;
this should be assumed to be 3 hours unless rationale for an
alternative assumption is provided

d, = selected surface ponding water depth (ft)

4) Calculate required infilirating surface area (filter bottom area):

SODV S
req = _SODY {Equation E-28)
Yod +d
» o fittered -
Where:
Technical Guidance Manual for H-43 September 27, 2010
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APPENDIX E: BMP SIZING WORKSHEETS

Aveq = required area at bottom of filter area (ft2); does not account for
side slopes and freeboard

SQDV = stormwater quality design volume (ft3)
dy = selected surface ponding water depth (ft)
itrered = depth of water that can be considered to be filtered during the

design storm event (ft) for routing calculations (See previous
step)

Step 4: Calculate the bioretention total footprint

Calculate total footprint required by including a buffer for side slopes and freeboard,
Areqis measured at the filter bottom area (toe of side slopes).

Step 5: Calculate underdrain system capacily

Underdrains are required for planter boxes and bioretention with underdrains. For
guidance on sizing, refer to step 5 of the worksheet below. Alternatively, the Ventura
County Hydrology Manual can be used for pipe sizing guidance.

Technical Guidance Manual for H-44 September 27, 2010
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APPENDIX £: BMP SIZING WORKSHEETS

Sizing Worksheet

1-1. Enter Project area {(acres), Aprojece prajec acres

1-2. Enter the maximum allowable percent of the
Project area that may be effective impervious area
(refer to permit), ranges from 5-30%, %aitowabic

[3)
féaﬁfzwable

1-3. Determine the maximum allowed effective |

: : ElAuttowapie= acres
HIIDEIVIOUS arca (aC), FlA stiowatte = (Aproj(’ci) *( géﬂfgﬁwabie) . :

i-4. Enter Project impervious fraction, Imp {e.g. 60%

= 0.60) Imp=

1-5. Determine the Project Total Impervious area

TlA= acre
| (acres), TIA=A e “Imp cres

1-6. Determine the total area from which runoff must

i Aretain = acres
be retained (acres), Areran=TIA-EIA silowabie clain

1-7. Determine pervious runoff coefficient using Table
E“'l, Cp

1-8. Calculate runoff coefficient,

C=o0.95%mp + C, (i-imp)

1-9. Enter design rainfall depth of the storm (in), P;

{see Table D-3) Pi= e

1-10. Calculate rainfall depth (ft), P = P/12 P ft

1-11. Calculate water quality design volume (£t3),
SQDV= 2
SQDV=43560C*P*A orain

2-1. Enter the design saturated hydraulic conduetivity |
of the amended filter media (2.5 in/hr recommended |
rate), Kdesigu K{iesigﬂ = ih/hf

Technical Guidance Manual for E-45 September 27, 2010
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APPENDIX E: BMP SIZING WORKSHEETS

3-1. Enter water quality design volume (ft2), SQDV SQDV = fta
3-2. Enter design saturated hydraulic conductivity o .
(in/hr); chgign Kde:-:xgn = 111/‘?11"
3-3. Enter ponding depth (max 1.5 # for Bioretention, d = f
1 ft for Planter Box) above area, d, L
3-4. Calculate the drawdown time for the ponded
water to filter through media (hours),

tp{mdiﬂg = hrs

tpomz‘ing = (dp/ Kdesign) X1z

3-5. Enter the storm duration for routing calculations
(use 3 hours unless there is rationale for an Trouting = hrs
alternative), Trouting

- 3-6. Calculate depth of water (ft) filtered by using the

following two equations: s = o
Arnered: = (Kdesign % Trouting)/12 Gt = .
dﬁﬁ{’f{f!.é} = dp /2
3.7 Enter the resultant depth (ft) (the lesser of the two

dﬁltered = ft

calculated above), danerea

3-8. Caleculate the infilrating surface area as follows
{ﬁg): Arcx; = ﬁ2

Areq = SQDV/(dp + dﬁiferéd)

4-1. Calculate total footprint required by inclu a
buffer for side slopes and freeboard (ft#) [Aswg is
measured at the as the filter bottom area (toe of side
slopes}], A

Aggr = ft»

'T'o caleulate the underdrain system capacity, continue through steps 5-1 to 5-7. !

Technival Guidance Manual for E-46 September 27, 2010
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5-1. Caleulated filtered flow rate to be conveyed by the 1
longitudinal drain pipe, Q; = Kesign Arey/ 43,200 Q= cfs
5-2. Enter minimum slope for energy gradient, S, S =
5-3. Enter Hazen-Williams coefficient for plastic, Cyw Crw =
5-4. Enter pipe diameter (min 6 inches), D D= in
5-5. Caleulate pipe hydraulic radius (ft), R, =D/48 Ry = ft
5-6. Calculate velocity at the outlet of the pipe (ft/s),
V) = 1.318ChwRy0638,054 Vo= fi/s
5-7. Calculate pipe capacity (cfs),
Qeap =0.250(D/12)V, Qeup = efs
w’ﬁzeéwical {(uidance Manual for E-47 September 27, 2010
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