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INTRODUCTION

INTRODUCTION TO DESIGN STANDARDS
THIS GREEN INFRASTRUCTURE STORMWATER MANAGEMENT DESIGN GUIDANCE IS INTENDED TO SUPPLEMENT BOTH THE FORTHCOMING UPDATED MASSACHUSETTS STORMWATER HANDBOOK AND NEW ENGLAND STORMWATER RETROFIT MANUAL BY PROVIDING
MUNICIPALITIES A SET OF READILY IMPLEMENTABLE AND STANDARDIZED DESIGNS FOR 5 BMPS OPTIMIZED FOR NUTRIENT REMOVAL, SIZE, AND EASE OF MAINTENANCE. BMP DESIGNS HERE FALL UNDER THE CATEGORY OF BIOFILTRATION (E.G., BIORETENTION FACILITIES, TREE
PLANTERS, AND BIOSWALES) AND INFILTRATION (E.G. DRY WELLS AND SUBSURFACE INFILTRATION TRENCHES) AS THE PROCESSES OF SUCH FACILITIES ENABLE HIGHER NUTRIENT POLLUTANT REMOVAL EFFICIENCIES.

    1. RIGHT OF WAY BIOSWALE/TREE PLANTER
    2. RIGHT OF WAY INFILTRATION TRENCH
    3. URBAN BIOSWALE/ TREE PLANTER ONLINE/OFFLINE
    4. URBAN ARLINGTON INFILTRATION TRENCH
    5. DETENTION POND – GRAVEL WETLAND RETROFIT

THESE DESIGNS CAN ESSENTIALLY BE “PULLED FROM THE SHELF,” REDUCING THE NEED FOR SUBSTANTIAL ANALYSIS OR ENGINEERING. THESE STANDARDIZED GREEN INFRASTRUCTURE DESIGNS HERE ARE MEANT TO ENABLE MUNICIPALITIES TO FEASIBLY INCLUDE STORMWATER
RETROFITS IN THEIR CAPITAL IMPROVEMENT PROJECTS AS A MATTER OF ROUTINE. THESE CAN ALSO BE USED WITH STORMWATER MANAGEMENT PERMIT APPLICANTS FOR PRIVATE DEVELOPMENT AND REDEVELOPMENT PROJECTS. GUIDANCE HERE INCLUDES BMP DESIGN PLAN
DETAILS, A CROSS SECTION, AND A LONG SECTION FOR EACH BMP FACILITY. DESIGNS INCLUDE RELEVANT INFORMATION ABOUT SIZING, PRETREATMENT, SPECIFICATIONS FOR CONSTRUCTION, AND ESTIMATED PER UNIT COSTS. EACH

BMP DESIGN HAS A SIMPLE SIZING TABLE THAT WILL RELATE BMP OPTIMIZATION BY WATER QUALITY VOLUME AND DRAINAGE AREA, WITH SYSTEM PERFORMANCE AND LOAD REDUCTION. FOR EXAMPLE, THE BIOSWALE DESIGN MIGHT BE DESIGNED TO BE 8-FEET WIDE FOR A
COMMON RIGHT-OF-WAY AND THE CORRESPONDING TABLE ENABLES SCALING BY LENGTH TO MEET WATER QUALITY OBJECTIVES IN A DRAINAGE AREA OF A SPECIFIC SIZE. OF EQUAL SIGNIFICANCE, IS THAT THE GUIDANCE IS FOCUSED ON SIMPLE, LOW-MAINTENANCE SYSTEMS
THAT PAIR LAND USE WITH APPROPRIATE PRETREATMENT.  GUIDANCE HERE ALSO INCLUDES SOIL SPECIFICATIONS THAT ATTEND TO NUTRIENT REMOVAL, AS WELL A
MODEL OPERATION AND MAINTENANCE PLAN WITH INFORMATION FOR EACH BMP.
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HOW TO GUIDE

PURPOSE
THE PURPOSE OF THE GREEN INFRASTRUCTURE DESIGN STANDARD TEMPLATES IS TO PROVIDE EASY OFF-THE-SHELF DESIGN TEMPLATES FOR COMMON APPLICATIONS FOR ROADSIDE AND OTHER
STORMWATER MANAGEMENT. THE DESIGN TEMPLATES ARE NOT INTENDED TO REPLACE A MORE COMPLETE STORMWATER MANUAL, BUT RATHER TO PROVIDE A SET OF COMMON DESIGN
STANDARDS THAT CAN BE EASILY SELECTED AND SIZED FROM REFERENCE TABLES PROVIDING BMP DIMENSIONS, POLLUTANT REMOVAL PERFORMANCE, AND COSTING FOR TOTAL BMP
CONSTRUCTION COST AND THE UNIT COST TO REMOVE A POLLUTANT (IE. $$/LB N/YR).

DESIGN METHOD
TO USE THESE STANDARDS FOR BMP SIZING YOU NEED ONLY TO KNOW THE SIZE OF THE IMPERVIOUS DRAINAGE AREA, THE SOIL TYPE, AND TO MAKE A DECISION ON THE DESIRED LEVEL OF
TREATMENT AND CORRESPONDING WATER QUALITY VOLUME. THE SIZING, PERFORMANCE, AND COST DATA IS DERIVED FROM RESOURCES FOR THE MA SMALL MS4 GENERAL PERMIT FROM EPA
REGION 1, SPECIFICALLY THE UNH STORMWATER CENTER PERFORMANCE CURVE CALCULATOR VERSION 2.2.  THIS METHOD DOES NOT REPLACE THE NEED FOR DESIGN BY A QUALIFIED
PROFESSIONAL ENGINEER AND IS INTENDED TO BE USED AS A TOOL TO SUPPLEMENT STORMWATER MANAGEMENT DESIGNS FOR USE IN COMPLYING WITH REQUIREMENTS FOR THE MA SMALL MS4
PERMIT AND THE MA STORMWATER STANDARDS. AN UNDERSTANDING OF THE DESIGN PRINCIPLES OF STORMWATER MANAGEMENT IS CRITICAL AND CAN BE FOUND IN THE MA STORMWATER
HANDBOOK.

DESIGN ELEMENTS TO CONSIDER INCLUDE: 1) THE LAND USE AND ANTICIPATED LEVEL OF TRASH AND DEBRIS NEEDED FOR PRETREATMENT, 2) SITE CHARACTERISTICS SUCH AS AVAILABLE AREA,
EXISTING AND POTENTIAL INVERTS AND OUTVERTS, EXISTING DRAINAGE INFRASTRUCTURE, AVAILABLE HYDRAULIC GRADE, AND 3) LOCATION OF UTILITIES AND SUBSURFACE INFRASTRUCTURE,
EASEMENTS AND RIGHT-OF-WAYS.

OTHER IMPORTANT CONSIDERATIONS MAY INCLUDE THE INFILTRATION CAPACITY OF SUBSURFACE SOILS, GROUNDWATER MOUNDING, SLOPES, SLOPE FAILURE, USE OF GEOTEXTILES, SEASONAL
HIGH-WATER TABLES, APPROPRIATENESS OF INFILTRATION WITH RESPECT TO LAND USE, ENGINEERING REDUNDANCIES, FLOODING RISKS, FACTORS OF SAFETY, AND ALWAYS PUBLIC SAFETY.

SIZING AND PERFORMANCE TABLES
THERE ARE 20 UNIQUE BMP SIZING AND PERFORMANCE TABLES FOR EACH OF THE BMPS. THE TABLES INCLUDE INFORMATION ON SYSTEM DIMENSIONS, POLLUTANT REMOVAL PERFORMANCE AND
COST (SEE FIGURE 1). THE SIZING AND PERFORMANCE TABLES EACH HAVE 5 COLUMNS FOR DRAINAGE AREAS RANGING FROM 0.1 TO 0.5 ACRES OF IMPERVIOUS AREA. SIMILARLY, THERE ARE 4
ROWS FOR HYDROLOGIC SOIL GROUPS, HSG-A, B, C, AND D. EACH DESIGN TABLE INCLUDES A RANGE OF SIZING BY WATER QUALITY VOLUME RANGING FROM 0.1 INCH TO 1 INCH DEPTH OF RUNOFF
TREATED. SELECTION AND OPTIMIZATION OF THE WATER QUALITY VOLUME AND DESIRED LEVEL OF TREATMENT IS DESCRIBED UNDER THE SECTION TITLE OPTIMIZATION

EXAMPLE #1 URBAN BIOSWALE RETROFIT, OFF-LINE, NO UNDERDRAIN, HYDROLOGIC SOIL GROUP A
CONSIDER A DESIGN SCENARIO IN AN URBAN ENVIRONMENT WITH A 2-LANE ROADWAY, ROADSIDE PARKING, SIDEWALKS, CURBS, GUTTERS, AND EXISTING DRAINAGE INFRASTRUCTURE. FOR THIS
APPLICATION AN OFF-LINE URBAN BIOSWALE WILL BE SELECTED WITH NO UNDERDRAIN AND WILL INCLUDE A STONE RESERVOIR FOR INFILTRATION IN THE EXISTING SANDY SOILS (HYDROLOGIC SOIL
GROUP A). THE SYSTEM WILL BE OFFLINE AND WILL BE LOCATED IMMEDIATELY UPSTREAM OF AN EXISTING CATCH BASIN SUCH THAT HIGH FLOWS WILL BYPASS DIRECTLY INTO THE EXISTING
STORMWATER DRAINAGE INFRASTRUCTURE.

THE DESIGN PROCESS USING THE PERFORMANCE TABLES INCLUDES THE FOLLOWING STEPS:

1. EVALUATE POTENTIAL LOCATION FOR STORMWATER MANAGEMENT RETROFIT: THE SITE CHARACTERISTICS SHALL BE EVALUATED BY A QUALIFIED PROFESSIONAL ENGINEER TO DETERMINE IF
THE LOCATION IS APPROPRIATE FOR A RETROFIT INSTALLATION. SITE CHARACTERISTICS INCLUDE AVAILABLE AREA, EXISTING AND POTENTIAL INVERTS AND OUTVERTS, EXISTING DRAINAGE
INFRASTRUCTURE, AVAILABLE HYDRAULIC GRADE, LOCATION OF UTILITIES AND SUBSURFACE INFRASTRUCTURE, EASEMENTS AND RIGHT-OF-WAYS. IN THIS INSTANCE WE WILL ASSUME ALL THE
NEEDS ARE MET. THE INSTALLATION HAS SUFFICIENT ROOM, HAS NO INTERFERENCE WITH UTILITIES, AND WILL REMAIN OFFLINE AND NOT PLUG INTO EXISTING DRAINAGE INFRASTRUCTURE.

2. DETERMINE DRAINAGE AREA: CATCH BASIN SPACING IS APPROXIMATELY EVERY 200 FEET ALONG THE GUTTER LINE. THE 2 LANE ROADWAY IS CROWNED AND DRAINS FROM THE ROAD FROM
THE CENTERLINE, APPROXIMATELY 21 FT TO THE CURB, THAT INCLUDES A SINGLE DRIVE LANE AND LENGTHWISE PARKING. THE IMPERVIOUS DRAINAGE AREA = 4,200 SF (0.09 AC).

3. DETERMINE THE HYDROLOGIC SOIL GROUP AND SEASONAL HIGH WATER TABLE: THE UNDERLYING SOILS ARE DETERMINED TO BE A GLOUCESTER SANDY TILL, HYDROLOGIC SOIL GROUP A. THE
SEASONAL HIGH WATER TABLE WAS DETERMINED TO BE GREATER THAN 4 FT BELOW GROUND SURFACE.

4. SELECTION OF DESIGN AND SIZING TABLES: WITH THIS INFORMATION WE THEN USE THE DESIGN AND SIZING TABLES FOR THE BMP SIZING AS DEMONSTRATED IN FIGURE 2. WE ENTER THE
TABLES FROM THE TOP LEFT AND LOOK ACROSS THE SIZING TABLES RANGING FROM 0.1 – 0.5 ACRES IN SIZE. WE USE THE CORRESPONDING SET OF TABLES CLOSEST TO 0.09 ACRE DRAINAGE
AREA, AND ROUND UP TO 0.1 ACRES, THE LAST COLUMN OF TABLES. YOU CAN USE MULTIPLES OF ANY PARTICULAR SIZING UNIT IF YOU DON’T FIND THE SIZE YOU NEED. WE THEN FOLLOW THE
TABLES DOWN TO FIND THE APPROPRIATE SOIL TYPE, HSG-A IS THE FIRST ROW OF TABLES.

5. WATER QUALITY VOLUME AND BMP OPTIMIZATION: NEXT, WE DETERMINE THE DEPTH OF RUNOFF TREATED AND CORRESPONDING WATER QUALITY VOLUME (WQV). THIS PROCESS IS
DESCRIBED IN GREATER DETAIL IN THE SECTION BMP-SCALE OPTIMIZATION. EACH SIZING AND PERFORMANCE TABLE LISTS THE DEPTH OF RUNOFF TREATED AND CORRESPONDING WQV. WITH
THIS INFORMATION WE THEN DECIDE THE DESIRED LEVEL OF TREATMENT. INFLUENCING FACTORS GENERALLY INCLUDE AVAILABLE AREA FOR THE BMP, TOTAL COST, UNIT COST AND
PERFORMANCE. IN THIS INSTANCE WE WILL ASSUME THERE IS SUFFICIENT AREA THAT THE SIZE OF THE BMP IS NOT A LIMITING FACTOR. THAT LEAVES THE 2 PRIMARY FACTORS BEING THE
BALANCE OF COST VERSUS PERFORMANCE. FIGURE 3 ILLUSTRATES THE OPTIMIZED COST SELECTION FOR THIS RETROFIT. AT A 0.3-INCH WATER QUALITY VOLUME THE BMP WILL ACHIEVE 90%
AND 98% REMOVAL FOR TOTAL PHOSPHOROUS AND TOTAL NITROGEN RESPECTIVELY. THIS IS ACHIEVED AT A RELATIVELY LOW COST OF $4,000 FOR A 0.1 ACRE DRAINAGE AREA AND SATISFIES
THE MS4 REQUIREMENTS FOR 60%  TOTAL PHOSPHOROUS AND 90% TOTAL NITROGEN REMOVAL. NOTE 0.3-INCH WQV SYSTEM IS MUCH SMALLER (5’ WIDE X 11’ LONG) THAN A 1-INCH SYSTEM
(5’ WIDE X 36’ LONG) AT A FRACTION OF THE COST ($11,000).

6. PAIRING LAND USE, PRETREATMENT AND LOW MAINTENANCE DESIGNS: LASTLY, IT IS IMPORTANT TO CONSIDER THE NEED FOR LOW MAINTENANCE ASSET MANAGEMENT BY MATCHING
PRETREATMENT NEEDS WITH LAND USE. STRUCTURAL BMPS SHOULD BE DESIGNED FOR LOW MAINTENANCE WITH AN EMPHASIS ON PRETREATMENT TO REDUCE MAINTENANCE NEEDS.
MEDIUM AND HIGH INTENSITY LAND USES (RESIDENTIAL, COMMERCIAL, AND INDUSTRIAL) SHOULD INCLUDE ROBUST PRETREATMENT TO PREVENT MORE COSTLY BMP MAINTENANCE. THE
MAINTENANCE GOAL SHOULD BE TO USE EXISTING STAFF AND EQUIPMENT FOR STANDARD CATCH BASIN CLEANING. A DESIGN FOCUS ON PRETREATMENT SHOULD PROVIDE EASY-TO-MAINTAIN
SHALLOW SUMPS FOR COLLECTION OF SEDIMENT AND TRASH. STANDARD MAINTENANCE PROCEDURES USING VACTOR TRUCKS REQUIRE NO SPECIALTY EQUIPMENT OR TRAINING. THE
ABSENCE OF A PRE-FILTER MAY ALLOW TRASH AND DEBRIS TO PREMATURELY CLOG THE BIOFILTER MEDIA OR INFILTRATION BED. TRASH AND DEBRIS CAN REQUIRE FREQUENT MAINTENANCE
FOR AESTHETICS IN HIGH LOADING LAND USES AND REDUCE THE INFILTRATION RATE OF FILTRATION MEDIA. MS4 REQUIREMENTS ASSIGN OWNERS AND OPERATORS RESPONSIBILITY FOR
IMPLEMENTING BMP INSPECTION AND MAINTENANCE PROGRAMS ENSURE LONG-TERM FUNCTIONALITY.

IN SUMMARY, WE CAN SEE THAT AN URBAN BIOSWALE DESIGNED TO TREAT 0.3 INCH WQV FOR 0.1 ACRE IMPERVIOUS AREA, WITHOUT UNDERDRAIN IN A HSG-A SOIL WILL PROVIDE THE
FOLLOWING:

DIMENSIONS:  5’ WIDE X 11’ LONG
TP AND TN REMOVAL EFFICIENCY: 90% AND 98% RESPECTIVELY
VOLUME REDUCTION: 87%
ESTIMATED COST: $4,000

FIGURE 1 - BMP SIZING AND PERFORMANCE TABLE

FIGURE 2 - SIZING SELECTION BASED ON DRAINAGE AREA AND SOIL TYPE

FIGURE 3 -OPTIMIZED SIZING BASED ON PERFORMANCE AND COST
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BMP OPTIMIZATION
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BMP OPTIMIZATION FOR POLLUTANT REMOVAL

THE 2016 MA SMALL MS4 APPENDIX H REQUIREMENT FOR DISCHARGE TO IMPAIRED WATERS DETAILS THE REQUIREMENT
FOR BMP OPTIMIZATION. PART 2.3.6, STORMWATER MANAGEMENT IN NEW DEVELOPMENT AND REDEVELOPMENT,
REQUIRES BMPS BE OPTIMIZED FOR NITROGEN AND PHOSPHOROUS REMOVAL.

BMP OPTIMIZATION IS THE PROCESS OF BMP SELECTION AND SIZING BASED ON LOWEST COST AND HIGHEST PERFORMANCE
(E.G., UNIT COST), WHICH IN TURN IS BASED ON POLLUTANT TYPE, SOILS, LAND USE, BMP PERFORMANCE AND COST, AND
APPLICATION CONSTRAINTS, SUCH AS THE PROHIBITION OF CERTAIN BMPS FOR PARTICULAR LAND USES.

OPTIMIZATION IS ESPECIALLY VALUABLE FOR RETROFITTING AND REDEVELOPMENT BECAUSE OPTIMIZED SIZING OF A BMP
TYPICALLY USES SMALL SIZED BMPS THAT MAXIMIZE AVAILABLE SPACE. OPTIMIZATION CAN OCCUR AT MULTIPLE SCALES. IN
ITS SIMPLEST SENSE, OPTIMIZATION IS DONE AT THE BMP LEVEL BY CHOOSING THE SIZE OF AN INDIVIDUAL SYSTEM. AT ITS
MOST COMPLEX, IT CAN BE USED AT THE WATERSHED-SCALE TO DETERMINE A MENU OF LOWEST-COST,
HIGHEST-PERFORMANCE BMPS BY TYPE AND SIZE WHILE FACTORING IN MULTIPLE LAND USES, SOILS, PERFORMANCE, COST,
AND CONSTRAINTS.

BMP-SCALE OPTIMIZATION
THIS EXAMPLE BELOW ILLUSTRATES THE PROCESS OF BMP OPTIMIZATION BY SIZE BY VARYING THE CAPTURE DEPTH OF THE
WATER QUALITY VOLUME.
EXAMPLE: BMP SIZE OPTIMIZATION FOR BIORETENTION AT 0.25” AND 1” WATER QUALITY VOLUMES
FROM THE BMP PERFORMANCE CURVE FOR A HIGH-PERFORMANCE BIORETENTION WE CAN SEE THAT A SINGLE (1) SYSTEM
TREATING A 1” WATER QUALITY VOLUME FOR ONE ACRE WILL REMOVE

12.7 LBS NITROGEN/ACRE/YEAR =13.3 INITIAL LOAD  - 0.6 REMAINING LOAD

WE CAN OPTIMIZE THIS APPLICATION BY INSTEAD CONSIDERING FOUR (4) SMALLER SYSTEMS ACROSS 4 ACRES DESIGNED TO
TREAT 0.25” WATER QUALITY VOLUME PER ACRE WILL EACH REMOVE

10 LBS NITROGEN/ACRE/YEAR =13.3 INITIAL LOAD  - 3.3 REMAINING LOAD

THUS, FOUR SYSTEMS DESIGNED TO TREAT A 0.25” WATER QUALITY VOLUME IN PLACE OF ONE SYSTEM TO TREAT A 1” 
WATER QUALITY VOLUME RESULTS IN A TOTAL OF 40 LBS NITROGEN PER YEAR FOR A TYPE A SOIL.
THE USE OF 4 SMALLER OPTIMIZED SYSTEMS WILL REMOVE AN ADDITIONAL 27 LBS OF NITROGEN PER YEAR (40 LBS - 12.7 
LBS = 27.3) AT NEARLY EQUIVALENT COSTS, OR APPROXIMATELY 315% GREATER OPTIMIZATION.

WE CAN ASSUME A CONSTRUCTION COST OF $40,000 PER ACRE TO BUILD 1 LARGER BMP WITH A UNIT PERFORMANCE COST 
OF $3,150 LBS N/AC-YR OR 4 SMALLER BMPS WITH A UNIT COST OF $1,000 LBS N/AC-YR.

BMP OPTIMIZATION EXAMPLE FOR COMMERCIAL BIORETENTION WITH 
ANNUAL EXPORTED LOAD AND VOLUME BASED ON WATER QUALITY VOLUME 

(AKA CAPTURE DEPTH)
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URBAN BIOSWALE/TREE PLANTER ONLINE/OFFLINE
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NOTES

1. THESE DESIGNS DO NOT REPLACE THE NEED FOR A DESIGN
BY A QUALIFIED PROFESSIONAL ENGINEER.

2. REVIEW SHEET 2 “HOW TO USE THIS GUIDE” FOR SIZING BY
DRAINAGE AREA, SOIL TYPE, AND DESIRED PERFORMANCE.

3. DIAL 411 FOR DIG SAFE. BEFORE CONSTRUCTION, CONTACT
DIG SAFE AT LEAST 72 HOURS PRIOR TO DIGGING.

4. CAST IN PLACE CONCRETE STRIP REQUIRES IMPERMEABLE
LINER.

5. ALL INLET AND OUTLET COMPONENTS INCLUDING TAPERS
TO BE CAST IN PLACE OR ASPHALT APRONS.

6. SEE SHEET 18 FOR BIORETENTION SOIL MIX.
7. NO INTERNAL BYPASS PROVIDED. INSTED SYSTEM WILL

BYPASS EXTERNAL TO EXISTING DRAINAGE.
8. UNDERDRAIN IS OPTIONAL AND NOT REQUIRED BUT

RECOMMENDED WHERE FEASIBLE. UNDERDRAIN CAN BE
CONNECTED TO EXISTING DRAINAGE INFRASTRUCTURE OR
DAYLIGHTED DOWNGRADIENT.

9. BIOSWALES TO BE PLANTED WITH GRASS (FOR EASE OF
MOWING) OR TREES (FOR EASE OF MAINTENANCE). NO
SHRUBS OR PLANTS ARE RECOMMENDED.

10. PRETREATMENT STRUCTURES RECOMMENDED FOR
LOCATIONS WITH MEDIUM AND HIGH LEVELS OF TRASH
AND DEBRIS.

11. RECOMMENDED TREE TYPE FOR TREE PLANTERS ARE ACRE
FREEMANII (SPECIES), ARMSTRONG MAPLE (COMMON
NAME), 2.5" CALIPER B&B. ALTERNATIVELY THE URBAN
BIOSWALE MAY BE SEEDED WITH GRASS RATHER THAN
PLANTING WITH TREES.

12. FOR ROADSIDE GRASS MIXES WITH INFREQUENT MOWING
THE RECOMMENDED SEED MIX IS A 50/50 BLEND OF NEW
ENGLAND CONSERVATION/WILDLIFE MIX AND NEW
ENGLAND EROSION CONTROL/RESTORATION MIX FOR
DETENTION BASINS AND MOIST SITES. ALTERNATIVELY
GRASS LAWN SEED MIXES MAY BE USED THAT WILL REQUIRE
MORE FREQUENT MOWING.

2'-0" 10"+++++ 18" 2'-2"
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ACCESS
MANHOLE

EDGE OF PAVEMENT

WIDTH (W), SEE
SIZING TABLE

PRETX CURB, OPTIONAL. PRETREATMENT
RECOMMENDED FOR MEDIUM TO HIGH
TRASH AND DEBRIS LOAD.

DIRECTION OF FLOW

3-6" STONE APRON

LENGTH (L), SEE SIZING
TABLE

BIOSWALE

ROADSIDE DITCH

RO
AD

W
AY

SH
OU

LD
ER

TIP DOWN INLET,
3-6" RIP RAP

ROADWAY

8" PONDING, WQV

WEIR

PRETREATMENT
ACCESS MANHOLE

3-6" STONE APRON

BIOSWALE

4" PEA GRAVEL,
3/8" STONE

24" BIORETENTION SOIL MEDIA

GRAVEL
RESERVOIR

2" TIP DOWN,
3"-6" RIPRAP

8" PONDING, WQV

LENGTH (L), SEE SIZING TABLE

DEPTH (D), SEE SIZING TABLE

OPTIONAL GRAVEL
RESERVOIR FOR
INFILTRATION, 40% VOIDS

FILTER FABRIC, 140N
MIRAFI OR EQUAL

ROADSIDE DITCH

SLOPE VARIES

DIRECTION OF FLOW

EXISTING
ROAD SHOULDER

2:1 MAX. 2:1 MAX.

24
"

BI
OR

ET
EN

TI
ON

SO
IL 

MI
X

1'-0"

GRASSED WITH COMMON LAWN
SEED AS PER LANDSCAPING

PLAN

6" LOAM AND SEED

FILTER FABRIC, 140N
MIRAFI OR EQUAL

4" LAYER OF 3/8" PEA
STONE GRAVELOPTIONAL

PERFORATED
UNDERDRAIN

4"

OP
TI

ON
AL

GR
AV

EL
RE

SE
RV

OI
R

ST
ON

E
40

%
VO

ID
S

MEET EXISTING
GRADE

WIDTH (W), SEE
SIZING TABLE

10-YEAR CAPACITY STORM

3:1 SIDE SLOPES (TYP.)

6" LOAM AND SEED

5'-0"

5.26' MIN. FREEBOARD

2' 2'

STABILIZE WITH VEGETATION,
RIPRAP OR OTHER
PRETREATMENT

IDV

RR
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RIGHT OF WAY BIOSWALE

5

BIOSWALE AND PRETREATMENT PLANT TYPICAL
NOT TO SCALE

BIOSWALE CROSS SECTION C-C
NOT TO SCALE

CONVEYANCE SWALE CROSS SECTION TYPICAL B-B
NOT TO SCALE

ROADSIDE DRAINAGE CROSS-SECTION A-A TYPICAL
NOT TO SCALE

A A

B

B

C

C
NOTES

1. THESE DESIGNS DO NOT REPLACE THE NEED FOR A DESIGN BY A QUALIFIED PROFESSIONAL
ENGINEER.

2. REVIEW SHEET 2 “HOW TO USE THIS GUIDE” FOR SIZING BY DRAINAGE AREA, SOIL TYPE, AND
DESIRED PERFORMANCE.

3. DIAL 411 FOR DIG SAFE. BEFORE CONSTRUCTION, CONTACT DIG SAFE AT LEAST 72 HOURS PRIOR TO
DIGGING.

4. CAST IN PLACE CONCRETE STRIP REQUIRES IMPERMEABLE LINER.
5. ALL INLET AND OUTLET COMPONENTS INCLUDING TAPERS TO BE CAST IN PLACE OR ASPHALT

APRONS.
6. SEE SHEET 18 FOR BIORETENTION SOIL MIX.
7. NO INTERNAL BYPASS PROVIDED. INSTED SYSTEM WILL BYPASS EXTERNAL TO EXISTING DRAINAGE.
8. UNDERDRAIN IS OPTIONAL AND NOT REQUIRED BUT RECOMMENDED WHERE FEASIBLE.

UNDERDRAIN CAN BE CONNECTED TO EXISTING DRAINAGE INFRASTRUCTURE OR DAYLIGHTED
DOWNGRADIENT.

9. BIOSWALES TO BE PLANTED WITH GRASS (FOR EASE OF MOWING) OR TREES (FOR EASE OF
MAINTENANCE). NO SHRUBS OR PLANTS ARE RECOMMENDED.

10. PRETREATMENT STRUCTURES RECOMMENDED FOR LOCATIONS WITH MEDIUM AND HIGH LEVELS OF
TRASH AND DEBRIS.

11. SEED MIX FOR BIOSWALE IS 50/50 BLEND OF NEW ENGLAND CONSERVATION/WILDLIFE MIX AND
NEW ENGLAND EROSION CONTROL/RESTORATION MIX FOR DETENTION BASIN AND MOIST SITES.

a.  THE NEW ENGLAND CONSERVATION/WILDLIFE MIX PROVIDES A PERMANENT COVER OF GRASSES,
WILDFLOWERS, AND LEGUMES. FOR BOTH GOOD EROSION CONTROL AND WILDLIFE HABITAT
VALUES. THE MIX IS DESIGNED TO BE A NO MAINTENANCE SEEDING, AND IS APPROPRIATE FOR CUT
AND FILL SLOPES, DETENTION BASIN SIDE SLOPES, AND DISTURBED AREAS ADJACENT TO
COMMERCIAL AND RESIDENTIAL PROJECTS. APPLICATION RATE:25LBS/ACRE|1750 SQ FT/LB. SPECIES:
VIRGINIA WILD RYE (ELYMUS VIRGINICUS), LITTLE BLUESTEM(SCHIZACHYRIUM SCOPARIUM), BIG
BLUESTEM (ANDROPOGON GERARDII), RED FESCUE (FESTUCA RUBRA), SWITCH GRASS (PANICUM
VIRGATUM), PARTRIDGE PEA (CHAMAECRISTA FASCICULATA), PANICLEDLEAF TICE TREFOIL
(DESMODIUM PANICULATUM),INDIAN GRASS (SORGHASTRUM NTANS), BLUE VERVAIN (VERBENA
HASTATA), BUTTERFLY MILKWEED (ASCLEPIAS TUBEROSA), BLACK EYED SUSAN (RUDBECKIA HIRTA),
COMMON SNEEZEWEED (HELENIUM AUTUNALE),HEATH ASTER (ASTERPILOSUS/SYMPHYOTRICHUM
PILOSUM), EARLY GOLDENROD (SOLIDAGOJUNCEA), UPLAND BENTGRASS (AGROSTIS PERENNANS).

b.  THE NEW ENGLAND EROSION CONTROL/RESTORATION MIX FOR DETENSION BASINS AND MOIST
SITES CONTAINS A SELECTION OF NATIVE GRASSES AND WILDFLOWERS DESIGNED TO COLONIZE
GENERALLY MOIST, RECENTLY DISTURBED SITES WHERE QUICK GROWTH OF VEGETATION IS DESIRED
TO STABILIZE THE SOIL SURFACE. IT IS AN APPROPRIATES SEED MIX FOR ECOLOGICALLY SENSITIVE
RESTORATIONS THAT REQUIRE STABILIZATION AS WELL AS LONG-TERM ESTABLISHMENT OF NATIVE
VEGETATION. BEST RESULT ARE OBTAINED WITH A SPRING OR LATE SUMMER SEEDING. APPLICATION
RATE:35 LBS/ACRE|1250 SQFT/LB. SPECIES: RIVERBANK WILD RYE (ELYMUS RIPARIUS), CREEPING RED
FESCUE (FESTUCA RUBRA), LITTLE BLUESTEM (SCHIZACHYRIUM SCOPARIUM), BLG BLUESTEM
(ANDROPOGON GERARDII), SWITCH GRASS (PANICUM VIRGATUM), UPLAND BENTGRASS (AGROSTIS
PERENNANS), NODDING BUR MARIGOLD (BIDENS CERNUA), HOLOW-STEM JOE PYE WEED
(EUPATORIUM FISTULOSUM/EUTROCHIUM FISTULOSUM), NEW ENGLAND ASTER (ASTER
NOVAE-ANGLIAE), NONESET (EUPATORIUM PERFOLIATUM), BLUE VERVAIN (VERBENA HASTATA),
SOFT RUSH (JUNCUS EFFUSUS), WOOL GRASS (SCIRPUS CYPERINUS)
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CURB

ROAD

EX. DRAIN LINE

INFILTRATION TRENCH
CLEANOUT
OBSERVATION AND
ACCESS PORT, H20
RATED

PLAN VIEW

SIDEWALK

GRASS STRIP

ROAD

PERFORATED HDPE
PIPE LENGTH (L), SEE SIZING

TABLE

WIDTH (W), SEE SIZING
TABLE

EXISTING CATCH BASIN
AND DRAIN MANHOLE

DEPTH (D), SEE
SIZING TABLE

CROSS SECTION

TRENCH
BOTTOM

MIRAFI
GEOTEXTILE
140N OR
EQUAL, SIDES
AND TOP
ONLY

WIDTH (W), SEE
SIZING TABLE

EX. RIM

TRENCH
BOTTOM

MIN 8" NOMINAL INSIDE DIAMETER
PERFORATED HDPE PIPE

3/4" TO 1-1/2" CLEAN DOUBLE
WASHED STONE

MIN 8" PVC CLEANOUT WITH
CAP & 45 BEND

EX. CATCH BASIN
(TYPICAL)

ELIMINATOR (OR EQUAL)
OIL/DEBRIS TRAP

EX. INV(0)

PROP. INV.(0)

EX. SUMP

EX. SUMP

CLEANOUT
OBSERVATION AND
ACCESS PORT, H20
RATED

3"

PROFILE VIEW

12" MIN

12" MIN

LENGTH (L), SEE SIZING
TABLEMIRAFI GEOTEXTILE 140N

OR EQUAL, SIDES AND
TOP ONLY

24' MIN

IDV

RR
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 URBAN ARLINGTON INFILTRATION TRENCH

6

NOTES

1. DESIGN ADAPTED FROM UNHSC ARLINGTON
INFILTRATION TRENCH DESIGN, MAY 2019, D-0014.

2. THESE DESIGNS DO NOT REPLACE THE NEED FOR
A DESIGN BY A QUALIFIED PROFESSIONAL
ENGINEER.

3. REVIEW SHEET 2 "HOW TO USE THIS GUIDE" FOR
SIZING BY DRAINAGE AREA, SOIL TYPE AND
DESIRED PERFORMANCE.

4. DIAL 411 FOR DIG SAFE, BEFORE CONSTRUCTION,
CONTACT DIG SAFE AT LEAST 72 HOURS PRIOR TO
DIGGING.

5. PRETREATMENT STRUCTURES RECOMMENDED
FOR LOCATIONS WITH MEDIUM AND HIGH LEVELS
OF TRASH AND DEBRIS.

6. ALTERNATE CONFIGURATION CAN LOCATE
INFILTRATION TRENCH OUTSIDE OF ROADWAY IN
RIGHT OF WAY, UNDER GRASS, SIDEWALK, ETC.

7. INSTALL TEMPORARY EROSION AND SEDIMENT
CONTROLS TO DIVERT STORMWATER AWAY FROM
THE INFILTRATION TRENCH.

8. RIP THE BOTTOM SOILS TO A DEPTH OF SIX
INCHES TO PROMOTE GREATER INFILTRATION
PRIOR TO BACKFILL.

9. FOR EACH TRENCH INSTALL SUPERVISING
ENGINEER TO CONDUCT INFILTRATION TESTING
AND SOIL INSPECTION AND DOCUMENTATION
PRIOR TO BACK FILL.

10.STABILIZE ALL REMAINING DISTURBED AREAS AND
SIDE SLOPES WITH SEEDING, HYDROSEEDING,
AND/OR EROSION CONTROL BLANKETS.

11.REMOTE EROSION AND SEDIMENT CONTROLS
ONLY AFTER SURROUNDING DISTURBED AREAS
HAVE BEEN PROPERLY STABILIZED.
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NATIVE SUBGRADE SCARIFIED
PRIOR TO STONE PLACEMENT

ROADSIDE  INFILTRATION TRENCH

6" MIN. COMMON FILL

BYPASS PIPE PER PLAN,
DAYLIGHT ON DOWNHILL SLOPE OR

TO STORM DRAIN, DIA. VARIES

BEDDING
STONE

6" LOAM AND SEED

INLET PIPE, SIZE AND
LENGTH VARIES

BERM 12"

1-3" RESERVOIR
STONE 40% VOIDS

EXISTING ROADSIDE
DITCH

PRETX-DROP PRETREATMENT STRUCTURE
FOR MEDIUM TO HIGH TRASH

AND DEBRIS LOAD

PRETX-DROP STRUCTURES BY
CONVERGENT WATER
TECHNOLOGIES OR EQUAL

OPTIONAL INLET FOR EXISTING
DRAINAGE

12
"

LENGTH ( L), SEE
 SIZING TABLE

DEPTH ( D),
SEE SIZING TABLE

CLEANOUT
PERFORATED HDPE PIPE

DIRECTION OF FLOW
BYPASS OUTLET PIPE,
SIZE AND LENGTH VARIES

FILTER FABRIC MIRAFI
140N OR APPROVED
EQUAL (SEE NOTES)

WIDTH ( W), SEE
SIZING TABLE

LENGTH ( L),
SEE SIZING TABLE

BERM

INFILTRATION TRENCH

AA'

B'

B

CLEANOUT

ROADWAY

ROAD SHOULDER

PRETREATMENT STRUCTURE

EXISTING ROADSIDE
CONVEYANCE SWALE

DIRECTION OF FLOW

PERFORATED 12" HDPE PIPE SOLID12" HDPE PIPE

FINISH GRADE

6" LOAM AND SEED

6" MIN. COMMON FILL

12
"

1-3" RESERVOIR
STONE 40% VOIDS

NATIVE SUBGRADE SCARIFIED
PRIOR TO STONE PLACEMENT

WIDTH ( W),
SEE SIZING TABLE

DEPTH ( D), SEE
SIZING TABLE

IDV
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RIGHT OF WAY INFILTRATION TRENCH
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INFILTRATION TRENCH AND PRETREATMENT CATCH BASIN  CROSS-SECTION A-A'

INFILTRATION TRENCH CROSS-SECTION B-B'

PLAN

NOTES

1. DESIGN ADAPTED FROM UNHSC ARLINGTON
INFILTRATION TRENCH DESIGN, MAY 2019, D-0014.

2. THESE DESIGNS DO NOT REPLACE THE NEED FOR
A DESIGN BY A QUALIFIED PROFESSIONAL
ENGINEER.

3. REVIEW SHEET 2 "HOW TO USE THIS GUIDE" FOR
SIZING BY DRAINAGE AREA, SOIL TYPE AND
DESIRED PERFORMANCE.

4. DIAL 411 FOR DIG SAFE, BEFORE CONSTRUCTION,
CONTACT DIG SAFE AT LEAST 72 HOURS PRIOR TO
DIGGING.

5. PRETREATMENT STRUCTURES RECOMMENDED
FOR LOCATIONS WITH MEDIUM AND HIGH LEVELS
OF TRASH AND DEBRIS.

6. ALTERNATE CONFIGURATION CAN LOCATE
INFILTRATION TRENCH OUTSIDE OF ROADWAY IN
RIGHT OF WAY, UNDER GRASS, SIDEWALK, ETC.

7. INSTALL TEMPORARY EROSION AND SEDIMENT
CONTROLS TO DIVERT STORMWATER AWAY FROM
THE INFILTRATION TRENCH.

8. RIP THE BOTTOM SOILS TO A DEPTH OF SIX
INCHES TO PROMOTE GREATER INFILTRATION
PRIOR TO BACKFILL.

9. FOR EACH TRENCH INSTALL SUPERVISING
ENGINEER TO CONDUCT INFILTRATION TESTING
AND SOIL INSPECTION AND DOCUMENTATION
PRIOR TO BACK FILL.

10.STABILIZE ALL REMAINING DISTURBED AREAS AND
SIDE SLOPES WITH SEEDING, HYDROSEEDING,
AND/OR EROSION CONTROL BLANKETS.

11.REMOTE EROSION AND SEDIMENT CONTROLS
ONLY AFTER SURROUNDING DISTURBED AREAS
HAVE BEEN PROPERLY STABILIZED.
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BERM BYPASS W/ 6'-8" STONE
PONDING DEPTH

16" WETLAND SOIL TOP

BOTTOM OF
EXCAVATION

TOP OF BERM12" HDPE NON-PERFORATED CLEAN OUTS WITH
SOLID GASKETED CAP INVERT

12" HDPE PERFORATED RISERS
WITH INLET SCREEN

12" HDPE NON-PERFORATED
SUBDRAINS12" SNAP TEE

CONNECTION

16"

36"

WETLAND SOIL

3
4"-4" WASHED
CRUSHED STONE
W/ MINIMUM 40%
VOIDS

SECTION DETAIL "A"
NOT TO SCALE

GRAVEL WETLAND TYPICAL DETAIL
NOT TO SCALE

NOTE:
EXISTING ELEVATIONS FROM FIELD SURVEY BY CLD CONSULTING
ENGINEERS, INC.

GEOTEXTILE
FABRIC TBD

EXISTING 24" CPP
OUTLET

2:1 SIDE SLOPE
TRANSITION ON ALL
SIDES

INLET SCREEN
OVER RISER PIPE

12" HDPE PIPE

TOP VIEW

BOTTOM VIEW

INLET FILTER

MOUNTING
SCREWS SELF
DRILLING
ADJUSTABLE
MOUNTING FLANGE
(LOCKS UNIT TO PIPE)

ADJUSTABLE
MOUNTING FLANGE
(LOCKS UNIT TO PIPE)

NOTES:
1. DETAILS PROVIDED BY FABCO INDUSTRIES, INC.
2.UNLESS OTHERWISE SPECIFIED REMOVE ALL BURRS,
BREAK SHARP EDGES .002 - .020 FILLETS (.020 MAX)
3.DIMENSIONS ARE IN INCHES AND INCLUDE
CHEMICALLY APPLIED OR PLATED FINISHES

TOLERANCES:
DEC .00 +/- .01
DEC. .000 +/- .005
FRACT +/- 1/16
ANGLE +/- 2

GRAVEL WETLAND INLET SCREEN BY FABCO DETAIL
NOT TO SCALE

WEIR WALL1" DIA
ORIFACE

ENVIROHOOD
OR APPROVED

EQUAL

12" HDPE
PIPE IN

OUTLET CONTROL
STRUCTURE

OUTLET CONTROL STRUCTURE
NOT TO SCALE

WEIR WALL

1" DIA ORIFICE

STANDARD LID
& MANHOLE
RIM

12" HDPE
PIPE IN

WEIR WALL

1" DIA ORIFICE

STANDARD LID
& MANHOLE
RIM

12" HDPE
PIPE IN

24" CPP OUT

CELL 1 CELL 2

2:1 SIDE SLOPE
TRANSITION ON ALL

SIDES

12" PERFORATED
RISER PIPES

12" NON-PERFORATED
RISER WITH CLEANOUT

NEW OUTLET CONTROL
STRUCTURE TIED INTO

EXISTING 24" CPP
OUTLET

EXISTING 24" CPP
OUTLET

24" CPP OUT

1" DIA ORIFICE

EXISTING POND
FLOOD STORAGE

ELEVATION,
TYPICALLY Q25, Q50,

OR Q100

WEIR WALL

LOT 34

OUTLET CONTROL STRUCTURE AND BASIN HEADWALL

455

453+3

452+0

445

439+5

440

438+9

445 EMERGENCY

SPILLW
AY

445

445

450

446+3

446+9

445

446+9

445+8
439+6

440

445

440

12" PERFORATED PIPE

SCREENED RISER INLETS
CLEANOUTS

BERM

B9

B10

B14

B13

B12

B11

B8

B7

B4
B36A5

A6

A7A8

A9

A10

435+0

440

437+3

437+3
440

INVERT IN
= 437.85'

6" PVC

SCREENED RISER INLETSSCREENED RISER INLETS
CLEANOUTSCLEANOUTSCLEANOUTS

BERMBERM

437437437+333

437437437++333INVERT ININVERT IN
= 437.85'= 437.85'

6" PVC

445+8

450

CELL 1

CELL 2

430

PROPOSED GRAVEL
WETLAND RETROFIT

OUTLET CONTROL STRUCTURE
CONNECTED TO EXISTING OUTLET

INVERT OUT
= 437.56'
24" CPP

IDV

RR
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DETENTION POND - GRAVEL WETLAND RETROFIT
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GRAVEL WETLAND RETROFIT WITHIN EXISTING DETENTION POND
NOTES

1. THE GRAVEL WETLAND -DETENTION POND RETROFIT IS INTENDED TO BE LOCATED IN AN EXISTING DRY POND. THE RETROFIT INVOLVES AN ADDITIONAL OUTLET
CONTROL STRUCTURE OVERTOP THE EXISTING OUTLET.

2. TYPICALLY THE CONSTRUCTION OF A GRAVEL WETLAND WOULD OCCUR WITHIN THE BOTTOM OF THE DETENTION POND AND MAY INVOLVE RAISING THE POND
BOTTOM BETWEEN 0 AND 8”. SOME NEGLIGIBLE STORAGE CAPACITY IS LOST BY RAISING THE POND BOTTOM.

3. THE GRAVEL WETLAND IS SIZED BASED ON THE WATER QUALITY VOLUME OF THE IMPERVIOUS AREA DRAINING TO THE POND. SOME FRACTION OF THE WATER
QUALITY VOLUME IS TREATED BASED ON AVAILABLE AREA FOR BMP CONSTRUCTION AND DESIRED LEVEL OF TREATMENT.

4. IF A NATIVE LOW HYDRAULIC CONDUCTIVITY SOIL IS NOT PRESENT BELOW THE DESIRED LOCATION OF THE SGW, A LOW PERMEABILITY LINER OR SOIL (HYDRAULIC
CONDUCTIVITY LESS THAN 10-5 CM/S = 0.03 FT/DAY) BELOW THE GRAVEL LAYER SHOULD BE USED TO MINIMIZE INFILTRATION, PRESERVE HORIZONTAL FLOW IN THE
GRAVEL, AND MAINTAIN THE WETLAND PLANTS.

5. 3 IN. (8 CM) MINIMUM THICKNESS OF AN INTERMEDIATE LAYER OF A GRADED AGGREGATE FILTER IS NEEDED TO PREVENT THE WETLAND SOIL FROM MOVING DOWN
INTO THE GRAVEL SUB-LAYER. MATERIAL COMPATIBILITY BETWEEN LAYERS NEEDS TO BE EVALUATED.

6. 24 IN. (0.6 M) MINIMUM THICKNESS OF ¾-IN (2 CM) CRUSHED-STONE (GRAVEL) SUB-LAYER. THIS IS THE ACTIVE ZONE WHERE TREATMENT OCCURS.
7. THE PRIMARY OUTLET INVERT SHALL BE LOCATED 4-12” (10 CM) BELOW THE ELEVATION OF THE WETLAND SOIL SURFACE TO CONTROL GROUNDWATER ELEVATION.

CARE SHOULD BE TAKEN TO NOT DESIGN A SIPHON THAT WOULD DRAIN THE WETLAND:  THE PRIMARY OUTLET LOCATION MUST BE OPEN OR VENTED.
8. AN OPTIONAL HIGH CAPACITY OUTLET AT EQUAL ELEVATION OR LOWER TO THE PRIMARY OUTLET MAY BE INSTALLED FOR MAINTENANCE. THUS OUTLET WOULD NEED

TO BE PLUGGED DURING REGULAR OPERATION. THIS OPTIONAL OUTLET ALLOWS FOR FLUSHING OF THE TREATMENT CELLS AT HIGHER FLOW RATES. IF IT IS LOCATED
LOWER, IT CAN BE USED TO DRAIN THE SYSTEM FOR MAINTENANCE OR REPAIRS.

9. THE BYPASS OUTLET (EMERGENCY SPILLWAY, OR SECONDARY SPILLWAY) IS SIZED TO PASS DESIGNS FLOWS (10-YEAR, 25-YEAR, ETC.). THIS OUTLET IS SIZED BY
USING CONVENTIONAL ROUTING CALCULATIONS OF THE INFLOW HYDROGRAPH THROUGH THE SURFACE STORAGE PROVIDED BY THE SUBSURFACE GRAVEL
WETLAND SYSTEM.

10. VERTICAL PERFORATED OR SLOTTED RISER PIPES DELIVER WATER FROM THE SURFACE DOWN TO THE SUBSURFACE, PERFORATED OR SLOTTED DISTRIBUTION LINES.
THESE RISERS SHALL HAVE A MAXIMUM SPACING OF 15 FEET (4.6 M). OVERSIZING OF THE PERFORATED OR SLOTTED VERTICAL RISERS IS USEFUL TO ALLOW A
MARGIN OF SAFETY AGAINST CLOGGING WITH A MINIMUM RECOMMENDED DIAMETER OF 12” (30 CM) FOR THE CENTRAL RISER AND 6” (15 CM) FOR END RISERS. THE
VERTICAL RISERS SHALL NOT BE CAPPED, BUT RATHER COVERED WITH AN INLET GRATE TO ALLOW FOR AN OVERFLOW WHEN THE WATER LEVEL EXCEEDS THE WQV.

11. VERTICAL CLEANOUTS CONNECTED TO THE DISTRIBUTION AND COLLECTION SUBDRAINS, AT EACH END, SHALL BE PERFORATED OR SLOTTED ONLY WITHIN THE
GRAVEL LAYER, AND SOLID WITHIN THE WETLAND SOIL AND STORAGE AREA ABOVE. THIS IS IMPORTANT TO PREVENT SHORT-CIRCUITING AND SOIL PIPING.

12. BERMS AND WEIRS SEPARATING THE FOREBAY AND TREATMENT CELLS SHOULD BE CONSTRUCTED WITH CLAY, OR NON-CONDUCTIVE SOILS, AND/OR A FINE
GEOTEXTILE, OR SOME COMBINATION THEREOF, TO AVOID WATER SEEPAGE AND SOIL PIPING THROUGH THESE EARTHEN DIVIDERS.

13. THE SYSTEM SHOULD BE PLANTED TO ACHIEVE A RIGOROUS ROOT MAT WITH GRASSES, FORBS, AND SHRUBS WITH OBLIGATE AND FACULTATIVE WETLAND SPECIES.
14. THE SURFACE INFILTRATION RATES OF THE GRAVEL WETLAND SOIL SHOULD BE SIMILAR TO A LOW HYDRAULIC CONDUCTIVITY WETLAND SOIL (0.1-0.01 FT/DAY = 3.5 X

10-5 CM/SEC TO 3.5 X 10-6 CM/SEC)). THIS SOIL CAN BE MANUFACTURED USING COMPOST, SAND, AND SOME FINE SOILS TO BLEND TO A HIGH % ORGANIC MATTER
CONTENT SOIL (>15% ORGANIC MATTER).

15. AVOID USING CLAY CONTENTS IN EXCESS OF 15% BECAUSE OF POTENTIAL MIGRATION OF FINES INTO SUBSURFACE GRAVEL LAYER. DO NOT USE GEOTEXTILES
BETWEEN THE HORIZONTAL LAYERS OF THIS SYSTEM AS THEY WILL CLOG DUE TO FINES AND MAY RESTRICT ROOT GROWTH.

12" HDPE PIPE12" HDPE PIPE
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EXISTING CATCH BASIN

EXISTING CURB

3' CURB OPENING/CURB
CUT

INCIDENTAL PAVEMENT
RESTORATION, MAX. 1' WIDE

STONE WEIR
3000 PSI CONCRETE

CONTRACTOR TO SAW CUT
AND SEAL 2'' DEEP CONTROL
JOINTS AT PLANE CHANGES

DBØ=4'' STONE WEIR

6'' POWERED CONCRETE
WITH W.W.M. OR 4'' REBAR
AND 12'' O.C. CROSS WAY

4:1 SLOPE
WRAP HDPE LINEAR
UNDER STONE

MEDIA FILTER

6' 3'

5'

4' MIN.

9''9''

3'BIOSWALE

LIFT HANBLES

STAINLESS STEEL
CLAMPING BAND

OPTIONAL 4"X6"
ADDITIONAL OVERFLOW
HOLES IN 4 PLACES

BRICKS MAY BE USED FOR GRADE
ADJUSTMENT(2 MIN.-12"MAX.)

12" HDPE PIPE

PROVIDE "V" OPENINGS (TYP.)

FILTER FABRIC

PRECAST CONCRETE UNIT

NORMAL WATER
LEVEL IN SUMP

RUBBER JOINT SEALANT
CONFORMING TO ASTM C 361

GASKET ALL JOINTS (TYP.)

FRAME TO BE SET IN FULL
BED OF MORTAR

CATCH BASIN FRAME AND COVER SHALL BE
HEAVY DUTY FRAME WITH GRATE,
(8" HEIGHT) OR APPROVED EQUAL

CATCH BASIN INSERT, ADS FLEXSTORM
OR APPROVED EQUAL

NOTES:
1. EXTERIOR SURFACE TO BE SEALED WITH COLD APPLIED BITMINOUS SEALER
2. REINFORCEMENT SHALL BE MIN, 0.12 SQ. IN. PER VERTICAL FOOT, PLACED IN ACCORDANCE WITH AASHTO

DESIGNATION-M-199.
3. CONCRETE SHALL BE 4000 PSI.
4. FACE OF PIPE FLUSH OR NOT TO PROJECT MORE THAN 4-IN. FROM FACE OF WALL ALONG  CENTERLINE  OF PIPE.
5. ENTIRE STRUCTURE SHALL BE DESIGNED TO SUPPORT HS-20 LOADING.

NOTES:
TYPICAL FLAT/RECTANGULAR/ROLLED CURB
INLET FILTER OR APPROVED EQUAL

FLOW

WEARING COURSE

BINDER COURSE

6"
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R 
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3 4" 
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PRETREATMENT - LOW TO MEDIUM INTENSITY TRASH AND DEBRIS LOAD

RAIN GUARDIAN - TURRET

PLAN VIEW

SECTION VIEW
SPECIFICATIONS:

1. STEEL REINFORCED, COLD JOINT SECURED MONOLITHIC CONCRETE STRUCTURE (1,030 LBS).
2. CONCRETE SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH OF 4,000 PSI AT 28 DAYS, CONCRETE AIR ENTRAINED (4 PERCENT TO 8
3. PERCENT BY VOLUME).
4. MANUFACTURED AND DESIGNED TO ASTM C858.
5. THREE-POINT PICK USING RECESSED LIFTING POCKETS WITH A STANDARD HOOK.
6. SOIL UNDER BASE TO BE COMPACTED TO 95 PERCENT STANDARD PROCTOR.
7. TWO-PIECE LIGHT-DUTY GALVANIZED GRATE (34.5 LBS/PIECE) FOR 541 LB CONCENTRATED LOAD OR 309 LB/SQFT UNIFORM LOAD.
8. TWO-PIECE HEAVY-DUTY GALVANIZED GRATE (77.5 LBS/PIECE) FOR 2,456 LB CONCENTRATED LOAD OR 1,404 LB/SQFT UNIFORM LOAD.
9. USE EPANSION JOINT MATERIAL BETWEEN TURRET AND BIORETENTION INLET.
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PRETREATMENT - MEDIUM TO HIGH INTENSITY TRASH AND DEBRIS LOAD
PRETX SPECIFICATIONS

A. GENERAL
1. PRETX SYSTEMS ARE A PRE-FILTER AND CRITICAL MAINTENANCE DEVICE THAT EXTENDS THE OPERATING LIFE AND REDUCES THE MAINTENANCE

BURDEN OF BIORETENTION SYSTEMS, RAIN GARDENS, BIOSWALES AND OTHER TYPES OF SURFACE BEST MANAGEMENT PRACTICES BY FILTERING OUT
SEDIMENT, TRASH AND DEBRIS AT THE INLET.
B. PRODUCTS

1. PRETX IS AVAILABLE IN 3 MODELS THAT MANAGE MOST BIORETENTIOIN INLET CONFIGURATIONS: CURB, DROP, AND INLINE.
2. PRETX-CURB IS FOR EDGE OF PAVEMENT RUNOFF AT A CURB CUT IN LIEU OF A STONE SPREADER.
3. PRETX-DROP IS FOR USE AS A DROP INLET CONFIGURATION ALONG A CURB LINE AND WOULD BE INSTALLED WITH A STANDARD DROP INLET GRATE.
4. PRETX-INLINE IS FOR USE WITH SUBSURFACE INLET AND OUTLET PIPE.
5. PRETX IS SIZED TO PRETREAT WATER QUALITY FLOWS AND BYPASS LARGER FLOWS THAT HAVE MINIMAL TRASH AND DEBRIS. PRETX CAN BE USED

BOTH IN RETROFIT OR NEW INSTALLATIONS.
6. ACCEPTABLE SYSTEM SUPPLIER:

CONVERGENT WATER TECHNOLOGIES, INC. OR ITS AUTHORIZED VALUE-ADDED RESELLER
                 (800) 711-5428

WWW.CONVERGENTWATER.COM
C. SUBMITTALS

1. SUBMIT PROPOSED LAYOUT DRAWINGS.   DRAWINGS SHALL INCLUDE TYPICAL SECTION DETAILS ANNOTED WITH SYSTEM ELEVATIONS (E.G., RIM, PIPE
INVERTS, OUTSIDE BOTTOM OF STRUCTURE, ETC.).

2. SUBMIT MATERIAL CERTIFICATES FOR FRAMES AND COVERS
3. ANY PROPOSED EQUAL ALTERNATE PRODUCT SUBSTITUION TO THIS SPECIFICATON MUST BE SUBMITTED FOR REVIEW AND APPROVED PRIOR TO BID

OPENING.
D. EXECUTION

1. All PUBLIC STORM DRAINAGE SYSTEMS SHALL BE CONSTRUCTED IN ACCORDANCE WITH THE LATEST EDITION OF THE STATE DEPARTMENT OF
TRANSPORTATION STANDARDS AND SPECIFICATIONS AND ACCORDING TO LOCAL MUNICIPAL REQ UIREME NTS.

2. All STORM DRAINAGE SYSTEM CONSTRUCTION IS SUBJECT TO INSPECTION AND APPROVAL BY THE PROJECT ENGINEER.
3. THE CONTRACTOR SHALL NOTIFYTHE PROJECT ENGINEER A MINIMUM OF TWO FULL BUSINESS DAYS PRIOR TO THE START OF CONSTRUCTIO N.
4. THE CONTRACTOR SHALL BE RESPONSIBLE FOR CONTACTING AND OBTAINING APPROVAL FROM DIG-SAFE AND DETERMINING THE LOCATION OF All

UNDERGROUND UTILITIES PRIOR TO THE START OF CONSTRUCTION/ EXCAVATI ON AND SHALL NOTIFY THE PROJECT ENGINEER OF ANY POTENTIAL
CONFLICTS.

5. TO PROTECT STORMWATER FLOW CONTROL AND QUALITY TREATMENT FACILITIES FROM SEDIMENTATION, THEY SHALL BE CONNECTED TO THE STORM
CONVEYANCE SYSTEM ONLY AFTER ALL SITE WORK, ROAD CONSTRUCTION, UTILITY WORK AND LANDSCAPING ARE IN PLACE IN ALL AREAS ABOVE AND
UPSTREAM OF THE FACILITY.

6. THE EXISTING STORM SEWER SYSTEM SHALL STAY ISOLATED FROM THE NEW SYSTEM UNTIL THE NEW SYSTEM IS CLEANED, AND APPROVED FOR USE.
THERE SHALL BE NO DEBRIS IN THE LINES OR FURTHER CLEANING Will BE REQUIRED PRIOR TO ACCEPTANCE.

7. PROVIDE A 1.5" MINIMUM GAP BETWEEN THE KNOCKOUT WALL AND THE OUTSIDE OF THE PIPE. AFTER THE PIPE IS INSTALLED, FILL THE GAP WITH
JOINT MORTAR

8. THE OPENING SHALL BE MEASURED ATTHE TOP OF THE PRECAST BASE SECTION.
9. All PICKUP HOLES SHALL BE GROUTED FULL AFTER THE BASIN HAS BEEN PLACED.
10. STANDARD CURB INLETS AND TIPDOWNS SHALL BE PRECAST CONCRETE OR ASPHALT.
11. PIPE ENDS SHALL BE FLUSH WITH THE INNER WALL OR 1" MAXIMUM INTRUSION. MASONRY, CINDER BLOCKS, OR SIMILIAR MATERIALS MA Y BE USED TO

ADJUST THE RISERS TO GRADE PRIOR TO GROUTING.
12. GROUTING SHALL BE SUFFICIENTTO PREVENT LEAKS BETWEEN THE PRECAST COMPONENTS OF THE COMPLETED STRUCTURE & SHALL BE

PERFORMED INSIDE, BETWEEN & OUTSIDE OF All RISERS, JOINTS & PIPE PENETRATIONS.
13. MANHOLES TO BE CONSTRUCTED IN ACCORDANCE WITH AASHTO M-199 UNLESS OTHERWISE SHOWN ON PLANS OR NOTED IN THE STANDARD

SPECIFICATIONS.
14. All REINFORCED CAST IN PLACE CONCRETE SHALL BE CLASS 4000. All PRECAST CONCRETE SHALL BE CLASS 4000.
15. RECAST BASES SHALL BE FURNISHED WITH CUTOUTS OR KNOCKOUTS. KNOCKOUTS SHALL HAVE A WALL THICKNESS OF 2" MINIMUM.
16. MATING SURFACES OF MANHOLE RINGS AND COVERSSHALL BE FINISHED TO ASSURE NON-ROCKING FIT WITH ANY COVER POSITIONS.

E. CONSTRUCTION AND SEQUENCING
1. EXAMINATION

A. VERIFY LAYOUT AND ORIENTATION OF PRE-TX SYSTEM AREA INCLUDING EDGE OF PAVEMENT, TIP DOWN, CURBS AND SIDEWALK, BIOFILTRATION
SYSTEM, AND CONNECTIONS.

B. VERIFY EXCAVATION BASE IS READY TO RECEIVE WORK AND EXCAVATIONS, DIMENSIONS, AND ELEVATIONS ARE AS INDICATED ON DRAWINGS.
2. PREPARATION

A. CALL DIG SAFE AND RECEIVE APPROVAL BEFORE PERFORMING WORK.
B. REQUEST UNDERGROUND UTILITIES TO BE LOCATED AND MARKED WITHIN AND SURROUNDING CONSTRUCTION AREAS.
C. IDENTIFY REQUIRED LINES, LEVELS, CONTOURS, AND DATUM.
D. CLEAR AND GRUB THE PROPOSED PRE-TX SYSTEM AREA.

3. EXCAVATION AND INSTALLATION
A. THE FOLLOWING CONSTRUCTION SEQUENCE IS TO BE USED AS A GENERAL GUIDELINE. COORDINATE WITH THE OWNER, AND ENGINEERS FOR

REVIEW AND APPROVAL PRIOR TO CONSTRUCTION.
B. INSTALL TEMPORARY EROSION AND SEDIMENT CONTROLS TO DIVERT STORM WATER AWAY FROM THE PRE-TX SYSTEM AREA.
C. EXCAVATE TO THE BOTTOM INVERT OF THE SYSTEM.
D. TO MINIMIZE COMPACTION OF ADJACENT BIOFILTRATION SYSTEMS, WORK EXCAVATORS OR BACKHOES FROM THE SIDES TO EXCAVATE THE PRE-TX

SYSTEM AREA TO ITS APPROPRIATE DESIGN DEPTH AND DIMENSIONS.
E. ROUGH GRADE THE PRE-TX SYSTEM AREA DURING GENERAL CONSTRUCTION. EXCAVATE THE PRE-TX SYSTEM FACILITIES TO WITHIN 1 FOOT OF

STRUCTURE BOTTOM .
F. PLACE 1 FOOT BED OF COARSE STONE TO ELEVATION OF BASE OF STRUCTURE.
G. ESTABLISH ELEVATIONS FOR ADJACENT CURBS, EDGE OF PAVEMENT AND TIP DOWN, SIDEWALK, PIPE INVERTS FOR INLETS AND OUTLETS AS

INDICATED ON DRAWINGS.
4. INSTALLATION

A. PLACE THE PRECAST SYSTEM TO NECESSARY ELEVATION.
B. VERIFY ELEVATIONS FOR ADJACENT CURBS, EDGE OF PAVEMENT, PAVEMENT GRADING FOR INLET GRATE FOR PRETX-DROP, SIDEWALK, PIPE

INVERTS FOR INLETS AND OUTLETS, OUTLET INVERT FOR KNEE WALL.
C. FOR PRETX-SURFACE:

a. VERIFY ELEVATIONS FOR ADJACENT CURBS.
b. VERIFY EDGE OF PAVEMENT TIP DOWN PAVEMENT GRADING FOR INLET GRATE.
c. VERIFY CURB ELEVATION IN RELATION TO PAVEMENT AND TIP DOWN.
d. VERIFY OUTLET INVERT FOR KNEE WALL IN RELATION TO FILTER MEDIA.

D. FOR PRETX-DROP:
a. VERIFY ALL INLET PIPES ENTER THE STRUCTURE UPSTREAM OF BAFFLE.
b. VERIFY FRAME AND GRATE OFFSET ON INLET SIDE AND UPSTREAM OF BAFFLE.
c. VERIFY CURB LOCATION WITH RESPECT TO FRAME AND GRATE ORIENTATION.

E. INSTALL BAFFLES, WEIR, AND SCREENS AS INDICATED ON DRAWINGS.
F. VERIFY MAINTENANCE ACCESS THROUGH GRATE OR COVER AND CLEARANCE FOR VACTOR.
G. INSTALL TOP OF STRUCTURE LEVEL WITH ADJACENT CURB OR SIDEWALK AS PER MANUFACTURERS SPECIFICATIONS. ENGINEER FIELD VISIT

REQUIRED PRIOR TO BACKFILLING.
5. BACKFILLING

A. BACKFILL WITH APPROVED SOIL AND STONE TO THE DESIGN GRADE AS SPECIFIED IN THE DRAWINGS.
B. BACKFILL WITH 12” OF NO. 57 STONE AROUND REAR, LEFT, AND RIGHT SIDES TO LEVEL WITH TOP OF HDPE SCREEN.
C. BACKFILL WITH BIORETENTION SOIL MIX BEYOND STONE BACKFILL TO EQUAL ELEVATION OF THE TOP OF HDPE SCREEN.
D. DO NOT BACKFILL SOIL OR STONE AGAINST STAINLESS SCREEN.
E. DO NOT COMPACT ADJACENT FILTRATION SYSTEM SOIL WITH MECHANICAL EQUIPMENT.
F. STABILIZE All REMAINING DISTURBED AREAS AND SIDE SLOPES WITH SEEDING, HYDROSEEDING, AND/ OREROSION CONTROL BLANKETS AS

INDICATED ON DRAWINGS.
6. CLEAN UP

A. AFTER COMPLETION OF THE WORK, REMOVE AND PROPERLY DISPOSE ALL DEBRIS, CONSTRUCTION MATERIA LS, RUBBISH, EXCESS SOIL, ETC.,
FROM THE PROJECT SITE. REPAIR PROMPTL Y ANY IDENTIFIED DEFICIENCIES AND LEAVE THE PROJECT SITE IN A CLEAN AND SATISFACTORY
CONDITION.
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PRETREATMENT - MEDIUM TO HIGH INTENSITY TRASH AND DEBRIS LOAD
PRETX SPECIFICATIONS

A. GENERAL
1. PRETX SYSTEMS ARE A PRE-FILTER AND CRITICAL MAINTENANCE DEVICE THAT EXTENDS THE OPERATING LIFE AND REDUCES THE MAINTENANCE BURDEN OF

BIORETENTION SYSTEMS, RAIN GARDENS, BIOSWALES AND OTHER TYPES OF SURFACE BEST MANAGEMENT PRACTICES BY FILTERING OUT SEDIMENT, TRASH AND DEBRIS
AT THE INLET.
B. PRODUCTS

1. PRETX IS AVAILABLE IN 3 MODELS THAT MANAGE MOST BIORETENTIOIN INLET CONFIGURATIONS: CURB, DROP, AND INLINE.
2. PRETX-CURB IS FOR EDGE OF PAVEMENT RUNOFF AT A CURB CUT IN LIEU OF A STONE SPREADER.
3. PRETX-DROP IS FOR USE AS A DROP INLET CONFIGURATION ALONG A CURB LINE AND WOULD BE INSTALLED WITH A STANDARD DROP INLET GRATE.
4. PRETX-INLINE IS FOR USE WITH SUBSURFACE INLET AND OUTLET PIPE.
5. PRETX IS SIZED TO PRETREAT WATER QUALITY FLOWS AND BYPASS LARGER FLOWS THAT HAVE MINIMAL TRASH AND DEBRIS. PRETX CAN BE USED BOTH IN RETROFIT OR

NEW INSTALLATIONS.
6. ACCEPTABLE SYSTEM SUPPLIER:

CONVERGENT WATER TECHNOLOGIES, INC. OR ITS AUTHORIZED VALUE-ADDED RESELLER
                 (800) 711-5428

WWW.CONVERGENTWATER.COM
C. SUBMITTALS

1. SUBMIT PROPOSED LAYOUT DRAWINGS.   DRAWINGS SHALL INCLUDE TYPICAL SECTION DETAILS ANNOTED WITH SYSTEM ELEVATIONS (E.G., RIM, PIPE INVERTS, OUTSIDE
BOTTOM OF STRUCTURE, ETC.).

2. SUBMIT MATERIAL CERTIFICATES FOR FRAMES AND COVERS
3. ANY PROPOSED EQUAL ALTERNATE PRODUCT SUBSTITUION TO THIS SPECIFICATON MUST BE SUBMITTED FOR REVIEW AND APPROVED PRIOR TO BID OPENING.

D. EXECUTION
1. All PUBLIC STORM DRAINAGE SYSTEMS SHALL BE CONSTRUCTED IN ACCORDANCE WITH THE LATEST EDITION OF THE STATE DEPARTMENT OF TRANSPORTATION

STANDARDS AND SPECIFICATIONS AND ACCORDING TO LOCAL MUNICIPAL REQ UIREME NTS.
2. All STORM DRAINAGE SYSTEM CONSTRUCTION IS SUBJECT TO INSPECTION AND APPROVAL BY THE PROJECT ENGINEER.
3. THE CONTRACTOR SHALL NOTIFYTHE PROJECT ENGINEER A MINIMUM OF TWO FULL BUSINESS DAYS PRIOR TO THE START OF CONSTRUCTIO N.
4. THE CONTRACTOR SHALL BE RESPONSIBLE FOR CONTACTING AND OBTAINING APPROVAL FROM DIG-SAFE AND DETERMINING THE LOCATION OF All UNDERGROUND

UTILITIES PRIOR TO THE START OF CONSTRUCTION/ EXCAVATI ON AND SHALL NOTIFY THE PROJECT ENGINEER OF ANY POTENTIAL CONFLICTS.
5. TO PROTECT STORMWATER FLOW CONTROL AND QUALITY TREATMENT FACILITIES FROM SEDIMENTATION, THEY SHALL BE CONNECTED TO THE STORM CONVEYANCE

SYSTEM ONLY AFTER ALL SITE WORK, ROAD CONSTRUCTION, UTILITY WORK AND LANDSCAPING ARE IN PLACE IN ALL AREAS ABOVE AND UPSTREAM OF THE FACILITY.
6. THE EXISTING STORM SEWER SYSTEM SHALL STAY ISOLATED FROM THE NEW SYSTEM UNTIL THE NEW SYSTEM IS CLEANED, AND APPROVED FOR USE. THERE SHALL BE NO

DEBRIS IN THE LINES OR FURTHER CLEANING Will BE REQUIRED PRIOR TO ACCEPTANCE.
7. PROVIDE A 1.5" MINIMUM GAP BETWEEN THE KNOCKOUT WALL AND THE OUTSIDE OF THE PIPE. AFTER THE PIPE IS INSTALLED, FILL THE GAP WITH JOINT MORTAR
8. THE OPENING SHALL BE MEASURED ATTHE TOP OF THE PRECAST BASE SECTION.
9. All PICKUP HOLES SHALL BE GROUTED FULL AFTER THE BASIN HAS BEEN PLACED.
10. STANDARD CURB INLETS AND TIPDOWNS SHALL BE PRECAST CONCRETE OR ASPHALT.
11. PIPE ENDS SHALL BE FLUSH WITH THE INNER WALL OR 1" MAXIMUM INTRUSION. MASONRY, CINDER BLOCKS, OR SIMILIAR MATERIALS MA Y BE USED TO ADJUST THE RISERS

TO GRADE PRIOR TO GROUTING.
12. GROUTING SHALL BE SUFFICIENTTO PREVENT LEAKS BETWEEN THE PRECAST COMPONENTS OF THE COMPLETED STRUCTURE & SHALL BE PERFORMED INSIDE, BETWEEN &

OUTSIDE OF All RISERS, JOINTS & PIPE PENETRATIONS.
13. MANHOLES TO BE CONSTRUCTED IN ACCORDANCE WITH AASHTO M-199 UNLESS OTHERWISE SHOWN ON PLANS OR NOTED IN THE STANDARD SPECIFICATIONS.
14. All REINFORCED CAST IN PLACE CONCRETE SHALL BE CLASS 4000. All PRECAST CONCRETE SHALL BE CLASS 4000.
15. RECAST BASES SHALL BE FURNISHED WITH CUTOUTS OR KNOCKOUTS. KNOCKOUTS SHALL HAVE A WALL THICKNESS OF 2" MINIMUM.
16. MATING SURFACES OF MANHOLE RINGS AND COVERSSHALL BE FINISHED TO ASSURE NON-ROCKING FIT WITH ANY COVER POSITIONS.

E. CONSTRUCTION AND SEQUENCING
1. EXAMINATION

A. VERIFY LAYOUT AND ORIENTATION OF PRE-TX SYSTEM AREA INCLUDING EDGE OF PAVEMENT, TIP DOWN, CURBS AND SIDEWALK, BIOFILTRATION SYSTEM, AND
CONNECTIONS.

B. VERIFY EXCAVATION BASE IS READY TO RECEIVE WORK AND EXCAVATIONS, DIMENSIONS, AND ELEVATIONS ARE AS INDICATED ON DRAWINGS.
2. PREPARATION

A. CALL DIG SAFE AND RECEIVE APPROVAL BEFORE PERFORMING WORK.
B. REQUEST UNDERGROUND UTILITIES TO BE LOCATED AND MARKED WITHIN AND SURROUNDING CONSTRUCTION AREAS.
C. IDENTIFY REQUIRED LINES, LEVELS, CONTOURS, AND DATUM.
D. CLEAR AND GRUB THE PROPOSED PRE-TX SYSTEM AREA.

3. EXCAVATION AND INSTALLATION
A. THE FOLLOWING CONSTRUCTION SEQUENCE IS TO BE USED AS A GENERAL GUIDELINE. COORDINATE WITH THE OWNER, AND ENGINEERS FOR REVIEW AND APPROVAL

PRIOR TO CONSTRUCTION.
B. INSTALL TEMPORARY EROSION AND SEDIMENT CONTROLS TO DIVERT STORM WATER AWAY FROM THE PRE-TX SYSTEM AREA.
C. EXCAVATE TO THE BOTTOM INVERT OF THE SYSTEM.
D. TO MINIMIZE COMPACTION OF ADJACENT BIOFILTRATION SYSTEMS, WORK EXCAVATORS OR BACKHOES FROM THE SIDES TO EXCAVATE THE PRE-TX SYSTEM AREA TO ITS

APPROPRIATE DESIGN DEPTH AND DIMENSIONS.
E. ROUGH GRADE THE PRE-TX SYSTEM AREA DURING GENERAL CONSTRUCTION. EXCAVATE THE PRE-TX SYSTEM FACILITIES TO WITHIN 1 FOOT OF STRUCTURE BOTTOM .
F. PLACE 1 FOOT BED OF COARSE STONE TO ELEVATION OF BASE OF STRUCTURE.
G. ESTABLISH ELEVATIONS FOR ADJACENT CURBS, EDGE OF PAVEMENT AND TIP DOWN, SIDEWALK, PIPE INVERTS FOR INLETS AND OUTLETS AS INDICATED ON DRAWINGS.

4. INSTALLATION
A. PLACE THE PRECAST SYSTEM TO NECESSARY ELEVATION.
B. VERIFY ELEVATIONS FOR ADJACENT CURBS, EDGE OF PAVEMENT, PAVEMENT GRADING FOR INLET GRATE FOR PRETX-DROP, SIDEWALK, PIPE INVERTS FOR INLETS AND

OUTLETS, OUTLET INVERT FOR KNEE WALL.
C. FOR PRETX-SURFACE:

a. VERIFY ELEVATIONS FOR ADJACENT CURBS.
b. VERIFY EDGE OF PAVEMENT TIP DOWN PAVEMENT GRADING FOR INLET GRATE.
c. VERIFY CURB ELEVATION IN RELATION TO PAVEMENT AND TIP DOWN.
d. VERIFY OUTLET INVERT FOR KNEE WALL IN RELATION TO FILTER MEDIA.

D. FOR PRETX-DROP:
a. VERIFY ALL INLET PIPES ENTER THE STRUCTURE UPSTREAM OF BAFFLE.
b. VERIFY FRAME AND GRATE OFFSET ON INLET SIDE AND UPSTREAM OF BAFFLE.
c. VERIFY CURB LOCATION WITH RESPECT TO FRAME AND GRATE ORIENTATION.

E. INSTALL BAFFLES, WEIR, AND SCREENS AS INDICATED ON DRAWINGS.
F. VERIFY MAINTENANCE ACCESS THROUGH GRATE OR COVER AND CLEARANCE FOR VACTOR.
G. INSTALL TOP OF STRUCTURE LEVEL WITH ADJACENT CURB OR SIDEWALK AS PER MANUFACTURERS SPECIFICATIONS. ENGINEER FIELD VISIT REQUIRED PRIOR TO

BACKFILLING.
5. BACKFILLING

A. BACKFILL WITH APPROVED SOIL AND STONE TO THE DESIGN GRADE AS SPECIFIED IN THE DRAWINGS.
B. BACKFILL WITH 12” OF NO. 57 STONE AROUND REAR, LEFT, AND RIGHT SIDES TO LEVEL WITH TOP OF HDPE SCREEN.
C. BACKFILL WITH BIORETENTION SOIL MIX BEYOND STONE BACKFILL TO EQUAL ELEVATION OF THE TOP OF HDPE SCREEN.
D. DO NOT BACKFILL SOIL OR STONE AGAINST STAINLESS SCREEN.
E. DO NOT COMPACT ADJACENT FILTRATION SYSTEM SOIL WITH MECHANICAL EQUIPMENT.
F. STABILIZE All REMAINING DISTURBED AREAS AND SIDE SLOPES WITH SEEDING, HYDROSEEDING, AND/ OREROSION CONTROL BLANKETS AS INDICATED ON DRAWINGS.

6. CLEAN UP
A. AFTER COMPLETION OF THE WORK, REMOVE AND PROPERLY DISPOSE ALL DEBRIS, CONSTRUCTION MATERIA LS, RUBBISH, EXCESS SOIL, ETC., FROM THE

             PROJECT SITE. REPAIR PROMPTL Y ANY IDENTIFIED DEFICIENCIES AND LEAVE THE PROJECT SITE IN A CLEAN AND SATISFACTORY CONDITION.

PATENT NO.:  US 10,704,246 B2
PATENT DATE:  JULY 7, 2020
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I.        OVERVIEW
   THREE TYPES OF BIORETENTION SOIL MIXES ARE PROVIDED:
           1)  BSM 1 - MADEP STD,
           2)  BSM 2 - HIGH PERFORMANCE
           3)  BSM 3 – PHOSPHOROUS REMOVAL

  THE BSM 1 – MADEP STD MIX IS THE 2009 BIORETENTION SOIL MIX FROM THE MA STORMWATER HANDBOOK, VOLUME 2: TECHNICAL GUIDE, ENGINEERED SOIL MIX FOR
BIORETENTION SYSTEMS DESIGNED TO EXFILTRATE. THIS IS A BASIC, SIMPLE, EASY TO PRODUCE MIX AND HAS VERY GOOD GENERAL PERFORMANCE. THIS MIX SUFFERS A
BIT FROM THE LOW ORGANIC MATTER CONCENTRATION WHICH CAN MAKE VEGETATION ESTABLISHMENT CHALLENGING. THIS HIGH SAND MIX HAS AN EXCELLENT
INFILTRATION CAPACITY BUT LOW MOISTURE RETENTION WHICH CAN CAUSE POOR PLANT AND ROOT GROWTH THAT IS IMPORTANT FOR BIORETENTION PERFORMANCE.

  THE BSM 2 – HIGH PERFORMANCE MIX, IS A SLIGHT VARIATION THAT HAS BEEN SHOWN TO PROVIDE HIGH LEVELS OF TREATMENT, EXCELLENT INFILTRATION RATES,
AND GOOD SUCCESS WITH VEGETATIVE STABILIZATION. PRINCIPAL DIFFERENCES ARE A HIGH SAND CONTENT, THE USE OF SUPER LOAM IN REPLACE OF TOPSOIL AND
COMPOST, AND A HIGH ORGANIC MATTER CONTENT. COMPOST IN BIORETENTION HAS BEEN SHOWN IN SOME INSTANCES TO LEACH NUTRIENTS.

  THE BSM 3 – PHOSPHOROUS REMOVAL MIX IS SIMILAR TO THE BSM 2 MIX WHILE EXCHANGING SOME SUPER LOAM WITH DRINKING WATER TREATMENT RESIDUALS.
THE WATER TREATMENT RESIDUALS ARE COMMON ALUM BASED RESIDUALS THAT ARE SAFE AND ROUTINELY USED IN DRINKING WATER TREATMENT FOR FLOCCULATION
AND REMOVAL OF COLOR AND LARGE ORGANIC MOLECULES FROM THE WATER COLUMN. THE WATER TREATMENT RESIDUALS ARE GENERALLY FREELY AVAILABLE BUT
MUST BE PROCESSED AND/OR ALLOWED TO DRY PRIOR TO USE TO REDUCE THE WATER CONTENT.

II.       BSM 1 - MADEP STD 2009

    1)    THE SOIL MIX FOR BIORETENTION AREAS SHOULD BE A MIXTURE OF SAND, COMPOST, AND SOIL:
                                          1. 40 % SAND,
                                          2. 20-30% SCREENED TOPSOIL, AND
                                          3. 30-40% COMPOST.
    2)  THE SOIL MIX MUST BE UNIFORM, FREE OF STONES, STUMPS, ROOTS OR SIMILAR OBJECTS LARGER THAN 2 INCHES. CLAY CONTENT SHOULD NOT  EXCEED 5%.
   3)  SOIL PH SHOULD GENERALLY BE BETWEEN 5.5-6.5, A RANGE THAT IS OPTIMAL FOR MICROBIAL ACTIVITY AND ADSORPTION OF NITROGEN, PHOSPHORUS, AND OTHER

POLLUTANTS.
    4)   USE SOILS WITH 1.5% TO 3% ORGANIC CONTENT AND MAXIMUM 500-PPM SOLUBLE SALTS.
    5)   THE SAND COMPONENT SHOULD BE GRAVELLY SAND THAT MEETS ASTM D 422.

                                                                     SIEVE SIZE              PERCENT PASSING

                                                                         2-INCH                           100

                                                                          ¾-INCH                          70-100

                                                                          ¼-INCH                          50-80

                                                                          U.S. NO. 40                   15-40

                                                                          U.S. NO. 200                  0-3

    6)   THE TOPSOIL COMPONENT SHALL BE A SANDY LOAM, LOAMY SAND OR LOAM TEXTURE.
  7) THE COMPOST COMPONENT MUST BE PROCESSED FROM YARD WASTE IN ACCORDANCE WITH MASSDEP GUIDELINES (SEE  HTTP://WWW.MASS.GOV/DEP/RECYCLE/

REDUCE/LEAFGUID.DOC). THE COMPOST SHALL NOT CONTAIN BIOSOLIDS.

III.      BSM 2 - HIGH PERFORMANCE

    1)  THE SOIL MIX FOR BIORETENTION AREAS SHOULD BE A MIXTURE OF SAND AND SUPER LOAM:
                                        1. 60% SAND
                                        2. 40% SUPER LOAM
                                        3. APPROVED BY SUPERVISING ENGINEER.
   2) SUPER LOAM SHALL BE A LANDSCAPE GRADE SOIL, DARK AND RICH, WITH HIGH ORGANIC MATTER CONTENT. NOT TO BE CONFUSED WITH SCREENED    TOPSOIL.

GENERALLY SUPER LOAMS HAVE BEEN TESTED AND BALANCED FOR PROPER PH, NUTRIENTS, AND ALKALINITY.
    3)  SOIL ORGANIC MATTER CONTENT SHOULD BE >10%.
    4)  THE SAND USED IN THE MIXTURE SHALL MEET THE FOLLOWING SPECIFICATIONS:

                                                          SIEVE SIZE SQUARE OPENING             PERCENT PASSING

                                                                      3/8”                                                                 100

                                                                     NO. 10                                                            95-100

                                                                     NO. 40                                                            25-60

                                                                     NO. 50                                                            10-30

                                                                     NO. 100                                                           2-10

                                                                     NO. 200                                                           0-5

    5)  SOIL PH SHOULD GENERALLY BE BETWEEN 5.5-7.5, A RANGE THAT IS OPTIMAL FOR MICROBIAL ACTIVITY AND ADSORPTION OF NITROGEN, PHOSPHORUS, AND OTHER
POLLUTANTS.

     6)   IF THE SOIL PH IS NOT WITHIN THE ACCEPTABLE RANGE, AMEND WITH LIME TO RAISE THE PH OR WITH IRON SULFATE TO LOWER THE PH, AS NECESSARY. ALL TESTING
SHOULD BE PERFORMED BY THE SAME TESTING FACILITY TO MAINTAIN CONSISTENT RESULTS. SUBMIT THE SOIL SAMPLE RESULTS TO THE ENGINEER

    7)  BSM COMPONENTS SHALL BE MIXED THOROUGHLY AND UNIFORMLY IN BATCHES NOT TO EXCEED 20 CUBIC YARDS OR AT THE DISCRETION OF THE SUPERVISING
ENGINEER. SOIL FILTER MEDIA SHALL BE PERMEABLE ENOUGH TO INSURE DRAINAGE OF THE STORMWATER PLANTER WITHIN 24 TO 48 HOURS MAXIMUM.

     8)   NO OTHER MATERIALS OR SUBSTANCES THAT MAY BE HARMFUL TO PLANT GROWTH, OR PROVE A HINDRANCE TO THE PLANTING OR MAINTENANCE OPERATIONS CAN
BE MIXED WITHIN THE FILTER.

      9)   NO BIORETENTION/INFILTRATION SOIL MIX SHALL BE PLACED UNTIL AFTER ENGINEERING APPROVAL AND INSPECTION OF SUBGRADE.
     10)  VOLUME OF FILTER MEDIA BASED ON 110% OF PLAN VOLUME TO ACCOUNT FOR SETTLING OR COMPACTION.

IV.      BSM 3 – PHOSPHOROUS REMOVAL

      1)   THE BSM SHALL MEET THE FOLLOWING SPECIFICATIONS:

                                                            MATERIAL                                                     BSM SPECIFICATION

                                                           % SAND BY VOLUME                                                60-65

                                               % PROCESSED WATER  TREATMENT                                5-10
                                                      RESIDUALS (WTR)  BY VOLUME

                                                       % SUPER LOAM BY VOLUME                                         30

                                                              CEC (MEQ/100 G)                                                     ≥5

                                                       TOTAL PHOSPHORUS (MG/KG)                                   <100

                                                                  PH                                                                       5.5-7.5

                                                   ORGANIC MATTER (% DRYWEIGHT)                              >10%

                                                        INFILTRATION RATE (IN./HR)                                         >4

                                                              OXALATE RATIO (OR)                                              >20

      2)    THE SAND USED IN THE MIXTURE SHALL MEET THE FOLLOWING SPECIFICATIONS:

                                                         SIEVE SIZE SQUARE OPENING                PERCENT PASSING

                                                                         3/8”                                                                 100

                                                                         NO. 10                                                            95-100

                                                                         NO. 40                                                            25-60

                                                                         NO. 50                                                            10-30

                                                                         NO. 100                                                           2-10

                                                                         NO. 200                                                           0-5

    3)   LOAM SHALL BE LANDSCAPE GRADE SOIL WITH HIGH ORGANIC MATTER CONTENT. NOT TO BE CONFUSED WITH SCREENED TOPSOIL WHICH IS GENERALLY LOW
ORGANIC MATTER CONTENT. GENERALLY SUPER LOAMS HAVE BEEN TESTED AND BALANCED FOR PROPER PH, NUTRIENTS, AND ALKALINITY.

      4)    THE PROCESSED WATER TREATMENT RESIDUALS SHALL HAVE AN EXTRACTABLE ALUMINUM AS MEASURED BY MEHLICH 3 > 2000 MG/KG.
      5)    PROCESSED WTR SHALL HAVE A MINIMUM OF 30% SOLIDS. WTR ARE TYPICALLY PROCESSED AND DRIED USING A BELT FILTER-PRESS.
      6)    IF THE SOIL PH IS NOT WITHIN THE ACCEPTABLE RANGE, AMEND WITH LIME TO RAISE THE PH OR WITH IRON SULFATE TO LOWER THE PH, AS NECESSARY.
      7)    ALL TESTING SHOULD BE PERFORMED BY THE SAME TESTING FACILITY TO MAINTAIN CONSISTENT RESULTS. SUBMIT THE SOIL SAMPLE RESULTS TO THE ENGINEER
    8)  BSM COMPONENTS SHALL BE MIXED THOROUGHLY AND UNIFORMLY IN BATCHES NOT TO EXCEED 20 CUBIC YARDS OR AT THE DISCRETION OF THE SUPERVISING

ENGINEER.
      9)   SOIL FILTER MEDIA SHALL BE PERMEABLE ENOUGH TO INSURE DRAINAGE OF THE STORMWATER PLANTER WITHIN 24 TO 48 HOURS MAXIMUM.
    10)  NO OTHER MATERIALS OR SUBSTANCES THAT MAY BE HARMFUL TO PLANT GROWTH, OR PROVE A HINDRANCE TO THE PLANTING OR MAINTENANCE OPERATIONS CAN

BE MIXED WITHIN THE FILTER.
     11)  NO BIORETENTION/INFILTRATION SOIL MIX SHALL BE PLACED UNTIL AFTER ENGINEERING APPROVAL AND INSPECTION OF SUBGRADE.
     12)  VOLUME OF FILTER MEDIA BASED ON 110% OF PLAN VOLUME TO ACCOUNT FOR SETTLING OR COMPACTION.
    13)  LOAM AND PROCESSED WATER TREATMENT RESIDUALS (WTR) SHALL BE SUBMITTED FOR APPROVAL FOR THE FOLLOWING TESTS: SOIL QUALITY ANALYSIS PACKAGE,

NUTRIENT MANAGEMENT/GRID SAMPLE PACKAGE WITH MEHLICH-3 EXTRACTION FOR ALUMINUM (AL), IRON (FE), AND PHOSPHORUS (P). APPROVAL IS BASED ON THE
COMPONENTS USAGE TO MEET THE BSM SPECIFICATIONS DETAILED ABOVE.

     14)  FOLLOWING APPROVAL OF TOPSOIL AND WTR, THE BSM SHALL BE THOROUGHLY BLENDED AND SUBMITTED FOR APPROVAL FOR THE FOLLOWING TESTS: SOIL QUALITY
ANALYSIS PACKAGE, NUTRIENT MANAGEMENT/GRID SAMPLE PACKAGE WITH MEHLICH-3 EXTRACTION FOR ALUMINUM (AL), IRON (FE), AND PHOSPHORUS (P) AVAILABLE
AT THE ANALYTICAL LABORATORY AND MAINE SOIL TESTING SERVICE.

     15)  THE BSM SHALL HAVE AN OXALATE RATIO (OR) OF 20-40. OR IS DEFINED AS
             OR = (ALMEHLICH + FEMEHLICH)/PMEHLICH
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URBAN BIOSWALE SIZING TABLE
0.5 ACRE IMPERVIOUS COVER, HSG-A 0.4 ACRE IMPERVIOUS COVER, HSG-A 0.3 ACRE IMPERVIOUS COVER, HSG-A 0.2 ACRE IMPERVIOUS COVER, HSG-A 0.1 ACRE IMPERVIOUS COVER, HSG-A

Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67

` LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 99% 98% 96% 93% 87% 75% 52% 99% 98% 96% 93% 87% 75% 52% 99% 98% 96% 93% 87% 75% 52% 99% 98% 96% 93% 87% 75% 52% 99% 98% 96% 93% 87% 75% 52%

REMOVAL EFFICIENCY: P PRE 100% 100% 98% 95% 90% 79% 56% 100% 100% 98% 95% 90% 79% 56% 100% 100% 98% 95% 90% 79% 56% 100% 100% 98% 95% 90% 79% 56% 100% 100% 98% 95% 90% 79% 56%

REMOVAL EFFICIENCY: N NRE 100% 100% 100% 99% 98% 92% 72% 100% 100% 100% 99% 98% 92% 72% 100% 100% 100% 99% 98% 92% 72% 100% 100% 100% 99% 98% 92% 72% 100% 100% 100% 99% 98% 92% 72%

REMOVAL EFFICIENCY: TSS TSSRE 100% 100% 100% 100% 100% 95% 76% 100% 100% 100% 100% 100% 95% 76% 100% 100% 100% 100% 100% 95% 76% 100% 100% 100% 100% 100% 95% 76% 100% 100% 100% 100% 100% 95% 76%

REMOVAL EFFICIENCY: ZN ZnRE 100% 100% 100% 100% 100% 100% 88% 100% 100% 100% 100% 100% 100% 88% 100% 100% 100% 100% 100% 100% 88% 100% 100% 100% 100% 100% 100% 88% 100% 100% 100% 100% 100% 100% 88%

REMOVAL EFFICIENCY: BACTERIA BRE 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57%

REDUCTION: VOLUME VolRed Mgal/yr 0.39              0.39            0.38           0.36           0.34           0.30           0.20           0.16              0.15            0.15           0.15           0.14           0.12           0.08           0.05             0.05              0.05           0.04           0.04           0.04           0.02           0.01              0.01             0.01           0.01           0.01           0.01           0.00           0.00             0.00            0.00             0.00           0.00           0.00            0.00             

REDUCTION: P PRed lb/yr 0.87 0.87 0.85 0.83 0.79 0.69 0.49 0.35 0.35 0.34 0.33 0.31 0.28 0.20 0.10 0.10 0.10 0.10 0.09 0.08 0.06 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

REDUCTION: N NRed lb/yr 5.29 5.29 5.27 5.25 5.17 4.85 3.81 2.12 2.12 2.11 2.10 2.07 1.94 1.53 0.63 0.63 0.63 0.63 0.62 0.58 0.46 0.13 0.13 0.13 0.13 0.12 0.12 0.09 0.01 0.01 0.01 0.01 0.01 0.01 0.01

REDUCTION: TSS TSSRed lb/yr 164.63 164.63 164.63 164.63 164.55 156.46 125.18 65.85 65.85 65.85 65.85 65.82 62.58 50.07 19.76 19.76 19.76 19.76 19.75 18.78 15.02 3.95 3.95 3.95 3.95 3.95 3.76 3.00 0.40 0.40 0.40 0.40 0.39 0.38 0.30

REDUCTION: BACTERIA BRed %/yr 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57%
ESTIMATED TOTAL COSTS $ 54,000$       41,000$     27,000$    22,000$    17,000$    11,000$    6,000$      43,000$       33,000$     22,000$    18,000$    13,000$    9,000$      5,000$      33,000$      25,000$       17,000$    13,000$    10,000$    7,000$      4,000$      22,000$       17,000$      11,000$    9,000$      7,000$      5,000$      3,000$      11,000$      9,000$        6,000$         5,000$      4,000$      3,000$       2,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr 103,700$     79,550$     53,950$    45,380$    37,290$    27,890$    22,030$    103,220$     80,030$     54,940$    46,420$    35,640$    28,520$    22,950$    105,620$    80,840$       56,610$    44,700$    36,560$    29,580$    24,480$    105,620$     82,460$      54,940$    46,420$    38,380$    31,690$    27,410$    105,620$    87,310$     59,940$      51,570$    43,870$    38,030$     36,720$      
REMOVAL COSTS: P $/lb-yr 46,550$       35,460$     23,800$    19,890$    16,210$    11,950$    9,190$      46,340$       35,680$     24,240$    20,340$    15,500$    12,220$    9,570$      47,410$      36,040$       24,970$    19,590$    15,890$    12,670$    10,210$    47,410$       36,760$      24,240$    20,340$    16,690$    13,580$    11,430$    47,410$      38,920$     26,440$      22,600$    19,070$    16,290$     15,310$      
REMOVAL COSTS: N $/lb-yr 7,660$          5,820$        3,840$      3,150$      2,470$      1,700$      1,180$      7,620$          5,850$        3,910$      3,220$      2,360$      1,740$      1,230$      7,800$         5,910$          4,030$      3,100$      2,420$      1,800$      1,310$      7,800$          6,030$         3,910$      3,220$      2,540$      1,930$      1,470$      7,800$         6,380$        4,270$         3,570$      2,900$      2,320$       1,970$         
REMOVAL COSTS: TSS $/lb-yr 250$             190$           120$          100$          80$            50$            40$            240$             190$           130$          100$          70$            50$            40$            250$            190$             130$          100$          80$            60$            40$            250$             190$            130$          100$          80$            60$            40$            250$            210$           140$            110$          90$            70$             60$               
REMOVAL COSTS: BACTERIA $/%-yr 540$             410$           270$          220$          180$          130$          100$          430$             330$           220$          180$          130$          110$          90$            330$            250$             170$          130$          100$          80$            70$            220$             170$            110$          90$            70$            60$            50$            110$            90$              60$               50$            40$            40$             30$               

0.5 ACRE IMPERVIOUS COVER, HSG-B 0.4 ACRE IMPERVIOUS COVER, HSG-B 0.3 ACRE IMPERVIOUS COVER, HSG-B 0.2 ACRE IMPERVIOUS COVER, HSG-B 0.1 ACRE IMPERVIOUS COVER, HSG-B
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 90% 84% 71% 63% 53% 40% 23% 90% 84% 71% 63% 53% 40% 23% 90% 84% 71% 63% 53% 40% 23% 90% 84% 71% 63% 53% 40% 23% 90% 84% 71% 63% 53% 40% 23%

REMOVAL EFFICIENCY: P PRE 96% 92% 85% 79% 71% 58% 39% 96% 92% 85% 79% 71% 58% 39% 96% 92% 85% 79% 71% 58% 39% 96% 92% 85% 79% 71% 58% 39% 96% 92% 85% 79% 71% 58% 39%

REMOVAL EFFICIENCY: N NRE 99% 97% 94% 91% 86% 76% 57% 99% 97% 94% 91% 86% 76% 57% 99% 97% 94% 91% 86% 76% 57% 99% 97% 94% 91% 86% 76% 57% 99% 97% 94% 91% 86% 76% 57%

REMOVAL EFFICIENCY: TSS TSSRE 100% 100% 97% 98% 100% 92% 64% 100% 100% 97% 98% 100% 92% 64% 100% 100% 97% 98% 100% 92% 64% 100% 100% 97% 98% 100% 92% 64% 100% 100% 97% 98% 100% 92% 64%

REMOVAL EFFICIENCY: ZN ZnRE 100% 100% 100% 99% 97% 92% 75% 100% 100% 100% 99% 97% 92% 75% 100% 100% 100% 99% 97% 92% 75% 100% 100% 100% 99% 97% 92% 75% 100% 100% 100% 99% 97% 92% 75%

REMOVAL EFFICIENCY: BACTERIA BRE 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32%

REDUCTION: VOLUME VolRed Mgal/yr 0.47              0.44            0.37           0.33           0.28           0.21           0.12           0.38              0.35            0.30           0.26           0.22           0.17           0.10           0.28             0.26              0.22           0.20           0.17           0.13           0.07           0.19              0.18             0.15           0.13           0.11           0.08           0.05           0.09             0.09            0.07             0.07           0.06           0.04            0.02             

REDUCTION: P PRed lb/yr 1.11 1.07 0.98 0.92 0.82 0.68 0.45 0.89 0.86 0.79 0.73 0.65 0.54 0.36 0.67 0.64 0.59 0.55 0.49 0.41 0.27 0.45 0.43 0.39 0.37 0.33 0.27 0.18 0.22 0.21 0.20 0.18 0.16 0.14 0.09

REDUCTION: N NRed lb/yr 7.00 6.85 6.63 6.42 6.03 5.36 3.98 5.60 5.48 5.31 5.13 4.82 4.29 3.19 4.20 4.11 3.98 3.85 3.62 3.21 2.39 2.80 2.74 2.65 2.57 2.41 2.14 1.59 1.40 1.37 1.33 1.28 1.21 1.07 0.80

REDUCTION: TSS TSSRed lb/yr 219.50 218.79 212.94 214.21 219.50 201.93 140.06 175.60 175.03 170.35 171.37 175.60 161.54 112.05 131.70 131.27 127.76 128.53 131.70 121.16 84.04 87.80 87.52 85.18 85.68 87.80 80.77 56.03 43.90 43.76 42.59 42.84 43.90 40.39 28.01

REDUCTION: BACTERIA BRed %/yr 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32%
ESTIMATED TOTAL COSTS $ 54,000$       41,000$     27,000$    22,000$    17,000$    11,000$    6,000$      43,000$       33,000$     22,000$    18,000$    13,000$    9,000$      5,000$      33,000$      25,000$       17,000$    13,000$    10,000$    7,000$      4,000$      22,000$       17,000$      11,000$    9,000$      7,000$      5,000$      3,000$      11,000$      9,000$        6,000$         5,000$      4,000$      3,000$       2,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr 114,610$     93,690$     72,640$    66,660$    61,370$    52,680$    49,740$    114,080$     94,260$     73,990$    68,180$    58,660$    53,880$    51,810$    116,730$    95,210$       76,230$    65,650$    60,170$    55,880$    55,270$    116,730$     97,110$      73,990$    68,180$    63,180$    59,870$    62,170$    116,730$    102,830$   80,710$      75,760$    72,200$    71,840$     82,900$      
REMOVAL COSTS: P $/lb-yr 48,450$       38,280$     27,410$    23,980$    20,770$    16,290$    13,270$    48,230$       38,520$     27,920$    24,530$    19,860$    16,660$    13,820$    49,350$      38,900$       28,770$    23,620$    20,370$    17,280$    14,740$    49,350$       39,680$      27,920$    24,530$    21,380$    18,510$    16,580$    49,350$      42,020$     30,460$      27,250$    24,440$    22,220$     22,110$      
REMOVAL COSTS: N $/lb-yr 7,710$          5,990$        4,070$      3,430$      2,820$      2,050$      1,510$      7,670$          6,030$        4,150$      3,510$      2,690$      2,100$      1,570$      7,850$         6,090$          4,270$      3,380$      2,760$      2,180$      1,670$      7,850$          6,210$         4,150$      3,510$      2,900$      2,330$      1,880$      7,850$         6,570$        4,520$         3,900$      3,320$      2,800$       2,510$         
REMOVAL COSTS: TSS $/lb-yr 250$             190$           130$          100$          80$            50$            40$            240$             190$           130$          110$          70$            60$            40$            250$            190$             130$          100$          80$            60$            50$            250$             190$            130$          110$          80$            60$            50$            250$            210$           140$            120$          90$            70$             70$               
REMOVAL COSTS: BACTERIA $/%-yr 550$             430$           320$          280$          250$          210$          190$          440$             350$           260$          230$          190$          170$          160$          340$            260$             200$          170$          150$          130$          120$          220$             180$            130$          120$          100$          100$          90$            110$            90$              70$               60$            60$            60$             60$               

0.5 ACRE IMPERVIOUS COVER, HSG-C 0.4 ACRE IMPERVIOUS COVER, HSG-C 0.3 ACRE IMPERVIOUS COVER, HSG-C 0.2 ACRE IMPERVIOUS COVER, HSG-C 0.1 ACRE IMPERVIOUS COVER, HSG-C
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 80% 71% 56% 48% 39% 28% 15% 80% 71% 56% 48% 39% 28% 15% 80% 71% 56% 48% 39% 28% 15% 80% 71% 56% 48% 39% 28% 15% 80% 71% 56% 48% 39% 28% 15%

REMOVAL EFFICIENCY: P PRE 92% 88% 78% 72% 64% 52% 35% 92% 88% 78% 72% 64% 52% 35% 92% 88% 78% 72% 64% 52% 35% 92% 88% 78% 72% 64% 52% 35% 92% 88% 78% 72% 64% 52% 35%

REMOVAL EFFICIENCY: N NRE 98% 95% 90% 86% 80% 70% 52% 98% 95% 90% 86% 80% 70% 52% 98% 95% 90% 86% 80% 70% 52% 98% 95% 90% 86% 80% 70% 52% 98% 95% 90% 86% 80% 70% 52%

REMOVAL EFFICIENCY: TSS TSSRE 100% 99% 96% 93% 88% 81% 62% 100% 99% 96% 93% 88% 81% 62% 100% 99% 96% 93% 88% 81% 62% 100% 99% 96% 93% 88% 81% 62% 100% 99% 96% 93% 88% 81% 62%

REMOVAL EFFICIENCY: ZN ZnRE 100% 100% 98% 97% 94% 88% 70% 100% 100% 98% 97% 94% 88% 70% 100% 100% 98% 97% 94% 88% 70% 100% 100% 98% 97% 94% 88% 70% 100% 100% 98% 97% 94% 88% 70%

REMOVAL EFFICIENCY: BACTERIA BRE 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24%

REDUCTION: VOLUME VolRed Mgal/yr 0.42              0.37            0.30           0.25           0.20           0.15           0.08           0.34              0.30            0.24           0.20           0.16           0.12           0.06           0.25             0.22              0.18           0.15           0.12           0.09           0.05           0.17              0.15             0.12           0.10           0.08           0.06           0.03           0.08             0.07            0.06             0.05           0.04           0.03            0.02             

REDUCTION: P PRed lb/yr 1.07 1.02 0.91 0.84 0.74 0.61 0.41 0.85 0.82 0.73 0.67 0.59 0.49 0.33 0.64 0.61 0.55 0.50 0.44 0.36 0.24 0.43 0.41 0.36 0.33 0.30 0.24 0.16 0.21 0.20 0.18 0.17 0.15 0.12 0.08

REDUCTION: N NRed lb/yr 6.90 6.72 6.32 6.05 5.61 4.93 3.64 5.52 5.37 5.06 4.84 4.49 3.95 2.92 4.14 4.03 3.79 3.63 3.37 2.96 2.19 2.76 2.69 2.53 2.42 2.24 1.97 1.46 1.38 1.34 1.26 1.21 1.12 0.99 0.73

REDUCTION: TSS TSSRed lb/yr 218.78 216.59 210.71 204.51 194.18 176.73 137.00 175.03 173.28 168.57 163.61 155.34 141.39 109.60 131.27 129.96 126.43 122.71 116.51 106.04 82.20 87.51 86.64 84.28 81.80 77.67 70.69 54.80 43.76 43.32 42.14 40.90 38.84 35.35 27.40

REDUCTION: BACTERIA BRed %/yr 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24%
ESTIMATED TOTAL COSTS $ 54,000$       41,000$     27,000$    22,000$    17,000$    11,000$    6,000$      43,000$       33,000$     22,000$    18,000$    13,000$    9,000$      5,000$      33,000$      25,000$       17,000$    13,000$    10,000$    7,000$      4,000$      22,000$       17,000$      11,000$    9,000$      7,000$      5,000$      3,000$      11,000$      9,000$        6,000$         5,000$      4,000$      3,000$       2,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr 128,150$     109,660$   91,280$    86,740$    83,190$    74,890$    75,110$    127,560$     110,330$   92,970$    88,710$    79,520$    76,600$    78,240$    130,530$    111,450$     95,790$    85,420$    81,560$    79,430$    83,460$    130,530$     113,670$    92,970$    88,710$    85,640$    85,100$    93,890$    130,530$    120,360$   101,430$    98,560$    97,870$    102,130$   125,190$    
REMOVAL COSTS: P $/lb-yr 50,530$       40,190$     29,680$    26,340$    23,000$    18,100$    14,700$    50,300$       40,440$     30,230$    26,940$    21,990$    18,510$    15,310$    51,470$      40,850$       31,150$    25,940$    22,550$    19,200$    16,330$    51,470$       41,660$      30,230$    26,940$    23,680$    20,570$    18,370$    51,470$      44,110$     32,980$      29,930$    27,060$    24,680$     24,490$      
REMOVAL COSTS: N $/lb-yr 7,830$          6,100$        4,270$      3,640$      3,030$      2,230$      1,650$      7,790$          6,140$        4,350$      3,720$      2,900$      2,280$      1,710$      7,970$         6,200$          4,480$      3,580$      2,970$      2,360$      1,830$      7,970$          6,330$         4,350$      3,720$      3,120$      2,530$      2,060$      7,970$         6,700$        4,750$         4,140$      3,560$      3,040$       2,740$         
REMOVAL COSTS: TSS $/lb-yr 250$             190$           130$          110$          90$            60$            40$            250$             190$           130$          110$          80$            60$            50$            250$            190$             130$          110$          90$            70$            50$            250$             200$            130$          110$          90$            70$            50$            250$            210$           140$            120$          100$          80$             70$               
REMOVAL COSTS: BACTERIA $/%-yr 570$             470$           370$          340$          310$          270$          250$          460$             380$           300$          280$          240$          220$          210$          350$            290$             230$          200$          180$          170$          160$          230$             190$            150$          140$          130$          120$          120$          120$            100$           80$               80$            70$            70$             80$               

0.5 ACRE IMPERVIOUS COVER, HSG-D 0.4 ACRE IMPERVIOUS COVER, HSG-D 0.3 ACRE IMPERVIOUS COVER, HSG-D 0.2 ACRE IMPERVIOUS COVER, HSG-D 0.1 ACRE IMPERVIOUS COVER, HSG-D
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

REMOVAL EFFICIENCY: P PRE 51% 46% 40% 36% 31% 24% 13% 51% 46% 40% 36% 31% 24% 13% 51% 46% 40% 36% 31% 24% 13% 51% 46% 40% 36% 31% 24% 13% 51% 46% 40% 36% 31% 24% 13%

REMOVAL EFFICIENCY: N NRE 32% 30% 25% 22% 20% 15% 8% 32% 30% 25% 22% 20% 15% 8% 32% 30% 25% 22% 20% 15% 8% 32% 30% 25% 22% 20% 15% 8% 32% 30% 25% 22% 20% 15% 8%

REMOVAL EFFICIENCY: TSS TSSRE 99% 98% 94% 89% 81% 66% 41% 99% 98% 94% 89% 81% 66% 41% 99% 98% 94% 89% 81% 66% 41% 99% 98% 94% 89% 81% 66% 41% 99% 98% 94% 89% 81% 66% 41%

REMOVAL EFFICIENCY: ZN ZnRE 97% 96% 96% 95% 92% 87% 65% 97% 96% 96% 95% 92% 87% 65% 97% 96% 96% 95% 92% 87% 65% 97% 96% 96% 95% 92% 87% 65% 97% 96% 96% 95% 92% 87% 65%

REMOVAL EFFICIENCY: BACTERIA BRE 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10%

REDUCTION: VOLUME VolRed Mgal/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: P PRed lb/yr 0.59 0.53 0.46 0.42 0.36 0.27 0.15 0.48 0.43 0.37 0.33 0.29 0.22 0.12 0.36 0.32 0.28 0.25 0.22 0.16 0.09 0.24 0.21 0.18 0.17 0.14 0.11 0.06 0.12 0.11 0.09 0.08 0.07 0.05 0.03

REDUCTION: N NRed lb/yr 2.23 2.10 1.74 1.57 1.38 1.07 0.59 1.79 1.68 1.39 1.26 1.10 0.86 0.47 1.34 1.26 1.04 0.94 0.83 0.64 0.36 0.89 0.84 0.70 0.63 0.55 0.43 0.24 0.45 0.42 0.35 0.31 0.28 0.21 0.12

REDUCTION: TSS TSSRed lb/yr 216.49 214.40 206.43 195.86 177.01 145.79 91.03 173.19 171.52 165.14 156.69 141.61 116.63 72.83 129.90 128.64 123.86 117.52 106.21 87.47 54.62 86.60 85.76 82.57 78.35 70.81 58.32 36.41 43.30 42.88 41.29 39.17 35.40 29.16 18.21

REDUCTION: BACTERIA BRed %/yr 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10%
ESTIMATED TOTAL COSTS $ 54,000$       41,000$     27,000$    22,000$    17,000$    11,000$    6,000$      43,000$       33,000$     22,000$    18,000$    13,000$    9,000$      5,000$      33,000$      25,000$       17,000$    13,000$    10,000$    7,000$      4,000$      22,000$       17,000$      11,000$    9,000$      7,000$      5,000$      3,000$      11,000$      9,000$        6,000$         5,000$      4,000$      3,000$       2,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
REMOVAL COSTS: P $/lb-yr 90,780$       76,780$     58,720$    53,000$    47,360$    40,020$    39,510$    90,360$       77,240$     59,810$    54,200$    45,270$    40,930$    41,150$    92,460$      78,020$       61,620$    52,200$    46,440$    42,440$    43,900$    92,460$       79,580$      59,810$    54,200$    48,760$    45,470$    49,380$    92,460$      84,270$     65,250$      60,230$    55,720$    54,570$     65,850$      
REMOVAL COSTS: N $/lb-yr 24,170$       19,520$     15,510$    14,000$    12,340$    10,270$    10,110$    24,060$       19,640$     15,790$    14,320$    11,800$    10,510$    10,530$    24,620$      19,840$       16,270$    13,790$    12,100$    10,890$    11,240$    24,620$       20,230$      15,790$    14,320$    12,710$    11,670$    12,640$    24,620$      21,430$     17,230$      15,910$    14,520$    14,010$     16,850$      
REMOVAL COSTS: TSS $/lb-yr 250$             190$           130$          110$          100$          80$            70$            250$             190$           130$          110$          90$            80$            70$            250$            190$             140$          110$          90$            80$            70$            250$             200$            130$          110$          100$          90$            80$            250$            210$           150$            130$          110$          100$           110$            
REMOVAL COSTS: BACTERIA $/%-yr 1,020$          920$           800$          770$          730$          630$          580$          810$             740$           650$          630$          560$          510$          480$          620$            560$             510$          450$          430$          400$          390$          420$             380$            330$          310$          300$          280$          290$          210$            200$           180$            170$          170$          170$           190$            

NOTES
1. THE PURPOSE OF THE GREEN INFRASTRUCTURE DESIGN 
STANDARD TEMPLATES IS TO PROVIDE EASY OFF-THE-
SHELF DESIGN TEMPLATES FOR COMMON APPLICATIONS 
FOR ROADSIDE STORMWATER MANAGEMENT. THE 
DESIGN TEMPLATES ARE NOT INTENDED TO REPLACE A 
MORE COMPLETE STORMWATER MANUAL, BUT RATHER 
TO PROVIDE A SET OF COMMON DESIGN STANDARDS 
THAT CAN BE EASILY SELECTED AND SIZED FROM 
REFERENCE TABLES PROVIDING BMP DIMENSIONS, 
POLLUTANT REMOVAL PERFORMANCE, AND COSTING 
FOR TOTAL BMP CONSTRUCTION COST AND THE UNIT 
COST TO REMOVE A POLLUTANT (IE. $$/LB N/YR).

2. TO USE THESE STANDARDS FOR BMP SIZING YOU ONLY 
NEED TO KNOW THE SIZE OF THE IMPERVIOUS DRAINAGE 
AREA (IA), THE SOIL TYPE (HSG A, B, C, OR D), AND THE 
LEVEL OF TREATMENT (DEPTH OF RUNOFF TREATED, RT) 
AND CORRESPONDING WATER QUALITY VOLUME DESIRED 
(WQV).

3. OTHER IMPORTANT DESIGN ELEMENTS TO CONSIDER 
INCLUDE: 1) THE LAND USE AND ANTICIPATED LEVEL OF 
TRASH AND DEBRIS NEEDED FOR PRETREATMENT, 2) SITE 
CHARACTERISTICS SUCH AS AVAILABLE AREA, EXISTING 
AND POTENTIAL INVERTS AND OUTVERTS, EXISTING 
DRAINAGE INFRASTRUCTURE, AVAILABLE HYDRAULIC 
GRADE, EASEMENTS AND RIGHT-OF-WAYS, AND 5) 
LOCATION OF UTILITIES AND SUBSURFACE 
INFRASTRUCTURE.

4. OTHER IMPORTANT CONSIDERATIONS MAY INCLUDE 
THE INFILTRATION CAPACITY OF SUBSURFACE SOILS, 
GROUNDWATER MOUNDING, SLOPES, SLOPE FAILURE, 
USE OF GEOTEXTILES, SEASONAL HIGH-WATER TABLES, 
APPROPRIATENESS OF INFILTRATION WITH RESPECT TO 
LAND USE, ENGINEERING REDUNDANCIES, FLOODING 
RISKS, FACTORS OF SAFETY, AND ALWAYS PUBLIC SAFETY.

5. THIS METHOD DOES NOT REPLACE THE NEED FOR 
DESIGN BY A QUALIFIED PROFESSIONAL ENGINEER AND IS 
INTENDED TO BE USED AS A TOOL TO SUPPLEMENT 
STORMWATER MANAGEMENT DESIGNS FOR USE IN 
COMPLYING WITH REQUIREMENTS FOR THE MA SMALL 
MS4 PERMIT AND THE MA STORMWATER STANDARDS. 
AN UNDERSTANDING OF THE DESIGN PRINCIPLES OF 
STORMWATER MANAGEMENT IS CRITICAL AND CAN BE 
FOUND IN THE MA STORMWATER HANDBOOK.

DESIGN STEPS
1. EVALUATE POTENTIAL LOCATION FOR STORMWATER 
MANAGEMENT RETROFIT:
SITE CHARACTERISTICS INCLUDE AVAILABLE AREA, 
EXISTING AND POTENTIAL INVERTS AND OUTVERTS, 
EXISTING DRAINAGE INFRASTRUCTURE, AVAILABLE 
HYDRAULIC GRADE, LOCATION OF UTILITIES AND 
SUBSURFACE INFRASTRUCTURE, EASEMENTS AND RIGHT-
OF-WAYS.

2. DETERMINE DRAINAGE AREA:
DETERMINE CONTRIBUTING IMPERVIOUS AREA.

3. WATER QUALITY VOLUME AND BMP OPTIMIZATION: 
REVIEW SHEET 3 ON BMP OPTIMIZATION. 

4. SELECTION OF DESIGN AND SIZING TABLES:
ENTER THE TABLES FROM THE TOP LEFT AND SELECT 
ACROSS THE SIZING TABLES RANGING FROM 0.1 - 0.5 
ACRES IN SIZE. THEN MOVE DOWN THE TABLE COLUMN 
TO FIND THE APPROPRIATE SOIL TYPE.

5. WATER QUALITY VOLUME AND BMP OPTIMIZATION: 
DETERMINE THE DEPTH OF RUNOFF TREATED RANGING 
FROM 0.1” TO 1” AND CORRESPONDING WATER QUALITY 
VOLUME (WQV). INFLUENCING FACTORS GENERALLY 
INCLUDE AVAILABLE AREA FOR THE BMP, TOTAL COST, 
UNIT COST AND PERFORMANCE.

6. PAIRING LAND USE, PRETREATMENT AND LOW 
MAINTENANCE DESIGNS:
MATCH PRETREATMENT NEEDS WITH LAND USE. 
STRUCTURAL BMPS SHOULD BE DESIGNED FOR LOW 
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RIGHT OF WAY BIOSWALE SIZING TABLE
0.5 ACRE IMPERVIOUS COVER, HSG-A 0.4 ACRE IMPERVIOUS COVER, HSG-A 0.3 ACRE IMPERVIOUS COVER, HSG-A 0.2 ACRE IMPERVIOUS COVER, HSG-A 0.1 ACRE IMPERVIOUS COVER, HSG-A

Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67

` LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 99% 98% 96% 93% 87% 75% 52% 99% 98% 96% 93% 87% 75% 52% 99% 98% 96% 93% 87% 75% 52% 99% 98% 96% 93% 87% 75% 52% 99% 98% 96% 93% 87% 75% 52%

REMOVAL EFFICIENCY: P PRE 100% 100% 98% 95% 90% 79% 56% 100% 100% 98% 95% 90% 79% 56% 100% 100% 98% 95% 90% 79% 56% 100% 100% 98% 95% 90% 79% 56% 100% 100% 98% 95% 90% 79% 56%

REMOVAL EFFICIENCY: N NRE 100% 100% 100% 99% 98% 92% 72% 100% 100% 100% 99% 98% 92% 72% 100% 100% 100% 99% 98% 92% 72% 100% 100% 100% 99% 98% 92% 72% 100% 100% 100% 99% 98% 92% 72%

REMOVAL EFFICIENCY: TSS TSSRE 100% 100% 100% 100% 100% 95% 76% 100% 100% 100% 100% 100% 95% 76% 100% 100% 100% 100% 100% 95% 76% 100% 100% 100% 100% 100% 95% 76% 100% 100% 100% 100% 100% 95% 76%

REMOVAL EFFICIENCY: ZN ZnRE 100% 100% 100% 100% 100% 100% 88% 100% 100% 100% 100% 100% 100% 88% 100% 100% 100% 100% 100% 100% 88% 100% 100% 100% 100% 100% 100% 88% 100% 100% 100% 100% 100% 100% 88%

REMOVAL EFFICIENCY: BACTERIA BRE 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57%

REDUCTION: VOLUME VolRed Mgal/yr 0.39              0.39            0.38           0.36           0.34           0.30           0.20           0.16              0.15            0.15           0.15           0.14           0.12           0.08           0.05             0.05              0.05           0.04           0.04           0.04           0.02           0.01              0.01             0.01           0.01           0.01           0.01           0.00           0.00             0.00            0.00             0.00           0.00           0.00            0.00             

REDUCTION: P PRed lb/yr 0.87 0.87 0.85 0.83 0.79 0.69 0.49 0.35 0.35 0.34 0.33 0.31 0.28 0.20 0.10 0.10 0.10 0.10 0.09 0.08 0.06 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

REDUCTION: N NRed lb/yr 5.29 5.29 5.27 5.25 5.17 4.85 3.81 2.12 2.12 2.11 2.10 2.07 1.94 1.53 0.63 0.63 0.63 0.63 0.62 0.58 0.46 0.13 0.13 0.13 0.13 0.12 0.12 0.09 0.01 0.01 0.01 0.01 0.01 0.01 0.01

REDUCTION: TSS TSSRed lb/yr 164.63 164.63 164.63 164.63 164.55 156.46 125.18 65.85 65.85 65.85 65.85 65.82 62.58 50.07 19.76 19.76 19.76 19.76 19.75 18.78 15.02 3.95 3.95 3.95 3.95 3.95 3.76 3.00 0.40 0.40 0.40 0.40 0.39 0.38 0.30

REDUCTION: BACTERIA BRed %/yr 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57% 100% 100% 100% 99% 97% 85% 57%
ESTIMATED TOTAL COSTS $ 27,000$       21,000$     14,000$    11,000$    9,000$      6,000$      3,000$      22,000$       17,000$     11,000$    9,000$      7,000$      5,000$      3,000$      17,000$      13,000$       9,000$      7,000$      5,000$      4,000$      2,000$      11,000$       9,000$         6,000$      5,000$      4,000$      3,000$      2,000$      6,000$         5,000$        3,000$         3,000$      2,000$      2,000$       1,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr 51,850$       40,740$     27,970$    22,690$    19,740$    15,210$    11,020$    52,810$       41,230$     27,470$    23,210$    19,190$    15,850$    13,770$    54,410$      42,040$       29,970$    24,070$    18,280$    16,900$    12,240$    52,810$       43,650$      29,970$    25,790$    21,930$    19,020$    18,270$    57,610$      48,500$     29,970$      30,940$    21,930$    25,290$     18,270$      
REMOVAL COSTS: P $/lb-yr 23,280$       18,160$     12,340$    9,940$      8,580$      6,520$      4,590$      23,710$       18,380$     12,120$    10,170$    8,340$      6,790$      5,740$      24,430$      18,740$       13,220$    10,550$    7,950$      7,240$      5,100$      23,710$       19,460$      13,220$    11,300$    9,540$      8,150$      7,620$      25,860$      21,620$     13,220$      13,560$    9,540$      10,840$     7,620$         
REMOVAL COSTS: N $/lb-yr 3,830$          2,980$        1,990$      1,570$      1,310$      930$          590$          3,900$          3,010$        1,960$      1,610$      1,270$      970$          740$          4,020$         3,070$          2,130$      1,670$      1,210$      1,030$      660$          3,900$          3,190$         2,130$      1,790$      1,450$      1,160$      980$          4,260$         3,550$        2,130$         2,140$      1,450$      1,550$       980$            
REMOVAL COSTS: TSS $/lb-yr 120$             100$           60$            50$            40$            30$            20$            130$             100$           60$            50$            40$            30$            20$            130$            100$             70$            50$            40$            30$            20$            130$             100$            70$            60$            50$            40$            30$            140$            110$           70$               70$            50$            50$             30$               
REMOVAL COSTS: BACTERIA $/%-yr 270$             210$           140$          110$          90$            70$            50$            220$             170$           110$          90$            70$            60$            50$            170$            130$             90$            70$            50$            50$            30$            110$             90$               60$            50$            40$            40$            30$            60$               50$              30$               30$            20$            20$             20$               

0.5 ACRE IMPERVIOUS COVER, HSG-B 0.4 ACRE IMPERVIOUS COVER, HSG-B 0.3 ACRE IMPERVIOUS COVER, HSG-B 0.2 ACRE IMPERVIOUS COVER, HSG-B 0.1 ACRE IMPERVIOUS COVER, HSG-B
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 90% 84% 71% 63% 53% 40% 23% 90% 84% 71% 63% 53% 40% 23% 90% 84% 71% 63% 53% 40% 23% 90% 84% 71% 63% 53% 40% 23% 90% 84% 71% 63% 53% 40% 23%

REMOVAL EFFICIENCY: P PRE 96% 92% 85% 79% 71% 58% 39% 96% 92% 85% 79% 71% 58% 39% 96% 92% 85% 79% 71% 58% 39% 96% 92% 85% 79% 71% 58% 39% 96% 92% 85% 79% 71% 58% 39%

REMOVAL EFFICIENCY: N NRE 99% 97% 94% 91% 86% 76% 57% 99% 97% 94% 91% 86% 76% 57% 99% 97% 94% 91% 86% 76% 57% 99% 97% 94% 91% 86% 76% 57% 99% 97% 94% 91% 86% 76% 57%

REMOVAL EFFICIENCY: TSS TSSRE 100% 100% 97% 98% 100% 92% 64% 100% 100% 97% 98% 100% 92% 64% 100% 100% 97% 98% 100% 92% 64% 100% 100% 97% 98% 100% 92% 64% 100% 100% 97% 98% 100% 92% 64%

REMOVAL EFFICIENCY: ZN ZnRE 100% 100% 100% 99% 97% 92% 75% 100% 100% 100% 99% 97% 92% 75% 100% 100% 100% 99% 97% 92% 75% 100% 100% 100% 99% 97% 92% 75% 100% 100% 100% 99% 97% 92% 75%

REMOVAL EFFICIENCY: BACTERIA BRE 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32%

REDUCTION: VOLUME VolRed Mgal/yr 0.47              0.44            0.37           0.33           0.28           0.21           0.12           0.38              0.35            0.30           0.26           0.22           0.17           0.10           0.28             0.26              0.22           0.20           0.17           0.13           0.07           0.19              0.18             0.15           0.13           0.11           0.08           0.05           0.09             0.09            0.07             0.07           0.06           0.04            0.02             

REDUCTION: P PRed lb/yr 1.11 1.07 0.98 0.92 0.82 0.68 0.45 0.89 0.86 0.79 0.73 0.65 0.54 0.36 0.67 0.64 0.59 0.55 0.49 0.41 0.27 0.45 0.43 0.39 0.37 0.33 0.27 0.18 0.22 0.21 0.20 0.18 0.16 0.14 0.09

REDUCTION: N NRed lb/yr 7.00 6.85 6.63 6.42 6.03 5.36 3.98 5.60 5.48 5.31 5.13 4.82 4.29 3.19 4.20 4.11 3.98 3.85 3.62 3.21 2.39 2.80 2.74 2.65 2.57 2.41 2.14 1.59 1.40 1.37 1.33 1.28 1.21 1.07 0.80

REDUCTION: TSS TSSRed lb/yr 219.50 218.79 212.94 214.21 219.50 201.93 140.06 175.60 175.03 170.35 171.37 175.60 161.54 112.05 131.70 131.27 127.76 128.53 131.70 121.16 84.04 87.80 87.52 85.18 85.68 87.80 80.77 56.03 43.90 43.76 42.59 42.84 43.90 40.39 28.01

REDUCTION: BACTERIA BRed %/yr 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32% 98% 95% 85% 77% 67% 52% 32%
ESTIMATED TOTAL COSTS $ 27,000$       21,000$     14,000$    11,000$    9,000$      6,000$      3,000$      22,000$       17,000$     11,000$    9,000$      7,000$      5,000$      3,000$      17,000$      13,000$       9,000$      7,000$      5,000$      4,000$      2,000$      11,000$       9,000$         6,000$      5,000$      4,000$      3,000$      2,000$      6,000$         5,000$        3,000$         3,000$      2,000$      2,000$       1,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr 57,310$       47,990$     37,670$    33,330$    32,490$    28,740$    24,870$    58,370$       48,560$     36,990$    34,090$    31,590$    29,930$    31,090$    60,140$      49,510$       40,360$    35,350$    30,090$    31,930$    27,630$    58,370$       51,410$      40,360$    37,880$    36,100$    35,920$    41,450$    63,670$      57,130$     40,360$      45,450$    36,100$    47,890$     41,450$      
REMOVAL COSTS: P $/lb-yr 24,230$       19,610$     14,220$    11,990$    11,000$    8,890$      6,630$      24,680$       19,840$     13,960$    12,260$    10,690$    9,260$      8,290$      25,420$      20,230$       15,230$    12,720$    10,180$    9,870$      7,370$      24,680$       21,010$      15,230$    13,630$    12,220$    11,110$    11,060$    26,920$      23,340$     15,230$      16,350$    12,220$    14,810$     11,060$      
REMOVAL COSTS: N $/lb-yr 3,850$          3,070$        2,110$      1,710$      1,490$      1,120$      750$          3,930$          3,100$        2,070$      1,750$      1,450$      1,170$      940$          4,050$         3,170$          2,260$      1,820$      1,380$      1,240$      840$          3,930$          3,290$         2,260$      1,950$      1,660$      1,400$      1,260$      4,280$         3,650$        2,260$         2,340$      1,660$      1,870$       1,260$         
REMOVAL COSTS: TSS $/lb-yr 120$             100$           70$            50$            40$            30$            20$            130$             100$           60$            50$            40$            30$            30$            130$            100$             70$            50$            40$            30$            20$            130$             100$            70$            60$            50$            40$            40$            140$            110$           70$               70$            50$            50$             40$               
REMOVAL COSTS: BACTERIA $/%-yr 270$             220$           160$          140$          130$          110$          90$            220$             180$           130$          120$          100$          100$          90$            170$            140$             110$          90$            70$            80$            60$            110$             90$               70$            60$            60$            60$            60$            60$               50$              40$               40$            30$            40$             30$               

0.5 ACRE IMPERVIOUS COVER, HSG-C 0.4 ACRE IMPERVIOUS COVER, HSG-C 0.3 ACRE IMPERVIOUS COVER, HSG-C 0.2 ACRE IMPERVIOUS COVER, HSG-C 0.1 ACRE IMPERVIOUS COVER, HSG-C
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 80% 71% 56% 48% 39% 28% 15% 80% 71% 56% 48% 39% 28% 15% 80% 71% 56% 48% 39% 28% 15% 80% 71% 56% 48% 39% 28% 15% 80% 71% 56% 48% 39% 28% 15%

REMOVAL EFFICIENCY: P PRE 92% 88% 78% 72% 64% 52% 35% 92% 88% 78% 72% 64% 52% 35% 92% 88% 78% 72% 64% 52% 35% 92% 88% 78% 72% 64% 52% 35% 92% 88% 78% 72% 64% 52% 35%

REMOVAL EFFICIENCY: N NRE 98% 95% 90% 86% 80% 70% 52% 98% 95% 90% 86% 80% 70% 52% 98% 95% 90% 86% 80% 70% 52% 98% 95% 90% 86% 80% 70% 52% 98% 95% 90% 86% 80% 70% 52%

REMOVAL EFFICIENCY: TSS TSSRE 100% 99% 96% 93% 88% 81% 62% 100% 99% 96% 93% 88% 81% 62% 100% 99% 96% 93% 88% 81% 62% 100% 99% 96% 93% 88% 81% 62% 100% 99% 96% 93% 88% 81% 62%

REMOVAL EFFICIENCY: ZN ZnRE 100% 100% 98% 97% 94% 88% 70% 100% 100% 98% 97% 94% 88% 70% 100% 100% 98% 97% 94% 88% 70% 100% 100% 98% 97% 94% 88% 70% 100% 100% 98% 97% 94% 88% 70%

REMOVAL EFFICIENCY: BACTERIA BRE 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24%

REDUCTION: VOLUME VolRed Mgal/yr 0.42              0.37            0.30           0.25           0.20           0.15           0.08           0.34              0.30            0.24           0.20           0.16           0.12           0.06           0.25             0.22              0.18           0.15           0.12           0.09           0.05           0.17              0.15             0.12           0.10           0.08           0.06           0.03           0.08             0.07            0.06             0.05           0.04           0.03            0.02             

REDUCTION: P PRed lb/yr 1.07 1.02 0.91 0.84 0.74 0.61 0.41 0.85 0.82 0.73 0.67 0.59 0.49 0.33 0.64 0.61 0.55 0.50 0.44 0.36 0.24 0.43 0.41 0.36 0.33 0.30 0.24 0.16 0.21 0.20 0.18 0.17 0.15 0.12 0.08

REDUCTION: N NRed lb/yr 6.90 6.72 6.32 6.05 5.61 4.93 3.64 5.52 5.37 5.06 4.84 4.49 3.95 2.92 4.14 4.03 3.79 3.63 3.37 2.96 2.19 2.76 2.69 2.53 2.42 2.24 1.97 1.46 1.38 1.34 1.26 1.21 1.12 0.99 0.73

REDUCTION: TSS TSSRed lb/yr 218.78 216.59 210.71 204.51 194.18 176.73 137.00 175.03 173.28 168.57 163.61 155.34 141.39 109.60 131.27 129.96 126.43 122.71 116.51 106.04 82.20 87.51 86.64 84.28 81.80 77.67 70.69 54.80 43.76 43.32 42.14 40.90 38.84 35.35 27.40

REDUCTION: BACTERIA BRed %/yr 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24% 94% 87% 73% 65% 55% 41% 24%
ESTIMATED TOTAL COSTS $ 27,000$       21,000$     14,000$    11,000$    9,000$      6,000$      3,000$      22,000$       17,000$     11,000$    9,000$      7,000$      5,000$      3,000$      17,000$      13,000$       9,000$      7,000$      5,000$      4,000$      2,000$      11,000$       9,000$         6,000$      5,000$      4,000$      3,000$      2,000$      6,000$         5,000$        3,000$         3,000$      2,000$      2,000$       1,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr 64,080$       56,170$     47,330$    43,370$    44,040$    40,850$    37,560$    65,260$       56,840$     46,490$    44,350$    42,820$    42,550$    46,950$    67,240$      57,950$       50,710$    46,000$    40,780$    45,390$    41,730$    65,260$       60,180$      50,710$    49,280$    48,940$    51,060$    62,590$    71,200$      66,870$     50,710$      59,140$    48,940$    68,080$     62,590$      
REMOVAL COSTS: P $/lb-yr 25,270$       20,590$     15,390$    13,170$    12,180$    9,870$      7,350$      25,740$       20,830$     15,120$    13,470$    11,840$    10,280$    9,190$      26,520$      21,240$       16,490$    13,970$    11,270$    10,970$    8,160$      25,740$       22,060$      16,490$    14,960$    13,530$    12,340$    12,250$    28,070$      24,510$     16,490$      17,960$    13,530$    16,450$     12,250$      
REMOVAL COSTS: N $/lb-yr 3,910$          3,130$        2,210$      1,820$      1,600$      1,220$      820$          3,990$          3,160$        2,180$      1,860$      1,560$      1,270$      1,030$      4,110$         3,230$          2,370$      1,930$      1,490$      1,350$      910$          3,990$          3,350$         2,370$      2,070$      1,780$      1,520$      1,370$      4,350$         3,720$        2,370$         2,480$      1,780$      2,030$       1,370$         
REMOVAL COSTS: TSS $/lb-yr 120$             100$           70$            50$            50$            30$            20$            130$             100$           70$            60$            50$            40$            30$            130$            100$             70$            60$            40$            40$            20$            130$             100$            70$            60$            50$            40$            40$            140$            120$           70$               70$            50$            60$             40$               
REMOVAL COSTS: BACTERIA $/%-yr 290$             240$           190$          170$          170$          150$          120$          230$             190$           150$          140$          130$          120$          120$          180$            150$             120$          110$          90$            100$          80$            120$             100$            80$            80$            70$            70$            80$            60$               60$              40$               50$            40$            50$             40$               

0.5 ACRE IMPERVIOUS COVER, HSG-D 0.4 ACRE IMPERVIOUS COVER, HSG-D 0.3 ACRE IMPERVIOUS COVER, HSG-D 0.2 ACRE IMPERVIOUS COVER, HSG-D 0.1 ACRE IMPERVIOUS COVER, HSG-D
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

REMOVAL EFFICIENCY: P PRE 51% 46% 40% 36% 31% 24% 13% 51% 46% 40% 36% 31% 24% 13% 51% 46% 40% 36% 31% 24% 13% 51% 46% 40% 36% 31% 24% 13% 51% 46% 40% 36% 31% 24% 13%

REMOVAL EFFICIENCY: N NRE 32% 30% 25% 22% 20% 15% 8% 32% 30% 25% 22% 20% 15% 8% 32% 30% 25% 22% 20% 15% 8% 32% 30% 25% 22% 20% 15% 8% 32% 30% 25% 22% 20% 15% 8%

REMOVAL EFFICIENCY: TSS TSSRE 99% 98% 94% 89% 81% 66% 41% 99% 98% 94% 89% 81% 66% 41% 99% 98% 94% 89% 81% 66% 41% 99% 98% 94% 89% 81% 66% 41% 99% 98% 94% 89% 81% 66% 41%

REMOVAL EFFICIENCY: ZN ZnRE 97% 96% 96% 95% 92% 87% 65% 97% 96% 96% 95% 92% 87% 65% 97% 96% 96% 95% 92% 87% 65% 97% 96% 96% 95% 92% 87% 65% 97% 96% 96% 95% 92% 87% 65%

REMOVAL EFFICIENCY: BACTERIA BRE 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10%

REDUCTION: VOLUME VolRed Mgal/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: P PRed lb/yr 0.59 0.53 0.46 0.42 0.36 0.27 0.15 0.48 0.43 0.37 0.33 0.29 0.22 0.12 0.36 0.32 0.28 0.25 0.22 0.16 0.09 0.24 0.21 0.18 0.17 0.14 0.11 0.06 0.12 0.11 0.09 0.08 0.07 0.05 0.03

REDUCTION: N NRed lb/yr 2.23 2.10 1.74 1.57 1.38 1.07 0.59 1.79 1.68 1.39 1.26 1.10 0.86 0.47 1.34 1.26 1.04 0.94 0.83 0.64 0.36 0.89 0.84 0.70 0.63 0.55 0.43 0.24 0.45 0.42 0.35 0.31 0.28 0.21 0.12

REDUCTION: TSS TSSRed lb/yr 216.49 214.40 206.43 195.86 177.01 145.79 91.03 173.19 171.52 165.14 156.69 141.61 116.63 72.83 129.90 128.64 123.86 117.52 106.21 87.47 54.62 86.60 85.76 82.57 78.35 70.81 58.32 36.41 43.30 42.88 41.29 39.17 35.40 29.16 18.21

REDUCTION: BACTERIA BRed %/yr 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10% 53% 44% 34% 29% 23% 18% 10%
ESTIMATED TOTAL COSTS $ 27,000$       21,000$     14,000$    11,000$    9,000$      6,000$      3,000$      22,000$       17,000$     11,000$    9,000$      7,000$      5,000$      3,000$      17,000$      13,000$       9,000$      7,000$      5,000$      4,000$      2,000$      11,000$       9,000$         6,000$      5,000$      4,000$      3,000$      2,000$      6,000$         5,000$        3,000$         3,000$      2,000$      2,000$       1,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
REMOVAL COSTS: P $/lb-yr 45,390$       39,320$     30,450$    26,500$    25,080$    21,830$    19,750$    46,230$       39,790$     29,910$    27,100$    24,380$    22,740$    24,690$    47,630$      40,570$       32,620$    28,110$    23,220$    24,250$    21,950$    46,230$       42,130$      32,620$    30,110$    27,860$    27,280$    32,920$    50,430$      46,810$     32,620$      36,140$    27,860$    36,380$     32,920$      
REMOVAL COSTS: N $/lb-yr 12,080$       10,000$     8,040$      7,000$      6,530$      5,600$      5,060$      12,310$       10,120$     7,900$      7,160$      6,350$      5,840$      6,320$      12,680$      10,320$       8,620$      7,430$      6,050$      6,230$      5,620$      12,310$       10,710$      8,620$      7,960$      7,260$      7,000$      8,430$      13,430$      11,900$     8,620$         9,550$      7,260$      9,340$       8,430$         
REMOVAL COSTS: TSS $/lb-yr 120$             100$           70$            60$            50$            40$            30$            130$             100$           70$            60$            50$            40$            40$            130$            100$             70$            60$            50$            50$            40$            130$             100$            70$            60$            60$            50$            50$            140$            120$           70$               80$            60$            70$             50$               
REMOVAL COSTS: BACTERIA $/%-yr 510$             470$           420$          380$          380$          340$          290$          420$             380$           330$          310$          300$          280$          290$          320$            290$             270$          240$          210$          230$          190$          210$             200$            180$          170$          170$          170$          190$          110$            110$           90$               100$          90$            110$           100$            

NOTES
1. THE PURPOSE OF THE GREEN INFRASTRUCTURE DESIGN 
STANDARD TEMPLATES IS TO PROVIDE EASY OFF-THE-
SHELF DESIGN TEMPLATES FOR COMMON APPLICATIONS 
FOR ROADSIDE STORMWATER MANAGEMENT. THE 
DESIGN TEMPLATES ARE NOT INTENDED TO REPLACE A 
MORE COMPLETE STORMWATER MANUAL, BUT RATHER 
TO PROVIDE A SET OF COMMON DESIGN STANDARDS 
THAT CAN BE EASILY SELECTED AND SIZED FROM 
REFERENCE TABLES PROVIDING BMP DIMENSIONS, 
POLLUTANT REMOVAL PERFORMANCE, AND COSTING 
FOR TOTAL BMP CONSTRUCTION COST AND THE UNIT 
COST TO REMOVE A POLLUTANT (IE. $$/LB N/YR).

2. TO USE THESE STANDARDS FOR BMP SIZING YOU ONLY 
NEED TO KNOW THE SIZE OF THE IMPERVIOUS DRAINAGE 
AREA (IA), THE SOIL TYPE (HSG A, B, C, OR D), AND THE 
LEVEL OF TREATMENT (DEPTH OF RUNOFF TREATED, RT) 
AND CORRESPONDING WATER QUALITY VOLUME 
DESIRED (WQV).

3. OTHER IMPORTANT DESIGN ELEMENTS TO CONSIDER 
INCLUDE: 1) THE LAND USE AND ANTICIPATED LEVEL OF 
TRASH AND DEBRIS NEEDED FOR PRETREATMENT, 2) SITE 
CHARACTERISTICS SUCH AS AVAILABLE AREA, EXISTING 
AND POTENTIAL INVERTS AND OUTVERTS, EXISTING 
DRAINAGE INFRASTRUCTURE, AVAILABLE HYDRAULIC 
GRADE, EASEMENTS AND RIGHT-OF-WAYS, AND 5) 
LOCATION OF UTILITIES AND SUBSURFACE 
INFRASTRUCTURE.

4. OTHER IMPORTANT CONSIDERATIONS MAY INCLUDE 
THE INFILTRATION CAPACITY OF SUBSURFACE SOILS, 
GROUNDWATER MOUNDING, SLOPES, SLOPE FAILURE, 
USE OF GEOTEXTILES, SEASONAL HIGH-WATER TABLES, 
APPROPRIATENESS OF INFILTRATION WITH RESPECT TO 
LAND USE, ENGINEERING REDUNDANCIES, FLOODING 
RISKS, FACTORS OF SAFETY, AND ALWAYS PUBLIC SAFETY.

5. THIS METHOD DOES NOT REPLACE THE NEED FOR 
DESIGN BY A QUALIFIED PROFESSIONAL ENGINEER AND IS 
INTENDED TO BE USED AS A TOOL TO SUPPLEMENT 
STORMWATER MANAGEMENT DESIGNS FOR USE IN 
COMPLYING WITH REQUIREMENTS FOR THE MA SMALL 
MS4 PERMIT AND THE MA STORMWATER STANDARDS. 
AN UNDERSTANDING OF THE DESIGN PRINCIPLES OF 
STORMWATER MANAGEMENT IS CRITICAL AND CAN BE 
FOUND IN THE MA STORMWATER HANDBOOK.

DESIGN STEPS
1. EVALUATE POTENTIAL LOCATION FOR STORMWATER 
MANAGEMENT RETROFIT:
SITE CHARACTERISTICS INCLUDE AVAILABLE AREA, 
EXISTING AND POTENTIAL INVERTS AND OUTVERTS, 
EXISTING DRAINAGE INFRASTRUCTURE, AVAILABLE 
HYDRAULIC GRADE, LOCATION OF UTILITIES AND 
SUBSURFACE INFRASTRUCTURE, EASEMENTS AND RIGHT-
OF-WAYS.

2. DETERMINE DRAINAGE AREA:
DETERMINE CONTRIBUTING IMPERVIOUS AREA.

3. WATER QUALITY VOLUME AND BMP OPTIMIZATION: 
REVIEW SHEET 3 ON BMP OPTIMIZATION. 

4. SELECTION OF DESIGN AND SIZING TABLES:
ENTER THE TABLES FROM THE TOP LEFT AND SELECT 
ACROSS THE SIZING TABLES RANGING FROM 0.1 - 0.5 
ACRES IN SIZE. THEN MOVE DOWN THE TABLE COLUMN 
TO FIND THE APPROPRIATE SOIL TYPE.

5. WATER QUALITY VOLUME AND BMP OPTIMIZATION: 
DETERMINE THE DEPTH OF RUNOFF TREATED RANGING 
FROM 0.1” TO 1” AND CORRESPONDING WATER QUALITY 
VOLUME (WQV). INFLUENCING FACTORS GENERALLY 
INCLUDE AVAILABLE AREA FOR THE BMP, TOTAL COST, 
UNIT COST AND PERFORMANCE.

6. PAIRING LAND USE, PRETREATMENT AND LOW 
MAINTENANCE DESIGNS:
MATCH PRETREATMENT NEEDS WITH LAND USE. 
STRUCTURAL BMPS SHOULD BE DESIGNED FOR LOW 
MAINTENANCE.
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URBAN ARLINGTON INFILTRATION TRENCH
0.5 ACRE IMPERVIOUS COVER, HSG-A 0.4 ACRE IMPERVIOUS COVER, HSG-A 0.3 ACRE IMPERVIOUS COVER, HSG-A 0.2 ACRE IMPERVIOUS COVER, HSG-A 0.1 ACRE IMPERVIOUS COVER, HSG-A

Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67

` LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 99% 98% 95% 92% 86% 74% 51% 99% 98% 95% 92% 86% 74% 51% 99% 98% 95% 92% 86% 74% 51% 99% 98% 95% 92% 86% 74% 51% 99% 98% 95% 92% 86% 74% 51%

REMOVAL EFFICIENCY: P PRE 100% 99% 96% 93% 86% 73% 47% 100% 99% 96% 93% 86% 73% 47% 100% 99% 96% 93% 86% 73% 47% 100% 99% 96% 93% 86% 73% 47% 100% 99% 96% 93% 86% 73% 47%

REMOVAL EFFICIENCY: N NRE 100% 100% 99% 98% 97% 92% 73% 100% 100% 99% 98% 97% 92% 73% 100% 100% 99% 98% 97% 92% 73% 100% 100% 99% 98% 97% 92% 73% 100% 100% 99% 98% 97% 92% 73%

REMOVAL EFFICIENCY: TSS TSSRE 100% 100% 100% 100% 100% 100% 89% 100% 100% 100% 100% 100% 100% 89% 100% 100% 100% 100% 100% 100% 89% 100% 100% 100% 100% 100% 100% 89% 100% 100% 100% 100% 100% 100% 89%

REMOVAL EFFICIENCY: ZN ZnRE 100% 100% 100% 100% 100% 100% 90% 100% 100% 100% 100% 100% 100% 90% 100% 100% 100% 100% 100% 100% 90% 100% 100% 100% 100% 100% 100% 90% 100% 100% 100% 100% 100% 100% 90%

REMOVAL EFFICIENCY: BACTERIA BRE 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48%

REDUCTION: VOLUME VolRed Mgal/yr 0.52              0.51            0.50           0.48           0.45           0.39           0.27           0.42              0.41            0.40           0.38           0.36           0.31           0.21           0.31             0.31              0.30           0.29           0.27           0.23           0.16           0.21              0.21             0.20           0.19           0.18           0.16           0.11           0.10             0.10            0.10             0.10           0.09           0.08            0.05             

REDUCTION: P PRed lb/yr 1.16 1.14 1.12 1.08 1.00 0.84 0.55 0.92 0.92 0.89 0.86 0.80 0.67 0.44 0.69 0.69 0.67 0.65 0.60 0.51 0.33 0.46 0.46 0.45 0.43 0.40 0.34 0.22 0.23 0.23 0.22 0.22 0.20 0.17 0.11

REDUCTION: N NRed lb/yr 7.05 7.05 6.98 6.93 6.85 6.48 5.15 5.64 5.64 5.58 5.54 5.48 5.19 4.12 4.23 4.23 4.19 4.16 4.11 3.89 3.09 2.82 2.82 2.79 2.77 2.74 2.59 2.07 1.41 1.41 1.40 1.39 1.37 1.30 1.03

REDUCTION: TSS TSSRed lb/yr 219.50 219.50 219.50 219.50 219.28 219.50 195.53 175.60 175.60 175.60 175.60 175.42 175.60 156.42 131.70 131.70 131.70 131.70 131.57 131.70 117.32 87.80 87.80 87.80 87.80 87.71 87.80 78.47 43.90 43.90 43.90 43.90 43.86 43.84 39.24

REDUCTION: BACTERIA BRed %/yr 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 73% 48%
ESTIMATED TOTAL COSTS $ 44,000$       33,000$     22,000$    18,000$    13,000$    9,000$      5,000$      35,000$       26,000$     18,000$    14,000$    11,000$    7,000$      4,000$      26,000$      20,000$       13,000$    11,000$    8,000$      6,000$      3,000$      18,000$       13,000$      9,000$      7,000$      6,000$      4,000$      2,000$      9,000$         7,000$        5,000$         4,000$      3,000$      2,000$       1,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr 84,570$       64,140$     44,250$    37,480$    28,860$    23,160$    18,710$    84,090$       63,160$     45,260$    36,440$    30,520$    22,520$    18,710$    83,290$      64,780$       43,580$    38,180$    29,600$    25,740$    18,710$    86,490$       63,160$      45,260$    36,440$    33,300$    25,740$    18,620$    86,490$      68,020$     50,280$      41,650$    33,300$    25,670$     18,620$      
REMOVAL COSTS: P $/lb-yr 38,060$       28,830$     19,680$    16,690$    12,980$    10,690$    9,090$      37,840$       28,390$     20,130$    16,230$    13,730$    10,390$    9,090$      37,480$      29,120$       19,380$    17,000$    13,320$    11,880$    9,090$      38,920$       28,390$      20,130$    16,230$    14,980$    11,880$    9,040$      38,920$      30,580$     22,360$      18,550$    14,980$    11,840$     9,040$         
REMOVAL COSTS: N $/lb-yr 6,240$          4,680$        3,150$      2,600$      1,900$      1,390$      970$          6,210$          4,610$        3,220$      2,530$      2,010$      1,350$      970$          6,150$         4,730$          3,100$      2,650$      1,950$      1,540$      970$          6,380$          4,610$         3,220$      2,530$      2,190$      1,540$      970$          6,380$         4,960$        3,580$         2,890$      2,190$      1,540$       970$            
REMOVAL COSTS: TSS $/lb-yr 200$             150$           100$          80$            60$            40$            30$            200$             150$           100$          80$            60$            40$            30$            200$            150$             100$          80$            60$            50$            30$            210$             150$            100$          80$            70$            50$            30$            210$            160$           110$            90$            70$            50$             30$               
REMOVAL COSTS: BACTERIA $/%-yr 440$             330$           230$          190$          150$          120$          100$          350$             260$           190$          150$          130$          100$          80$            260$            200$             140$          120$          90$            80$            60$            180$             130$            90$            80$            70$            60$            40$            90$               70$              50$               40$            30$            30$             20$               

0.5 ACRE IMPERVIOUS COVER, HSG-B 0.4 ACRE IMPERVIOUS COVER, HSG-B 0.3 ACRE IMPERVIOUS COVER, HSG-B 0.2 ACRE IMPERVIOUS COVER, HSG-B 0.1 ACRE IMPERVIOUS COVER, HSG-B
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 91% 85% 73% 66% 56% 42% 25% 91% 85% 73% 66% 56% 42% 25% 91% 85% 73% 66% 56% 42% 25% 91% 85% 73% 66% 56% 42% 25% 91% 85% 73% 66% 56% 42% 25%

REMOVAL EFFICIENCY: P PRE 95% 89% 78% 70% 59% 45% 25% 95% 89% 78% 70% 59% 45% 25% 95% 89% 78% 70% 59% 45% 25% 95% 89% 78% 70% 59% 45% 25% 95% 89% 78% 70% 59% 45% 25%

REMOVAL EFFICIENCY: N NRE 99% 98% 94% 91% 86% 77% 58% 99% 98% 94% 91% 86% 77% 58% 99% 98% 94% 91% 86% 77% 58% 99% 98% 94% 91% 86% 77% 58% 99% 98% 94% 91% 86% 77% 58%

REMOVAL EFFICIENCY: TSS TSSRE 100% 100% 96% 91% 83% 67% 42% 100% 100% 96% 91% 83% 67% 42% 100% 100% 96% 91% 83% 67% 42% 100% 100% 96% 91% 83% 67% 42% 100% 100% 96% 91% 83% 67% 42%

REMOVAL EFFICIENCY: ZN ZnRE 100% 100% 100% 100% 100% 93% 69% 100% 100% 100% 100% 100% 93% 69% 100% 100% 100% 100% 100% 93% 69% 100% 100% 100% 100% 100% 93% 69% 100% 100% 100% 100% 100% 93% 69%

REMOVAL EFFICIENCY: BACTERIA BRE 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26%

REDUCTION: VOLUME VolRed Mgal/yr 0.48              0.44            0.38           0.34           0.29           0.22           0.13           0.38              0.36            0.31           0.28           0.23           0.18           0.10           0.29             0.27              0.23           0.21           0.18           0.13           0.08           0.19              0.18             0.15           0.14           0.12           0.09           0.05           0.10             0.09            0.08             0.07           0.06           0.04            0.03             

REDUCTION: P PRed lb/yr 1.10 1.04 0.91 0.82 0.69 0.52 0.29 0.88 0.83 0.73 0.65 0.55 0.41 0.24 0.66 0.62 0.55 0.49 0.41 0.31 0.18 0.44 0.42 0.36 0.33 0.27 0.21 0.12 0.22 0.21 0.18 0.16 0.14 0.10 0.06

REDUCTION: N NRed lb/yr 6.96 6.89 6.65 6.42 6.06 5.44 4.12 5.56 5.51 5.32 5.14 4.85 4.36 3.30 4.17 4.13 3.99 3.85 3.64 3.27 2.47 2.78 2.76 2.66 2.57 2.42 2.18 1.65 1.39 1.38 1.33 1.28 1.21 1.09 0.82

REDUCTION: TSS TSSRed lb/yr 219.50 219.20 211.23 200.62 181.70 147.53 91.26 175.60 175.36 168.99 160.50 145.36 118.02 73.01 131.70 131.52 126.74 120.37 109.02 88.52 54.76 87.80 87.68 84.49 80.25 72.68 59.01 36.51 43.90 43.84 42.25 40.12 36.34 29.51 18.25

REDUCTION: BACTERIA BRed %/yr 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26%
ESTIMATED TOTAL COSTS $ 44,000$       33,000$     22,000$    18,000$    13,000$    9,000$      5,000$      35,000$       26,000$     18,000$    14,000$    11,000$    7,000$      4,000$      26,000$      20,000$       13,000$    11,000$    8,000$      6,000$      3,000$      18,000$       13,000$      9,000$      7,000$      6,000$      4,000$      2,000$      9,000$         7,000$        5,000$         4,000$      3,000$      2,000$       1,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr 92,430$       74,190$     57,330$    52,310$    44,570$    40,530$    38,590$    91,900$       73,070$     58,630$    50,860$    47,140$    39,400$    38,590$    91,030$      74,940$       56,460$    53,280$    45,710$    45,030$    38,590$    94,530$       73,070$      58,630$    50,860$    51,430$    45,030$    38,580$    94,530$      78,690$     65,140$      58,120$    51,430$    45,030$     38,590$      
REMOVAL COSTS: P $/lb-yr 40,010$       31,790$     24,200$    22,070$    18,910$    17,410$    17,000$    39,780$       31,310$     24,750$    21,460$    20,000$    16,930$    17,000$    39,400$      32,110$       23,840$    22,480$    19,400$    19,350$    17,000$    40,920$       31,310$      24,750$    21,460$    21,820$    19,350$    17,000$    40,920$      33,720$     27,500$      24,530$    21,820$    19,350$     17,000$      
REMOVAL COSTS: N $/lb-yr 6,330$          4,790$        3,310$      2,800$      2,150$      1,650$      1,210$      6,290$          4,720$        3,380$      2,730$      2,270$      1,610$      1,210$      6,230$         4,840$          3,260$      2,860$      2,200$      1,840$      1,210$      6,470$          4,720$         3,380$      2,730$      2,480$      1,840$      1,210$      6,470$         5,080$        3,760$         3,120$      2,480$      1,840$       1,210$         
REMOVAL COSTS: TSS $/lb-yr 200$             150$           100$          90$            70$            60$            50$            200$             150$           110$          90$            80$            60$            50$            200$            150$             100$          90$            70$            70$            50$            210$             150$            110$          90$            80$            70$            50$            210$            160$           120$            100$          80$            70$             50$               
REMOVAL COSTS: BACTERIA $/%-yr 480$             390$           310$          280$          240$          210$          190$          380$             310$           250$          220$          200$          160$          150$          280$            240$             180$          170$          150$          140$          120$          190$             150$            130$          110$          110$          90$            80$            100$            80$              70$               60$            50$            50$             40$               

0.5 ACRE IMPERVIOUS COVER, HSG-C 0.4 ACRE IMPERVIOUS COVER, HSG-C 0.3 ACRE IMPERVIOUS COVER, HSG-C 0.2 ACRE IMPERVIOUS COVER, HSG-C 0.1 ACRE IMPERVIOUS COVER, HSG-C
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 83% 75% 61% 52% 42% 31% 17% 83% 75% 61% 52% 42% 31% 17% 83% 75% 61% 52% 42% 31% 17% 83% 75% 61% 52% 42% 31% 17% 83% 75% 61% 52% 42% 31% 17%

REMOVAL EFFICIENCY: P PRE 90% 82% 69% 60% 49% 35% 19% 90% 82% 69% 60% 49% 35% 19% 90% 82% 69% 60% 49% 35% 19% 90% 82% 69% 60% 49% 35% 19% 90% 82% 69% 60% 49% 35% 19%

REMOVAL EFFICIENCY: N NRE 98% 96% 91% 87% 82% 73% 55% 98% 96% 91% 87% 82% 73% 55% 98% 96% 91% 87% 82% 73% 55% 98% 96% 91% 87% 82% 73% 55% 98% 96% 91% 87% 82% 73% 55%

REMOVAL EFFICIENCY: TSS TSSRE 100% 98% 93% 83% 66% 50% 34% 100% 98% 93% 83% 66% 50% 34% 100% 98% 93% 83% 66% 50% 34% 100% 98% 93% 83% 66% 50% 34% 100% 98% 93% 83% 66% 50% 34%

REMOVAL EFFICIENCY: ZN ZnRE 100% 99% 98% 97% 94% 82% 54% 100% 99% 98% 97% 94% 82% 54% 100% 99% 98% 97% 94% 82% 54% 100% 99% 98% 97% 94% 82% 54% 100% 99% 98% 97% 94% 82% 54%

REMOVAL EFFICIENCY: BACTERIA BRE 85% 76% 62% 54% 45% 35% 21% 85% 76% 62% 54% 45% 35% 21% 85% 76% 62% 54% 45% 35% 21% 85% 76% 62% 54% 45% 35% 21% 85% 76% 62% 54% 45% 35% 21%

REDUCTION: VOLUME VolRed Mgal/yr 0.44              0.39            0.32           0.27           0.22           0.15           0.08           0.35              0.31            0.25           0.22           0.18           0.12           0.06           0.26             0.24              0.19           0.16           0.13           0.09           0.05           0.17              0.16             0.13           0.11           0.09           0.06           0.03           0.09             0.08            0.06             0.05           0.04           0.03            0.02             

REDUCTION: P PRed lb/yr 1.05 0.96 0.80 0.70 0.56 0.61 0.41 0.84 0.77 0.64 0.56 0.45 0.49 0.33 0.63 0.57 0.48 0.42 0.34 0.36 0.24 0.42 0.38 0.32 0.28 0.23 0.24 0.16 0.21 0.19 0.16 0.14 0.11 0.08 0.04

REDUCTION: N NRed lb/yr 6.90 6.75 6.39 6.14 5.78 4.93 3.64 5.52 5.40 5.11 4.91 4.62 3.95 2.92 4.14 4.05 3.83 3.68 3.47 2.96 2.19 2.76 2.70 2.55 2.45 2.31 1.97 1.46 1.38 1.35 1.28 1.23 1.16 1.03 0.77

REDUCTION: TSS TSSRed lb/yr 218.94 216.16 204.09 183.24 145.08 176.73 137.00 175.15 172.93 163.27 146.59 116.07 141.39 109.60 131.37 129.70 122.45 109.94 87.05 106.04 82.20 87.58 86.46 81.64 73.30 58.03 70.69 54.80 43.79 43.23 40.82 36.65 29.02 21.74 15.09

REDUCTION: BACTERIA BRed %/yr 85% 76% 62% 54% 45% 41% 24% 85% 76% 62% 54% 45% 41% 24% 85% 76% 62% 54% 45% 41% 24% 85% 76% 62% 54% 45% 41% 24% 85% 76% 62% 54% 45% 35% 21%
ESTIMATED TOTAL COSTS $ 44,000$       33,000$     22,000$    18,000$    13,000$    11,000$    6,000$      35,000$       26,000$     18,000$    14,000$    11,000$    9,000$      5,000$      26,000$      20,000$       13,000$    11,000$    8,000$      7,000$      4,000$      18,000$       13,000$      9,000$      7,000$      6,000$      5,000$      3,000$      9,000$         7,000$        5,000$         4,000$      3,000$      2,000$       1,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr 100,720$     83,930$     69,330$    65,680$    58,540$    74,890$    75,110$    100,150$     82,660$     70,910$    63,850$    61,920$    76,600$    78,240$    99,190$      84,780$       68,280$    66,890$    60,050$    79,430$    83,460$    103,010$     82,660$      70,910$    63,850$    67,550$    85,100$    93,890$    103,010$    89,010$     78,780$      72,980$    67,550$    62,410$     57,320$      
REMOVAL COSTS: P $/lb-yr 42,080$       34,500$     27,530$    25,860$    23,080$    18,100$    14,700$    41,840$       33,970$     28,160$    25,140$    24,410$    18,510$    15,310$    41,440$      34,850$       27,110$    26,340$    23,670$    19,200$    16,330$    43,040$       33,970$      28,160$    25,140$    26,630$    20,570$    18,370$    43,040$      36,590$     31,290$      28,730$    26,630$    24,780$     23,050$      
REMOVAL COSTS: N $/lb-yr 6,380$          4,890$        3,440$      2,930$      2,250$      2,230$      1,650$      6,340$          4,810$        3,520$      2,850$      2,380$      2,280$      1,710$      6,280$         4,940$          3,390$      2,990$      2,310$      2,360$      1,830$      6,530$          4,810$         3,520$      2,850$      2,600$      2,530$      2,060$      6,530$         5,180$        3,910$         3,260$      2,600$      1,940$       1,300$         
REMOVAL COSTS: TSS $/lb-yr 200$             150$           110$          100$          90$            60$            40$            200$             150$           110$          100$          90$            60$            50$            200$            150$             110$          100$          90$            70$            50$            210$             150$            110$          100$          100$          70$            50$            210$            160$           120$            110$          100$          90$             70$               
REMOVAL COSTS: BACTERIA $/%-yr 520$             430$           360$          330$          290$          270$          250$          410$             340$           290$          260$          240$          220$          210$          310$            260$             210$          200$          180$          170$          160$          210$             170$            150$          130$          130$          120$          120$          110$            90$              80$               70$            70$            60$             50$               

0.5 ACRE IMPERVIOUS COVER, HSG-D 0.4 ACRE IMPERVIOUS COVER, HSG-D 0.3 ACRE IMPERVIOUS COVER, HSG-D 0.2 ACRE IMPERVIOUS COVER, HSG-D 0.1 ACRE IMPERVIOUS COVER, HSG-D
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
TREATED AREA EQUIVALENT SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
DEPTH OF RUNOFF TREATED RT, IN IN -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
WATER QUALITY VOLUME WQV CF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
FILTER SURFACE AREA FA SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
PONDING DEPTH DP FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
LENGTH L FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
WIDTH W FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
DEPTH OF FILTER MEDIA DFM FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

DEPTH OF STONE RESERVOIR DS FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: VOLUME VolRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: P PRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: N NRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: TSS TSSRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: ZN ZnRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: BACTERIA BRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: VOLUME VolRed Mgal/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: P PRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: N NRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: TSS TSSRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: BACTERIA BRed %/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
ESTIMATED TOTAL COSTS $ -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: VOLUME $/Mgal-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: P $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: N $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: TSS $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: BACTERIA $/%-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

NOTES
1. THE PURPOSE OF THE GREEN 
INFRASTRUCTURE DESIGN STANDARD TEMPLATES IS TO 
PROVIDE EASY OFF-THE-SHELF DESIGN TEMPLATES FOR 
COMMON APPLICATIONS FOR ROADSIDE STORMWATER 
MANAGEMENT. THE DESIGN TEMPLATES ARE NOT 
INTENDED TO REPLACE A MORE COMPLETE 
STORMWATER MANUAL, BUT RATHER TO PROVIDE A SET 
OF COMMON DESIGN STANDARDS THAT CAN BE EASILY 
SELECTED AND SIZED FROM REFERENCE TABLES 
PROVIDING BMP DIMENSIONS, POLLUTANT REMOVAL 
PERFORMANCE, AND COSTING FOR TOTAL BMP 
CONSTRUCTION COST AND THE UNIT COST TO REMOVE A 
POLLUTANT (IE. $$/LB N/YR).

2. TO USE THESE STANDARDS FOR BMP SIZING 
YOU ONLY NEED TO KNOW THE SIZE OF THE IMPERVIOUS 
DRAINAGE AREA (IA), THE SOIL TYPE (HSG A, B, C, OR D), 
AND THE LEVEL OF TREATMENT (DEPTH OF RUNOFF 
TREATED, RT) AND CORRESPONDING WATER QUALITY 
VOLUME DESIRED (WQV).

3. OTHER IMPORTANT DESIGN ELEMENTS TO 
CONSIDER INCLUDE: 1) THE LAND USE AND ANTICIPATED 
LEVEL OF TRASH AND DEBRIS NEEDED FOR 
PRETREATMENT, 2) SITE CHARACTERISTICS SUCH AS 
AVAILABLE AREA, EXISTING AND POTENTIAL INVERTS AND 
OUTVERTS, EXISTING DRAINAGE INFRASTRUCTURE, 
AVAILABLE HYDRAULIC GRADE, EASEMENTS AND RIGHT-
OF-WAYS, AND 5) LOCATION OF UTILITIES AND 
SUBSURFACE INFRASTRUCTURE.

4. OTHER IMPORTANT CONSIDERATIONS MAY 
INCLUDE THE INFILTRATION CAPACITY OF SUBSURFACE 
SOILS, GROUNDWATER MOUNDING, SLOPES, SLOPE 
FAILURE, USE OF GEOTEXTILES, SEASONAL HIGH-WATER 
TABLES, APPROPRIATENESS OF INFILTRATION WITH 
RESPECT TO LAND USE, ENGINEERING REDUNDANCIES, 
FLOODING RISKS, FACTORS OF SAFETY, AND ALWAYS 
PUBLIC SAFETY.

5. THIS METHOD DOES NOT REPLACE THE NEED 
FOR DESIGN BY A QUALIFIED PROFESSIONAL ENGINEER 
AND IS INTENDED TO BE USED AS A TOOL TO 
SUPPLEMENT STORMWATER MANAGEMENT DESIGNS 
FOR USE IN COMPLYING WITH REQUIREMENTS FOR THE 
MA SMALL MS4 PERMIT AND THE MA STORMWATER 
STANDARDS. AN UNDERSTANDING OF THE DESIGN 
PRINCIPLES OF STORMWATER MANAGEMENT IS CRITICAL 
AND CAN BE FOUND IN THE MA STORMWATER 
HANDBOOK.

DESIGN STEPS
1. EVALUATE POTENTIAL LOCATION FOR STORMWATER 
MANAGEMENT RETROFIT:
SITE CHARACTERISTICS INCLUDE AVAILABLE AREA, 
EXISTING AND POTENTIAL INVERTS AND OUTVERTS, 
EXISTING DRAINAGE INFRASTRUCTURE, AVAILABLE 
HYDRAULIC GRADE, LOCATION OF UTILITIES AND 
SUBSURFACE INFRASTRUCTURE, EASEMENTS AND RIGHT-
OF-WAYS.

2. DETERMINE DRAINAGE AREA:
DETERMINE CONTRIBUTING IMPERVIOUS AREA.

3. WATER QUALITY VOLUME AND BMP OPTIMIZATION: 
REVIEW SHEET 3 ON BMP OPTIMIZATION. 

4. SELECTION OF DESIGN AND SIZING TABLES:
ENTER THE TABLES FROM THE TOP LEFT AND SELECT 
ACROSS THE SIZING TABLES RANGING FROM 0.1 - 0.5 
ACRES IN SIZE. THEN MOVE DOWN THE TABLE COLUMN 
TO FIND THE APPROPRIATE SOIL TYPE.

5. WATER QUALITY VOLUME AND BMP OPTIMIZATION: 
DETERMINE THE DEPTH OF RUNOFF TREATED RANGING 
FROM 0.1” TO 1” AND CORRESPONDING WATER QUALITY 
VOLUME (WQV). INFLUENCING FACTORS GENERALLY 
INCLUDE AVAILABLE AREA FOR THE BMP, TOTAL COST, 
UNIT COST AND PERFORMANCE.

6. PAIRING LAND USE, PRETREATMENT AND LOW 
MAINTENANCE DESIGNS:
MATCH PRETREATMENT NEEDS WITH LAND USE. 
STRUCTURAL BMPS SHOULD BE DESIGNED FOR LOW 
MAINTENANCE.
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RIGHT OF WAY INFILTRATION TRENCH
0.5 ACRE IMPERVIOUS COVER, HSG-A 0.4 ACRE IMPERVIOUS COVER, HSG-A 0.3 ACRE IMPERVIOUS COVER, HSG-A 0.2 ACRE IMPERVIOUS COVER, HSG-A 0.1 ACRE IMPERVIOUS COVER, HSG-A

Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67

` LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 99% 98% 95% 92% 86% 74% 51% 99% 98% 95% 92% 86% 74% 51% 99% 98% 95% 92% 86% 74% 51% 99% 98% 95% 92% 86% 74% 51% 99% 98% 95% 92% 86% 74% 51%

REMOVAL EFFICIENCY: P PRE 100% 99% 96% 93% 86% 73% 47% 100% 99% 96% 93% 86% 73% 47% 100% 99% 96% 93% 86% 73% 47% 100% 99% 96% 93% 86% 73% 47% 100% 99% 96% 93% 86% 73% 47%

REMOVAL EFFICIENCY: N NRE 100% 100% 99% 98% 97% 92% 73% 100% 100% 99% 98% 97% 92% 73% 100% 100% 99% 98% 97% 92% 73% 100% 100% 99% 98% 97% 92% 73% 100% 100% 99% 98% 97% 92% 73%

REMOVAL EFFICIENCY: TSS TSSRE 100% 100% 100% 100% 100% 100% 89% 100% 100% 100% 100% 100% 100% 89% 100% 100% 100% 100% 100% 100% 89% 100% 100% 100% 100% 100% 100% 89% 100% 100% 100% 100% 100% 100% 89%

REMOVAL EFFICIENCY: ZN ZnRE 100% 100% 100% 100% 100% 100% 90% 100% 100% 100% 100% 100% 100% 90% 100% 100% 100% 100% 100% 100% 90% 100% 100% 100% 100% 100% 100% 90% 100% 100% 100% 100% 100% 100% 90%

REMOVAL EFFICIENCY: BACTERIA BRE 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48%

REDUCTION: VOLUME VolRed Mgal/yr 0.52              0.51            0.50           0.48           0.45           0.39           0.27           0.42              0.41            0.40           0.38           0.36           0.31           0.21           0.31             0.31              0.30           0.29           0.27           0.23           0.16           0.21              0.21             0.20           0.19           0.18           0.16           0.11           0.10             0.10            0.10             0.10           0.09           0.08            0.05             

REDUCTION: P PRed lb/yr 1.16 1.14 1.12 1.08 1.00 0.84 0.55 0.92 0.92 0.89 0.86 0.80 0.67 0.44 0.69 0.69 0.67 0.65 0.60 0.51 0.33 0.46 0.46 0.45 0.43 0.40 0.34 0.22 0.23 0.23 0.22 0.22 0.20 0.17 0.11

REDUCTION: N NRed lb/yr 7.05 7.05 6.98 6.93 6.85 6.48 5.15 5.64 5.64 5.58 5.54 5.48 5.19 4.12 4.23 4.23 4.19 4.16 4.11 3.89 3.09 2.82 2.82 2.79 2.77 2.74 2.59 2.07 1.41 1.41 1.40 1.39 1.37 1.30 1.03

REDUCTION: TSS TSSRed lb/yr 219.50 219.50 219.50 219.50 219.28 219.50 195.53 175.60 175.60 175.60 175.60 175.42 175.60 156.42 131.70 131.70 131.70 131.70 131.57 131.70 117.32 87.80 87.80 87.80 87.80 87.71 87.80 78.47 43.90 43.90 43.90 43.90 43.86 43.84 39.24

REDUCTION: BACTERIA BRed %/yr 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 73% 48%
ESTIMATED TOTAL COSTS $ 22,000$       17,000$     11,000$    9,000$      7,000$      5,000$      3,000$      18,000$       13,000$     9,000$      7,000$      6,000$      4,000$      2,000$      13,000$      10,000$       7,000$      6,000$      4,000$      3,000$      2,000$      9,000$          7,000$         5,000$      4,000$      3,000$      2,000$      1,000$      5,000$         4,000$        3,000$         2,000$      2,000$      1,000$       1,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr 42,280$       33,040$     22,120$    18,740$    15,540$    12,870$    11,230$    43,250$       31,580$     22,630$    18,220$    16,650$    12,870$    9,350$      41,640$      32,390$       23,470$    20,820$    14,800$    12,870$    12,470$    43,250$       34,010$      25,140$    20,820$    16,650$    12,870$    9,310$      48,050$      38,870$     30,170$      20,820$    22,200$    12,830$     18,620$      
REMOVAL COSTS: P $/lb-yr 19,030$       14,850$     9,840$      8,350$      6,990$      5,940$      5,450$      19,460$       14,200$     10,060$    8,110$      7,490$      5,940$      4,540$      18,740$      14,560$       10,440$    9,270$      6,660$      5,940$      6,060$      19,460$       15,290$      11,180$    9,270$      7,490$      5,940$      4,520$      21,620$      17,470$     13,420$      9,270$      9,990$      5,920$       9,040$         
REMOVAL COSTS: N $/lb-yr 3,120$          2,410$        1,580$      1,300$      1,020$      770$          580$          3,190$          2,300$        1,610$      1,260$      1,090$      770$          490$          3,070$         2,360$          1,670$      1,440$      970$          770$          650$          3,190$          2,480$         1,790$      1,440$      1,090$      770$          480$          3,550$         2,840$        2,150$         1,440$      1,460$      770$           970$            
REMOVAL COSTS: TSS $/lb-yr 100$             80$              50$            40$            30$            20$            20$            100$             70$              50$            40$            30$            20$            10$            100$            80$                50$            50$            30$            20$            20$            100$             80$               60$            50$            30$            20$            10$            110$            90$              70$               50$            50$            20$             30$               
REMOVAL COSTS: BACTERIA $/%-yr 220$             170$           110$          100$          80$            70$            60$            180$             130$           90$            80$            70$            60$            40$            130$            100$             70$            60$            50$            40$            40$            90$                70$               50$            40$            30$            30$            20$            50$               40$              30$               20$            20$            10$             20$               

0.5 ACRE IMPERVIOUS COVER, HSG-B 0.4 ACRE IMPERVIOUS COVER, HSG-B 0.3 ACRE IMPERVIOUS COVER, HSG-B 0.2 ACRE IMPERVIOUS COVER, HSG-B 0.1 ACRE IMPERVIOUS COVER, HSG-B
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 91% 85% 73% 66% 56% 42% 25% 91% 85% 73% 66% 56% 42% 25% 91% 85% 73% 66% 56% 42% 25% 91% 85% 73% 66% 56% 42% 25% 91% 85% 73% 66% 56% 42% 25%

REMOVAL EFFICIENCY: P PRE 95% 89% 78% 70% 59% 45% 25% 95% 89% 78% 70% 59% 45% 25% 95% 89% 78% 70% 59% 45% 25% 95% 89% 78% 70% 59% 45% 25% 95% 89% 78% 70% 59% 45% 25%

REMOVAL EFFICIENCY: N NRE 99% 98% 94% 91% 86% 77% 58% 99% 98% 94% 91% 86% 77% 58% 99% 98% 94% 91% 86% 77% 58% 99% 98% 94% 91% 86% 77% 58% 99% 98% 94% 91% 86% 77% 58%

REMOVAL EFFICIENCY: TSS TSSRE 100% 100% 96% 91% 83% 67% 42% 100% 100% 96% 91% 83% 67% 42% 100% 100% 96% 91% 83% 67% 42% 100% 100% 96% 91% 83% 67% 42% 100% 100% 96% 91% 83% 67% 42%

REMOVAL EFFICIENCY: ZN ZnRE 100% 100% 100% 100% 100% 93% 69% 100% 100% 100% 100% 100% 93% 69% 100% 100% 100% 100% 100% 93% 69% 100% 100% 100% 100% 100% 93% 69% 100% 100% 100% 100% 100% 93% 69%

REMOVAL EFFICIENCY: BACTERIA BRE 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26%

REDUCTION: VOLUME VolRed Mgal/yr 0.48              0.44            0.38           0.34           0.29           0.22           0.13           0.38              0.36            0.31           0.28           0.23           0.18           0.10           0.29             0.27              0.23           0.21           0.18           0.13           0.08           0.19              0.18             0.15           0.14           0.12           0.09           0.05           0.10             0.09            0.08             0.07           0.06           0.04            0.03             

REDUCTION: P PRed lb/yr 1.10 1.04 0.91 0.82 0.69 0.52 0.29 0.88 0.83 0.73 0.65 0.55 0.41 0.24 0.66 0.62 0.55 0.49 0.41 0.31 0.18 0.44 0.42 0.36 0.33 0.27 0.21 0.12 0.22 0.21 0.18 0.16 0.14 0.10 0.06

REDUCTION: N NRed lb/yr 6.96 6.89 6.65 6.42 6.06 5.44 4.12 5.56 5.51 5.32 5.14 4.85 4.36 3.30 4.17 4.13 3.99 3.85 3.64 3.27 2.47 2.78 2.76 2.66 2.57 2.42 2.18 1.65 1.39 1.38 1.33 1.28 1.21 1.09 0.82

REDUCTION: TSS TSSRed lb/yr 219.50 219.20 211.23 200.62 181.70 147.53 91.26 175.60 175.36 168.99 160.50 145.36 118.02 73.01 131.70 131.52 126.74 120.37 109.02 88.52 54.76 87.80 87.68 84.49 80.25 72.68 59.01 36.51 43.90 43.84 42.25 40.12 36.34 29.51 18.25

REDUCTION: BACTERIA BRed %/yr 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26% 92% 85% 72% 64% 55% 43% 26%
ESTIMATED TOTAL COSTS $ 22,000$       17,000$     11,000$    9,000$      7,000$      5,000$      3,000$      18,000$       13,000$     9,000$      7,000$      6,000$      4,000$      2,000$      13,000$      10,000$       7,000$      6,000$      4,000$      3,000$      2,000$      9,000$          7,000$         5,000$      4,000$      3,000$      2,000$      1,000$      5,000$         4,000$        3,000$         2,000$      2,000$      1,000$       1,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr 46,210$       38,220$     28,660$    26,160$    24,000$    22,520$    23,150$    47,260$       36,530$     29,310$    25,430$    25,710$    22,520$    19,290$    45,510$      37,470$       30,400$    29,060$    22,860$    22,520$    25,720$    47,260$       39,340$      32,570$    29,060$    25,710$    22,510$    19,290$    52,510$      44,970$     39,090$      29,060$    34,280$    22,520$     38,590$      
REMOVAL COSTS: P $/lb-yr 20,000$       16,380$     12,100$    11,040$    10,180$    9,670$      10,200$    20,460$       15,650$     12,380$    10,730$    10,910$    9,670$      8,500$      19,700$      16,060$       12,830$    12,260$    9,700$      9,670$      11,330$    20,460$       16,860$      13,750$    12,260$    10,910$    9,670$      8,500$      22,730$      19,270$     16,500$      12,260$    14,550$    9,670$       17,000$      
REMOVAL COSTS: N $/lb-yr 3,160$          2,470$        1,650$      1,400$      1,160$      920$          730$          3,230$          2,360$        1,690$      1,360$      1,240$      920$          610$          3,110$         2,420$          1,750$      1,560$      1,100$      920$          810$          3,230$          2,540$         1,880$      1,560$      1,240$      920$          610$          3,590$         2,900$        2,250$         1,560$      1,650$      920$           1,210$         
REMOVAL COSTS: TSS $/lb-yr 100$             80$              50$            40$            40$            30$            30$            100$             70$              50$            40$            40$            30$            30$            100$            80$                60$            50$            40$            30$            40$            100$             80$               60$            50$            40$            30$            30$            110$            90$              70$               50$            60$            30$             50$               
REMOVAL COSTS: BACTERIA $/%-yr 240$             200$           150$          140$          130$          120$          120$          190$             150$           130$          110$          110$          90$            80$            140$            120$             100$          90$            70$            70$            80$            100$             80$               70$            60$            50$            50$            40$            50$               50$              40$               30$            40$            20$             40$               

0.5 ACRE IMPERVIOUS COVER, HSG-C 0.4 ACRE IMPERVIOUS COVER, HSG-C 0.3 ACRE IMPERVIOUS COVER, HSG-C 0.2 ACRE IMPERVIOUS COVER, HSG-C 0.1 ACRE IMPERVIOUS COVER, HSG-C
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67
LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 83% 75% 61% 52% 42% 31% 17% 83% 75% 61% 52% 42% 31% 17% 83% 75% 61% 52% 42% 31% 17% 83% 75% 61% 52% 42% 31% 17% 83% 75% 61% 52% 42% 31% 17%

REMOVAL EFFICIENCY: P PRE 90% 82% 69% 60% 49% 35% 19% 90% 82% 69% 60% 49% 35% 19% 90% 82% 69% 60% 49% 35% 19% 90% 82% 69% 60% 49% 35% 19% 90% 82% 69% 60% 49% 35% 19%

REMOVAL EFFICIENCY: N NRE 98% 96% 91% 87% 82% 73% 55% 98% 96% 91% 87% 82% 73% 55% 98% 96% 91% 87% 82% 73% 55% 98% 96% 91% 87% 82% 73% 55% 98% 96% 91% 87% 82% 73% 55%

REMOVAL EFFICIENCY: TSS TSSRE 100% 98% 93% 83% 66% 50% 34% 100% 98% 93% 83% 66% 50% 34% 100% 98% 93% 83% 66% 50% 34% 100% 98% 93% 83% 66% 50% 34% 100% 98% 93% 83% 66% 50% 34%

REMOVAL EFFICIENCY: ZN ZnRE 100% 99% 98% 97% 94% 82% 54% 100% 99% 98% 97% 94% 82% 54% 100% 99% 98% 97% 94% 82% 54% 100% 99% 98% 97% 94% 82% 54% 100% 99% 98% 97% 94% 82% 54%

REMOVAL EFFICIENCY: BACTERIA BRE 85% 76% 62% 54% 45% 35% 21% 85% 76% 62% 54% 45% 35% 21% 85% 76% 62% 54% 45% 35% 21% 85% 76% 62% 54% 45% 35% 21% 85% 76% 62% 54% 45% 35% 21%

REDUCTION: VOLUME VolRed Mgal/yr 0.44              0.39            0.32           0.27           0.22           0.15           0.08           0.35              0.31            0.25           0.22           0.18           0.12           0.06           0.26             0.24              0.19           0.16           0.13           0.09           0.05           0.17              0.16             0.13           0.11           0.09           0.06           0.03           0.09             0.08            0.06             0.05           0.04           0.03            0.02             

REDUCTION: P PRed lb/yr 1.05 0.96 0.80 0.70 0.56 0.61 0.41 0.84 0.77 0.64 0.56 0.45 0.49 0.33 0.63 0.57 0.48 0.42 0.34 0.36 0.24 0.42 0.38 0.32 0.28 0.23 0.24 0.16 0.21 0.19 0.16 0.14 0.11 0.08 0.04

REDUCTION: N NRed lb/yr 6.90 6.75 6.39 6.14 5.78 4.93 3.64 5.52 5.40 5.11 4.91 4.62 3.95 2.92 4.14 4.05 3.83 3.68 3.47 2.96 2.19 2.76 2.70 2.55 2.45 2.31 1.97 1.46 1.38 1.35 1.28 1.23 1.16 1.03 0.77

REDUCTION: TSS TSSRed lb/yr 218.94 216.16 204.09 183.24 145.08 176.73 137.00 175.15 172.93 163.27 146.59 116.07 141.39 109.60 131.37 129.70 122.45 109.94 87.05 106.04 82.20 87.58 86.46 81.64 73.30 58.03 70.69 54.80 43.79 43.23 40.82 36.65 29.02 21.74 15.09

REDUCTION: BACTERIA BRed %/yr 85% 76% 62% 54% 45% 41% 24% 85% 76% 62% 54% 45% 41% 24% 85% 76% 62% 54% 45% 41% 24% 85% 76% 62% 54% 45% 41% 24% 85% 76% 62% 54% 45% 35% 21%
ESTIMATED TOTAL COSTS $ 22,000$       17,000$     11,000$    9,000$      7,000$      6,000$      3,000$      18,000$       13,000$     9,000$      7,000$      6,000$      5,000$      3,000$      13,000$      10,000$       7,000$      6,000$      4,000$      4,000$      2,000$      9,000$          7,000$         5,000$      4,000$      3,000$      3,000$      2,000$      5,000$         4,000$        3,000$         2,000$      2,000$      1,000$       1,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr 50,360$       43,240$     34,670$    32,840$    31,520$    40,850$    37,560$    51,500$       41,330$     35,450$    31,930$    33,780$    42,550$    46,950$    49,600$      42,390$       36,770$    36,490$    30,020$    45,390$    41,730$    51,500$       44,510$      39,390$    36,490$    33,780$    51,060$    62,590$    57,230$      50,870$     47,270$      36,490$    45,030$    31,200$     57,320$      
REMOVAL COSTS: P $/lb-yr 21,040$       17,770$     13,770$    12,930$    12,430$    9,870$      7,350$      21,520$       16,990$     14,080$    12,570$    13,310$    10,280$    9,190$      20,720$      17,420$       14,600$    14,360$    11,840$    10,970$    8,160$      21,520$       18,290$      15,640$    14,360$    13,310$    12,340$    12,250$    23,910$      20,910$     18,770$      14,360$    17,750$    12,390$     23,050$      
REMOVAL COSTS: N $/lb-yr 3,190$          2,520$        1,720$      1,470$      1,210$      1,220$      820$          3,260$          2,410$        1,760$      1,430$      1,300$      1,270$      1,030$      3,140$         2,470$          1,830$      1,630$      1,150$      1,350$      910$          3,260$          2,590$         1,960$      1,630$      1,300$      1,520$      1,370$      3,630$         2,960$        2,350$         1,630$      1,730$      970$           1,300$         
REMOVAL COSTS: TSS $/lb-yr 100$             80$              50$            50$            50$            30$            20$            100$             80$              60$            50$            50$            40$            30$            100$            80$                60$            50$            50$            40$            20$            100$             80$               60$            50$            50$            40$            40$            110$            90$              70$               50$            70$            50$             70$               
REMOVAL COSTS: BACTERIA $/%-yr 260$             220$           180$          170$          150$          150$          120$          210$             170$           150$          130$          130$          120$          120$          150$            130$             110$          110$          90$            100$          80$            110$             90$               80$            70$            70$            70$            80$            60$               50$              50$               40$            40$            30$             50$               

0.5 ACRE IMPERVIOUS COVER, HSG-D 0.4 ACRE IMPERVIOUS COVER, HSG-D 0.3 ACRE IMPERVIOUS COVER, HSG-D 0.2 ACRE IMPERVIOUS COVER, HSG-D 0.1 ACRE IMPERVIOUS COVER, HSG-D
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
TREATED AREA EQUIVALENT SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
DEPTH OF RUNOFF TREATED RT, IN IN -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
WATER QUALITY VOLUME WQV CF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
FILTER SURFACE AREA FA SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
PONDING DEPTH DP FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
LENGTH L FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
WIDTH W FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
DEPTH OF FILTER MEDIA DFM FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

DEPTH OF STONE RESERVOIR DS FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: VOLUME VolRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: P PRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: N NRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: TSS TSSRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: ZN ZnRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: BACTERIA BRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: VOLUME VolRed Mgal/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: P PRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: N NRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: TSS TSSRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: BACTERIA BRed %/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
ESTIMATED TOTAL COSTS $ -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: VOLUME $/Mgal-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: P $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: N $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: TSS $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: BACTERIA $/%-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

NOTES
1. THE PURPOSE OF THE GREEN 
INFRASTRUCTURE DESIGN STANDARD TEMPLATES IS TO 
PROVIDE EASY OFF-THE-SHELF DESIGN TEMPLATES FOR 
COMMON APPLICATIONS FOR ROADSIDE STORMWATER 
MANAGEMENT. THE DESIGN TEMPLATES ARE NOT 
INTENDED TO REPLACE A MORE COMPLETE 
STORMWATER MANUAL, BUT RATHER TO PROVIDE A SET 
OF COMMON DESIGN STANDARDS THAT CAN BE EASILY 
SELECTED AND SIZED FROM REFERENCE TABLES 
PROVIDING BMP DIMENSIONS, POLLUTANT REMOVAL 
PERFORMANCE, AND COSTING FOR TOTAL BMP 
CONSTRUCTION COST AND THE UNIT COST TO REMOVE A 
POLLUTANT (IE. $$/LB N/YR).

2. TO USE THESE STANDARDS FOR BMP SIZING 
YOU ONLY NEED TO KNOW THE SIZE OF THE IMPERVIOUS 
DRAINAGE AREA (IA), THE SOIL TYPE (HSG A, B, C, OR D), 
AND THE LEVEL OF TREATMENT (DEPTH OF RUNOFF 
TREATED, RT) AND CORRESPONDING WATER QUALITY 
VOLUME DESIRED (WQV).

3. OTHER IMPORTANT DESIGN ELEMENTS TO 
CONSIDER INCLUDE: 1) THE LAND USE AND ANTICIPATED 
LEVEL OF TRASH AND DEBRIS NEEDED FOR 
PRETREATMENT, 2) SITE CHARACTERISTICS SUCH AS 
AVAILABLE AREA, EXISTING AND POTENTIAL INVERTS AND 
OUTVERTS, EXISTING DRAINAGE INFRASTRUCTURE, 
AVAILABLE HYDRAULIC GRADE, EASEMENTS AND RIGHT-
OF-WAYS, AND 5) LOCATION OF UTILITIES AND 
SUBSURFACE INFRASTRUCTURE.

4. OTHER IMPORTANT CONSIDERATIONS MAY 
INCLUDE THE INFILTRATION CAPACITY OF SUBSURFACE 
SOILS, GROUNDWATER MOUNDING, SLOPES, SLOPE 
FAILURE, USE OF GEOTEXTILES, SEASONAL HIGH-WATER 
TABLES, APPROPRIATENESS OF INFILTRATION WITH 
RESPECT TO LAND USE, ENGINEERING REDUNDANCIES, 
FLOODING RISKS, FACTORS OF SAFETY, AND ALWAYS 
PUBLIC SAFETY.

5. THIS METHOD DOES NOT REPLACE THE NEED 
FOR DESIGN BY A QUALIFIED PROFESSIONAL ENGINEER 
AND IS INTENDED TO BE USED AS A TOOL TO 
SUPPLEMENT STORMWATER MANAGEMENT DESIGNS 
FOR USE IN COMPLYING WITH REQUIREMENTS FOR THE 
MA SMALL MS4 PERMIT AND THE MA STORMWATER 
STANDARDS. AN UNDERSTANDING OF THE DESIGN 
PRINCIPLES OF STORMWATER MANAGEMENT IS CRITICAL 
AND CAN BE FOUND IN THE MA STORMWATER 
HANDBOOK.

DESIGN STEPS
1. EVALUATE POTENTIAL LOCATION FOR 
STORMWATER MANAGEMENT RETROFIT:
SITE CHARACTERISTICS INCLUDE AVAILABLE AREA, 
EXISTING AND POTENTIAL INVERTS AND OUTVERTS, 
EXISTING DRAINAGE INFRASTRUCTURE, AVAILABLE 
HYDRAULIC GRADE, LOCATION OF UTILITIES AND 
SUBSURFACE INFRASTRUCTURE, EASEMENTS AND RIGHT-
OF-WAYS.

2. DETERMINE DRAINAGE AREA:
DETERMINE CONTRIBUTING IMPERVIOUS AREA.

3. WATER QUALITY VOLUME AND BMP 
OPTIMIZATION: REVIEW SHEET 3 ON BMP OPTIMIZATION. 

4. SELECTION OF DESIGN AND SIZING TABLES:
ENTER THE TABLES FROM THE TOP LEFT AND SELECT 
ACROSS THE SIZING TABLES RANGING FROM 0.1 - 0.5 
ACRES IN SIZE. THEN MOVE DOWN THE TABLE COLUMN 
TO FIND THE APPROPRIATE SOIL TYPE.

5. WATER QUALITY VOLUME AND BMP 
OPTIMIZATION: DETERMINE THE DEPTH OF RUNOFF 
TREATED RANGING FROM 0.1” TO 1” AND 
CORRESPONDING WATER QUALITY VOLUME (WQV). 
INFLUENCING FACTORS GENERALLY INCLUDE AVAILABLE 
AREA FOR THE BMP, TOTAL COST, UNIT COST AND 
PERFORMANCE.

6. PAIRING LAND USE, PRETREATMENT AND LOW 
MAINTENANCE DESIGNS:
MATCH PRETREATMENT NEEDS WITH LAND USE. 
STRUCTURAL BMPS SHOULD BE DESIGNED FOR LOW 
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DETENTION POND - GRAVEL WETLAND RETROFIT
0.5 ACRE IMPERVIOUS COVER, HSG-A, B, C, D 0.4 ACRE IMPERVIOUS COVER, HSG-A, B, C, D 0.3 ACRE IMPERVIOUS COVER, HSG-A, B, C, D 0.2 ACRE IMPERVIOUS COVER, HSG-A, B, C, D 0.1 ACRE IMPERVIOUS COVER, HSG-A, B, C, D

Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF 21,780 21,780 21,780 21,780 21,780 21,780 21,780 17,424 17,424 17,424 17,424 17,424 17,424 17,424 13,068 13,068 13,068 13,068 13,068 13,068 13,068 8,712 8,712 8,712 8,712 8,712 8,712 8,712 4,356 4,356 4,356 4,356 4,356 4,356 4,356
TREATED AREA EQUIVALENT SF 21,780          16,335        10,890      8,712        6,534        4,356        2,178        17,424          13,068        8,712        6,970        5,227        3,485        1,742        13,068         9,801            6,534        5,227        3,920        2,614        1,307        8,712            6,534           4,356        3,485        2,614        1,742        871            4,356           3,267          2,178           1,742        1,307        871             436               
DEPTH OF RUNOFF TREATED RT, IN IN 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1 1 0.75 0.5 0.4 0.3 0.2 0.1
WATER QUALITY VOLUME WQV CF 1,688            1,266          844            675            506            338            169            1,350            1,013          675            540            405            270            135            1,013           760                506            405            304            203            101            675                506               338            270            203            135            68              338               253              169               135            101            68                34                 
FILTER SURFACE AREA FA SF 904                678              452            362            271            181            90              723                543              362            289            217            145            72              543               407                271            217            163            109            54              362                271               181            145            109            72              36              181               136              90                 72              54              36                18                 
PONDING DEPTH DP FT 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67

` LENGTH L FT 181                136              90              72              54              36              18              145                109              72              58              43              29              14              109               81                  54              43              33              22              11              72                  54                 36              29              22              14              7                 36                 27                18                 14              11              7                  4                   
WIDTH W FT 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
DEPTH OF FILTER MEDIA DFM FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

DEPTH OF STONE RESERVOIR DS FT 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

REMOVAL EFFICIENCY: VOLUME VolRE 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

REMOVAL EFFICIENCY: P PRE 60% 55% 45% 39% 32% 26% 18% 60% 55% 45% 39% 32% 26% 18% 60% 55% 45% 39% 32% 26% 18% 60% 55% 45% 39% 32% 26% 18% 60% 55% 45% 39% 32% 26% 18%

REMOVAL EFFICIENCY: N NRE 67% 61% 51% 46% 39% 32% 21% 67% 61% 51% 46% 39% 32% 21% 67% 61% 51% 46% 39% 32% 21% 67% 61% 51% 46% 39% 32% 21% 67% 61% 51% 46% 39% 32% 21%

REMOVAL EFFICIENCY: TSS TSSRE 96% 93% 87% 79% 69% 60% 46% 96% 93% 87% 79% 69% 60% 46% 96% 93% 87% 79% 69% 60% 46% 96% 93% 87% 79% 69% 60% 46% 96% 93% 87% 79% 69% 60% 46%

REMOVAL EFFICIENCY: ZN ZnRE 90% 89% 86% 81% 73% 68% 55% 90% 89% 86% 81% 73% 68% 55% 90% 89% 86% 81% 73% 68% 55% 90% 89% 86% 81% 73% 68% 55% 90% 89% 86% 81% 73% 68% 55%

REMOVAL EFFICIENCY: BACTERIA BRE 76% 74% 69% 64% 56% 46% 29% 76% 74% 69% 64% 56% 46% 29% 76% 74% 69% 64% 56% 46% 29% 76% 74% 69% 64% 56% 46% 29% 76% 74% 69% 64% 56% 46% 29%

REDUCTION: VOLUME VolRed Mgal/yr 0.52              0.51            0.50           0.48           0.45           0.39           0.27           0.42              0.41            0.40           0.38           0.36           0.31           0.21           0.31             0.31              0.30           0.29           0.27           0.23           0.16           0.21              0.21             0.20           0.19           0.18           0.16           0.11           -               -              -               -             -             -              -               

REDUCTION: P PRed lb/yr 1.16 1.14 1.12 1.08 1.00 0.84 0.55 0.92 0.92 0.89 0.86 0.80 0.67 0.44 0.69 0.69 0.67 0.65 0.60 0.51 0.33 0.46 0.46 0.45 0.43 0.40 0.34 0.22 0.14 0.13 0.11 0.09 0.07 0.06 0.04

REDUCTION: N NRed lb/yr 7.05 7.05 6.98 6.93 6.85 6.48 5.15 5.64 5.64 5.58 5.54 5.48 5.19 4.12 4.23 4.23 4.19 4.16 4.11 3.89 3.09 2.82 2.82 2.79 2.77 2.74 2.59 2.07 0.94 0.86 0.73 0.65 0.56 0.45 0.30

REDUCTION: TSS TSSRed lb/yr 219.50 219.50 219.50 219.50 219.28 219.50 195.53 175.60 175.60 175.60 175.60 175.42 175.60 156.42 131.70 131.70 131.70 131.70 131.57 131.70 117.32 87.80 87.80 87.80 87.80 87.71 87.80 78.47 42.35 40.88 38.01 34.79 30.08 26.42 20.20

REDUCTION: BACTERIA BRed %/yr 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 100% 99% 96% 93% 86% 72% 48% 76% 74% 69% 64% 56% 46% 29%
ESTIMATED TOTAL COSTS $ 31,000$       23,000$     16,000$    13,000$    10,000$    7,000$      4,000$      25,000$       19,000$     13,000$    10,000$    8,000$      5,000$      3,000$      19,000$      14,000$       10,000$    8,000$      6,000$      4,000$      2,000$      13,000$       10,000$      7,000$      5,000$      4,000$      3,000$      2,000$      7,000$         5,000$        4,000$         3,000$      2,000$      2,000$       1,000$         
REMOVAL COSTS: VOLUME $/Mgal-yr N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
REMOVAL COSTS: P $/lb-yr 44,520$       36,350$     30,370$    28,510$    27,130$    23,520$    18,810$    44,880$       37,540$     30,850$    27,420$    27,130$    21,000$    17,630$    45,480$      36,880$       31,640$    29,240$    27,130$    22,400$    15,670$    46,670$       39,510$      33,220$    27,420$    27,130$    25,210$    23,390$    50,260$      39,510$     37,970$      32,900$    27,130$    33,520$     23,390$      
REMOVAL COSTS: N $/lb-yr 6,580$          5,380$        4,410$      3,990$      3,600$      3,120$      2,730$      6,630$          5,550$        4,480$      3,830$      3,600$      2,780$      2,560$      6,720$         5,460$          4,590$      4,090$      3,600$      2,970$      2,270$      6,890$          5,850$         4,820$      3,830$      3,600$      3,340$      3,390$      7,420$         5,850$        5,510$         4,600$      3,600$      4,440$       3,390$         
REMOVAL COSTS: TSS $/lb-yr 150$             110$           80$            70$            70$            50$            40$            150$             120$           90$            70$            70$            50$            40$            150$            110$             90$            80$            70$            50$            30$            150$             120$            90$            70$            70$            60$            50$            170$            120$           110$            90$            70$            80$             50$               
REMOVAL COSTS: BACTERIA $/%-yr 410$             310$           230$          200$          180$          150$          140$          330$             260$           190$          160$          140$          110$          110$          250$            190$             150$          130$          110$          90$            70$            170$             140$            100$          80$            70$            70$            70$            90$               70$              60$               50$            40$            40$             30$               

0.5 ACRE IMPERVIOUS COVER, HSG-B 0.4 ACRE IMPERVIOUS COVER, HSG-B 0.3 ACRE IMPERVIOUS COVER, HSG-B 0.2 ACRE IMPERVIOUS COVER, HSG-B 0.1 ACRE IMPERVIOUS COVER, HSG-B
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
TREATED AREA EQUIVALENT SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
DEPTH OF RUNOFF TREATED RT, IN IN -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
WATER QUALITY VOLUME WQV CF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
FILTER SURFACE AREA FA SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
PONDING DEPTH DP FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
LENGTH L FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
WIDTH W FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
DEPTH OF FILTER MEDIA DFM FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

DEPTH OF STONE RESERVOIR DS FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: VOLUME VolRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: P PRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: N NRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: TSS TSSRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: ZN ZnRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: BACTERIA BRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: VOLUME VolRed Mgal/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: P PRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: N NRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: TSS TSSRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: BACTERIA BRed %/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
ESTIMATED TOTAL COSTS $ -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: VOLUME $/Mgal-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: P $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: N $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: TSS $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: BACTERIA $/%-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

0.5 ACRE IMPERVIOUS COVER, HSG-C 0.4 ACRE IMPERVIOUS COVER, HSG-C 0.3 ACRE IMPERVIOUS COVER, HSG-C 0.2 ACRE IMPERVIOUS COVER, HSG-C 0.1 ACRE IMPERVIOUS COVER, HSG-C
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
TREATED AREA EQUIVALENT SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
DEPTH OF RUNOFF TREATED RT, IN IN -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
WATER QUALITY VOLUME WQV CF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
FILTER SURFACE AREA FA SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
PONDING DEPTH DP FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
LENGTH L FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
WIDTH W FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
DEPTH OF FILTER MEDIA DFM FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

DEPTH OF STONE RESERVOIR DS FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: VOLUME VolRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: P PRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: N NRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: TSS TSSRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: ZN ZnRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: BACTERIA BRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: VOLUME VolRed Mgal/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: P PRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: N NRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: TSS TSSRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: BACTERIA BRed %/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
ESTIMATED TOTAL COSTS $ -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: VOLUME $/Mgal-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: P $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: N $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: TSS $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: BACTERIA $/%-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

0.5 ACRE IMPERVIOUS COVER, HSG-D 0.4 ACRE IMPERVIOUS COVER, HSG-D 0.3 ACRE IMPERVIOUS COVER, HSG-D 0.2 ACRE IMPERVIOUS COVER, HSG-D 0.1 ACRE IMPERVIOUS COVER, HSG-D
Column23 Column Column25 Column26 Column27 Column28 Column29 Column30 Column31 Column32 CoColumn37 Column38 Column39 Column40 Column41 Column42 Column43 CoColumn48 Column49 Column50 Column51 Column52 Column53 Column54 CoColumn59 Column60 Column61 Column62 Column63 Column64 Column65 CoColumn70 Column71 Column72 Column73 Column74 Column75 Column76
IMPERVIOUS DRAINAGE AREA IA SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
TREATED AREA EQUIVALENT SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
DEPTH OF RUNOFF TREATED RT, IN IN -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
WATER QUALITY VOLUME WQV CF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
FILTER SURFACE AREA FA SF -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
PONDING DEPTH DP FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
LENGTH L FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
WIDTH W FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
DEPTH OF FILTER MEDIA DFM FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

DEPTH OF STONE RESERVOIR DS FT -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: VOLUME VolRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: P PRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: N NRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: TSS TSSRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: ZN ZnRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REMOVAL EFFICIENCY: BACTERIA BRE -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: VOLUME VolRed Mgal/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: P PRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: N NRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: TSS TSSRed lb/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

REDUCTION: BACTERIA BRed %/yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
ESTIMATED TOTAL COSTS $ -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: VOLUME $/Mgal-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: P $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: N $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: TSS $/lb-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               
REMOVAL COSTS: BACTERIA $/%-yr -                -              -             -             -             -             -             -                -              -             -             -             -             -             -               -                -             -             -             -             -             -                -               -             -             -             -             -             -               -              -               -             -             -              -               

PERFORMANCE AND SIZING IS THE SAME FOR ALL SOIL TYPES 
FOR THE GRAVEL WETLAND BECAUSE IT DOES NOT HAVE ANY 

INFILTRATION

PERFORMANCE AND SIZING IS THE SAME FOR ALL SOIL TYPES 
FOR THE GRAVEL WETLAND BECAUSE IT DOES NOT HAVE ANY 
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PERFORMANCE AND SIZING IS THE SAME FOR ALL SOIL TYPES 
FOR THE GRAVEL WETLAND BECAUSE IT DOES NOT HAVE ANY 

INFILTRATION

NOTES
1. THE PURPOSE OF THE GREEN 
INFRASTRUCTURE DESIGN STANDARD TEMPLATES IS TO 
PROVIDE EASY OFF-THE-SHELF DESIGN TEMPLATES FOR 
COMMON APPLICATIONS FOR ROADSIDE STORMWATER 
MANAGEMENT. THE DESIGN TEMPLATES ARE NOT 
INTENDED TO REPLACE A MORE COMPLETE 
STORMWATER MANUAL, BUT RATHER TO PROVIDE A SET 
OF COMMON DESIGN STANDARDS THAT CAN BE EASILY 
SELECTED AND SIZED FROM REFERENCE TABLES 
PROVIDING BMP DIMENSIONS, POLLUTANT REMOVAL 
PERFORMANCE, AND COSTING FOR TOTAL BMP 
CONSTRUCTION COST AND THE UNIT COST TO REMOVE A 
POLLUTANT (IE. $$/LB N/YR).

2. TO USE THESE STANDARDS FOR BMP SIZING 
YOU ONLY NEED TO KNOW THE SIZE OF THE IMPERVIOUS 
DRAINAGE AREA (IA), THE SOIL TYPE (HSG A, B, C, OR D), 
AND THE LEVEL OF TREATMENT (DEPTH OF RUNOFF 
TREATED, RT) AND CORRESPONDING WATER QUALITY 
VOLUME DESIRED (WQV).

3. OTHER IMPORTANT DESIGN ELEMENTS TO 
CONSIDER INCLUDE: 1) THE LAND USE AND ANTICIPATED 
LEVEL OF TRASH AND DEBRIS NEEDED FOR 
PRETREATMENT, 2) SITE CHARACTERISTICS SUCH AS 
AVAILABLE AREA, EXISTING AND POTENTIAL INVERTS AND 
OUTVERTS, EXISTING DRAINAGE INFRASTRUCTURE, 
AVAILABLE HYDRAULIC GRADE, EASEMENTS AND RIGHT-
OF-WAYS, AND 5) LOCATION OF UTILITIES AND 
SUBSURFACE INFRASTRUCTURE.

4. OTHER IMPORTANT CONSIDERATIONS MAY 
INCLUDE THE INFILTRATION CAPACITY OF SUBSURFACE 
SOILS, GROUNDWATER MOUNDING, SLOPES, SLOPE 
FAILURE, USE OF GEOTEXTILES, SEASONAL HIGH-WATER 
TABLES, APPROPRIATENESS OF INFILTRATION WITH 
RESPECT TO LAND USE, ENGINEERING REDUNDANCIES, 
FLOODING RISKS, FACTORS OF SAFETY, AND ALWAYS 
PUBLIC SAFETY.

5. THIS METHOD DOES NOT REPLACE THE NEED 
FOR DESIGN BY A QUALIFIED PROFESSIONAL ENGINEER 
AND IS INTENDED TO BE USED AS A TOOL TO 
SUPPLEMENT STORMWATER MANAGEMENT DESIGNS 
FOR USE IN COMPLYING WITH REQUIREMENTS FOR THE 
MA SMALL MS4 PERMIT AND THE MA STORMWATER 
STANDARDS. AN UNDERSTANDING OF THE DESIGN 
PRINCIPLES OF STORMWATER MANAGEMENT IS CRITICAL 
AND CAN BE FOUND IN THE MA STORMWATER 
HANDBOOK.

DESIGN STEPS
1. EVALUATE POTENTIAL LOCATION FOR 
STORMWATER MANAGEMENT RETROFIT:
SITE CHARACTERISTICS INCLUDE AVAILABLE AREA, 
EXISTING AND POTENTIAL INVERTS AND OUTVERTS, 
EXISTING DRAINAGE INFRASTRUCTURE, AVAILABLE 
HYDRAULIC GRADE, LOCATION OF UTILITIES AND 
SUBSURFACE INFRASTRUCTURE, EASEMENTS AND RIGHT-
OF-WAYS.

2. DETERMINE DRAINAGE AREA:
DETERMINE CONTRIBUTING IMPERVIOUS AREA.

3. WATER QUALITY VOLUME AND BMP 
OPTIMIZATION: REVIEW SHEET 3 ON BMP OPTIMIZATION. 

4. SELECTION OF DESIGN AND SIZING TABLES:
ENTER THE TABLES FROM THE TOP LEFT AND SELECT 
ACROSS THE SIZING TABLES RANGING FROM 0.1 - 0.5 
ACRES IN SIZE. THEN MOVE DOWN THE TABLE COLUMN 
TO FIND THE APPROPRIATE SOIL TYPE.

5. WATER QUALITY VOLUME AND BMP 
OPTIMIZATION: DETERMINE THE DEPTH OF RUNOFF 
TREATED RANGING FROM 0.1” TO 1” AND 
CORRESPONDING WATER QUALITY VOLUME (WQV). 
INFLUENCING FACTORS GENERALLY INCLUDE AVAILABLE 
AREA FOR THE BMP, TOTAL COST, UNIT COST AND 
PERFORMANCE.

6. PAIRING LAND USE, PRETREATMENT AND LOW 
MAINTENANCE DESIGNS:

4/24/2023
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