City of Chattanooga

Mayor Andy Berke

October 22, 2014
VIA CERTIFIED MAIL

Mrs. Sara Schiff Janovitz
Environmental Engineer

Clean Water Enforcement Branch
US EPA - Region 4

61 Forsyth Street, SW

Atlanta, GA 30303

Subject: United States of America et. al. v. City of Chattanooga, No. 1:12-cv-00245
Engineering Plans, Highland Park Green Infrastructure Demonstration Project

Dear Ms. Janovitz:

On behalf of the City of Chattanooga, Tennessee (“City”), and in accordance with the
Consent Decree entered by the United States District Court for the Eastern District of
Tennessee (Southern Division), on April 24, 2013, in the case styled the United States
of America et. al. v. City of Chattanooga, No. 1:12-cv-00245 (“Consent Decree”), we are
submitting to both the Environmental Protection Agency (‘EPA”) and the Tennessee
Department of Environment and Conservation (“TDEC”) the Engineering Plans for the
Highland Park Green Infrastructure ("Gl") Demonstration Project (“Project’)
(“Engineering Plans”).

As set forth in Section VIl and Appendix D of the Consent Decree, the City of
Chattanooga is to provide copies of the Engineering Plans within six (6) months from
the date of the approval of the Project Plan for the Project to EPA and TDEC for review,
comment and approve. The purpose of the Engineering Plans is to detail the proposed
Project improvements for the purpose of preparing contract documents to be bid for
construction. The goal of this project is to improve water quality in the Dobbs Branch
sub-watershed by installing Gl stormwater systems on portions of South Holly Street
and Anderson Avenue in the Highland Park neighborhood of Chattanooga.

Although not expressly required by the Consent Decree, the City provided a copy of the
Engineering Plans to the Public Document Repository (“PDR”) for a period of thirty (30)
days starting on September 19, 2014 and ending October 19, 2014. The City did not
receive any public comments.
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Ms. Sara Schiff Janovitz
October 22, 2014
Page Two

For your reference, the PDR document can be found using the following link:

http://www.chattanooga.gov/public-works/waste-resources/consent-decree/44-public-
works/1050-consent-decree-document-repository

I certify under penalty of law that this document and all attachments were
prepared under my direction or supervision in accordance with a system
designed to ensure that qualified personnel properly gather and evaluate the
information submitted. Based on my inquiry of the person or persons who
manage the system or those persons directly responsible for gathering such
information, the information submitted is, to the best of my knowledge and belief,
frue, accurate and complete. | am aware that there are significant penalties for
submitting false information, including the possibility of fine and imprisonment for
knowing violations.

We look forward to receiving EPA’s and TDEC’s approval of the Engineering Plans. In
the meantime, please let me know if you have any questions regarding our submittal.

Sincerely,

Alice L. éan:ella, PE.

Director, Waste Resources Division
Enclosure

cc:  Karl Fingerhood, Esq., US DOJ
Chief, Environmental Enforcement Section, US DOJ
Chief, Clean Water Enforcement Branch, US EPA Region 4
Bill Bush, Esq., US EPA
Phillip Hilliard, Office of the Attorney General
Enforcement Coordinator, Water Pollution Control, TDEC
Stephanie Durman Matheny, Esq., TCWN
Mike Marino, PE, Jacobs
Adam Sowatzka, Esq., King & Spalding
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Acronyms and Abbreviations

BMPs
CD
CSO
EPA

Gl
NPDES
LID
ROW
TCWN
TSS

Best Management Practices

Consent Decree

Combined Sewer Overflow

Environmental Protection Agency

Green Infrastructure

National Pollution Discharge Elimination System
Low Impact Design

Right of Way

Tennessee Clean Water Network
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1.0 Introduction

1.1 Purpose

The purpose of this Engineering Plan is to provide construction drawings for the Highland Park
Green Infrastructure Demonstration Project to be bid and constructed. The approved Project
Plan, which outlines the project in more detail, can be found in the Public Document Repository
located at http://www.chattanooga.gov/public-works/waste-resources/consent-decree/44-public-
works/1050-consent-decree-document-repository. This project is to be performed as part of the
City of Chattanooga’s (City) Consent Decree (CD) program. The CD is a settlement reached
with the U.S. Environmental Protection Agency (EPA), the State of Tennessee and the
Tennessee Clean Water Network (TCWN), which requires the City to improve the operation of
its sewer system and to execute specific environmental projects such as this one. This project is
to be funded wholly by the City per Section VIl of the CD and described in Appendix D of the
CD. This project is part of the State Civil Penalty portion of the CD and is also known as the
“State Project.”

1.2 Need for Project

Stormwater runoff is a major cause of water pollution. In an undeveloped environment, pervious
ground surfaces filter and absorb stormwater from rain events as the runoff flows into nearby
waters; however, in an urban setting with large amounts of impervious surfaces, much more of
the rainwater is directly routed into traditional engineered stormwater collection systems. These
engineered stormwater collection systems are often referred to as "grey infrastructure" and
generally serve a single function: to quickly move excess rainfall from urban areas. "Green
infrastructure," by contrast, helps protect and restore naturally functioning ecosystems and
provide a framework for future development.

The traditional, engineered stormwater management practices of merely concentrating and
piping runoff would undoubtedly result in the conveyance of contaminated urban runoff, which
pollutes our waterways. One of the main goals of this project is to focus on the immediate
capture, re-use and infiltration of runoff through innovative approaches that improve water
guality and also reduce the volume and velocity flowing to waterways. The project will decrease
the amount of existing impervious surface area, slow erosive stormwater flows and increase
beneficial infiltration.

Stormwater runoff from the proposed project area contributes to the Dobbs Branch sub-
watershed. Dobbs Branch is an impaired stream, listed on the 2012 State of Tennessee’s
303(d) list. A main cause of pollution in Dobbs Branch is polluted urban runoff. The introduction
of GI can help improve the water quality of Dobbs Branch by improving the quality of stormwater
runoff from the urban area.
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2.0 Drawings and Specifications

2.1 Engineering Plans

The Engineering Plans detail GI BMPs that will be implemented in order to improve water
quality in the Dobbs Branch sub-watershed and the Chattanooga Creek watershed. The
Engineering Plans listed below are found in Appendix A.

000 Cover

001 Symbols, Legend, and Abbreviations

002 General Notes

101 Property Information

102 Existing Site Conditions and Drainage Areas

103 Overall Site Plan

104 Traffic Control and Demolition Plan

105 Erosion Control Plan

106 Erosion Control Details

107 Plan and Profile — South Holly Street Roadway Improvements
108 South Holly Street Green Infrastructure

109 Plan and Profile — 1600 Anderson Avenue Roadway Improvements
110 1600 Anderson Avenue Green Infrastructure

111 Plan and Profile — 1700 Anderson Avenue Roadway Improvements
112 Typical Sections

113 Typical Sections

114 Cross Sections — South Holly Street

115 Cross Sections — South Holly Street

116 Cross Sections — Anderson Avenue

117 Cross Sections — Anderson Avenue

118 Cross Sections — Anderson Avenue

119 Cross Sections — Anderson Avenue

120 Cross Sections — Anderson Avenue

121 Cross Sections — Anderson Avenue

122 Storm Drainage Plan and Profile Stations 0+00 to 2+96

123 Storm Drainage Plan and Profile Stations 2+96 to 7+55

124 Storm Drainage Plan and Profile Stations 7+55 to 12+29
L-101 Planting Details and Notes

L-102 Landscape Plan

2.2 Technical Specifications

In order to meet regulatory and permit requirements, the City of Chattanooga has established
design standards and methods to restore and preserve natural hydrologic regimes, minimize
Combine Sewer Overflow (CSO) discharges to surface waters, and to improve the water quality
in the surrounding areas. To help accomplish this, the City has developed the Rainwater
Management Guide to provide guidance on stormwater management. This project utilizes
specific BMPs of the core technical specifications in regard to Gl Improvements.
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ENGINEERING PLAN FOR THE HIGHLAND PARK GREEN INFRASTRUCTURE PROJECT 2.0 DRAWINGS AND SPECIFICATIONS

The full document can be viewed at:

http://www.chattanooga.gov/public-works/44-public-works/989-resource-rain.

City Standard Specifications, such as pavement repair, drainage pipe installation, etc., and the
front end specifications will be prepared as part of the contract documents for bidding purposes
after approval of these Engineering Plans.

2.3 Design Calculations

In choosing the BMPs for the proposed project, several design criteria were taken into
consideration. Under the City’s NPDES MS4 Permit, the first inch of rainfall should not be
discharged into surface waters. For the improvements along Anderson Avenue, the Gl proposed
for this portion of the project will focus on practices that will concentrate on the one-inch (1)
capture and infiltration of stormwater runoff using the Small Storm Hydrology Methods as called
for in the RMG. For the improvements along South Holly Street, the Gl proposed focus on
removing up to 80-percent of the total suspended solids (TSS) from runoff generated by a
design storm up to and including 2.1-inches of rainfall over a 72-hour period using WinSLAMM
(Windows Source Load and Management Modeling software, as specified by the RMG). The
design calculations for these selected BMPs can be found in Appendix C.
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3.0 Project Implementation

In order to implement the Highland Park Green Infrastructure Demonstration Project, the City of
Chattanooga will self-perform the planning and engineering design activities. Engineering
design will include the preparation of project drawings and specifications. Upon approval of the
design by EPA, the City will advertise the project and solicit bids from qualified contractors.
Following the bid selection process, the City will contract with the chosen contractor to perform
the proposed work.

Throughout the design and construction process, the City will work alongside members of the
community to ensure the project goals are met and satisfy the community’s needs. Major project
milestones are provide Table 3-1 below, a detailed schedule is provided in Appendix D.

Table 3-1
Milestone Schedule

Milestone Duration Actual Finish
Project Plan Community Meeting One (1) Day 9/12/2013
Submit Project Plan to EPA Six (6) months from Effective Date 10/24/2013

of Consent Decree

Milestone

Duration

Estimated Finish

Six (6) months from approval of

Submit Engineering Plans to EPA Project Plan 11/27/2014
Bld.and Award of Construction Five (5) months 4/6/2015
Project

Cons_tructlon Initiation Community One (1) Day 4/21/2015
Meeting

Construction Twelve (12) months 8/10/2015
Submit Project Completion Report 48 months from submittal of 10/26/2016
to EPA Engineering Plans

Community Workshop of Green Six (6) months from Completion of 2/10/2016

Infrastructure Implementation

Project
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4.0 Project Costs

The CD states the City shall spend not less than, two hundred and thirty eight thousand and two
hundred dollars ($238,200) on this state environmental project, which is part of the civil penalty
portion of the CD. No part of the expenditure for this State Project shall include federal or state
funds, including federal or state low interest loans, contracts, or grants. Table 4-1 below

provides budget-level cost estimates for the project.

Table 4-1
Project Costs

Iltem Estimated Cost
Planning and Engineering $100,000.00
Construction $570,000.00
Post Construction $28,500.00
Contingency (25% of Construction) $142,500.00
Total $841,000.00

City of Chattanooga, Waste Resources Division, Consent Decree Program
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Engineering Plans
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1

BY: PADGE

LAST SAVED: 9/14/2014

CREATED: 9,/14/2014

KCAVA

1. FINISHED GRADES ON PROFILES ARE THE SAME AS FINISHED GRADES SHOWN ON TYPICAL
SECTIONS AND ON CROSS SECTIONS.

2. THE COST OF REMOVAL AND DiSPOSAL OF EXISTING FLEXIBLE PAVEMENT ENCOUNTERED IN
THE PROGRESS OF THE WORK AND NOT COVERED IN OTHER BID ITEMS SHOWN ON PLANS,
SHALL BE INCLUDED IN (TEM NO. 1, "COMMON EXCAVATION."

3. WHEN SPECIFIED GRADING REQUIREMENTS ARE NOT SHOWN ON THE DRAWINGS, THE
CONTRACTOR SHALL GRADE ALL AREAS WITHIN THE LIMITS OF CONSTRUCTION, OR OTHERWISE
DISTURBED BY CONSTRUCTION, TO DRAIN AND TO MATCH THE EXISTING, ADJACENT GROUND.

4, THE CONTRACTOR SHALL PERFORM ALL MECESSARY STRIPFING OF EXISTING TOPSOIL ON
THE JOBSITE.

5. ON THE PROJECT, NEWLY GRADED, EARTH AREAS NOT TO BE PAVED, RIP-RAPPED, OR
STABILIZED, SHALL BE SEEDED IN ACCORDAMCE WITH THE CITY OR COUNTY SPECIFICATIONS.
PRIOR TO SEEDING, A THREE-INCH (3") LAYER OF TOPSOIL SHALL BE PLACED OM THESE
AREAS IN ACCORDANCE WITH SAID SPECIFICATIONS. ALL EXISTING ROADS OR RAMPS TO BE
ABANDONED WITHIN THE RIGHT—OF-WAY SHALL BE SCARIFIED AND OBLITERATED, THEN HAVE
TOPSOIL AND SEED ADDED.

6. THE CONTRACTOR IS TO DISPOSE OF, AT HIS OWN EXPENSE, ALL UNSUITABLE AND/OR
SURPLUS, EXCAVATED MATERIAL AS DIRECTED By THE ENGINEER. ALL SUITABLE, EXCAVATED
MATERIAL SHALL BE USED AS DIRECTED BY THE ENGINEER.

7. THE CONTRACTOR SHALL BE REQUIRED TO REMOVE SECTIONS OF EXISTING CURB OR CURB
AND GUTTER THAT ARE RENDERED OBSOLETE. COST IS TO BE INCLUDED IN OTHER TTEMS OF
CONSTRUCTION.

8. EXCAVATION ADJACENT TO EXISTING PAVEMENT SHALL BE MADE TO A MEAT LINE.

R P TION T

9, THE CONTRACTOR SHALL TAKE ALL NECESSARY MEASURES TO CONTROL EROSION AND WATER
POLLUTION THROUGH THE CONSTRUCTION PERIOD. ALL TEMPORARY EROSION CONTROL MEASURES
SHALL BE IN PLACE BEFORE EARTH MOVING OPERATIONS BEGIN. CLEARING AND GRUBBING
SHALL BE HELD TO A MINIMUM WIDTH NECESSARY TO ACCOMMODATE ROADWAY SLOPES.
EMBANKMENTS AND EXCAVATED AREAS SHALL BE PROMPTLY STABILIZED TO MINIMIZE EROSION.
BALED STRAW EROSION CHECKS AND SILT FENCE SHALL BE USED ALONG THE TOE OF FILL
SLOPES. IN DITCHES, AND IN OTHER AREAS WHERE EROSION IS A PROBLEM AND SILT-LADEN
RUNOFF MaAY ENTER A STREAM OR ADJACENT PROPERTY.

10.  ANY STOCKPILED SOIL OR FILL MATERIAL SHALL BE LOCATED AND TREATED IN A MANMNER
TO PREVENT SILT'S ENTERING STREAMS. NO EXCAVATED MATERIAL SHALL BE DISCHARGED INTQ
DITCHES. THE CONTRACTOR SHALL DISPOSE OF ALL EXCAVATED MATERIAL IN A LOCATION,
APPROVED BY THE ENGINEER, ABOVE THE NORMAL HIGH WATER ELEVATION.

11, THE CONTRACTOR IS RESPONSIBLE FOR ADHERING TO ALL EROSION CONTROL PROVISIONS
AS SET FORTH IN THE BEST MANAGEMENT PRACTICES WANUAL AVAILABLE FROM THE STORMWATER
MANAGEMENT DIVISION OF THE CITY OF CHATTANDOGA aepmmem OF PUBLIC WORKS. REFER
TO CITY ORDINANCE 9942,

12, WITHIN THE UNIT PRICE FOR EACH EROSION CONTROL ITEM, THE CONTRACTOR IS EXPECTED
TO MAINTAIN THE EROSION CONTROL MEASURES THROUGHOUT THE LENGTH OF THE CONTRACT AS
REQUIRED.

13 THE CONTRACTOR SHALL PROVIDE TEMPORARY ERODSION AND WATER CONTROL MEASURES
(SUCH AS BERMS, SEDIMENT BASINS, SLOPE DRAINS, HAY BALES, AND SILT FENCES) AS
DIRECTED BY THE ENGINEER. THESE TEMPORARY MEASURES SHALL BE COORDINATED WITH THE
PERMANENT EROSION CONTROL FEATURES TO ASSURE ECONOMICAL, EFFECTIVE,

CONTINUDOUS EROSION CONTROL THROUGHOUT THE PROJECT.

14. NO EARTH OR OTHER ERCDIBLE MATERIAL SHALL BE USED TO DIVERT STREAM FLOW OR TO
CONSTRUCT COFFERDAMS. CLEAN CUT ROCK WITH FINES MAY BE USED, OR, IN THE CASE OF
COFFERDAMS, STEEL SHEETING IS PERMISSIBLE. WATER OR SEDIMENT ISOLATED BY COFFERDAMS
OR DISPLACED FOOTINGS SHALL BE PUMPED INTO SEDIMENT BASING ON THE BANK OF THE
gTHEAEMD ALL COSTS OF TEMPORARY POLLUTION CONTROL SHALL BE INCLUDED IN THE LUMP
UM BID.

DRAINAGE

15, COSTS OF EXCAVATION FOR CURB INLETS, MANHOLES, PIPE CULVERTS, AND OTHER
STRUCTURES SHALL BE INCLUDED IN THE UNIT PRICE COST OF THE ITEM.

16, WHEN A CULVERT (PIPE, SLAB, OR BOX) IS MOVED TO A NEW LOCATION OTHER THAN
THAT SHOWN ON THE PLANS, INCREASING OR DECREASING THE AMOUNT OF CULVERT
EXCAVATION, NG INCREASE OR DECREASE IN THE AMOUNT OF PAYMENT WILL BE MADE.

17. THE CONTRACTOR IS REQUIRED TO CONNECT ALL EXISTING STORM DRAINAGE PIPE TO
PROPOSED DRAINAGE STRUCTURES AS MAY BE REQUIRED BY FIELD ENGINEER. THE COST 1S
TO BE [INCLUDED IN OTHER ITEMS OF CONSTRUCTION.

18, EXISTING DOWN SPOUT DRAINAGE THAT IS CONNECTED TO THE PRESENT STORM SEWER
SYSTEM SHALL BE CONNECTED TO THE PROPOSED STORM SEWER SYSTEM. THE COST IS TO
BE INCLUDED IN OTHER ITEMS OF CONSTRUCTION.

19, THE CONTRACTOR SHALL BE REQUIRED TO BACKFILL STORM SEWERS WITH BEDDING
MATERIAL ACCORDING TO THESE STANDARD DRAWINGS OR AS DIRECTED BY THE ENGINEER.

20.  REMOVAL OF EXISTING DRAINAGE STRUCTURES IN THIS CONTRACT SHALL BE CONSIDERED
INCIDENTAL, THEREFORE MO SEPARATE PAYMENT SHALL BE MADE. COMPENSATION SHALL BE
INCLUDED N THE CONTRACT PRICES FOR OTHER ITEMS.

21. THE COST OF CONNECTING THE PROPOSED STORM SEWERS TO THE PROPOSED
STRUCTURES SHALL BE INCLUDED |N THE COST OF THE PROPOSED STORM SEWER PIPE,
WHETHER CONNECTION 1S TO A CATCH BASIN, CURB INLET. OR MANHOLE. CR TO ANOTHER
STORM SEWER PIPE.

GENERAL NOTES

L 1ES

22. LOCATIONS OF UTILITIES, PUBLIC AND/OR PRIVATE, ARE APPROXIMATE OMLY, AND THE EXACT
LOCATIONS SHALL BE DETERMINED IN THE FIELD. [T IS POSSIBLE THAT SOME EXISTING FACILITIES
ARE NOT SHOWN ON THESE DRAWINGS. THE CONTRACTOR SHALL BE RESPONSIBLE FOR HAVING
ALL UNDERGROUND UTILITY FACILITIES LOCATED AND MARKED PRIOR TO THE BEGINNING OF
CONSTRUCTION.

23, UTILITY OWNERS ARE TO RESET, RELAY, OR ADJUST, AT THEIR OWN EXPENSE, POWER AND
TELEPHONE LINES, POWER POLES, WATER AND GAS LINES, AND ALL OTHER FACILITIES INCLUDING
METERS, VALVES, PITS, ETC., CONFLICTING WITH THE PROPOSED IMPROVEMENTS WITHIN THE
EXISTING RIGHT—-OF—WAY. ALL RELOCATED POLES, METERS, VALVES, ETC., ARE TO BE LOCATED
BEHIND THE SIDEWALK,

24, THE CONTRACTOR SHALL BE SOLELY RESPONSIBLE FOR CONTACTING ALL AFFECTED UTILITY
OWNERS PRIOR TO SUBMITTING HIS BID SO THAT HE MAY DETERMINE THE EXTENT TO WHICH
UTILITY RELOCATIONS AND/OR ADJUSTMENTS SHALL HAVE UPON THE SCHEDULING OF WORK FOR
THE PROJECT. SOME UTILITY FACILITIES MAY NEED TO BE ADJUSTED CONCURRENTLY WITH THE
CONTRACTOR'S OPERATIONS, WHILE SOME WORK MAY BE REQUIRED ARQUND UTILITY FACILITIES
THAT SHALL REMAIN IN PLACE. [T IS UNDERSTOOD AND AGREED THAT THE CONTRACTOR SHALL
EE(}E%I;MENOTSADDRIOM COMPENSATION FOR ANY DELAYS OR INCONVENIENCE CAUSED BY UTILITY
u NTS,

25. THE CONTRACTOR SHALL NOTIFY ALL AFFECTED UTILITY OWNERS PRIOR TO INTERRUPTING ANY
GAS, WATER, OR SEWER SERVICES. THE CONTRACTOR SHALL ALSD NOTIFY AFFECTED UTILITY
CUSTOMERS AT LEAST 24 HOURS BEFORE INTERRUPTING THE CUSTOMERS' SERVICE. WHERE
INDIVIDUAL SERVICES ARE TO BE DISCONTINUED FOR MORE THAN 4 HOURS, THE CONTRACTOR
SHALL MAKE ARRANGEMENTS FOR PROVIDING TEMPORARY SERVICE SATISFACTORY TO THE AFFECTED
CUSTOMER. THE REPAIR OR REPLACEMENT OF UTILITY COMPONENTS SHALL CONFORM TO ALL
APPLICABLE REQUIREMENTS OF THE UTILITY OWNER. NO SEPARATE PAYMENT SHALL BE MADE FOR
;ggsg-;ﬁmﬁ's AND COMPENSATION, THEREFORE, SHALL BE INCLUDED IN THE CONTRACT PRICES
I i

26. THE CONTRACTOR SHALL PROVIDE ALL NECESSARY PROTECTIVE MEASURES TO SAFEGUARD
EXISTING UTILITIES FROM DAMAGE DURING CONSTRUCTION OF THIS PROJECT. SHOULD SPECIAL
EQUIPMENT BE REQUIRED TO WORK OVER AND AROUND THE UTILITIES, THE CONTRACTOR SHALL
BE REQUIRED TO FURNISH SUCH EQUIPMENT. THE COST OF PROTECTING UTILITIES FROM DAMAGE
AND FROM FURMISHING SPECIAL EQUIPMENT SHALL BE INCLUDED IN THE PRICE BID FOR OTHER
ITEMS OF CONSTRUCTION.

27. ANY EXISTING STORM SEWER DAMAGED DURING CONSTRUCTION SHALL BE REPAIRED AS
RAPIDLY AS POSSIBLE AND THEN BE INSPECTED BY ITS RESPECTIVE OWNER. THE ENGINEER
SHALL DETERMINE IF DAMAGE IS THE RESULT OF THE CONTRACTOR'S MEGUGENCE OR OF AN
UNAVOIDABLE CAUSE.

2B. THE COST OF EXTENDING ALL 4" DIAMETER PVC SEWER LATERALS SHALL BE FOR COMPLETE,
IN-PLACE WORK AND SHALL INCLUDE ALL INCIDENTAL COSTS. AREAS WHERE THE EXTENSIONS
ARE TO QCCUR SHALL  BE DETERMINED BY THE ENGINEER.

29, ALL CUTS AND FILLS ARE TO BE IN F'LﬂCE AND COMPACTED PRIOR TO INSTALLATION OF
SANITARY SEWERS AND APPURTEMANCES.

30. ALL SANITARY SEWER CONSTRUCTION MUST BE DONE BY A LICENSED MUNICIPAL UTILITY
CONTRACTOR—- CLASSIFICATION MU.

31, TRANSITION JOINTS ON SANITARY SEWER PIPES OF DIFFERENT MATERIALS MUST BE APPROVED
BY THE JURISDICTIONAL ENGINEER AND CONSTRUCTION MUST BE DONE WITH APPROVED FITTINGS
AND/OR ADARTERS.

TRAFFIC

32. UPON NOTICE OF AWARD OF A CITY OR COUNTY CONTRACT, THE CONTRACTOR SHALL SUBMIT,
WITHIN TEN (10) DAYS. A CONSTRUCTION SCHEDULE. THE CITr OF CHATTANOOGA'S TRAFFIC
ENGINEERING DEPARTMENT SHALL PROMVIDE A WORK ZONE TRAFFIC CONTROL PLAN WITHIN FIVE (S)
DAYS THEREAFTER.

33, DURING CONSTRUCTION, THE CONTRACTOR SHALL MAINTAIN TRAFFIC AND PROVIDE TRAFFIC
CONTROL DEVICES IN CONFORMAMCE WITH THE MANUAL ON UNIFORM TRAFFIC CONTROL DEVICES
(MUTCD), THE CONTRACTOR SHALL ALSO FURNISH AND INSTALL TRAFFIC SIGNS AND MARKINGS AS
REQUIRED BY THE MUTCD AND THE CITY OF CHATTANDOGA'S TRAFFIC ENGINEERING DEPARTMENT.

34, PERMANENT SIGNS AND PAVEMENT MARKINGS SHALL BE FLACED By CONTRACTOR.
35. THE CONTRACTOR SHALL MAINTAIN ALL BUSINESS, VEHICULAR, AND PEDESTRIAN EMTRANCES,

36. THE CONTRACTOR SHALL PROVIDE A PEDESTRIAN WALKWAY THAT SEPARATES AND INSULATES
THE PEDESTRIAN FROM THE CONSTRUCTION SITE AND VEHICULAR TRAFFIC. WHERE POSSIBLE, THE
WALKWAY SHALL BE OW THE SAME SIDE OF THE STREET AS THE CONSTRUCTION SITE. WHERE
OVERHEAD DANGER EXISTS, THE CONTRACTOR SHALL FROVIDE A COVERED WALKWAY,

37. PRIOR TO CLOSING THE ROAD TO THROUGH TRAFFIC, THE CONTRACTOR SHALL NOTIFY ALL
AFFECTED LOCAL AGENCIES ABOUT THE PROPOSED ROAD CLOSURE. THOSE TO BE CONTACTED
SHALL INCLUDE, BUT NOT BE LIMITED TO, THE FOLLOWING: FIRE DEPARTMENT, POLICE
DEPARTMENT, SHERIFF'S DEPARTMENT, POST OFFICE, CITY TRAFFIC ENGINEER'S OFFICE, AMD THE
BOARD OF EDUCATION.

38, CONTRACTOR SHALL MAINTAIN ONE LANE OF TRAFFIC IN EACH DIRECTION ON THE
PREDOMINATE TRAVEL PATH.

DRIVEWAYS

39. WHEN A CONCRETE CURB AND GUTTER IS BUILT, THE CONTRACTOR SHALL INSTALL A DROP
CURE  FOR EACH LOT AT A LOCATION CHOSEN BY THE ENGINEER. A DOWNTOWN LOT SHALL BE
EXEMPT WHEN A BUILDING EXISTS ACROSS THE PROPERTY FRONTAGE OR IS PLANNED TD BE
CONSTRUCTED ACROSS  THE FRONTAGE.

40, EXISTING, PAVED DRIVEWAYS SHALL BE REPLACED IN KIND TO THE TIE-IN POINT. EACH
EXISTING, UNPAVED DRIVEWAY SHALL RECEVE A FIVE FEET CONCRETE APRON BEHIND. AND
ADJACENT TO, THE BACK CURB LINE AND THEN BE REPLACED |N KIND FROM THERE TO THE
TIE=IN PQINT.

Rl = AY. T

41. BEFORE CONSTRUCTION OF A CITY—0F-CHATTANOOGA PROJECT BEGINS. THE CITY'S
DEPARTMENT OF PUBLIC WORKS SHALL ATTEMPT TO SECURE ALL RIGHTS—OF -WAY AND EASEMENTS
REQUIRED FOR COMPLETION OF THE PROJECT.

MISCELLANEQUS

42. THE ENGINEER SHALL HAVE THE AUTHORITY TO DESIGMATE AND/OR LIMIT AREAS OF
CONSTRUCTION.

43, THE OWNER MAKES NO REPRESENTATIONS ABOUT SUBSURFACE CONDITIONS THAT MAY BE
ENCOUNTERED WITHIN THE LIMITS OF THE PROJECT., THE CONTRACTOR SHOULD SATISFY HIMSELF
BY ON-SITE INSPECTIONS, CORE DRILLINGS, OR OTHER METHODS, OF THE SUBSURFACE
CONDITIONS THAT MAY BE ENCOUNTERED. THE RISK OF ENCOUNTERING AND CORRECTING
UNFAVORABLE SUBSURFACE CONDITIONS SHALL BE BORME SOLELY BY THE CONTRACTOR.

44, T SHALL BE THE RESPONSIBILITY OF THE CONTRACTOR TO PROVIDE ALL FIELD LAYOUTS,
APPROVED BY THE ENGINEER, FOR THE ROADWAY AND FOR DRAINAGE STRUCTURES. ALL FINISHED
GRADE ELEVATIONS AND LAYOUT SHALL BE SET USING A HUB AND TACK AMD/OR PK NAILS, AS
DETERMINED BY FIELD CONDITIONS,

45, SHOULD AN EXISTING BENCH MARK BE LOCATED ON A POWER POLE, TELEPHOME POLE, ETC.,
THAT IS TO BE RELOCATED DURING CONSTRUCTION, THE BENCH MARK SHALL BE RELOCATED BY A
CITY OR COUNTY CREW PRIOR TO CONSTRUCTION.

46. ALL SALVAGEABLE MATERIAL FROM EXISTING PIPING AND STRUCTURES SHALL REMaIN
PROPERTY OF THE CITY OF CHATTANDOGA OR OF HAMILTON COUNTY. SAID MATERIAL SHALL BE
CLEANED AND THEW DELIVERED TO THE OWNER AT A LOCATION DESIGNATED BY THE ENGINEER.

47, ALL UNSUITABLE MATERIAL, AS DETERMINED BY THE ENGINEER OR THROUGH TESTING, 1S TO
BE REMOVED AND REPLACED WITH SUITABLE MATERIAL. PAYMENT SHALL BE BASED ON A CUBIC
YARD QUANTITY.

48. THE CONTRACTOR S RESPONSIBLE FOR REPAIRING AT HIS OWN EXPENSE ANT AND ALL
DAMAGES THAT MaY OCCUR OUTSIDE THE LIMITS OF THIS PROJECT AS A RESULT OF
CONSTRUCTION.

49, THE CONTRACTOR IS RESPONSIBLE FOR MAINTAINING ALL EXISTING COMBINED CURB AND
GUTTERS WHERE APPLICABLE.

50. ALL EXISTING DRAIMAGE STRUCTURES, ABANDONED UTILITY FACILITIES, STRUCTURE
FOUNDATIONS, AND  SIMILAR [TEMS WITHIN THE LIMTS OF PAVING SHALL BE REMOVED TO A
MINIMUM OF TWO FEET BELOW THE TOP OF SUBGRADE, AND REMAINING VOIDS SHALL BE FILLED
WITH COMPACTED, CRUSHED STOME TO THE TOP OF SUBGRADE. MO SEPARATE PAYMENT WILL BE
MADE FOR REMOVAL OF SAID ITEMS OR FOR FURNISHING AMD COMPACTING CRUSHED STONE
g?fgglLrl?E;gD COMPENSATION, THEREFORE, SHALL BE INCLUDED IN THE CONTRACT PRICES FOR

51. ALL TREES LARGER THAN 3 INCHES IN DIAMETER NEEDING TO BE REMOVED PRIOR TO THE
COMPLETION OF THIS COMWTRACT, SHALL BE CUT IN 3 FOOT LENGTHS AND STACKED ON THE
ADJACENT PROPERTY IF THAT PROPERTY'S OWNER WISHES TC USE THE wOOD.

52, THE COST OF HANDICAP RAMPS SHALL BE PAID AT THE CONTRACT UNIMT PRICE FOR ITEM 16A,
“COMCRETE  SIDEWALK (4")", OF THE CY'S CONTRACT SPECIFICATIONS. COST OF DROP CURBS
SHALL BE PAID AT THE CONTRACT UNIT PRICE FOR ITEM 17A, "TYPE 'A’ CURE AND GUTTER", OF
THE CITY'S CONTRACT SPECIFICATIONS.

53, THE OWNER SHALL BE RESPONSIBLE FOR THE PAYMENT FOR TESTING. THE CONTRACTOR
SHALL BE RESPONSIBLE FOR COOCRDINATING AND ORDERING APPROPRIATE TESTS AS REQUIRED BY
THE INSPECTOR.

54, THE CONTRACTOR SHALL REPLACE IN KIND ANY AND ALL SHRUBS, FENCES, MAILBOXES, ETC..
THAT ARE REMOVED FROM, OR DAMAGED ON, SLOPE EASEMENTS. NO SEPARATE PAYMENT SHALL
BE MADE.

55. THE CONTRACTOR SHALL NOT BE ALLOWED TO REMOVE ANY FEMCE OTHER THAN THAT
NECESSARY FOR THE CONSTRUCTION OF THE NEW ROAD OR RELATED APPURTENANCES.

FENCE REMOVED IS TO BE REPLACED IN KIND By THE CONTRACTOR WITH THE COSTS JNCLUDED N
THE UNIT PRICE BID FOR TEM 40, "FENCE RELOCATION®, OF THE CITY'S CONTRACT
SPECIFICATIONS.

56. THE CONTRACTOR SHALL GIVE THE AFFECTED PROPERTY OWNERS OME WEEK'S NOTICE PRIOR
TO CUTTING FENCES

57. THE CONTRACTOR SHALL PROVIDE RECORD DRAWINGS OF THE PROJECT WITHIN THIRTY (30)
DAYS AFTER SUBSTANTIAL COMPLETION OF THE WORK. ("SUBSTANTIAL COMPLETION™ SHALL BE
DEFINED BY THE JURISDICTIONAL ENGINEER.) THE ENGINEER RESERVES THE RIGHT TO WITHHOLD
THE RETAINER UNTIL RECENING A COMPLETE SET OF SAlD DRAWINGS.

58. SHOULD THERE BE A CONFLICT BETWEEN THESE GENERAL NOTES, CONTRACT DRAWINGS,
AND/OR SPECIFICATIONS, THE MOST RESTRICTIVE INTERPRETATION (N FAVOR OF THE ENGIMEER
SHALL PREVAIL, THE CONTRACTOR SHALL BE RESPONSIELE FOR OBTAINING ANY CLARIFICATION OR
INTERPRETATION OF GENERAL NOTES, CONTRACT DRAWINGS, AND/OR SPECIFICATIONS, IN ADVANCE
AND IN WRITING, FROM THE ENGINEER.

59, CONTRACTOR SHALL VERTICALLY PRUNE TREE ROOTS PRIOR TO ANY GRADING OR EXCAVATION
WITHIN 50 FEET (15.2M) OF THE LIMIT OF THE CRITICAL ROOT ZONE, ROOT PRUNE ALL EXISTING
TREES TO A DEPTH OF 24 INCHES (61CM) BELOW EXISTING GRADE. VERTICAL CUTS SHALL BE
MADE WITHIN TWO FEET OF THE LIMIT OF THE GRADING OR EXCAVATION, CONTRACTOR SHALL USE
A ROCK SaW, VIBRATORY PLOW, CABLE PULLER, OR SIMILAR MECHANICAL DEVICE OR A SHARPENED
SHOVEL, SPADE AND HAND PRUNERS IF DONE MANUALLY. CONTRACTOR SHALL HAVE THE BLADE
SHARPENED ON MECHANICAL ROOT PRUNERS BEFORE STARTING THE PROJECT, UPON COMPLETION
Ft';‘(I;c\'HE'E[sCLIT. THE CONTRACTOR WILL IMMEDIATELY BACKFILL THE CUT WITH SOIL, AVOIDING ANY AR
KETS.

60. ALL CONCRETE SHALL BE CLASS "A" (4,000 P.S.L) UMLESS OTHERWISE NOTED ON DRAWING
OR CITY STANDARD DETAILS. (CLASS "B” CONCRETE SHALL BE 3,000 P.S.L).

61. THE CONTRACTOR SHALL PROVIDE CUT SHEETS FOR ALL STORMWATER AND/OR SANITARY
SEWER INSTALLED PRIOR TO INSTALLATION

SCOPE_OF WORK

THE SCOPE OF WORK SHALL CONSIST OF THE FOLLOWING OPERATIONS INCLUDING BUT NOT LIMITED
T0: EROSION CONTROL, EXCAVATION AND GRADING OF SUB—-BASE, SAW CUTTING AND DEMOLITION
QOF EXISTING PAVEMENTS, INSTALLATION OF GEO-TEXTILE UNDERLAYMENT, PLACEMENT OF STONE,
INSTALLATION OF CONCRETE CURBS, PERVIOUS PAVERS, SIDEWALKS INCLUDING HANDICAP RAMPS,
BIO-RETENTION AND GREEN INFRASTRUCTURE AREAS, ROADWAY BASE, ASPHALT PAVING, 50D,
SEEDING WITH MULCHING AND ANY OR ALL INCIDENTALS NECESSARY TO COMPLETE THE PROJECT.

UTILITY OWNERS

AT&T (TELEPHONE)

300 ML. KING BOULEVARD
CHATTANOOGA, TN 37403

PHONE: (423)752-9147

TENNESSEE-AMERICAN WATER CO.
EET

CHATTANOCGA, TN 37402
PHONE:  (423)755-7654

CHATTANOOGA GAS COMPANY
6125 PRESERVATION DRIVE
CHATTANCOGA, TN 37416
PHONE:  (423)490-4289

ELECTRIC POWER HOARD
ENGINEERING DIVISION

1400 OAK STREET
CHATTANOOGA, TN 37422-7255
PHONE:  (423)629-3495

COMCAST CABLE TELEVISION CO.
2030 EAST POLYMER DRIVE
CHATTANOOGA, TN 37422
PHONE: 423;855—5900
PHONE:  (423)855-4300

CITY OF CHATTANOOGA
WASTE RESOURCES DIMISION
455 MOCCASIN BEND ROAD
CHATTANDOOGA, TN 37402
PHONE: (423)757-5026

EASTSIDE UTILITY DISTRICT

P.O. BOX 2203

CHATTANOOGA, TN 37422-2307
PHONE: (423)892-2890

HIXSON UTILITY DiSTRICT
5005 AUSTIN ROAD
HIXSON, TH 37343
PHONE: (423)877-3513
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NOTES:

CONTRACTOR SHALL ADHERE TO CITY OF CHATTANOOGA
BMP MANUAL AND THE TDEC 2012 TENNESSEE EROSION
& SEDIMENT CONTROL HANDBOOK FOR EROSION CONTROL.

COORDINATE WITH UTILITY COMPANIES ON RELOCATION

| OF UTILITY POLES, WATER LINES & APPURTENANCES,

SEWER & APPURTENANCES, AND ANY OTHER UTILITIES
IN CONFLICT WITH ALIGNMENT. MAINTAIN SERVICE TO
RESIDENTS AND BUSINESSES THROUGHOUT CONSTRUCTION.

CONTRACTOR SHALL MAINTAIN ACCESS TO RESIDENCES
AND BUSINESSES DURING CONTRUCTION.

7| APPROXIMATE DEMOLITION AREA.
WORK TO INCLUDE, BUT NOT UMITED TO,
SAWCUT/REMOVAL OF EXISTING PAVEMENT,
REMOVAL OF EXISTING STORMDRAIN PIPES
AND STRUCTURES, REMOVAL OF EXISTING
CURBS, AND SIDEWALKS AS NEEDED.
CONTRACTOR TO COORDINATE WITH
PROJECT MANAGER ON MATERIALS TO BE
SALVAGED (TYPICALLY GRATES AND
FRAMES) AND REMAIN PROPERTY OF THE
CITY OF CHATTANOOGA.

APPROXIMATE DEMOLITION AREA, EXISTING
PIPES AND STRUCTURES.

APPROXIMATE DEMOLITION AREA TO BE
MILLED TO RECEIVE NEW SURFACE COURSE.

EXISTING FENCE TO BE REMOVED AND
REFLACED AS SHOWN ON PLANS.

EXISTING TREE TO BE REMOVED
PROTECT TREES TO REMAIN, SEE EROSION
CONTROL SHEETS
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NOTES:

1. CONTRACTOR RESPONSIBLE FOR ESTABLISHING SPOIL PILES AND THUS
EROSION AND SEDIMENT CONTROL FOR EACH SPOIL PILE.

2. TOTAL DISTURBED AREA IS (2 32) ACRES,

3, WHERE FEASIBLE, OFFSITE FLOW HAS BEEN REROUTED AROUND THE

SITE. MINIMAL, IF ANY, OFF SITE FLOW WILL ENTER THE SITE AND CONTINUE
INTO CHECK DAM EQUIPPED PONDS IN THE CENTER OF ANDERSON AVE.
THESE PONDS ARE REGIONAL FACILITIES AND WILL BROUGHT ON LINE ONLY
AFTER THE ENTIRE SITE IS STABILIZED.

4. THE CONTROL MEASURES HAVE, AT A MINIMUM, BEEN DESIGNED FOR THE
2-YR, 24 HOUR STORM EVENT

5. CONTRACTOR SHALL ADHERE TO CITY OF CHATTANOOGA

BMP MANLUIAL AND THE TDEC 2012 TENNESSEE EROSION

& SEDIMENT CONTROL HANDBOOK FOR EROSION CONTROL.

& COORDINATE WITH UTILITY COMPANIES ON RELCCATION

OF UTILITY POLES, WATER LINES & APPURTENANCES,

“| SEWER & APPURTEMANCES, AND ANY OTHER UTILITIES

IN CONFLICT WITH ALIGNMENT.
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EROSION CONTROL NOTES:

—sme—  GITE LIMITS
| —soek—  SILT SOCK
@®  INLET PROTECTION
| @  oumLer PrOTECTION
€D CONSTRUCTION ENTRANCE
| =T FILTERED CHECK DAM
<. CHECK DAM 2

PERMANENTLY STABILIZE BY HYDROSEEDING,
STRAW MATT OR OTHER MEANS

EXISTING TREE TO BE REMOVED, PROTECT
REES TO REMAIN

& 4

4 + TREE PROTECTION TO BE UTILIZED

N /

1. CONTRACTOR SHALL ADHERE TO CITY OF
CHATTANOOGA BMP MANUAL.,
PERMANENTLY STABILIZE ALL DISTURBED AREAS

/1 OUTFALL 1

ONCE WORK IS COMPLETE OR WITHIN 14 DAYS.
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Development Resource Center
1250 Market Street, Suite 2100
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CHECK DAM

OUTLET PROTECTION DETAIL

BAFFLE DETAIL
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INLET PROTECTION DETAIL
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NOTES.
CONTRACTOR SHALL ADHERE TO CITY OF CH.&TTANODGA
BMP MANUAL AND THE TDEC 2012 TEMNESSEE ER!

& SEDIMENT CONTROL HANDEOOK FOR EROSION DNTRN.

3" TOPSOIL, SEED AND MULCH ALL AREAS DISTURBED
ONCE WORK |5 COMPLETE.

ALL EXCAVATION, AND INSTALLATION OF PIFES TO BE
PERFORMED IN A DRY CONDITION,

INLET PROTECTION TO BE INSTALLED ON INLETS. SEE
TDEC DETAIL 7.35,

GENERAL NOTES PERTAINNG TO EXNSTING TREES

J08 CONDITIONS

Brotections: Provide pfo!actm os required 1o

to ovold domage
coused by folling bu-ldlnu materigls or the removal of
materials resulting from either construction or
demelition wperotions. Existing trees ond other
plantings designated to remain in placs, shall be
protected from unnecessary culting, brecking, o
suinning of roots; skinning and bruising of bork;
smothering of tress by stockpling mataerials of any
Wind within the orip line; aond from excess fool or
wehiculor troffic or porking of vehicles within the drip
line. Provide temporary guards to protect trees and
plantings to be left standing.

Tree Protection:  Instoll @ shield of 1" X 4° wooden
plonks completely around each free trunk from ground
leval to whera the trunk 5 to “branch oul”,

Attach such protection with |2 gouge galvonized wire
around tree trunk ot the top, botlam, ond midde of
the planking.

Irae Pit Protaction: Protect tree pits ond pit
wagetation from falling, sliding, or washing bulding
materials by plocing boles of straw around  the
perimater of eoch pit or cver the top of the pit os
directed by the URBAN FORESTER. Strow boles shall
remain whole ond unbroken ond hove no loose straw
that moy become scattered oround the areo.

Irgw Repgirs:  Trees ond/for vegetotion that hawe been
designoted to remain ond that hove been domaged by
demciition operalions, are lo be replaced or repaired
in 0 manner occeptable lo the Ul ORESTER.

Tres “Tree ® is dofined as
ihe complete excavotion of an existing tree ond Ita
rool system and the subsequent planting, backfiling.
and adequate fertilization ond watering of Its
replocement tree for o perlod of one yeor after
planting.

The COMTRACTOR shall, at his own expense, replace
trees thot connot be repoired ond restored to o
hudlh&!tuwn. o5 delermined by the URBAN
FORESTER. Replocement trees shall be in good health
and shall be equal in species, height, shope, ond
caliper to the tree{s) being replaced,

2. APPRADPRUTE ERCSION AND SEDMENT COMTROL
INSTALLED AND OPERATIONAL PRIOR TO CLEARING OR

MEASURES ARE TD BE
CONSTRUCTION.

3. PRIOR TO COMMENCING LAND ONSTURBING ACTMTIES BN AREAS OTHER
THAN INDICATED ON THESE PLANS (INCLUDING, BUT NOT LIMITED TO,
OFFSITE BOAROW DRt WASTE , THE CONTRACTOR SHALL SUBWET A
SUPPLIMENTARY ERCSION AND CONTROL PLAN TO THE
OWNER//DEVELOPER AND ALL COWERMING BODES FOR REVIEW AND

4. THE STE CONTRACTOR IS RESPONSIELE FOR INSTALLATION OF ANY

ADOITIONAL EROSION CONTROL MEASURES NECESSARY TO PREVENT
EROSION AND SEDMENTATON AS DETERMINED BY THE PLAN REVEWING
ALTHORITY,

5. AL DISTURBED ARTAS ARE TO DRAM TD APPROVID SCDIWENT CONTROL

Develepment Resource Centor
1250 Markes Strear, Suite 2100

"y

I Chamancoga, T 37402 14236436190

TN REGISTRATION NO. 110135
NOT RELEASED FOR
CONSTRUCTION

\(

HIGHLAND PARK (ANDERSON AVENUE)
GREEN INFRASTRUCTURE DEMONSTRATION PROJECT

, TN

CONSENT DECREE PROGRAM

CITY OF CHATTAN

AN

6. CLEARING AND ORADING WUST BE KEFT TO THE MINMUM FOR
GRADING AND EQUIPMENT OPERATIONS.

7. CONSTRUCTION WUST BE SEQUENCED TO MINMIZE THE EXPOSURE TIME
orummum ACTIVTIES MUST BE AvORDED
PERODS OF HIGLY EROUSVE RAINFALL.

lnmw!mmmzmmm
OF CLEARED SURFACE AREAS. GRADING
mwmmrmmwnu,

11, EROSION AMD SEDMENT CONTROL WEASURES MUST BE N PLACE AND
FUNCTIOMAL BEFORE EARTH-MOVING ACTIVTIES BEGM, AND MUST BE
PROPERLY CONSTRUCTED AND MANTAMED THRGUGHOUT THE
CONSTRUCTICN PERIOD,

m.n.rxsmmns.mmmmmmmxem

13. STOCKPLED SOR SHALL B LOCATED FAR ENOUGH FROM STREAMS OR
DRANACEWAYS 50 THAT RUNOFT CANNOT CARRY SIDIMENTS

14, SAT FENCE AND, FRTER SOCKS ARE TO BE INSTALLED AT THE BOTTOM
OF SLOPES AS REQUIRED BY ACTUAL FIELD COMDNTIONS, WHETHER
tmmmumnmmm THESE SHALL BE INSTALLED

TR L) 08 CONTOUR® TO PREVENT AN
ACCUMULATI smﬁmmma:mm

15, ANY VARWTIONS FROM THE DESIGN OM THIS DRAWING WUST BE APPROVED
mmmmav»:mmmnz
CITY OF CHATTANOOGA AND ANY REQUIRED

mmsn:mmsmmmmmu
AND REGULATIONS AND ALL REQUSED PERMITS FROM ALL

oR
THE TOP OF THE ROAD ABOVE TME WEAREST
DRAMAGE PIPE.

18. VEGETATVE COVER SMALL NOT BE DESTROYED, REMOVED, OR DISTURSED
WORE THAN SEVEN {7) CALENDAR DAYS FRIOR TO GRADMG.

19, mmnmmmmmmm
SHALL BE APPLED OH AREAS THAT WiLL REMAIN UNFINESHED FOR MORE
THAN SEVEN (7) CALENDAR DAYS.

20, PERMANENT SO STABILIZATION WITH PERENNIAL VEGETATION SHALL BE
mmmﬂ)mmmmsmﬂm

2|wmmwmummmm
AFFECTED PROPERTY OWNER PRIOR TO COMSTRUCTION,

22 AL ELEVATIONS SMOWN EXISTING AND MUST BE
FIELD-VERIFECD ANy

L
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THIS DRAWING MUST BE USED TN COMMUNCTION
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NOTES:

1. ALL PAVEMENT MARKS SHALL BE COLD THERMOPLASTIC
AND CONFORM TO THE LATEST EDITION OF THE
M.U.T.C.D.

2. COORDINATE PLACEMENT OF ALL MARKINGS AND

AGE WITH CITY OF CHATTANOCOGA TRAFFIC
ENGINEERING (423—643-5355)

3, CONTRACTOR SHALL ADHMERE TO CITY OF
CHATTANOOGA BMP MANUAL AND THE TDEC 2012
TENNESSEE EROSION & SEDIMENT CONTROL HANDBOOK
FOR EROSION CONTROL.

4. 3" TOPSOIL, SEED AND MULCH ALL AREAS DISTURBED
ONCE WORK IS COMPLETE.

5. ALL EXCAVATION, AND INSTALLATION ©F PIPES TO BE
PERFORMEL IN A DRY CONDITION.

1250 Market Streer, Sune 2100
Chattanooga, TN 37402 ¢ 423.643.6190
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NOTES:

1. ALL PAVEMENT MARKS SHALL BE COLD THERMOPLASTIC
AND CONFORM TO THE LATEST EDITION OF THE
M.U.T.C.D.

2. COORDINATE PLACEMENT OF ALL MARKINGS AND
SIGNAGE WITH CITY OF CHATTANOOGA TRAFFIC
ENGINEERING (423—643-5355)

3, CONTRACTOR SHALL ADHMERE TO CITY OF
CHATTANOOGA BMP MANUAL AND THE TDEC 2012
TENNESSEE EROSION & SEDIMENT CONTROL HANDBOOK
FOR EROSION CONTROL.

4. 3" TOPSOIL, SEED AND MULCH ALL AREAS DISTURBED
ONCE WORK IS COMPLETE.

5. ALL EXCAVATION, AND INSTALLATION ©F PIPES TO BE
PERFORMEL IN A DRY CONDITION.

1250 Market Streer, Sune 2100
‘Chattanooga, TN 37402 ¢ 423.643.6190
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AND CONFORM TO THE LATEST EDITION OF THE
M.U.T.C.D.

2. COORDINATE PLACEMENT OF ALL MARKINGS AND
SIGNAGE WITH CITY OF CHATTANOOGA TRAFFIC
ENGINEERING (423—643-5355)

3, CONTRACTOR SHALL ADHMERE TO CITY OF
CHATTANOOGA BMP MANUAL AND THE TDEC 2012
TENNESSEE EROSION & SEDIMENT CONTROL HANDBOOK
FOR EROSION CONTROL.

4. 3" TOPSOIL, SEED AND MULCH ALL AREAS DISTURBED
ONCE WORK IS COMPLETE.

5. ALL EXCAVATION, AND INSTALLATION ©F PIPES TO BE
PERFORMEL IN A DRY CONDITION.

g -
N

1. ALL PAVEMENT MARKS SHALL BE COLD THERMOPLASTIC] § E
2
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_GREG
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2' WIDE STRIP
50D LAID SOUDLY
SLOPE: 2%

TE T0 EXISTING
GRADE (TOPSOIL,
SEED AND MULCH)
41 MAX.

EXISTING GROUND -\

EXCAVATE AND PREPARE SUBGRADE

DO NOT COMPACT OR SUBJECT PERVIOUS PAVEMENT LOCATIONNS TO EXCESSIVE
CONSTRUCTION EQUIPMEMNT TRAFFIC DURING CONSTRUCTION. PROTECT AREAS FROM VEHICLE
TRAFFIC DURING CONSTRUCTION WITH CONSTRUCTION FENCE,. SILT FENCE, DR COOMPOST
SOCK.

INITIAL EXCAVATION OF INFILTRATION BEDS CAN BE PERFORMED DURING ROUGH SITE
GRADING. WHEN PERFORMING INITIAL EXCAVATION, DO NOT GiRADE BOTTOM BE YOND 2 FEET
ABOVE THE FINAL BED BOTTOM ELEVATION. COMPLETE FINAL EXCAVATION ONLY AFTER ALL
DISTURBED AREAS IN THE DRAINAGE AREA HAVE BEEN STABILIZED, OR AFTER THE BED IS
ADEQUATELY PROTECTED FROM RECEIVING SEDIMENT-LADEN WATER (L.E., WITH EERDSION AND
SEDIMENT CONTROL MEASURES AROUND THE BMP),

REMOVE FINE MATERIALS AND/OR SURFACE PONDING IN THE GiRADING BOTTOM, . CAUSED BY
EROSION, WITH LIGHT EQUIPMENT AND SCARIFY THE UNDERLYING SOILS TO A MINIMUM
DEPTH OF 6 INCHES WITH & YORK RAKE OR EQUIVALENT BY LIGHT TRACTOR,

BRING SUBGRADE OF INFILTRATION BED TO LINE, GRADE, AND ELEVATIONS INDICATED. FILL
AND LIGHTLY RE-GRADE ANY AREAS DAMAGED BY EROSION, POINDING, OR TRAFFIIC
COMPACTION. ALL INFILTEATION BEDS SHOULD BE LEVEL GRAD £ ON THE BOTTOMI,

HALT EXCAVATION AND NOTIFY ENGINEER IMMEDIATELY IF EVIDENCE OF SINKHOLE ACTIVITY
OR UNANTICIPATED BEDROCK DR GROUNDWATER CONDITIONS ARE ENCOUNTEREED, OR OTHER
SITE CONDITIONS THAT MAY AFFECT INFILTRATION BED DESIGNI OR PERFORMANCE BECOME
EVIDENT.

4' WIDE, 4" THICK
CONCRETE SIDEWALK
SLOPE: 2% MAX.

2" OF COMPACTED
CEMENT TREATED BASE
TO SUPPORT CURB LINE.

6" DETACHED
CONCRETE CURB
PER 201.01

4”@ SCH. 40 P.V.C.
(PERFORATED)

6°X12" CONCRETE
HEADER CURE PER
2.0

PARALLEL
PARKING
7.5
SLOPE: -1%
BELGARD PERMEABLE
PAVERS, 3.25" THICK
2" #89 STONE

ROADWAY

n
SLOPE: 1%

SAWCUT TO CREATE
NEAT LINE.

MILL AND PLACE
1-1/2" GRADE 'E'
ASPHALT TOPPING

6" DETACHED

, P
CONCRETE CURB Zob' LAt SoLioLY
PER 201.01. SLOPE: 2%
ROUND BOTH TOP :
EDGES TIE T0 EXISTING
i GRADE (TOPSOLL,
ROADWAY S SEED AND MULCH)
i ROW-THr 4 WIDE, 47 THICK 41 MAX
s 2 CONCRETE SIDEWALK
SLOPE:—1E LANTER SLOPE: 2% WAX.

/— EXISTING GROUND

LINE SUBGRADE
WITH NON-WOVEN
GEOTEXTILE
GEOTEX 350 OR
APPROVED EQUAL

2" OF COMPACTED
CEMENT TREATED BASE
TO SUPPORT CURB LINE.
8" MIN. DEPTH,
#57 STONE
BASE, DOUBLE
WASHED

12" MIN. ——+—
BIORETENTION
MEDIA,

LINE UNCOMPACTED
SUBGRADE WTH
NON-WOVEN
GEOTEXTILE:
GEOTEX 350 OR
APPROVED EQUAL

TYPICAL SECTION

SOUTH HOLLY STREET

CLEAN WASHED
/_ AASHTO MO, 3 STONE,
VARIES 15°—21" DEEP
{SEE SHEET 00C—108)

ROADWAY AGGREGATE SPECIFICATIONS:
UNLESS OTHERWISE APPROVED BY THE ENGINEER, ALL AGGREGATES WITHIN ROADWAY SECTION

SHALL BE CLEAN AND THOROUGHLY WASHED AND SHALL MEET THE FOL LOWING.

*  MAXIMUM WASH LOSS OF 0.5% [ASTM C117)

*  MINIMUM DQURABILITY INDEX OF 35 {ASTM D3744)

»  LOSANGELES TEST MACHINE (L A). ABRASION LOSS, 30% MAXIMUM (ASTM C131 AND C535)
*  AGGREGATE SHALL BE 100% CRUSHED MATERIAL

«  FRACTURED FACES, 1 SIDE 53% MINIMUM, 2 SIDES 90% MINIMUM (ASTM D5821)

BASE COARSE AGGREGATE FOR INFILTRATION BEDS SHALL HAVE THE FOLLOWING GRADAT 10N

(AASHTO SIZE NO. 57):
U.S. STANDARD SIEVE SIZE PERCENT PASSING
134" (38.1 MM 1
1° (254 MM) 65-100
%127 MM) 2560
K (B.35MM) 010

S (318 M) 05
BEDDING COARSE AGGREGATE FOR PERMEABLE PAVERS SHALL BE WASHED, CRUSHER RU N, FREE OF
FINES, ORGANICS, AND SOLUBLE SALTS, AND HAVE THE FOLLOWING GRADATION {ASTM SIZE NO. 89):

US. STANDARD SIEVE SIZE PERCENT PASSING
% (127 MM) 100
%" (953 MM) 90-100
Je (B35 MM) 2055
B (3.18MM) 530
Ha" (1,59 MM) 0-10
Yo' (D51 MM) 05

Development Resource Center

1250 Market Street. Suie 2100
Chattanooga, TN 37402 t 4236436190
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2" WDE STRIP

67X12" CONCRETE
HEADER CURB PER
0.0

S00 LAID SOUDLY
SLOPE:

15" BIOSWALE

6" DETACHED
TIE TO EXISTING CONCRETE CURA 6" DETACHED
GRADE (TOPSOIL, PER 201.01 PARALLEL CONCRETE CURE 1" SODDED
SEED AND MULCH) , . PARKING PER 201.01 SLOPE: 0%
41 MAX, 5' WIDE, 4° THICK - 75 ;
EXISTING GROUND CONCRETE SIDEWALK SLOPE: —1% REGDWAY (FLAT)
\ SLOPE: 2% MAX. BELGARD PERWEABLE TR,
- PAVERS, 3.25" THICK SLOPE: =1%
. 2" #89 STONE 5" 'AS’ BASE 1" 'OPEN GRADED
1 DECRANG, | DOUBIE PERVIOUS FRICTION COURSE"
; ASPHALT PERVIOUS ASPHALT [|
| bl B0 - 2

27 OF COMPACTED
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TO SUPPORT CURE LINE.

8" MIN. DEPTH SLOPING
TO 11" DEEP (WITH

4"p SCH, 40 P.V.C. EXCEPTION TO UNDER

(PERFORATED) CURBS), #57 STONE
BASE, DOUBLE WASHED
LINE SUBGRADE N
WITH NON-WOVEN 2
GEOTEXTILE
GEOTEX 350 OR

APPROVED EQUAL

EXCAVATE AND PREPARE SUBGRADE

DO NOT COMPACT OR SUBJECT PERVIOUS PAVEMENT LOWCATIONS TO EXCESSSIVE
CONSTRUCTION EQUIPMENT TRAFFIC DURING CONSTRUCTION, PROTECT AIREAS FROM VEHICILE
TRAFFIC DURING CONSTRUCTION WITH CONSTRUCTION FENCE, SILT FENCE , OR COMPOST
S0CK.

INITIAL EXCAVATIOM OF INFILTRATION BEDS CAN BE PERFORMED DURING ROUGH SITE
GRADING. WHEN PERFORMING INITIAL EXCAVATION, DO NOT GRADE BOTT 'OM BEYOND 2 FEET
ABOVE THE FINAL BED BOTTOM ELEVATION. COMPLETE FINAL EXCAVATIONI ONLY AFTER ALL
DISTURBED AREAS IN THE DRAINAGE AREA HAVE BEEN STABILIZED, OR AFTER THE BED IS
ADEQUATELY PROTECTED FROM RECEIVING SEDIMENT-LADEN WATER (LE., WITH EROSION ANID
SEDIMENT CONTRO L MEASURES ARDUND THE BMP).

REMOVE FINE MATERIALS AND/OR SURFACE PONDING IN THE GRADING BOTTOM, CAUSED BY'
ERDSION, WITH LIGHT EQUIPMENT AMD SCARIFY THE UNDERLYING SOILS TO A MINIMUM
DEPTH OF 6 INCHES WITH A YORK RAKE OR EQUIVALENT BY LIGHT TRACTORL

BRING SUBGRADE OF INFILTRATION BED TO LINE, GRADE, AND ELEVATIONS. INDICATED. FILL
AND LIGHTLY RE-GRADE ANY AREAS DAMAGED BY EROSDON, PONDING, OR TRAFFIC
COMPACTION. ALL INFILTRATION BEDS SHOULD BE LEVEL GRADE ON THE BIOTTOM.

HALT EXCAVATION AND NOTIFY ENGINEER IMMEDIATELY IF EVIDENCE OF SIINKHOLE ACTIVITY
OR UNANTICIPATED BEDROCK OR GROUNDWATER CONDITIONS ARE ENCOLINTERED, OR OTHEER
SITE CONDITIONS THAT MAY AFFECT INFILTRATION BED DESIGN OR PERFORMANCE BECOME
EVIDENT.
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S tx CONCRETE SIDEWALK
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WA
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TYPICAL SECTION

ANDERSON AVENUE
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MEDIA.
"LINE SUBGRADE
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EXCEPTION TO UNDER

-

2" OF COMPACTED
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4%0 . 40 P.V.C
pach . TO SUPPORT CURB LINE.
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ROADWAY AGGREGATE SPECIFICATIONS:

UNLESS OTHERWISE APPROVED BY THE ENGINEER, ALL AGGREGATES WITHIN ROADWAY SECTION
SHALL BE CLEAN AND THOROUGHLY WASHED AND SHALL MEET THE FOLLIOWING:

o MAXIMUM WASH LOSS OF D.5% (ASTM C117)

MINIMUM DURABILITY INDEX OF 35 (ASTM D3744)

LOS ANGELES TEST MACHINE 'L A), ABRASION LOSS, 30% MAXIMUM (ASTM C131 AND C585)
AGGREGATE SHALL BE 100% CRUSHED MATERIAL.

FRACTURED FACES, 1 SIDE 96% MINIMUN, 2 SIDES 50% MINIMUM (ASTIM D5821)

BASE COARSE ASGREGATE FOR INFILTRATION BEDS SHALL HAVE THE FOLLOWING GRADATICN
{AASHTO SIZE NO. 57):

UU.S. STANDARD SIEVE SIZE PERCENT PASSING
157 (38.1 MM) 100
1 (25.4 MM) 95-100
%127 MM) 2560
K (B.35MM) 0-10
(318 M)

05
BEDDING COARSE AGGREGATE FOR PERMEABLE PAVERS SHALL BE WASHED, CRUSHER RUN|, FREE OF

FINES, ORGANICS, AND SOLUBLE SALTS, AND HAVE THZ FOLLOWING GRADATION (ASTM SIZE NO. B3}

LL.5. STANDARD SIEVE SIZE PERCENT PASSING
W27 MM) 100
¥ (9.53 MM) 90-100
J° (B.35MM) 2055
J (318 MM) 5-30
F (1.59MM) 0-10
Yo' (051 MM) 05
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9/15/2014

PLOT DATE:

LAST SAVED: 9/12/2014 BY: KKINNAMAN

CREATED: 9/15/2014

PL
1
PLANT LIST 2.
qty.  key plant/itern minimum size  container spacing remarks
trees 3.
1 AMEL ARB AMELANCHIER ARBOREA 1.5" caliper B&B single-stem 4.
Serviceberry
4 BET NIG BETULA NIGRA 2" caliper B&B multi-stem
River Birch 1 stem to measure 2° cal,| 5
16 CERCCAN  CERCIS CANADENSIS 2" caliper B&B single-stem 6.
redbud
12 MAGVIRG  MAGNOLIA VIRGINIANA 2" caliper B&B single-stem 7.
Sweethay Magnolia
9 NYSSYLV  NYSSA SYLVATICA 2.5" caliper B&B uniform habit 8.
Backgum single straight leader
4 QUER BI QUERCUS BICOLOR 2.5" caliper B&B uniform habit
Swamp White Oak single straight leader o
2TAX DIS TAXODUM DISTICHUM 3" caliper B&B uniform habit 10.
Bald Cypress "
12.
shrubs
6 CORAMO  CORNUS AMOMUM 24" spread 3 gallon uritform habit 13.
Sitky Dogwood 14,
7 COR SER CORMUS SERICEA 24" spread 3 gafion uniform habit
Red-twig Dogwood 15.
23 FOTHGAR  FOTHERGILLA GARDENI 18" spread 1 gaflon uniform habit 16.
Dwearf Fothergilla ‘Blue Mist'
12 HYD QUER  HYDRANGEA QUERCIFOLIA 24" spread 3 gafion uniform habit 17.
Oak-leafl Hydrangea 'Amethyst’
37 ILEX GLA ILEX GLABRA 18" height 3 gallon uriform habit 18.
Inkberry Holly
6 ILEX VERT  LEX VERTICILLATA 18" helght 3 gaflon five female, one male
Winterberry Holly 19.
& LIND BEN LINDERA BENZOIN 24" spread 3 gaflon uniform habit
Spicebush 20.
21.
d / I grass/p ian b 22.
165 CAR LAX  CAREX LAXICULMIS *Biue Bunmy’ plug 12" on center
Blue Bunny Sedge (72 per fat)
980 CAR PEND  CAREX PENDULA plug 18" on center 23
Drooping Sedge (72 per flat) :
3,700 CAR PENS  CAREX PENSYLVANICA plug 12* on center
Pennsylvania Sedge (72 per flat)
3,750 CARROS  CAREX ROSEA plug 12 on center 24,
Rosy Sedge (72 per flat)
1,030 CHAS LAT  CHASMANTHIUM LATIFOLIUM plugs 14" on center 2
River Qats (72 per fat) -
20 CHE GLA CHELONE GLABRA 127 spread 4" pat 18 on center
Turtiehead 2.
60 ELY HYS ELYMLS HYSTREX plugs 167 on center
Bottiebrush Grass (72 per fiat) 217.
500 ERAGSPEC ERAGROSTIS SPECTABLIS plug 18" on center
Pink Muhly Grass (72 per flat) 28.
85 HEUAMER  HEUCHERA AMERICANA 'Midright’ 12" spread ot 167 ON CENMEr iy substitute atemate 2
Coral Bells dark 4 amercana :
66 LIA SPIC LIATRIS SPICATA 12" spread 4" pot 12" on center
Prairie Blazingstar 30.
580 PANVIRG  PANICUM VIRGATUM 'Shenandoah’ plug 18" on center
Shenandoah Switthgrass (72 per fiat)

TOP OF BALL EVEN
W/ FINISH GRADE

18"MIN.; SEE
ENGR. DETAIL

s 5
RIS

295es
R
RIS

TURN DOWN BURLAP

TOP OF ROOT FLARE
EVEN W/ FINISH GRADE

3” SHREDDED HARDWOOD MULCH—=

MIN.DEPTH OF EXCAVATION

SCREENED TOPSOQIL: EQUAL TO DEPTH OF ROOT BALL

UNDISTURBED EARTH—— *’ROOT EAL‘»«

DIAMETER "A’

SCARIFY SIDES
OF EXCAVATION
| EXCAVATION DIAMETER |
EQUAL TO 3 TIMES BALL DIAMETER

TREE PLANTING DETAIL

SCALE: 3/8" = 1"-0"

GROUNDCOVER DETAIL

ANTING NOTES

Contractor may not submit a bid for this project without first attending a pre bid meeting w/ City Landscpae Architect.
Landscape Contractor must hold an active Contractor's License in the state this work is to be performed. The
amount of the bid for this complete landscape installation must not exceed the amount of Landscape Contractor's
license.
No work shall commence without notifying Landscape Architect.
Landscape Architect may inspect plant material before installation at the job site or at Contractor's place of business
for conditional acceptance. Landscape Architect retains the right to reject plant material after installation or at any
time up to the date of acceptance.
All plant material shall conform to laws relating to inspection for disease and insect control standards of the US Dept.
of Agriculture and other governmental agencies.
All plant material is to conform to the American Standard for Nursery Stock, Association of American Nurserymen,
Inc. ANSI Z60.1-2004.
Plant names shall conform to Hortus Third, Macmillan Publishing Company, Inc. New York, 1976 Ed. Names not
listed in the above standard are to comply with those commonly used in the trade.
The Contractor shall furnish and plant all plants shown on the drawings of species, size, and quantities as shown on
the plant list. All plants shall be nurseries grown, true to name & type and of high quality. Trees shall have a single
leader, straight and unbroken. No gouges, nicks or cuts in bark are permitted. Balls of all B & B planting stock shall
be intact.
The Contractor shall provide the Landscape Architect with at least one nursery tag per species planted and
wholesale nursery invoice showing quantity provided.
In the event of variation of quantities shown on the plant list and the plans, the plans shall control. Improper plant
count by the Contractor shall be no cause for additional costs to the owner.
No substitutions shall be made without written consent of the owner or landscape architect.
The Contractor shall field verify the location of all underground utilities on site prior to beginning digging operations.
The Contractor shall be held responsible for all damage to utilities at no charge to the owner.
The Contractor shall review all architectural & engineering plans to become familiar with grades, dimensions, &
utilities.
All parking lot islands shall not be bermed. Other landscape areas shal also not be typically
bermed, to allow sheet flow drainage of landscape areas.
The Contractor shall coordinate his work with lighting, paving, and irrigation contractors as to timing of material
installation.
The contractor shall verify all grades, dimensions, and existing conditions on site before planting begins. Any
discrepancies shall be brought to the attention of the Owner.
Every possible safeguard shall be taken to protect building surfaces, equipment and furnishings. The Contractor
shall be responsible for any damage or injury to person or property, which may occur as a result of his negligence in
the execution of his work.
The Contractor shall not be responsible to replace or honor any warranty for the loss of materials due to fire, floods,
freezing temperatures, lightning, wind above 50 mph, or any other natural disaster, nor shall the Contractor be held
responsible for acts of vandalism or negligence on the owner's part. Materials left unsecured on the site or not
planted shall be the responsibility of the contractor.
The Owner shall have the right to reject any work and materials at any stage of the operation that in his opinion do
not meet these requirements and specifications.
The Contractor shall dispose of stumps and major roots of all plants to be removed. Any depressions caused by
removal shall be refilled with specified soil compacted to proper grade.
Fine grading shall be done by hand to ensure all grades are consistent and free from debris.
To install plant material, the Contractor shall prepare tree pits or planting beds as per details. The Contractor shall
then place plants, remove containers and cut rope, wire or string from the top of the ball after the plant has been
set. He/she shall then backfill 2/3 full, water thoroughly to eliminate air pockets and settling, then add fertilizer, fill
to grade, and water thoroughly. The contractor shall mulch immediately with shredded hardwood bark. Plant mix
shall consist of: 1 part screened topsoil, 1 part sharp sand, & 1 part ground pine bark (Nature's Helper or equal).
Irrigation shall be provided, designed, and built by the Contractor to ensure optimal plant growth and survival. All
irrigation heads shall provide head-to-head coverage. The Landscape Contractor shall coordinate with the General
Contractor to install proper sleeving under pavements for any irrigation pipe and electrical service that he requires.
The Landscape Contractor shall provide an as-built drawing of the irrigation system to the owner at no additional
cost. The Landscape Contractor shall provide all manufacturer's literature.
Water for planting and irrigation shall be taken from local water mains and furnished by the contractor at no additional
charge to the Owner. Necessary arrangements for the use of water during construction, including water meter,
will be the responsibility of the Contractor, as well as all water hoses and equipment.
All disturbed areas behind sidewalk and any other disturbance outside the
right of way shall be seeded to match existing
lawns.
Seed is to be applied at rates to produce 100% coverage by hand and covered with a thin layer of straw free from weed seed or
hydroseeded with tackifier and cellulose mulch. Seeded areas will not be accepted until a stand of green grass has
germinated and is in mowable condition.
During the course of the work, excess waste shall be removed from the site on a daily basis and upon completion of
the work.
Inspection for acceptance of work shall be held at the turnover date per the Owner or Landscape Architect. Any
work deemed unacceptable shall be corrected immediately and reinspected as scheduled.
The Contractor shall guarantee all trees, shrubs, groundcovers, and sod for 12 months from date of acceptance. All
replaced plants shall be guaranteed an additional 12 months beyond the original warranty period. Any sick or dead
materials shall be replaced immediately.
Maintenance shall begin after each plant has been installed and shall continue throughout the full 12-month
warranty period after final acceptance by owner. Maintenance shall include watering, pruning, weeding, mulching,
mowing, fertilizing, replacement of sick or dead plants, and any other care necessary for the proper growth of the plants.

SPACING AS PER PLAN

3" MULCH

R

PLANTING MIX

TAMP FIRMLY
UNDER ROOTS

UNDISTURBED EARTH

SCALE: 3/8" = 1"-0"

TOP OF BALL EVEN
W/ FINISH GRADE

18" MIN.;SEE
ENGR. DETAIL

?7

SHRUB PLANTING DETAIL

————————

TURN DOWN BURLAP

3" MULCH
10" OR TO LOWEST BRANCH

PLANTING MIX

TAMP_FIRMLY
UNDER ROOTS
UNDISTURBED EARTH

TREE PROTECTION DETAIL

GENERAL NOTES PERTAINING TO EXISTING TREES

NO PRUNING UNLESS AUTHORIZED BY AND UNDER
THE DIRECTION OF THE CITY FORESTER

BUNDLE BRANCHES AS NECESSARY FOR BUILDING CONSTRUCTION
UNDER THE DIRECTION OF THE CITY FORESTER

—e-}————— 1 X 4 WOODEN BOARDS
——agp——— 12 GAUGE GALVANIZED WIRE

HAY BALES AT PERIMETER OF TREE PIT

JOB CONDITIONS

Protections: Provide protection as required to designated landscape improvements to

avoid damage caused by falling building materials or the removal of materials resulting
from either construction or demolition operations. Existing trees and other plantings
designated to remain in place, shall be protected from unnecessary cutting, breaking, or
skinning of roots; skinning and bruising of bark; smothering of trees by stockpiling
materials of any kind within the drip line; and from excess foot or vehicular traffic or
parking of vehicles within the drip line. Provide temporary guards to protect trees and
plantings to be left standing.

Tree Protection: Install a shield of 1" X 4" wooden planks completely around each tree
trunk from ground level to where the trunk begins to "branch out". Attach such
protection with 12 gauge galvanized wire around tree trunk at the top, bottom, and
middle of the planking.

Tree Pit Protection: Protect tree pits and pit vegetation from falling, sliding, or washing
building materials by placing bales of straw around the perimeter of each pit or over the
top of the pit as directed by the URBAN FORESTER. Straw bales shall remain whole
and unbroken and have no loose straw that may become scattered around the area.

Tree Repairs: Trees and/or vegetation that have been designated to remain and that
have been damaged by demolition operations, are to be replaced or repaired in a
manner acceptable to the URBAN FORESTER.

Tree Replacement: "Tree replacement” is defined as the complete excavation of an
existing tree and its root system and the subsequent planting, back- filling, and
adequate fertilization and watering of its replacement tree for a period of one year after
planting.

The CONTRACTOR shall, at his own expense, replace trees that cannot be repaired
and restored to a healthy status, as determined by the URBAN FORESTER.
Replacement trees shall be in good health and shall be equal in species, height, shape,
and caliper to the tree(s) being replaced.

CENTER OF EXISTING TREE

HAY BALES FOR TREE PROTECTION;
6 PER TREE

Development Resource Center
1250 Market Street, Suite 2100
L Chattanooga, TN 37402 t 423.643.6190 )
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Appendix B
Rainwater Management Guide BMP Excerpts
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5.3.1 Pervious Pavement
Description

Pervious pavement consists of a pervious (permeable) surface typically
composed of asphalt, concrete, pavers, reinforced turf, or rubber play
surface overlain on a subsurface typically composed of open-graded
stone storage or infiltration bed. Stormwater drains through the
surface (see Figure 5.3.1-1), is temporarily held in the voids of the
infiltration bed, and then slowly infiltrates into the underlying,
uncompacted soils.

Pervious pavement areas are well suited for parking lots, playgrounds,
plazas, pathways, and other hardscape pavement areas. Stormwater Figure 5.3.1-1. Rainfall drains directly
runoff from other portions of the site can be conveyed into the through pervious asphalt pavement (left

. side of photo) but can be seen as runoff on
stormwater bed for management. Pervious pavement can be used on standard impervious asphalt pavement
low volume streets if conditions are suitable to control sediment and (right side of photo).
maintain the pervious pavement. If infiltration is not feasible or is
limited, the subsurface bed can include an underdrain system for slow
release. Pervious pavement systems can be designed to provide SOV,

rate control, and water quality.

Pervious pavement should not be used in “hot spot” areas or areas

where material may be stored on the pavement. It should be used with caution in high-traffic parking
areas, such as convenience stores, due to traffic levels and high pollutant loads. It can be used in areas of
heavy vehicle use, such as industrial areas, provided that the pervious pavement is properly designed for
the loads it will carry. Pervious pavement often has limited shear strength and is not suitable for vehicles
with heavy point loads (such as airplanes) or for use on steep slopes (greater than 6 percent).

BMP Functions Table
. [ [}
E [ o € é < 'E g
5 S %9 & © S s c 2
4] © =z t & o © @ 2 g
= S ~x 3 < .0 - ® £
g 3 538 g SE| ¢ g | 2
< [~ -2 [~ - 2 T O 3
Pervious
U/S/R H H H H H M L L M
Pavement

KEY: U = Urban; S = Suburban; R = Rural; H = High; M = Medium; L = Low

*Rating varies based on design considerations.

Resource Rain 11/21/2012
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Key Design Features

® Pervious surface pavement material.
® Clean-washed, open-graded stone storage bed with minimum of 40 percent void space.

* Additional storage may be achieved through the use of perforated pipes set in the stone bed or
proprietary stormwater storage products.

® Can be designed to capture entire volume of small storms and to provide peak rate control for larger
storms.

® Often manages runoff from other portions of the site that can be conveyed into the stormwater bed.

® Large impervious areas should not be designed to discharge onto the pervious pavement because
clogging may occur. These areas should be treated by vegetated BMPs (i.e., swales or filter strips) or
sediment removal systems before discharge into the stormwater bed.

¢ Surface and stone bed must be designed for anticipated traffic loads.

® Level, uncompacted subgrade (see Figure 5.3.1-2).

®* Nonwoven geotextile at soil/stone interface.

® Generally not recommended for traffic surfaces with slopes greater than 6 percent.

* Designed with alternate method to convey water into stormwater bed if pavement clogs.
®* May include pipe distribution network.

* Always includes positive overflow.

® Should not be placed on compacted fill (fill with stone, as needed).

®* When possible, infiltration beds should be placed on upland soils.

Resource Rain 11/21/2012
Rainwater Management Guide Page 5.3.1-2



FINISH GRADE

PERVIOUS PAVEMENT,

NOTE:
MAXIMUM SLOPE 6% MINIMUM PAVEMENT THICKNESS TO BE:
+£1" CHOKER COARSE: AASHTO NO. 57 e 3.5 FOR PERVIOUS ASPHALT
STONE SUFFICIENT TO FILL LARGE « 4" FOR PERVIOUS CONCRETE
AGGREGATE SPACE e  4'FOR PERVIOUS PAVERS

VARIES, MINIMUM
12" PARKING ~
4" SIDEWALKS

CLEAN WASHED AASHTO NO. 3 STONE

~LEVEL (0.5% OR LESS) BED BOTTOM
NONWOVEN GEOTEXTILE EXISTING UNCOMPACTED SOIL
BOTTOM AND SIDES

PERVIOUS PAVEMENT CROSS-SECTION
FIGURE 5.3.1-2 NTS

Figure 5.3.1-2. Pervious pavement cross-section. Pervious pavement beds should always be placed on level (0.5 percent slope or
less) bed bottoms to prevent ponding in one area of the bed.

Applications

®* Roadways, walkways, parking stalls

* Parking lots

®* Playgrounds, plazas, terraces, and basketball and tennis courts

®* Low volume streets

®* Not suitable for hot spot areas unless designed for spill containment
®* Not suitable for areas subject to high levels of sediment and debris

Resource Rain 11/21/2012
Rainwater Management Guide Page 5.3.1-3



Advantages

®*  When used to provide volume reduction (SOV), may provide a Curve Number reduction and may
reduce the peak rate requirements for the site.

® Reduces the space required for stormwater management by incorporating stormwater into the
building program (parking, hardscape).

® Can manage a significant quantity of runoff and function as a regional system.

* Well suited to directly receive “clean” roof runoff.

® Can be designed to include peak rate control.

* Effective in contaminant reduction such as total suspended soils, metals, and oil and grease.
® Can be benched or terraced to accommodate slopes.

* Withstands freeze-thaw cycles and generally requires less winter maintenance than standard
pavement.

* Lifespan comparable to traditional pavements and cost-effective when used to meet SOV
requirements.

Disadvantages

* High clogging potential if runoff from high-sediment areas is not pretreated.
®* Not suitable for pavements with high shear stress requirements or steep slopes.

® Requires alternate maintenance requirements from traditional asphalt (i.e., vacuuming, removal of
vegetation between pavers, etc.).

®*  Must be offset from foundations/basements.
* Not applicable with high bedrock, high groundwater, or contaminated soils.
® Infiltration requires suitable site conditions.

Applications

Pervious pavement can be used in myriad ways in the urban and suburban environments, on residential,
institutional, and commercial properties and within the public right-of-way. Potential applications include
parking lots, parking stalls on roadways, alleys, sidewalks and paths, plazas, playgrounds, and athletic fields
and courts. If pervious pavement is applied on residential lots, the property owner must be made aware
that pavement is pervious.

Resource Rain 11/21/2012
Rainwater Management Guide Page 5.3.1-4



Sidewalk: Pervious Concrete Pavement Plaza: Pervious Pavers

Figure 5.3.1-3. Pervious concrete sidewalk. Constructing sidewalks
with pervious concrete reduces impervious area. The sidewalk can
also be designed to include a stormwater bed with capacity to
receive runoff from adjacent impervious areas (i.e., driveways,
roads). This is most applicable where sidewalks are level or mildly
sloped (less than 3 percent).

Figure 5.3.1-4. Pervious concrete pavers for
terrace area. Pervious pavers are ideal for plaza
and terrace areas.

Parking Lot: Pervious Asphalt and Pervious Concrete Parking Lot
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Figure 5.3.1-5. Pervious asphalt and pervious concrete parking lot. The University of
North Carolina Chapel Hill park and ride lots include both pervious concrete and pervious asphalt.
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Basketball Court: Pervious Asphalt

Figure 5.3.1-6. Pervious asphalt basketball court. Pervious asphalt on play surfaces
does not form puddles and is quieter when balls bounce.

Types of Pervious Pavement

Figure 5.3.1-7a. Pervious Asphalt Figure 5.3.1-7-b. Pervious Concrete
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Figure 5.3.1-7-d. Brick Pavers

There are several types of pervious pavement available, including proprietary products. The type of
pervious pavement selected by the designer is a function of:

® Use and durability: This includes whether the pervious pavement will be subject to traffic loads, and
the nature and extent of anticipated traffic loads.

® Appearance: Pervious pavers can be quite attractive while pervious concrete often has a coarse
texture and cannot be “finished” like standard concrete.

® Cost: Pervious asphalt pavement is often the least expensive material, while pavers are often the most
expensive.

®* Maintenance: The amount of trash and debris may affect pervious pavement selection. Asphalt and
concrete can be maintained by vacuum sweeping. Pervious pavers may require more maintenance for
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debris removal (i.e., cigarette butts and small debris) and for the removal of vegetation between
pavers.

Pervious Bituminous Asphalt

Pervious asphalt is similar to standard asphalt except that the aggregate
fines (particles less than 0.60 micrometers [um], or the No. 30 sieve) are
kept to a maximum of 5 percent within the asphalt. Because of reduced
fines, pervious asphalt has less shear strength than standard asphalt
and is not suitable for heavy point loads. Improvements in open-graded
highway overlays have led to improvements in pervious asphalt,
including additives that increase the durability of the asphalt (i.e., PG
76-22 as specified by the American Association of State Highway and
Transportation Officials [AASHTO], which includes a styrene-butadiene- A

. . . pervious pavement be placed at the
styrene elastomer polymer binder). The use of fiber additives may also correct temperature as determined

increase the shear strength of pervious asphalt. by the drain-down test for the asphalt
mix.

Figure 5.3.1-8. It is important that

One of the most critical components of a successful pervious asphalt
installation is the application of a drain-down test (ASTM D6390) to
determine the optimum asphalt temperature for placement. Asphalt
binds differently to different types of aggregate (i.e., it binds better to
limestone than granite). It is important to determine the optimum
placement temperature for the aggregate in use to prevent drain-down
(see Figure 5.3.1-8). Drain-down reduces the durability of the pavement

) ! Figure 5.3.1-9. Pervious asphalt at this

at the surface and may create a clogging layer below the pervious commercial parking lot includes

asphalt. recycled rubber in the bituminous
mix.

Pervious pavement may also include recycled asphalt or recycled
rubber (see Figure 5.3.1-9). Detailed specifications and installation guidance on pervious asphalt can be
obtained from the National Asphalt Pavement Association (NAPA) (http://www.asphaltpavement.org/).

Pervious Concrete

Pervious concrete has a reduced amount of fines and may have a different aggregate gradation than
standard concrete. It has a coarser texture than standard concrete and has different requirements for
mixing and placing. As with standard concrete, formwork is required for placement. Pervious concrete
must be carefully rolled to prevent the concrete from forming an impermeable layer at the surface.
Detailed specification and placement guidance is available from the National Ready Mix Concrete
Association (http://www.nrmca.org/) and the Florida Concrete Association (http://www.fcpa.org/).
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Pervious Concrete Pavers and Brick Pavers

Pervious concrete and brick pavers include openings or gaps filled with
clean gravel for water to move into the gravel bed below the paver.
The pavers may be interlocking or offset. There are a number of
products available from different manufacturers, each with different
guidance for installation. However, as with any paver, the pavers must
include an edge restraint for installation. If the subgrade below the
paver is compacted during construction, the pavers cannot infiltrate.

Reinforced Turf and Gravel

A number of products are available that consist of plastic grids that can
be filled with either a sand/turf mix or a clean gravel mix. These
products are especially useful in low-traffic areas, such as overflow
parking lots or fire lanes (see Figure 5.3.1-10). Soil mixes must be
carefully designed to allow drainage while also supporting vegetation.
The designer may use the bioretention soils specifications for this
purpose.

Pervious Rubber and Manufactured Pervious Mixes

In addition to manufactured grids and structural products to create
pervious pavements, various manufactured materials are available for
pervious pavements, including polymer bound pervious mixes
composed of recycled rubber, glass, stone, and other materials. These
products tend to be more costly but also provide an aesthetic that is
often desired or needed. The products may or may not be suitable for
traffic loads as indicated by the manufacturer. The use of pervious
rubber surfaces (which are traditionally used in splash pools and
similar installations) can provide an ideal stormwater management
system and safe play surface in playground areas (see Figure 5.3.1-11).

Resource Rain
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Figure 5.3.1-10. This standard asphalt
path is 8 feet wide and includes a stone
stormwater bed that is 14 feet wide to
support an emergency vehicle. The
grassed edges are constructed of
reinforced turf grids over the
stormwater bed. The bed receives
runoff from the roof leaders of the
adjacent building.

Figure 5.3.1-11. Pervious rubber is an
ideal material for a stormwater BMP
constructed as part of a playground.
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REFERENCE
1TEM RECOMMENDATION SECTION
. . Locate the pervious pavement so sediment laden ronoff will not drain
Drainage Area and Lecation
. onto pavernent surface, Lotate so that bed bottoms are flat or havea 5311
Recommendations . . . .
maximurn of 0.5% slope. Bo not locate on fill material,
Concept Phase Loading Ratio {LR) 1:8 for South Chickamauga Watershed 5315
{Recommended} 1210 for all other Watersheds o
?;;Lfﬁ;:;?:{;m aue Ares Size {fl') Impervious Brainage Area Managed {t') / Loading Ralio 5315
Surface Dispersed: Direct raintall, sheetflow from standard pavement, or
combined with pre-treatment (i.e,, filter strip}.
Entrance/Fow conditions : - 531.2
Direcl Connection {into stone bed): Recommended only for “clean”
runoff such as roofs
Pretreatment/Managemenl of : . . . . .
. . Required for high sediment drainage areas. See Fiter Strip (BMFP 5.3.6 5.31.3
Sediment Frash and Debris i g & i { )
SOV Vohume or Water Ouality Volume  [Static Storage provided by Stone Storage {if applicable), Other structures 6314
Credit {pipes, rain storage unils, ete.) e
Stone Storage Coefficient 0.4
and 5314
Volume Storage Volume = Stone Depth () ¥ Stone Area {1212 0.4
.85 - 095
Manufsctured Storage tnits Coeflicient]
abd . 5314
Volume Storage Volume = Manufactured Unit Depth {ft] x
Manufactured Unit Area {ft2) x .85
. - 1.0
Perforated Pipes Storape Coefficient
; 5314
ér;?ume Storage Volume = Perforated Pipe length {#ft)x
Perforated Pipe Area {ft2) x1.0
Sidewalks and padestrian paths: 4 inches minimum
Stone Depths 53.1.5
Vehicular paths: 312 inches minimum
Piprer sizes for Ouerflow snd Peak Rate  [Minimuin size 12 inch diame ler, See Stormwater System Specificalions 316
2 inch minimnm on smslier systems
Freeboard in Stormwater Bed 5317
4 inch minimum on larger systems
Conveyance Capacity Peak rate 1(-year, 24-hour rainfall event 53146
Underdrain Required if Infiltration Rate < 0.1 inches per hour 5,318
Sethack from Structures Required. See Stormwater Specification for Impervious Liner Protoco] 1
Coordination with Other Utilities Required Protocol 2
Infiitration Testing Required Protaco] 3
Infikration System Setbacks Reqguired Prextexcni 4
Vegetalion and Mulch Required Protacol 5
Inspection and Longterm Maintenance [Regnired Chapter 8
Table 5.3.1-1. Pervious Pavement Design Criteria
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Applicable Protocols and Specifications

The following Protocols and Specifications (see Appendices A through F) are applicable to pervious
pavement and must be addressed:

* Protocol 1 Setbacks from Structures

*  Protocol 2 Coordination with Other Utilities

®*  Protocol 3 Site Evaluation and Infiltration Testing

®* Protocol 4 Infiltration System Design and Construction Guidelines
® Stormwater System Specifications

— Aggregates and Drainage Layers

— Pipes

—  Control Structures

— Geotextiles

— Impervious Liners and Waterproofing

Design Considerations for Pervious Pavement

Pervious pavement can be a cost-effective and durable water management BMP that serves traditional
functions. It is imperative that pervious pavement be designed and constructed properly. It is not
applicable to all project types and locations.

1. Location and Capture Area

Pervious pavement can be located:

®* Close to the source of runoff to minimize the need for additional stormwater structures.

® As part of a “regional” or site stormwater management system, designed to capture runoff from a
larger drainage area. This is especially applicable for large parking lot areas.

Pervious pavements are not recommended within floodplain areas where the deposition of fine sediment
from flood events may damage the pervious nature of the material.
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Drainage Area

It is critical that all pervious pavements be located so that
sediment-laden runoff does not drain onto the pavement surface
(see Figure 5.3.1-12). During construction, erosion and sediment
control measures must be maintained until the site is fully
stabilized. Sediment-laden runoff can clog both the pervious
pavement surface and the underlying infiltration bed.

Pervious pavement captures direct rainfall, however, runoff from
adjacent areas can be directed into the subsurface bed for storage
and management. The subsurface bed often has a greater stone
subbase thickness for structural stability than is required for direct
rainfall capture. Clean roof runoff can be discharged directly into a
subsurface bed beneath a pervious parking lot (catch basins with
sumps are recommended to capture sediment). Surface runoff
from other impervious areas should be addressed with measures
(i.e., filter strips, vegetated swales) to reduce excessive sediment
before the runoff is discharged (usually via pipe) into the bed.

Figure 5.3.1-12. The stormwater bed
beneath this pervious concrete plaza
was used as a temporary sediment
basin (with basin bottom at least

2 feet above final stormwater bed
bottom elevation) during construction
of the site. After the surrounding site
work was completed, the sediment
was removed and the bed excavated
to its final depth. The stormwater bed
and overlying pervious pavement
were then installed.

It is not recommended that large impervious pavement areas drain directly onto a smaller pervious
pavement area, because the sediment will tend to clog the smaller pervious pavement area.

Pervious pavement with infiltration should not be used in hot spot areas where there is the potential
for runoff with higher than average pollutant levels to enter the groundwater. Only the hot area is
precluded from pervious pavement use; other portions of the site may be well-suited for pervious

pavement use.

Slope

Pervious pavement with infiltration should not be constructed on fill material, because compacted fill

prevents infiltration.

The bed bottom must be level or with a slope less than 0.5 percent. If needed, the subsurface
infiltration bed may be benched or terraced on slopes (see Figures 5.3.1-13 and 5.3.1-14).
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PERVIOUS PAVEMENT

COMPACTED FILL

PROPOSED GRADE

----- e L=l el bt el el s ) STORMWATER BEDS. WRAP
| = SIDES AND BOTTOM OF BED

WITH NONWOVEN

GEOTEXTILE, TYP.

UNCOMPACTED
NOTE: SUBGRADE

e STORMWATER IS CONVEYED TO BEDS BY STORM SEWER

e BEDS MAY BE CONNECTED BY STORM PIPES AND
"OVERFLOW" FROM ONE BED TO THE NEXT

e BEDS MAY ALSO BE INDEPENDENTLY CONNECTED TO STORM
SEWER DEPENDING ON PROJECT CONDITIONS

PERVIOUS PAVEMENT PARKING LOTS BENCHED ON SLOPE
FIGURE 5.3.1-13 NTS

Figure 5.3.1-13. Pervious pavement beds can be terraced on a slope to provide level infiltration bed bottoms and to reduce the
pavement slope.

Resource Rain 11/21/2012
Rainwater Management Guide Page 5.3.1-13



LEVEL TOP ON EARTHEN BERM WITH
2:1 SIDE SLOPES (MIN WIDTH 3FT)

PERVIOUS PAVEMENT

UNCOMPACTED SUBGRADE / —(
EXISTING UNDISTURBED SOIL

NONWOVEN GEOTEXTILE
(BOTTOM & SIDES)

CLEAN WASHED AASHTO NO. 3
STONE

TYPICAL RECHARGE BED BERM WITHIN A PERVIOUS PARKING
LOT TO CREATE A LEVEL BED BOTTOM

FIGURE 5.3.1-14 NTS

Figure 5.3.1-14. Berms can be used within a pervious pavement bed to create level infiltration areas within a single infiltration
bed.
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Entrance/Flow Conditions

It is recommended that pervious pavement systems be designed with
an alternate method for water to enter the stormwater bed, especially
for larger systems such as parking lots. Options include open-graded
stone edge treatments or inlets and trench drains. In the event that
the bed surface is accidentally seal coated or becomes clogged, water
can still enter the stormwater bed (see Figure 5.3.1-15).

If runoff is collected from other surface drainage areas and discharged
into the stormwater bed, it should be treated via a sumped inlet,
water quality inlet, or other measure.

It is not recommended that large impervious areas be discharged
directly onto pervious pavement. The sediment loads may result in
pavement clogging. Large impervious areas may be managed within
the stormwater bed, but should be pre-treated.

Figure 5.3.1-15. Pervious pavement
can be constructed with an unpaved
pervious edge treatment. In the event
that the pavement is seal coated,
clogged, or not functioning, runoff
from the pavement can still enter the
stormwater bed.

If large impervious areas will drain toward a pervious pavement, a vegetated filter strip should be used
to reduce sediment flowing onto the bed. Alternately, water can be directed around the pavement via
a berm or other grading design measure.

Management of Sediment, Trash, and Debris/Potential Clogging Issues

Construction is the most critical period for pervious pavement, and it is

essential that sediment-laden runoff be prevented from entering the
bed or washing onto the pavement. Unstabilized areas cannot be
allowed to discharge onto the pervious pavement.

Pavement can be vacuumed to remove any sediment deposition from
pervious asphalt or concrete. This should be done as soon as sediment
deposition is observed.

It is recommended that pervious asphalt and concrete be vacuumed
twice per year.

Roof runoff is generally lower in sediment and can be conveyed
directly into a bed; however, a cleanout for roof leaders is required in
the event that pipe clogging occurs.

Runoff from roof areas that receive high amounts of leaf debris or
other materials (such as deposition from equipment) should include
sediment traps, or should be reconsidered. It may be preferable to
discharge these roof areas to a vegetated swale or filter strip prior to
discharge into the bed.

Resource Rain
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Figure 5.3.1-16. Extending the
geotextile over the stone bed during
construction of this pervious concrete
sidewalk prevents sediment from
entering the bed. In this example, the
stone bed is wider than the sidewalk.
It is designed to manage street runoff
(from left) after treatment through a
vegetated swale. Runoff sheet flows
into the swale over the curb after
construction of the final pavement
course.
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® Pervious pavement should not be pressure washed; pressure washing will only force sediment farther
into the pavement or into the stormwater bed.

4. Storage and Stay-on-Volume

Pervious pavement that only manages the rainfall that lands on the pavement can be excluded from the
impervious area for purposes of calculating SOV. This is especially applicable for pervious pavements such
as pervious paver walkways.

For pervious pavement that includes a stormwater bed and that receives runoff from other areas, the
storage capacity of the pervious pavement bed is measured as the volume below the lowest discharge
invert (overflow) (see Figure 5.3.1-17).

PERVIOUS PAVEMENT

CATCH BASIN MAY SERVE AS BOTH OVERFLOW

WASHED AASHTO NO. 57 STONE}

/l CHOKER COURSE (CLEAN

—STORAGE VOLUME

6"'TO 8" PERFORATED
HDPE ALONG BOTIOM

ey
V4
’/

Z
V

v,

_.‘__.___./

PIPE SHOULD BE SOLID WH;
IT EXTENDS OUTSIDE OF BED
NONWOVEN GEOTEXTILE,
TOP, SIDES, AND BOTTOM
UNCOMPACTED BED BOTTOM. DO

NOT PLACE BED ON FILL MATERIAL

CLEAN WASHED AASHTO NO. 3 STONE

~

CONTROL STRUCTURE AND OBSERVATION WELL

2:1 SIDE SLOPES, BEDS UP
TO 3' DEEP MAY HAVE

VERTICAL SIDES

/ WEIR PLATE WITHIN
/_ CATCH BASIN
/

CONNECTION TO STORM
SEWER SYSTEM OR
DISCHARGE LOCATION,
12" MINIMUM DIAMETER

INVERT OUT

\PROVIDE 12'10 18"

{

SUMP TO TRAP SEDIMENT

P PLACE CATCH BASIN ON

6" SUITABLE SUBBASE

PERVIOUS PAVEMENT INFILTRATION BED AND OVERFLOW CONTROL STRUCTURE WITH WEIR

FIGURE §.3.1-17

NTS

Figure 5.3.1-17. A catch basin with a weir can serve as an overflow control structure for the stormwater bed beneath a pervious
pavement. The SOV depth is controlled by the weir. Larger storms overtop the weir and are conveyed to the storm sewer or
appropriate discharge point. The designer should always confirm that the water level will never be high enough to saturate or
move upward through the pervious pavement.
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Storage Volume (ft®) =
Bed Length (ft) x Bed Width (ft) x Bed Depth (ft) Below Overflow Elevation x Void Ratio

Void ratios are generally:

® 0.40 for clean-washed aggregate such as AASHTO No. 3
®* 0.85to 0.95 for manufactured storage units depending on manufacturer
® 1.0 for the interior volume in perforated pipes within the bed

The SOV is a function of the storage volume available for the 1-inch or 1.6-inch storm. See Chapter 3 for
more information on SOV.

5. Area, Stone Bed Depth, and Dimensions

The size and surface area of the pervious pavement area and infiltration bed are usually a function of the
pavement requirements rather than the stormwater needs. The amount of parking, paths, and other
pavements required for site program needs usually determine the extent of pervious pavement area.

The minimum depth of the stone bed beneath the pavement is a function of the structural stability needs
of the pavement, and should be determined by the design engineer based on anticipated use. The stone
bed depth may be increased as needed to accommodate additional stormwater storage volume. As a
general rule, the aggregate bed for a light vehicle area constructed on uncompacted subgrade should not
be less than 12 inches in depth, provided that the aggregate (such as a clean-washed AASHTO No. 3
[angular 1%- to 2%-inch aggregate]) can provide stability. Higher traffic loads may require additional bed
depth. Sidewalks and paths should not be constructed with less than 4 inches of aggregate. In each
application, the appropriate bed depth for stability and traffic load must be determined by the designer.

Alternate storage media designed for stormwater systems (i.e., modular units) may be used; however, the
designer must verify that all such products are suitable for use when traffic loads apply. The designer is
responsible for the proper structural design of each installation according to material selected and project
traffic loads.

Because the aggregate subbase will often provide more volume storage than is necessary to manage the
direct rainfall onto pervious pavement, the stormwater bed can be designed to serve as a site BMP that
captures runoff from other impervious areas and portions of the site. This is often very cost-effective. For
infiltration systems, it is important not to concentrate too much stormwater in one location for
management. This can lead to accelerated clogging from sediment, high water depths that may compress
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soils, and soils that do not dry out between storms (and change structure). It also provides soil/water
contact for water quality improvement. A basic design rule is to design pervious pavement with a surface
area that is a ratio of the impervious and compacted pervious areas draining to the stormwater bed. The
amount of rainfall volume must also be considered. The following ratios based on design rainfall depth can
be used to estimate pervious pavement area:

1-inch Rainfall
1:10 ratio of surface area to impervious drainage area

1.6-inch Rainfall
1:8 ratio of surface area to impervious drainage area

Stormwater beds can be designed for deeper water depths during the larger, and less frequent, peak rate
storm events (if necessary) to provide peak rate mitigation. The detention capacity of the bed can be
analyzed and a hydrograph routed through the bed in the same manner as for a detention basin (taking
into account the volume as a function of stone or media porosity).

The bed depth of water storage is primarily determined by the rainfall depth managed and the loading
ratio, and influenced to a lesser extent by the infiltration rate. There is no specific limit on the maximum
width or length of an infiltration bed beneath pervious pavement. However, designers are discouraged
from designing excessively deep infiltration beds (more than 5 feet for the SOV capacity), even in areas
with high infiltration rates, due to concerns that the pressure at greater water depths may compact or
alter the underlying soil. There is no depth limit on non-infiltrating, slow-release beds.

Beds can be designed for short-term, deeper water depths during the larger, and less frequent, peak rate
storm events if necessary to provide peak rate mitigation.

Proprietary products may be used as storage media, and as a substitute for stone subbase; however, all
products must be approved by the City. There are a number of modular subsurface, plastic, interlocking
storage units that provide higher void space and comparable structural stability as AASHTO No. 3, but they
may be more costly.

6. Overflow and Peak Rate

All stormwater beds beneath pervious pavements must provide a safe means for water to exit the system
when large storms generate more stormwater runoff than the bed can hold. The inclusion of a positive
overflow route ensures that flooding risks and related property damage are minimized. The positive
overflow route is often in the form of a modified inlet box with an internal concrete weir (or weir plate, see
Figure 5.3.1-18), or simply an overflow pipe at an invert higher than the inlet pipe invert. This maximizes
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the volume managed by the bed, while providing sufficient cover for
overflow pipes. When water overtops the weir, it discharges via a pipe
to the storm sewer or to another approved discharge point.

The overflow structure can be designed to function as a detention rate
control structure for peak rate control, and can be modeled or evaluated
as a detention system. Temporarily higher effective water depths are
acceptable during large storm events managed for peak rate control.
The catch basins can be used as overflow structures in large storms, and
as rate control structures in larger storm events if the bed is constructed
with sufficient capacity.

The minimum allowable diameter of an overflow pipe is 12 inches
unless otherwise approved by the City.

Peak Rate Control and Infiltration Credit

Figure 5.3.1-18. Structures can be
purchased with weirs at the desired
elevations that allow the small storm
volume to be retained while larger
flows can safely be conveyed (also see
Figure 5.3.1-17).

For the purposes of site peak rate control, the designer may adjust the Curve Number value based on the
volume managed by both the SOV and the infiltration volume that occurs during a portion of a 24-hour
storm event. This allows the designer to account for runoff that was captured by applying low-impact
development and to develop a representative lower Curve Number. This procedure is described in

Chapter 7.

When adjusting the Curve Number, the infiltration volume can be estimated as the infiltration that occurs
during 12 hours of a 24-hour design storm. This will ensure that estimated infiltration volumes are not

greater than the actual volume captured within the BMP.

Infiltration Volume (ft®) = Pervious Pavement Bottom Area (ft?) x Infiltration Rate (in/hr) x 1/12 x 12 hours

7. Freeboard

It is essential that pervious pavement systems be designed so that there is never an opportunity for the
water level to saturate the pervious surface material. This is essential to the long-term stability and
durability of the pervious surface. For this reason, it is recommended that all pervious pavement be
designed with a freeboard within the stormwater bed such that the water level never reaches the top of
the bed or surcharges the bed. A minimum freeboard of 2 inches is recommended on smaller systems such

as sidewalks and 4 inches on larger systems such as parking lots.

Resource Rain
Rainwater Management Guide

11/21/2012
Page 5.3.1-19



8. Underdrain

An underdrain system is used to ensure that water moves through the system when the native soil
infiltration rate is not high enough to empty the bed of water, or if the bed is underlain by an impervious
liner and designed only for slow release. Underdrain systems should discharge to the existing stormwater
system or a location approved by the City. Underdrain systems must be included in the design if the native
soil infiltration is less than 0.1 inch per hour, or if the bed is designed for slow release. See Protocol 3 for
the infiltration testing procedure and Protocol 4 for infiltration system guidelines.

9. Waterproofing

In some instances where pervious pavement systems are designed to infiltrate, there may be concerns
about impacts on adjacent structures such as basements or on the subbase of adjacent paved surfaces.
The system may also be designed with an underdrain for slow-release of flows rather than infiltration if
there are concerns regarding lateral movement of water from the sides or bottom of the subsurface
infiltration beds. For all pervious pavement systems, the designer must evaluate the impact of the system
on adjacent structures and utilities as defined in Protocol, 1 Setbacks from Structures and Protocol 2,
Coordination with Other Utilities. The liner if applied must meet the guidelines provided in the Stormwater
Specification.

Where pervious pavement immediately adjoins standard pavement, a liner or waterstop should be
employed to prevent water from entering the standard pavement subbase (see Figure 5.3.1-19).
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NONWOVEN GEOTEXTILE
PERVIOUS PAVEMENT 15" X 12" COMPACTED BITUMINOUS BINDER COURSE

TO PROVIDE WATERSTOP BETWEEN BED AND
MPERVIOUS PAVING

IMPERVIOUS PA@)

SUBBASE

NOTE: INSTALL WATERSTOP
BETWEEN PERVIOUS AND
STANDARD IMPERVIOUS PAVEMENT

UNCOMPACTED SOIL COMPACTED SOIL

BITUMINOUS WATERSTOP DETAIL
FIGURE 5.3.1-19 NTS

Figure 5.3.1-19. A bituminous waterstop can be used to prevent lateral movement of water between standard and pervious
asphalt.

10. Water Quality/Total Suspended Solids

Pervious pavement systems that can capture and manage the required SOV through infiltration are
considered to meet all water quality requirements. Pervious pavement beds that are underdrained, but
can capture the required water quality volume as defined in Chapter 7, are also considered to provide
water quality treatment. See Chapter 7 for additional discussion, and the Subsurface Infiltration Bed
Worksheet for calculations.

Sizing Calculations Worksheet for Pervious Paving

(Link to Worksheet)
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Construction Considerations

For the best success, pervious pavement systems should not be installed until site construction is complete
and site stabilization has occurred. Pervious pavement systems completed before site stabilization must be
protected from receiving sediment-laden runoff. Runoff should be directed around the completed
pervious pavement system until site stabilization has occurred. Sediment-laden water must not be
allowed to enter pervious pavement systems or to drain onto pervious pavement surfaces.

The excavated capacity of the stormwater bed may be used as a temporary sediment trap area during
construction. The bed should not be excavated to final grade until the system is converted from a
sediment trap to a stormwater bed. It is recommended that the sediment trap bottom elevation be 2 feet
above the final stormwater bed elevation. Underdrained infiltration beds may be used as sediment traps
during construction to the final bed bottom elevation.

Construction Sequence Example
Step 1 Excavate and Prepare Subgrade

a. Do not compact or subject pervious pavement locations to excessive construction equipment traffic
during construction. Protect areas from vehicle traffic during construction with construction fence, silt
fence, or compost sock.

b. Initial excavation of infiltration beds can be performed during rough site grading. When performing
initial excavation, do not grade bottom beyond 2 feet above the final bed bottom elevation. Complete
final excavation only after all disturbed areas in the drainage area have been stabilized, or after the
bed is adequately protected from receiving sediment-laden water (i.e., with erosion and sediment
control measures around the BMP).

c. Remove fine materials and/or surface ponding in the grading bottom, caused by erosion, with light
equipment and scarify the underlying soils to a minimum depth of 6 inches with a York rake or
equivalent by light tractor.

d. Leave earthen berms between infiltration beds (if used) in place during excavation. These berms do
not require compaction if proven stable during construction. Constructing berms with fill is
discouraged. If necessary, key constructed berms into the subbase and compact to 95 percent density.
All constructed berms shall be designed by a qualified engineer.

e. Bring subgrade of infiltration bed to line, grade, and elevations indicated. Fill and lightly regrade any
areas damaged by erosion, ponding, or traffic compaction. All infiltration beds should be level grade
on the bottom.

f. Halt excavation and notify engineer immediately if evidence of sinkhole activity or unanticipated
bedrock or groundwater conditions are encountered, or other site conditions that may affect
infiltration bed design or performance become evident.
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Step 2 Install Overflow Structure and Other Stormwater Structures

a. Place the stormwater overflow structure on suitable subgrade to prevent settling. Install overflow
structure, inlet pipes, curbs, and other stormwater structures as appropriate before placement of
stone storage bed.

b. Close and secure all inlets, pipes, trench drains, and other structures to prevent runoff from entering
the infiltration bed before completion and site stabilization.

¢. Maintain drainage overflow pathways during construction, while infiltration bed is closed, to provide
for drainage during storm events.

d. Infiltration bed conditions should be observed by the design engineer, following excavation and
grading and prior to placement of geotextile and aggregate materials, to confirm that construction
requirements have been met. Documentation must be provided to the City (see Appendix I).

ARV AT
Figures 5.3.1-20a and b. Geotextile and perforated distribution pipes are placed on an uncompacted subgrade, and stone is
placed without compacting the bed bottom. Distribution pipes can be designed to extend through berms within the bed.

Step 3 Install Infiltration Bed

a. Place geotextile and bed aggregate immediately after approval
of subgrade preparation and installation of structures. Install
geotextile in accordance with manufacturer’s standards and
recommendations. Overlap adjacent strips of geotextile a
minimum of 16 inches and secure at least 4 feet outside of the
bed to prevent any runoff or sediment from entering the
storage bed. This edge strip should remain in place until all bare
soils contiguous to beds are stabilized and vegetated. Once the

site is fully stabilized, cut excess geotextile along bed edges Figure 5.3.1-21: Although the

back to gravel edge. subgrade is uncompacted to allow for
infiltration, the stone bed is placed in
layers and rolled to provide a suitable
subbase for construction vehicles and
future traffic loads.

10/12/2006
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b. Place clean-washed, uniformly graded aggregate in the bed in maximum 8-inch lifts. Compact each
layer lightly while keeping construction equipment off the bed bottom as much as possible.

c. Once bed aggregate is installed to the desired grade, install a 1-inch layer of choker base course
(AASHTO No. 57) aggregate uniformly over the surface. This ensures an even surface for paving.

Step 4 Install Pervious Pavement

o

Install pervious pavement in accordance with specifications and/or manufacturer’s requirements.

b. Test the pavement surface for permeability by applying clean water at the rate of at least 5 gallons per
minute per square foot (gpm/ft’) over the surface, using a hose or other distribution device. All applied
water should directly infiltrate without ponding or creating surface runoff.

c. Asrequired for pervious asphalt and concrete, protect pervious pavement from vehicle access for the

duration indicated in the specifications.

Operations and Maintenance

It is recommended that signage be installed at all pervious pavement installations to ensure institutional
memory that the pavement is pervious and should not be repaved, seal-coated, etc.

Special Maintenance Considerations:

® Prevent Clogging of Pavement Surface with Sediment
— Vacuum pavement twice per year.
— Maintain planted areas adjacent to pavement.
— Immediately clean any soil deposited on pavement.
— Do not allow construction staging, soil/mulch storage, etc. on unprotected pavement surface.
— Clean inlets draining to the subsurface bed twice per year.

®*  Snow/Ice Removal
— Pervious pavement systems generally perform better and require less treatment than standard
pavements.
— Abrasives such as sand or cinders should not be applied on or adjacent to pervious pavement.
— Snow plowing is acceptable but should be done carefully (i.e., the blade should be set slightly
higher than usual).
— Salt application is acceptable, although more environmentally benign deicers are preferable.
® Repairs
— The surface should never be seal coated.
— Damaged areas less than 50 square feet can be patched with pervious or standard asphalt.
— Larger areas should be patched with an approved pervious asphalt.
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Winter Maintenance

Winter maintenance for a pervious parking lot may be necessary, but is usually less intensive than that
required for a standard asphalt lot. By its very nature, a pervious pavement system with a subsurface
aggregate bed has superior snow melting characteristics than standard pavement. The underlying stone
bed tends to absorb and retain heat so that freezing rain and snow melt faster on pervious pavement.
Therefore, ice and light snow accumulation are generally not as problematic. However, snow will
accumulate during heavier storms. Abrasives such as sand or cinders should not be applied on or adjacent
to the pervious pavement. Snow plowing is acceptable, provided it is done carefully (i.e., by setting the
blade slightly higher than usual, about an inch). Salt is acceptable for use as a deicer on the pervious
pavement, although nontoxic, organic deicers, applied either as blended, magnesium chloride-based liquid
products or as pretreated salt, are preferable.

Repairs

Potholes in the pervious pavement are extremely unlikely, although settling might occur if a soft spot in
the subgrade is not removed during construction. For damaged areas of less than 50 square feet, a
declivity could be patched by any means suitable with standard pavement, with the loss of porosity of that
area being insignificant. The declivity can also be filled with pervious mix. If an area greater than 50 square
feet is in need of repair, approval of patch type must be sought from either the engineer or the owner.
Under no circumstance is the pavement surface to ever be seal coated. Any required repair of drainage
structures should be done promptly to ensure continued proper functioning of the system.
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5.3.2 Infiltration Bed
Description

An infiltration bed captures and
temporarily stores stormwater runoff
in a media bed that is located beneath
an impervious surface or beneath an
engineered layer of soil and
vegetation. Infiltration beds capture
and store stormwater runoff until it
infiltrates into the subsurface below.
The storage media may consist of
clean-washed, open-graded stone
aggregate, proprietary stormwater
products, or perforated pipes setin a
stone bed.

Infiltration beds are well suited for
expansive level areas such as athletic
fields, plazas, and pavement areas
that are not suitable for a porous
pavement surface (see Figures 5.3.2-
1a and b). Infiltration beds can also be
located under landscaped areas.
Stormwater runoff from other
portions of the site can be conveyed
into the stormwater bed for
management. If infiltration is not

feasible or is limited, an infiltration = SRR
bed can include an underdrain system Figures 5.3.2-1a and b. An infiltration bed beneath a school athletic field
provides stormwater management for the site and building while providing a

for slow release. Infiltration beds can level playfield area. Storm drain pipes convey roof runoff to the bed, and
be designed to provide SOV, rate perforated pipes distribute the runoff through the bed. Small storms infiltrate
control, and water quality. while large storms discharge to the storm sewer at a mitigated flow rate.
Resource Rain 11/21/2012
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BMP Functions Table

*
£
£
©
=
s
Q.
<

Reduction
Peak Rate
Reduction
Recharge
Temperature
Mitigation
Heat Island
Creation
Maintenance
Burden

Infiltration

R H H H H H L L L M
Bed u/s/

KEY: U = Urban; S = Suburban; R =Rural; H = High; M = Medium; L = Low
*Rating varies based on design considerations.

Key Design Features (See Figure 5.3.2-2)

® Often designed to capture volume of small storms and to provide peak rate control for larger storms.
® Often built to provide regional stormwater management.
®* C(Clean-washed, open-graded stone storage bed with minimum of 40 percent void space.

* Additional storage may be achieved through the use of perforated pipes set in the stone bed or
proprietary stormwater storage products.

® Surface material above bed may be pervious or impervious.
®* Compacted fill material may be placed above bed.
* Level, uncompacted subgrade.

* Nonwoven geotextile at soil/stone interface, including top of bed to prevent soil movement into
stormwater bed.

® Designed with method to convey water into stormwater bed.
® May include perforated pipe distribution network within bed.

® Sediment removal required for runoff from parking lots, roads, or other high pollutant source drainage
areas.

* Always includes positive overflow.
® Should not place on compacted fill (fill with stone, as needed).
®* When possible, place infiltration beds on upland soils.

Applications

® Athletic and recreational fields
® Parking lots and driveways where porous pavement is not appropriate or feasible
® Plazas and open spaces
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®* Below existing or proposed open space areas

® Beneath areas of fill material to achieve infiltration where major grade changes are required, such as
on slopes

®* Between impervious areas and downslope vegetation, such as woods or wetlands, where it is
important to maintain soil moisture conditions after development

Advantages

®* When used to provide volume reduction (SOV), may provide a Curve Number reduction and may
reduce the peak rate requirements for the site.

®  Well suited to directly receive “clean” roof runoff.
® Does not preclude use of the space (active recreation/parking).
® Can manage a significantly large quantity of runoff and function as a regional system.

* Effective for maintaining soil moisture conditions for downslope planting areas, wooded slopes, or
wetlands.

®* Flexible dimensions to fit conditions.

® Excellent retrofit capability (see Figure 5.3.2-5)

®* Can be benched or terraced to accommodate slopes.
® Cost effective

Disadvantages

* High clogging potential if runoff from high sediment areas is not pretreated.

®* Not visible and may be “forgotten.”

®  Must be offset from foundations/basements.

* Infiltration requires suitable site conditions (i.e., adequate soil infiltration rate).
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FIGURE 5.3.2-2

NTS

Figure 5.3.2-2. Infiltration bed cross-section. This cross-section shows an infiltration bed at the overflow structure. Runoff from the
SOV fills the stormwater bed. In this example, the outflow pipe invert is at the top of the bed and serves to “back up” the water
within the bed. Once the bed is full, larger storms discharge from the overflow pipe. A weir across an outflow pipe or within the
outflow structure can also achieve the goal. The perforated pipe connection to the catch basin structure ensures that water will

pass into the structure directly once the bed is full.

Applications

An infiltration bed can be “hidden” beneath a variety of surfaces such as athletic and other recreational
fields, driveways, parking lots, and plazas. They are ideal in areas with limited space for stormwater
management. Combining uses, such as integrating an infiltration bed into a design for a basketball court or

rubber surface playground, can also be cost-effective.
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Residential Infiltration Bed

A

Figures 5.3.2-3a and b. Infiltration beds were incorporated into standard asphalt driveways in this suburban residential
development. Standard asphalt was chosen for ease of maintenance and to prevent homeowners from inadvertently “seal
coating” porous pavement. Roof leaders convey runoff directly into beds. The sumped catch basin serves to connect the bed to
the storm sewer and may also collect driveway and surface runoff. The roof leaders from the house include cleanouts.
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Institutional Infiltration Bed

:::T,-’

g 2 |

"

Figure 5.3.2-4. An infiltration bed beneath large athletic fields at Purdue University serves as a regional stormwater system for the
campus. The two football practice fields are nearly 3 acres in area and capture runoff from the fields as well as nearly 10 acres of
parking lots and roads. Runoff from parking lots and roads is pretreated with bioretention and vegetated swales before being
discharged into the bed.

Landscaped Areas

Figure 5.3.2-5. This landscaped area is underlain by an infiltration bed. The bed receives runoff from the upslope impervious areas.
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Urban Greening Infiltration Bed

Figure 5.3.2-6. This urban park plaza is built above an infiltration bed that completely underlies the plaza. Runoff is both piped into
the bed from adjacent areas and is able to enter the bed through the porous pavers around the perimeter of the plaza.

Applicable Protocols and Specifications

The following Protocols and Specifications (see Appendices A through F) are applicable to infiltration beds
and must be addressed:

®  Protocol 1 Setbacks from Structures
®  Protocol 2 Coordination with Other Utilities
*  Protocol 3 Site Evaluation and Infiltration Testing
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®* Protocol 4 Infiltration System Design and Construction Guidelines
® Stormwater System Specifications

— Aggregates and Drainage Layers

— Pipes

—  Control Structures

— Geotextiles

— Impervious Liners and Waterproofing

Design Considerations for Infiltration Beds

Infiltration beds can be designed beneath various surfaces, from vegetated to impervious. They can be
integrated into new development or as part of a retrofit project in both urban and suburban areas. The key
design components for infiltration beds discussed below allow design flexibility to ensure maximum
performance.

1. Location and Capture Area

Infiltration beds can be located:

®* C(Close to the source of runoff to minimize the need for additional stormwater structures.
I”

* As part of a “regional” or site stormwater management system, designed to capture runoff from a
larger drainage area (see Figure 5.3.2-7).

In both instances, stormwater is conveyed into the bed via pipes or other measures.
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N C hermy;Lin s

Parking Lot

Athletic Fields

Figure 5.3.2-7. This diagram of the athletic fields at Purdue indicates how runoff from streets and parking areas is directed
through bioretention areas and vegetated swales before being directed to the infiltration bed. Overflow from the vegetated
systems is piped into the bed in this “treatment train” approach.

Slopes

® Infiltration beds should not be constructed on fill material, because compacted fill will prevent
infiltration.
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* Wherefill is required to achieve desired site grades, infiltration beds can be located beneath the
compacted fill. This allows the bed to be constructed on native soil material (see Figure 5.3.2-8).

® The bed bottom must be level or with a slope less than 0.5 percent. If needed, the infiltration bed may
be benched or terraced on slopes, similar to the examples for porous pavement (see Figure 5.3.2-9).

Figure 5.3.2-8. This supermarket parking lot required a level surface. Infiltration beds were placed at the native soil interface,
beneath the fill material and parking lot.
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STORMWATER INFILTRATION BEDS ON STEEP SLOPE AND BELOW FILL MATERIAL
FIGURE 5.3.2-9 NTS

Figure 5.3.2-9. Cross-section of infiltration beds on slope and beneath fill material.

Drainage Area

The type of land use in the drainage area must be carefully considered. Roof runoff is generally “clean”

with regard to sediment and is ideal for discharge to an infiltration bed. Runoff from other areas such

as parking lots must be treated with sediment-reduction measures (such as vegetated swales and filter

strips) before runoff is discharged into the bed.

Infiltration beds should not be used in hot spot areas where there is the potential for runoff with
higher than average pollutant levels to enter the groundwater. Only the hot spot area is precluded

from the infiltration bed; other portions of the site may be well-suited for infiltration bed use.
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2. Entrance/Flow Conditions

Stormwater runoff must be conveyed into an infiltration bed, usually with storm sewer pipes. Pipes may
end within and discharge directly into a small bed, or continue through the bed as a continuously
perforated pipe to better distribute water in a large bed (see Figure 5.3.2-10).

If the surface of the bed is vegetated, adequate soil cover (a minimum of 12 to 24 inches) must be installed
to support the proposed landscape vegetation. The soil cover can allow surface runoff to permeate
through the soil and into the infiltration bed. An infiltration bed may be placed below compacted fill
material and impervious surfaces. When a bed is placed below compacted fill, stormwater must be
conveyed into the bed via pipes and structures.

_ Roof leader
/

/ //
//

Catch basin | / Qverfiow

_ Cleanout with Soil mix,
" 12-18"sump ‘
P .

\ Perforated pipe

e ceicasinren \
: Clean uniformly graded coarse aggregate & ) | | { E—
Sump to trap Geotextile fabric— = = =T | L—sumptotrap

sediment +
- sediment

Uncompacted bed bottom /

Figure 5.3.2-10. Conveyance of runoff into stormwater infiltration bed. Pipes may discharge directly into the bed or continue
through the bed as a continuously perforated pipe.

3. Management of Sediment, Trash, and Debris

In areas of high sediment load, measures should be provided to prevent the movement of suspended
material into the infiltration bed. Sediment can clog an infiltration bed and limit its functional lifespan.

® Roof runoff is generally lower in sediment and can be conveyed directly into a bed; however, a
cleanout for roof leaders is required in the event that pipe clogging occurs.
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4.

Runoff from roof areas that receive high amounts
of leaf debris or other materials (such as
deposition from equipment) should include
sediment traps, or should be reconsidered. It may
be preferable to discharge these roof areas to a
vegetated swale or a filter strip prior to discharge
into the bed.

In areas of high trash or with specific concerns
such as plastic shopping bags, entrance conditions
should include a screen to prevent material from
entering the infiltration bed. The designer must
consider the site-specific conditions and adjacent
land uses in each application.

Water quality inserts or sumped inlets can reduce
the amount of sediment from parking areas and
low-traffic streets (see Figure 5.3.2-11). For high-
traffic streets, the designer may wish to consider
discharge to a vegetated system such as a filter
strip or vegetated swale before discharge into the
infiltration bed. Water quality inserts can also be
used but must be maintained. Clogging of

Figure 5.3.2-11. Water quality inserts can be used to reduce
sediment and prevent trash from entering a stormwater
infiltration bed. Water quality inserts require regular
maintenance.
(http://www.gaelwolf2.com/dnrec/trib_times_2004_4_catch_b
asin_inserts.htm, Aug. 24, 2012)

unmaintained inserts may result in ponding on the roadway. This potential hazard should be

considered by the design engineer.

If a large infiltration bed includes a perforated pipe distribution system, one or more cleanouts should

be installed to allow access to the distribution pipes.

Storage and Stay-on-Volume

As shown on Figure 5.3.2-12, the storage capacity of an infiltration bed is measured as the volume below
the lowest discharge invert (overflow).

Storage Volume (ft®) =

Bed Length (ft) x Bed Width (ft) x Bed Depth (ft) Below Overflow Elevation x Void Ratio
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Void ratios are generally:

® 0.40 for clean washed aggregate such as AASHTO No. 3
® 0.85t0 0.95 for manufactured storage units depending on manufacturer
® 1.0 for the interior volume in perforated pipes within the bed

The SOV is a function of the storage volume available for the 1-inch or 1.6-inch storm.

Stay On
Volume
Area below ouiflow
invert is storage volume
o STH —_ 1" M "
——— 12" sump to trap sediment
 I——

Perforated pipe

Figure 5.3.2-12. Storage capacity of stormwater infiltration bed is estimated below the overflow elevation.

5. Area and Dimensions

The size and area of an infiltration bed are a function of the drainage area that will discharge into the bed.
For infiltration systemes, it is important not to concentrate too much stormwater in one location for
management. This can lead to accelerated clogging from sediment, high water depths that may compress
soils, and soils that do not dry out between storms (and change structure). It also provides soil/water
contact for water quality improvement. A basic rule-of-thumb is to design an infiltration bed with a surface
area (footprint) that is a ratio of the impervious and compacted pervious areas that drain to it. The amount
of rainfall volume must also be considered. The following ratios based on design rainfall depth can be used
to estimate the surface area of a subsurface infiltration bed:

1-inch Rainfall

1:10 ratio of infiltration bed surface area to impervious drainage area
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1.6-inch Rainfall
1:8 ratio of infiltration bed surface area to impervious drainage area

The land use type draining into an infiltration bed should be considered in bed area design. It is strongly
discouraged that beds receiving runoff from high-sediment areas such as streets and high-use parking lots
exceed the recommended ratios. The recommended ratios can be increased when managing runoff from
clean roof areas, especially in areas with high (greater than 1 inch per hour) infiltration rates. “Clean” and
“dirty” runoff should not be mixed if possible, although this is not always feasible.

The bed depth of water storage is primarily determined by the rainfall depth managed and the loading
ratio, and influenced to a lesser extent by the infiltration rate. There is no specific limit on the maximum
width or length of an infiltration bed. However, designers are discouraged from designing excessively
deep infiltration beds (greater than 5 feet for the SOV capacity), even in areas with high infiltration
rates, because of concerns that the pressure at greater water depths may compact or alter the
underlying soil. There is no depth limit on non-infiltrating, slow-release beds.

Beds can be designed for short-term, deeper water depths during the larger, and less frequent, peak rate
storm events if necessary to provide peak rate mitigation.

Proprietary products may be used as storage media and as a substitute for stone subbase; however, all
products must be approved by the City. A number of modular subsurface, plastic, interlocking storage
units provide higher void space and comparable structural stability as AASHTO No. 3, but may be more
costly (see Figures 5.3.2-13).
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Figures 5.3.2-13(a and b) This “on-line” infiltration bed is constructed of “RainStore” units to increase storage capacity. This bed
was installed as a retrofit to reduce downstream erosion and flooding.

6. Overflow and Peak Rate

All infiltration beds must provide a safe way for water to exit the system when large storms generate more
stormwater runoff than the bed can hold. The inclusion of a positive overflow route ensures that flooding
risks and related property damage are minimized. The positive overflow route is often in the form of a
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modified inlet box with an internal weir plate, or simply an overflow pipe at an invert higher than the
bottom of the infiltration bed. This maximizes the volume managed by the bed, while providing sufficient
cover for overflow pipes. When water overtops the weir, it discharges via a pipe to the storm sewer or to
another approved discharge point.

The overflow structure can be designed to function as a detention rate control structure for peak rate
control, and can be modeled or evaluated as a detention system. Temporarily higher effective water
depths are acceptable during large storm events managed for peak rate control. The catch basins can be
used as overflow structures in large storms, and as rate control structures in larger storm events if the bed
is constructed with sufficient capacity.

The minimum allowable diameter of an overflow pipe is 12 inches unless otherwise approved by the
City.

Peak Rate Control and Infiltration Credit

For the purposes of site peak rate control, the designer may adjust the Curve Number value based on the
volume managed by both the SOV and the infiltration volume that occurs during a portion of a 24-hour
storm event. This allows the designer to account for runoff that was captured by applying LID, and to
develop a representative lower Curve Number. This procedure is described in Chapter 7.

When adjusting the Curve Number, the infiltration volume can be estimated as the infiltration that occurs
during the first 12 hours of a 24-hour design storm. This will ensure that estimated infiltration volumes are
not greater than the actual volume captured within the BMP.

Infiltration Volume (ft?) = Bioretention Bottom Area (ft’) x Infiltration Rate (in/hr) x 1/12 x 12 hours

7. Freeboard

Infiltration beds can be designed without freeboard and be allowed to completely fill provided that other
conditions, such as adjacent pavement subbase, are considered. Because infiltration beds often serve as
peak rate detention facilities, they are often designed with additional capacity above the SOV storage
volume. The designer should always confirm that an infiltration bed will not surcharge, but has adequate
capacity for conveyance of large events.

8. Underdrain

An underdrain system is used to ensure that water moves through the system when the native soil
infiltration rate is not high enough to empty the bed of water, or if the bed is underlain by an impervious
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liner and designed only for slow release. Underdrain systems should discharge to the existing stormwater
system or to a location approved by the City. Underdrain systems must be included in the design if the
native soil infiltration rate is less than 0.1 inch per hour, or if the bed is designed for slow release. See
Protocol 3 for the infiltration testing procedure and Protocol 4 for infiltration system guidelines.

9. Waterproofing

In some instances, infiltration beds may be designed to infiltrate, but there may be concerns about impacts
on adjacent structures such as basements, or impacts on the subbase of adjacent paved surfaces. For all
subsurface infiltration beds, the designer must evaluate the impact of the system on adjacent structures
and utilities as defined in Protocol 1, Setbacks from Structures and Protocol 2, Coordination with Other
Utilities. The liner, if applied, must meet the guidelines provided in the Stormwater Specification. In many
situations, a partial liner (i.e., one side of a bed) will adequately protect structures.

Utility pipes or conduits may pass through the bed if required, but the designer is encouraged to avoid
utility crossings if possible. Where a new or existing utility passes through a stormwater bed, a waterstop
should be installed along the utility as it exits the bed to prevent movement of water along the utility
bedding material.

10. Water Quality/Total Suspended Solids
Infiltration beds that can capture and manage the required SOV through infiltration are considered to
meet all water quality requirements. Infiltration beds that are under drained but can capture the required

water quality volume as defined in Chapter 7 are also considered to provide water quality treatment. See
Chapter 7 for additional discussion, and the Infiltration Bed Worksheet for calculations.

Sizing Calculations Worksheet for Subsurface Infiltration Beds

(Link to Worksheet)

Construction Considerations

Infiltration beds can be installed:

1. Early in the construction process, but should not receive any site runoff until site construction is
complete and site stabilization has occurred. Runoff should be directed around the completed

infiltration bed until site stabilization has occurred. Sediment-laden water should not be allowed to
enter infiltration beds. The designer must consider stormwater management during construction.
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2. The stormwater bed may be constructed after site construction is substantially complete and site
stabilization has occurred. During construction of the site, areas reserved for infiltration beds must be
protected and should be fenced or barricaded to prevent the movement of equipment over the
proposed infiltration area. This is similar in practice and intent to protecting an onsite septic system
disposal field from vehicle compaction.

The excavated capacity of an infiltration bed may be used as a temporary sediment trap/stormwater
measure during construction. The bottom elevation during use as a sediment measure should be a
minimum of 1 foot higher than the final infiltration bed bottom elevation. At the time of conversion from a
sediment measure to an infiltration bed, any sediment and the remaining 1 foot of material should be
removed for construction of the infiltration bed.

Construction Sequence Example
Step 1 Excavate and Prepare Subgrade

a. Do not compact or subject pervious pavement locations to excessive construction equipment traffic
during construction. Protect areas from vehicular traffic during construction with construction fence,
silt fence, compost sock, or other means acceptable to the City (see Figure 5.3.2-13, which shows a
construction area delineated with construction fence to keep vehicular traffic isolated).

b. If alternate storage media is used in lieu of stone aggregate, provide a suitable stone subbase and do
not compact bed bottom.

c. Infiltration beds can be installed at any time during the construction process provided that sediment-
laden runoff is prevented from entering the bed. Do not allow runoff from any disturbed areas in the
drainage area to discharge into the bed until these areas have been stabilized.

d. Remove fine materials and/or surface ponding in the graded bottom, caused by erosion, with light
equipment and scarify the underlying soils to a minimum depth of 6 inches with a York rake or
equivalent by light tractor.

e. Construct earthen berms (if used) between infiltration beds by excavating the beds and leaving
existing material in place between the beds as a “berm.”

f.  Bring subgrade of infiltration bed to line, grade, and elevations indicated on the plans. Fill and lightly
regrade any areas damaged by erosion, ponding, or traffic compaction. All infiltration beds shall be
level grade on the bottom (not greater than 0.5 percent slope).

g. Halt excavation and notify engineer immediately if evidence of sinkhole activity, unanticipated bedrock
or groundwater conditions, or other site conditions that may affect infiltration bed design or
performance are encountered.
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Step 2 Install Overflow Structure and Other Stormwater Structures

a. Place the stormwater overflow structure on suitable subgrade to prevent settling (i.e., compacted
subgrade and compacted suitable subbase material). Install overflow structure, inlet pipes, curbs, and
other stormwater structures as appropriate before placement of stone storage bed.

b. Close and secure all inlets, pipes, trench drains, and other structures to prevent runoff from entering
the infiltration bed before completion and site stabilization.

¢. Maintain drainage overflow pathways during construction, while the infiltration bed is closed, to
provide for drainage during storm events.

d. Infiltration bed conditions should be observed by the design engineer, following excavation and
grading and prior to placement of geotextile and aggregate materials, to confirm that construction
requirements have been met. Documentation must be provided to the City (see Appendix I).

Step 3 Install Infiltration Bed

a. Place geotextile and bed aggregate immediately after approval of subgrade preparation and
installation of structures. Geotextile shall be placed in accordance with the manufacturer’s standards
and recommendations. Overlap adjacent strips of geotextile a minimum of 16 inches.

b. Place clean (washed), uniformly graded aggregate or other storage media in the bed in maximum 8-
inch lifts. Spread the aggregate with equipment running over the aggregate and pushing toward bare
soil. Lightly compact each aggregate layer while keeping construction equipment off the bed bottom
as much as possible.

c. Following placement of storage media, place geotextile over the top of the bed to prevent soil
movement into the bed. Place and secure geotextile to prevent soil movement through the overlap
areas.

d. Place soil or other material above the storage bed.

Operations and Maintenance

All properly designed and installed subsurface infiltration beds will require annual maintenance, although
they require less maintenance than other BMPs.

® Inspect and clean all inlets and catch basins biannually.

® Confirm that standing water does not remain in the bed after more than 96 hours without
precipitation.

® Clean any pipes of connections that contain debris using a vacuum system. Do not wash material and
debris into the bed.
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5.3.3 Infiltration Trench
Description

An infiltration trench consists of a linear trench of open-graded aggregate or media that can capture, hold,
and infiltrate stormwater (see Figures 5.3.3-1a and 1b). Its functions are similar to a stormwater infiltration
bed except that it may also serve as part of a conveyance system, especially during larger storm events.
Infiltration trenches capture and store stormwater runoff until it infiltrates into the subsurface below. The
storage media may consist of clean-washed, open-graded stone aggregate, proprietary stormwater
products, or perforated pipes set in a stone trench.

Very often, an infiltration trench is an effective method for conveying stormwater while also providing
stormwater volume capture. In suitable areas, a stormwater pipe can be constructed as an infiltration
trench. For an “on-line” trench that is part of a conveyance system, small storms are captured by the
trench while large storms are conveyed through the BMP (infiltration trench). As a result, infiltration
trenches, when used as part of a larger stormwater conveyance system, can be one of the most cost-
effective BMPs.

Infiltration trenches are well suited to linear areas such as along roads, where they may be “on-line”
(where all flows go through the trench) or “off-line” (where larger storms are intended to bypass the
trench).

Infiltration trenches that are parallel to the road are generally only cost-effective on slopes of 5 percent or
less. On steeper roads, infiltration trenches can be constructed perpendicular to the road and along the
contour if space is available.

In situations where infiltration is not feasible, a stormwater trench may include an underdrain system for
slow release. Underdrained trenches can work very well as roadside retrofits in urban areas, and are highly
beneficial in CSO areas to reduce runoff volume during rainfall periods.
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Figures 5.3.3-1a and b. Infiltration trench during installation and afterwards.
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Key Design Features (see Figure 5.3.3-2)

® Linear in nature and generally designed to capture runoff from small (1.6 inches or less) rainfall events.
® The trench may capture all or only a portion of the SOV.

® Often built “on-line” as part of a stormwater conveyance system.

®* Water is conveyed into the trench, usually with pipes or other structures.

* Always includes an overflow control structure and the capacity to safely convey or bypass larger storm
events.

¢ Usually limited in maximum width (6 feet or less) and depth (4 feet or less), although this may vary
according to conditions.

®  Minimum trench width is 3 feet.

®* The length, width, and depth may be a function of “available space” for the infiltration trench.
* (Clean-washed, open-graded aggregate storage trench with minimum of 40 percent void space.
* Perforated pipe is used within the trench.

® Surface material above trench may be pervious or impervious.

®* Compacted fill material may be placed above the trench.

® Level, uncompacted subgrade in the trench bottom.

®* Nonwoven geotextile at soil/stone interface, including top of trench to prevent soil movement into the
trench.

® Designed with a method to convey water into the stormwater trench.

®  Prior sediment removal is required for runoff from parking lots, roads, or other high sediment source
drainage areas.

® Should not be placed on compacted fill if designed for infiltration.
®*  When possible, place infiltration trenches on upland soils.

Applications

® As part of a stormwater conveyance system in segments where there is limited grade change
®* Road shoulders, medians, alleys, and sidewalks

®* Parking lot edges

® Individual home lots

®* Asacomponent to “connect” larger BMPs

® Useful as a retrofit when replacing sidewalks, repairing roads, etc.
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Advantages

* Very cost-effective when part of a stormwater conveyance system.

®*  When used to provide volume reduction (SOV), may provide a Curve Number reduction and may
reduce the peak rate requirements for the site.

*  Well suited to directly receive “clean” roof runoff.
® Effective for maintaining soil moisture conditions for planting areas or wooded slopes.
® Can enhance health and longevity of street trees if properly designed.

® Landscape features may be built above an infiltration trench; it does not preclude other uses of the
surface space.

Disadvantages

* High clogging potential if runoff from high-sediment areas is not pretreated.

® Limited capacity for volume storage due to size.

®* Not visible and may be “forgotten.”

®*  Must be offset from foundations/basements.

®* May encounter utility conflicts in roadway right-of-way applications, especially in retrofit situations.
®* Must be designed to prevent damage to pavement subbase material from infiltration.
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Figure 5.3.3-2. Typical infiltration trench cross-section.

Applications

An infiltration trench is often a “leaky pipe” by intention. In small, linear areas, the stormwater conveyance
system can be designed to reduce runoff volume by allowing small storm events to partially or entirely

infiltrate within the trench. Infiltration trenches are well-suited to the linear nature of roads.
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Roadside Infiltration Trench

Figures 5.3.3-3a and b. Infiltration trenches were incorporated into an existing storm sewer system within the road at the
Washington National Cathedral (Washington, DC). The trench is lined with an impervious liner along the asphalt edge to prevent
damage to the roadway subbase from water movement. Overlain by standard asphalt, runoff enters the trench through
stormwater inlets.
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Infiltration Trench as Part of Conveyance System

Figure 5.3.3-4. The subgrade storm sewers beneath the lawn at this university campus include infiltration trenches “on-line” as
part of the storm sewer system. This is appropriate where the grade is relatively level and the storm sewer is constructed along
the contour, as shown here.

Resource Rain 11/21/2012
Rainwater Management Guide Page 5.3.3-7



Urban Greening Infiltration Trench

;-3—

Figure 5.3.3-5. Tree trenches capture street runoff, via curb inlets, and improve urban greening and streetscapes, especially in
ultra-urban locations.

Applicable Protocols and Specifications

The following Protocols and Specifications (see Appendices A through F) are applicable to infiltration
trenches and must be addressed:

®* Protocol 2 Coordination with Other Utilities
®*  Protocol 3 Site Evaluation and Infiltration Testing

®*  Protocol 4 Infiltration System Design and Construction Guidelines
®* Protocol 5 Planting Guidelines
Resource Rain 11/21/2012
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® Bioretention Soil Specifications
® Stormwater System Specifications
— Aggregates and Drainage Layers
— Pipes
—  Control Structures
— Geotextiles
Impervious Liners and Waterproofing

Design Considerations for Infiltration Trenches

Infiltration trenches are a linear BMP. The key design components for infiltration trenches discussed below
allow design flexibility to ensure maximum performance. A trench may capture only a portion of the SOV,
but be part of a larger system that meets volume requirements.

1. Location and Capture Area

Locate infiltration trenches:

® Close to the source of runoff (if possible) to minimize the need for additional stormwater structures.
®* Between larger BMPs or as part of the stormwater conveyance system.

®* To capture small drainage areas, generally less than 10,000 square feet. If necessary, use several
connected infiltration trenches or
combine with other BMPs to address
larger areas.

Infiltration trenches can be located
beneath or within roadways or impervious
paved areas with proper design. When
located in or adjacent to pavement, the
following site-specific conditions should be
considered:

® Saturated conditions in the trench
cannot create saturation under or
within the impermeable pavement
subbase. This is especially important

when infiltration trenches are adjacent Figure 5.3.3-6. Impervious liners can be used to prevent lateral
to standard impervious pavement. movement of water beneath standard pavement.

Resource Rain 11/21/2012
Rainwater Management Guide Page 5.3.3-9



®* Water levels in the trench should never be high enough to saturate the subbase of overlying
impervious areas (through the top of the trench). Provide for controlled overflow and maximum water
surface elevation.

®* When located adjacent to pavement, the maximum water level must be lower than the pavement
subbase. Alternatively, a secured impervious liner can be used to prevent lateral water movement (see
Figure 5.3.3-6).

Slopes

* Infiltration trenches should not be constructed on fill material, because compacted fill will prevent
infiltration. Slow release (underdrained) infiltration trenches may be built in fill material.

® The trench bottom must be level or with a slope less
than 0.5 percent. If needed, the infiltration trench may
be benched or terraced on slopes.

® Grade changes can often be accommodated by a series
of connected infiltration trenches that “step” down the
hill. (See BMPs 5.3.1 and 5.3.2 for “stepped” details.)

Drainage Area

®* The type of land use in the drainage area must be
carefully considered. Roof runoff is generally “clean”
with regard to sediment and is ideal for discharge to an
infiltration trench. Runoff from other areas, such as
parking lots, must be treated with sediment-reduction
measures, such as sediment traps in inlets or inlet
water quality inserts, before runoff is discharged into
the trench (see Figure 5.3.3-7).

* Infiltration trenches should not be used in hot areas
where there is the potential for runoff with higher than
average pollutant levels to enter the groundwater. Only Figure 5.3.3-7. If a catch basin is used to collect street

. .o . runoff into a tree trench, the inlet must include a
the hot area is precluded from infiltration; other U )
sump and a water quality insert to control sediment.

portions of the site may be well-suited for infiltration This tree trench is built with a porous pavement
trench use. sidewalk. (Also see Figures 5.3.11a and b.)
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2. Entrance/Flow Conditions

Stormwater runoff must be conveyed into an infiltration
trench, usually with storm sewer pipes. Pipes usually
continue through the trench as a continuously perforated
pipe. A cleanout or pipe access through a structure should
always be provided for future pipe cleaning if necessary.
The minimum diameter of the continuously perforated
pipe within the trench is 6 inches. If the trench must
convey large storms (“on-line” infiltration trench), the
designer must confirm that the overflow capacity from the
trench is adequate to meet City conveyance requirements
(see Overflow discussion). For “on-line” infiltration
trenches, it is recommended that the pipe be located in the
upper portion of the trench, with storage provided below.

Trenches that are “off-line” receive runoff until the trench
is full, at which point stormwater runoff must be designed
to “bypass” the trench and be managed by other methods
(see Figure 5.3.3-8). A trench may also be designed with
entrance conditions that constrict the rate of flow into the
trench, such that high flow rates from high-intensity rainfall
cannot enter the trench.

3. Management of Sediment, Trash, and Debris

Figure 5.3.3-8. This roadway trench is designed with
catch basins to capture and convey runoff into the
trench. When the trench is full, flows cannot enter
the trench and continue to the next catch basin that
conveys the runoff to the larger combined sewer
system.

In areas of high sediment load, all infiltration trenches must include measures to prevent the movement of
material into the trench. Sediment can clog an infiltration trench and limit its functional lifespan (see

Figure 5.3.3-9).

® Roadside infiltration trenches must include sediment-reduction practices (such as sumps, water
quality inserts, and trash screens). Additionally, roadside trenches must be approved with a
maintenance plan that identifies the method and frequency of maintaining the roadside trench.

® Roof runoff is generally lower in sediment and can be conveyed directly into a trench; however, a
cleanout for roof leaders is required in the event that pipe clogging occurs.

®  Runoff from roof areas that receive high amounts of leaf debris or other materials (such as deposition
from equipment) should include sediment traps, or should be reconsidered. It may be preferable to
discharge these roof areas to a vegetated swale or a filter strip prior to discharge into the trench.
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® Inareas of high trash or with specific
concerns such as plastic shopping bags,
entrance conditions should include a screen
to prevent material from entering the
infiltration trench. The designer must
consider the site-specific conditions and
adjacent land uses in each application.

® Water quality inserts or sumped inlets can
reduce sediment from parking areas and
low-volume streets. High-volume streets
should discharge to a vegetated system
such as a filter strip or vegetated swale
before discharge into the trench.

® Cleanouts should be installed as necessary
to allow access at “both ends” of the
distribution pipes, if these pipes cannot be
accessed through inlets or other structures.

e

4. Storage and Stay-on-Volume ‘3 Sk Ll

Figure 5.3.3-9. Lack of inlet maintenance can prevent

An infiltration trench may be designed to water from entering an urban tree trench.

capture the SOV, but often the trench may be
able to capture only a portion of the SOV. In this situation, the remaining SOV and water quality volume
must be managed by downstream BMPs.

The storage capacity of an infiltration trench is measured as the volume below the lowest discharge
invert (overflow).

Storage Volume (ft’) =
Trench Length (ft) x Trench Width (ft) x Trench Depth (ft) Below Overflow x Void Ratio

Void ratios are generally:

® 0.40 for clean-washed aggregate such as AASHTO No. 3
®* 0.85t0 0.95 for manufactured storage units depending on manufacturer
® 1.0 for the interior volume in perforated pipes within the trench

Resource Rain 11/21/2012
Rainwater Management Guide Page 5.3.3-12



The SOV is a function of the storage volume available for the 1-inch or 1.6-inch storm.
Infiltration Volume (ft?) = Trench Bottom Area (ft) x Infiltration Rate (in/hr) x 12 hours x 1/12
5. Surface Area and Dimensions

The size and surface area of an infiltration trench may be a function of the drainage area that will
discharge to the trench. It is important not to concentrate too much flow in one location. This can lead to
accelerated clogging from sediment, high water depths that may compress soils, and soils that do not dry
out between storms (and change structure). A basic rule-of-thumb is to design an infiltration trench with a
surface area that is a ratio of the impervious and compacted pervious areas draining to it. The amount of
rainfall volume must also be considered. The following ratios based on design rainfall depth can be used to
estimate the dimensions for an infiltration trench:

1-inch Rainfall

1:10 ratio of trench surface area to impervious drainage area
1.6-inch Rainfall

1:8 ratio of trench surface area to impervious drainage area

For example, an infiltration trench that receives runoff from 5,000 square feet of roadway and is designed
for the 1-inch rainfall would be:

5,000 square feet / ratio of 10 = 500 square feet of infiltration trench

The trench depth of water storage is a function of the rainfall depth managed and the loading ratio, and
influenced to a lesser extent by the infiltration rate. Very often the storage depth of an infiltration trench
will be limited by site conditions (i.e., the elevation of the downstream stormwater system to which the
trench connects). Trench depth may also be limited by topography and slope.

The minimum recommended width for infiltration trenches is 3 feet. Designers are strongly discouraged
from designing infiltration trenches that are more than 5 feet deep. Excavation and placement of trench
material may become difficult at deeper depths. Applicable health and safety requirements must be
adhered to in the installation of any trench.

A 5-foot-deep stone infiltration trench (with 40 percent void space) can provide 2 feet of runoff storage:
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2 feet of water / 0.40 void space = 5-foot stone storage trench

Additional storage may be available in the conveyance pipe if the pipe volume is lower than the control
invert from the trench (see Overflow discussion).

Proprietary products may be utilized as storage media and as a substitute for stone subbase; however, all
products must be approved by the City. An example is use of modular subsurface, plastic, interlocking
storage units, which provide higher void space and structural stability comparable to AASHTO No. 3
aggregate, but may be more costly.

The land use type draining into an infiltration trench should be considered in trench area design. It is
strongly discouraged that trenches receiving runoff from high-sediment areas such as streets and high-use
parking lots exceed the recommended loading ratios. The recommended ratios can be significantly
increased when managing runoff from clean roof areas. “Clean” and “dirty” runoff should not be mixed if
possible.

If the surface of the trench is vegetated, adequate soil cover must be maintained above the infiltration
trench to support successful vegetation. Minimum cover over pipes for structural integrity is required.

6. Overflow and Peak Rate

All infiltration trenches must provide a safe way for water to exit the system when large storms generate
more stormwater runoff than the trench can hold. The inclusion of a positive overflow route ensures that
flooding risks and related property damage are minimized.

The positive overflow route is often in the form of a modified inlet box with an internal concrete weir (or
weir plate), or simply an overflow pipe at a higher invert elevation. This maximizes the volume managed by
the trench, while providing sufficient cover for overflow pipes. When water overtops the weir, it
discharges via a pipe to the storm sewer or to another approved discharge point (see Figure 5.3.3-10).

The overflow structure can be designed to function as a detention rate control structure for peak rate
control, and can be modeled or evaluated as a detention system. Temporarily higher effective water
depths are acceptable during large storm events managed for peak rate control. Infiltration trenches do
not usually have sufficient capacity for significant detention storage/mitigation.

The minimum allowable diameter of an overflow pipe is 12 inches unless otherwise approved by the
City. The overflow structure must have capacity to meet the conveyance requirements of the City.
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Figure 5.3.3-10. In an infiltration trench, placement of a weir plate over a portion of the outflow pipe allows the trench to capture
small storms and maintain minimum cover over the pipe. The designer must confirm that large storms are conveyed through the
trench.

Peak Rate Control and Infiltration Credit

For the purposes of site peak rate control, the designer may adjust the Curve Number value based on the
volume managed by both the SOV and the infiltration volume that occurs during a portion of a 24-hour
storm event. This allows the designer to account for runoff that was captured by applying LID, and to
develop a representative lower Curve Number. This is described in Chapter 7.

When adjusting the Curve Number, the infiltration volume can be estimated as the infiltration that occurs
during 12 hours of a 24-hour design storm. This will ensure that estimated infiltration volumes are not

greater than the actual volume captured within the BMP.

Infiltration Volume (ft?) = Trench Bottom Area (ft’) x Infiltration Rate (in/hr) x 1/12 x 12 hours
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7. Freeboard

Infiltration trenches can be designed without freeboard and be allowed to completely fill provided that
other conditions, such as adjacent pavement subbase, are considered. The designer must always provide
an alternate means to manage flows that bypass or overflow a trench.

8. Underdrain

The underdrain system is used to ensure that water moves through the system when the native soil
infiltration rate is not high enough to empty the trench of water. If water does not exit the trench quickly
enough, the system will back up through the inlet structures, and water may remain in the trench between
storm events. Underdrain systems should discharge to the existing stormwater system or to a location
approved by the City. Underdrain systems must be included in the design if the native soil infiltration is less
than 0.1 inch per hour. See Protocol 3 for the infiltration testing procedure and Protocol 4 for infiltration
system guidelines.

9. Waterproofing

In some instances, infiltration trenches may be designed to infiltrate, but there may be concerns about
impacts on adjacent structures, such as basements, or impacts on the subbase of adjacent paved surfaces.
For all infiltration trenches, the designer must evaluate the impact of the system on adjacent structures
and utilities as defined in Protocol 1, Setbacks from Structures and Protocol 2, Coordination with Other
Utilities. The liner, if applied, must meet the guidelines provided in the Stormwater Specification. In many
situations, a partial liner (i.e., one side of a trench) will adequately protect structures.

10. Water Quality/Total Suspended Solids

Infiltration trenches that can capture and manage the required SOV through infiltration are considered to
meet all water quality requirements. Infiltration trenches that are underdrained must be sized to provide
water quality treatment. See Chapter 7 for additional discussion, and the Infiltration Trench Worksheet for
calculations.

11. Stormwater Tree Trenches and Green Infrastructure

Stormwater tree trenches are a variation of infiltration trenches that are especially applicable in urban
areas and as urban roadway retrofits. An infiltration trench can incorporate tree planting areas within the
trench or between connected segments of the trench. Specific design considerations for tree trenches
include the following (see Figures 5.3.3-11a and b):
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Urban trees require sufficient soil volume for growth and health. This can be achieved by providing
adequate soil volume within the tree pit, or by providing adequate soil above the infiltration trench so
that the root systems can extend into this soil (see Figure 5.3.3-12).

Placing tree trenches adjacent to pervious areas (or extending the soil) will also improve tree health
and success.

The stormwater tree trench should not create extended saturated conditions for the root systems.
The tree trench soil must have sufficient structural stability for placement under pavements and other
structures. Soils used in tree trench applications must meet Bioretention Soil Specifications

(Appendix F).

CLEAN WASHED AASHTO NO. 3 STONE
STRUCTURAL PLANTING

SOILS

FINISHED GRADE 6"TO 12" DIA, CONTINUOUSLY
[ I | PERFORATED DISTRIBUTION PlPE7

RECOMMENDEDR -

EXISTING —/ PIPE BEDDING THROUGH TREE TRENCH \

NONWOVEN GEOTEXTILE ALONG TRENCH UNCOMPACTED
TOP, BOTIOM, SIDES, AND ATENDS OF  SUBGRADE Uil bt il SUBGRADE UNLESS
TRENCH ENSURE TRENCH DRATNAGE OTHERWISE NOTED ON
PLANS
NOTE: OVERLAP GEQTEXTILE A
MINIMUM OF & INCHES. SECURE
GEOTEXTILE OF PIPE PERFORATIONS TO
PREVENT MOVEMENT OF MATERIAL VIEW T
(LE., STONE OR SOIL) IEW LOOKING PERPENDICULAR TO STREET
TREE TRENCH BELOW SIDEWALK
FIGURE 5.3.3-11a NTS
Figure 5.3.3-11a. Typical urban tree trench detail.
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TREE, LOCATE ROOT FLARE 2" BELOW
ADJACENT SIDEWALK

2" MULCH. DO NOT MULCH WITHIN 4"

NEW 4" CONCRETE SIDEWALK
MIN 4" COMPACTED SUBBASE

STRUCTURAL PLANTING SOIL

6'TO 12" DIA. PERF HDPE
DISTRIBUTION PIPE WITH MIN. 6"
AASHTO NO. 57 STONE ON SIDES, 6"
AASHTO NO. 57 STONE ON TOP AND
BOTTOM, WRAPPED IN NONWOVEN
GEOTEXTILE ON ALL SIDES

BOTTOM OF TRENCH
(LEVEL ELEVATION)

PIPE BEDDING THROUGH TREE
TRENCH TO EXTEND TO THE DEPTH
OF THE TRENCH BOTTOM ELEVATION
TO ENSURE TRENCH DRAINAGE

HAND EXCAVATE TO
ACCOMMODATE ROOT BALL

VARIES
OF TRUNK

EXISTING CURB AND

STREET

UNCOMPACTED SUBGRADE UNLESS
OTHERWISE NOTED ON PLANS

NONWOVEN GEOTEXTILE

VIEW LOOKING PARALLEL TO STREET

CROSS-SECTION OF TYPICAL TREE TRENCH AT TREE LOCATION

FIGURE §.3.3-11b NTS

Figures 5.3.3-11b. Typical urban tree trench detail.
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Figure 5.3.3-12. Between the trees in this stormwater tree trench, the
soil is extended beneath the porous pavers to provide additional soil
volume for the trees.

Sizing Calculations Worksheet for Infiltration Trenches

(Digital link to worksheet or reference on where to find worksheet on City web page)

Construction Considerations

Infiltration trenches can be installed:

1. Early in the construction process, but should not receive any site runoff until site construction is
complete and site stabilization has occurred. Runoff should be directed around the completed trench

until site stabilization has occurred. Sediment-laden water should not be allowed to enter infiltration
trenches.
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2. The infiltration trench may be constructed after site construction is substantially complete and site
stabilization has occurred. During construction of the site, areas reserved for infiltration beds must be
protected and should be fenced or barricaded to prevent the movement of equipment over the
proposed infiltration area. This is similar in practice and intent to protecting an onsite septic system
disposal field from vehicle compaction.

Construction Sequence Example
Step 1 Excavate and Prepare Subgrade

a. Do not compact or subject pervious pavement locations to excessive construction equipment traffic
during construction. Protect areas from vehicle traffic during construction with construction fence, silt
fence, or compost sock.

b. If alternate storage media is used in lieu of stone aggregate, provide a suitable stone subbase for
material but do not compact trench bottom.

c. Infiltration trenches can be installed at any time during the construction process provided that
sediment-laden runoff is prevented from entering the trench. Do not allow runoff from any disturbed
areas in the drainage area to discharge into the bed until these areas have been stabilized.

d. Remove fine materials and/or surface ponding in the graded bottom, caused by erosion, with light
equipment and scarify the underlying soils to a minimum depth of 6 inches with a York rake or
equivalent by light tractor.

e. Leave earthen berms (if used) between infiltration trenches in place during excavation. These berms
do not require compaction if the berms were constructed by excavating the trenches between the
berms, and are comprised of native material that is collected during construction. The construction of
berms by placing fill is discouraged. If necessary, constructed berms shall be keyed into the subbase
and compacted to 95 percent density.

f. Itis recommended to place trees on native material in tree trenches to avoid settlement.

g. Bring subgrade of infiltration trench to line, grade, and elevations indicated on the plans. Fill and lightly
regrade any areas damaged by erosion, ponding, or traffic compaction. All infiltration trenches shall be
level grade on the bottom.

h. Halt excavation and notify engineer immediately if evidence of sinkhole activity, unanticipated bedrock
or groundwater conditions, or other site conditions are encountered that may affect infiltration trench
design or performance. Unanticipated utility crossings may be encountered in urban tree trenches
along roadways.
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Step 2 Install Overflow Structure and Other
Stormwater Structures

a. Place the stormwater overflow structure on
suitable subgrade to prevent settling. Install
overflow structure, inlet pipes, curbs, and
other stormwater structures as appropriate
before placement of stone storage bed.

b. Close and secure all inlets, pipes, trench
drains, and other structures to prevent
runoff from entering infiltration trench
before completion and site stabilization.

c. Maintain drainage overflow pathways during
construction, while infiltration trench is

closed, to provide for drainage during storm ; SR iy WS
events. Figure 5.3.3-13. The bottom of an infiltration trench is level and
uncompacted. The design engineer should observe conditions
before the trench material is placed.

d. Infiltration trench conditions must be
observed by the design engineer, following
excavation and grading and prior to placement of material,
to confirm that construction requirements have been met
(see Figure 5.3.3-13). Documentation of engineering
observation must be provided to the City (see Appendix I).

Step 3 Install Infiltration Trench

a. Place geotextile and trench aggregate immediately after
approval of subgrade preparation and installation of
structures (see Figure 5.3.3-14). Geotextile shall be placed
in accordance with the manufacturer’s standards and
recommendations. Overlap adjacent strips of geotextile a
minimum of 16 inches.

b. Place clean-washed, uniformly graded aggregate or other
storage media in the trench in maximum 8-inch lifts.
Compact each layer while keeping construction equipment
off the trench bottom as much as possible.

E 4 i 3 4
Figure 5.3.3-14. Non-woven geotextile placed between
trench and soil prevents movement of soil into trench.
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c. Following placement of storage media, place geotextile over the top of the trench to prevent soil
movement into the trench. Place and secure geotextile to prevent soil movement.

Operations and Maintenance

All properly designed and installed infiltration trenches require regular annual maintenance, although they
require less maintenance than other BMPs:

® Inspect and clean all inlets and catch basins annually.
®* Maintain overlying vegetation in good condition and immediately revegetate any bare spots.

® Prohibit vehicular access on vegetated infiltration trenches and avoid excessive compaction by
mowers. If access is needed, use of permeable, turf reinforcement should be considered.
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5.3.4 Bioretention
Description

Bioretention areas are vegetated, shallow surface
depressions that use the interaction of plants, sail,
and microorganisms to store, treat, and reduce
runoff volume, and to reduce the flow rate of
stormwater runoff. Small bioretention areas are
often referred to as rain gardens. Bioretention areas
designed for infiltration can also be referred to as
bioinfiltration areas, while those that cannot
infiltrate and must discharge via an underdrain are
sometimes referred to as biofiltration areas.

Bioretention areas are generally flat and include
engineered or modified soils that allow drainage of
stormwater through soils. Plants are a critical
component of bioretention and improve the soil
structure and porosity through the establishment of
root systems and microbial communities.

Bioretention provides stormwater management by
capturing runoff in the shallow surface depression.
Water then drains through the bioretention soils
during small, frequent rainfall events. A bioretention
area may include a stone storage bed beneath the
soils. Bioretention systems always include a positive
drainage overflow structure to safely convey large
rainfall events from the bioretention area.

Water that has drained through a bioretention area
may infiltrate into the subsoil or discharge at a
controlled flow rate through an underdrain system
(or a combination of both).
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*Rating varies based on design considerations.

Key Design Features

® Shallow ponding of water (surface storage) is limited in depth and duration. Standing water does not
remain visible for more than a few hours after rainfall has ceased.

® Captures the runoff from small (1.6 inches and less) rainfalls events, and the first portion of larger
rainfall events.

* Always includes an overflow control structure or design to allow large storm events to bypass or
discharge at a controlled flow rate without passing through the soils.

® The surface area and size are directly correlated to the contributing drainage area size and land use,
especially impervious surfaces.

® Are generally small (less than 1,000 square feet) or comprised of several interconnected bioretention
areas.

® Are generally level at the water surface. Constructed on a level uncompacted subgrade.
® May include an underlying aggregate drainage bed.

®  Should not be placed on compacted fill if infiltration is required.

®*  When possible, bioretention should be placed on upland soils.

® Biofiltration areas that cannot infiltrate must include a low-flow slow-release system. Lined and slow-
release systems may be constructed on compacted fill material.

Applications

® Road shoulders, medians, and cul-de-sacs

® Parkingislands and edges

® Individual home lots

® Shared facilities in common areas for individual lots

®* Common areas in multifamily housing and commercial office areas
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® Institutions, such as schools, libraries, and public facilities
* In parks and along open space edges

Advantages

* Integrates stormwater into the landscape
®* Improves aesthetics

® Flexible dimensions to fit conditions

® Creates habitat

® Excellent retrofit capability

® Cost-effective

Disadvantages

® Built on areas that are generally level (or graded level).

® Steep slopes may require larger footprint to create level grading.

®* Vegetation and soils must be protected from damage and compaction.
* Infiltration requires suitable site conditions.

® Salt use may impact vegetation and soils.

®* Maintenance is required to maintain both performance and aesthetics.
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Figure 5.3.4-2. Typical bioretention detail (infiltration).

Applications

Bioretention basins are versatile, effective, and aesthetically pleasing stormwater management devices
that are applicable to a variety of site characteristics.
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Residential Bioretention Area

Figure 5.3.4-3. Residential bioretention that manages runoff from
a single home. Roof leaders are directly connected to the bed.

Roadside Bioretention Area

Figure 5.3.4-4. Roadside bioretention in a residential neighborhood
that manages street runoff (located in public right-of-way).
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Institutional Bioretention Area

Figure 5.3.4-5. Institutional bioretention area at an urban schoolyard (adjacent to porous
rubber play surface).

Commercial Bioretention Area

Figure 5.3.4-6. Commercial bioretention (rain garden) in parking lot.
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Applicable Protocols and Specifications

The following Protocols and Specifications (see Appendices A through F) are applicable to bioretention and
must be addressed:

*  Protocol 1 Setbacks from Structures

*  Protocol 2 Coordination with Other Utilities

®*  Protocol 3 Site Evaluation and Infiltration Testing

®* Protocol 4 Infiltration System Design and Construction Guidelines
®* Protocol 5 Planting Guidelines

— Bioretention Soil Specifications

— Stormwater System Specifications

— Aggregates and Drainage Layers

—  Pipes

—  Control Structures

— Geotextiles

— Impervious Liners and Waterproofing
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Bioretention Design Criteria

ITEM RECOMMENDATION REFERENCE
SECTION
, , Generally 10,000 square feet or less of impervious area per
Maximum Drainage Area ) . \ . \
bioretention area. Several bioretention areas may be interconnected 53.4.1
{Recommended) . .
or placed in series to create larger systems.
Concept Phase Loading Ratio {LR} 1:8 for South Chickamauga Watershed
5345
{Recommended) 1:10 for all other Watersheds
Concept Phase Surface Area Size (ft* ; .
P (7t Impervious Drainage Area Managed {ft") / Loading Ratio 53.4.5
{Recommended)
Surface Dispersed; Grading must prevent concentrated flow paths
Entrance/Flow conditions Surface Concentrated: Provide erosion control at entrance 5347
Direct Connection {into stone bed): Recommended only for "clean"
runoff such as roofs
Pretreatment/Management of Required for high sediment drainage areas (i.e. parking lots). See 5343
Sediment Trash and Debris Filter Strip (BMP 5.3.6} T
SOV Volume or Water Quality Volume Static Stolrage plrovided by: Surface Pondimlg, Soil Sltorage, Stonle
credit Storage (if applicable), Other structures (pipes, rain storage units, 53.4.4
etc.)
Maximum 6 inches for high use areas {near pedestrians and public)
Surface Ponding Depths 5345
Maxirmum 12 inches for less used areas (limited access)
Soil Storage Coefficient 0.2
and 53.4.4
Volume Storage Volume (ft’) = Soil Depth {ft) x Soll Area{ft'} x 0.2
Minimum 12 inches
Bioretention Soil Layer Depths 5.3.4,5
Maximum 36 inches
Stone Storage Coefficient 0.4
and 5.3.4.4
Volume Storage Volume = Stone Depth {ft) x Stone Area (ft’} x 0.4
Minimum 12 inches
Stone Depths 5345
Maximum 36 inches
Mini ize 6 inch di ter. See St ter Syst
Pipe sizes for Overflow and Peak Rate |mrl'n.um. S12& BINCh diameter. see tormwater system 5.3.4.6
Specifications
Freeboard 6inches 53.4.7
Conveyance Capacity Peak rate 10-year, 24-hour rainfall event 5.3.4.6
Underdrain Required if Infiltration Rate < 0.1 inches per hour 5.3.4.8
Setback from Structures Required. See Stormwater Specification for Impervious Liner Protocol 1
Coordination with Other Utilities Required Protocol 2
Infiltration Testing Required Protocol 3
Infiltration System Setbacks Required Protocol 4
Vegetation and Mulch Required Protocol 5
Inspection and Longterm Maintenance |Required Chapter 8
Resource Rain 11/21/12
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Design Considerations for Bioretention

Designed appropriately, bioretention can be
implemented on a myriad of development sites. The key
design components for bioretention discussed below
allow design flexibility to ensure maximum performance
from this multi-purpose BMP.

1. Location and Capture Area

Human activity influences the location of bioretention
areas. The following site-specific conditions should be
considered:

® Select location to prevent vegetation damage and
soil compaction from pedestrian traffic or
unintended vehicle compaction. Ideal locations are
often located to the side or downhill of high vehicle
or pedestrian traffic areas. Consider locating
bioretention areas in places that are generally “not
used” such as traffic islands; between parked cars in
parking lots; along edges of public playgrounds,
school yards, and plazas; in courtyards; and in place
of traditional landscape planting areas.

® If necessary, provide for pedestrian passage and

Figure 5.3.4-7. Bioretention in a supermarket parking lot
takes advantage of typically underutilized space
between parked vehicles.

maintenance access. This will prevent unintended damage to soils and vegetation.

® Use structures, barriers, and plantings to limit access and prevent damage to soils and vegetation. Low

fences, curbs, and woody vegetation are examples.

®* Locate bioretention area to prevent future conflicts for space, and provide public access if necessary.
Long-term maintenance is more likely if bioretention area is readily visible.

Resource Rain
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Figure 5.3.4-8. Cobbles in the bioretention area allow for easy Figure 5.3.4-9. A low wood curb along a bioretention area
and safe pedestrian crossing without disturbing soils and vegetation. protects the vegetation.

Locate bioretention areas:

® Close to the source of runoff. Bioretention areas should not receive excessive amounts of drainage
from undisturbed areas.

® To capture runoff from impervious areas and highly compacted pervious areas such as athletic fields
and lawns.

® To capture smaller drainage areas. If necessary, use several connected bioretention areas to address
larger areas.
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Figure 5.3.4-10. A bioretention area in the public right-of-way avoids homeowner conflicts such as
decks, pools, and swing sets and also allows for public access and visibility.

2. Entrance/Flow Conditions
Captured runoff may enter a bioretention area in one of three ways:

a. Through dispersed surface flow such as along a depressed curb, lawn area, or edge of pavement.
Careful grading is essential to prevent concentrated flow points and potential erosion. For bioretention
adjacent to existing impervious pavement, such as in a retrofit installation or modification to an
existing site, it is recommended that the adjacent pavement be milled and repaved/replaced to
provide a uniform edge and dispersed sheet flow into the bioretention area.

b. Through a concentrated discharge location such as a trench drain, outlet pipe, or curb cut.
Bioretention soils and mulch are highly erosive. Entrance velocities should not exceed 1 foot per
second unless designed with entrance measures to prevent erosion. Cobble splash blocks, small level
spreaders, and turf reinforcement materials are options. Supporting entrance velocity calculations are
required for all concentrated surface discharges into bioretention areas.
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c. Viaadirect connection (such as a pipe) into the underlying stone storage bed. This is a good option for
“clean” runoff discharging at high velocities. For example, a roof leader may be connected directly to a
stone storage bed (see Figure 5.3.4-14).

Figure 5.3.4-11. Edge conditions at a school allow for direct surface
flow from the play area to the adjacent bioretention area.

Figure 5.3.4-12. Edge conditions in a commercial parking lot allow
for direct and unconcentrated surface flow into the adjacent
bioretention area.

3. Management of Sediment, Trash, and Debris

In areas of high sediment load, bioretention areas should include measures to prevent the movement of
material into the bioretention area. Sediment can clog a bioretention area and limit its functional lifespan.

For surface runoff into a bioretention area, a vegetated filter strip (BMP 5.3.6) can reduce sediment. For
aesthetic purposes in manicured landscapes, the filter strip should be incorporated along the edges and
within the bioretention landscape area.
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For piped runoff into the surface of a bioretention area,
a small sump within a cobble splash block or similar
measure will provide for ease of maintenance in
sediment removal.

Storm sewer pipes are not recommended for
conveyance of stormwater with high levels of trash,
debris, leaf litter, or other materials that may cause
clogging unless regular maintenance and cleaning of
pipes are ensured. Trench drains, curb cuts, and visible
surface entrances require maintenance. Maintenance is
more likely to occur if clogging conditions are visible.

In areas of high trash or with specific concerns such as
plastic shopping bags (a common concern in commercial
areas), entrance conditions may include a screen to
prevent material from entering the bioretention area.
Plant selection should consider the amount and type of
trash that may enter the bioretention area. Iltems such
as windblown plastic shopping bags that adhere to
vegetation should be considered when selecting plants.
Relatively deep (greater than 6 inches) bioretention
areas in commercial shopping areas and along busy
roadways tend to inadvertently collect shopping carts
and debris. The designer must consider the site-specific
conditions and adjacent land uses in each application.

Resource Rain
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Figure 5.3.4-13. A trench drain collects and directly conveys
street runoff into the bioretention area.

Figure 5.3.4-14. Roof leaders convey runoff below the walkway
directly into an adjacent bioretention area. The walk is graded
so that runoff sheet flows into the bioretention area. A small
filter strip captures any coarse sediment from the walk.
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Figure 5.3.4-15. Roof leaders can convey high-velocity flows from the roof directly into the stone bed
to prevent erosive conditions.

Figure 5.3.4-16. A cobble splash block prevents the movement of sediment into the bioretention
area and also allows for routine cleaning and maintenance.
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4. Storage and Stay-on-Volume

A bioretention system provides volume management within the surface ponding area, the bioretention
soil area, and the stone storage bed (if applicable). Because water must move through the bioretention
soils, the storage volume is not defined by the discharge pipe invert. This is different than non-vegetated
BMPs.

The SOV is a function of the storage volume available for the 1-inch or 1.6-inch storm.

Storage Volume (ft’) =

Surface Water Volume + Soil Storage Volume + Stone Storage Volume

Surface Water Volume: Available surface water storage between soil surface and overflow structure

(always equal to or less than 12 inches). The designer should consider the bed side slopes when estimating
volume.

Soil Storage Volume: This is the bioretention soil volume x 0.20 void space ratio.

Soil Storage Volume (ft?) = Soil Area (ft*) x Soil Depth (ft) Below Overflow x Void Ratio

Stone Storage Volume: This is the stone storage volume x 0.40 void space ratio.

Stone Storage Volume (ft®) = Stone Area (ft) x Stone Depth (ft) Below overflow x Void Ratio

Void ratios are generally:

® 0.20 for bioretention soils
® 0.40 for clean-washed aggregate such as AASHTO No. 3
®* 0.85t0 0.95 for manufactured storage units depending on manufacturer

5. Surface Area and Dimensions

The size and surface area of a bioretention system may be a function of the drainage area that will
discharge to the bioretention system. It is important not to concentrate too much flow in one location. A
basic rule-of-thumb is to design a bioretention system with a surface area that is a ratio of the impervious
and compacted pervious areas draining to it. The amount of rainfall volume must also be considered. The
following ratios based on design rainfall depth can be used to estimate a bioretention area:
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1-inch Rainfall

1:10 ratio of surface area to impervious drainage area

1.6-inch Rainfall

1:8 ratio of surface area to impervious drainage area

One of the benefits of bioretention is that the dimensions of the system may be adjusted to fit into an
available location. A bioretention area may be long and linear when located in a parking lot, circular when
located within a cul-de-sac, or varied in dimensions to support a landscape design. As long as the runoff
can disperse through the bioretention system and sufficient surface area is provided, dimensions can be

flexible.

With an estimate of the required bioretention area and SOV, the designer can estimate the depth of
water, soil, and if necessary, stone storage using the Sizing Calculations Worksheet.

The recommended depths for surface water storage, soil storage, and stone storage are:

Surface Water Storage Depth:
® 6 inches maximum in high-use areas (along streets, at schools, in public landscapes, etc.)

® 12inchesin less used areas (away from frequent public access)

Bioretention Soil Depth: Between 12 and 36 inches

Stone Storage Depth: Between 12 and 36 inches

6. Overflow and Peak Rate

Bioretention designs must provide a safe way for water to exit the system when large storms generate
more stormwater runoff than the depression can hold. The inclusion of a positive overflow route ensures
that flooding risks and related property damage are minimized.

The positive overflow route is often in the form of a domed riser, with an invert at the maximum allowable

surface ponding level. The overflow must discharge to the storm sewer or to another approved discharge
point. The minimum allowable diameter of an overflow pipe is 6 inches for bioretention areas.
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A structure (i.e., outlet or weir) or vegetated swale that discharges to an approved discharge point may
also be used. An inlet with an internal weir maximizes volume storage when the outlet pipe and inlet pipe

cannot be placed to ensure sufficient storage (i.e., the bed is shallow, or slopes do not permit), as shown
on Figure 5.3.4-17.

All overflows must safely convey the 10-year/24-hour storm.

Figure 5.3.4-17. An inlet with an internal weir can also provide maximum volume storage within a bioretention or other
area while allowing for safe conveyance. A number of manufactured products are available for this purpose.
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The overflow structure should be easily visible from outside the bioretention area. Bioretention control
structures can become clogged with vegetation at the inlet grate if maintenance is neglected. A domed
inlet will reduce the likelihood of this problem occurring. A visible structure will facilitate ease of
maintenance and ensure awareness of clogged inlet grates.

Peak Rate Control and Infiltration Credit

For the purposes of site peak rate control, the designer may adjust the Curve Number value based on the
volume managed by both the SOV and the infiltration volume that occurs during a portion of a 24-hour
storm event. This allows the designer to account for runoff that was captured by applying LID, and to
develop a representative lower Curve Number. This procedure is described in Chapter 7.

When adjusting the Curve Number, the infiltration volume can be estimated as the infiltration that occurs
during 12 hours of a 24-hour design storm. This will ensure that estimated infiltration volumes are not
greater than the actual volume captured within the BMP.

Infiltration Volume (ft?) = Bioretention Bottom Area (ft?) x Infiltration Rate (in/hr) x 1/12 x 12 hours
7. Freeboard

It is recommended that bioretention areas include a minimum of 6 inches of freeboard above the overflow
route.

8. Underdrain

The underdrain system is used to ensure that water moves through the system when the native soil
infiltration rate is not high enough to empty the basin of water. Underdrain systems must be included in
the design if the native soil infiltration is less than 0.1 inch per hour or if the system is lined with an
impervious liner and intended for slow release only. Underdrains must be located at the intended bottom
of the bioretention system (i.e., below soils and stone if applicable). See Protocol 3 for the infiltration
testing procedure and Protocol 4 for infiltration system guidelines.

Bioretention systems may require very low discharge rates to achieve water quality discharge between 48
and 72 hours. Constructing a very small orifice will often achieve this, but a small orifice is easily subject to

clogging.

One method for achieving a low discharge rate is to install a perforated pipe at the bottom elevation of the
bioretention area. If the pipe is located in the bioretention soils, it must be set in clean-washed gravel and
wrapped in non-woven geotextile to prevent soil movement. A perforated low-flow pipe can be set
directly in a stone stormwater bed. The perforated pipe connects to a stormwater structure (such as a
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catch basin) with a transition coupling for a very small orifice. Various products are available for this
purpose.

Figure 5.3.4-18. This coupling device can allow an “orifice” connection to a storm structure, providing an extended low discharge
rate for underdrained systems.

9. Waterproofing

In some instances, bioretention areas may be designed to infiltrate, but there may be concerns about
impacts on adjacent structures, such as basements, or on the subbase of adjacent paved surfaces. The
system may be designed with an underdrain for slow release of flows rather than infiltration, but there
may be concerns regarding lateral movement of water from the sides of the bioretention area. For all
bioretention areas, the designer must evaluate the impact of the system on adjacent structures and
utilities as defined in Protocol 1, Setbacks from Structures and Protocol 2, Coordination with Other
Utilities. The liner, if applied, must meet the guidelines provided in the Stormwater Specification. In many
situations, a partial liner (i.e., one side of a trench) will adequately protect structures.
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10. Bioretention Soils

The soils used in the bioretention basin are a crucial factor in determining its performance. If an
inadequate soil specification is used, or if the specification is prepared, installed, or maintained poorly, the
runoff may infiltrate either too quickly or not quickly enough. If the soil infiltration rate is too low, the
result is that runoff short-circuits the system and exits via the overflow without treatment or detention. If
the soil infiltration rate is too high, the runoff will not have enough contact with the soil media to provide
adequate water quality treatment, and it may be difficult to maintain healthy vegetation.

The Bioretention Soil Specification detailed in Appendix F of this document is required for use in all
bioretention designs.

To provide adequate water quality treatment, the bioretention soil layer must be a minimum of 12 inches
deep; however, greater depths of up to 36 inches are preferred.

Bioretention soils must never be placed when wet or during wet weather. Soils should be protected
from saturation until plant installation, and from sediment deposition into the bioretention area. If
necessary, the bioretention area can be protected by installing erosion and sediment control measures
immediately upslope. Compost socks works very well for this purpose.

11. Bioretention Muich

The type and application of mulch used in bioretention systems are important, and all systems must use
mulch that meets the requirements of the Planting and Mulching Guidelines in Protocol 5 (Appendix E).
The use of woodchips, which may “float,” is directly prohibited.

12. Vegetation

The type of plant and planting plan for bioretention systems must comply with Protocol 5 (Appendix E) of
this manual.

Zone 1: Soils subject to both flooding and periodic drought.
Zone 2: Soils periodically moist or saturated during heavier storms.

Zone 3: Frequently saturated soils and occasional standing water (not for periods beyond 72 hours). An
area of periodic or frequent standing or flowing water. Plants must tolerate periods of drought.
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13. Water Quality/Total Suspended Solids

Bioretention systems that can capture and manage the required SOV through infiltration are considered to
meet all water quality requirements. Bioretention systems that are underdrained must be sized to provide
water quality treatment. See Chapter 7 for additional discussion.

Sizing Calculations Worksheet for Bioretention

(Digital link to worksheet or reference on where to find worksheet on City web page)

Bioretention Project Example
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Figure 5.3.4-19. Bioretention project example.
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Construction Considerations

For the best success, bioretention areas should not be installed and planted until site construction is
complete and site stabilization has occurred. Bioretention areas completed before site stabilization must
be protected from receiving sediment-laden runoff. Runoff should be directed around completed
bioretention areas until site stabilization has occurred. Sediment-laden water should not be allowed to
enter bioretention soils or infiltration beds.

The excavated capacity of an infiltration bioretention area may be used as temporary sediment trap areas
during construction as long as the temporary grade is not within 2 feet of the final infiltration bottom
elevation. Underdrained bioretention areas may be used as sediment traps during construction to the final
bed bottom elevation.

Figure 5.3.4-20. A trench drain outlet is closed to prevent sediment-laden water from
entering the bioretention area until site stabilization occurs.

Construction Sequence Example
Step 1 Excavate and Prepare Subgrade
a. Do not compact or subject bioretention system locations to excessive construction equipment traffic

during construction. Protect areas from vehicle traffic during construction with construction fence, silt
fence, or compost sock.
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b. Initial excavation of bioretention areas can be performed during rough site grading. When performing
initial excavation, do not grade beyond 2 feet above the final bioretention bottom elevation. Complete
final excavation only after all disturbed areas in the drainage area have been stabilized.

c. Remove fine materials and/or surface ponding in the graded bottom, caused by erosion, with light
equipment and scarify underlying soils to a minimum depth of 6 inches with a York rake or equivalent
by light tractor.

d. Bring subgrade of bioretention area to line, grade, and elevations indicated on the plans. Fill and lightly
regrade any areas damaged by erosion, ponding, or traffic compaction. All bioretention areas shall be
level grade on the bottom.

e. Halt excavation and notify engineer immediately if evidence of sinkhole activity, unanticipated bedrock
or groundwater conditions, or other site conditions that may affect infiltration trench design or
performance are encountered. Unanticipated utility crossings may be encountered in urban
bioretention areas along roadways.

Figure 5.3.4-21. An underdrained bioretention area is used as a sediment trap during construction.
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Step 2 Install Overflow Structure and Other Stormwater Structures

a. Place the stormwater overflow structure on suitable subgrade to prevent settling. Install overflow
structure, inlet pipes, curbs, and other stormwater structures as appropriate before placement of
stone storage bed and bioretention soils.

b. Close and secure all inlets, pipes, trench drains, and other structures to prevent runoff from entering
infiltration trench before completion and site stabilization.

¢. Maintain drainage overflow paths during construction, while bioretention area is closed, to provide for
drainage during storm events.

d. Bioretention conditions must be observed by the design engineer following excavation and grading,
and prior to placement of material, to confirm that construction requirements have been met.
Documentation must be provided to the City (see Appendix I).

Figure 5.3.4-22. Installation of distribution pipes in bioretention area.

Resource Rain 11/21/12
Rainwater Management Guide Page 5.3.4-24



Figure 5.3.4-23. A curb cut is closed to prevent sediment-laden water from entering the
bioretention area until site stabilization occurs.

Step 3 Install Bioretention Area

a. For bioretention areas with a subsurface storage/infiltration bed, place geotextile on the bottom and
sides of excavated area immediately after approval of subgrade preparation and installation of
structures. Place geotextile in accordance with manufacturer’s standards and recommendations.
Overlap adjacent strips of geotextile a minimum of 16 inches.

b. Place clean-washed, uniformly graded aggregate (AASHTO No. 3, No. 57 or approved substitute with at
least 40 percent void space) or other storage media in the trench in maximum 6-inch lifts. Lightly
compact each layer with a hand roller or tamp while keeping construction equipment off the trench
bottom as much as possible.

c. Following placement of storage media, place geotextile over the top of the trench to prevent soil
movement into the trench. Place and secure geotextile to prevent soil movement.

d. Place planting soil immediately after approval of subgrade preparation/stone bed installation. Remove
any accumulation of debris or sediment that takes place after approval of subgrade and prior to
installation of planting soil at no extra cost to the owner.

e. Install planting soil (exceeding all criteria) in 8-inch maximum lifts and lightly compact (tamp with
backhoe bucket). Keep equipment movement over planting soil to a minimum — do not over compact.
Install planting soil to grades indicated on the drawings.

f. Plant trees and shrubs according to the supplier’s recommendations and only from early April through
the end of June or from early September through late October.

g. Install 2 to 3 inches of shredded hardwood mulch (minimum age of 6 months) or compost mulch
evenly as shown on plans. Do not apply mulch in areas where ground cover is to be grass or where
cover will be established by seeding.
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h. Protect bioretention areas from sediment at all times during construction. Hay bales, diversion berms,
and/or other appropriate measures shall be used at the toe of slopes adjacent to bioretention areas to
prevent sediment from washing into these areas during site development.

i. Notify engineer when the site is fully vegetated and the soil mantle is stabilized. The engineer shall
inspect the bioretention basin drainage area at his/her discretion before the area is brought online and
sediment control devices are removed.

The contractor shall provide a one-year 80 percent care and replacement warranty for all planting
beginning after installation and inspection of plants.

Figure 5.3.4-24. Planting soil is carefully placed in 8-inch lifts to avoid over compaction.

Figure 5.3.4-25. Inlet protection is placed over a domed riser to prevent sediment from entering the system.
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Operations and Maintenance

All properly designed and installed bioretention systems require regular annual maintenance:

* While vegetation is being established, pruning and weeding may be required.

® Detritus may need to be removed approximately twice per year. Perennial grasses can also be cut
down or mowed at the end of the growing season.

®  Mulch should be replaced when erosion is evident. Once every two to three years, the entire area may
require mulch replacement (remove old mulch first).

® Bioretention systems should be inspected annually for sediment buildup, erosion, vegetative
conditions, etc.

* During periods of extended drought, bioretention systems may require watering approximately every
10 days.

® Bioretention systems should not be mowed on a regular basis, but mowed according to the
maintenance schedule if indicated.

® Trees and shrubs should be inspected twice per year to evaluate health.

®* Vegetation should be controlled and maintained as needed.
— To avoid soil compaction, weeds should be removed by hand.

® Debris and sediment should be removed as needed.
®  Mulch or soil should be replaced when evidence of erosion is encountered.
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5.3.5 Vegetated Swales
Description

A vegetated swale is a landscaped channel, often broad and shallow with trapezoidal or parabolic
geometry and a slight longitudinal slope, used to convey and treat stormwater runoff. Vegetated swales
are densely planted with grasses, shrubs, and often trees, and can be used to improve water quality and
reduce flow rates (see Figure 5.3.5-1). Vegetated swales are a commonly used first BMP in a “treatment
train” approach to improve water quality. Depending on design, vegetated swales can also reduce
volume. Specifically, if the swale includes berms or check dams such that water is retained and allowed to
infiltrate, a vegetated swale can provide volume management.

Figure 5.3.5-1. This vegetated swale in a residential area is broad and shallow. Curb
cuts allow street runoff to enter the swale.
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Key Design Features

®*  Minimum flat bottom width of 2 feet (see Figure 5.3.5-2).

®* Maximum bottom width of 10 feet.

® Side slopes at 3:1 maximum, 4:1 adjacent to pedestrian areas.

* Longitudinal slope at 2 percent maximum; up to 8 percent with check dams.
* Average recommended flow depth of 4 inches.

®* Maximum ponding depth of 12 inches behind check dams.

®*  Minimum freeboard of 4 inches.

® Overall depth from top of sidewalls to bottom is generally not less than 10 inches or more than
24 inches.

® Planted in grasses and shrubs, and may include trees.

® Bioretention soil criteria apply.

®* Minimum vegetation height of 4 inches is recommended.

® Trapezoidal or parabolic in shape (equations provided may be used for either).

® Entrance and conveyance flow conditions must be controlled to minimize erosion.

®* Recommended maximum flow rate at entrance is 2 feet per second. Higher flow rates may be
accepted with use of turf reinforcement mats or other materials to prevent erosion.

®  Curb cuts and pipes may be used to direct runoff into the swale; however, the designer must
demonstrate that entrance conditions will not be erosive. Splash blocks and other measures should
be used at entrance locations as needed.

®  Must convey 10-year/24-hour storm flow rate at non-erosive velocities. Alternatively, the swale may
be designed to limit the flow rate of water entering the swale to maintain non-erosive conditions.

* The surface area, size, and slope are a function of the flow rates from the contributing drainage area.
® Erosive conditions must be prevented during germination and establishment of vegetation.
®* The use of temporary or permanent stabilization fabrics or materials is recommended.
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®* May be designed to intentionally lengthen time of concentration and corresponding peak flow rate.

®* Vegetated swales may include berms and check dams to facilitate shallow ponding of water (surface
storage) that is limited in depth and duration. Standing water does not remain visible for more than a
few hours after rainfall has ceased. Vegetated swales that include berms or check dams can provide
volume reduction.

® Earthen check dams function best when constructed by excavation. Swales constructed of fill may be
prone to failure.

Applications

® Pretreatment for a volume-reducing BMP (such as upstream of an infiltration trench or bioretention
area)

®* Road and highway shoulders and medians

® Parkingislands and edges

®* To convey water to or from a BMP, and to connect BMPs
® Asan alternative to a curb and gutter system

Advantages

* Improves water quality and reduces flow velocities.

* Integrates stormwater into landscape.

* Improves aesthetics.

® Flexible dimensions to fit conditions.

® Reduces temperature impacts from impervious surfaces.
® Excellent retrofit capability.

® Cost-effective.

®* May be designed to manage SOV.

Disadvantages

® Can create erosion problems if not properly designed, constructed, and maintained.

® Limited flow velocities permitted.

® Should not convey large drainage areas. Multiple swales (in segments) may be required.
®* Not appropriate for project sites where spills may occur.

® Vegetation and soils must be protected from damage and compaction.

® Salt use may impact vegetation and soils.
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Figure 5.3.5-2. Cross-section of a vegetated swale.
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Figure 5.3.5-3. This manufacturing facility includes vegetated swales between parking areas to manage runoff.
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Figure 5.3.5-4. This vegetated swale on a slope includes stone check dams to slow runoff and
earthen check dams to retain runoff.

Residential Vegetated Swales

Figure 5.3.5-5. Curb cuts allow street runoff into a vegetated
swale in a residential neighborhood.
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Commercial Vegetated Swales
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Figure 5.3.5-6. The parking lot vegetated swale at this commercial center is designed for pedestrian crossings.

Applicable Protocols and Specifications

The following protocols and specifications (see Appendices A through F) are applicable to vegetated
swales and must be addressed:

®  Protocol 1 Setbacks from Structures
®  Protocol 2 Coordination with Other Utilities

®* Protocol 3 Site Evaluation and Infiltration Testing (for swales intended to infiltrate)

* Protocol 4 Infiltration System Design and Construction Guidelines (for swales intended to
infiltrate)

®* Protocol 5 Planting and Mulching Guidelines

* Appendix F Bioretention Soil Specifications
® Stormwater System Specifications
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— Aggregates and Drainage Layers

— Pipes

—  Control Structures

— Geotextiles

— Impervious Liners and Waterproofing

Design Considerations for Vegetated Swales

1. Location and Capture Area

* Vegetated swales may be subject to erosion and channelization if flow velocities create erosive
conditions. Depending on slope and available space for a vegetated swale, it may be necessary to
limit the drainage area directed to the swale.

* If necessary, a series of swales separated by berms or check dams may limit velocity (see Figure 5.3.5-
7). Berms can also provide locations for pedestrian crossings.

®* When located adjacent to pedestrian areas, the side slopes of the swale are recommended to be 4:1.

®* When located adjacent to parking areas, a recommended setback width of 2 feet (minimum) of lawn
or level area adjacent to the swale allows passengers to exit vehicles without stepping into the swale.

® Areas where side slopes or berms would need to be constructed with fill should be avoided. Such
slopes are prone to erosion and/or structural damage.

® Pedestrian passage and maintenance access should be provided for, if necessary. This will prevent
unintended damage to soils and vegetation.

12" MAXIMUM PONDING LEVEL
MAXIMUM 12" DEPTH BEHIND BERM

TOP OF SURFACE SWALE
BOTTOM OF SURFACE SWALE

PROPOSED COMPACTED
EARTHEN BERM

8% MAXIMUM stope
o MAR Y ———

BIORETENTION SOILS
UNCOMPACTED SUBGRADE
USE OF BERMS WITH SLOPED SWALE

Figure 5.3.5-7. Longitudinal section of a swale with berms.
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2. Entrance/Flow Conditions

It is important that entrance conditions or distributed flow into a vegetated swale be non-erosive.

* Dispersed surface flow (sheet flow) along a depressed curb, lawn area, or edge of pavement with
careful grading will prevent concentrated flow points and potential erosion.

®* Concentrated discharge velocities into vegetated swales (i.e., through a trench drain, outlet pipe, or
curb cut) should not exceed 2 feet per second unless the entrance is designed with erosion
prevention measures such as cobble splash blocks, level spreaders, and/or turf reinforcement
materials.

® Aturf reinforcement mat (TRM) or other stabilization fabric is recommended on slopes greater than
6 percent or when flows into the vegetated swale exceed 2 feet per second and are not slowed by
other measures.

® Supporting entrance flow velocity calculations are required for all concentrated discharges into
vegetated swales to demonstrate non-erosive conditions.

Figure 5.3.5-8. A series of splash blocks prevents erosion on the side of this
vegetated swale as runoff enters from a parking lot via a trench drain.
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3. Management of Sediment, Trash, and Debris

In areas of high sediment load, vegetated swales must include measures to prevent the movement of
material into the swale. Sediment can clog a vegetated swale and limit its functional lifespan.

®* Trench drains, curb cuts, and visible surface entrances require maintenance. Maintenance is more
likely to occur if clogging conditions are visible. In areas of high trash or with specific concerns such as
plastic shopping bags, entrance conditions may include a screen to prevent material from entering
the vegetated swale. The designer must consider the site-specific conditions and adjacent land uses in
each application.

® Site conditions should be considered when choosing vegetation. In areas of high debris, avoid
plantings that will trap materials such as trash and paper bags.

4. Storage and Stay-on-Volume

A vegetated swale is generally a conveyance and water quality BMP. However, swales with check dams
may be designed to capture SOV behind the check dam.

®* Water depth behind a check dam should not exceed 12 inches.

® Both surface storage and bioretention soil storage can be considered. The expected void ratio for
bioretention soils is 0.20.

® The designer must consider the slope of the swale and the depth of water storage at the check dam
when calculating SOV.

Storage Volume =% (Length of Swale Impoundment Area (L) x Depth of Check Dam (D)) x ¥ (Top
Width of Check Dam (WT) + Bottom Width (WB) of Check Dam)
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Figures 5.3.5-9a and b. Section of a vegetated swale with check dams.
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Figures 5.3.5-10. A simple level spreader of perforated pipe can direct flow into a vegetated
swale and prevent erosive conditions at the entrance.

5. Swale Dimensions

The dimensions of a vegetated swale must convey the required flow rate at a velocity that is non-erosive.
A swale should be sized to convey the 10-year/24-hour storm (or 10 year peak runoff if using the Rational
Method) for swale sizing)unless an alternate conveyance path for high flows is available. It is
recommended that the velocity not exceed 1 foot per second unless supporting calculations are provided
to demonstrate that erosive conditions will not occur through the use of TRMs or other measures.

Determining swale dimensions can be an iterative process. The flow capacity of a vegetated swale is a
function of the longitudinal slope, resistance to flow (Manning’s n), and cross-sectional area. The flow
depth should not exceed 4 inches. The swale bottom width is calculated based on Manning’s equation for
open channel flow:

Q=1.49/nAR%7s%

Where:
Q = flow rate (cubic feet per second)
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n = Manning’s roughness coefficient (unitless; assume 0.15 for grass, 0.20 for dense vegetation)
A = cross-sectional area of flow (ft?)

R = hydraulic radius (ft) = area/wetted perimeter

S = longitudinal slope (ft/ft)

The first step is to estimate the swale bottom width. For shallow flow depths in swales, channel side
slopes are ignored and the swale bottom width is estimated as:

b=Qn/1.49 y0.67 05

Where:
b = bottom width of swale (ft)
Q = design flow rate (cubic feet per second)
n = Manning’s roughness coefficient (unitless; assume 0.15 for grass, 0.20 for dense vegetation)
y = design depth (ft)
s = slope (ft/ft)

If the bottom width is less than 2 feet, adjust the flow depth. If the bottom width is more than 10 feet (or
allowable width per site conditions), it may be necessary to limit the flow rate or adjust the slope (if
feasible).

If the bottom width is between 2 feet and 10 feet, the second step is to determine the flow velocity:

V=Q/A

Where:
V = design flow velocity (feet per second)
Q = design flow rate (cubic feet per second)
A = cross-sectional area determined by:

A = by + zy where

z = side slope (ft/ft)

y = design depth (ft)

b = bottom width of swale (ft)

If the velocity exceeds 2 feet per second, or the channel bottom width is less than 2 feet or more than
10 feet, the designer must modify the proposed dimensions until the design criteria are met.
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Figure 5.3.5-11. Vegetated swales may be planted in grasses or denser vegetation.

6. Freeboard

Vegetated swales must contain a minimum of 4 inches of freeboard without creating erosive velocities.
7. Underdrain

An underdrain system is used in swales with check dams to ensure that water moves through the system
when the native soil infiltration rate is not high enough to empty excess ponded water, or if infiltration is

not feasible. If water does not exit the swale quickly enough, the system will back up and flood adjacent
properties. It is not recommended that surface water remain visible in residential areas for more than
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24 hours. All underdrain systems must discharge the water quality volume (WQv) between 48 and 72
hours. See Chapter 7 for more information on WQuv.

Underdrain systems must be included in the design if native soil infiltration is less than 0.1 inch per hour.
See Protocol 3 for the infiltration testing procedure and Protocol 4 for infiltration system guidelines.

8. Check Dams

Check dams are used to create shallow pools of water that reduce the velocity of runoff through the
swale while also promoting infiltration. Check dams may measure 4 to 12 inches in height and extend the
full width of the swale. Quantity and placement of check dams depend on the slope and required volume
storage. Earthen check dams created by excavation, rather than by placement of fill, are recommended.
For constructed check dams, stone is recommended.

Flows through a stone check dam vary based on stone size, flow depth, flow width, and flow path length
through the dam. Flow through a stone check dam shall be calculated using the following equation:

q=h"?/(L/D+2.5+L)>

Where:
g = flow rate exiting check dam (cubic feet per second/ft)
h = flow depth (ft)
L = length of flow (ft)
D = average stone diameter (ft) (more uniform gradations are preferred)

For low flows, check-dam geometry and swale width are actually more influential on flow than stone size.

The average flow length through a check dam as a function of flow depth can be determined by the
following equation:

L=(ss)x(2d-h)

Where:
ss = check dam side slope (maximum 3:1)
(side slope is entered into the equation as rise over run, so a maximum 3:1 side slope would
be entered as 3)
d = height of dam (ft)
h = flow depth (ft)
Resource Rain 11/21/2012
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When swale flows overwhelm the flow-through capacity of a stone check dam, the top of the dam should
act as a standard weir (use standard weir equation, although a principal spillway, 6 inches below the
height of the dam, may also be required depending on flow conditions). If the check dam is designed to
be overtopped, appropriate selection of aggregate will ensure stability during flooding events. In general,
one stone size for a dam is recommended for ease of construction. However, two or more stone sizes
may be used, provided a larger stone (e.g., R-4) is placed on the downstream side, since flows are
concentrated at the exit channel of the weir. Several feet of smaller stone (e.g., AASHTO #57) can then be
placed on the upstream side. Smaller stone may also be more appropriate at the base of the dam for
constructability purposes.

9. Waterproofing

Infiltration from vegetated swales, in certain applications, may raise concerns about the impact on nearby
structures, such as basements, or adjacent paved surfaces. In all vegetated swale designs, the designer
must appraise the effect of the design on adjacent structures and utilities. See Protocol 1, Setbacks from
Structures and Protocol 2, Coordination with Other Utilities for further guidelines. If an impervious liner is
incorporated into the design, the liner must meet the criteria provided in the Stormwater Specifications.

10. Water Quality/Total Suspended Solids

Vegetated swales designed to capture and manage the required SOV through infiltration are considered
to meet all water quality requirements.

Construction Considerations

For the best success, vegetated swales should not be installed until site construction is complete and site
stabilization has occurred. Vegetated swales completed before site stabilization must be protected from
receiving sediment-laden runoff. Runoff should be directed around the completed vegetated swale until
site stabilization has occurred. Sediment-laden water should not be allowed to enter swales.

Construction Sequence Example
Step 1 Excavate Swale

a. Do not compact or subject existing subgrade in vegetated swale locations to excessive construction
equipment traffic. Protect areas from vehicle traffic during construction with construction fence, silt
fence, or compost sock.

b. Rough grade the vegetated swale. Excavating equipment should operate from the side of the swale
and never on the bottom. If excavation leads to substantial compaction of the subgrade (where an
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infiltration trench is not proposed), 18 inches shall be removed and replaced with a blend of topsoil
and sand to promote infiltration and biological growth. At the very least, topsoil shall be thoroughly
deep-plowed into the subgrade in order to penetrate the compacted zone and promote aeration and
the formation of macropores. Following this, the area should be disked prior to final grading of
topsoil.

Halt excavation and notify the engineer immediately if evidence of sinkhole activity, unanticipated
bedrock or groundwater, or other site conditions are encountered that may affect infiltration bed
design or performance.

Step 2 Install Overflow Structure and Other Stormwater Structures

Close and secure all inlets, pipes, trench drains, and other structures to prevent runoff from entering
the vegetated swale before completion and site stabilization.

Maintain drainage overflow pathways during construction, while the vegetated swale is closed, to
provide for drainage during storm events.

Step 3 Install Vegetated Swale and Check Dams

Construct check dames, if required.

Grade vegetated swale to line, grade, and elevations indicated. Accurate grading is essential for
swales. Even the smallest non-conformities may compromise flow conditions. Fill and lightly regrade
any areas damaged by erosion, ponding, or traffic compaction. Bioretention soil shall be placed
immediately after approval of subgrade preparation.

Remove any accumulation of debris or sediment that takes place after approval of subgrade prior to
installation of planting soil at no extra cost to the owner.

Install bioretention soil in 8-inch maximum lifts and lightly compact (tamp with backhoe bucket).
Keep equipment movement over planting soil to a minimum — do not over compact. Install planting
soil to grades indicated on the drawings.

Seed and vegetate according to plans, and stabilize bioretention soil. Plant the swale at a time of the
year when successful establishment without irrigation is most likely. Temporary irrigation may be
needed in periods of little rain or drought. Vegetation should be established as soon as possible to
prevent erosion and scour.

Stabilize freshly seeded swales with appropriate temporary or permanent soil stabilization methods,
such as erosion control matting or blankets. Erosion control for seeded swales shall be required for at
least the first 75 days following the first storm event of the season. If runoff velocities are high,
consider sodding the swale or diverting runoff until vegetation is fully established.

Protect the vegetated swale from sediment at all times during construction. Hay bales, diversion
berms, and/or other appropriate measures shall be used at the toe of slopes adjacent to the
vegetated swale to prevent sediment from washing into these areas during site development.
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h. Notify engineer when the site is fully vegetated and the soil mantle stabilized. The engineer shall
inspect the vegetated swale drainage area at his/her discretion before the area is brought online and
sediment control devices are removed.

If a vegetated swale is used for runoff conveyance during construction, regrade and reseed
immediately after construction and stabilization have occurred. Any damaged areas must be fully
restored to ensure future functionality of the swale.

Figure 5.3.5-12. This vegetated swale is stabilized with a temporary turf
reinforcement mat until vegetation is established. Careful erosion control is
maintained through erosion control materials on the other portions of the site.

Operations and Maintenance

A properly designed and installed vegetated swale requires relatively minimal maintenance.

®* While vegetation is being established, pruning and weeding may be required.

* Detritus may also need to be removed approximately twice per year. Perennial grasses can be cut
down or mowed at the end of the growing season.
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* Inspect vegetated swales annually for sediment buildup, erosion, vegetative conditions, etc.

* Inspect for pools of standing water; dewater and discharge to a sanitary sewer at an approved
location.

®* Mow and trim vegetation according to maintenance schedule to ensure safety, aesthetics, and proper
swale operation, or to suppress weeds and invasive species; dispose of cuttings in a local composting
facility.

®* Mow only when swale is dry to avoid rutting.

® Inspect for uniformity in cross-section and longitudinal slope, and correct as needed.

* Inspect swale inlet (curb cuts, pipes, etc.) and outlet for signs of erosion or blockage, and correct as
needed.

The following should be done only as needed:

® Plant alternate grass species in the event of unsuccessful establishment.

* Reseed bare areas and install appropriate erosion control measures when native soil is exposed or
erosion is observed.

® Rototill and replant swale if drawdown time is less than 48 hours.

® Inspect and correct check dams when signs of altered water flow (channelization, obstructions, etc.)
are identified.
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5.3.9 Runoff Capture and Reuse

Description

Rainwater can be used as a resource when it is captured from rooftops and other impervious surfaces,
stored in rain barrels or cisterns, and reused as non-potable water (see Figure 5.3.9-1). Captured rainwater
can be used for landscape irrigation, fire needs, toilet flushing, or other greywater uses. Roof runoff is
generally cleaner and more suitable than runoff from parking lots and roads, which require additional
treatment and maintenance to address sediment. Air conditioning condensate (although not part of
runoff) can also be captured for reuse instead of being discharged to the storm sewer. Runoff capture and
reuse reduces the volume and peak flows associated with stormwater runoff.

(! Gutter with
N leaf screen

device

Downspout

I Access for
; N “ /cleaning

Water supply _— :iu -
line for irmigation I

=2 Overflow
Landscape pipe

irigation pump  Pipe to \W
cistern T el

Figure 5.3.9-1. Roof runoff can be captured in cisterns above or below grade and used for irrigation or non-potable water needs.
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*Rating varies based on design considerations.

Key Design Features
(see Figure 5.3.9-2)

Cisterns may be above- or below-ground tanks made from a variety of materials including wood,
concrete, plastic, stone, or modular storage units.

The volume of runoff generated from the contributing area must be considered.

Contributing areas must be evaluated for potential pollutants including metals, fungicides, and
herbicides. Roofs should not include copper or be treated with fungicides or herbicides.

Storage devices should be sized to store the appropriate runoff volume from the contributing capture
area and reuse needs should be adequate to drain the cistern within 96 hours to ensure that sufficient
storage is available for subsequent rainfall events.

When used for greywater reuse (such as toilet flushing), a backup water supply is required to
supplement the system during dry periods.

Collection and reuse systems must include an emergency overflow for large storm events.

Cisterns must be watertight, vented, completely covered or screened, composed of non-reactive
materials, and be approved for potable water storage, although runoff cannot be used for potable
needs without treatment. This includes irrigation water that has any human contact (i.e., sprinklers).

Distribution lines and other system appurtenances must be clearly labeled as non-potable water.

If the storage device is open to the air, a screen or other cover is necessary to prevent mosquito
breeding.

Spigots or hose bibs at above-grade cisterns should be labeled “NON-POTABLE” and be equipped with
an atmospheric vacuum breaker.

Safety labels should be placed on cisterns stating “NON-POTABLE” and “DROWNING HAZARD.”
Backflow preventers must be installed on water service lines from cisterns.
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® Storage tanks should be placed in cool, shaded areas to help prevent the growth of algae.

¢ All collection and redistribution of stormwater runoff have the potential to cause human pathogenic
issues. All capture and reuse BMPs that involve human contact must include disinfection components
to prevent human health and safety issues arising from any potential contact with the collected water.
Both ultraviolet (UV) and ozone disinfection systems are available for this purpose.

Applications

® Residential

* Commercial

® |nstitutional: schools, universities, libraries, etc.
* Brownfields

® Uses: irrigation, toilet flushing, fire storage

* Toilet flushing in high-use buildings (i.e., schools, visitor centers) is one of the most effective reuse
methods.

Advantages

® Provides volume reduction.

® Contributes to peak rate reduction.

® Reduces potable water needed for irrigation, toilet flushing, or other applications.
® Visible cisterns increase public awareness.

Disadvantages

®  Water held within a cistern must be emptied between storms to provide volume reduction for the
next storm.

* Treatment of water for reuse may be necessary depending on the contaminants in the contributing
drainage area. Reusing runoff for potable uses is not recommended in the U.S., unless water is treated
to all required water quality standards.

®* Pumps may be required. Note: there are proprietary systems that automate the emptying before the
next storm event.
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Figure 5.3.9-2. Cross-section of an underground cistern.
Applications

Runoff capture and reuse may be implemented on a variety of sites in urban and suburban environments,
on residential, institutional, and commercial properties. Potential applications include office buildings,
schools, libraries, multi-family residential buildings, and mixed-use areas for irrigation, fire suppression
systems, toilet flushing, or other greywater uses.
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Residential Rain Barrel

Figure 5.3.9-3. Rain barrels generally do not capture very large amounts of runoff, but are useful for increasing public awareness
of stormwater issues.
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Decorative Cistern Capture and Reuse
-

Figure 5.3.9-4. Cisterns can be decorative as well as functional, as is this cistern capturing runoff from a library roof. The cistern,
located outside the children’s library, is essentially a rain barrel with a slow-release discharge to the landscape.
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Capture and Reuse for Toilet Flushing

Figure 5.3.9-5. This wooden cistern captures roof runoff at a research facility. The water is used for both toilet flushing and
research needs. The captured runoff was more suitable and required less treatment for research use than the available potable
water supply.
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Indoor Cistern Capture and Reuse

Figure 5.3.9-6. This cistern is located indoors. Roof runoff is captured for toilet flushing within the building.
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Applicable Protocols and Specifications

The following Specifications (see Appendix F) are applicable to runoff capture and reuse and must be
addressed:

® Stormwater System Specifications

— Aggregates and Drainage Layers

— Pipes

— Control Structures

— Geotextiles

— Impervious Liners and Waterproofing

Design Considerations for Runoff Capture and Reuse
The key design components for runoff capture and reuse are discussed below.

1. Location and Capture Area

¢ Contributing drainage areas must be considered to determine if sufficient runoff will enter cisterns to
provide the necessary water demands.

® Often, contributing drainage areas are rooftops. Consideration of roof pitch, roofing materials, and
large overhanging trees must be made when evaluating capture and reuse.

®* Roofs made of copper or that are treated with fungicides or herbicides should not be used for
rainwater capture and reuse.

®* Pavement areas, such as parking lots, sidewalks, or roadways, may also be captured for irrigation reuse
but may require more treatment.

2. Entrance/Flow Conditions

®*  When runoff enters a rain barrel or cistern through roof leaders, it should pass through a first-flush
diverter that is self-draining with a cleanout (see Figure 5.3.9-7).

®  Runoff captured from paved surfaces may enter a subsurface cistern through stormwater structures
and piping, or after first passing through a water quality, pretreatment BMP. A first-flush diverter with
a cleanout should be a part of the piping system conveying runoff to the cistern (see Figure 5.3.9-7).
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Figure 5.3.9-7. Simple first-flush diverter
(http://cehi.org.Ic/Rain/Rainwater%20Harvesting%20Toolbox/Media/Print/RWHCEHI.pdf).

3. Management of Sediment, Trash, and Debris

® Screens should be used on gutters, inlets, and outlets to limit debris entering the system.

* Afirst-flush diverter may be used to prevent leaf litter and other debris from rooftops from entering
cisterns.

® Captured runoff has the potential to collect sediment, metals, dust, bird waste, and other foreign
components that may contribute to pathogenic growth, discolor collected water, or add an odor to
reused water. These concerns may be minimized by avoiding collection of water from areas with large
overhanging trees and installing gutter guards to prevent leaf litter and other large debris from
entering the cistern from roofs.

® Regular inspection and cleaning of both the distribution system and the cistern tank itself will prevent
contamination of reuse systems from sediment, trash, and debris.
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4. Storage and Stay-on-Volume

A rain barrel or cistern provides volume management within the storage device only. The size of the
storage device is dependent on the contributing drainage area.

The SOV is a function of the storage volume available within the storage device for the 1.0-inch or 1.6-inch
storm. The portion of the project roof that is tributary to the storage device would be considered to meet
100 percent of the SOV only if the collected volume of water is completely used by the intended reuse
application within 72 hours of a rainfall event.

5. Area and Dimensions

® The number of rain barrels or the size of the cistern required will be determined by the drainage area,
the intended capture goal, and the usage needs of the reuse application (see Figure 5.3.9-8).

®* The designer must select a pump of adequate capacity to meet the flow requirements for the reuse
system.

First flush
diverter

Figure 5.3.9-8. Runoff from residential buildings can be reused for irrigation, toilet flushing, or other greywater uses, such as
washing machines.
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6. Overflow and Peak Rate

® Allrain barrels and cisterns must provide a safe way for water to exit the system when large storms
generate more stormwater runoff than the storage device can hold, or bypass the system when it is
full. The cistern can be designed to slowly drain to the landscape between storm events to provide
capacity if it is not completely used. The overflow should convey runoff to an approved discharge
point.

* The size of the overflow device or orifice should be equal in area to the total of all inlet orifices.

Peak Rate Control Credit

® For the purposes of site peak rate control, the designer may adjust the Curve Number value based on
the volume managed by the SOV during a portion of a 24-hour storm event. This is described in
Chapter 7.

7. Waterproofing

® Cisterns must be watertight and seams should be checked regularly for leaks.

8. Water Quality / Total Suspended Solids

¢ All capture and reuse BMPs must include disinfection components to prevent human health and safety
issues arising from any potential contact with the collected water.

® Allcisterns should be shaded to the maximum extent possible to help prevent algal growth.
Sizing Calculations Worksheet for Runoff Capture and Reuse
(Link to worksheet)

Construction Considerations

®  Prior to installing a rain barrel or cistern, clean roofs, gutters, and downspouts and install effective leaf
screens.

® |nstall rain barrels and cisterns on level surfaces.
® For elevated cisterns, consider head required to provide necessary pressure for the designed reuse.
®* Follow the manufacturer’s instructions for rain barrel or cistern installation.
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Operations and Maintenance

All runoff capture and reuse systems require regular maintenance to ensure proper functioning.

All parts of rain barrels and cisterns should be inspected twice annually to make sure they are operable
and that there are no leaks.

Detritus and other debris should be removed regularly from gutters, downspouts, and other screens
and filters to prevent system clogging.

® Tanks should be cleaned once per year with a non-toxic cleanser.
* Backflow preventers should be checked annually for proper functioning.

Complex systems may require pumps, valves, and other appurtenances that may require increased
maintenance to ensure functionality.
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5.3.11 Stormwater Planter Box
Description

Planter boxes are structures, either elevated or at
ground level, which are filled with bioretention
soils and plants to capture, detain, and filter
stormwater runoff through physical, biological, and
chemical processes. Planter boxes are commonly
constructed of concrete, concrete masonry units,
or brick. Planter boxes can be placed adjacent to
the external downspouts of a building to receive
rooftop runoff, as shown on Figure 5.3.11-1, or
along streets to receive runoff from impervious
surfaces such as sidewalks or roadways. Planter
boxes are similar to bioretention in function, but
tend to be more structural in design and
appearance.

e &

. 0

e &

. 0

by

Figure 5.3.11-1. A downspout from an existing building is
disconnected to a stormwater planter box.

Planter boxes may be designed with open bottoms to infiltrate water (infiltration planter box). Planter
boxes may also be designed with an impervious bottom to discharge directly to the storm sewer system
after temporarily detaining and treating runoff (flow-through planter box). All planter boxes must be
designed with a positive drainage overflow connection to a secondary stormwater management system or

storm sewer.

Planter boxes often are designed to provide temporary surface ponding prior to runoff filtering through
the soils. Planter boxes may also include an underlying stone stormwater bed to increase stormwater

capacity.
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o [ [}
£ 5 - 2
= § £ s g &8 5 5 ]
S B e 5 & [T K .2 2
= S x 3 < S e = <
g 3 53 3 SE| & g | g
< 3 a [ &S T (] =
Stormwater
Planter Box u/s L M H M H M L M/H L/M
KEY: U = Urban; S = Suburban; R = Rural; H = High; M = Medium; L = Low
*Rating varies based on design considerations.
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Key Design Features
(see Figure 5.3.11-2)

* Use a combination of surface ponding, soil storage, vegetation, and potentially, stone storage and
infiltration to treat stormwater runoff.

® Capture the runoff from the small (1.6 inches and less) rainfalls events, and the first portion of larger
rainfall events.

®* The surface area and size are directly correlated to the contributing drainage area size and land use,
especially impervious surfaces. A planter box may not always be able to capture the full SOV.

® Should be level at the bottom.

* Inflow velocities at downspouts or curb cuts may require energy dissipation, such as a stone or
concrete splash block, or other velocity control measures to prevent erosion.

®* May be designed for infiltration by placing with an open bottom on uncompacted subgrade.

® Planter boxes adjacent to buildings to receive roof runoff should not be designed for infiltration to
protect building foundations and basements.

® Planter boxes that cannot infiltrate must include a low-flow slow-release system. Lined and slow-
release systems may be constructed on compacted fill material.

® Always include an overflow control structure or design to allow large storm events to bypass or
discharge at a controlled flow rate without passing through the soils.

Applications

Planter boxes may be installed on virtually any site, but are most useful at providing stormwater
management in highly urbanized areas where space is limited:

* Along roadways, sidewalks, and parking stalls
®* Rooftop runoff —adjacent to or near buildings
® Treatment of stormwater runoff in urban, high-density residential and commercial sites

Advantages

* Allows for treatment of stormwater runoff in areas where space for larger BMPs is limited.
®  Provides water quality treatment within a small footprint.

® Canbeincorporated into a larger stormwater management system or “treatment train.”

* Excellent option to provide partial SOV capture and improve water quality.

®  Well suited for retrofit projects.

* Applicable to small drainage areas.
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Disadvantages

®* May not provide full management of SOV. However, can be combined with other BMPs to meet SOV.
®* May be maintenance intensive.

®* May be subject to vandalism and/or accumulated trash/debris, requiring additional maintenance.

® Highly structural nature may be cost-prohibitive in certain applications.

SPLASH BLOCK AT
DOWNSPOUT TO DIRECT
RUNOFF INTO PLANTER

DOMED RISER GRATE
REDUCES SURFACE

CLOGGING ADD ELBOW AT END

OF DOWNSPOUT TO

12"-34" BIORETENTION —
EXTEND OUTFALL
SOIL MIX BELOW SPLASH
FINISHED GRADE BLOCK CURB AND
CONCRETE DIRECT WATER
PLANTER TOWARD PLANTER

GEOTEXTILE
SEPARATING
PLANTING SOIL FROM
DRAINAGE
AGGREGATE

|~ ~— CLEAN WASHED
7/, AASHTO NO. 57

DRAINAGE

AGGREGATE

S T >%— CONCRETE FOOTING

COMPACTED SUBGRADE AND PLANTER FLOOR

CROSS-SECTION

FLOW-THROUGH PLANTER BOX NEXT TO BUILDING
FIGURE 5.3.11-2 NTS

Figure 5.3.11-2. A typical cross-section for a flow-through planter box.
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Applications

Planter boxes may be used in myriad ways in the urban and suburban environments, on residential,
institutional, and commercial properties and within the public right-of-way. Potential applications include
capturing roof runoff directly adjacent to buildings, within or along parking lots, adjacent to parking stalls
on roadways, sidewalks and paths, plazas, playgrounds, and athletic fields and courts.

Streetside Planter Box

Figures 5.3.11-3a and b. This street was retrofitted to incorporate infiltration planter boxes within the right-of-way. Runoff enters
the planter boxes through curb cuts.

Parking Lot Planter Box Institutional Planter Box

Figure 5.3.11-4. Infiltration planter box within a parking
lot, during construction. Water will enter through curb
cuts, which are closed during construction. Note that the
asphalt around the planter box was milled and repaved,
allowing it to drain to the curb cuts following
construction.

Figure 5.3.11-5. Flow-through stormwater planter boxes adjacent to
this library receive roof runoff and provide plantings within the
hardscape seating area. Overflow from these planter boxes is
directed to a bioretention area (right side of photo). River cobbles
(not shown) were added to eliminate any tripping hazard in a high-
use area by reducing the depth of the planter box edge to the
finished surface.
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Variations

Curb Extensions/Curb Bump-Out

Large planter boxes constructed within and along a street are also referred to as “curb extensions” or
“curb bump-outs.” These are sometimes constructed within over-wide drive aisles to capture stormwater
as well as to provide traffic calming. Curb extensions function in the same way as planter boxes in that they
are curbed vegetated areas with soil and potentially stone for stormwater storage. Curb cuts allow the
entry of roadway and sidewalk runoff to sheet flow into the system.

Curb bump-outs and curb extensions must be structurally designed with consideration of the traffic loads
both during and after construction. Examples of curb extension planter box design details are shown on
Figures 5.3.11-6 through 5.3.11-9.

MILL AND REPLACE EXISTING SINGLE ROW OF COBBLE
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Wl I\~ COBBLE SPLASH BLOCK/ = WATERIGHT SEA
- 1N SEDIMENT TRAP ‘ -4 GRAVEL BED CONNECTED TO
A : T ; T SUBSURFACE AGGREGATE
PRSP~ 1 T : ; INFILTRATION BED
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CONNECTOR Al

4" WIDE OPENINGS IN PLANTER WALL
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THAN SIDEWALK, TYPICAL.

STREETSIDE PLANTER BOX EXAMPLE (SLOPES < 5%) WITH INFILTRATION BED PLAN VIEW
FIGURE 5.3.11-6 NTS

Figure 5.3.11-6. Example of streetside planter box (plan view). Weirs are used to “step” the sections of the planter box down the
slope.
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FIGURE 5.3.11-7 NTS

Figure 5.3.11-7. Example of the entrance conditions into a streetside planter box (cross-section A-A’).
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12"-36" BIORETENTION SOIL MIX
4"-6" PLANTER WALL
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PLAhﬁSRNVCV:iErLE 4" WIDE OPENING AT 6
o SPACING O.C. AND AT
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STREETSIDE PLANTER BOX FOR INFILTRATION
FIGURE 5.3.11-8 NTS

Figure 5.3.11-8. Example cross-section streetside planter box (cross-section B-B’). This planter box includes an underlying stone
storage bed to increase storage capacity.
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3" PEA GRAVEL COURSE

6" AASHTO NO. 57 STONE
CONCRETE PLANTER WALLS WVER A GREGATE

INFILTRATION BED
CONCRETE TRENCH NONWOVEN GEOTEXTILE
DRAIN OVERFLOW WITH BETWEEN PEA GRAVEL AND
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CONCRETE SIDEWALK
/=
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OVERFLOW FROM STREETSIDE PLANTER BOX
FIGURE 5.3.11-9 NTS

Figure 5.3.11-9. Example of the overflow (exit) from a streetside planter box (cross-section C-C’). In this application, a gravel
connection to the underlying stone bed is provided.

Applicable Protocols and Specifications

The following Protocols and Specifications (see Appendices A through F) are applicable to planter boxes
and must be addressed:

®  Protocol 1 Setbacks from Structures

* Protocol 2 Coordination with Other Utilities

®* Protocol 3 Site Evaluation and Infiltration Testing

®*  Protocol 4 Infiltration System Design and Construction Guidelines

®* Protocol 5 Planting and Mulching Guidelines
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®*  Appendix F
— Aggregates and Drainage Layers
— Stormwater System Specifications
— Bioretention Soil Specifications
— Pipes
—  Control Structures
— Geotextiles
— Impervious Liners and Waterproofing

Design Considerations for Planter Boxes

The key design components for planter boxes discussed below allow design flexibility to ensure maximum
performance from this BMP.

1. Location and Capture Area

®* When possible, the planter box should be located directly downstream of the existing stormwater
source to maximize runoff capture.

® Planter boxes shall be constructed a minimum of 2 feet behind the curb if they are located adjacent to
on-street parking. If planters are constructed in an area where there is no parking or loading, they may
be constructed directly behind the curb.

® Planter boxes may intrude into the walking zone a maximum of 1 foot. A minimum walkway width of
4 feet must be maintained, 5 feet is preferred, and even greater may be required on high-volume
pedestrian streets. ADA requirements must be followed.

® Planter boxes may not be placed adjacent to a designated handicapped parking space.

® Planter boxes are best suited to capture smaller drainage areas and may only capture a portion of the
SOV.

® If applicable, consider linking subsurface storage beds to complementary BMPs as part of a larger
system, or “treatment train,” to achieve additional stormwater and streetscaping benefit.

2. Entrance/Flow Conditions

Runoff can enter a planter box from roof leaders or through stormwater pipes, sheet flow, or curb cuts. All
planter boxes must be designed to receive flow that will not cause scour or erosion at the soil surface.
Roof drains and concentrated flows should be directed onto a stabilized surface within the planter box,
such as a splash block or cobbles, to minimize entrance velocities.
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Curb cuts or trench drains are sometimes used to convey runoff from the street to stormwater planters.
Curb cuts are used when planter boxes are constructed directly behind the curb (see Figure 5.3.11-10).
Trench drains are used when the planter is set back from the curb and water must be conveyed under an
area with pedestrian access. Concrete aprons can be i | ?
placed on the street side of curb cuts or trench drains to
facilitate capture. Splash blocks or another energy
dissipater should be placed on the planter side of the
trench drain to prevent erosion (see Figure 5.3.11-11). To
capture sidewalk runoff, notches may be cut in planter
walls every few feet, depending on grade and the size of
contributing drainage areas.

3. Management of Sediment, Trash, and Debris Figure 5.3.11-10. Curb cuts convey street runoff into and
out of this streetside planter box. Overflow from the
Planter boxes may often collect sediment, leaf litter, planter box is captured by the downstream storm sewer

trash, and other debris, so they may require frequent inlet.

inspection and maintenance for removal of accumulated
trash and debris. In areas of high trash or with specific
concerns such as plastic shopping bags (a common
concern in commercial areas), the entrance conditions
may include a screen to prevent material from entering
the planter box. Plant selection should consider the
amount and type of trash that may enter the planter box.
Items such as windblown plastic shopping bags that
adhere to vegetation should be considered when
selecting plants.

. Figure 5.3.11-11. A concrete splash block at a downspout
All plants, entry points, and structural components should to a flow-through planter box prevents erosive conditions

be inspected and maintained in accordance with at the soil surface.
Chapter 8 of this manual.

4. Storage and Stay-on-Volume

A planter box provides volume management within the surface ponding area, the bioretention soil area,
and the stone storage bed (if applicable). Because water must move through the bioretention soils, the
entire volume is storage. This is different from non-vegetated BMPs, such as pervious pavement wherein

the pavement section is excluded.

The SOV is a function of the storage volume available for the 1.0-inch or 1.6-inch storm.
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Storage Volume (ft’) =
Surface Water Volume + Soil Storage Volume + Stone Storage Volume

Surface Water Volume: Available surface water storage between soil surface and overflow structure
(always equal to or less than 6 inches).

Soil Storage Volume: This is the bioretention soil volume x 0.20 void space ratio.

Soil Storage Volume (ft’) = Soil Area (ft?) x Soil Depth (ft) Below Overflow x Void Ratio

Stone Storage Volume: This is the stone storage volume x 0.40 void space ratio.

Stone Storage Volume (ft?) = Stone Area (ft) x Stone Depth (ft) Below Overflow x Void Ratio

Void ratios are generally:

® 0.20 for bioretention soils
® 0.40 for clean-washed aggregate such as AASHTO No. 3
®* 0.85to 0.95 for manufactured storage units depending on manufacturer

5. Area and Dimensions

One of the benefits of planter boxes is that they can be adjusted to fit the dimensions of very small spaces
such as narrow spaces adjacent to buildings, along walkways and streets, and adjacent to parking areas.
Planter box surface depth and curb requirements should always be considered to avoid creating trip
hazards for pedestrians. The bottom of each planter box should be level.

Planter boxes are typically designed to have some surface ponding and soil storage, and they sometimes
are designed with stone storage below the planting soil. By constructing the planter box without a liner or
concrete bottom, a planter box may be designed for infiltration.

A basic guideline is to plan for a planter box with a surface area that does not exceed a rule-of-thumb ratio
of the impervious and compacted pervious areas draining to it. The amount of rainfall volume must also be
considered. The following ratios based on design rainfall depth can be used to estimate a planter box area:

1-inch Rainfall
1:10 ratio of surface area to impervious drainage area
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1.6-inch Rainfall
1:8 ratio of surface area to impervious drainage area

The dimensions of ponding depth, planting soil depth and width, and stone depth and width within a
planter box are a function of the quantity and velocity of stormwater it is intended to receive, and the
available space for construction. The designer should estimate the depth of water, soil, and stone storage
using the Sizing Calculations Worksheet.

As a general rule-of-thumb, planter boxes should meet the following guidelines:

® Surface ponding depths should not be greater than 6 inches, especially when constructed in
pedestrian areas.

®  Planting soils should be a minimum of 12 inches in depth and should be adequate to support the
vegetation types selected for planting.

® The internal dimensions of a planter box will vary based on site conditions and the desired stormwater
capture.

® If stone storage is required, the footprint of the stone may extend outside of the limits of the planter
box if it is constructed without a bottom.

The recommended depths for surface water storage, soil storage, and stone storage are:

Surface Water Storage Depth: 6 inches maximum in high-use areas (along streets, at schools, in public
landscapes, etc.)

Bioretention Soil Depth: Between 12 and 36 inches
Stone Storage Depth: Minimum 6 inches
6. Overflow and Peak Rate

All planter boxes must provide a safe way for water to exit the system when large storms generate more
stormwater runoff than the planter box can hold. The inclusion of a positive overflow route ensures that
flooding risks and related property damage are minimized.

The positive overflow route is often in the form of a domed riser or grated pipe that is placed within a
planter box at the maximum ponding depth elevation (see Figure 5.3.11-12). The domed riser or grated
pipe may create a direct connection of the planter box surface to the subsurface soil or stone, and it may
also serve as a positive overflow connection designed to allow high flows to be conveyed through the
device to an approved discharge point. The minimum allowable diameter of an overflow pipe for small
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planter boxes (such as adjacent to buildings) is 4 inches. All overflows must safely convey the 10-year
peak rate. Designs should also ensure that in the event that an overflow pipe becomes clogged or a rain
event larger than a 10-year event occurs, then :
overflows will have a safe emergency escape route
rather than being allowed to flood buildings or other
structures.

Planter boxes designed with surface entry points,
such as through curb cuts or trench drains, may be
graded such that, once full, they do not receive any
more water and flow back onto the contributing
surface to a complementary BMP or other approved
discharge point.

Figure 5.3.11-12. A grated pipe in a stormwater planter box
provides overflow to existing storm sewer when ponding above
the designed water level occurs on the surface (similar to
Figure 5.3.11-2).

Peak Rate Control and Infiltration Credit

For the purposes of site peak rate control, the

designer may adjust the curve number value based on the volume managed by both the SOV and the
infiltration volume that occurs during a portion of a 24-hour storm event. This will allow the designer to
account for runoff that was captured by applying LID, and develop a representative lower curve number.
This is described in Chapter 7.

When adjusting the curve number, the infiltration volume can be estimated as the infiltration that occurs
during 12 hours of a 24-hour design storm. This will ensure that estimated infiltration volumes are not
greater than the actual volume captured within the BMP.

Infiltration Volume (ft®) = Planter Box Bottom Area (ft?) x Infiltration Rate (in/hr) x 1/12 x 12 hours

7. Freeboard

It is recommended that planter boxes include a minimum of 4 inches of freeboard above the overflow
route. Higher freeboard may create a deeper planter box surface, which may be undesirable in pedestrian
areas. The designer should consider the potential for flooding onto sidewalks or other areas and provide
control measures.

8. Underdrain

When a planter box is not designed for infiltration but is constructed with a liner or an impermeable box
structure, an underdrain is required. The underdrain is used to ensure that water moves through the
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system so water does not pond for excessive time periods on the surface or become stagnant below grade.
Underdrain systems must be included in the design if the native soil infiltration is less than 0.1 inch per
hour or if the system is lined with an impervious liner and intended for slow release only. Underdrains
must be located at the intended bottom of the planter box system (i.e., below soils and stone if
applicable). See Protocol 3 for the infiltration testing procedure and Protocol 4 for infiltration system
guidelines.

Planter boxes require very low discharge rates when managing the water quality volume. However, planter
boxes are generally small in area and it may be difficult to construct an underdrain that can extend the
discharge rate over more than 48 hours. Planter boxes that capture less than 1,000 square feet of
impervious drainage are assumed to provide water quality volume with a discharge of the water quality
storm between 24 and 48 hours.

9. Waterproofing

Planter boxes are uniquely able to fit into spaces where space
limits the use of other BMPs, such as adjacent to structures and
roadways. When planter boxes are designed near existing
infrastructure or buildings, they should be designed with a liner
or impermeable box structure to prevent water from causing
damage to foundations and other infrastructure components
(see Figure 5.3.11-13). The liner, if applied, must meet the
guidelines provided in the Stormwater Specification. It is
recommended that planter boxes adjacent to buildings be fully
lined. Other planter boxes, such as along streets and parking
lots, may be designed to discharge through the bottom of the
planter box provided that the requirements of Protocol 1,
Setbacks from Structures, and Protocol 2, Coordination with
Other Utilities are met.

g
|
&

10. Bioretention Soils
Figure 5.3.11-13. A waterproof liner is placed

Planter boxes should have soils adequate to support vegetation in the stormwater planter box to protect the

and stormwater absorption, and should meet the intent of the adjacent building.

soils specified in Appendix F — Bioretention Soil Specification. If

the planter box is intended to infiltrate, it is essential that the native subsoil within the infiltration footprint

is not compacted with construction equipment.
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Planter box bioretention soils must never be placed when wet or during wet weather. Soils should be
protected from saturation until plant installation, and from sediment deposition into the planter box.

11. Vegetation

The type of plant and planting plan for planter boxes must comply with Protocol 5 (Appendix E) of this
guide. Plants appropriate to the aesthetic and visibility needs of planter boxes should be specified. When
located along streets, plant material selection must consider visibility for traffic needs. Plants cannot grow
to block signs or obstruct views.

12. Water Quality/Total Suspended Solids

Planter boxes that can capture and manage the required SOV through infiltration are considered to meet

all water quality requirements. Planter boxes that are underdrained must be sized to provide water quality
treatment. See Chapter 7 for additional discussion.

Sizing Calculations Worksheet for Planter Boxes

(Link to worksheet)

Construction Considerations

Planter boxes should be built in the final phase of construction to prevent damage.

No sediment-laden waters should enter the planter box at any time. The planting of vegetation should

coincide with the plant’s growth cycle to promote successful establishment, and the planter box should be

protected from runoff entering until the vegetation is adequately established.

Construction Sequence Example

Step 1 Excavate Planter Box

a. Protect planter box area from sediment and stormwater runoff during construction.

b. Excavate to the bottom elevation of the system, either the bottom of soil, the bottom of the stone, or
the bottom of the structural box. If the planter box is designed for infiltration, care should be taken not

to compact the existing subsoil.

Step 2 Install Planter Box
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Construct planter box sides (and bottom) as required (see Figure 5.3.11-14).
Place geotextile at the bottom elevation of the excavated area for an infiltration planter box. For a
flow-through planter box, place liner or waterproof constructed box (see Figure 5.3.11-15).

Install underdrain system if required.

Install stormwater piping and structures at specified
elevations. Ensure that all stormwater structures are
protected from sediment.

Fill planter box with planting soil and/or stone at elevations
specified in the design (see Figure 5.3.11-15). Complete final
grading of the planter box after the top layer of soil is added.
Lightly tamp down soil.

Construct splash blocks at entry points to the planter box.
Construct curb cuts and/or trench drains into the system if
applicable.

Seed and vegetate according to plans. Plant the planter box at
a time of the year when successful establishment without
irrigation is most likely. Temporary irrigation may be needed
in periods of little rain or drought.

Mulch planted area with compost mulch to prevent erosion
while plants become established.

Protect planter boxes from sediment at all times during
construction.

Before erosion and sediment control measures are removed
or downspouts are disconnected in a planter box, verify that
vegetation is sufficiently established.

Operations and Maintenance

Both the structural components and vegetation within planter
boxes require routine inspection and maintenance. Plants may
require additional water during extremely dry periods and care
should be exercised to ensure that appropriate measures are
taken to protect plantings during periods of frost and other
damaging weather events.

All inflow and outflow structures must be inspected and
maintained to ensure removal of accumulated sediment and debris. See Chapter 8 for additional guidance.
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Figure 5.3.11-14. A stormwater planter box
during construction. The sidewalls of the
planter box are constructed once the final
surface grade outside the box is met.

Figure 5.3.11-15. A stormwater planter box
that includes a stone bed during construction
with geotextile to separate the soil and stone.
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5.3.12 Manufactured Devices (Proprietary Devices)
Description

Manufactured devices are pre-fabricated devices that implement technologies ranging from filtration and
adsorption to vortex separation and settling to treat stormwater prior to discharge from a site.

There are many manufactured devices marketed by proprietary vendors to treat stormwater runoff.

Common types of manufactured devices include hydrodynamic devices, catch basin inserts, cartridge
filters, and biotreatment devices. Manufactured devices provide stormwater treatment with varying

degrees of effectiveness.

Manufactured devices are effective as a water quality treatment component of a stormwater treatment
system, or treatment train, which includes volume-reducing BMPs.

BMP Functions Table

£
B
]
=
s
[=}
<

Reduction
Peak Rate
Reduction
Recharge
Temperature
Mitigation
Heat Island
Creation
Maintenance

Manufactured

Devices* U/S/R L/M/H L/M/H L/M/H L/M/H L/M/H L/M/H L/M/H L/M/H L/M/H

KEY: U = Urban; S = Suburban; R =Rural; H = High; M = Medium; L = Low

*Ratings vary between manufactured products and their application in design.

Key Design Features

¢ Hydraulic flow capacity of each manufactured device must match that of design storm event flows to
achieve desired performance.

® Incorporate into a stormwater system or treatment train for optimal performance.
®* Manufacturer installation, operation, and maintenance instructions must be followed to ensure

performance.

Applications

® Roadways, walkways, and parking stalls
® Parking lots
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® Playgrounds, plazas, and basketball and tennis courts
®  As part of multifamily housing and commercial office areas
® Institutional: schools and university campuses

Advantages

® Can be used in areas with restricted space.
® Can be used in areas with limited infiltration capacity.
®* May be engineered to target specific pollutants.

Disadvantages

¢ Performance is highly dependent on matching hydraulic flow capacity to that of design storm event
flow rates.

* Devices are not typically visible and may be “forgotten.”
®* More frequent maintenance may be required as compared to traditional technologies.

® Review time may be longer for evaluation of projected performance (third-party verified pollutant
removal rates).

Applications

Manufactured devices may be used in urban and suburban environments, on residential, institutional, and
commercial properties, and within the public right-of-way. Potential applications include roadways, alleys,
sidewalks and paths, plazas, playgrounds, and athletic fields and courts. Manufactured devices may be
implemented on virtually any project site if they are designed and constructed to meet the manufacturer’s
specifications.

Applicable Protocols and Specifications

The following must be submitted to the City at the time of application: manufacturer specifications;
engineering drawings of the assembled device; manufacturer’s installation, operation, repair, and
maintenance instructions and recommended schedule; and any other information relevant to the
application of the specific manufactured device from the manufacturer. Third-party verification of device
performance must also be submitted to the City for review and consideration prior to approval.
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Design Considerations for Manufactured Devices

Vendors are continually expanding and updating manufactured devices; design guidance from each
applicable vendor should be consulted prior to design. At a minimum, manufactured devices must meet
the following criteria:

¢ Selected manufactured devices must have 80 percent minimum treatment effectiveness for the
removal of total suspended solids.

® Selected manufactured devices must not pond water for more than 72 hours following a storm event.

* Selected manufactured devices must not degrade water quality by resuspending floatable debris, or
total suspended solids, or by leaching pollutants during subsequent storm events.

¢ Selected manufactured devices must not be constructed at a depth that is inaccessible by a vacuum
truck/hose for cleaning and maintenance.

® Selected manufactured devices must provide a mechanism to bypass flows during storm events that
exceed the water quality design peak flow rate for the device.

® Selected manufactured devices must provide a mechanism by which flows may be diverted for
isolation of the device during maintenance and repair.

1. Location and Capture Area

Designed properly, manufactured devices may be incorporated on a variety of sites. With regard to
hydrodynamic devices, it is important to control inflow rates. To do this, it is crucial to understand the
hydraulic capacity of the device and the flow rates from contributing drainage areas.

2. Entrance/Flow Conditions

The primary design consideration for most manufactured devices is the peak rate of runoff entering the
device. Devices that rely on vortex separation and/or filtration must be designed with careful

consideration of peak rates of inflow into the device.

All manufactured hydrodynamic devices must be located such that inflow velocities do not exceed the
maximum treatment flow rate specified by the vendor.

Upstream conveyance structures (pipes, swales, etc.) should be designed to discharge into manufactured
devices at velocities no greater than the vendor-recommended maximum flow rate.
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3. Freeboard

All manufactured devices must meet vendor construction specifications, including sump and freeboard
requirements.

4. Management of Sediment, Trash, and Debris

Manufactured devices must not degrade water quality by resuspending floatable debris or total suspended
solids or by leaching pollutants during subsequent storm events. Careful hydraulic design and diligent
maintenance are required for ensured performance of manufactured devices.

5. Storage and Stay-on-Volume

Manufactured devices designed to treat runoff through filtration and/or settlement must carefully
consider storage capacity and discharge velocity to ensure water is retained in the device for an
appropriate length of time to allow for pollutant removal.

6. Overflow

All manufactured devices must be capable of conveying larger storms without resuspending floatable
debris and/or accumulated sediment.

7. Water Quality/Total Suspended Solids

Manufactured devices must have an 80 percent minimum treatment effectiveness for total suspended
solids (at the flow rate specified, when applicable), and be certified by an independent, third-party testing
laboratory prior to consideration by the City. All manufactured devices should be field tested (laboratory

testing of field-collected samples) and monitored after installation to ensure achievement of 80 percent
total suspended solids removal.

Construction Considerations

All manufactured devices must be constructed in accordance with vendor-recommended construction
specifications.

Operations and Maintenance

Operation and maintenance of manufactured devices must be performed in accordance with vendor-
recommended construction specifications.
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Specifications

A copy of all relevant vendor specifications must be submitted to the City prior to stormwater
management plan approval.
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Anderson Avenue / Highland Park Green Infrastructure Project Calculations

Introduction

The proposed Anderson Avenue/Highland Park Green Infrastructure Project is located in Chattanooga,
Tennessee, just to the west of Missionary Ridge and Tennessee Temple University.

The proposed project begins at Holly Street, then proceeds approximately one block to the south to
Anderson Avenue. From that location, it goes approximately two blocks toward the east. With the
exception of two storage buildings for the school, the vast majority of the area is residential. Please
refer to other documents and drawings for more specific information.

The purpose of these calculations is to provide two calculation methods for this project in accord with
the City of Chattanooga’s Rainwater Management Guide (RMG). The first method, which will be used
on the Anderson Avenue portion of the project, will be to keep onsite the runoff from a 1.0” rainfall
event. Three possibilities exist for keeping the water onsite: (1) infiltration, (2) evapotransporation, and
rainwater harvesting. For this site, we have chosen to go with infiltration.

The second method is allowed in cases of hardship when the runoff cannot be kept onsite due to some
sort of hardship (shallow bedrock, shallow watertable, etc...). In those cases, as called for in the RMG,
one must reduce the Total Suspended Solids (or TSS) by 80% for a 2.1” rain event.



For this project, our calculations will begin upstream with Holly Street using 80% TSS reduction using
WinSLAMM (Windows Source Load and Management Modeling software, as specified by the RMG).

We will then move downstream to Anderson Avenue and consider the 1.0” runoff using the Small Storm
Hydrology Method as called for in Chattanooga’s RMG.

Design Criteria

In addition to the methods already discussed, some general design principles should also be mentioned.
While more specific information may be found on the design drawings, general dimensions for the
following BMPs were as follows:

Pavers

3.25” — paver thickness

2” - # 89 stone bedding

8” - # 57 stone (double-washed)

7.5" wide and serving as parallel parking areas

Porous Asphalt
1” — porous asphalt topping

5” — porous asphalt binder
8” to 11” - # 57 stone (double-washed)
12’ wide and primarily in Anderson Avenue travel lanes

Bioretention

0” to 18” — ponding (on top)

24” —augmented soil (typically 80% sand and 20% compost)
18" - # 57 stone (double-washed)

15’ wide with 3:1 side slopes on the top

The overall site is as shown below, with Holly Street (near Areas 6 and 7) running more north and south,
and Anderson Avenue running more east and west.




To account for the slope on the site (approximately 1.5%), it was anticipated that small berms/check
dams will be required at the bottom of some of the BMPs (see RMG, page 5.3.1.14 and the detail
below). This will allow the BMPs to function more effectively. Therefore, the effective depth of stone
for volume and calculation purposes was reduced to take into account this triangular volume loss due to
the required berms. This should provide an additional factor of safety within the design.

LEVEL TOP ON EARTHEN BERM WITH
2;1 SIDE SLOPES {MIN WIDTH 2FT)

:&I;L:;' m

STORE NWOVEN GEOTEXTILE
{BOTIOM & SIDES]

TYPICAL RECHARGE BED BERM WITHIN A PERVIOUS PARKING
LOTTO CREATE A LEVEL BED BOTTOM

AGURE 5.3.1-14 NTS

Holly Street Overview

As previously mentioned, we will examine Holly Street first as it is in the upstream portion of the
watershed. It will also be designed using the WinSLAMM computer program. Sheet # 14 of the
drawing set shows the area, with a portion of the drawing shown below for reference:




Criteria utilized for the Holly Street design are as follows:

Total Area:

Roof Area:
Pavement/Streets:
Concrete/Driveways:
Total Impervious:
Land/Natural:

Bioretention/infiltration Trench:
Pavers (included with pavement):

20,280 sf (0.47 acres)
850 sf (0.02 acres)
10,288 sf (0.24 acres)
3,280 sf (0.08 acres)
14,418 sf (0.33 acres)
3,949 sf (0.09 acres)

1,913 sf (0.04 acres)
1,238 sf (0.03 acres)

These areas are shown on Sheet # 6 of the drawing set, Areas 6 and 7. They are primarily limited to the

road right-of-way area.

Additionally, as WinSLAMM uses a continuous simulation model for rainfall, in order to approximate a
2.1” rainfall, the model was run using December 3, 1993, as the rainfall on that date was 2.06-inches of
rainfall (the closest to the required design event). This was done so as to use real data instead of
creating a false rainfall event (which could have introduced other errors into the calculations). A
screenshot of the WinSLAMM screen is shown below.

RES | 16 | ok | 1o ||| FRE| |

[l]rs| Of kP2 [Mm| %

5| EiE]

Land Use:
Residential 1 |_
Source First |Second = i i
i?;';cz Source Area [:;eeaﬂ Area Cant_rul Cl:nnt_rnl SRS It
2arameters |Practice |Practice
Roofs 0.020
Parking 0,000
Driveways/Sidewalks 0.080
Streets 0,240
Landscaped Areas 0.090
Other Areas 0,000

A soil infiltration rate of 0.2 inches per hour was used in the calculations.



Porous pavement was used (both on Holly Street and Anderson Avenue).
pavement to be modeled in the “Streets” section of the “Land Use” area.

shown below:

Porous Pavement Control Device

The program allows porous
Input that was utilized is as

First Source Area Control Practice
Land Use: Residential 1

Source Area: Streets 1

Total Area: 0.240 acres

Porous pavement area [acres):

T

(0-100) or leave blank for program to calculate

Inflow Hydrograph Peak to Average Flow Ratio 38
P G y and P
1 - Pavement Thickness [in] 3.3
Pavement Porosity (>0 and <1) 0.30
2 - Aggregate Bedding Thickness (in) 20
L ggregate Bedding Porosity (>0 and <1] 0.32
3 - Agaregate Base Reservoi Thickness (in] 20
Agaregate Base Reservoir Porosity (>0 and <1] 032
Porous Pavement Area to Agg Base Area Ratio 1.00
Dutlet/Discharge Options
Perforated Fipe Underdrain Diameter, if uzed .
[inches]
4 - Perforated Pipe Underdrain Outlet [rwert 00
Elevation [inches abowve Datum) g
Mumber of Perforated Pipe Underdraings [<250] a
Subgrade Seepage Rate [in'hr] - select below n.200
of enter )
LIse Random Number Generation to Account far
Uncertainty in Seepage Rate L
Subgrade Seepage Rate COWV
Underdrain Discharge Percent TS5 Reduction I ‘

W

elect Subgrade Seepage Rate
Sand - & in/hr

Loamy sand - 2.5 in‘hr
Sandy loam - 1.0 infhr
Loam - 0.5 inshr

Silt Ioam - 0.3 inthr
Sandy silt loam - 0.2 infhr

AN

Control Practice #: 3 Land Use #: 1

" Clay loam - 0.7 infhr

" Silty clay loam - 0.05 infhr
" Sandy clay - 0.05 indhr
" Silty clay - 0.04 infhr

" Clay - 0.02 infhr

Source Area #: 37

Surface Pavement Layer
Infiltration Rate Data

=]

Cleaning Fi

Initial Infiltration Rate (inhr]

Cleaning [0-100)

Surface Pavement Percent Solids Removal Upan

Mever Cleaned
Three Times per Year
Semi-Annually

020
1000

Enter either these three values:

Annually
Every Two Years

Percent of Infiltration R ate After 3 Years (0-100)
Peicent of Infilkration Rate After 5 'r'ears (0-100)
Time Period Until Complete Clogging Occurs [ws)

Every Thiee Years
Every Four Years
Every Five Years

(r this value:

Every Seven Years

slelele e Rale loNe e

‘Sullace Clogging Load (Ib/5f]

Every Ten Years
006 |

Select Particle Size Distribution File

Mot needed - calculated by program

Porous Pavement Geometry Schematic

Percent of Total Area

Pavement Surface

that is Porous Pavement
1256 %

33" Porous Pavement Layer
e
20 Aggregate Bed Layer
20" Agaregate Base Layer
Copy Porous Paste Porous
Pavement Pavernent Subgrade
Data Data
Delete Control | Cancel | Continue ‘

Porous Pavement Device Number 2

Bioretention/infiltration trenches were modeled as a “Biofiltration Control Device.” The input screen
for one of those is as shown below:

£ Biofiltration Control Device =
Drainage System Control Practice 4dd | Sharp Crested Weir Dther Outlet E sid |
Device Properties Biofilter Number 1 |
Top &rea (f) 1913
Biottom Area [sf] 1913
Tatal Depth (] 425 Remove |B|uad Crested Weir-Reqrd ]
Typical Width [f] (Cost est. only) 15.00] [\weir crest length (1) 10.00)
Mative Sail Infitration Rate (in/hr) 0.200] [sseir crmst width (] 1.00/
Height fram datum b 250 -
Infil. Rate Fraction-Bottom [0-1] 1.00| | battom of wair opsning [f) - 4dd | Evapotranspiration
Infil. Rate Fraction-Sides (0-1] 1.00 a a
Add | Vertical Stand Pi
Fiock Filled Depth (] 150 Jieibcallston e
Rock Fill Porosity [0-1] n3i2 |
Engineered Media Type Media Data
Engineered Media Infiltration Rate 1300 Add | Surface Discharge Pipe -
Engineered Medis Depth [ft] 200
Erginesred Media Porcsity (0-1) 0.43
Add | Drain Tile/Underdrain
Inflow Hydrograph Peak to éverage 280 ﬂ ﬂ ﬂ =
Flow Riatio -
Number of Devices in Source Area ar 1
Upstream Drainage System Use Random Nurber Biofilter G Sch Refresh Schematic |
r & 2 [ Generation to Account for
Infiltration Rate Uncertainty 10.00"
Initial W ater Surface
o 800 Efevation i)
g Topof Engrecred Meda |
Est. Surface Drain Time = 1.2 his,
Select Native Soil Infiltration Rate Change 2.00
< Sand-Binkr © Clayloam -0 in/hr Breomeny 425
© Loamysand - 25infe O Sily clap loam - 0L05 inhe 350
" Sandy loam - 1.0 inthr " Sandy clay - 0.05 infhr Copy Biofil et | b e SRR L L
Py Biotiter Top of Rock Fill
" Loam - 0.5 inchr  Silty clay - 0.04 infhr Data ) Gl B3I
" Siltloam - 0.3 in/hr " Clay- 0.02inshr e 150
" Sandy st loam - 0.2 indhr © Rain Bamel/Cisterr - 0.00 infhr assalf et |
Mot needed - calculated by program Cancel Continue
Control Practice 3 : 2 CPlIndex #: 1




Holly Street Results

Following is the output summary obtained from WinSLAMM for the Holly Street area. It should be
noted that rather than having an appendix with numerous pages of information (and therefore, making
it hard to find the needed results), it was determined that clipping screenshots of the actual results and
explaining them in context would be more helpful. If a complete printout is necessary for review, we
will be glad to provide the information to the appropriate governmental reviewers.

File: Mame:
C:\winSLakb FileshHolly Street - 9-12-14 - Propozed Conditions - TS5 - 0.2.mdb

Qutfall Output Summary

Percent
Runoff Valume  Percent Runcff HL;PD.” 2 Particulate Solids  Particulate Salids ~ Particulate
[cu. it Reduction oemicEn Cone. [mg/L] ield [Ibs] Salids
(R) Reduction
Total of Al Land Uses without Controls 2480 | 0w [ 1195 1850
Outfall Total with Controlz | 91.96 | 9629% | 003 | 107.3 | 0.6159 | 9667%
et UUtDU;ﬂ:nSESZZHESDLESL MAB ‘rears in Model Rur: 0.00 [
Frint Dutput Frint 0 utput
Summary to Text Summary to .caw Total Area Modeled [ac]
File File 0.420
] Receiving Water Impacts
Total Control Practice Costs Due To Stormwater Runoff
Capital Cost Mt [CWP Impervious Cover Model]
Approximate
Land Lost M2 Calculated  Urban Stream
Annual Maintenance Cost M R Classification
Perfarm Outfall '
Fresent Walue of &l Costs N/A Flow D uratian “without Controls 077 Poar
Annudlized Yalue of All Costs i Curve Calculations With Cortrols [ 003 | Good

Notice above that the runoff volume was reduced by 96.29%, while TSS was reduced by 96.67% (or,
17.88 pounds of TSS for this one rainfall event).

It is interesting to note below that the vast majority of TSS (11.34 pounds, or 82.20%) came from the
streets, as shown below:

Drata File: C:Wwins LAMM Files\Hally Street - 9-12-14 - Proposed Conditions - TSS - 0.2.mdb
Rain File: TH Chattanoga 5399.RAM

Date: 09-12-14 Time: 7:54:53 P

Site Dezcription:

Residential 1 Areas - Particulate S olids ield [bs]

Start Fain Land Foofs 1 Roofs 2 Dirivewaps Street Large
Date Total [in.] Usze 1 Areal Landzcaped
Totalz Aeal
12/03/93 206 13.80) 0009243 0.008403 07016 11.34 1.739
Surnmary for All Events
R ain Land Foofz 1 Roofs 2 Dirivermaps: Streat Large
Total [in.] Use Area Landscaped
Totals Areal
Mitirnuir: 206 13280 0009243 0.008403 07016 11.24 1.739
b airmun: 206 13.80) 0009243  0.008403 07016 11.34 1.739
Flows "Wt deeg M8 13.80) 0009243  0.008403 07016 11.34 1.739
Tatal: 206 13.80) 0009243 0.008403 07016 11.34 1.73




In regard to green infrastructure BMPs, the bioretention areas were found to be much more efficient.

Specifically, as shown below, the porous pavement/pavers can reduce TSS by 29.33%, while the

bioretention can reduce TSS by 95.54%.

Diata File: C:\w/inSLAMM Files\Huly Shegt - 31214 - Proposed Canditions - T55 - 0.2 mdb
Ran File: TH Chattanoga 5339 RaN

Date: 0191214 Time: 754:53PM

Site Diescription;

Control Practice Type == CP4 3 - Porous Pavement

[P 2 - Binfitration/Inftration

Control Practice Name/Location ==» |54 Device, LU 1 S48 37 DS Bifiters 4 2
Rain Start Ran  Influent  Efflent  PatYield | Influent  Effluent
Mumber Date | Total(n)  Pat 50l Pat S0l Percent Part 5ol Par. 5ol
Yieldlbs]  Yiedlbs]  Reducion | Yieldlbs] |Yieldbs]
813 120393 205 16.04 1.3 A1 13800 015
Minimum: 20k 16.04 1.3 A8 13800 0%
Masimum: 205 16.04 1.3 A1 13800 015
Lyerage: 205 16.04 1.3 A3 13800 0819
Tatal 205 16.04 1.3 A1 13800 0&159

Part Yield
Percent
Reduction

.54

5,54
.54
o0
¥

Pat. Sal.
Yield[h)

[ T e S e Y e Y e}

Part. Sal.
Yield[hs]

[ T e R e S e S e |

Part Yield

Reduction

== = =

0.m

Similarly, bioretention was not only found to be much more effective in reducing TSS, but it was also

better at reducing runoff volume. Specifically, bioretention reduced runoff volume by 95.54%, as
compared to 25.18% for the porous pavement/paver (please see below).

Data File: C:uwinSLAMM Files\Holly Street - 312414 - Proposed Conditions - 755 - 0.2.mdb
Rain File: TH Chattanoga 5339 RAN

Date: 091214 Time: 7:54:53 P

Site Description:

Control Practice Type ==> CPH 3 - Porous Pavement

i

CPH 2 - Biofitration/lnfiltration

Control Practice MamerLocation == SA Device, LU# T SAl 37 D5 Biofikers # 2

Rair Start Rain Influent EfflLient Runaff Vol | Influent Effent

Humber Date Totalfin) | Runaff Runaft Percent Runiaff Runaff
Vol [cf] Yol [of] Reduction | Vol [cf] Wal [cf]

4513 12/03/93 208 1669 1249 218 2080 998
Minirnuim; 206 166900 1243.00 2518 206000 9196
b awimum; 206 166300 124300 2518 208000 .96
Average: 208 166300 1243.00 2518 2060.00 .96
Total 206 1669 1249 2518 2080 .96

Runaff ol
Percent
Reduction

9554

9554
9554
3554
9554

]

1AL
a0
a0

1]

a

0.0
000
000

Runaff Yal

Reduction

a

.00
.00
.00
.00




Finally, in regard to runoff volume calculations, for this rain event, the proposed green infrastructure
BMPs were found to reduce the runoff volume coefficient (Rv) from 0.77 to 0.029, the Curve Number
(CN) to 59.0, and had total losses of 2.00 inches (see the table below).

Data File: C:WinSLAKM FilezbHolly Street - 3-12-14 - Propozed Conditions - TS5 - 0.2 mdb -
Fain File: TH Chattanoga 53993.RAM

Date: 0912414 Time: 7:54:55 P

Site Description:

Runoff Yalume Taotal [cf] at the Outfall

Rain Start Rain Outfall Tatal R Tatal Logses Calculated | Ewent Peak
Mumber Date Total [in) [ch] [in.] CH= Flow [cfz]
4513 12/03/93 206 91.96 0029 2.00 59.0 0.003
b imirnn; 206 91.96 0029 2.00 59.0 0.003
b ainnLinm: 206 91.96 0029 2.00 59.0 0.003
Average: 206 91.96 0029 2.00 59.0 0.003
Total: 206 91.96 2.00
*Mate: MRCS does not recommend using CH methad for raing < 0.5 1n. |
See 'PreDevelopment Areas and CH' Help for mare infa. -

1 [ ]

Holly Street Conclusions

Based on the above information, it is believed that the Holly Street design will meet the City of
Chattanooga’s 80% TSS reduction requirement.

Anderson Avenue Overview

While Holly Street was considered as an 80% TSS removal design project, Anderson Avenue will be
considered as a typical design using 1.0” rainfall and keeping the excess rainfall onsite. The Small Storm
Hydrology Method specified in the RMG will be our calculation method in this case. Drainage areas for
Anderson Avenue will be virtually all of the areas that drain to the different green infrastructure BMPs
(porous asphalt, pavers, and bioinfiltration/infiltration trenches). Vegetation and landscaping will be
provided to enhance the appearance of the BMPs, as well as increase the effectiveness of the green
infrastructure.

Anderson Avenue is comprised of the street area along two existing city blocks. Therefore, for ease of
understanding, we will perform our calculations in two different sets: (1) Anderson Avenue West, and
(2) Anderson Avenue East. It should be noted that the information shown below is in a slightly different
format than shown for Holly Street in order to more closely match the format required for the
Chattanooga LID Calc spreadsheet.

We will consider Anderson Avenue West first, as it is upstream of Anderson Avenue East. It also
borders Holly Street, which was previously considered in this report.
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Sheet # 15 of the drawing set shows Anderson Avenue West. It runs from Holly Street on the west to
Hickory Street on the east. A portion of that drawing is shown below for reference.

For Anderson Avenue West, we have the following information:

Total Area: 252,000 sf (5.79 acres)
Total Impervious Area: 118,430 sf (2.72 acres)
Total Pervious Area: 133,570 sf (3.07 acres)
Bioretention/Infiltration Trench: 7,565 sf (0.17 acres)
Bioretention (center): 3,900 sf (0.09 acres)
Bioretention (sides): 3,665 sf (0.08 acres)
Pervious Pavement: 13,260 sf (0.30 acres)

Trees: 10 Evergreen

Anderson Avenue East is shown on Sheet # 16 of the drawing set. It is bounded by Hickory Street on
the west and Hawthorne Street on the east.




In a similar manner, we have the following information for Anderson Avenue East:

Total Area: 129,690 sf (2.98 acres)
Total Impervious Area: 74,240 sf (1.70 acres)
Total Pervious Area: 55,450 sf (1.27 acres)
Bioretention/Infiltration Trench: 6,675 sf (0.15 acres)
Bioretention (center): 5,550 sf (0.13 acres)
Bioretention (sides): 1,125 sf (0.03 acres)
Pervious Pavement: 13,372 sf (0.31 acres)

Trees: 2 Evergreen

The existing conditions curve number (CN) was calculated for Hydrologic Soil Group “D.” For lawn areas
with good cover, CN = 80, and for impervious areas, CN = 98. Therefore, a weighted CN for the western
areais: ((0.53 x 98) + (0.47 x 80)) = 89.5 (use 90). For the eastern area, it would be: ((0.58 x 98) + (0.42 x
80)) =90.4 (say 90). Therefore, we will use an existing CN = 90 for both areas.

The drainage areas considered are shown on Sheet # 6 of the drawing set, as well as Page 4 of this
report: Areas 8 — 13 (West) and Areas 14 — 17 (East). These represent the entire drainage areas.

Additionally, as the Small Storm Hydrology Method does not use a continuous simulation model for
rainfall, we used 1.0” of rainfall in our calculations. Also, a soil infiltration rate of 0.2 inches per hour
was used in the calculations (as was considered for Holly Street). As previously indicated, rather than
having an appendix with numerous pages of information (and therefore, making it hard to find the
needed results), it was determined that clipping screenshots of the actual results and explaining them in
context would be more helpful. If a complete printout is necessary for review, we will be glad to
provide the information to the appropriate governmental reviewers.

The proposed green infrastructure BMPs in Anderson Avenue East are representative of the BMPs used
throughout the project. The following detail may be found on Sheet # 3 of the drawing set (it is also
larger and much more legible). Please refer to the drawing for additional information and notes
regarding construction procedures.

W
ME

" NI, BIOUWALE
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Anderson Avenue West Results

Following is the information obtained from the Chattanooga LID Calc Tool. The first screenshot is for
“Worksheet 1 — SOV and BMP Area.”

Project Name:
Date Prepared:
Prepared by:

Anderson Ave. West
F/12/2014
Tony Kinder

== Denotes input

by user

WORKSHEET 1:

SOV and BMP AREA

SOV DESIGH RAIMFALL =

TARGET LOADIMNG RATIO

[see Ch. 5 for details)

Concept Design

Total Parcel Area = 252,000 ft.2 or 5.79 ac
Total Proposed Impervious Areg = 113,430 ft.2 or 2.72 ac
Protected Areas 0.00 ac
5.2.1 Area of Protected Undisturbed and Healthy Soils o ft.2 or 0.00 ac
5.2.1.1 Area of Minimized Land Disturbance o ft.2 or 0.00 ac
5.2.1.2 Area of Protected Soils/Steep Slopes 0 ft.2 or 0.00 ac
5.2.2 Areq of Protected Natural Flow Paths o ft.2 or 0.00 ac
5.2.3 Area of Protected/Enhanced Riparian Cormridors o ft.® or 0.00 ac
5.2.4 Area of Protected/Praserved Vegetation 0 ft.2 or 0.00 ac
Total Protected Area o ft.2 or 0.00 ac
Total Disturbed Area 252,000 f+.2 or 5.79 ac
0.00 ac
Total Impervious Area 118,420 f+.2 or 2.72 ac
Total Pervious Area 133570 .2 or 3.07 ac
Concept Level BMP Area 11,843 .2 or 0.27 ac
[Based on Proposed Impervious Areq)
Disturbed Area Requiring Stormwater Management = 252,000 ft* (&)
= 5.79 ac
Runoff Coefficients, Rv for Design Rainfall
Land Use Type Surface Condition 0.5 0.4 0.7 0.8 1.0 1.6 2.1
Clayey soils Pervious 0.19 0.194 0.198 0.202 0.21 0.24 0.27
Flat Roof Impervious 0.79 0.802 0.814 0.826 0.85 0.58 0.90
Large Impervious Impervious 0.97 0.972 0.974 0.976 0.98 0.99 0.99
Pitched Roof Impervious 0.95 0.954 0.958 0.962 0.97 0.99 0.99
sandy Soils Pervious 0.02 0.022 0.024 0.026 0.03 0.05 0.08
small Impervious Impervious 0.64 0.652 0.664 0.676 0.70 0.79 0.85
Typical Urban Soils Pervious 0.10 0.104 0.108 0.112 0.12 0.15 0.18
- Large impervious includes parking lots with curbs, roads with curbs, highways, etc
- Small impervious includes roods without curbs, small parking lots without curbs, and sidewalks.
Preliminary Design INITIAL TARGET BMP AREA = 11,843 #
Sub-Drainage ID Land Use Type Surfc.u?e Disturbed Disturbed Rv Value, stay on
per BMP Condition Land Area Land Area | from Table Volume
(numbers and low ercase . L
Jetters anly] (ft5) lac) )
la Typical Urban Soils Pervious 133,570 3.07 0.12 1,336
1b Large Impervious | Impervious 118,430 272 0.98 9,672
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| Z | - | | e Z -

Documented Disturbed Land Areas (from abowve)] = 252,000 ft* (B)
= 5.79 ac
Total 50V Capture Volume = 11007.43 ft*

“Lines (A} and (B) should equal if all Disturbed Land Areas have been entered comrectly”

The bottom section of the above worksheet shows a required Stay-On Volume (SOV) of 11,007.48 cubic
feet required for the entire drainage area using 1.0” of rainfall.

Next, we have “Worksheet 2 — Restorative Credits,” where we get a 10 cubic foot credit for each
evergreen tree that is planted (as indicated on the drawing plans).

Project Name: Anderson Ave. West WORKSHEET 2: Restorafive Credits
Date Prepared: 9/12/2014
Prepared by: Tony Kinder

|:| == Denotes input by user

Restorative Volume Credit Worksheet
. . . . . Volume Tfm.ll Volum;e Credit Net Drainage
Sub-Drainage ID | Sub-Drainage SOV | Restorative Practice Credit Type Area # of Trees . (limit to maximum of
Credit Area SOV
25% of SOV)
(ft) (ft9) (ft) (ft) L
| 11,007 Tree Planting - Evergreen 10 100 100 10,907
None 0
None 0

Third, we have “Worksheet 3 — BMP Sizing,” which is used to calculate the volume capture by the
different green infrastructure BMP measures.

. Infiltration| Runoff Storage | Mid-height| Depthof | Sterage | Sterage | BMP Surface P r:lei Drawdown | Loading
Sub-Drainage (D P Type Rate Type Area | Slorage |Capacily | Volume Area Capure | Drainage Time Ratio
Volume | Area SOV
fin. /b i (ft (%) i} i (i) (it [frg)
I Bioretention 0.20 Surface 1,568 0.75 100% 5,674 7,968 9,002 10907 71 16
Soil 1,568 2 0% 3026
Stone 1,565 0. 4% A3
2 Pervious Pavement 0.20 Surface 13,260 0 0% 0 13,260 212 0 10 0
Soll 13,260 0 0% 0
Stone 13,260 04 4% 212

It should be noted that the computer program typically uses one BMP per drainage area. However, in
our case, we are using both bioretention and pervious pavement in a single drainage basin (since this is
a pilot project to demonstrate several different types of green infrastructure BMPs). Therefore, for the
worksheet shown above, one should add both of the numbers shown in the “BMP Capture Volume”
column, or add 9,002 cf + 2,122 cf = 11,124 cf for the true captured volume.

Also, the depths of storage shown above will differ slightly from that shown on the typical details on the

drawings. As previously stated on Page 5, this was done to take into account the slope of 1.5% in the
area, as well as the decreased volume due to the berms at the bottom of the structures.
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Fourth, ‘Worksheet 4 — CN Adjustment” indicates that the adjusted CNs are less than the existing CN for
the site. In other words, the Curve Number is adjusted to take into account the storage that was
created by the green infrastructure BMPs. As all of the adjusted Curve Numbers range from 81 to 84,
they are all less than the original Curve Number of 90. Thus, under typical conditions, we would expect
the proposed peak flows to be less than the existing peak flows (though this would still need to be
confirmed with more detailed calculations).

Project Name: Anderson Ave. West WORKSHEET 4: CN Adjuﬂment
Date Prepared: 9/12/2014
Prepared by: Teny Kinder

=>Denctesinput by user

BMP Infilration | Total BMP Q minus Total
Ouffall # Area Weighted CN | Storm Frequency | Rainfall § Q Caplure Volume Volume Volume Adjusted
Volume (12 hrs) Reduction Reduction CN
it} fin) fin) it} (it ] fin)

1 252000 90 2 370 244 191 g1

5 4350 340 247 g2

10 3.10 1.1 3597 11124 4,165 15,2689 324 83

25 600 485 412 83

100 7.40 422 5.49 84

It should also be observed that the column labeled “Total BMP Volume Reduction” indicates that 15,289
cubic feet have been stored on site (11,124 cubic feet from the BMP volume, and 4,165 cubic feet from
12 hours of infiltration through the structure). This is greater than the 11,007 cubic feet minimum
required (and shown at the bottom of Worksheet # 1) and indicates an acceptable design.

Finally, the final worksheet is a “Summary Table.” It indicates that one BMP alone will not adequately
handle the runoff volume (indicated by the “No” at the upper right), but that both are adequate
(indicated by the “Yes” in the lower right corner.

Project sSummary
- Total .Toful . Net Sub-
Sub-Drainage Disturbed D|sfurl:_=ed Sub-Drainage Veolume Credit Drainage Leading Ratic BMP Capture Capture = SOV?
ID Areq Impervious Area SOV Area SOV Volume
Area
[law) (f2) [F+3) (f) (f) [Law)
1 252,000 118,430 11,007 100 10,907 16 2,002 MNO
2 o] o] o] o] o] [} 2,122 N/ A
3 (o] (o] o] o] o] /A 0 /A
4 (o] (o] 0 o] o] A 0 A
5 [o] (o] 0 o] o] M/ A 0 A
& (o] (o] o] o] o] /A 0 /A
7 o o ] O O /A o] /A
8 o o o o O N/ A o] /A
? o] o] o] o] o] N/ A [} N/ A
10 (o] (o] o] o] o] /A 0 /A
11 (o] (o] 0 o] o] A 0 A
12 [o] (o] 0 o] o] M/ A 0 A
13 (o] (o] o] o] o] /A 0 /A
14 o o ] O O /A o] /A
15 o o o o O N/ A o] /A
16 o] o] o] o] o] N/ A [} N/ A
17 (o] (o] o] o] o] /A 0 /A
18 (o] (o] 0 o] o] A 0 A
19 [o] (o] 0 o] o] M/ A 0 A
20 (o] (o] o] o] o] /A 0 /A
Totals 252,000 118,430 11.007 100 10.907 11.124 YES
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Anderson Avenue West Conclusions

Based on the above information, it is believed that the Anderson Avenue West design will meet the City
of Chattanooga’s 1.0” rainfall reduction requirement.

Anderson Avenue East Results

In @ manner similar to that used above, we will examine the result of Anderson Avenue East using the
same Chattanooga LID Calc Tool. The first screenshot is for “Worksheet 1 — SOV and BMP Area.”

Project Name: Anderson Ave. East WORKSHEET 1: SOV and BMP AREA
Date Prepared: 2/12/2014
Prepared by: Teny Kinder

| =» Denotes input by user

[ SOV DESIGN RAINFALL = 1in. |
I TARGET LOADING RATIO = 10 [See Ch. 5 for details) |
Concept Design
Total Parcel Area = 129,690 ft.2 or 238 ac
Total Proposed Impervious Areq = 74,240 2 or 1.70 ac
Protected Areas 0.00 ac
5.2.1 Area of Protected Undisturbed and Healthy Soils o ft.2 or 0.00 ac
5.2.1.1 Areg of Minimized Land Disturbance 0 ft2 or 0.00 ac
5.2.1.2 Area of Protected Soils/Steep Slopes 0 ft2 or 0.00 ac
5.2.2 Area of Protected Matural Flow Paths 0 ft2 or 0.00 ac
5.2.3 Area of Protected/Enhanced Ripaorian Corridors 0 ft.2 or 0.00 ac
5.2.4 Area of Protected/Preserved Vegetation 0 ft. or 0.00 ac
Total Protected Area o ft.E or 0.00 ac
Total Disturbed Areq 129,690 ft 2 or 2.98 ac
0.00 ac
Total Impervious Area 74,240 ft.2 or 1.70 ac
Total Pervious Areq 55450 ft.2 or 1.27 ac
Concept Level BMP Areq 7.424 .2 or 0.17 ac
([Based on Proposed Impervious Area)
Disturbed Area Requiring Stormwater Management = 129,490 ft* (A)
= 2,98 ac
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Runoff Coefficients, Rv for Design Rainfall

Land Use Type Surface Condition 0.5 0.6 0.7 0.8 1.0 1.6 2.1
Clayey Solls Pervious 0.19 0.194 0.198 0.202 0.2 0.24 0.27
Flat Roof Impervious 0.79 0.802 0.814 0.826 0.85 0.88 0.90
Large Impervious Irmpervious 0.97 0.972 0.974 0.976 0.98 0.99 0.99
Pitched Roof Impervious 0.95 0.954 0.958 0.962 0.97 0.99 0.99
Sandy Soils Pervious 0.02 0.022 0.024 0.026 0.03 0.05 0.08
Small Impervious Impervious 0.64 0.652 0.664 0.676 0.70 0.79 0.85
Typical Urban Soils Pervious 0.10 0.104 0.108 0.112 0.12 0.15 0.18

- Large impervicus includes parking lots with curbs, roads with curbs, highways, etc.

- Smallimpervious includes roads without curbs, small parking lots without curbs, and sidewalks.

Preliminq;z Design INITIAL TARGET BMF AREA = 7,424 ff*
Sub-Drainage 1D Land Use Type Surface Disturbed Disturbed Rv Value, stay on
per BEMP P Condition Land Area Land Area | from Table Volume
[numbers andlowercase va . e
letters anly) (ft (aci [ft)
la Typical Urban Soils Pervious 55,450 1.27 0.12 555
b Large Impervious | Impervious 74,240 1.70 0.93 6,063
| | ] ] i ] ]
Documented Disturbed Land Areas (from above) = 129,690 ft* (B)
= 2,95 ac
5
Total 5OV Capture Volume = 4617.43 1t

“Lines (A} and (B} should equal if all Disturbed Land Areas have been entered comrectly”

The bottom section of the above worksheet shows a required Stay-On Volume (SOV) of 6,617.43 cubic
feet required for the entire drainage area using 1.0” of rainfall.

Next, we have “Worksheet 2 — Restorative Credits,” where we get a 10 cubic foot credit for each
evergreen tree that is planted (as indicated on the drawing plans). In this computation, we have two
trees, instead of the ten trees that were used previously.

Project Name: Anderson Ave. East WORKSHEET 2: Restoralive Credits
Date Prepared: 9/12/2014
Prepared by: Tony Kincler

|:| =» Denotes input by user

Restorative Volume Credit Worksheet
Volume Total Volume Credit Net Drainage
Sub-Drainage ID | Sub-Drainage SOV | Restorative Practice Credit Type Area # of Trees . (limit to maximum of
Credit Area SOV
25% of SOV)
(i) (i) Y (i) (t)
6,617 Tree Planting - Evergreen 2 0 0 6,597
None 0
Naone 0
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Third, we have “Worksheet 3 — BMP Sizing,” which is used to calculate the volume capture by the
different green infrastructure BMP measures.

Project Name: Andlerson Ave, East WORKSHEET 3: BMP SIZING
Date Prepared: 212014
Prepared by: Tory Kincler

: = Denofes input by user

. Infiltration| Runaff Storage | Mid-height) Depthof | Storage | Storage | BMP Surface BiP P.M Drawdown | Loading
Suf-Drainage D BiiPType Rate Type Area | Storage |Capacity | Volume Area Caplure | Dreinage Time Ratio
Volume | Area SOV
fin./hr i} (ft (%) i) lig} i i} [frg)
1 Biorefention 0.2 Surface 6,675 0.75 100% 5,006 6,675 794 6597 7 11
Soil 6,675 2 0% 2670
Stone 6,675 0.1 4% 267
2 Pervious Pavement 0.20 Surface 13372 0 % 0 13372 4 0 10 0
Soil 13372 0 0% 0
Stone 13,372 0.4 40% 2140

As was previously mentioned, the computer program typically uses one BMP per drainage area.
However, in our case, we are using both bioretention and pervious pavement in a single drainage basin
(since this is a pilot project to demonstrate several different types of green infrastructure BMPs).
Therefore, for the worksheet shown above, one should add both of the numbers shown in the “BMP
Capture Volume” column, or add 7,943 cf + 2,140 cf = 10,083 cf for the true captured volume.

As before, the depths of storage shown above differ slightly from that shown on the typical details on
the drawings to take into account the slope and the decreased volume due to the berms at the bottom.

Fourth, “Worksheet 4 — CN Adjustment” indicates below that the adjusted CNs are less than the existing
CN for the site. As all of the adjusted Curve Numbers range from 73 to 79, they are all less than the
original Curve Number of 90. Thus, under typical conditions, we would expect the proposed peak flows
to be less than the existing peak flows (though this would still need to be confirmed with more detailed
calculations).

Project Name: Anderson Ave. East WORKSHEET 4: CN Adjus1meni
Date Prepared: 912/2014
Prepared by: Tony Kinder

=>Denotesinput by user

BMP Infilration | Total BMP | Q minus Total
Ovffall # Area Weighted CN | Storm Frequency Rainfall 5 Q Caplure Volume Volume Volume Adjusted
Volume (12 hrs) Reduction Reduction CN
ity fin) fin) i) i) (it fin)

1 129,690 %0 2 370 264 133 73

3 4350 3.40 209 74

10 510 1.1 397 10,083 4,009 14,092 267 77

25 600 485 3.54 78

100 7.40 622 491 79

18



It should also be observed above that the column labeled “Total BMP Volume Reduction” indicates that
14,092 cubic feet have been stored on site (10,083 cubic feet from the BMP volume, and 4,009 cubic
feet from 12 hours of infiltration through the structure). This is greater than the 6,617 cubic feet
minimum required (and shown at the bottom of Worksheet # 1) and indicates an acceptable design.

Finally, as before, the final worksheet is a “Summary Table.” However, this time it indicates that one
BMP alone (the bioretention) can adequately handle the runoff volume (indicated by the “Yes” at the
upper right). Therefore, as expected, both BMPs are also adequate (indicated by the “Yes” in the lower
right corner.

Project Summary
. Total .Toiul . Net Sub-
Sub-Drainage Disturbed Dlsiurl:.:ed Sub-Drainage Volume Credit| Droinage |Lloading Ratio BMP Caplure Capture = 50V?
ID Area Impervious | Area SOV Ared SOV Volume
Area
(f) (ft) (i) (f) (ft) (i)

1 129,690 74,240 6,617 20 6,597 11 7,943 YES
2 0 0 0 0 0 0 2,140 N/A
3 0 0 0 0 0 N/A 0 N/A
4 0 0 0 0 0 N/A 0 N/A
5 0 0 0 0 0 N/A 0 N/A
& 0 0 0 0 0 N/A 0 N/A
7 0 0 0 0 0 N/A 0 N/A
8 0 0 0 0 0 M/A 0 N/A
? 0 0 0 0 0 M/A 0 N/A
10 0 0 0 0 0 M/A 0 N/A
11 0 0 0 0 0 M/A 0 N/A
12 0 0 0 0 0 M/A 0 N/A
13 0 0 0 0 0 M/A 0 N/A
14 0 0 0 0 0 M/A 0 N/A
15 0 0 0 0 0 M/A 0 N/A
16 0 0 0 0 0 M/A 0 N/A
17 0 0 0 0 0 M/A 0 N/A
18 0 0 0 0 0 M/A 0 N/A
19 0 0 0 0 0 M/A 0 N/A
20 0 0 0 0 0 M/A 0 N/A
Totals 129,690 74,240 6,617 20 6,897 10,083 YES

Anderson Avenue East Conclusions

Based on the above information, it is believed that the Anderson Avenue East design will meet the City
of Chattanooga’s 1.0” rainfall reduction requirement. The Anderson Avenue East design has more
additional capacity than the other two designs, but this should prove helpful in assisting other
downstream areas.
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Conclusions

The proposed Anderson Avenue/Highland Park Green Infrastructure Project should provide superior
drainage and environmental protection to the residents of the community. The calculations meet (and
even exceed) the criteria as described in the City of Chattanooga’s Rainwater Management Guide. The
design for Holly Street indicates that it meets the 80% TSS reduction criteria, while the Anderson Avenue
calculations show an ability to comply with keeping the first 1.0” of rainfall onsite. Therefore, this
project should meet the City’s design criteria while providing a beautiful and environmentally-friendly
addition to the neighborhood.
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Appendix D
Detailed Project Schedule




Clty of Chattanooga
Highland Park Green Infrastructure Demonstration Project

ID |[Name Duration Start Finish 2013 2014 2015 2016 2017 2018 2019 2020 2021
a3/a4 ai/a2l/a3las’ailazla3laalailazla3’aalaila2/a3aslaila2/a3/as/aila2]a3as’aila2]/a3]aslaila2la3/aalal]
1 |Highland Park Green Infrastructure Demonstration Project 2125 days Tue 1/1/13  Fri 10/26/18 29% . Highland Park Green Infrastructure Demonstr
2| Effective CD Duration 1400 days Wed 4/24/13 Tue 2/21/17 6% P e —— Effective CD Duration
'3 CD Effective Date 0 days Wed 4/24/13 Wed 4/24/13 4/24 4 CD Effective Date
4 Task 1 CD Duration 184 days  Wed 4/24/13 Thu 10/24/13 100% s Task 1 CD Duration
5| Task2CD Duration 184 days  Sat4/26/14  Sun 10/26/14 69% g Task 2 CD Duration
6 Task 4 CD Duration 185days  Sun 8/21/16 Tue 2/21/17 0% Task 4 CD Duration
7 | Task 3 CD Duration 1462 days Sun 10/26/14 Fri 10/26/18 0% i Task 3 CD Duration
'8 | Project Execution 1438 days Tue1/1/13 Thu12/8/16 | 42% Q————————y P10jeCt EXecution
12| Task1 Complete Project Plan 480days Tuel1/1/13  Fri4/25/14 100% y———————————— Task| L Complete Project Plan
25| Task2 Complete Engineering Plans 305days Sat4/26/14 Tue 2/24/15 41% pe——mmm——y Task 2 Complete Engineering Plans
126 Engineering Plans 145 days Sat4/26/14 Wed 9/17/14 88% wpmmm=myp Engineering Plans
27 Develop Engineering Plans 143 days  Sat4/26/14 Mon 9/15/14 89% @,  Develop Engineering Plans
128 PM Team Review of Deliverable 1 day Tue 9/16/14 Tue 9/16/14 0% W'PVI Team Review of Deliverable
129 Finalize Deliverable 1 day Wed 9/17/14 Wed 9/17/14 0% {Finalize Deliverable
30,  PDR 38days  Thu9/18/14 Sat10/25/14 0% @ PDR
31 Community Meeting 1 day Thu9/18/14 Thu9/18/14 NA [¢f Community Meeting
32 Submit Engineering Plans to PDR 1 day Thu 9/18/14 Thu9/18/14 NA |9/ Submit Engineering Plans to PDR
33 Public Review of Engineering Plans 30 days Thu 9/18/14 Fri 10/17/14 0% & Public Review of Engineering Plans
34 Review and Consider Public Comments 8 days Sat 10/18/14 Sat 10/25/14 0% %’Review and Consider Public Comments
35| EPA Approval Period 122 days  Sun 10/26/14 Tue 2/24/15 0% rv EPA Approval Period
36 Submit Engineering Plans to EPA 1 day Sun 10/26/14 Sun 10/26/14 0% pSubmit Engineering Plans to EPA
37 EPA Review of Engineering Plans 121 days  Mon 10/27/14 Tue 2/24/15 0% quPA Review of Engineering Plans
38| Task3 Implement Project Plan 571days Wed 2/25/15 Sat9/17/16 0% Task 3 Implement Project Plan
39 Bidding Phase 101 days  Wed 2/25/15 Fri6/5/15 0% Bidding Phase
40 Prepare Advertisement for bids 12 days Wed 2/25/15 Sun 3/8/15 0% Kl’fepafe Advertisement for bids
41 Advertisement for bids 30 days Mon 3/9/15 Tue 4/7/15 0% :ﬁ Advertisement for bids
42| Conduct Pre-bid meeting 1 day Wed 4/8/15  Wed 4/8/15 0% §Conduct Pre-bid meeting
43 Answer RFl's & prepare addendum during bid 30 days Thu4/9/15  Fri5/8/15 0% ;Answer RFI's & prepare addendum during bid
a4 Conduct bid opening & certify bid tabulation 0 days Fri 5/8/15 Fri 5/8/15 NA .¥onduct bid opening & certify bid tabulation
45| Evaluate bids & make recommendation of award 7 days Sat 5/9/15 Fri 5/15/15 0%  Evaluate bids & make recommendation of award
46| Conform & execute contract docs 21 days Sat 5/16/15  Fri 6/5/15 0% aConform & execute contract docs
47 Construction Phase 442 days Sat6/6/15  Sat8/20/16 0% ﬁ— Construction Phase
48 Issue NTP 10 days Sat 6/6/15 Mon 6/15/15 0% H'SSUE NTP
49 Pre-construction Meeting 1 day Tue 6/16/15 Tue 6/16/15 0% f Pre-construction Meeting
50 Community Meeting 0 days Tue 6/16/15 Tue 6/16/15 NA ¢/ Community Meeting
51 Shop drawings review 15 days Wed 6/17/15 Wed 7/1/15 0% (- Shop drawings review
52 Construction Administration 386days Thu7/2/15 Thu7/21/16 0% | - Construction Administration
53 On-site Project Representative 386days Thu7/2/15 Thu7/21/16 0% | On-site Project Representative
54 Project Closeout and Record Document Review 30 days Fri7/22/16  Sat 8/20/16 0% @& Project Closeout and Record Document Review
55 Project Completion Report 28 days Sun 8/21/16 Sat9/17/16 0% Project Completion Report
56 Project Completion Report 28 days Sun 8/21/16 Sat9/17/16 0% - Project Completion Report
Task ) Milestone L 2 Project Summary = Manual Task Cd  Deadline ¥
CD Duration Activities Summary Py  External Tasks Start-only C Progress
Split voonnn - Task Execution Summary @ ' External Milestone ¢ Finish-only |

Anderson Avenue Gl Demonstration Project
Data Date: Sun 8/31/14
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Clty of Chattanooga
Highland Park Green Infrastructure Demonstration Project

ID [Name Duration Start Finish 2013 2014 2015 2016 2017 2018 2019 2020 2021
a3/as ailazlaslaslailaz/a3/aslaila2]as asla1la2/ a3 a4 a1la2/as aslaila2/aslosla1/a2/a3laslailazlaslaslall
157 Submit Project Completion Report to EPA/TDEC 0 days Sat9/17/16 Sat9/17/16 NA k Submit Project Completion Report to EPA/TDEC
58| Task 4 Gl Design Workshop 110 days Sun 8/21/16 Thu12/8/16 0% h Task 4 Gl Design Workshop
159 Prepare Workshop Items 20 days Sun 8/21/16 Fri9/9/16 0% - Prepare Workshop Items
160 Advertise Gl Design Workshop 90 days Sat9/10/16 Thu 12/8/16 0% Advertise Gl Design Workshop
61 Conduct Gl Design Workshop 0 days Thu 12/8/16 Thu 12/8/16 NA ¢ Conduct Gl Design Workshop
Task Milestone L 2 Project Summary = Manual Task Cd  Deadline ¥
CD Duration Activities Summary Py  External Tasks Start-only C Progress
Task Execution Summary @50 External Milestone ¢ Finish-only |

Split

Anderson Avenue Gl Demonstration Project
Data Date: Sun 8/31/14
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