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DISCLAIMERS

This manual provides information for educational and outreach purposes only, to enhance the
sustainability of sites. Unless adopted or approved by the appropriate registered professional
under contrat, information provided is not for construction. Theceenmendations contained in

this guidanceshould not be construed as a requirement of rule or statute, but rather as best
available information on current practices as of 2017. The following matepedveded for
informational purposes only. Before taking any action that could have legal or other important
consequences, speak with qualified professionals who can provide guidance that considers your
Own unique circumstances.
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1.1 INTRODUCTION

Sustainable and longrm solutions to stormwater management is a key element in the City of

t KAf 2 Y (i KQsPhilbdhah §rdlds o actomadate an increasing population,

development will introducexdditionalimpervious surfacarea. The presence ohldscape

prevents groundwater recharge, increases runoff and introduces pollutamsterways In a

community thatvaluesfish and wildlife along witloutdoor recreation anatlean drinking water,

the aforementioned effects are troublingow impact developmer(LID)offers practical and

aeghetically pleasing method$at addressvater quality and wateflow issuesintelligent

implementation ofLID in Philomatld 2 dzf R AYAGFGS GKS yI Gdz2NF f K&RNZ
RiverWatershed; therefore properly managing stormwater runoff and protecting water

resources.

The Municipal Separate Storm Sewer System (M&#iprequirements of the National

Pollution Discharge Elimination System (NPDES) most recgisfiyed irR010requires the
introduction of a LIDnanual. This guidance was created in compliance with the MS4 program
and associated Total Maximum Daily Loads (TMRbnig.

1.2 MANUAL OBJECTIVE

The purpose of this document is to provide detailed implementation guidance to stakeholders in
Philomath, Oregon. Although this is a technical document, every effort has been made to write
in accessibléanguage so thanvolved parties in botlthe public and private sectoreay
developmore environmentally sound and cesffective sites. This document is not meant to

take the place of additional measures that may be needed to completely address stamwat

and regulatoryrequirements.

The presented information seeks itwstructcontractors about the differences between low

impact development and conventional stormwater approacheglementing a Low Impact

Development (LID) site is similar to conventional developmentanymwvays; however, the main
RATFSNBYOS Aa 0KIFG GKS aAdSQasitydesigizdhbuld lehdy R 0 dzA |
with stormwater considerations as the primary programmatic element. This document has been
adapted bythe City of Philomatlo account for thenatural variations in rainfall and soils, along

with currentrequirementsspecific tothe local environment.



1.3 MANUAL ORGANIZATION

Chapterl: An Overview of Low Impact Developmeattlines the use of the manuahtroduces
the concept olow impact development, defines relevant ternacumentsbenefitsof the
practice introduces best management practices (BM&s) discusses the costs of LID.

Chapter 2: Recommended Best Management Practjpewides detailed guidance for each
BMP through the planning, desigamd construction project phases, as well as B&ffecific cost
considerations.

Chapter 3:Sizing andmplementing LIDFacilitiesdefines a hierarchy of BMPs aptbvidestwo
methods forsizing BMP footprints.

Chapter 4: Operations and Maintenand@ecludes operations and maintenancgraement
submittals forms, which documemtho will be responsible for BMP maimt@nce.The chapter
also addresses requiradaintenance activities

Appendix A Site Planning Checklists a checklist of site planning reports and specific
information for what should be included in each report, so that the proper scope of work to
implement LID sites is known.

Appendix B Infiltration Testingprovides detailed infomation on infiltration testing, which is
needed to implement many of the BMPs.

Appendix CFacility Planting Desigdescribes important consatations when choosing plants.

Appendix D:Material Specificationslarifies the materials specifications fovariety of
components specified iIBMPs such as gravel, compastdimpermeable liners. It also¢ludes
detailed specificationfor constucting porous asphalt pavements.

Appendix EDetailsincludes standard details for almost every BMP included in this guidance, as
well as supporting infrastructure.



1.4 GLOSSARY

Approved discharge pointA location where overflow from a BMP may be directed, which
includes a surface infiltration facility; sta drain or other conveyance system; a waterway (as
approved by the Oregon Department of State Lands), or an underground injection control
facility (as approved by the Oregon Department of Environmental Quality).

Bedrock:A hard, solid rock surface that manderlie fragmented/decomposed rock and soil.
Considered an impervious surface.

Best management practice (BMP)A device, practice, or method for removing, reducing,
retarding, or preventing targeted stormwater runoff constituents, pollutants, and aoimants
FNRBY NBIFIOKAY3a NBOSAGAY3I 4 (GSNE P&

Cation exchange capacity (CEQ)he amount of exchangeable cations that a soil can adsorb at
pH 7.0 expressed in terms of millequivalents per 100 grams of soil." An adequate CEC in soil
contributes to pollutant teatment.

Contaminated soilsSoils at sites where contaminants have accumulated as a result of historic
activities, not necessarily limited to industrial sites. Contaminated sites have a highly regulated
development path with additional permitting. Coondition with the local DEQ Cleanup

program is advised.

Detention basin‘A large depression in the ground where runoff is stored and released slowly.
Detention basins were used to reduce flooding, but have been found to be inadequate at
protecting downstreanwater quality.

Downspout disconnectionA form of dispersion that directs a building's roof drains to a lawn or
garden instead of into storm sewer pipes.

Evaporation:The process of water changing from a liquid to a gas. Evaporation is a significant
portion of the annual water cycle that reduces runoff in undeveloped and/or forested areas of
Western Oregon.

Evapotranspiration:The collective term for the process of water returning to the atmosphere
via interception and evaporation from plant surfaces arahspiration through plant leaves.

Invasive plantsAggressive plants that outcompete native plants for water, sunlight and
nutrients and therefore harm the environment, economy and human health.

Impervious surfaceA surface that prohibits water from shkimg into the ground. Examples
include roofs, concrete, asphalt, pavers, compacted gravel, compacted clay, plastic liners, and
clogged landscape fabric.



Landslide/ landslide areaThe downslope movement obck, soil, or related debrighis term
includesareas that already experienced a landslide and landscapes that have the potential to
slide in the future.

Limit disturbance BMPAny BMP that protects a site or portion of a site in its current, natural
vegetated state and/or protects soil permeability.

Low impact development (LIDA pattern of land development that preserves natural
resources and promotes opportunities to manage stormwater where it falls. LID relies on a
collection of carefully selected techniques to reduce, receive, and clean stormiuaiefif to
protect and improve water availability and quality.

Minimal excavation foundation BMPA foundation type that allows groundwater to move
freely through soil (not pipes) underneath the building (e.g. pier foundations and buildings with
crawl spaes).

Minimize impervious area BMPAny BMP that reduces land area not able to infiltrate or
evaporate rainfall or runoff as a result of being covered by buildings, roofs, and roads, parking
lots and sidewalks.

Mulch: Material such as compost, bark or wood chips spread on soil to retain moisture,
discourage weeds and protect against wind and rain erosion.

Native plants:Plants that occur historically in an area. If planted in conditions they naturally
occur, these plats need little or no fertilizer or care once established and provide wildlife
habitat.

Non-native (ornamental) plant:Plants that do not occur historically in an area, which may not
be invasive, but also may not provide wildlife habitat.

Mycorrhizae:Themycelium (roots) of a fungus.

New developmentAny project where the land cover is changed from a naturakdenesloped
state into another land cover.

Predevelopment or predeveloped conditiomhe naturally vegetated land cover and contour
that would historically have been on a site.

Porous/Pervious/PermeableA material that allows water to pass through it.

Postdevelopment or posdeveloped conditionThe land cover on a site as a result of
development activities, which may include but is not limited to buildings, roads, sidewalks,
ornamental, and working and protected landscapes.



Rainfall managementiJse of BMPs to treat and reduce the volumes of stormwater leaving a

site by infiltrating or gaporating rain that falls directly on the surface of the BMP. When rainfall
YEYyF3aASYSyid .ata NS dzaSRI (GKS& I NBE NBFTSNNBR i
RedevelopmentAny project where existing land cover, which was previously developed, is

changed to anther land cover.

Retrofit: Any project that improves water quality from an existing developed area.

Runoff:Rainfall and snowmelt that flows off of a land surface instead of seeping into the
ground or evaporating in the air. Runoff carries pollutants téemsays.

Runoff managementUsing BMPs to treat and reduce the volumes of stormwater leaving a site

by infiltrating or evaporating runoff collected and/or channeled from other areas to the BMP.
Examples of runoff management facilities include rain gardeesmwater planters, and LID
aglftSad 2KSYy NHzy2FF YIylF3aSySyid .ata | NB dzaSR:Z

w

ata¢o
Runoff treatment:Use of BMP(s) to treat runoff.

Total Maximum Daily Load (TMDLAn analysis and written quantitative plan for aitting and
maintaining water quality standards in a stream. It includes a calculation of the maximum
amount of a pollutant that a waterbody can receive and still meet state water quality
standards, allocations of portions of that amount to the pollutantimes or sectors, and a
Water Quality Management Plan to achieve water quality standards.

Treatment soil:A naturally occurring or engineered mix which may include clay, silt, sand,
gravel, compost, microorganisms, and mycorrhizae that has the desireccahgsd chemical
properties needed to clean stormwater as it passes through it.

Watershed:An area of land delineated by a ridge that causes water to drain to different rivers,
ponds, lakes, seas, or oceans.

Wetland: An area that has surface water or sedted soils often enough to create unique soll
characteristics that support vegetation that is adapted to inundation and saturation and lacks
vegetation that is intolerat of inundation or saturation.

Urbanized:Any watershed where publicly or privately ned land surfaces in a city, town, or
rural area have been developed and cause that watershed to be 5% or more impervious.

Underground Injection Control (UIC)h manmade structue that places fluid underground

Vegetated stormwater facilitiesThis is a gneral term that applies to rain gardens, stormwater
planters, and LID swales, which are configured differently alohteve a similar, high level
treatment and runoff reduction through intentional temporary ponding of water.



1.6 LOW IMPACT DEVELOPMENT

1.6.1 WHAT IS LOW IMPACT DEVELOPMENT?

Low impact development is a pattern of land development that preserves natural resources and
promotes opportunities to manage stormwater where it falls. LID relies on a collection of
carefully selected techniques to reduceceive, and clean stormwater runoff to protect and
improve water availability and qualityID isa stormwater and land use management strategy

that strives to mimic pralisturbance hydrologic processes of infiltration, filtration, storage,
evaporation ad transpiration by emphasizing conservation, use obiv@ natural features, site
planning, and distributed stormwater management practices that aegiated into a project
design!

1.6.2 SIGNIFICANCE OF LOW IMPACT DEVELOPMENT

There are a number of reasonsliegin using low impact developmehiD educes water

pollution, which supports the health and welfare of our communities with improved drinking

water quality, reduced water treatment costsand cleaner waterways thatovide

recreational and economic opportunitielé.also reducesocalized flooding during stormnisy

mimicking predevelopment hydrology pattern&dditionally LID $ more costffective to build

and maintain than conventional stormwater facilities sucldatention basins and pipes (see
@.6.5TheCostof 2 ¢ LYLI OO 5S@St2LISyGéoed [26 AYLI O
livable cities, whiclincorporatedistributed patches of nature that reduce crime, calm traffic

improve the value of the landicreasesales in commercial areamdimprove cognitive

function?

I University of Washington, College of Environment. Urban Forestry/Urban Greening Research. Green Cities: Good
Health. Retrieved fromhttp:// depts.washington.edu/hhwb/Thm_Livable.html

2U.S. Environmental Protection Agency. Water: Green InfrastracRetrieved from
http://water.epa.gov/infrastructure/greeninfrastructure/gi_why.cfm

3Ernst, C. (2004). Protecting the Source. Retrieved from:
http://syracusecoe.org/EFC/images/alimedia/LIBRARYProtectingtheSource TPLAWWA2004.pdf

4 University of Washington, College of Environment. Urban Forestry/Urban Greening Re@rarrh Cities: Good

Health. Retrievedrém: http://depts.washington.edu/hhwb/Thm_Livable.html
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1.6.3 BEST MANAGEMENT PRACTICES

The EPA defines a best management practice (BM & o
as "a device, practice, or method for removing, ;
reducing, or preventing targeted stormwater runoff
constituents, politants, and contaminants from
NEIF OKAy3 NBOSAQGAyYy3I glel
ofiil KS @desiNiB dedcribe these practices, thes
practices can be ineffective if improperly applied.
LID, by definition, uses a number of BMPs togethe
BMPs must be set¢ed appropriately based on site %
opportunities and constraints and @ect
objectives.They must also be appligtiring the
appropriate phasef the project.

BMPs may be incorporated into existing as well as _
newly built developments and redevelopments. ~ Figurel- An example of BMPs being us
Since LID includes an array of BMBB is generally °" @ University campus. A series of

. . stormwater planters treat runoff from
applicable on all sites arfdr all land use .
L roofs and sidewalks.
classification.

BMPs are classified depending on their fundamental funct@mhaps the most significant
distinction is whether a BMP prevents runoff in the first plac unoff preventiaon BMP) or
manages runoff from existing, new, or redeveloped surfacesnoff reduction BMP).

Runoff prevention BMPsnaybe either informed decisions that proteatsiteor reducethe volume
of runoff leaving a site by evaporating and/or infiltratiragnfall that falls directly on itThese
restoration and protection practices are often employadtidg the early planning phase.

Ruroff reduction BMPglecreasehe volume of runoff leaving a site by evaporating and/or

infiltrating runoff directeal to the BMP from another area. They tend to begineered or highly
designed facilities that mitigate the damage created by changing theclawetfrom more porous to
more impervious Runoff reduction strategies can be used in retrofit, redevelopment and new
congruction projects and should be considered only after all potential runoff prevention BMPs have
been considered and applied.



1.6.4 WHY SOME BMPS ARE NOT ADDRESSED

The stormwater management practices described below are recognized methaalddi@ssing
runoff in certain situaibns. They will not be further heeded this manual, but may be an
appropriate optionfor particularprojects If interested in implementing one of the following
practices, contact the City of Philomath Public Works Department.

Cortained Planters & Vegetated ¢dfs

Contained planters placed over hard surfaces interceptfafliand reduce runoff through
evaporation. Vegetated roofs are an assembly of materials that intercept rainfall and reduce
runoff through evaporation. Both of these BMRave the tendency to contribute nutrients (i.e.
nitrogen and phosphorus) to the watéhat flows through them. An excess of nutrients in the
water allows algae to grow faster than the ecosystem can handle, therefore leading to algal
blooms that negatively impact water quality, food resources and aqlisgicAt present, he City
of Philoy F G K Aada I ydziNASY(d GLINRBOfSY I NBFEX a2 AYLI.
roofs isconsidereda highriskBMP choice

Potential Areas of Groundwater Quality Concern

based on Nitrate Concentrations

12,850,000
0o 10 2 B

Public Water System sources with Nitrate Alerts in GW| Real Estate Trans action Nitrate Data[Domestic Wells, 1969-2010)| DEQ LA SAR Nitrate Data - GW (no Landfills) || Rogue StudyArea I Gw Concer Areas (GWMAs)
C Mo alerts (not shavin) 0to 5mg/ (ot shown) 0to 5 mgf (not shown ) [ ] LowerUmatila GWMA ] GW Concem Areas
2 1to2alens (NO3 >5 mgl) 50 70mgh 5107 mgh [ No. Malheur Co GWMA 77 Gty Limits (2010)
® 210 100 slerts (NO3>S mgh) ¢ Ttotomgt ¢ Tw10mgl [T o witamete valey Gt 877" County Boundary
4 10 50mgh + 101050 mot
¢ >50mgl ¢ >50mgd

Figure2- A map of Oregon indicating nitrogen problem areas. Philomath exists in one of
Gl i NRalée OANDESazr +ta akKz2gy AGK | aidl N®
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Detention Basins

To protect streams from high flows, regulations sometimes reghieenstallation oflarge

detention pords.While detention pondselieve flooding in theoryattenuating the peak flows

from large storms, the much larger additional volumes coming from developed areas during

smdl storm events can stillcaudef 22 RAy3Id ¢KS&aS LI2yRa RRyQl NBRd
NHzy 2 FF>X R2y Qi NBOKIFINHS FIljdZAFTSNASE YR R2Yy Qi NB°
affordable BMPs. Finally, detention ponds take up valuable land and can be more difficult to

access and maintain than smaller, distributed BM¥eklitional informaion on detention

facilitiesin the City of Philomath can be found in thetfic Works DesignSandardsStormwater
Management 3.18.

Rainwater Harvesting

Ly 2S&a0GSNy hNB3I2yT avlff GFyla YR NIAYy ol NNB
runoff, so excess runoff volumes are allowed to scour downstream banks. Large tanks capable of
storingsignificant volumes of runotire also problematic. Due to K A f 2 ¥elasiriél@adnfall

patterns, runoff would be collected and stored for the 9 or 10 monthgnvit should be

evaporating back into the air or seeping into the ground to recharge streams and aquifers. Then,
during the dry months, when our water systems should not receive water, water is applied to

the landscape.

Drywells

A drywell is avell, assenblage of perforated pipes, or drain tilésat receive runoff from
impervious surfaceand infiltrates that runoff undergrourid Drywells reduce runoff flow rates
and volumesinfiltrating it into the surrounding soildzor more information on drywells
reference thePublic Works DesignSandards Stormwater Management 3.20

Minimal Excavation Bundations

Afoundation type that allows groundwater to move freely through soil undernedihilding.
Groundwater flowsare a natural and necessary element of hydrology and the pores in the soll
beneath a building with mimal excavation foundationgrovide temporary storage for rainfall
and flowing groundwater.

Cluster Development

Cluster development is a BMP usually lgggbon a campus or subdivision scale that groups
development on one place of the site and leaves undeveloped open space on another

5 Oregon Department of Environmental Quality website. Water Quality: Underground InjectioroCBrdgram:
Identifying an Underground Injection Control. Available Retrieved from:
http://www.deq.state.or.us/wg/uic/quidance.htm
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1.6.5 THECOSDF LOW IMPACT DEVELOPMENT

New and redevelopment projects can see reducedropt costs. Techniques like minimng

impervious surfaces, building over previously disturbed areas, reducing excavation, limiting
compaction and aligning utilities in one trench reduce constructiwh landscape restoration

costs. Wthout considering sewer overflows, an EPA analysl¥ girivate developments with

conventional stormwater management requirements around the U.S., found that, in most cases,

LID project costs were lower than the compared conventional solution. Total capitadaosys

ranged from 1580% when LID methods weeused.a 2 4G 2F (GKS O2ad al gay3a
AN RAY3I YR LINBLINIFGAZ2YZ ad0Gd2NX&éF G§SNI Ay FNF &l Nz

Table 1below givesexamples ofypical costsavings scenarios tievelopers and landowners for
one runoff prevention and oneunoff reduction BMP.

Tablel- LID BMP & Cost Savings Examples

LID Type BMP Cost Savings

1 Reduced pavement area installed

9 Less runoff to be managed results in
smaller runoff reduction BMPs

1 Longterm maintenance costs like seal
coating and replacement are reduced

Runoff Reduce impervious
Prevention| pavement

Installdistributed 1 Raingardens have a cost similar to
Runoff infiltration rain conventional landscapes
Reduction | gardens instead of a 1 The space wheradetention basin

detention basin would be becomes buildable land

Maintenance costs vary widely across different BMP and often within the same BMP with a
different design. Maintenance activitiesd costs to maintain BMPs vary with siting, design,
construction2 gy SN a | Sa i Keéhd dpioathirnairiandge QOhgi@ar study at

the University of New Hampshfreompared conventional stormwater management to LID

BMPs and found consistdptiower longterm costs for maintaining LID BMPsaat 1tacre

commuter parking lotResearchers found that vegetated swales, porous pavement, and
vegetated stormwater facilities were the least costly to maintain, while retention ponds and dry
detention pondswere the most expensive. In general, maintenance of LID BMPs can range from
4% to 8% of the capital costs while detention ponds averadpedit 17%.

6,18 U.S. Environmental Protection Agency. (20&@&ducingStormwater Costs through Low Impact Development
(LID) Strategies and Practic&etrieved from:http://water.epa.gov/polwaste/green/costs07 _index.cfm

8Houle, J., Roseen, R., BallesfT., Puls, T. and J. Sherrard Jr. (208 8omparison of Maintenance Cost, Labor
Demands, and System Performance for LID and Conventional Stormwater ManagBeteielved from:
http://www.unh.edu/unhsc/sites/unh.edu.unhsc/files/Houle_JEE_J204 3.pdf
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1.5 USING THIS DOCUMENT TO PREPARE A PLAN

CKAad aSOlA2ya FAYa (2 lastheywefelende thitdhanudlingsél Qa LI |y
steps are not required, but aid in organization and preparation of stormwater management

plans.At any time during the LID planning, designing, or construction process, you may contact

the Cty of Philomath for assistance.

Step 1¢ Layout your footprint.Prepare a site plan that details existing and proposed
development, slopes, and waterwaytthe project will be large and/or complex see the Site
Survey Plan Checklist in Appendix A.

Step 2¢ Inventory and evaluate the siteSite assessment includes inventorying and evaluating
various natural resources that may pose challenges and/or opportunities for stormwater
management and site developmem.Site Assessment Checklist may be fourpipendix A.

Step 3¢ Select Best Management PropertieSelect appropriate BMHer the site in question
from those provided ifChapter 2.0f this manual

Step 4¢ Design.Design and size BMPs us@igapters 2.0 and 3.8odeling is used tgsize BMPs
andpredict how facilities will respond to and manage stormwatand is often performed for
the entire site.Ensure thatany proposed overflow structuredirect excess stormwater to an
approved discharge poinApproved discharge points mde drainage ditchesearby steams,
or existing storm drain systemkcorporate a safe overland route designdor all stormwater
facilities that allows water to take a routbat will not damage propertyn the case of a large
storm. Corfirm that all applicable permiand drawing requirements are met.

Step 5¢ Construction ReferenceChapter 2.8 y & G NHzO (i A & sélévani BVDdf A 2 v &
guidance conflicts with standard industry practice, the contractor should consult with the design
team and find acceptable meansitaplementfacilitiesso its longterm function is achieved.

Step 6¢ Develop an Operation & Maintenance Plabandowners are responsible for-going
operation and maintenance of BMPs. Outline an appropriate Operation & Maintenance Plan as
detailed in Chater 4.0.AllBMPs and contributing drainage areas should be maintained to
protect water quality and maximize function as follows:

1 Maintain BMPs and sites with integrated pest management using little to no herbicides,
pesticides, or fertilizers. Avoid sgiagany pest managemenmtroductson impervious
surfaces.

1 Maintain plantswith little to no irrigation after establishment to conserve water and
reduce weeding.

1 Encourage vegetation to grow and become detgdess flows into the facility are
blocked,vegetation doesn't need to be thinned. Preferably, plants are allowed to grow
tall since this will encourage root penetration into native soils increasing the infiltration
rate of the facility over time.

9 Conversation with Tom Liptan on a tour
13
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Matrix, Table2 shouldbe especially useful during planning to help identify the appropriate

best management practices for your situatidrhe matrix includes eelative measure of
water quality treatment and protection effectiveness (high, medium, or low) and predicted

Many BMPs in this guidance are suitable for a variety of conditionsBIVte Suitability
ease of implementation (1, 2, or ELETE DRYWELL FROM TABLE

2.1 CRITERIA FOR CHOOSING BMPS

BMP SUITABILITY MATRIX

Effectiveness level ¥**

Very Effective Water Water Challenging Site ment

M Moderately Effective Quality | Quantity Condition, Drainage Arg} Land Use Type
L Supports Function © . o2 = W. -
(= g x ‘5 = —_ <
Not Applicable _ ol, 25 2 w|lc = o 2|5
E|lg|c| 8|8 § 222 ololgl2S o2 |8 3| e
o S|E 255|883 28 %8|lez2¢glEs 58 55|z § 5
Suitability level**** W. % S| ® © %) m nnm c o T W M 5] m 8 5 .W S o a8 ;w m. %
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Prevent Runoff: Minimize Impervious Area BMPs

2.2.1 | Share Parking Spaces BMP
2.2.2 Minimize Pavement Widths BMP
2.2.3 | Minimize Front Setbacks BMP
2.2.4 | Share a Driveway BMP
2.2.5 | Minimize Building Footprint(s) BMP
2.2.6 | Minimize New Pavement BMP
Prevent Runoff: Limit Disturbance BMPs
2.3.1 | Construction Sequencing BMP
2.3.2 | Conserve Fast(er) Draining Soils
2.3.3 | Tree Protection BMP
Prevent Runoff from Landscape and Hardscape Areas
2.4.1 | Restored Soils BMP
2.4.2 | Tree Planting BMP
2.4.3 | Depave Existing Pavement BMP
2.5.1 | Porous Pavement (Rainfall) BMP
Reduce Runoff from Landscape and Hardscape Areas
2.5.1 | Porous Pavement (Runoff) BMP
Infiltration Rain Garden, LID Swale, or Stormwa
Planter BMP
2.5.3 | Soakage Trench BMP*
2.5.4 | Drywell BMP**
2,55 | WQ Conveyance Swale BMP
2.5.6 | Dispersion: Vegetated Filter Strips BMP
2.5.6 | Dispersion: Downspout Disconnection BMP
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Table2- BMP Suitability Matrix
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*Soakage trenches under pavement are not suitable for expansive soils, but are well suited under landscape areas with expansive soils.

** With adaptations, drywells may sometimes be used below contaminated soils. See Chapter 2 "Drywells BMP".

*+* Effectiveness level assumes the BMP is acting as a stand alone BMP under average conditions. When BMPs are used in a conjunction with othe
effectiveness tends to increase.
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The following elaborates on the categories of the BMP Suitability Matrix:

BMP Suithility for Water Quality. EachBMP addresses water quality -@ite; downstream
water quality can be improved by reducing runoff volumes that cause excess streambank
erosion.

BMP Suitability for Water QuantityMost BMPs will reduce runoff to some extengviever,

some are far more effective than others. If a BMP has received a mark in theuststiility

GFrofS Clz2RRNI/ @Y INRE X GKSYI gKSY AYLX SYSyGdSR
as a substitute for a detention basinrfihe drainage area manages.

BMP Suitability for Challenging Site Conditior&me sites are not suitable for infiltration of
runoff. These sites may be challenged by steep slopes (which are prone to landslides); seasonal
or permanent high groundwater tables; shallow bedtgehere runoff has insufficient soil voids
to flow into); inadequate setbacks (where infiltrated water could flood a nearby structure);
and/or contaminated soils (where infiltrated wateowd mobilize contaminantsfontaminated
sites are sites where hamlous chemicals have accumulated in the soil as a result of historic
activities. On a site with polluted soils, stormwater should not be infiltrated into the ground to
protect groundwater. When the site history does not include industrial activity or knepills, it

IS not necessary to test for soil contamination in areas planned for infiltration. But if staining,
discoloration, or unusual odors are noted when soil is disturbed, consulting with DEQ prior to
completing work on an infiltration facility isleised.Meanwhile, $ow draining soils are not
automatically a barrier to infiltration, but will make runoff management facilities, like rain
gardens larger, which may lead to inadequate setbacks.

BMP Suitability by Drainage Are&ach BMP may be appligmla cetain stormwater runoff
surface.

BMP Suitability by Land Us&here are many appropriate land uses/zoning classifications where
LID can and has been implemented in Oregon, including residensifutional and public
right-of-way.

BMP Suitabilly by Development Typelmplementation of BMPs is often similar regardless of
whether it is being used in a retrofit, redevelopment or new development, although site
preparation can vary tremendously. For example, in a retrofit situation, replacing gxistin
impervious pavement with a porous pavement will require some soil restoration techniques or
additional excavation to reach a layer of soil that has not been compacted. Where
implementation considerations are different by development type, this has pe¢ed in the
detailed guidance for BMPs that follows.
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2.2 MINIMIZE IMPERVIOUS AREW3s

Minimizing impervious pavement on sites reduces runoff by replacing what is, or would be,
impervious, with a better draining land cover. Thoughtful site desigrredunce the amount of
impervious surface to no more than what is necessary, both preserving open ground and
reducing construction costs.pportunities to limit disturbancéy reducing impervious areas
exist for a variety of different land uses.

These BMPmclude:

1. Share Parking Spaces BMP
Minimize Pavement Widths BMP
Minimize Front Setbacks BMP
Share a Driveway BMP
Minimize Building Footprints BMP

2

Minimize New PavemerBMP

Cost Considerations (Common to all BMPS)

In new developments, minimizing imperviopavement offers cossavings or, at least, requires

no additional expenditures. Developers save money twice. For every square foot of pavement

GKSe R2y Qi odzAf R (KSeé &I @S vYzySeé 2y SEOI O GA:
and labor.

2.2.1 SHARING PARKING SPACES

In commercial districts, it may be possible to share parking with another organization that has
different peak hour use from your land used a church and movie theateRefer to the Cityf
Philomath City Code 18.75.@304for information on sharing parking spaces.

2.2.2 MINIMIZE PAVEMENT WIDTHS
Siting

Minimized pavement widths may be appropriate for private and public roadways, parking lots,
and sidewalks.

Design

Ensure that all appropriate permits are obtain@pbpendix )When designing paved areag) d
not exceed theaninimumparking area dimensions describedle Philomath MunicipaCode
18.75.03E)or the pavement widtlguidelinesn PWDS 2.11
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Land Use Min. Sidewalk Width Min. Roadway Width Min. Driveway Width

Residential S5t 18 ft 14 ft
Institutional, S5t 18 ft 20 ft
Commercial

i 5t 18 ft 24 ft
Industrial

Table3- minimum pavement widths

2.2.3 MINIMIZE FRONT SETBACKS et —
The closer a building is to the street, the shorter the I Eﬂ
drivewayand sidewalk to itThe greater the setback the |

less street noise. This is sometimes addressed with
architectural design to place noise sensitive rooms, such \—_
bedrooms, away from the street, or by using berms or oth |_ -

sound insulating approach&s

Figure 3- Exceeding required
setbacks generates additional
paved sidewalks and driveway:

2.2.4 SHARE A DRIVEWAY

In some cases, sharing a driveway with your neighbor,
especially for buildings far from the road can be very
effective. Thadrivewaymay beowned by ongparty and
the adjoining property owner is granted an access
easement or a portion of the driveway is owned by both
parties and they grant each other an accessement.
While the graphic below refers to two residences the
practice of sharing dveways and parking areasuld apply
to other land uses too.

Figured- Share a driveway.

0 Federal Highway Administration guidance, document. The Audible Landscape for Retrieved from:
https://www.fhwa.dot.gov/environment/noise/noise_compatible _planning/federal_approach/audible landscape/
alo4.cfm
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2.2.5 MINIMIZE BUILDING FOOTPRINTS

A two-story house is better for the watershed than a rancl
style house of the same total square footage. While many
conventional houses are built with a two story footprint
that encompasses the entire allowable building area with
the defined setbaks, small and tiny houses are gaining |
popularity both for their affordability and energy efficiency
Zoning codes dictate the maximum height of buildings. T
practice may not be suitable for physically challenged
residents. This BMP may also apply tallases other than
residential.

I
Figure5- Go up, not out, with
your floorplan.

2.2.6 MINIMIZE NEW PAVEMENT

On many public roads and private property, areas of pavement were paved as a convenience for
the asphalt installer, but are not really needed or used by cars or pedestrians. Consider this
when laying out paved areas.
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2.3 LIMIT DISTURBANCE BMPS

These best management practicesit disturbance in areas of the site that don't need to be
altered. When land is in an undisturbed wedlgetated condition, the vegetation and soil work
together tocapture almost all rainfall and reduce runoff thighuinfiltration and evaporation
Unnecessarily clearing vegetation or disturbing soils will greatly impact this balance and affect
the longterm habitat value of downstream waterwagsid overallwatershedhealth.

There are a variety of opportunities to limit disturbance during the planning, design and
construction phases afevelopment; limit disturbance BMRsclude:

1. Construction Sequencing BMP
2. Conserve Fast Draining Soils BMP
3. Tree Protection and PlantirgMP

2.3.1 CONSTRUCTION SEQUENCING

Construction sequencing represents a specified work schedule that coordinates the timing of
land-disturbing activities and the installation of erosion prevention and sediment control (EPSC)
measuresThroughout constructin, appropriate erosion prevention and sediment control
measuresare implementedper the Oregon Construction Stormwater Erosion and Sediment
Control Manual'. The goal is to prevent erosion and control sediment by minimizing the extent
of cleared land at one time and to install EPSC measures before land clearing*begins.

Siting

Construction sequencing might be used throughout any site large enough that $eanecc

FNBFa 2F GKS &aAGS ¢62dzZ R 0SS aGa2LISyé¢ gAlGK2dzi O2y .
the rainy season from September to early July.

Design

Design could be impacted by array of construction considerations, for example, when materials
can bedelivered or where and how they can be storedsite. Consider the following elements

of this BMP during planning and design phasesa@mmunicate this information on the
construction/bid/permit setIf the site is over 1 acre, a construction sequenceatave and

other related information must be included on tH200C permit drawings.

Phase disturbance€onstruction site phasing involves disturbing only a portion of the site at a

1 Oregon Department of Environmental Quality. Water Quality Permit Program. Erosion and Sediment Control.
Retrieved from:
http://www.deq.state.or.us/wg/wgpermit/docs/general/npdes1200c/ErosionSedimentControl.pdf

2Smolen, M.D., MilleD.W.,Wyall,L.C.Lichthardt,J.,and A.L. Lder. (1988). Erosion and Sediment Control

Planning and Design Manualorth Carolina Sedimentation Control Commission; North Carolina Department of
Environment, Health, and Natural Resources; and Division of Land Resources, Land Quality SectiotNRaleigh,
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time to prevent erosion from areas where no work will take place in #er future. Grading
activities and construction are completed and soils are stabilized on this portion before grading
and constuction beginin another areaWhenphasing construatin activities, the following

should bekept in mind: runoff is manageskepaately in each phse,water and sewer
connectionsare accommodated, completed downhill phases are protected, and wet weather
erosion prevention and sediment control techniques are incorporated if excavation cannot be
scheduled for the dry season.

Minimizegrading.In general, grading should be minimized. Design proposed site improvements
to work with existing grades, as much as possible. If buildings are proposed, this may mean
working with that designer to step building foundations.

Cut and fill gradingdivities should be coordinated and, if possible, conducted during the dry
season, to minimize the movement and storage of soils on, off, and around the site. Keeping
soils inplace for as long as possible protects the quality and infiltration rate; thyeretbucing
runoff during and after construction. It also reduces ldagn maintenance effort and costs.

Develop a schedul€onstruction sequencing schedules shaddress proposed EPSC
measures, when they will be implemented and their compatibility whi general contract
construction schedule.

Delineate staging and stockpile are@hisis criticalfor protectingvegetation and soils. The
designer and contractor would ideally collaborate on this plan during the design phase. The
contractor should share this plan with tieam, especially subcontractorStockpiling areas, the
haul road, and other construction egument such as site trailers should be located in the
footprints of demolished infrastructure or areas of future disturbarfsensitive areas and tree
canopies need to be fenced off.

Construction

Depending on the project type, the sequence of constructieengs is often as follows:

1. Preconstruction meeting. Hold a preconstruction meeting to explicitly review the construction
sequence, identification of nwork and restricted work areas, and the erosion and sediment
control plans.

2. Fencing. Place fencing araliareas to be protected. Fencing off areas can effectively limit
disturbance. Fence off:

1 Sensitive areas such as wetlands, floodplains, riparian areas, habitat conservation areas,
steep slopes, etc.
The critical root zone of trees (s@e4.2
Futureinfiltration facility areas where rain gardens, stormwater planters, LID swales,
vegetated filter strips, or porous pavement may be located.
1 Any other areas not proposed for improvements

1. Build construction access, entrance to site, construction routes aaeas designated for

equipment parking.
2. Protect bare soil. As soon as construction begins, stabilize any bare areas with straw, compost,

gravel and/or temporary vegetation.
3. Install £diment traps and barriers, basin traps, outlet protection.

T
T
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4. Runoff contrd diversions, perimeter dikes, water bars, outlet protection. Install key practices
after installing principal sediment traps and before land grading. Install additional runoff control
measures during grading.

5. Runoff conveyance system, stabilize streamisastorm drains, channels, inlet and outlet
protection, slope drains.

6. Land clearing and grading, site preparation (cutting, filling, and grading, sediment traps, barriers,
diversions, drains, surface roughening). Implement major clearing and gradingnatesling
principal sediment and key runetontrol measures, and install additional control measures as
grading continues. Clear borrow and disposal areas as needed, and mark trees and buffer areas
for preservation.

7. Surface stabilization, temporary dpermanent seeding, mulching, sodding, riprap, shredded
wood chips. Apply temporary or permanent stabilizing measures immediately to any disturbed
areas where work has been either completed or delayed. Permits may have explicit duration
limits for unprotected ground that is not being actively worked on.

8. Building construction, buildings, utilities, paving. During construction, install any erosion and
sedimentation control measures that are needed.

9. Landscaping and final stabilization, tepiling, trees andhrubs, permanent seeding, mulching,
sodding, riprap. This is the last construction phase. Stabilize all open areas, including borrow and
spoil areas, and remove and stabilize all temporary control measures.

Cost Considerations

Construction sequencing id@v-cost measure because it requires a limited amount of a
contractor's time to provide a written plan for coordinating construction activities and
management practices while protecting them from potential permit violation fines.

Traffic easily compacwils. If future naturbareas are compacte@stablishing vegetation can

be more difficult. For the owner, this means higher maintenance costs for landscaped areas
because they'll need more irrigation and will be more susceptible to diseases. For the
watershed, extra irrigation can be an unnatural source of summer stream flows and means that
more pesticides, fertilizers, and herbicides are likely to be used by the landowner, subsequently
entering the waterways.
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2.3.2 CONSERVE FAST DRAINING SOILS

This BMBtrategy places impervious surfaces on the slower draining areas of kaster
draining soils are left opemtthe sky to manage rainfall moedficiently than slow draining soils,
therefore preventing runoffRunoff reduction BMPare strategicallypositioned on fast draining
soils.

Siting

OEA&GAY 3T &a2Af 2N 3S2t23A0 YlILA FNB 2Fi3Sy dza SR
LR GSYGAFE F2NIAYFAECGNI 0A2YyT K28SOSNE (KS&S Yl |
scale Infiltration teding is the best way to identify faster draining soff@discover the areas of

fastdraining soils, multiple areas throughout the site should ésed for the infiltration rate.
Infiltration testing is outlined iMppendices B and C.

Design

Once the loation of fastdraining soils have been identified and mappestablishlandscape
areas in faster draining soiBlacempervious surfaces su@s roads, roofs, and sidewalks o
slower draining soils.

To reduce the size of vegetated infiltration faaigtisuch asain gardens, stormwater planters,

and LID swaledocate them in the landscape areas with soils that degiickly (ip to 12

inches/hou). If an area drains faster than 12 inches/hour, the water quality treatment capability

of the facility iséss, so plan to amerat replace those soil§See Chapte2.5.2and Appendix D:
{LISOATAOIFIGA2ya GC¢CNBFGYSYd {2Aft¢ FT2NJI Y2NB Ay T2l

Construction

Fence off areas of fadraining soils that do not need to be accessed by equipment. Regardless
2F KS aAiSQa GFNA2dza AYFAELGNI GA2Yy NIGSaszs O2yi
any future landscape areas (SedlJLISY RAE .Y . at LYLX SYB3)id GAzy /|

Contractors should choose equipment that reduces loads transferred through theightl.
equipment, track equipment and vehicles with floatation tires are preferred.

On infiltration area®r areas identified as fast drainingils, avoid blade grading, working
instead from outside the infiltration footprint.

Cost Considerations

Protecting soils from compaction is likely to save money in maintenance costs. For infiltration
facilities, a faster infiltration rate will result insmaller facility, which means tfpont cost
savings for the developer.
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2.3.3 TREE PROTECTION

Protecting individual and groves of trees can help margaisting hydrology and water quality
functions. Preserving groves often provides greater econondoeavironmental benefit than
preserving individual trees; however, both are beneficial.

Construction around trees can be difficult, bubtecting trees educessite preparation and
grading costs while decreasitangterm tree mantenance and replacemermosts. The
presence of trees aids in retaining runoff and dissipating runoff energy, ultimately lowering
stormwater temperatures. Trees also providemediate aesthetic and economic benefits.

Siting

Forest Remnants and Stan@&ands, groves, or patchesthe native
Pacific Northwest forests that previously covered the area are ofter -
found in urban or urbanizing areas.

High tree densities with an undisturbed understory are some
characterisics of a highguality forest remnant worth preserving
(Figured). An excellent stand to protect has the following
characteristics:

Trees structurally support one another.

Soil remains undisturbed.

Wildlife uses are relatively unimpaired Figure6- A stand to
Shady microclimate protect. Reproduced
Natural forest succession continues and forest regeneration is ongoing. with permission by the
Ecological functions are relatively unimpaired. city of Chattanooga.

Individual TreesWhen planning to protect individual treeslap to

protect treeslocated on adjacent property, including those portions of the roots, trunk, and
crown growing into oover the developing propertfvaluate existingn-site trees and potect
the healthiest, largestrees.

Design

Unless an arborist report indicates otherwise, plan infrastructure outside the Critical Root Zone
(CRZ)The International Society of Arboriculture (ISA) defines the critical root zone as an area
equalto ¥ 220 NI RAdzaz FTNBY GKS o6lasS 2F (KS GNBSQa
4.5 feet above gradéd i NB S Q & mdy hldo bdf useth Bstimae the CRZ

(Figure 5. We recommend that you evaluate both of these and choose
whichever proides the larger CRZ.

Forest Remants and Stand$:orest remnants and standsiould be

designed so that a fence line around the CRZ on every site plan is displayed.
Stury materials should be used for the fence, such a cyclone fencing. Refer
to an arborist report to identify trees and vetgtion to be avoided during

A U A
Figure7- Usingthe dripline to estimate the CRZ.
Adapted with permission from the City of Chattanoot
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construction.

Individual Treedndividual trees are primarily protected in the design phase by developing a
thoughtful and informed grading plan. Grade changes within the CRZ, where possible, should be
avoided to prevent seous damage or death to a tree. When raising the existing grade, avoid or
minimize fill within the CRZ, which smoteepots Never plae fillagainst the tree trunkWhen
lowering the existing gradelo not expose or damage large amounts of root. Removing 1 to 2
inches of soil normally will not affect a tree adversely

Trees that are within 10 feet of the proposed building or structure, trees that cannot be
adequately protected, and trees that asgynificantly wounded should be removed.

Standard DetailsSee standard detail&MP 11.01, 11.02, and/or 11.0t® include applicable
details in construction documents. These are availabjgdn jpg, and AutoCAD dwg format]

Construction

Forest Remnats and StandsTo protect forest remnantand stands during constructiorerice
the entire stand, grove, or patch, to protect understory vegieta and soil as well as trees.
Unless directed by an ISA certified arborist, do not apply fertilizers, pestj@dé@rigation.
Isolated single, tall, spindly treel® not need to be retained.

Individual TreesTo protect individual trees during construction:

Erect barriers or sturdy fencing around individual trees to define and protect CRZs before construction
begins.

Never place any fill or organic materials directly against the tree.

Never compact the soil within the CRZ.

Protect highvalue trees with stem, branch, and root padding or wraps in addition to fencing around the
CRZ. Protect the trunks of highluetrees from scraping and gouging to a height of at least 8 feet.
Establish one access route into the site and one exit route out of the site outside of the CRZ.

Do not trench through the CRZ of protected trees. Alter routes of underground infrastructtwearcel

or bore at least 18 inches beneath CRZs to install utility lines.

Where tree roots must be cut, make only sharp, clean cuts to promote root callusing and regeneration.
Spread 2 to 3 inches of mulch over the exposed root area to prevent soil erositute moisture loss,

and keep soil temperatures lower.

Prune roots according to the arborist report to reduce pruning stress when lowering grades.

Prune exposed jagged roots back to the point of emergence from the soil using a handheld pruner or
pruning saw to make sharp, clean cuts.

Cost Considerations

Protecting trees can incorporate additional costs and effort throughout the development
processlin addition to many social and environmental benefits, trees provide positive cost
benefits to a varietyf land uses that may offset some or all of the implementation costs.
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additional costs can be recovered through higher sales prices and faster sales fos bowseoded

f2%.a¢

Trees reduce air conditioning needs for building owners and operators

Larger street and yard trees can add from 3% to 15% to home values throughout neighbéthoods

Homes adjacent to naturalistic parks and open spaces are valuegd@o&igher than comparable

LINP LISNIAS&as gAGK GKS LIAAGAGS LINROS STTSOU RSOfAY

2.4 PREVENT RUN@HNPs

These best management practices are used to control stormwater discharge by restoring a site a
site sothat it better resembles its natural hydrological state. These methods include:

1. Restored soll
2. Tree planting

3. Depaving existing pavement

2.4.1 RESTORED SOIL

The practice of amending disturbed soils.(any soil in a populated area) is a simple, €ost
effectivepractice for restoring and preserving the lotegm permeability of soils compacted by
traffic. The practice also conserves water and reduces pestivatbicide, and fertilizer us&oaill
health is a key element of watershed heafit; however, soils alevebped sites are highly
impacted.Loss of topsoil and compaction can be addressed by restoring soil quality.

Compaction reduces soil voids, reducing permeability. Restoring soil to a healthy condition is

13 Hardie, 1., and C. Nickerson. 2004. The Effect of a Forest Conservation Regulation on the Value of Subdivisions in
Maryland. WP 0®1 (Revised). Department of Agricultural and Resource Economics, University of Maryland,

College Park, 35 pp.

1 SeilaA.F., and L.M. Anderson. 1982. Estimating Costs of Tree Preservation on Residential Lots. Journal of
Arboriculture 8:182185.

B9t! OHnnyO® aGwSRdzOAy3a ! NbBly I SFHG LattryRayYy [/ 2YLSyYyRAdzY
http://lwww2.epa.gov/heatislands/heatislandcompendium

¥ Wolf, K.L. 2007 (August). City Trees and Property VAllesist Newd 6, 4:3436.

17 University of Washington, Urban Forestry/Urban Greening Research. Green Cities: Good Health. Retrieved from:
http://depts.washington.edu/hhwb/Thm_Economics.html

BEPA. (2011). Evaluation of Urban Soils: Suitability for Green Infrastructure or Urban
Agriculture. EPA Publication No. 905R1103. Retddrom:

http://water.epa.gov/infrastructure/greeninfrastructure/upload/Evaluatieof-UrbanSoils. pdf

19 USDA NRSC. (2005). Urban Soil Primehdfoeowners and renters, local planning boards, property managers,
students, and educatorfRetrieved from:

http://www.nrcs.usda.gov/Internet/FSE_ DOCUMENTS/nrcs142p2 052885
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important becausé:

f Plant establishment dependsy N2 2 (GaQ | 00Saa G2 FANIIFYR gk (SN
results in unhealthy plants by leading to diseased leaves, poor or no flowering, or even early
death. Landowners often respond to unhealthy plants by applying pesticides, herbicides,
fertilizers and additional irrigation, which increases runoff pollution.

1 Rain falling on compacted soil can no longer be absorbed and conveyed downward into the soil,
but instead runs off, carrying pollutants with it. In fact, out of a number of different laed,u
lawns are the most likely to export sediment to waterways. This is significant, because many
pollutants attach to sediment and sediment is a pollutant itself.

Siting

With a few exceptions noted below, restored soils should be used anywhere soilbdeve
disturbed and where a future landscape area is proposed. Any soil texture will benefit from
compost amendment, but sites with clay will benefit the m@&:iil restoration should not be

performed within sensitive areas or on slope greater than 2:lidAperforming soil restorations
over utilities with any material that may be less than 12 inches deep

Design

Grading plans should shaav3®ominimum slope away from buildings for a distance of 10 feet in
landscape areas to ensure adequate drainage duargglstorms, which are expected to
generate high volumes of runoff.

Incorporate Organic Matter Compostor all proposed landscape areashe disturbed area

specify compost to be tilleshto the top few inches of native soils. The ideal organic content

10% for landscaped beds. A lower target rate for turf areas of 5% is recommended since a higher
organic content could make mowing more difficgeel LILISY RAE 5 @&{ LdSOWERAyON G
al GGSNJ / 2YLRadé oo

Construction

Like all stormwater managemefscilities, special care must be taken to progearonstruct
BMPs.See LILISYRAE .Y .at LYLXSYSyGlraAazy [/ NRGSNAI =
for specific steps that should be taken on every LID project.

Amending soils should happen at the esfcconstruction or at least at the completion of
concrete work Soil moisture will ideally be lower than 50% of field capacity, at the time of
amendment™.

20 Center for Watershed Protection (CWP). (1999.). Diazinon sources in runoff from the San
Francisco Bay region. Technical Note 106. Watershed Protection Techniques 3@)6648d
Schueler, T. 1995a(1995). Nutrient movement from the lawn to treast. Watershed

Protection Techniques 2(1): 2246.
21 USDA NRCS. Deep Tillage. Conservation Practice Standard, Code 324. (2011). Retrieved from:
http://efotg.sc.egov.udga.gov/references/public/OR/324std @Rn11.pdf
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Thefollowing guidance is a method that can safely@SS@8s; ‘ Cﬁh?%%ﬂUCCH

and easily be applied, without calculations or lab
testing, to allsoils.To amend proposed gardens:

1. Till or scarify soil 12 inches deep.

2. Place 3 inches of compaand till into 5 inches o
soil (a total amended depth of about 9.5 inches,
for a settled depth ofibout8 inches). 4" TILLED OR

3. Rake beds smooth and remove surface rocks ' SCARIFIED SOIL
larger than 2 inchem diameter.

4. Mulch planting beds with 2 3inches of organic Figure8- Lawn or garden, the same cros
mulch. section of loosened and amendeails

5. Install plants. applies.

6. Water plants

8" AMENDED
SOIL

Toamend proposed turf areas that will be mowed
2. Till or scarify 12 inches deep.
3. Place 1.75 inches abmposted material and till into 6.25 incheksoil
4. Water or roll to compact to 85% of maximum dry densi®ke level, and remove surface woody
debris and rockdarger than 1 inch diameter.
5. Install plants or seed.
6. Water plants or seed.

Protect areas from compaction by heavy equipment with fencing and signage. Apply appropriate
erosion prevention ad sediment control techniquesis appropriate, until largtape stabilizes

the soil, usually in-8 months, but more time may be required depending on the vegetation and
the time of year.

2.4.2 TREE PLANTING

New trees are often required for a variety of reasons during the development process, for

example, toscreen conflicting uses, improve livability and health, reduce energy demand
O6AYRONBI 1a8 YR aKFIRAYy3I0X 2N G2 SELINBaa | 02y’
provide important water quantity regulation and water quality treatment benefitee benefits

of new trees are often small when first planted and accrue over time. Proper tree planting, using

the following guidance, is essential to letggm tree survival, health, and safety.

Siting

Plant trees where they have plenty of room to grammaturity. Make sure there is now, and

will be at tree maturity, adequate clearance from overhead utility lines, pedestrian and vehicular
traffic, buildings, signs, street lights, and any other permanent infrastructure, as well as sight
lines at intersetions. Refer tdhe PhilomathArboricultural Specifications Manual for more
information on locating trees.

Provide trees with adequate soil volume for tree growth atability. Recommended volumes
provide2 cubic feet of soil volume for each square fobtmature canopyn conjunction with an
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adequate soil dept¥. While tree root depths vary with species, a genenaimum depth is 3
feet. If planting a street tree, refer tboth the Philomath Municipal Code 18.70.040d the
Philomath Arboricultural Spdications Manuafor guidance on planting requirements.

Design

Site Design to Achieve Adequate Soil Volume for Constrained Spéuoes.planted in spaces

with inadequate soil volume, many trees will push up the surrounding pavement to access air
and water, causing expensive damagda prevent future damageof tree planting in locations
with no new development planned, choose Idirgear areas that are at leastfdet wide and30

feet long. Since mosXxistingtree pits are much shorter than this, speaiaisign consideration
may be requiredor trees in redeveloped constrained spaces.

On new and redevelopment projects, to achieve the recommersididyolume and depth,
provide a long linear area where soil may be shared by multiple tRyeside multipleroot

paths underneath sidewalks and other narrow pavement areas that have soil on the opposite
side of the pavement where the mature canopy is pobgd to grow.

Figure9- Open soil areas can be continuous or separategémyement. Open soil areas can be
planted with groundcover, ornamental plants or grass, or covered with mulch as shown in the
images above. Photos courtesy of Casey Trees.

Tree SelectionTo maximize stormwater value, consider using evergreen trees, whiisielg
manage stormwater in the winter, instead of deciduous trees.

Using the following guidance to select trees for your site:

Select a tree with 4.5 inchcaliper.

Select the right plant for the right placRefer to the City of Philomath Tree Ltr sites with overhead
utility lines, choose a tree species whose maximum height at maturity will be less than the height of the
overhead utility line Additionally,seeAppendix E: Planting Specificatidos more information on

choosing the best kind ofde for your site.

Use a diversity of tree species and varieties to build resilience to such common challenges as pest or
disease infestation and to add visual interest.

Standard DetailsSee standard detail&MP 10.01, 10.02, 10.03, and/or 10.f@jnclude

22|indsey, P. and N. Bassuk. (1991). Specifying Soil Volumes To Meet The Water Needs Of Maturing Urban Street
Trees And Trees In Containe¥surnal of Arboculturel7(6):141149. Retrieved from:
http://www.hort.cornell.edu/uhi/research/articles/JArb17(6).pdf
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applicable details in construction documents. These are availahtelinpg, and AutoCAD dwg
format].

Construction

Site PreparationThe following guidance should be used to plant any tree, regardless of how

adequate soil volume is provided

Call yaur local utility locate service dial 81 ¢ before digging. Always have utilities located prior to

installing trees on any site.

.NBI 1 dzLd O2YLI OGSR az2iata Ay Iy FINBF p G2 wmn GAYSa
Digaplantingholetia A& |G fSkad G6A0S (KS gAROK 2F GKS ySg
Dig the planting hole no deeper than the height of the root ball from its base to the bottom of the root

collar.

Do not add fertilizer or other soil amendments to the planting hole.

Tree PlantingTree planting procedures are found in the Philomath Arboricultural Specifications
Manual.

Cost Considerations

Tree planting material costs may include the tree, staking, mulch. The cost of a tree varies with

region andcaliper. Labor costassociated with planting trees may incluebecavation, planting,

pruning, disease control, establishment irrigatieed Appendix E: Plant Specifications,

Goaill 0f AAKYSgUWd atr MUAGSYE yIOB5 Y2NBE O2adGfte F2NJ Gl f
by g¢anding onthe ground*. Tree removal and stump grinding, and disposal of an existing failed

tree may also be a part of planting a new tree and is a future cost to consider.

Trees supply numerous cost benefits that can help offset initial andtenng mantenance

cost®®. Trees can reduce energy demantien planted on the westsouth, or eat side of a

building. Land uses not as important as the shape and height of the building being shaded. The
older and larger a tree, the greater the beneResidentidproperty values have been

consistently found to be higher when landscaping and trees are on the property or the property
is located on a tredined street.Increase in property value ranges from 3% to 15%.

23 Oregon 811Utility Notification Center. Retrieved frorhttp://digsafelyoregon.com/

24Western Washington and Oreg@ommunity Tree Guide: Benefits, Costs and Strategic Planting. Retrieved from:
http://www.treesearch.fs.fed.us/pubs/45962.

25 For more detailed information on the cost benefits of trees and for references on the percentages found in the
bullets in this sectin, visit University of Washington, Urban Forestry/Urban Greening Research. Green Cities: Good
Health. Retrieved fromhttp://depts.washington.edu/hhwb/Thm_Economics.html

30


http://depts.washington.edu/hhwb/Thm_Economics.html

2.4.3 DEPAVE EXISTING PAVEMENT

Tearing out pavement and replacing it with landscaping is known as depaving. Depaving reduces
the amount of runoff from an existing developed site by allowing infiltration and evaporation of
rainfall and by providing area for runoff BMPs, such as rainegatKey steps to take during a
depaving project are included Appendix A.

Siting
There may be many small and large paved areas throughout the watershed that no one needs or

uses, but that collectively impact water quality. Investigate how people ugedy Qi dza S
different sections of paved areas.

Design

Stormwater flowsDetermine where water currently flows esite. If runoff flows to the
proposed depaved area, see 2.5.2, 2.5.5, and 2.5.6 for additional design considerations

Developing Plans and a Bigt. Develop a landscape plan (s&ppendix E: Plant Specifications
Avoid lawn, if possible. Plan to restore the permeability of the soil according to 2.4.1.

Pavement edge stabilizatiom asphalt areas with a pavement thickness of less than 2 inches,
consider stabilizing the pavement edge. Approaches for this include installing extruded curbs
around the top edge to redirect runoff, placing a flush curb adjacent to the pavement, cutting
the pavement at a 45 degree angle, or installing anth level preader (se.5.6, 2.6.1).

Deconstruction

Removing pavemeriy hand is not as difficult as it may seem, and can be a cost effective way to
add permeability through a handas community building process.

To effectively implement depaving:

1. Locate both pubti and private utility lines on the sitéake care when removing pavement over
utility lines.

2. Notify neighbors about the proposed work and observe noise regulations.

3. Implement erosion prevention and sediment control measures. Keep soil covered withralpatu
breathable material like jute. Install wattles, biobags, or compost socks at the bottom of
stockpiles and encircle catch basins and area drains.

4. Remove the pavement. Prepare the surface by cutting it into manageabl& oot square
pieces with a thmondblade pavement saw. Asphalt removal can be done using a backhoe or
with simple tools and cooperative muscle power. Once asphalt is pried up, it typically breaks
down into smaller manageable pieces fairly easily. Concrete is much tougher to remioaedoy
and will require a jackhammer to break it into smaller pieces. Asphalt and concrete can be readily
recycled, often by recycling companies and pavement contractors.

5. Remove any rock installed below the pavement. Rock can be recycled or repurposesdehowe
avoid reusing crushed concrete in stormwater facilities.

6. Amend the soils with organic matter compost ($4.1)or shredded wood chips.

7. Depending on the pavement and rock depth removed, clean topsoil may need to be imported so
that the landscape r@a can meet and match existing grades.
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8. Revegetate the area with native grasses and giidssplants, flowers, and shrubi.the space
permits, plant trees (see 2.4.2).

9. Mulch the area with Z; 3 inches organic matter compost or mulch per specificatinfsppendix
D.

Cost Considerations

Depaving existing pavement will always be more expensive than doing nothing, but your
watershed is probably already impacted from the pavement that exists. Only reducing
impervious pavement in new development will probably not result in meeting desireerwat
quality goals in a meaningful timeframe.

Many depaving projects have been done with volunteer labor as a way to raise awareness about
the connection between impervious pavement and watershed health. There are still costs
associated with using volunte&bor, including materials such as imported soils, compost and
other soil amendments; erosiecontrol vegetation; and services such as volunteer

management, waste removal, and equipment rentaf(diamondblade sawjackhammer,

additional hand tools)f olunteer labor is not used, then heavy equipment such as a backhoe

will likely be the most costffective approach. Equipment rental and operation will add to the
expense. Hiring a private utility locater can cost as little as $200 for sites up tose 08 feet.
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2.5 REDUCE RUN@®BWPs

Write intro.

2.5.1 POROUS PAVEMENT

Porous pavement (also known as permegtde&ementand pervious pavement) is a stormwater
management facilitghat allows water to move through void spaces within the pavement
surface and rock beloand irfiltrate into underlying soils. It has many applications anchany
cases, it can be used insteadoohventional, impervious pavements for both vehicular and
pedestrian trafficThere are two varieties of porous pavemento$ie that manage rainfall and
those that manage both the rainfall and runoéiceived

There are several types obpus pavement surfacescluding porous asphalt, pervious
concrete, permeable pavers, flexible pavemh systems, and porous gravel.

Porous Aphalt and Pervious Concreteorous asphalt and pervious concretee similar totheir
imperviouscounterpartsbutF N5 YI RS BN RSB 2ILBYNB I fedtoBo 6 KA OK
fines(i.e.small particles). When bound together, interconnectexidsbetween the aggregate

allow water to flow throughThe largepieces of crushed aggregate provithe structural

stabilityfor conventional and porous pavements alikeen forloadings such darge trucksand
semitrailers. The fineg a conventionamixonly serve to make compactia@asietr which would

prevent infiltration

Permeable Paver®ermeablgaversare paver unitof
stone, concrete or other durablenpervious material
with gaps betweeror withinthe paverghat provide
voids for water to rede subsoils.Porous commercial
pavers, like porous asphalt or pervious concrete
discussed above, are now available need no space
between them.

Porous Flexible Paving Systesrous flexiblgpaving
systemsare prefabricated grids made of plastics or other solid

materials finished with clean sand/gravel or tu&ids with Figurel0- Permeable pavers.
porous media provide a stable surface and sometinesemble

lawn.

Porous GravelConventional gravel pavementisg(
without a permeable sulbase) are not inherently free
draining, as many assume. During cortiamal gravel
pavement installation, soil is compacted to support
vehicular loads, making the pavement essentially
impefvig)us. Gravel with many small particles (usually alare often made of plastic grids witt
Y I G S N I-ifich rhidu§ dgain @og} is installed, numerous openings, as shown her
compacting it in liftsi(e. smaller portions of the total Photo credit: Teresa Huntsinger
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depth). This results in a low void ratio with little storage for stormwater, even if the soil could
infiltrate, and may cause fine particles from the pavement to pollute downstream waterways,
especially on slopes.

Siting
Infiltration Testingt SNF 2NY |y Ay FAf{ONF A2y G§Said G2 RSGSNI

percolate water down into the lower layers. S&ppendix Gor detailed guidance on field
testing to find the rate that water can pass through the soil and howteerpret that data.

Site Suitability for Porous Pavements Managing RuRoffous pavements that receive runoff
from impervious areas in addition to rainfall should be located using the same criteria as soakage
trenches (see 2.5.3).

Site Suitability foPorous Pavements Managing Only Rainfadlous pavements can be useda
variety of condition®, such as:

Where the seasonal high groundwater tajbedrock, or other impermeable laysrmore than 18
inchesfrom the bottom of the base rock

Onuncompacted soilPorous pavement should never Ipdacedon areas oproposedfill that is not
specifically designed to protedué porosity of the fillbecause this kind of fill is compacted so much that
it is no longer capable of infiltrating water.

Where infiltration ratesare 0.3inches/hour or greater.

In limestone bedrock

Under treedo be protected, when carefully excavated in the presence of an International Society of
Arboriculture certified arborist

On projects where spills are not an issue

Where the pavements will be hydraulically isolated, meaning that they do not receivenrénom any
other areas. These have been known to be maintenance free for d€cade

On slopes under 8%.

Because porous pavement is an infiltration technique, situatahere groundwater
contamination could occur or be exacerbated should be avoided. In addition, the seasonal
elevation of groundwater and other conditiotisat could lead to saturatioyclogging or other
failure must be considered.

A decision tree to asstiwith locating porous pavements is available online at the OSU Extension
Stormwater Solutions websit&itp://extension.oregonstate.edu/stormwater/porous

pavementl. Detailed mformation for assessing a number of the conditions above can be found
there.

Design

Porous pavement is an assembly of materials that includes not only the pavement surface, but

26 pennsylvanigtormwater Best Management Practices Man(2006).Pulication No. 363300-002.
2T Miller, A.R. (1997). Porous Pavement: Pavement That Leaks. Retrieved from:
http://www.millermicro.com/porpave.htmi
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also the rock, geotextile fabric, and soil below and conveyance structures;egsary. Like all
pavements, porous pavements should be designed and detailed by one or more qualified
licensed engineers with experience in civil and geotechnical engineering.

POROUS PAVEMENT SURFACE
/ BASE ROCK

WATER STORED IN VOIDS UNTIL
INFILTRATED

GEOTEXTILE FABRIC

SUBGRADE WITH MINIMUM
- INFILTRATION RATE

Figurel2- A typical porous pavement section.

RequiredStructural Design for Porous Pavemeiftsrous pavement surface thicknessesl

base roclare calculated relative to estimaderaffic weight and frequen&y. Consult ualified
licensed engineer with experiencegeotechnical engineargto recommendthe appropriate
pavement ectionT 2 NJ K S . Ravemedt@dsigriti@ickniesses for the surface and base rock
will vary by porous pavement surface typges with conventional pavements, structural capacity
can be increased with a thicker pavementface and/or a thicker base rock depth.

When implementing porous pavement, resources are available to assist in structural design and
developmentAsphaltPavement Design GuiéleThe Asphalt | @SYSy (i ! aa2GA I GA2Yy
guidance is available for doswoad along withPerviousPavecross section developmesbftware

produced byThe American Concrete Pavemdgsociation.

Base Rock Dept\l:StructuraI and hydrologidesign criteria drive the depth of base rock (see
| LIWSYRAE 5Y { LJSOXChokeDAgiragasyva >0 Syl 2HF0NKR SF FLYR2RNE dza LIk

The following sections provide information on hydrology design criteria. The porous pavement
surface thickness and depth of base rock needed to meet both criteria are usually different.
Choose the deeper of thisvo.

Hydrologic Design for Managing Rainfhile depth of base rock for porous pavements that only
manage the rain that falls on them may balculated using the simplified hydrologic design approach
described in detail in Chaptera& long as the testedesign infiltration ratésee Appendix C:

Infiltration Testing)s at leas0.3inches/hour.

Hydrologic Design for Managing Rundfiere are several ways to direct runoff to a pasou
pavement rock baseThe depth of base rock for porous pavements thanage runoff from other
areas in addition to rainfall on the surface, must be designed and modeled by a qualified licensed
engineer.

Geotextile.Install ageotextile fabric to separate the native soils from the base réddgkhout it,

water infiltrating thiough the cross section will cause soil particles to migrate up into the voids of

the aggregate, filling them and reducing storage volume for stormwater. The geotextile fabric

also adds structural stability to the pavement. Specifications for geotextitecfake provided in

| LILSYRAE 5Y { LISOA T A hka dpeciflzare tamdsh hé e liokkiaS C 6 NA «
directedinl LILJISYRAE 5Y {LISOATAOI GA2yas orhéSgddtieirf S¢ =

28 Urban Drainage and Flood Control District. Drainage Criteria Manual ({RES)sed 2008penver, CO,
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is likely to be clogged with dirt from the rock, creating an impermeable membrane at the bottom
of the pavement and defeating the purpose of porous pavement.

Design Specific to Sloping Sit€ke following design guidance is offered f@rous pavements
installed on slopes less than 8%.

@]
) A f CURB OR OTHER MEANS
7/ OF HYDRAULIC ISOLATION

LANDSCAPE AREA
/ / POROUS PAVEMENT

Figurel3- While the surface may slope, the bottom of the porous pavement (where the water is
being stored before it infiltrates) should be flat. Porous pavement with a slopeatblmocannot
be hydrologically sizedsing the simplified approach in Chapter 3.

As can be seen on the right sidgFigurell, alarge quantity of rock, which will never be

available to pond water for infiltrating might be needed to bring the grades upealesired
finished elevation. To save on rock, the bottom of the facility can be stepped down the hill with
a series of berms as Figurel2below. Adding a suburface grading plan to the construction

plan set can be helpful for conveying criticdbrmation to the excavation contractor.

FINISH GRADE = EXISTING GRADE

[MINIMUM ROCK DEPTH AS
DETERMINED BY HYDROLOGIC AND
TRAFFIC DESIGN CRITERIA. THIS
EXAMPLE = 12"]

466.27

IS
R

POROUS PAVEMENT

COMPACTED SOIL CHECK DAM T CLEAN, WASHED, OPEN-GRADED
ELEV = [SET TO PONDING DEPTH FOUND CRUSHED AGGREGATE
DURING HYDROLOGIC ANALYSIS] NON-WOVEN GEOTEXTILE FABRIC

NATIVE UNCOMPACTED SOIL
SECTION
VERT SCALE: 1"=5'
HORIZ SCALE: 1" = 20'
Figurel4- Cross sction example on sloping siteEinderground berms 6 inches below the
pavement surface hold water back and spread it out to infiltrate before excess volumes overflow
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the dams during large storms. To significantly reduce excavation costs, the shape of the berms
should followexistingcontours, even though finish grade may not equal existing grade.

Grading PlandA careful grading plan is needed to ensure that porous pavement adjacent to

conventional pavements are hydraulically isolated and that dirt from any landscape areas above
a porouspavement can be captured behind a curb or depreassio

Swbsurface Grading Plati.the site is sloped and underground berms are used, as described in

G5SaArdy {LISOAFAO G2 {ft2LAy3A {AGSaex |y
With a subgade grading plan, the contractor can fully understand the differences between
subgrade elevations, where water will be stored to infiltrate, and proposed finish grades of the

pavement surface.

Routing for All Porous Pavemen®orouspavements should comy the24-hour flood design

stormof w 2 dzNJA a

R-jie@r 24haur/srn]inehps.For vehicular applications, thisquires

the construction of overflovand control structues to ensure the pavement infiltrates the

desired volume, but doesot saturate ad potentally destabilize the pavement. Provide a safe

RRAGA:

overland routepet LILISYRAE . X G58&8A3yé€3 a.at 5SaAray [/ NI

Adeguate CovefTo protect its structural integrity, bury pipes to providéeguate covenf 12

inchesminimum.

UnderdrainsUnderdrains are pipegerforated on the top half anéncased in gravel filled trenches
They can be used faverflow, routingexcess volumes in the base rdoka stormwater conveyance

system, otinflow, conveyng runoff from other imperviols areasnto the base rock

Underdrains for OverflowJnderdrains are recommended for all vehicular applications,
regardless of whether they manage rainfall or runoff, to convey excess water from storms larger

than the design storm.

In pedestrian applicatins that manage only rainfall, loads are usually light enough for the fully
saturated rock section to provide structural support; therefpan underdrain is not needetf
there is a possibility that the pedestrian application could be driven over, thempavement

should be designed akii were a vehicular pavement.

It is desirable to placthe pipe on the bottom ofhe facility for adequate covenf 12 inches
minimum to protect its structural integrity. In this case, use a control structure suatcath
basinwith a weir oranother structure that wilback upas much water adesiredto infiltrate
within the desired timgFigurel3) . To avoid UIC requirements, use perforated pipes that are

LANDSCAPE AREA

/ POROUS PAVEMENT

NS o oot

%HHHHHHHHHH

~H\

“\/ﬂ. ol

[PONDING DEPTH

ouTt

PERFORATED PIPE NON-PERF PIPE

CONTROL STRUCTURE

OF HYDRAULIC ISOLATION

\ 7 CURBOROTHE&MEANS‘P 5
l

LA AL AN

INVERT
ELEVATION
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only perforated on the top iad side instead of on all sides.

Underdrains for InflowMVater can be conveyed directly to the base rock via a perforated pipe.
This design must be hydrologically modeled by a qualified licensed engineer; however, this can
be an effective use of land to infiltrate large volumes of runoff and protect water qualitge

more rock is usually needed for structural capacity than hydrologic needs.

Design Approaches to Address Cloggiite infiltration rate of porous asphalt and concrete nhay

as high as 150@ches/houee while longterm infiltration rates have beenbserved to fall to as

low as 2 inchesthodf./ 2y aARSNAY 3 (KS KAIK G2AR NIGAZ2Z HKSY
surface can still be very effective.

Nonetheless,lie design phase is a good time to address#@nm clogging issues:

Runoff from otherareas should never be via overland flow onto the pavement surface. Even the small,

frequent water quality sized stormvill convey sediment into thpavement voids, clogging them.

Runoff conveyed by underground piping should be pretreated to settle out sediments, even if the

surface areas are roofs.

Design landscape slopes around porous pavementghat if they erode, the sediment will not reach

the pavement surfaceThisisrefAINBS R (G2 | & & K& RNJ dethigved wittactirbra A 2 y é | Y F
deep swale.

Provide shorterm and permanensignageo preventworkersfrom dumpingconstruction and

landscaping materials on it

UIC Regutions.Underground Injection Controls
(UlC)are described generally i€hapter 1.8.
Dimensions can trigger a UIC registratimnavoid
this process, Wen sizing porous pavement, avoid
designing a facility that is deeper than the widest
surface dimensiorRegistration with UIC is also
required if utnderdrainscomposed of perforated
pipethat convey runoff from impervious areas
without pretreatment for sediment and debris
This includes routing runoff from large events
exceeding the storage capacity of the rock base to
a stormwater conveyance systersing

perforated pipe with perforations all around.

2% Environmental Protection Agency (2010). Surface Infiltration Rates of Permeable Surfaces: Six Month Update
(November 2009 through April 2010).tReved from:http://nepis.epa.gov/Adobe/PDF/P1008CH4.pdf
30Bean, E., Hunt, B., Bidelspach, D. and J. Smith. (2004). Surface Infiltration rates of Permeable Pavement. North
Carolina State Univeitg. Retrieved fromhttp://www.usawaterquality.org/conferences/2004/posters/beanNC.pdf

38



http://nepis.epa.gov/Adobe/PDF/P1008CH4.pdf


































































































































