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LGROW DESIGN SPREADSHEEDRIAL

General

The LGROW Design Spreadsheet is ausrd to demonstratéhat a proposed site meets the
requirements provided in theommunity/county sormwater standardsmanual(Manual) It is not
intended to be usedor detailed design of stormwater BMPEhe spreadsheet can be used to model a
single discharge point from the site including structural BMPs in series or parallel.

Layout

The LGROW Desi§preadsheet consists of several worksheets identified by tabs at the bottom of the
spreadsheet. The following tabs are included:

Summary | Subl Sub2 Sub3 Sub4 | Subs Sub6 | Sub7 | Subg Subg Sub10 | Tc Flood Control Documentation Settings

1 Summary This tab is used to providegeneral site description including subcatchment connectivity.
This tab also providessummary of the site hydrology, channel protection volumes, \&ater
quality volumes.

1 Subl through Sub1These tabs are used to specify the characteristics of each subcatcHaaet.
site can be divided into as many as 10 subcatchmditiis. is useful hen Low Impact Development
concepts are usedschannel protectiorandwater qualityBMPsare typicallydistributed
throughout the site

1 Tc Timeof-Concentration: This tab is used to specify the tim&concentration for the entire site
for both the exsting and developed condition. The tiroé-concentration is used to compute peak
dischargesequired for specifyinghe detentionflood control volume.

1 Flood ContralThis tab is used to determine the required detention or retention volume needed to
meet the flood control requirements. The tab also provides-gitde dischargend volume
summaries.

1 Documentation This tab describes the calculations made by the spreadsheet. Links to thigrpage
locatedthroughout the spreadsheet.

1 Settings This tab does nallow user entry. It displays some of the key commuasjigcific settings
(if not hidden)

Noteson Use and Data Entry

1 After openingthe spreadsheetyou willneedto enablethe use ofan embeddedmacro. Look for the
security warni @gnaedtclick “Enabl e

1 Data is entered in yellow cells. Green cells allow selection of items from pulldown mebutons
All other cells are locked to avoid the user makihgnges to embedded equations.

06/25/2020 Pagel of 20 ~fishbeck



O GVMC

W‘
—

1 Ared triangle in the upper rightand corner of a celhdicates a comment is embedded with
directions or further explanation for the user.

9 The user can type in actual values or equations in any of the data (yellow)bellequations can
be linked to other data cells or to calculated values in the whitks.dels highly recommended that
the user inputequationsand link to other cells in the spreadsheetatiow for dependent values to
be updated as changes are made (refetioking Cells and Using Equatiomspage 2).

1 Do not use Cut, Copy, or Pastep¢ing and pasting data from another copy of the spreadsheet can
inadvertently create links between the spreadsheets.

1 Warning and error messages will appear in red.tidticeswill appear in blue text. Warnings do
not affect computations but errors mustoe corrected for results to be computed.

Case Study

A case study was used to generate screen shots for this tutorial and illusieatise of the LGROW
Design Spreadsheet. The site layout for the case study is shown below. The full case study isiprovided
a separate LGROW Design Spreadsheet.

Roof discharge
to stone bed
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Informationrequiredin the first three sectionsf the Summaryabis identical to that in théStormwater
Worksheet A separate worksheet need not be submitted if theRAW Design Spreadsheet is used

Project Description

Enter all required information. Click the check box to select all special conditions that apply to the site.

Project Description

Development Name|Case Study No. 1

Location|Urban Township

Address|

Developer/Owner|John Doe

Engineering Firm|Doe Engineering & Surveying, Inc.

Engineer|RJH

Date

Notes

County Drain No. 1; detention basin discharges to drain located on east side of property.

Site located in MS4 urbanized area; disturbance > 1 acre; discharge to waters of the state.

selectif Yes
Drainage District|
Watershed Policy ]
Redevelopment ]
Ms4
Hotspot ]
Coldwater Stream O

Sensitive Areas

Selectall sensitive areas from the pulldown listat apply to the site.

Sensitive Areas

Indicate on site plan and select all that apply.

Description

Notes

Wetlands

Preserve wooded wetland area

Channel Protection Volume Basis

Jecify the predevelopment land use definitiorSelece i t h e r
applicable for the site per the Manu®d.e pendi ng

only one definition.

on

“ E x-Bestttil negse notr” “ Pr e

t he

commuri tty, atlHiosw

Indicate if channel protection volumen®t required for the siteor will be provided offsiteor if a
paymentin-lieu program will be utilized

Channel Protection Volume Basis

Pre-development Land Use Definition

Existing

Notes

Not Required

O

Provided Offsite

O
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Subcatchment Connectivity

The ability to divide the site into subcatchments alldivs channel protection ad water quality
volumes to be routedhrough BMPs placed geriesor in parallel and helps to ensure proper sizing of
individual BMPs to meet the required volum@asis section provides a way for the user to specify the
number of subcatchments and hoWwe subcatchmets are connected to each other.

The available subcatchment names (Subl, Sub2,
the process of specifyirgubcatchmentsgnust start at the upstream end and proceed downstredine
DownstreamSubcatchment is thaext subcatchmentvith atreatment BMPto which stormwater runoff

is routed.Only the final downstream subcatchment (usually used for the detention or retention basin)
should have “none” selected i n Ifasitedrdin®to muitipléa r eam Su
flood control basinsa separate spreadsheatustbe completed for eachischarge point from the site

An error message will appear until the user completes the selection of all downstream subcatchments.

If mistakes are made in this process, or subcatchments are omitted, added or renumbered, the user can
simply delete the contents dhe green cells and start ovekn errormessagewill appear if a number
greater than 10 is enteredr if all downstream dacatchments have not been selected

Subcatchment Connectivity

Number of Subcatchments E

Downstream I
Subcatchment Name Subcatchment Description
Subcatchment

Subl Sub6 Drives, Parking, and Rain Garden
Sub2 sub3 Wegetative Roof

Sub3 Subb standard Roof and Plaza

Subd Subf Single Family Units

Subs Subb Street

Subb none Detention Pond

In the case study, Sub 1 is routed to Sub 6 and not Sub 5 (storm sewer in the street) because Sub 5 has
no structural BMPs to further treat the runoff from Sub 1 either for channel protection or water quality.

Defining Subcatchments
Subcatchment delineation is based ibre developed condition.

In general, a subcatchment should be defined as the area draining to a single structural BMP or BMP
treatmenttrain. Delineate subcatchments so each structBMP tobe analyzd is located at the
receiving end of the subcatchmendthis is important to ensure proper sizing of the BMP.

A separate sultbcatchmentshould be used forhie detention or retention basin footprint and any
pervious areaurrounding it

A separate subcatchnmé shouldbe usedor anyoffsite area routed o the detention or retention basin
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Catchbasins

A separate subcatchment can be delineated for each catchbasin located along the main line of a storm
sewer(i.e. in series)This may be useful when the number of catchbasins is limited and the user wishes
to get credit for the water quality treatment provided by the catchbasin.

If the user does not neetb count thewater quality provided by the onsite catchbasins, they can b
ignored and a single subcatchment may be defined for an entire run or network of storm sewer.

Finally, if a single subcatchment is used no other pasthrough water from upstream complicates
matters,the water quality volume from the subcatchment da@ prorated by the amount that enters
each catch basilocated in serieqRefer to example under Special Cases).

Pervious Pavemenind Vegetated Roof

A separate subcatchment should be used for a pervious pavearemggetated roofirea. The
subcatchmenimay simply be the area of the pervious pavemenvegetated roofif no other drainage
areas are directed to it.

Upstream areas that discharge to the stone bed under a pervious pavement may be routechfrom a
upstreamsubcatchment oincluded as part othe subcatchmentontainingthe pervious pavement.
(Refer to example under Special Cases).

Linear BMPs

Linear BMPs such as bioswales and grassed swales can be handled with a single subcatchment if the
contributing drainage area is consistent along the tarn@e. roadwayuniform frontagg. The

subcatchment for a linear BMP should be divided at the point where any additional lateral flow
contribution enters the BMP.

Subcatchment Hydrology Summary

This section provides a summary table of the information entered for each subcatchment in the Sub
tabs. Information is provided for both existing and developed land use. This section allows for a quick
comparison of subcatchment acraadchange in percenimpervious These factors have an effect on

the volume of stormwater runoff froneachsubcatchment.

Subcatchment Hydrology Summary
Existing Developed
Subcatchment Name
Area [ac] % Impervious Pervious CN Area [ac] % Impervious Pervious CN

Subl 1.20 0% 50 1.20 50% 37
Sub2 0.40 0% 61 0.40 100%
Sub3 1.60 0% 61 1.60 72% 62
Sub4 1.60 0% 61 1.60 69% 60
Sub5 0.20 0% 61 0.20 100%
Sub6 0.40 0% 80 0.40 0% S50

Site Totals and Averages: 6.00 0% 60 6.00 67% 60
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Subcatchment Results Summary

The two tables in this section provide channel protection and water quaisylts for the entire site.

Channel Protection

The channel protection volume table summarizesbgults from each subcatchment, then totals the
values to provide results for the entigite. The table shows for each subcatchment the required
channel protection volume (CPV) generated from the subeagstt, the unmet CPV from upstream
subcatchments, the CPV credited to the BMPs in the subcatchment, and the unmetr€RV se
downstream subcatchments.

In the case studyonly 63% of the site total CPigmet byonsiteretention. To meet the channel
protection requirementl1,397 cft of extended detention is needed for the unmet portion of the CPV.
The 0088cfs release rate is calculated to allow drainage in 72 hours.

The Lyear existing peak discharge is shown here for quick comparison if MS4 permit neeuisdlimit
the extended detention maximum release rate to that value. The comr{renttriangle)instructs the
user on how to proceed if the calculated extended detention release rate is greater thanyter peak
discharge.

Channel Protection Volume from Structural BMPs

Channel Protection Volume [cft]

Subcatchment Name

Required

Upstream Credited Unmet

Subl

4,610

2,610

Sub2

3,073

1,725

1,348

Sub3

8,905

10,254

Sub4

8,396

3,145

5,250

Sub5

6,146

o

6,146

Subg

0

0

11,397

Total

31,130

19,734

Percent of Channel Protection Volume met by Onsite Retention 63
Minimum Required Extended Detention Volume [cft] 11,397
Required Extended Detention Release Rate [cfs] 0.088

1-year Existing Peak Discharge [cfs] 0.19
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Asummarytable is providedo account forwater quality volume and TSS removal. This table shows
whether the water quality volume is met for each subcatchment and for the entire site. Since unmet
water quality volume can be passed down from one subcatchment toétxg the criterion is metor

the siteif it is met for the downstreanmost subcatchment.

The TSS accounting shows for each subcatchment the amount generated, the amount passed down

from upstream subatchments, and amount removed.

In the case studythe TSS &movalEficiency of 98% is computed by dividing the 7, units removed

by the14,000generated.

Water Quality Volume and TSS Removal

Subcatchment Name

Water Quality

Volume Met

TSS

80% TSS removal met?

Volume [cft] Generated Upstream Total Removed
Subl 2,197 Yes 2,197 0 2,197 2,076
sub2 1,183 Yes 1,183 0 1,183 1,065
Sub3 3,775 Yes 3,775 118 3,854 3,465
Sub4 3,999 Yes 3,999 0 3,999 3,831
Sub5 2,846 No 2,846 o 2,846 581
Sub6 0 Yes 0 2,982 2,982 2,684
Total 14,000 Yes 14,000 13,702
TS5 Removal Efficiency [%] a8

Yes
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SubTalbs

1. Description
Section 1 displays the subcatchment description entered in the Summary tab as an identifier.

1. Description

Subcatchment Description:|Drives, Parking and Rain Garden

2. Runoff
Land Use

Section 2 allows the user to enter information abdhe existing and developed land usss runoff
volumes can be computedreas can be given in acres or square feet.

Areas for existing and developed land use should typically match since subcatchnieedtitah is
based on the developed conditiolm cases whe a drainage divide is altered by the development, the
areas contributing to an outlanay not match. Avarning will appear idreasdo not match.

The Presettlement Curve Number in the ExistinghtddJse tablés onlyrelevantto the channel
protection volumecalculations ithe channel protection standard for the site requires that
predevelopment conditions reflect preettlement conditionsPre-settlement hydrology numberare
includedin the Reslis Summaryable regardless.

2. Runoff Click here for documentation
Curve Number
Existing Land Use HSG Area Units Existing Pre-settlement
Pasture or range land - good A 0.60 acre 39 30
Pasture or range land - good B 0.60 acre 61 58
acre
acre
acre
acre
acre
acre
acre
120 acre 30 44

Notes:

Existing is pasture. Half is HSG A with remainder HSG B

Developed Land Use HSG Area Units Curve Number Notes
DIST: Impervious (paved parking lot, roof, driveway, etc.) B 0.60 acre 98
DIST: Open spaces (grass cover) - good A 0.49 acre 39
S-BMP: Meadow A 3,300 sgft 30 Rain Garden
N-BMP: Native revegetation: Plant trees (200 sqft per tree): W A 1,600 sgft 30
acre
acre
acre
acre
acre
120 acre 37

Notes:
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Devel oped | and uses ar e c lsatsrsuicftiuerdaBlisiBB MPDsi"S t(uNt © e
BMP Sur-BeEBE, &41d “Other Existing Land Uses” (EXI S

Disturbed
Select'Disturbed land uses for any areas of thiteswith earth disturbance.

Nonstructural BMPs

Select'Nonstructural BMPSwhere these will be used to reduce the volume of runoff and exempt the

application area from water qualigccounting In thecase studynote how tree plantingprovides credit

as a norstructural BMP with200g§ t per tree cogoondédiastéewdod$s “oper
(grasscovengood” The tot al sqguare feet can be directly e

Impervious Area witlstormwater Disconnect

Sormwater disconnectan be selected as a natructural BMP when a supplemental paved area
discharges over and onwminimaldisturbanceareaor other natural retention area (not a designed
structural BMPJ}hat meets minimum size and slope criteriasufoplemental paved areas sheet flow into
a structural BMP (e.qg. filter strip, bioswale, bioretention/rain garden) connected to the stormwater
conveyance systenit is not disconnected, bushould be counted as impervious area contributinghe
BMP.

In the case study, the patio in Sub 3 is counted as a stormwater disconnect as it drains onto the
relatively largeminimal disturbance area. The single family homes in Sub 4 are not considered
disconnected. Although they do not connect to the storm seweratiyethey drain into the bioswale,
which is connected to the storm sewesothe bioswale must bsized to treat runoff generated from
theseimpervious areas.

Developed Land Use HSG Ar

N-BMP: Impervious area with stormwater disconnect A
---------- STRUCTURAL BMP SURFACE --emneeemee

5-BMP: Water

5-BMP: Meadow

5-BMP: Open spaces (grass cover) - good

---------- OTHER EXISTING LAMD USES -memeeeeee

EXIST: Impervious (paved parking lot, roof, driveway, etc.)
EXIST: Cultivated land

Structural BMP Surface

Select'Structural BMP Surfatéo account for the surfaceunoff characteristics of structural BMPs
located in pervious areas of the saed exempt from water quality accountinghree options are
provided
1. Water: Selector detention/retention basirswith a permanent pool osurfacewater
temporarily pondedduringthe rain event

2. Meadow: Select fovegetative BMB, including those that temporarily pond surface watr,
receive credit for channel protection.

3. Open spaces (grass coverjjood Select for vegetative BMRvith mowed turf grassincluding
those that tempaarily pand surface waterio receive credit for channel protection
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Note that pervious pavement and vegetative roof are not included lhseestructuralBMPsurface
becausehey are appliedo impervious areas of the site. They are accounteddtar in Sections 3 and
4 where they can be selectes structural BMPs to treat theinoff volumefrom the roof or pavement
surface

Other Existing Land Uses

Select'Other Existing Land Useer offsite areas, or undisturbed areas of the sfta nonstructural
BMP from the pulldown list does not properly reflect thisite protected areaExisting land uses are all
exempt from water quality accounting.

Subcatchment Runoff Volunse

Runoff volumedor developedand useare summarized for eactubcatchmentValuesare provided for
the full range of rainfall frequencies.

Runoff volume information is useful when sizing retentive BMPs, and allows the user to easily check the
BMP Volume Provided (in Section 3b) against the cumulative runoff vohametfie subcatchment

(including any upstream subcatchments with pa®ugh flow). Since retentive BMPs may be designed
larger than the minimum required channel protection volume, this information allows the user to design
the BMP for a particular desigrequency, or conversely to determine the design frequency for which

the BMP is sized.

It should be noted that the “Volume Retained by B
entered in Section 3b as applicable.

Subcatchment Runoff Volume for Developed Land Use
Rainfall Frequency 1-year 2-year 10-year 25-year 100-year
Volume from this Subcatchment [cft] 4,340 5,076 7,746 9,878 14,114
Volume from Upstream Subcatchments [cft] 0 o 0 o 0
Cumulative Runoff volume [cft] 4,340 5,076 7,746 9,878 14,114
Volume Retained by BMPs this Subcatchment [cft] 4,340 4,789 4,789 4,789 4,789
Volume Released [cft] 0 287 2,957 5,089 9,325
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3. Channel Protection Volume
Section 3 provides calculations fdiannel protection volumand sizing retentive BMPs

3. Channel Protection Volume Click here for documentation

3a. Required Channel Protection Volume

Is Channel Protection Volume required? If no, provide reason. Yes
2-year, 24-hour Runoff Volume for Developed Condition [cft] 3,076
2-year, 24-hour Runoff Volume for Pre-development Condition [cft] 466
Minimum Required Channel Protection Volume this Subcatchment [cft] 4,610
Unmet Channel Protection Volume from Upstream Subcatchments [cft] 0
Required Channel Protection Volume 4,610
From Section 3c
3b. Structural BMPs used to meet Channel Protection Volume
A i
Infiltration v Design Lo Volume
Structural BMP Storage _ , Drain Time [hr] ,
Area Infiltratipn Provided [cft]
Volume [cft] !
[sqft] Rate [infhr]
Bioretention / Rain Garden 2,800 1,750 ( 2.74 ) 2.74 4,789
N.A.
MN.A.
MN.A.
MNLA.
Total Volume 4,780
Credited Channel Protection Volume 4,610
Percentage of Channel Protection Volume Met by Retention 100%

Motes:
|VOIume i5 0.5 ft surface ponding; media voids do not provide storage volume since subsoil is more pervious (i.e. treat like a retention basin)

3a. Required Channel Protection Volume

Section 3ahowsthe increase in Zear runoff volumeThis is thechannel protection volumef any
upstream subcatchmentdo not fully provide the require¢hannel protection volumethe unmet
portion isaddedhere.

3b. Structural BMPs used to meet Channel Protection Volume
Section 3ballows the user to select structural BMPs from the pullddista All BMPs are retentive.

Enter information about the selected BMP in the three columns to the right. Note that the information
required varies by the selected BMP. For examphegetated Roois selected, only thafiltration
areaandthe storagevolumearerequired to be entered for the computations. The spreadsheet
automatically shades out thenusedcolumn(s).Values may be typed in the shaded cells, but they are
not used in the computation$Note that the infiltration area isnot the surface area of the BMP

The value entered for design infiltration rate can be obtained from fielaneabilitytests, the design
infiltration rates by USDA soil texture class given in the Manual, or the infiltration rate calculator in
Section 3c. lall cases the limiting value of the underlying soil or filter media must be entered.

The drain time of thetoragevolume isprovidedsoit can be checked against maximattowabledrain
times by BMP given in thdanual

The volume provided bgachBMP(Momp)is thestoragevolume ofthe BMP plus the volume of water
that infiltrates duringthe periodwhen the BMP is receiving run@hd capable of infiltrating at the
design rateThecase studyllustrates how the volume provided msore thanthe storage wlume.
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The credited channel protection voluns@ownisthe sum of the volumes provided by each BMP,

limited bythe sum of the2-year runoff volume from the subcatchmeahdany unmet channel

protection volume from upstream subcatchments. In ttese studysince the required channel

protection volume is less than the volume provided by the BMP, the credited channel protection volume
is ¢t at the lower value.

3c. Infiltration Rate Calculator for BMP Media

The infiltration rate calculator is a handy tool to compute the equivalent infiltration rate of BMP filter
media in inches per hour when the user is given hydraulic conductivities in feet per day and must apply
these withDar c y ' e cdowension b&twee hydraulic conductivity and infiltration rate is not a

simple units conversion. The infiltration rate is a function of the depth of the filter media and the
average head on the filter.

Filter media type is selected from tipailldown list with a yellow d@ cell provided for user entry.
Selection of more than one filter media compon@ssumes homogeneous mixture ohe filter

media and notplacement in separatkayers.If separate layers of filter media are proposed, only the
limiting layer should besed.

As shown in thease studya simple units conversion from a hydraulic conductivity of &/68y results
in 2.35in/hr, which is less than the computed infiltration rate of 2id/r usingDar cy ' Law.
difference becomes more pronounced whieead increases and depth of filter media decreases.

3c. Infiltration Rate Calculator for BMP Media

Filter Media Component K [ft/day] Weight Value
Compost (loose) 8.7 25 Average Head on the Filter [fi] 0.50
Coarse Sand 3.5 70 Depth of Filter Media [fi] 3.00
Topsoil (<10% clay) 1.3 & Infiltration Rate [in/hr] 2,74
Average Hydraulic Conductivity of Filter Media [ft/day] 4.69

Notes:

|Infiltrati0n testing yielded an in-situ infiltration rate of 20 inches/hour for underlying soil. Design infiltration rate =10 inches/hour. |

Infiltration testing indicats that the underlying soiill allow for a desigmfiltration rate of 10in/hr.
The infiltration rate calculatogivesa rain garden media infiltration rate of 2. idhr. Therefore the
limiting infiltration rate used inSection3b is 2.74n/hr.

Linking Cells and Using Equations
In the case studythe storage wlume uses thénfiltration areain an equation input by the usgas
illustrated below Likewise, the designfiltration rateis linked to the infiltration rate in Section 3c.

E61 52 J =3500%0.5
A B C D E F
| |
A i
. . v .
Infiltration Design
Structural BMP Storage . i
Area Vel [cft] Infiltration
50 [sqft] olume le Rate [in/hr]
B1 | Bioretention / Rain Garden 2,800 1,750 2.74
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4. Water Quality Volume

Section £omputesthe water quality volume Thecalculations need to distinguish between four types
of directly connected impervious aredlat roofs, pitched pofs, unpaved, and paved. The default is
paved.An errormessagevill appear if values entered for roofs/unpaved are greater than the sum of
directly connected impervious area.

Inthe case studyall the impervious areas are paved so no values are providgt yellow cellsThe
resultis 2,197 cft of runoff from this subcatchment needingater quality treatment.

4. Water Quality Volume Click here for documentation
Sum of Directly Connected Impervious Area [ac] 0.60
Flat Roofs/Unpaved [ac]
Pitched Roofs [ac]
Paved [ac] 0.60
Sum of Directly Connected Disturbed Pervious Area [ac] 0.49
Sandy Soils (H5G A) [ac] 0.49
Silty Soils (HSG B) [ac] 0.00
Clayey Soils (HSG C&D) [ac] 0.00 TS5 )
Minimum Required Water Quality Volume this Subcatchment [cft] 2,197 Generated this Subcatchment 2,197
Water Volume from Upstream Subcatchments [cft] 0 From Upstream Subcatchments 0
olume to be Treated 2,197 0 be Treated 2,197
Notes:
| |

Section 4 also computes the TSS generated fasobcatchmentFor simplicity in accountingne unit
of TSS is defined # TSS carriedytbne unit of untreated runoff.

BMPsselected by the usateed to be able to treat thavater quality volumegenerated by this
subcatchment plus anyntreated runoff fromupstream subcatchment3he TSS to be treated is the
amount generated in this subcatchmieplus any TSS carried down from upstream subcatchménts.
Subl of thecase studythere are no upstream contributionso the water volume to be treated is the
same number as the TSS to be treated.

5. TSS Accounting

Section sshows how the BMPs meet tlveater quality volumeaequirement and calculas the TSS
removed by the BMPs.

Thelist of BMPs available in the pulldown is longer here than in Section 3. Section 3 included only those
BMPs that retain the water onsite. Section 5 adds BMPs that treat gienas it passes througBMPs

are listed a®ither “Retentivé  ( & EPRgghrough” ( PBMBsSSQalculations are performed

differently for eachlt is important that the BMPs are listed in ordesm upstream to downstreann

the treatment train.

Thetreated water volume entered in the second column varies depending on the type of BMP being
used. For pasthrough BMPsenter the portion of the water quality volume that passes through the
BMP. This igot the storage volume of the BMP. For retentive Bd/enter the volume provided by the
BMP (Vbmpdefined on Page }1
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The TSS removal efficiency is populated from accepted values in the Manual, unless a removal efficiency
must be supplied by a thirdarty. Thec el | s undeart e SUp pwiibd shddedc o1 umn
unless a value is needethe effective TSS removal efficiency is then computed as the removal efficiency
multiplied by the ratio of the treated water volume to the water volume in the stream approaching the
BMP. This allows for cases wherdy a portion of the water volume is treated by a BMP.

When a retentive BMP is used upstream in the treatment train, the volume approaching the next BMP is
reduced by amount of retention provided. When a p#a®ugh BMP is used upstream in the treatment
train, the entire passhrough volume is used as the volume stream approaching the next BMP.

5. TSS Accounting Click here for documentation
TSS Removal Efficiency
BMPs Used in Treatment Train Treated Water Third-Party TSS Removed
Volume [eft] Tabulated i Effective
Supplied
PASS: Vegetated Filter Strip (sized for pretreatment) 2,197 50 50 1,098
RET: Bioretention/Rain Garden 4,789 39 39 978
0
o
0
o
0
0
Released Water Volume [cft] (1] Total TS5 Removed 2,076
Water Quality Volume met? Yes TS5 Remaining 121
T55 Removal Efficiency [%] 95

Notes:

TSS Removed

The units of TSS removed by each BMP are computed and totaled. The total is then subtracted from the
units of TSS to be treated in the stream (fr@®ction 4) to obtain TSS remaining. Finally, the TSS

removal efficiency is computed for the subcatchment. Since the calculations for TSS removed are not
readily apparent from the spreadsheet, it is helpful to use the case study to illustrate.

In the casestudy, he Vegetative Filter Strip sized for pretreatment is a Rlassugh BMPwhich treats
all 2,197 cft of water flowing through it. The TSS removal efficiency is 50% resulting in the removal of
2,197 * 0.5 = 1,08 units of TSS.

The Rain Garden is a retentive BMP. It removes TSS at a fghient only from the volume retained.

The treated water volume for the rain garden is |
Thisvolume is much larger than theater qualityvolume entering the BMP. SinceD®8 units of TSS

were removed in the filter strip, the rain garden will remove 89% of the remainingSb38539* (2,197

—1,098) = 978 units of TS8moved Even though there is no water (from the water quality event)

leaving the BMPthe remaining 121 units of TSS &pmassed dowhto the next subcatchment for

further TSS removal calculatiofiis occurs because the removal efficiency for retentive BMPs is

always less than 100% to account for reduced performancetoxwerand other unknownsResults

show the water quality volume is met and the TSS removal efficiency is6B%buted by dividing the

2,076 units removed by th&,197 units to be treated
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TcTab

Theworksheet in thelctab uses TR55 methodologyThe timeof-concentration imeededto calculate
peak discharges and determine the size of detention starage

The timeof-concentration is computed separately for existing and developed condititrastlow path
is split into sheet flowshallow concentrated flonand open channels, swales and pip&svarning will
appear if sheet flow exceeds the maximum allowable flow distafke.timeof-concentration is
calculated following the longest flow route (in termstivel time).

Developed click here for documentation
Sheet Flow
Type E IE\:-;i'IO n|E Iefai'lon DiZLoa\:ce Man:ing' s [S;;?; T_;:_:;:r]
[ftl [ftl [ftl _
Short grass B18.00 B17.00 95.00 0.150 0.0105 0.23

Subtotal 0.23

Shallow Concentrated Flow [after 300 feet of sheet flow)
us DS Flow
Type Elevation | Elevation | Distance
[ft1 Jival Iftl

Slope Velocity Travel
[ft/ft] [ftfs] Time [hr]

Subtotal 0.00

Open Channels, Swales, and Pipes

us DS Flow Wetted User . .
R R R N . Manning's Slope Velocity Travel
Type Elevation | Elevation | Distance |Area [sqft] | Perimeter | Specified, n e/l [#e/s] Time [hr]
[ft] [ft] [ft] [ft] n ) )
Grass 817.00 816.00 250.00 5 10 0.025 0.0040 2.37 0.03
Concrete 816.00 813.70 600.00 1.2 3.9 0.013 0.0038 3.23 0.05
Subtotal 0.08
Developed Total without Storage Device [hr] 0.31

Storage Device

10-year Design _— Travel
. Description )

Discharge [cfs] Time [hr]

1750 122 Storage volume in raingarden 0.40

Storage Volume [cft]

Subtotal 0.40

Developed Time-of-Concentration [hr]

Additional flow timeassociated withrunoff passing through structural BMBan be calculated using the

Storage Device table in the Tc tab. The additional flow ts@alculated as the BMP storage volume

divided by the 16yeardesigndischargePeak discharge entering the BMP is calculatsidg the

Rational Method, or the CN Method via computer program (SSA; MB6) or a separate LGROW

Design Spreadsheé$torage devices should only be included if they are part of the longest flow route.

The Storage Device table may be completedto caltue B MP t r avel tdare” imihreputs el
the Flood Control taband does not require completing tlemtire Tc tab.

In the case studythe developed timeof-concentration is increased from3L hour to 0.71 hour after
accounting for the storage il structural BMRB located along the longest flow route
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GVMC

Flood ControlTab

TheHood Gontrol tab is used to specify timef-concentrationfor the site compute theflood control
volume, and provide sitewide volume and discharge results foraageof rainfallfrequencies

Time-of-Concentration

The existing and developed time§concentration can bepecifiedin one of two waysValues from the
worksheet in thelctab can be selected, orsersuppliedvalues can be entered manualliynthe case
studyy, the method sele®RegdrdsesSWoonkshéet val ue
worksheet the valueused will never be less thahl hour.An errormessagevill appear if a timeof-
concentration greater than 20 hours is entered.

suppl i

Time-of-Concentration

Existing [hr]
Developed [hr]
Notes:

Click here for documentation

Worksheet

User

Value Used

0.66

0.66

0.71

0.71

Method Selected

Worksheet

Flood Cotrol Volume

The spreadsheet can be used to compute the flood control volume using dighemtion or retention.

The user is required to check whether emergency overflow routes are available if the basin ev&rtop
noticewill appear if additional flood protection is needed.

Flood Control Volume

Detention - Routing Method

Click here for documentation

Retention

Design Storm 25-year Design Storm 100-year
Developed Peak Discharge [cfs] 7.17 Site Runoff Volume [cft] 104,650
Runoff Volume Retained by BMPs [cft] 41,161
Allowable Discharge Worksheet Select Unretained Runoff Volume [cft] 63,489
Standard Discharge [cfs] - 0.13 [cfs/ac] 0.78 ®
Alternate Discharge [cfs] 0.00 ]

Detention Required?
Allowable Discharge [cfs]
Required Storage Volume [cft]

Time to Drain [hrs]

Calculated

Calculate Detention Storage Volume ‘

No Emergency Overflow Routes‘lIl

Notes:

Detention

Select the dsign stormevent from the pulldown. Use theption buttonto select the standard
discharge or an alternatesersupplied valuelf the developed peak discharge is less tharaual to
the selected allowable discharge, no detention storage is required.
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The detention storage is calculated using an embedded macro. To run this, siagoty press the
“Cal cul ate Det ent i o AnoScetotheaigheof tiedouttanmik reminta you if thig .
needs to ke done.An errormessagewill appear if the allowable discharge is zero.

Anoticewill appear if the existing runoff volumeless than oequal to the developed runoff volume.
The user is notified becausa alternate retase rate may be allowathder these conditions

Underground detention storage is handled the same as an agowend detention basin. Remember to
count only the void spaces in any media used to provide the required storage volume.

In the case stud$9,942 cft is the total storage volume required ihe detention basin before
discharging offsite. This volume includes the extended detention voheparted inin the Summary
tab, but it does not includetructuralBMP volumegntered inthe Qub tabs The volume providedin all
structural BMPgVbmp)is used to reduce the inflow volume to the detention basin

Note that any changes in subcatchment properfi@pactingtime-of-concentration, runoff depth,
retention volume,andany changes to allowabkite dischage will impact the required detention
storage volumeBe sure to check that the detention volume is calculated after making these changes.

Retention

When a retention basior other infiltration practiceis used for flood controthe area andstorage

volume are entered in the Sub tab({s)Section 3 to receive credit fahannel protectionThe Retention
summary shown on the Flood Control tab will credit the user with the volume provided in the Sub tabs.
The “Unretai ned Run o fZerowhenlraieniee’' BMRsiate hdeduatelysigedta| t o
meet the flood control volume

Hydrograph
The Flood Control tab also provides a plot showing outflow hydrographke “ fsting, “ Bveloped

with BMPs; and“ Bveloped with BMPs andetentiori’ casesHydmograph plotsare selectable for
different rairfall events.

Hydrograph

80 i \ \ i \

——Existing 25-year event
7.0

= Developed with BMPs 25-year event

6.0

\ =—Developed with BMPs and Detenfion 25-year event
5.0 \ —
4.0 \
3.0
2.0 / \

10

Discharge (cfs)

™
Yy, T T

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hrs)

0.0
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Results Summary

GVMC

Finally, a sitavide volume and discharge results summtalyle is provided.The user canedect desired

volume units (cubic feet or acffeet).

Average runoff depth iprovided for comparison with rainfall depth. Peak discharges are shaded
differently from volumes for ease of comparison between development conditions.

The “Volume retained by thtNhe golumerraiameddy BMP4) which veab | e
limited to the 2year rainfall volume in Secti@b, increases with rainfall depth for larger storms until

the available water storage volume of the BMPs is reached.

Results Summary

Rainfall
Source and Distribution 24-hour, NOAA Atlas 14 at Grand Rapids Intl AP, NRCS MSES

Rainfall Frequency

Rainfall Depth [in] 222 256 3.77 4.66 6.27
Pre-settlement Land Use
Average Runoff [in] 0.10 0.18 0.58 0.98 187
Peak Discharge [cfs] 0.07 0.22 110 225 495
Runoff Valume [cft] 2,238 3,886 12,707 21,432 40,749
Existing Land Use
Percent Impervious 0% 0% 0% 0% 0%
Average Runoff [in] 0.15 0.24 0.71 1.16 214
Peak Discharge [cfs] 0.19 0.34 154 291 5.92
Runoff Volume [cft] 3,211 5,234 15,425 25,300 46,708
Developed Land Use
Percent Impervious 67% 67% 67% 67% 67%
Average Runoff [in] 146 172 269 342 4.80
Peak Discharge [cfs] 3.84 462 7.50 9.74 13.69
Runoff Valume [cft] 31,848 37,547 58,522 74,579 104,650
Volume Retained by BMPs [cft] 18,949 21,466 29,000 34,889 41,161
Valume Released [cft] 12,899 16,081 29,432 39,690 63,489
Peak Discharge Released [cfs] 145 1485 455 7.17 1175
Developed with BMPs and Detention
Peak Discharge Released [cfs] 0.35 041 0.62 0.78 5.15
Maximum Vaolume Detained [cft] 3,949 5,382 12,764 15,942 19,923
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SpecialCases

Case Study: Catchbasins

When a storm sewer run or network is included in a single subcatchraedtno passhrough water is
added from upstream subcatchmentbe TSS removal achieved by the catchbasimps can be
handled by prerating thetreated water volume bythe area enteing each catch basin.

For example, isub5 of tle case studgach of the catch basin pairs treats one third of the water quality
volume from the subcatchment.

5. TSS Accounting Click here for documentation

TS5 Removal Efficiency
Treated Water

BMPs Used in Treatment Train Third-Pa TS5 Removed
Volume [cft] Tabulated ry Effective

PASS: Catchbasin 943 22
PASS: Catchbasin 949 22
PASS: Catchbasin 945 22

o
o
o
o
o
Released Water Volume [cft] 2,846 Total TS5 Removed 581
Water Quality Volume met?| No T55 Remaining 2,265
T55 Removal Efficiency [3] 20

Notes:

Case Study: Pervious Pavement whlevatedUnderdrainand Roof Discharge

When a BMP is desigd with an elevated underdrain to be both pabsough and retentive, the TSS
removal can be handled by considering the BMP as a vertical treatment train. In other words, storm
water runoff enters the lower (retentive) BMP component first, and as ittfilthe elevation of the
underdrain, the stormwater enters the upper (passough) BMP component. Only the lower portion is
used to meet the channel protection volume.

In the case studyhe underlying soilg1 Sub3have arelatively lowinfiltration rate of 0.5 inches per

hour. So, the stone bed (vofthctionof 0.4)of the pervious pavemernis designed with an underdrain

set 2feet above the bottom. The result is that only the lower 2 feet of stone bed storage can be used to
meet channel protection volumrequirement. The volumprovidedis computed a81,502cft.

For TSS accountintipe lower 2 feebf the pervious pavement stone bésltreated as a retentive BMP
since it does not have an underdrawhile the upper 1 foot is treated as a pabsough BMP since it
has an underdrain. Since the lower 2 feet fills up fitss the firstBMPin the treatment train. Since all
the water quality volume can be retained in the lower part of the perviouspeent, the treated water
volume in the upper part is zero.
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5. TSS Accounting Click here for documentation
TSS Removal Efficiency
BMPs Used in Treatment Train Treated Water Third-Party TS5 Removed
Volume [cft] Tabulated ) Effective
RET: Pervious Pavement 31,502 89 89 3,465
PASS: Pervious Pavement (underdrain) o B84 0 o]
PASS: Pervious Pavement, roof discharge to stone bed (underdra 1] 50 o o
o
o
o
o
o
Released Water Volume [cft] 0 Total TS5 Removed 3,465
Water Quality Volume met? Yes T55 Remaining 428
T55 Removal Efficiency [%] B9
Notes:
|

Roof Discharge

INSub3ot he case study, the BMP “PASS: Pervious Pavern
isshown as zerdecause the volume of roof runoff is fully contained in kbwer retentive portion of

the pervious pavement. However, if the underdrain were placed on the bottom of the pervious

pavement section, the user would select this BMP for the water quality runoff volume from the roof

(area of theroof *0.815* 1inchofai n) . The user would then select *
(underdrain)” for the runoff from the pervious pa

or the remaining water volume to be treated. The spreadsheet allows the user to accotine$er

sources separately because the TSS removal efficiency differs for each.

Retention Storage Volumes

The storage volume below a positive surface outlet in a retentive BMP is counted as retention storage
volume.

The storage volume above the surface otiiea retentive BMP should be counteddetention storage
volume. Although a certain amount of wateccupying the storage volume above the surface outlet
may stillexfiltrate through the BMP, this fraction is ignored to size the detention portion oBNE°.If a
more detailed analysis is required, the system should be modeled with both exfiltration and surface
discharge.

Perforated pipe, alone or in an infiltration trench, does not count toward retention volume if the pipe
has a slope and a surface @itlOnly he portionbelow the surfaceutlet counts toward retention.
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