A-COM

Low Impact
Development

Presented by
Fort Carson’s Stormwater Program
and AECOM
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» EISA 07 — Who, What and Why

» Limitations of Conventional Stormwater Management
(flood control vs. LID?) (bioretention vs. detention)

» LEED credits

» Colorado and Western Water Rights
» Exemptions

» Video - Philadelphia Story

» Break

»Berm

» Curb Cuts and Other Disconnects
» Permeable Pavers

» Geo Textile Grids

» Ditches and Check Dams
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» Bio Swale

» Rain Garden

» Soil Augmentation

» Wetlands and Green Roofs

» Disconnect impervious Areas
» Tree Box

» Planters

> Video -

» Vegetation

» Design Guide and Criteria, Plant Species
» Places to Find Design Support
» Open Discussion




Andy Boudreau AECOM

»Introduction to LID
»EISA 07 — Who, What and Why

> Limitations of Conventional Stormwater

Management (flood control vs. LID?) (bioretention
vs. detention)

> LEED credits

»Colorado and Western Water Rights
»Exemptions




Background to EISAQY

...other areas in Region 9 ... other areas inRegion 2



http://cfpub.epa.gov/npdes/index.cfm

AZCOM

» Unified Federal Policy for a Watershed Approach to
Federal Land and Resource Management (Oct 2000)

Reduce water pollution

Conduct assessment of watersheds
Determine existing conditions

Assess impacts of current and past actions

Use results to guide planning and management

» Army Regulation 200-1, Environmental Protection
and Enhancement (Dec 07)

“Installations use a watershed management approach when
evaluating projects and programs to satisfy environmental

regulations, facility projects, and master planning that may
Impact the quality of water resources.”
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AZCOM

» Section 438, Energy Independence and Security Act (Dec 07)
e “Stormwater Runoff Requirements for Federal Development
Project”
Development or redevelopment project with footprint >5,000 sf

Planning, design, construction, maintenance strategies to
maintain or restore predevelopment hydroloqgy

Temperature, rate, volume, duration of flow

» Executive Order 13514, Federal Leadership in Environmental,
Energy and Economic Performance (Oct 09)
* Section 2: Improve Water Use Efficiency and Management

= |dentify, promote, implement water reuse to reduce potable water
use

* Section 14: Stormwater Guidance for Federal Facilities

= Final Technical Guidance on Implementing Section 438 released Dec
09

= 15% of existing infrastructure needs to include LID




» Innovative Stormwater Management
approach that manages stormwater at the

source.

» Utilizing decentralized stormwater

techniques to mimic the pre-development
hydrologic regime.
» The utilization of infiltration, filtration,

storage, evaporation and detention to treat
stormwater.




AZCOM

From EISAQ7, Section 438 Stormwater runoff
requirements for Federal development projects

“The sponsor of any development or redevelopment
project involving a Federal facility with a footprint that
square feet shall use site planning,
design, construction, and maintenance strategies for
the property to
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Changes Due to Urbanization

40% evapotranspiration 38% evapotranspiration

25% shallow \.;5‘:5 21% shallow \,
infiltration infittration X
25% deep 21% deep

infiltration ©_ infiltration

Natural Ground Cover 10%-20% Impervious Surface

35% evapotranspiration 30% evapotranspiration

20% shallow 10% shallow
infiltration N infittration
15% deep
- infiltration “ o infiltration

35%-50% Impervious Surface 75%-100% Impervious Surface




Consequences
of Development

= Pre-Developoment
.. Post-Development

EISAO07 Difference

Large Peak with
Quick Response

| Larger Runoff Volume

Gradual
Recession

Higher Baseflow or
Groundwater Table

Large Storm Small Storm




Downtown Denver
6 hour storm - 1.6 Inches

Rainfall Rate
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APPLICATION OF LID =CO




WHERE CAN | USE LIDs —COM




EISAO07 Guidance Document

Ukedod Etade Officw of Vhorur (45081) £P8 841500001
Ernionmmotal Waarigon, O 0460 DacoTiba 0]
Protectn Ay VA e VO Y AR A S

Technical Guidance on Implementing the
Stormwater Runoff Requirements for
Federal Projects under Section 438 of the
Energy Independence and Security Act




Volume, Volume, Volume

If you remove the initial volume that runs off the site
due to impervious surfaces, you in fact will be
duplicating the natural hydrology. (initial
abstraction)

To accomplish this, the designer must infiltrate or
temporarily detain the water so that it can be
released within 48 hrs.

Increasing you lag-time increases the soils ability to
Infiltrate and remove pollutants




Modeling vs. 95 Percentile TES%

Site Pre Post Retained
Development Development Volume

Triple Foods
95 %

AFFES Mini Mall
95 %

AFFES Shopping
95 %




AZCOM

»Control runoff volumes at the source (many
small BMPs)

»Disconnect impervious surfaces
»Utilization of vegetation for evapotranspiration
»Infiltration for groundwater recharge

»Direct runoff to hydrologically functional
landscapes

»Utilization of soil media for biodegradation of
pollutants




Federal Sustainable Design Policies

Federal Leadership in High Performance &
Sustainable Building MOU (Jan 06)

Air Force Sustainable Design & Development
Policy
Memorandum (July 07)

USACE LEED Implementation Guide (Jan 08)

Stormwater Design for LEED-NC (v3)

» SS 6.1, Quantity Control - limit disruption of
natural hydrology

» SS 6.2, Quality Control - limit disruption,
pollution natural water by managing runoff

New extra credit points for LEED-NC (v3) for
projects that adapt to local conditions or
regional priorities




» Sustainable Sites- credit 6 “Stormwater Management”

( )

» Sustainable Sites- credit 7 “Landscape & Exterior
Design to Reduce Heat Island” (

» Water efficiency- credit 1 “Water Efficient Landscaping”

( )

» Innovation & Design Process (




vnaillienges: Inirastruciure A-COM

s

» BRAC

* New construction (increased NEPA reviews; EISAQ07 requirements; CWA
compliance)

* |Increased impervious areas
» Aging infrastructure “
* Undersized and/or deteriorating | |
* Not upgraded in response to population growth
* Lack of maintenance (e.g., culvert cleanouts) 7
* Typically ignored until there’s a problem
» Combined federal/municipal infrastructure
* Liability concerns - property damage, compliance and water quality, safety
» Community encroachment
* Increased stormwater discharge on/off facility
* Water quality entering/exiting the facility
» Receiving waters
* TMDLs

* Critical habitats

L







Comprehensive AZCOM
Stormwater Management




Comprehensive AZCOM
Stormwater Management







Exemptions A-COM

Infiltration and
. i evapotranspiration have been
— e used to the Maximum Extent
7 Technically Feasible, and that
full employment of these types
of controls are infeasible due
A to site constraints.

FORT CARSON
GENERAL
LOCATION MAP




»Check for seasonally high/low water table

»Coordinate with geotechnical on perched water
tables

»Target > 2 feet below bioretention

»Avoid dewatering and discharging
groundwater to storm drain







A-_COM

30



»Curb Cuts and other disconnects

>»Permeable Pavers
»Geo Textile Grids
»Ditches and Check Dams
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Grass Swales:

Permanent Water
Quality Best
Management Practices




1) Low Cost, Effective Pollutant Removal

2) Conveyance
3) NPDES Compliance




lerms 1or ¢

Terms vary from state to state. Typical terms
Include:

»Grass Swales
»\egetated Swales

> Bio-swales
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AZCOM

»Installation Costs

» Effectiveness of Pollutant Removal

* Grass swales are particularly effective to
remove heavy metals and suspended solids.

* Heavy metals and suspended solids are typical
“pollutants of concern” for roadway runoff.

»Site suitability

37




»58% removal of total suspended solids*

»82% removal of total petroleum hydrocarbons*
»88% removal of total zinc.*

»52% average peak flow reduction.*

*Per 2009 annual report from the University of New
Hampshire Stormwater Center. See
http://ciceet.unh.edu/




Comparison of Pollutant
Removal Efficiencies

UNHSC Pollutant Removal Efficiencies

NO3-N (DIN) Average Annual A fy—
Treatment Unit Description Reference __-.,'_ .' “ L:

Conventional Treatment Devices
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AZCOM

> Installation Costs:

* Consider thinking in terms of $/Acre Treated. Grass
swales, extended detention, and constructed
wetlands typically have considerably lower $/acre
treated than other permanent BMP alternatives. Of
these three options, only grass swales can
effectively treat small (<1 acre) drainage areas.

* Also consider thinking in terms of conveyance cost
requirements. Conveyance systems to send runoff
to a centralized treatment area have cost
Implications. Grass swales can treat runoff
Immediately and also serve as a conveyance
mechanism.

40




$/Acre Treated

as Analyzed As Part of A Recent
Airport Project

Table 1 - Treatment Control Measure Comparison: Preliminary Comparisons

Required BMP Site Treated Runoff Area™
Post-Constmc Pollutant Removal Efficiency® Estimated Probable Cost™® Fu-ntpmt Area (Acres) (Acres)
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*Felatve removal rate for pollutants of concerm. Femowal rates for mfiloation basin, bioretentdon and cnn_.rtmcted ‘wetlands per California Stomwater Cuality Associaton Mew Development snd Fedevelopment
Handbook, 2003 (Fleference 7). StormFilter and AquaFilter removal rates per vendor.
**Treated area set at 30 acres for all Treamment Control Measures (TCME) in order to allow for 2 consistent comparison of costs. Actual area meated will depend om the TCM's interaction with the site zeometry.

Cost estimates meay vary substanfially from actoal Per reference 7, costs for StormFilter and AquaFilter assomes mstallation cost to be 100% of manofacharer’s cost Vegetated swale cost caloulated nsing
CALTRANS 204 umit costs for materiaks. AN other costs per reference 7.




p/Acre Treated A-ZCOM

dS ANdlyZed AS Fart oI A hecent
AIrpOrt Froject

$/Acre Treated (from cost opinion, previous slide):
Vegetated Swale: $9,300
Sand Filter: $86,700
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»Swale geometry: Consider following UDFCD design
criteria.

»Swale length: No detailed local guidance available
currently. Consider following industry standard
practice.




» Target Hydraulic Contact Time (Time Water is in
contract with grass)

* Research indicates that pollutant removal, via filtration
from the grass, is accomplished in 5 minutes

* Typical national standard calls for factor of safety of 2,
setting target at 10 minutes

» Typically, 100 feet to 500 feet is sufficient to
accomplish 10 minutes hydraulic contact time if good
design strategy is employed. Length will vary
depending on quantity of runoff treated and swale
geometry




»Minimize longitudinal slope
»Maximize swale length
»Include check structures in high slope applications

»As needed to accomplish above, design “special” ditches,
or ditches with longitudinal slopes differing from overall
roadway longitudinal roadway slope.

»Where possible, determine an 80" Percentile Runoff Event
(typically 0.5 inches/hour in Colorado). This event should
be significantly smaller than the 2-Year event and will
require a shorter length to treat.

» Take advantage of variable Manning’s N with depth and
vegetal retardance.




»To a runoff flowing at a depth of 1°, typical of a
minor runoff event, grass Manning’s N will be
roughly 0.03 to 0.06, depending on grass
species and height.

»To water flowing at 1” depth, typical of a water
quality event, Manning’s n will be closer to
0.15. This will slow down the water
considerably and increase hydraulic contact
time for the water quality runoff event.




Vegetal Retardance AZCOM
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Manning’s n

vE-Z

e Relationship of Manning’s n with VR for
arious Degrees of Flow Retardance (A-E)




AZCOM

»Step 1. Determine runoff rate, in cubic
feet/second, for

* Water quality event (Typically Assumes
0.5”/Hour of Precipitation). The event that will
cover eight out of every 10 storms.

* Minor storm event (5-year or 10-year event).

* Major runoff event (50-year to 100-year event).

48




»Step 2. Determine velocity for water quality
event by using guess and check method.

* Assume a manning’s N.

* Calculate velocity (V) and hydraulic radius (R) for the swale
using the water quality event runoff.

Calculate V*R, and use the product to determine Manning’s
N Using Vegetal Retardance chart

Is Manning’s N (assumed) = Manning’s N (calculated)?
» |f so, move to step 3.

* If not, assume the calculated Manning’s N and repeat
step 2.




»Step 3. Determine hydraulic contact time

* T =Swale Length/Swale Velocity

* If T > 10 minutes, then the swale is definitely
long enough and will meet typical national
design standards.

* If T <5 minutes, then the swale may not be
providing optimum pollutant removal. Consider
revising swale geometry, revising swale length,
or taking other steps to reduce swale velocity




Jrass swale besign
OF:

culation rFroceaure

»Step 4. Check swale for minor and major
storm capacity. Use conventional (0.03 to 0.06)
Manning’s N assumptions




Example Grass Swale Design
Calculation

Table 1: Vegetated Swale Hydraulic Contact Time
Swale ID Hydrology Hydraulics

Bicswale E Water Quality

: Longitudinal | Bottom | Sideslopes | Hydrualic Water [ W Hydraulic
Storm u & i (H:V) Rﬂd|u3 VR Quality | Quality Contact Time**

qymm -_
| 04 |

'*Mlmmum 10 minutes.




Infiltration Components A=COM

P —¥_f RESIDUAL CAPACITY FOR
Ly, LARGER FLOODS
: 12" MIN.

GRADE CONTROL STRUCTURE
BEYOND

(1) UNDERDRAIN AND SANDY LOAM RECOMMENDED FOR

LONGITUDINAL SLOPES < 2.0%. 4" SLOTTED PIPE
) MEETING TABLE GS—3 WITH CDOT CLASS C FILTER
4" MIN. SANDY LOAM . MATERAL ALL AROUND OR PERFORATED HDPE
: PIPE WITH AASHTO #67 ALl AROUND CONTAINED
D 1.0' At WITHIN GEOTEXTILE FABRIC. ASTM D4751—A0S US
V (2-YR) 1.0 FPs 12" MIN. STD. SIEVE #50 TO #70, ASTM D4533 MIN.

TRAPEZOIDAL TEAR STRENGTH 100 X 60 LBS,

MINIMUM COE SPECIFIED OPEN AREA OF 4%.
NTS




»For low longitudinal slope applications,
Infiltration components can be helpful to clear
potential puddles.

»Infiltration components may also provide
additional pollutant removal beyond the
filtering provided by the grass.

»Consider size of tributary drainage area.
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Permeable Pavements

.

S—
emee

PERMEASLE PAVEMENT AND
LEVELING COURSE (IF APPLICASLE)
DEPTH DEPENDANT ON TYPE

PERIMETER BARRIER 6" MIN, RESERVOIR
(IF APPLICABLE) {AASHTO §57 OR §67)

R

SEPARATOR FABRIC

IF NEEDED FOR MATERIAL 6" FILTER MATERIAL

COMPATIBILITY. TO BE MELTING TABLE PPS—1

DETERMINED BY A UNDERDRAIN MEETING

GEOTECHNICAL ENGINEER TABLE PPS-2 & -
PARTIA NEILTRATION CLION -

VAOMANANN




Permeable Pavements AZCOM

Photograph PPS-1. The reservoir layer of a permeable pavement
provides storage volume for the WQCV. Photo courtesy of Muller
Engineering and Jefterson County Open Space.




s of Pern

dvelmnenits

»Permeable Interlocking Concrete Pavement
(PICP)

»Concrete Grid Pavement
> Pervious Concrete
»Porous Gravel

»Reinforced Grass

»Pervious Asphalt




»Consult a Geotechnical Engineer for
Pavement Design
Suitability of Soils
ldentifying Potential Impacts
Establishing Minimum Distance between BMP and Structure

»Alternative to conventional pavement in pedestrian
areas and lower-speed vehicle areas

* Not appropriate where sediment-laden runoff can clog
system

* Not appropriate when erosive conditions such as steep
slopes and/or sparse vegetation drain to permeable
pavement

* Sites where land use or activities cause stormwater
Infiltration to contaminate or is into contaminated
groundwater special design to allow no infiltration is
required




»Determination of No-infiltration, Partial
Infiltration or Full Infiltration

> No-Infiltration Section

* Include an underdrain and impermeable liner that prevents
infiltration of stormwater into subgrade soils

* Land use activities could contaminate groundwater if
stormwater allowed to infiltrate

* Permeable pavement is located over potentially expansive
soils and potentially damage the permeable pavement
system or adjacent structures




AZCOM

Design Procedure (cont)

GEOMEMBRANE LINER
CONNECTION TO
CONCRETE

(SEE DETAIL PPS-4)’

BRI TN

PERMEABLE PAVEMENT AND
LEVELING COURSE (IF APPLICABLE)
DEPTH DEPENDANT ON TYPE

8" MIN, RESERVOIR
(MSHTO §#57 OR #67)
~

{RAI0IRIN0I0RIDIANTRIDNNI0NDINTRNINANNN,

elnele oo e e e v i n v e v el Se v e e e e n.

—.v.d- o™ a P

Fé’fsi-’isi:wm@yﬁmzxs.v.v.i:ii-:izk’s?i—i‘»z"’! AR s 5

6" FILTER MATERIAL
SEPARATOR FABRIC

MEETING TABLE PPS-1

UNDERDRAIN MEETING

TABLE PPS-2

' ENSURE INSTALLATION 1S CONSISTENT
WITH MANUFACTURER RECOMMENDATIONS

SEPARATOR FABRIC (ONLY

GEOMEMBRANE WHEN SUBGRADE CONTAINS

LINER PER TABLE FP5—4 ANGULAR ROCK OR OTHER
MATERIAL THAT MAY PUNCTURE

NO—INFILTRATION SECTION & ceomemarane Lver’

30 MIL (MIN.)



Design Procedures (cont) GaSOM

PERMEASLE PAVEMENT AND
LEVELING COURSE (IF APPLICASLE)
DEPTH DEPENDANT ON TYPE

PERIMETER BARRIER 6" MIN, RESERVOIR
(IF APPLICABLE) (AASHTO §57 DR §67)

L o
. E -Fg_ *’E. '-o--- -c;-.- 22 -’&_;o.: '-g-g.' }311.1 W {‘3 X
3 .-ﬁis%ﬁ%g»z-ivn»i&”‘ 33:.9‘::”:}{;- &i:g }ﬁ:@%’i?&

COMPATIBILITY. TO BE MEETING TABLE PFS-—1
DETERMINED BY A UNDERDRAIN MEETING
GEOTECHNICAL ENGINEER TABLE PPS-2

PARTIAL_INFILTRATION SECTION




Design Procedures (cont) A-COM

VETER PERMEABLE PAVEMENT AND
Z?kppumgfg)m LEVELING COURSE (IF APPLICABLE)
DEPTH DEPENDANT ON TYPE

§" MIN, RESERVOIR
(MSHTO §57 OR §67)

PPS=1 DR SEPARATOR FABRIC
IF NEEDED FOR MATERIAL COMPATIGILITY
70 BE DETERMINED BY A GEOTECHNICAL

ENGINEER

FULL INFILTRATION SECTION

Figure PPS-1. Permeable Pavement Sections




AZCOM

»Review geological and geotechnical information to
assess near surface soil, bedrock and groundwater
conditions that may be encountered and
anticipated ranges of infiltration rate for those
materials

»EXxploratory borings or pits to characterize
conditions beneath the subgrade and develop
requirements for subgrade preparation

= 1 bore for every 40,000 SF

= Minimum 2 bore pits for sites between 10,000 and
40,000 SF

= 5 feet below bottom of base and at least 20 ft in
areas of expansive soils




AZCOM

» The following Laboratory Tests on samples from the borings
shall be completed to characterize the subgrade, evaluate the
possible section type and to assess subgrade conditions for
supporting traffic loads

* Moisture Content (ASTM D 2216)

* Dry Density (ASTM D 2936)

* Atterberg Limits (ASTM D 4318)
Gradation (ASTM D 6913)
Swell Consolidation (ASTM D 4546)

Subgrade Support Testing (R-value, CBR or unconfined
compressive strength)

Hydraulic Conductivity

» For full infiltration perform on-site infiltration tests using a
double-ring infiltrometer (ASTM D 3385)




Required Volumes AZCOM

Required Storage Volume: Provide the WQCV based on a 12-hour drain time.

* Find the required WQCV (watershed inches of runoff). Using the effective impervious area of
the watershed area, use Figure 3-2 located in Chapter 3 to determine the WQCV based on a 12-
hour drain time, The maximum recommended ratio for tributary impervious area to permeable
pavement arca is 2,0, Higher loading is not recommended, as it may increase the required
maintenance interval.

Calculate the design volume as follows:

[WQCVI A Equation PPS-|

Where:
A = watershed area tributary to the permeable pavement (ft)
V= design volume (ft")
Add flood control volume if desired. When designing for flood control volumes, provide an

overflow that will convey runoff in excess of the WQCV directly into the reservoir, A gravel
strip or inlet that is connected to the reservoir can provide this overflow,




Reservoir Depth A=COM

For flat or stepped installations (0% slope at the reservoir/subgrade interface):

Equation PPS-2

V= volume available in the reservoir (ft’)

P = porosity, 0.30 for porous gravel. <0.4 for all other pavements
using AASHTO No. 57 or No. 67 coarse aggregate in the reservoir

D = depth of reservoir (in)

A = area of the permeable pavement (ft*)




Reservoir Depth (cont) A=COM

PAVEMENT
1"(TYP.)
AASHTO #57 OR §67

L// /A VOLUME AVAILABLE FOR STORAGE

Figure PPS-2. Permeable Pavement Profile, Stepped Installation




Reservoir Depth (cont) A=COM

Equation PPS-3a
Equation PPS-3b

= volume available in the reservoir (ft’)

= porosity, =0.30 for porous gravel, <0.4 for all other pavements using AASHTO
No. 57 or No. 67 coarse aggregate in the reservoir

= slope of the reservoir/subgrade interface (fv/ft)
D = depth of the reservoir (in)

L = length between lateral flow barriers (see step 4) (ft)

A = area of the permeable pavement (ft’)

WQCV = water quality capture volume (ft')




»Construct lateral flow barriers using concrete
walls or 30 mil PVC geomembrane,

* Parallel to contours (normal to flow)

* Use when reservoir/ subgrade interface greater than
0%

* Spaced per Eq PPS-3b

* Exception is reinforced grass pavement




Lateral Flow Barriers (cont) %=4%u

1) SHAPE SUB-GRADE TO FINAL GRADE 5) PLACE FILTER MATERIAL BERM ALONG DOWNSTREAM EDGE OF

2) LAY DOWN PVC MEMBRANE (LINER) ON SUB-GRADE

3) INSTALL PIPE AND PLACE FILTER MATERIAL IN TRENCH

Figure PPS-6. Lateral Barrier Installation




>Perimeter Barriers

* Reinforced concrete barrier on all sides of pavement
system is required for all no-infiltration conditions

* For PICP and concrete grid pavement a barrier is
required to restrain movement of pavers and grids

* In Vehicle areas use Precast, cast in place concrete
or cut stone barriers




Filter Material and A-COM
Underdrain System

Table PPS-1. Gradation Specifications for Class C Filter Material (Source: CDOT Table 703-7)

Mass Percent Passing
Sieve Size
Square Mesh Sieves

—m—
60100
IS0um(No.10) | 0-10 |




Filter Material and
Underdrain System (cont

CAST IRON VALVE BOX
WITH LOCKING LID

REMOVABLE PVC THREADED
PLUG & COUPLER

3" MIN. THICK
CONCRETE COLLAR

BASE COURSE —~ o 5 = m e m e
R RERE

PERMEABLE
PAVEMENT

FILTER LAYER TERMINATE PIPE AT
E BOTTOM OF THE
RS RELTRATON

LA S INFIL

SUBGRADE SIS SECTION)

Figure PPS-8. Observation Well

PERIMETER BARRIER
(IF APPLICABLE)

OBSERVATION WELL

CONCRETE COLLAR




Slotted Pipe A=COM

Table PPS-2. Dimensions for Slotted Pipe

Pive Diiiiieter Slot Maximum Slot Slot Open Area'
pe Length' Width Centers' (per foot)

' Some variation in these values is acceptable and is expected from various pipe
manufacturers. Be aware that both increased slot length and decreased slot centers
will be beneficial to hydraulics but detrimental to the structure of the pipe.




Impermeable
Geomembrane Liner

Table PPS-4. Physical Requirements for Geomembrane

Test Method

ASTM D 1593

Thickness
Property 0.76 mm
(30 mil)

Thickness, % Tolerance
12.25 (70

AZCOM

Tensile Strength, kN/m (Ibs/in) width ASTM D 882, Method B
Modulus at 100% Elongation, kN/m (1bs/in) 5.25(30) | ASTM D 882, Method B

Ultimate Elongation, %
Tear Resistance, N (Ibs)
Low Temperature Impact, °C (°F)
Volatile loss, % max.

Pinholes, No. Per 8 m” (No. per 10 sq. yds.) max. — N/A
Bonded Seam Strength, % of tensile strength “ N/A




Geotextile Separator Fabric

Table PPS-3. Physical Requirements for Separator Fabric'

Property Elongation Elongation Test Method
< 50%" > 50%’

Grab Strength, N (lbs) K00 (180) 510(115) ASTM D 4632
Puncture Resistance, N (1bs) 310(70) 180 (40) ASTM D 4833
Trapezoidal Tear Strength, N (Ibs) 310(70) 180 (40) ASTM D 4533

Apparr:nt ORenmg Size, mm AOS < 0.3mm (US Sieve Size No. 50) ASTM D 4751
(US Sieve Size)

Permittivity, sec” 0.02 default value, ASTM D 4491
must also be greater than that of soil
Permeability, cm/sec k fabric > k soil for all classes ASTM D 4491

Ultraviolet Degradation at 500 50% strength retained for all classes ASTM D 4355
hours

Strength values are in the weaker principle direction
* As measured in accordance with ASTM D 4632




A-COM
»WQCYV from each cell should be released slowly to

drain the cell in approximately 12 hours

»Orifice at the outlet of the underdrain can be used to
control each cell to provide detention and slow
release of the WQCV to offset hydromodification

> Minimum orifice size is 3/8”

»>|f lateral walls are required each cell is a separate
system

»>If design include multiple cells the orifice calculation
should be completed for each cell using the WQCV
and the V., for that cell




Outlet Structure AZCOM




Outlet Structure AZCOM

PLACE LARGER ROCK
(AASHTO #3) NEXT
O OW 7O

PROVIDE OVERFLOW FROM RESERVOIR
(TOP 1" OF RESERVORR LAYER) 10
AVOID BACKWASHING PAVEMENT

Figure PPS-7. Underdrain System Layout and Outlet Details




Depth of WQCV A-COM

For calculating depth of the WQCV using a flat/stepped installation, see Figure PPS-2:

d 12 WQCV Equation PPS-4
T PA
Where:
d = depth of WQCYV storage in the reservoir (in)

P = porosity, <0.30 for porous gravel, <0.4 for all other pavements using AASHTO No, 57
or No. 67 coarse aggregate in the reservoir

A = area of permeable pavement system (ft’)
WQCV = water quality capture volume (ft’)

For calculating depth of the WQCYV using a sloped installation, see Figure PPS-3:

2 V\;%CV] i Equation PPS-5

d=6

Where:
d = depth of WQCYV storage in the reservoir (in)
A = area of permeable pavement system (ft’)
s = slope of the reservoir/subgrade interface (ft/ft)

L = length between lateral flow barriers (see step 4) (ft)




WQCV Orifice Sizing A-COM

For calculating the diameter of the orifice for a 12-hour drain time (Use a minimum orifice size of 3/8
inch to avoid clogging.):

’ v ;
D12 hour drain time = 1414071 Equation PPS-6

Where:
D = diameter of the orifice to drain a volume in 12 hours (in)

Y = distance from the lowest elevation of the storage volume (i.e. the bottom of the reservoir) to
the center of the orifice (ft)

¥ =volume (WQCV or the portion of the WQCYV in the cell) to drain in 12 hours (ft’)
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Permeable Interlocking
Concrete Pavement

CONCRETE PAVERS.
Y2, 3 1/8" MIN,
FOR VEHICULAR USE

LEVEUNG COURSE

T

SEPARATOR FABRIC * MIN. BASE COURSE
IF SUBGRADE IS NOT (MSHTO #57 OR #67)

OMPATIBLE WITH FILTER 6" FILTER MATERIAL

UNDERORAIN
LAYER) MEETING TABLE
-2

MEETING TABLE PPS—1

NOTES:

1. THIS SECTION IS DESIGNED FOR PARTIAL INFILTRATION AS DESCRIBED
IN BMP FACT SHEET T-10. SEE FIGURE PPS—-1 FOR MODIFICATIONS FOR USE
WITH NO INFIRLTRATION OR FULL INFILTRATION SECTIONS.

2. A PAVEMENT DESIGN SHOULD BE PERFORMED IN AREAS OF VEHICULAR USE

Figure PICP-1. PICP Pavement Section




Ole Interiocking
ele ravement

»Pavement design
* A herring bone pattern is

recommended for areas with
vehicular traffic as it provides
greater structural support.
ADA accessible areas should have
a maximum spacing of 0.5 inches.
The perimeter should be lined
with concrete.
Cut pavers must be at least 40% of
its original size when exposed to
vehicular traffic.




Permeable Interlocking A-COM
Concrete Pavement




AZCOM

soncrete Grid Favement

»Concrete Grid Pavement - a pavement consisting
of at least 20% large openings filled with free
draining material.

»Site Selection
* Overflow parking areas

|

!
] .2
)

* Maintenance roads
°* Emergency vehicle access
* Equipment storage areas

»Installation of a stable perimeter (concrete,
asphalt, etc) is recommended to limit movement
and grinding of blocks.




Pervious Concrete

AZCOM

Benefits

Meets ADA requirements.
Maintains high infiltration rates.

Limitations

When the pavement starts to ravel.
a patch 1s needed quickly to limit
the area of the damage.

Limited success in Colorado to
date.

Sheorter life span than
conventional concrete as well as

other permeable pavements in this
manual.

Quality control dunng installation
1s critical to the success of the
pavement.

A long cure time limits use of the
area following construction.



Pervious Concrete

PERVIOUS CONCRETE
THICKNESS DESIGNED
BY A PROFESSIONAL
ENGINEER (8" MIN.)

6" MIN. BASE COURSE
(AASHTO #57 OR #67)

SEPARATOR FABRIC " FILTER MATERIAL

6
IF SUBGRADE IS NOT UNDERDRAIN "
E:OMPA'nBLE WITH RO AN, ¢ MEETING TABLE PPS—1
FILTER LAYER) PPS-2

NOTES:

1. THIS SECTION IS DESIGNED FOR PARTIAL INFILTRATION AS DESCRIBED
IN BMP FACT SHEET T—10. SEE FIGURE PPS—1 FOR MODIFICATIONS FOR USE
WITH NO INFILTRATION OR FULL INFILTRATION SECTIONS.

2. A PAVEMENT DESIGN SHOULD BE PERFORMED IN AREAS OF VEHICULAR USE.

Figure PC-1. Pervious Concrete Pavement Section




Porous Gravel —

ASHTO 23
37 MIN, AASKHTO §57 08 §87 ~

SEPARATOR FABRIC

a B FALTER MATERIAL
Lt Bt MEETING TABLE FPS-1

fAILTER LAYER) UNDERDRAIN MEETING
. g TABLE PPS-2
NOTES:
1. THS SECTICN IS DESIONED FOR PARTIAL INFILTRATION AS JESCRS
IN BVWP FACT SHEET T-10, SEE FIGURE PPS-1 FOR UOJ“"CATONS FOR USE
WITH NO INFILTRATION OR FULL WFILTRATION SECTIONS.

2. A PAEMENT DESIGN SHOULD BE PERFORMED IN AREAS OF VEMIKCULAR USE

¢ PG-1. Porous Gravel Pavement Section




Reinforced Grass

AZCOM

Benefits

* Low cost compared to other
permeable pavements.

Limitations

= Not ADA compliant.
* Ruts without stabilization.




Reinforced Grass

0O NOT PARK VEHCLES UNTL GRASS

15 ESTABLISHED,

FOLLOW AMGAT[ TURF SPECFICATIONS

FOR SEEDING BED PREPARATION PROVIDED AT
WWW.UDFCD.ORG

COMPACT TO S4% OF THE
STANDARD PROCTOR DENSITY
ASTM D898) UNLESS
THERWSE SPECFIED BY THE
GEOTECHNCAL ENGNEER

AGGREGATE AND SOIL
MIXTURE PER, AGGREGATE
TURF SPECINCATION AT
WWW.UDFCD GRG

Figure RG-1. Aggregate Twrf Pavement Section



AZCOM

Interlocking Concrete Pavement Institute (ICPI), Contractor Focus PICP
Construction Tips. Interlocking Concrete Pavement Magazine vol. 17, no. 2,
pp. 16-22, May 2010.

Interlocking Concrete Pavement Institute (ICPI). 2008. Permeable Interlocking
Concrete Pavement: A Comparison Guide to Porous Asphalt and Pervious
Concrete. www.icpi.org

Interlocking Concrete Pavement Institute (ICPI). 2007. Permeable Interlocking
Concrete Pavements: Selection, Design, Construction, Maintenance.
WWW.iCpi.org

Interlocking Concrete Pavement Institute (ICPI). 2004. ICPI Tech Spec No. 10.
WWW.ICpi.org

Colorado Ready Mixed Concrete Association (CRMCA). Specifier's Guide for
Pervious Concrete Pavement Design Version 1.2. www.crmca.org

Tennis, Paul D, Michael L. Leming and David J. Akers. 2004. Pervious Concrete
Pavements. Portland Cement Association (PCA). www.cement.org
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Questions?

PERMEASLE PAVEMENT AND
LEVELING COURSE (IF APPLICASLE)
DEPTH DEPENDANT ON TYPE

PERIMETER BARRIER 6" MIN, RESERVOIR
(IF APPLICABLE) {AASHTO §57 OR §67)

R

SEPARATOR FABRIC
IF NEEDED FOR MATERIAL 6" FILTER MATERIAL
COMPATIBILITY. TO BE MELTING TABLE PPS—1
DETERMINED BY A UNDERDRAIN MEETING
GEOTECHNICAL ENGINEER TABLE PPS-2

PARTIA NEILTRATION CLION

NUUWRRUARRGA Y
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I - AECOM

>»Blo Swale
»Rain Garden

»Soil Augmentation

>»Wetlands and Green Roofs



sarah.eastin
Rectangle


AZCOM

» Drainage area for bioretention areas shall not exceed 2
acres. One acre is preferred.

» Design bioretention areas to draw down within 48 hours
after a storm event.

» 25 feet from buildings with basements and 10 feet from
buildings without basements.

» Provide an overflow structure or outlet to convey flow
from storms that are not treated by the bioretention
facility.

» The discharge pipe should not be less than 4 inches.

> A slide gate or valve must be placed on the upstream
side of the discharge pipe to regulate flow and provide
access for clean out.

» All inlets must be designed with a sediment basin and
trash rack.




Bio Swale

NOTES:

1. ALL BIORETENTION FACIUTES
SHALL HAVE A MINIMUM 20 FOOT
ACCESS EASEMENT CONNECTING TO
A DEDICATED PUBLIC RIGHT OF
WAY. ACCESS ROAD SHALL HAVE
MIN, 12" STABILIZED WDTH, MAX.
LONG. GRADE OF 15%, MAX.
CROSS~SLOPE 5%

2, ALL DRAINAGE AREAS TO A

BIORETENTION FACILITY ARE TO BE
INSTALLATION

STABILIZED PRIOR TO
OF AMENDED SOILS, MULCH OR
PLANTINGS.

3. AMENDED SOIL WILL ONLY BE
PERMITTED WITH A VALID SOIL
ANALYSIS REPORT. NO AMENDED
SOIL SHALL BE ALLOWED ON THE
SIDE SLOPES.

4.  INSTALL WIRE SCREENING
AROUND ALL OUTLET OPENINGS TO
PREVENT LOSS OF MULCH.

5. PVC UNDERDRAIN PIPE SHOULD

HAVE 3/8" PERFORATIONS SPACED

AT 6" CENTERS, MIN. 4 HOLES PER

ROW. MAX SPACING OF
UNDERDRAIN PIPE IS 10 FEET ON
CENTER. HDPE SHALL ADHERE TO
AASHTO M252 SPECS.

6. UNDERDRAIN CLEANOUTS
SHOULD EXTEND A MIN. OF 6"
ABOVE TOP SURFACE OF MULCH
LAYER, CLEANOUTS MAY BE FLUSH
WITH TOP OF SURFACE TO ALLOW
DRAWDOWN,

7. ONLY SMALL MATURING TREES
ARE ALLOWED TO BE PLANTED IN
THE AMENDED SOILS.

ASPHALT PAVEMENT

OR OTHER STRUCTURAL

COMPONENTS

OPTIONAL 2"~3" STONE WITH FILTER
FABRIC AROUND BOTTOM AND SIDES
(RECOMMENDED ADJACENT TO PAVEMENT

1" MIN WDTH, 1" MIN DEPTH)

OVERFLOW OUTLET COVERED

6" DIAMETER PERFORATED
UNDERDRAIN PIPE, PVC OR
HDPE (PER AASHTO M252)

UNDERDRAIN GRAVEL BED
$!07 WASHED STONE) WTH

ON~WOVEN FILTER FABRIC
AROUND TOP, BOTTOM AND
SIDES, TYP,

NOT TO

3" DOUBLE 15" PONDING MAXIMUM POST
WTH WIRE MESH HAMMERED — FOR ALL STORMS CONSTRUCTION
o)\ i Tt
2% MAX 90N IE-ROPER OFFSET FROM
2 MA) SLOPE BREAK
g e e " e i t181 gt S A
"-“"""‘S%%. (4 ‘l-, i,//'v' 0 JHTE _ GRS, y | I
R o AU 'q.-&"‘-( \_\ l'\'t' ‘. _‘P,&e;mo\
/\ 22, — \\‘v h ( ’ -,\ b ..‘._'.’ ""
% - G ‘m’{! MAXIMUM
5o AN cxorin | Wav & CPv
N MO TS
o biosd | g, Tt
é&y 'ﬁ?u:{ PP , SEE BMP DESIGN
ST MmNt MIN: MEDIA MANUAL FOR
N R
o '.\“‘:é&g’é' Bece | PaRaveTers.
N RS,
o PRt A
" " '!g“'\""(_.
B # L DRI
T PIPE RGN 1'~0" GRAVEL
}\&EN fooE ;ﬁz-% LAYER AROUND
VA NN 0 UNDERDRAIN

SCALE 98



AZCOM

»Pollutant Removal

»Copper 43%-97%

»Lead 70%—-95%

»Zinc 64%—-95%

»Phosphorus 65%—87%

»Total Kjeldahl nitrogen (TKN) 52%—67%
»Ammonium (NH,*) 92%

»>Nitrate (NO37)15%-16%

» Total nitrogen (TN) 49%

»Calcium 27%

99




Bio Swale - Calculations

ASPHALT PAVEMENT -
OR OTHER STRUCTURAL
COMPONENTS

OPTIONAL 2"~3" STONE WITH FILTER
FABRIC AROUND BOTTOM AND SIDES
(RECOMMENDED ADJACENT TO PAVEMENT
1" MIN WDTH, 1* MIN DEPTH)

OVERFLOW OUTLET COVERED 3" DOUBLE 15" PONDING MAXIMUM POST
WITH WIRE MESH HAMMERED — FOR ALL STORMS CONSTRUCTION
R oS
2% Wax SOD ON SIDE-SLOPES OFFSET FROM
e M i g SLOPE BREAK
L R .y ‘ 4 - -,_"._ogv ' I._I
73 PONDING
N\ 2 2 MAXIMUM
) o N A TREHARG A |_Wav & CPv
o e | R A 20" T0 4’0"
23 TR e
AT LSy e s e oA
A e ?;':; s A" MING ﬁ}kﬁaﬁ:‘ NEEON  MEDIA MANUAL FOR
o '\‘1‘*!(!@4 i""‘\“"‘"yk ‘{.}', 7' SURFACE SOIL
IR Rk eERY  AREA PARAMETERS.
S ST O 17 0,5% MIN
N e ‘4' WY T sLOPE
OUTLET PIPE e e T-0" GRAVEL
N .5% MIN SLOPE 2 LAYER AROUND
0 A AN ’ UNDERORAIN
e X
UNDERDRAIN GRAVEL BED
WO FLTER FABMIS
6" DIAMETER PERFORATED AROUN:
UNDERDRAIN PIPE. PVC OR SIDES, P FTIOM N

HDPE (PER AASHTO M252)

NOT TO SCALE



Bio Swale - Calculations

gureneer :

Volume of pond COMPONENTS ;

LXWXH=Ft3 OPTIONAL 2"~3" STONE WITH FILTER b :
FABRIC AROUND BOTTOM AND SIDES

(RECOMMENDED ADJACENT TO PAVEMENT
1" MIN WDTH, 1* MIN DEPTH)

OVERFLOW OUTLET COVERED 3' DOUBLE 15" PONDING MAXIMUM

POST
WITH WIRE MESH HAMMERED — FOR ALL STORMS CONSTRUCTION
(REvYoo) Hc‘;? e YER ng T 10'
MULCH LA ENT 1
2% Wax SO0 ON SIDE-SLOPES OFFSET FROM
g “ . SLOPE BREAK
b o A s ; . Za 10" X
X ; PONDING -
2 ROy Sl Vou & Py
o) A M MR AENSARI A B
N A TSRt I AR AN 2-0" T0 4’0"
‘ RN FILTER MEDIA
A &u‘{ ek RS ;,yz‘a;.‘;‘é“ & SEE BMP DESIGN
N s " MIN At iSO MEDIA MANUAL FOR
N e RS RN | P
NS Xt 2
R omw
. D & . A
OQUTLET PIPE i il T'-0" GRAVEL
]\ .S% MiN SLOPE ¢ A LAYER AROUND
4] AP L0 . UNDERDRAIN
.4
UNDERDRAIN GRAVEL BED
(- WOVEN FLTER FABRIC
6" DIAMETER PERFORATED AROUN
UNDERORAIN PIPE. PVC OR SIDES, P =TT A0

HDPE (PER AASHTO M252)

NOT TO SCALE



Bio Swale - Calculations

Volume of pond
LXW XH=Ft3

Volume of amended soll

ASPHALT PAVEMENT
OR OTHER STRUCTURAL
COMPONENTS

OPTIONAL 2"~3" STONE WITH FILTER
FABRIC AROUND BOTTOM AND SIDES
(RECOMMENDED ADJACENT TO PAVEMENT

1" MIN WDTH, 1* MIN DEPTH)

OVERFLOW OUTLET COVERED 3' DOUBLE 15" PONDING MAXIMUM POST
LXWXHX25% =Ft3 WTH WRE MESH HAMMERED — FOR ALL STORMS CONSTRUCTION
0 =Ft (BEYOND) HARDWOOD couma.sd
EASEMENT 1
Wi S0 ON SDE-SLoPES  \ Voo LAYER gAY
— 2 SLOPE BREAK
s 3 REeReNY ”!;' ped ) ../ / A
PRRVRAGES \l, - -'l_oif X ;II
X g PONDING
¥, 2 % MAXIMUM
I 7 it et AR TV O
90N A R O g ot A 2'-0" T0 4’0"
‘ NN FILTER MEDIA
() AR ) :%,..#,ﬁm-‘:,: N SEE BMP DESIGN
& e 4" MIN: ARSI MEDIA MANUAL FOR
(AN Ny S SURFACE L
N AR DU AREA PARAMETERS.
Ry 2 - o '..."\‘!"“('-‘:‘1'4 ‘° % o'uwm:" 3
QUTLET PIPE SO s T'-0" GRAVEL
5% MiN N 2 LAYER AROUND
v Z N > UNDERDRAIN

UNDERDRAIN GRAVEL BED
(#57 WASHED STONE) WTH

6° DIAMETER PERFORATED ONG. ToP, BOTTOM ANG
UNDERDRAIN PIPE. PVC OR Soes TYP
HOPE (PER AASHTO M252)

NOT TO SCALE



Bio Swale - Calculations

ASPHALT PAVEMENT -
Volume of pond COMPONENTS T /s
LXWXH =Ft3 OPTIONAL 2°~3" STONE WITH FILTER z 3

FABRIC AROUND BOTTOM AND SIDES
(RECOMMENDED ADJACENT TO PAVEMENT
1" MIN WDTH, 1* MIN DEPTH)

Volume of amended soil ovnon e coere R T o
LXW X H X 25% = Ft 3 ey jere> o ity
2% Wax 500 ON SE-sLopEs \ oo HATER EASEMENT 10
D - . AR PR SLOPE BREAK
Vol of Filter Media TR gt i , = A e, | |
LX W X H X 30% = Ft 3 < T Cr
”'Q A O o i |_Wav & CPv
% . r%\ﬁ S'SN‘,' — );H .;{;::N-\f . N 7 g;c_& T’?m".;'o.
& : {}r.,{ ,-'e'm-;:'\;- ) fu._-b-;"'f’{;::‘g?: R SEE BMP DESIGN
A eosepts WIN: el OSSN MEDIA MANUAL FOR
AN NN 0  SURFACE [ SOIL
e T S e P AREA PAR s.
".'r" S 1 0,8% MIN J2 40 AVETER
\. 1 ! %‘; g-m A
QUET pipE T . SR T'-0" GRAVEL
] .S% MIN SLOPE 2 LAYER AROUND
v /A SO |_UNDERDRAIN
A 70—
ummnwn GRAVEL BED
I~WOVEN FILTER PABRIC
6" DIAMETER PERFORATED i
UNDERDRAIN PIPE, PVC OR WDWLO" BOTTOM AND

HDPE (PER AASHTO M252)

NOT TO SCALE



Bio Swale - Calculations

ASPHALT PAVEMENT
Volume of pond COMPONENTS T /s
LXWXH =Ft3 OPTIONAL 2°-3" STONE WITH FILTER é

FABRIC AROUND BOTTOM AND SIDES z
(RECOMMENDED ADJACENT TO PAVEMENT
1" MIN WDTH, 1* MIN DEPTH)

Volume of amended soll

OVERFLOW OUTLET COVERED 3" DOUBLE 15" PONDING MAXIMUM POST
WTH WIRE MESH TORMS.
LXWXHX25% =Ft3 (BEYOND) Hanowoo 1\ CTONTRALS
- SO0 ON SIDE-SLOPES MULCH LAYER EASEMENT 10'
MAX OFFSET FROM
S—— SLOPE BREAK
H M X o R - HERARLAIRLAILILS - -- A4 .
Vol of Filter Media TR s g A % RN | |
LXWXHX30% =Ft3 % e MAXIUM
: % SR WD | WQv & CPv
AP ey RN 2'-0" 10 4'~0"
Vol of Gravel Layer & et | T N o
T T . | RS
LXW XHX20% =Ft3 U R R | Paerens,
3 . _"'--_,‘:'-‘.{"r:‘cf ‘&;x;'.o.:?i_w’:_
QUTLET PIPE "7 RGN 1'-0" GRAVEL
b 5% MIN SLOPE A Q L N ‘L’A&RM&ND

Y

UNDERDRAIN GRAVEL BED
NV i Ten FAms
6" DIAMETER PERFORATED U AND

UNDERORAIN PIPE, PVC OR g%&f"%w woIoe

HDPE (PER AASHTO M252)

NOT TO SCALE



Bio Swale - Calculations

g oanen,,
Volume of pond COMPONENTS ;
LXWXH=Ft3 OPTIONAL 2°~3" STONE WITH FILTER é

FABRIC AROUND BOTTOM AND SIDES

(RECOMMENDED ADJACENT TO PAVEMENT
1" MIN WDTH, 1* MIN DEPTH)

Volume of amended soll

OVERFLOW OUTLET COVERED . 15" PONDING MAXIMUM POST
L X W X H X 25% = Ft 3 WIH W NS\ HAMERED Fon AL STonis coysTcTon
2% MAX SO0 ON SIDE~SLOPES NULEN LR _\ :ﬂ%ﬁ;ﬁ
. . - - & o biSe800t000000200¢ " - ¥ A
Vol of Filter Media TR s g A % RN | |
LXW XHX30% =Ft 3 N % 2 o
4 RN, N _WV & CPv
X Q% h v é‘;;"b"‘swﬁe 0 MIN )5.'!" :"‘yﬁ“\v@‘ 2 2'-0" 70 4'-0"
o KR ' e i N FILTER MEDIA
Vol of Gravel Layer 2 O S I I 4 ) N - Bl
LXWXHX20% =Ft3 ) :»’;;,m SR suRece | soL
\ 2 ‘.’,' '-;“!:“,g:;" ‘:;g"o‘;_’w“é" ’:(
OUTLET PIPE "4 0 : - N 1'~0" GRAVEL
R NN 4 LAYER AROUND
Total Volume b gtk iy 2 /Q_ A o UNDERDRAIN
Pond + Amended + Filter
Media + Gravel 7 sooum o o0,
UNDEHORAN PIE. BVC 08 A OLNG. Tors. MOTION D

HDPE (PER AASHTO M252)

NOT TO SCALE



Bioretention

Maintenance Activities

AZCOM

Activity

Re-mulch void areas.
Mow turf areas.
Treat diseased trees and shrubs.

Water plants daily for 2 weeks

Inspect soil and repair eroded areas.

Remove litter and debris.

Remove and replace dead and
diseased vegetation.

Add mulch.
Replace tree stakes and wires.

Schedule
As needed

At project completion
Monthly

Twice per year

Once per year
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»Ease of access
»Settling forbay

>Minimum sized outlet structure to use as a
washout

» Grate over outlet

»Reverse siphon

»Outlet protection




Rain Garden

OVERFLOW
(TOWARDS

-~ SEE NATIVE STREET OR
SHEET FLOW & I \PLANTING LIST DRAINAGE

POOLING WAY)
ZONE—._

*ﬁ) QQ'C‘\\%/\)'} J/
| o0 /ﬂ\w%

W
)/\\.{,
il \/

o

16

Al .
,',/," x >

TP SO gy e / :

ra SAND MIX

'~"u\ ) ~(-;/ )~\/ ‘.-'\/ —= /‘ _)\
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F‘)( 'k ) \(_/ J(_j \hj()&\]\ IL/ e 8 \) )( J(— NJ ’(_/k ) ({}k \\
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< ] 4 ~77 ) A
GRAVEL o P (s )

//A%\& mwm\mw\y \W/A\\//&by " FILTRATION

UNDERDRAIN (6”) IN _ RECHARGE
CROSS SECTION PERMEABLE FABRIC ZONEJ

CONNECTED TO STORM
WATER SYSTEM
(OPTIONAL) NOT TO SCALE

Rain Garden




»The rain garden should be inspected for signs
of erosion or bare soils, sediment, and debris.
Particular attention should be paid to areas
adjacent to buildings or homes to ensure

resources are protected. Accompanying
Infrastructure such as a downspout
connection, pretreatment buffer strip, or
overflow structures should be inspected
regularly for structural integrity and proper
function




>»Wetland

* Must stay out of the drainage way to avoid 404
permit issues

* Must remain saturated 3 months out of the year

* Requires certain soil types and vegetation species

»Green Roofs
* In Colorado they need to be irrigated
* Difficult to sustain
* Additional structural requirements

* Expensive




»Less expensive then replacing in-situ soils with
soil mix

»Improves ecological functions and sponge
capacity of the soll

»“Rule of Thumb” Mix 1/3 compost with native soil

»Tailored to vegetation and site

»Plan on 18 inches of growth media

»Can be increased to create more storage




»Fort Carson mainly composed of C and D soils

* Require compost/organics and/or sand for
growing media

* Proper use of under drains

= Perforations not critical — just exceed capacity of
under drain

* Include standpipe/clean-out/observation port
» PVC can be used




»Provides good infiltration even when
compacted to 85-90%

»Design infiltration rate = 1 to 2 inches/hr

»65 to 70% gravelly sand and 30-35 Compost for
storage media
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SloTlhtration blend

»Porosity n less then 0.45

»Saturated hydraulic Conductivity k> 2 inches
per hour

»Percent Organic Matter by weight =1-4%

»Cation Exchange Capacity CEC > 10mg/100
grams
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»Particle size distribution
* 70-90 % Sand
* 2-10% clay
e Silt plus Clay < 25%







Questions
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»Disconnect impervious areas

> Tree Box

> Planters
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Jirectly connected
mpervious Area (DCIA)

» |Impervious area that drains directly to the improved
drainage system (e.g. paved gutter) and subsequently

to the storm sewer




irectly Connected

D

Area (DCIA)

Impervious




Directly Connected
Impervious Area (DCIA)

—

| Storm Sewer

http://www.deldot.gov




Jirectly connected
mpervious Area (DCIA)

Hydrologic impacts of DCIA
»Minimal infiltration
» Greater runoff volume
» Greater runoff velocity
»Shortened time of concentration

»Increased pollutants




vilnimizing DGIA

»Creating a pervious break between the impervious
source area and the delivery system




Minimizing DCIA

- —

http://www.gcbl.org/blog/marc-lefkowitz/will-o http://www.zgcbl.org/blog/marc-lefkowitz/will-our-stormwater-
stormwater-program-count-small-acts-green program-count-small-acts-green




viinimizing UGCIA




vilnimizing DGIA

Examples:
»Rooftop disconnection
»Pavement disconnection
»Curb cuts
»Porous pavements
»Planter boxes

> Tree filter boxes




Examples/Strategies:
» Interrupting continuous flow paths

»Encouraging sheet flow through vegetated areas

» Strategically locating impervious areas in design
phase




vilnimizing DGIA

Benefits:
»Encourage infiltration
» Slow flow velocity
» Delay time of concentration

» Filter pollutants




viinimizing UCGIA

Other considerations:
> Stabilized and suitable pervious areas
» Suitable soils
»Maintenance/clean out
» Overflow/outlet

> Pollutant reductions







Planter Box A-COM




Planter Box

Stormwater planter box
Photo Credit: Pennsylvania Horticultural Society

http://www.csc.temple.edu/t-vssi/BMPSurvey/waterview.htm

Planting box
Photo Credit: Pennsylvania Horticultural Society
http://www.csc.temple.edu/t-vssi/BMPSurvey/waterview.htm




Different Types:
» Contained

> Infiltration

» Flow-through




“lanter box

Contained Planter Box
» Simple — potted plant within a container

> Overflow when full




Planter Box
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Top of soil 27 from top

adge of planter
Topsoil 137 mun,

Plantngs. Trees. shrubs,

herbs. succulonts, and grasscs

Portland, OR, 2004




—lanter box

Infiltration Planter Box
» Filters rooftop runoff through soil media

»Opening to ground on bottom of box to infiltrate

captured water




Planter Box A-COM

OVERFLOW

STRUCTURAL WALL

INFLOW
2"MIN

PLANTING SOIL

EXISTING SOIL
12" MIN

30" MIN

Charles River Watershed Associstion, 2008
Adapted from:

Portland: Stormwater Management Manual (Adopted July 1, 19999, Revised September 1, 2004)
hitp://www.portlandonline.com/bes/index.cfm?c=dfbbh Accessed 01/29/2008
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Flow-through Planter Box
> Filters rooftop runoff through soil media

»Impermeably lined bottom with outflow pipe to

discharge to drainage system




Planter Box A-COM

OVERFLOW

STRUCTURAL WALL
WITH
WATERPROOFING

INFLOW
PLANTING SOIL

PERFORATED
PIPE - 4" MIN

GRAVEL

EXISTING SOIL

18" MIN

Charles River Watershed Association, 2008

Adapted from:
Portiand: Stormwater Management Manual (Adopted July 1, 19999, Revised September 1, 2004)
hitp.//www.portlandonline.comv/bes/index.cfm?c=dfbbh Accessed 01/29/2008




Advantages:

»Small size
* Easily integrated into site design
* Appropriate for highly urbanized areas

* Establish pervious areas within plazas, courtyards,
streets, etc.

* Easily integrated into multiple BMP treatment trains

»Aesthetic appeal
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Advantages:
»Flexible:

e Can aid in infiltration (infiltration type)

* Can be placed immediately adjacent to buildings (flow-
through type)

* Provide LID treatment where infiltration not
appropriate such as poor soils or SWMUs (flow-
through type)

»Good for demonstration projects
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Advantages:

»Hydrologic Benefits
* Volume

* Rate

»Water Quality Benefits

* Able to treat common rooftop pollutants e.g. sediment,
dust, bacteria

* Able to treat other pollutants such as nitrogen,
phosphorus, metals, oil and grease if exposed to them

* Temperature reduction
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Planter Box

Copper
Lead
Zinc

Phosphorus

Total Kjeldahl nitrogen (TKN)

Ammonium (NH,")
Nitrate (NO;")
Total nitrogen (TN)

Calcium

43%-97%

70%-95%

64%—-95%

65%—-87%

52%—67%

92%

15%-16%

49%

27%

AZCOM



Disadvantages:

»Small size
* Only able to treat small area and associated pollutants

* Many planters may be necessary to have significant impact
on watershed scale

»\Watering may be necessary to sustain plant life
during dry weather periods




Planter Box

OVERFLOW

STRUCTURAL WALL
WITH
WATERPROOFING

INFLOW
PLANTING SOIL

PERFORATED
PIPE (FLOW-THROUGH ONLY: 4" MIN)

GRAVEL

EXISTING SOIL

18" MIN 30" MIN
(FLOW-THROUGH) / (INFILTRATION)

Charles River Watershed Associstion, 2008
Adapted from:

Portland: Stormwater Management Manual (Adopted July 1, 19999, Revised September 1, 2004)
http://www.portlandonline.com/bes/index.cfm?c=dfbbh Accessed 01/29/2008



Planter Box

OVERFLOW

STRUCTURAL WALL
WITH
WATERPROOFING

INFLOW
PLANTING SOIL

PERFORATED
PIPE (FLOW-THROUGH ONLY: 4" MIN)

GRAVEL

EXISTING SOIL

18" MIN 30" MIN
(FLOW-THROUGH) / (INFILTRATION)

Charles River Watershed Associstion, 2008
Adapted from:

Portland: Stormwater Management Manual (Adopted July 1, 19999, Revised September 1, 2004)
http://www.portlandonline.com/bes/index.cfm?c=dfbbh Accessed 01/29/2008




Planter Box

OVERFLOW

STRUCTURAL WALL

INFLOW

PLANTING SOIL

EXISTING SOIL

30" MIN

Charles River Watershed Association, 2008

Adapted from:

Portland: Stormwater Management Manual (Adopted July 1, 19999, Revised September 1, 2004)
http://www.portlandonline.com/bes/index.cfm?c=dfbbh Accessed 01/29/2008



Other Design Considerations:
Treatment areas:

»No greater than 15,000 sq ft of impervious area
Ponding time:

»No greater than 12 hours within planter
Vegetation:

» Typically native, hydrophilic flowers, grasses,
shrubs and trees

Downspout:

> Install “splash rocks” to dissipate energy of
Incoming water and protect vegetation
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Other Design Considerations:

Overflow:

»Essential to safely pass flows from large rain
events

»Protect planter box

»Qutlet to stabilized area
* NOT sidewalk — avoid ice formation

* Protected vegetated area preferred

Maintenance Access

149




AZCOM

Flow-through Example:

This method based off Darcy’s Law which governs flow through a
porous medium (New York State Stormwater Management
Design Manual, 2007)

A Ve X d
F' 7 kxt x (h+d)

Where:

A: = Required surface area of planter box (sq. ft)

V. = Runoff capture volume (cubic ft)

d = depth of the soil medium (ft) — 1.5 ft min. recommended

k = hydraulic conductivity (ft/day) — 4ft/day is common, but actual values will vary

t = design time to filter treatment volume through filter media (days) — typically 3-4
hrs (0.125 — 0.167 days)

h = average height of water above planter bed (ft) - 1ft max
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Maintenance:

»Vegetation:

Remove weeds, replace soil, replace vegetation, water
during periods of drought

>Structural components:

Inspect inlets, outlets, underdrains, planter structure and
other components for integrity and function. Clean out
when necessary

> Solls:

Verify infiltration rates




Maintenance Schedule:

»15t 6 months of operation:

Rainfall events > 0.5 inches or twice in 6 months

> There after:

Rainfall events > 1 year event (1.7 inches for Fort Carson) or
annually

»Replacement:

May be necessary after 25 years of operation




Cost Considerations:

»Installation:
Approx. $16 - $36/ sq ft planter for new project?
Approx. $33/sq ft planter for redevelopment project?
$8,000 - $18,000 for 500 sq ft planter

> Maintenance:

Approx $400 — $500 for 500 sq ft planter/year?
($80 - $100/ sq ft planter/year)

1 - Center for Watershed Protection, 2007
2 — New York State Stormwater Management Design Manual, 2007

3 — Charles River Watershed Association, 2008




) N
e
i il 7

114

Nt
O IfI(/
W
il ls Tl




What is 1t?

»A tree box filter is a bioretention facility for urbanized
areas that typically integrates a tree or shrub, a
filtering soil composite matrix, and a storm drain

Inlet.




Tree Box Filter

Freeboard size ’

hamber capasity Sidewalk

'S

High rate biofilter §

eepholes on bottom
and side away from %
street subgrade

Bottom and sides could be open to

ompacted subgrade to allow Curb inlet
infiltration and elimination of

onnection to strom drain Possible:storm: drain

http://www.ladstudios.com/ladsites/sustainability/ connectlon lf in tlght

strategies/images/treebox-Model.jpg :
Dall - . [
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How it Works — Filterra Example:

http://www.filterra.com/media-2009/filterra.html



http://www.filterra.com/media-2009/filterra.html
http://www.filterra.com/media-2009/filterra.html
http://www.filterra.com/media-2009/filterra.html

Different Types:
> Infiltration:

Filters runoff through engineered soil matrix, infiltrates
Into native, underlying soil

» Flow Through:

Filters runoff through engineered soil matrix, discharges
Into storm sewer, surface conveyance, or other
treatment BMP (underground storage tank, infiltration
system, etc.)




Different Types:

»Various proprietary designs and variations:

http://www.treeboxfilter.com/design.htm

http://www.filterra.com/



http://www.treeboxfilter.com/design.htm
http://www.filterra.com/

Advantages:
»Good for new or redevelopment

» Easily integrated into urban landscape or other space
limited areas

> Good for use with other LID treatments

> Flexible options:

« Can recharge groundwater and reduce runoff volumes
with infiltration types

« Can direct treated flows through other devices if
Infiltration not viable option (e.g. poor soils, hotspot
contributing area, etc.)

» Aesthetic benefit
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Iree pox

Advantages:

»Hydrologic Benefits
* Volume*

* Rate*

*Some studies* have shown minimal volume and rate reductions;
would expect the greatest benefit to come from smaller storms
as larger storms are bypassed.

4 — University of New Hampshire Stormwater Center, 2007




Advantages:

»Water Quality Benefits
* Temperature

* Common street pollutants such as TSS, phosphorous,
nitrogen, metals, oil and grease, and others

* Performance similar to bioretention treatment due to
similar process




Iree Box Filter

Charles River
Watershed
Association

85
TSS

74
Total Phosphorus

_ 68 (Total N)
Nitrogen

82
Metals

Total Petroleum
Hydrocarbons

Oil and Grease

Bacteria

University of New
Hampshire
Stormwater
Center

95

Green Street
Systems Filterra

>83 85
i >60
35 (Dissolved

inorganic N) >50 (Total N)

95
35-95

90

>93 (predicted)

AZCOM



Disadvantages:
»Small size

* Only able to treat small area
* Not designed to treat large volumes

* Many filters may be necessary to have significant impact on
watershed scale

»Water quality treatments may be less effective with
too large of a contributing area

»Watering may be necessary to sustain tree health
during dry weather periods




Iree Box Filter

SCHEMATICS

www.chariesriver.org

OVERFLOW
TREE OR SHRUB
(SUITED FOR URBAN CORDITION,
SALT AND WEY TOLERANT)
MULCH

TREE OR SHRLE
{SUNTED FOR URBAN CONDITION,
SALT AND WET TOLERANT)

MULCH

PRE-CAST CONCRETE VAULT

? SPECIAL SOIL MIX { /- SPECIAL SCIL MIX

PERFORATED PIPE PERFORATED PIPE

OUTFLOW S ooooos

e e~ ROTFLGR

UNDERDRAIN 'L_["_"_l“—lﬂ—l_ﬁﬂﬁl'.ﬁl‘.fﬂi.'ll _".Il| Il_.l..'.'" EXISTING SUBRADE
CRUSHED STONE AGGREGATE !."":" “-ITI Tl'|=‘i'|'.|_“‘_."‘l.“_-'.l"_".!.'|‘|="_l'ﬁ_l_'ﬁ' /
' ===

EXISTING SUBGRADE

Adapted from:
Low Impact Development Technologies Adapted from:
for Stormwater Management Urban Horticultural Institute. New York

http/iwww.unh.eduw/erg/cstev/Presentationsindex.htm hitpAAwww hort. comell edw/uhi‘outreachi/csc/article htm!
Accessed 01/22/2008 Accessed 06/16/08
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Design:
» Typically:
* 3” mulch layer on top
e 3’ filter media:
80% sand, 20% compost (minimum 10% organic material)
* 4” diameter min. perforated underdrain (if used)

* 3’ min. from seasonably high groundwater table or impermeable
layer
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Design Considerations:

»\Vegetation:

» Native, drought/salt tolerant
species

»Don’t use species with
aggressive root growth to
prevent clogging

» Consider landscaping
requirements and/or
priorities




ner

Design Considerations:

»Maintenance access

»Overflow:
* Include an overflow for large rainfall events

* Ensure discharge is to a stabilized outlet if discharging to
surface conveyance




Design: Infiltration vs. Flow-through

> Infiltration:

* Recommend at least 1 soil boring per filter to determine
underlying soil’s infiltration capacity.

* Minimum 2 in/hr infiltration rate for underlying soil

»Flow-through:

* Recommend impermeable liner or closed concrete
container for areas with low natural infiltration rates, high
groundwater, SWMU areas, hotspot areas.

= Cutoff valve can be installed for hotspots to prevent spill material
from entering storm drain.

* Include observation well to monitoring clogging




Design: Sizing
»Proprietary designs
»Sizing a function of:

* Filter surface area

* Drainage area

* Drainage area to be treated

* Desired volume to be treated (typically WQv or other small
volume)

»Example (east coast):

* To treat 90% of 0.5 acre drainage area, two 6’x6’ boxes
would be recommended
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Maintenance:
»Vegetation:

Remove trash, remove weeds, replace mulch, replace
vegetation, water during periods of drought

> Structural components:

Inspect inlets, outlets, underdrains, planter structure and
other components for integrity and function. Clean out
when necessary

> Solls:

Verify infiltration rates, test for accumulation of
pollutants

171




A-COM
Maintenance Schedule:

» 15t 6 months of operation:
Rainfall events > 0.5 inches or twice in 6 months

> There after:

Rainfall events > 1 year event (1.7 inches for Fort Carson) or
annually

»Replacement:
May be necessary after 25 years of operation

»Some vendors may include 1st/2nd year maintenance
with purchase
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Cost Considerations:
» Materials:
Approx. $8,000 - $24,000/unit/acre treated35

> Installation:
Approx. $1,500 - $6,000/unit35: 6
»Maintenance:

Approx $100 — $500/year? (self maintenance)
Approx $ 325 - $800/year’ (Contractor)

3 — Charles River Watershed Association, 2008
5 - LIDStormwater.net, 2011
6 — University of New Hampshire Stormwater Center, 2007

7 — Filterra.com, 2011




AddITtional Intormation

> http://lwww.treeboxfilter.com/design.htm

» http://www.filterra.com/

» http://ciceet.unh.edu/unh stormwater report 2007/treatments/tree
box/design.php (University of New Hampshire Stormwater
Center)

> www.charlesriver.org

> http://lwww.lowimpactdevelopment.org/fairfax.htm
> http://www.phillyriverinfo.orq/WICLibrary/SWFES4 April2008.pdf

> http://Iwww.dec.ny.qgov/docs/water pdf/swdmredevelop.pdf

> http://Iwww.cwp.org/documents.html



http://www.treeboxfilter.com/design.htm
http://www.treeboxfilter.com/design.htm
http://www.filterra.com/
http://ciceet.unh.edu/unh_stormwater_report_2007/treatments/tree_box/design.php
http://ciceet.unh.edu/unh_stormwater_report_2007/treatments/tree_box/design.php
http://www.charlesriver.org/
http://www.lowimpactdevelopment.org/fairfax.htm
http://www.phillyriverinfo.org/WICLibrary/SWFS4_April2008.pdf
http://www.dec.ny.gov/docs/water_pdf/swdmredevelop.pdf
http://www.cwp.org/documents.html

Questions?

\

http://www fiiterra.com/index.php/product/

http://www.epa.gov/
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»\Vegetation —

»Design Guide and Criteria, Plant species



sarah.eastin
Rectangle


Water Sensitive Urban
Design-In Built Form




extended
detention
vegetation

. ) pebbles for energy
overflow - / p m Tl dissipation

) ) pipe access for
plpc;e to conventional maintenance
rainage
gravel drainage layer

sandy loam infiltration layer
- existing soil
sandy transition layer .
perforated pipe

~
Y

~

&
W ]
RS

!




Stream Restoration
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LID Category CSD Flooding Unit Cost Additional Game Piece Drainage

Reduction Reduction Benefits Unit Size Area Treated

l',, snefit Benefit (Footprint Ares) (Footprint Area)

Annual Volume Reduction  S-yr Storm Peak Flow
Per Unit Size [MG/yr| Reduction Per Unit Stze |efs]
(Infiltration Areas) (Infiltration Areas)

Eco-Roof 14 1.7 1,500,000 « Improves Air Quality 10 Commerclal Roofs  Va City Block
N * Reduces Energy Consumption (100,000 ft2) (100,000 ft2)
« Enhances Community Spaces
* Increases Blodiversity
Cistern X ! $160,000 « Reduces Water Demand 70,000 Gallon Tank 1 City Block
@ (1,560 1t2) (210,000 1t2)
Bioretention $250,000 « Improves Alr Quality 1,000 LF of One Lane % City Block
« Enhances Community Spaces (10,000 t?) (120,000 fr2)
« Increases Blodiversity
* May Recharge Groundwater
Rain Garden* $80,000 « Recharges Groundwater 120 Residential Yards  Va City Block
« Enhances Community Spaces (12,000 ft?) (120,000 ft#)
« Increases Blodiversity
Detention Basin $84,000 « May Recharge Groundwater 50,000 Gallon Pond % City Block
Q (2,800 sf?) (140,000 ft3)

$108,000 « Improves Alr Quality 50,000 Gallon Pend % City Block
» Enhances Community Spaces (2,800 sf2) (140,000 ft2)
« Increases Blodiversity

$978,000 « Improves Air Quality 1,300 Mature Trees 3.5 miles***
« Enhances Community Spaces (300,000 ft2) (300,000 1t2)
« Increases Biodiversity

Stream Daylighting** g $800,000 « Enhances Community Spaces 800 Linear Feet Varles
————— * Increases Blodiversity (8,000 ft?) (Varies)

Permeable Pavement $150,000 + May Recharge Groundwater 1,000 LF of One Lane % City Block
(10,000 fr2) (150,000 ft2)




> Trees

Alnus tenuifolia - Native Thin-Leaf Alder
Amelanchier alnifolia - Saskatoon Serviceberry
Celtis occidentalis - Common Hackberry
Cratageus douglasii - Douglas Hawthorn
Gymnocladus dioica - Kentucky Coffeetree
Populus sargentii - Plains Cottonwood
Prunus americana - American Plum
Quercus bicolor - Swamp White Oak
Quercus macrocarpa - Bur Oak

Quercus undulata - Wavy-leaf Oak

Salix amygdaloides - Peach-leaf Willow

Pinus edulis - Pinyon Pine

AZCOM
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> Shrubs

Amorpha fruticosa - Leadplant

Cornus sericea 'Baileyi' - Red-Twig Dogwood
Forestiera neomexicana - New Mexico Privet
Quercus gambelii - Gambel Oak

Rhus trilobata - Threeleaf Sumac

Ribes aureum - Golden Currant

Robinia neomexicana - New Mexico Locust
Rosa woodsii - Woods Rose

Salix exigua - Coyote Willow

Sheperdia argentea - Silver Buffaloberry
Symphoricarpos albus - White Snowberry
Symphoricarpos occidentalis - Western Snowberry




delprtul LINKS

> External Information Links

e Sustainable Design Reference

http://www.sustainablesites.orqg/

Stormwater Design Reference

o http://www.portlandonline.com/shared/cfm/image.cfm?id=55791

Urban Drainage Publications and Links
* http://www.udfcd.org/
Urban Reference

o http://www.cityofchicago.org/city/en/depts/water/supp info/cons
ervation/green design/bioinfiltration raingardens.html

Green Roof for Healthy Cities

* http://www.greenroofs.org/



http://www.sustainablesites.org/
http://www.portlandonline.com/shared/cfm/image.cfm?id=55791
http://www.cityofchicago.org/city/en/depts/water/supp_info/conservation/green_design/bioinfiltration_raingardens.html
http://www.cityofchicago.org/city/en/depts/water/supp_info/conservation/green_design/bioinfiltration_raingardens.html

»>2 year 24 Hour
»5 year 24 Hour
»10 year 24 Hour
»>25 year 24 Hour
»50 year 24 Hour
»100 year 24 Hour
»95% Storm

AZCOM

2.1 Inches/24 Hours
2.7 Inches/24 Hours
3.2 Inches/24 Hours
3.7 Inches/24 Hours
4.1 Inches/24 Hours
4.6 Inches/24 Hour

1.44 Inches/24 Hour
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